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2. ABBREVIATIONS

SDS Standard Deviation Score

GH Growth Hormone

RhGH Recombinant Human Growth Hormone
GHD Growth hormone deficiency

IGF-I Insulin-like growth factor |

IGFBP-3 Insulin-like growth factor binding protein 3

HOMA-IR Homeostatic Model Assessment for Insulin Resistance

BMI Body Mass Index

HDL-c High-density lipoprotein cholesterol
LDL-c Low-density lipoprotein cholesterol
TC Total cholesterol

TG Triglycerides

AST Aspartate aminotransferase

ALT Alanine aminotransferase

CIMT Carotid Intima Media Thickness

HbAlc Glycosylated Haemoglobin
PCOS Polycystic ovary syndrome




fmy

Universitat

de Girona
——

3. ABSTRACT

Background

Growth hormone (GH) deficient children treated with GH experience a gain in adult height
prognosis. However, there are a number of patients who may advance their bone age more rapidly
that their height gain, which may worsen their adult height prognosis. Moreover, GH treatment
causes a secondary hyperinsulinemic state that could increase the cardiovascular risk in treated

children in the long-term.

Justification

In non GH-deficient children, studies has shown that metformin causes an improvement in height
in children treated with high doses and larger periods of time, especially those with insulin
resistance at baseline. These effects may be mediated by metformin actions improving insulin
sensitivity and inhibiting aromatase activity and the synthesis of oestrogen (the agent responsible
for bone age advancement). On the basis, metformin could improve adult height prognosis and

could also ameliorate the insulin resistance state caused by GH treatment in these patients.

Main

objective

The goal of the present work is to determine if metformin use in combination with GH therapy, can
potentiate its growth effects and improve adult height prognosis in GH-deficient children with poor

adult height prognosis in comparison to GH plus placebo treatment.

Design

This protocol is for a multicentre, prospective, phase Ill/IV, randomized, double blind, placebo
controlled, 4-year duration clinical trial in GH-deficient children treated with GH and poor adult

height prognosis.

Participants

Prepubertal Caucasian isolated GH-deficient children aged 8-10 years treated with GH for at least 2
years with average GH doses (between 0.025-0.035 mg/kg/day) who have poor adult height
prognosis (between -1.0 SDS and -3.0 SDS) recruited at the Pediatric Endocrinology Unit at both

Hospital Doctor Josep Trueta of Girona and Hospital Sant Joan de Déu of Barcelona.

Main outcome

variable

Adult height prognosis at the start and the end of GH treatment (Bailey-Pinneau method).

Methods

120 Isolated GH-deficient children treated with GH and poor adult height prognosis will be
randomised into treatment or placebo group (1:1) and will be stratified by age, gender and BMI. As
an intervention treatment, they will receive a single oral dose of metformin or placebo of 425
mg/day for the first 2 years and a single oral dose of metformin or placebo of 850 mg/day for the
last 2 years. Patients will be assessed every 6 months at regular visits scheduled for follow-up of

their GH treatment until the study finishes.

Data analysis

Data analysis will be performed using SPSS version 22.0. Results for major variables will be
performed using Mann-Whitney test (continuous variables) and Fisher exact test (categorical
variables). The analysis of response to treatment for endpoints variables will be performed by
general linear model (GLM) for repeated measures. A p value <0.05 will be considered statistically

significant.

Key Words

Growth Hormone deficiency, adult height prognosis, metformin, children
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Short stature is defined as height below -2 standard deviation score (SDS) for age and gender

based on standards for reference population (1). In clinical practice we can divide short patients

into 2 subgroups: those with normal variants of growth and those with pathological conditions.

The latter can be further divided into proportional and non-proportional pathological

conditions(1).

Growth hormone deficiency (GHD) is a condition of postnatal proportional reduced growth

which accounts for about 5% of all causes of short stature (1). It can be caused by:

- Pituitary disorders (primary GHD) in which both spontaneous and pharmacological GH

secretion are insufficient.

- Supra pituitary disorders (secondary GHD) in which spontaneous GH secretion is

abnormal but its response to growth-hormone-releasing hormone (GHRH) stimulus is

preserved.

- Peripheral unresponsiveness to GH or insulin-like growth factor type | (IGF-I) in which

GH secretion is normal or even increased but the problem lies within the GH receptor,

post receptor signals or responsiveness to IGF-1 (1).

The etiology of GHD (Table 1) includes several causes the most common being idiopathic GHD

(for which the cause is still unknown).

Table 1. GH deficiency etiology (1)

Idiopathic

Congenital

Acquired

Genetics

Related to structural brain disorders

(corpus callosum agenesis, septo
optic dysplasia, holoprosencephaly,
encephalocele)

disorders

Related to midline

(palatine fissure, leporine lip, septo
optic dysplasia, holoprosencephaly,

unique central incisive)

Trauma (perinatal or postnatal)
Infections (meningitis or encephalitis)

Central Nervous System tumours

(craniopharyngioma, pituitary germinoma,
pituitary adenoma, optic glioma)
Others

(histiocytosis,  granulomatous

disease, cranial irradiation after

chemotherapy, psychosocial deprivation,

hypothyroidism)

——
(o)}

'
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GHD is suspected in children with moderate to severe postnatal growth failure who seek medical
advice for short stature. There are some key facts of the medical history that may indicate the
presence of GHD (Table 2). Acquired GHD can occur at any age, and when it is of acute onset,

height can be within the normal range.

Table 2. Key clinical facts of medical history in GHD (1)

Clinical features

(] Short Stature

[J  Reduced Growth velocity (at least for a year)
] Hypoglycaemia

[l Micropenis

[l Excessive subcutaneous adipose tissue

[] Delayed bone age

[l Delayed puberty

[J  GH peak below 10.0 ng/mL in stimulation test
(glucagon)

[l  Other pituitary or hormonal deficits

The diagnosis of Idiopathic GHD is based on clinical, auxological, radiological and biochemical

criteria (1-3) including:

a. Clinical criteria:
- No other pathology that can explain the growth delay.
- No clinical signs of malnutrition (especially low BMI values).
- No restrictive eating behaviour disorders.
- Normal thyroid, hepatic, renal and gastrointestinal function.
b. Auxological criteria:
- Height more than two SDS, below the mean (below 3™ centile in charts) for
chronological age and gender.
- Growth velocity over 1 year more than one SDS below the mean for chronological
age and gender.
c. Radiological criteria:

- Bone age <1 SDS below the mean.
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d. Biochemical criteria:

- A peak GH concentration below 7.4 ng/mL (in other places in Spain below 10.0
ng/mL) in GH stimulation tests (glucagon or others).

- A second stimulation test will be only required if clinical and auxological criteria
are accomplished but GH response in the first stimulation test is equal or above
7.4 ng/mL.

- A strong clinical suspicion is important in establishing the diagnosis because
laboratory measures of GH sufficiency lack specificity. Observation of low serum
levels of IGF-I and the GH-dependent insulin-like growth factor binding protein
type 3 (IGFBP-3) can be helpful, but IGF-I and IGFBP-3 levels should be matched
for normal values for skeletal age rather than chronological age. Values in the

upper part of the normal range for age effectively exclude GH deficiency (4).

Definitive diagnosis of GHD therefore requires demonstration of absent or low levels of GH in
response to stimulation test. A variety of provocative tests rapidly increase the level of GH in
normal children. In most centres in Catalunya, the stimulation test used is the glucagon test (2).
In addition to establishing the diagnosis of GHD, it is necessary to assess other pituitary
hormones; levels of thyroid-stimulating hormone (TSH), thyroxine (T4), adrenocorticotropic
hormone (ACTH), cortisol, gonadotropins and gonadal steroids might provide evidence of other
pituitary hormonal deficiencies. For the same reason, at diagnose, a magnetic resonance

imaging (MRI) should be performed to rule out organic causes (1,4).

In summary, we can establish GHD diagnose after meeting these criteria and having performed

a complete study of the short stature in order to exclude other possible causes.

GHD is treated with recombinant human growth hormone (rhGH) which main objective is to
normalise height during childhood in order to attain normal adult height closer to the target
height and to avoid the negative psychological consequences as a result of short stature. It is

indicated when GHD has been diagnosed with the abovementioned criteria (1).
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4.2 GROWTH HORMONE TREATMENT

4.2.1 SOMATOTROPIN, INDICATIONS AND CONTRAINDICATIONS

Somatotropin (the name used to designate GH) is a powerful metabolic hormone which is
important for lipid, carbohydrate and protein metabolism. It is synthesized and secreted by the
somatotrophs cells of the anterior pituitary gland. Its secretion is pulsatile and primarily
controlled by GHRH (stimulatory), by somatostatin (inhibitory) and, to a lesser degree, by ghrelin
(stimulatory) (5). It stimulates insulin-like growth factor type | production and both are the most
important stimulus of linear growth and therefore growth rate. Different actions have been

reported (6) on:

- Lipid metabolism: somatotropin acts on the liver low-density lipoprotein cholesterol
(LDL-c) receptors and affect plasma lipids and lipoproteins. In patients with GHD, GH
decreases total cholesterol (TC), LDL-c and B-apolipoprotein serum levels.

- Carbohydrate metabolism: somatotropin increases insulin levels but does not change
plasma fasting glucose.

- Mineral metabolism: somatotropin, especially in adults, can cause sodium, potassium
and phosphate retention as it expands extracellular tissue in GHD patients.

- Bone metabolism: somatotropin stimulates skeletal bone mass.

- Physical capacity: in the long-term, somatotropin can improve muscular strength and

physical performance.

rhGH is a protein that is manufactured to be nearly identical to the main form of the naturally

occurring human growth hormone (7).

In Spain, GH treatment is indicated mostly in six situations and has four main

contraindications(6) (Table 3).

Table 3. GH indications and contraindications (6)

INDICATIONS CONTRAINDICATIONS
e GHD. e Hypersensitivity to GH or any of the
e Growth disorder related to chronic kidney excipients.
failure. e Neoplasia.

e Closed epiphysis.
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Growth disorder in children born small for
gestational age who do not experience catch-
up growth.

Turner Syndrome.

Patients with severe acute diseases who
suffer complications after heart or abdominal
surgery, multiple trauma, acute respiratory

insufficiency or similar conditions.

e  Prader-Willy Syndrome.

e  Léri-Weill Syndrome.

GH treatment in its different indications is administered as a daily subcutaneous injection at
night (as a preference, in order to reproduce the physiological circadian rhythm of GH pulse

discharge) (1,6).

4.2.2 DOSAGE AND RELATION TO ADULT HEIGHT

GH increases height velocity and adult height in children with GHD but the optimal dose (the
lowest dose which can normalize adult height) is unknown (8). Although a higher GH dose
increases short-term height velocity more than a lower dose, no statistical differences has been

shown in the long-term (8,9).

A. CATALAN AND SPANISH RECOMMENDATIONS

The “Generalitat de Catalunya” and Spanish Pediatric Association (AEPED) protocols for GHD

recommend mean doses of GH between 0.025-0.035 mg/kg per day (1,2).

B. DURING PUBERTY

Total pubertal growth in adolescents with GHD treated with GH is determined by factors at
puberty onset that are not different from those described in children with other short stature
causes with no GHD suggesting that total pubertal growth depends mostly on the outcomes
achieved at the end of prepubertal growth and less on the dose of GH (in GHD, it has been shown
that the effect of the GH is greater in prepubertal years) (10). This observation is probably due
to the fact that at the onset of puberty only about 20% of the growth left (10). The determining
factors at puberty onset are: age, bone age related to chronological age (especially bone age
delay because the expected therapeutic gain in height for a given age is higher in this case),
height and mid-parental height and mean dose of GH during puberty. The effect on pubertal

growth of these factors is not different between boys and girls. (10).

10

——
| —
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Although GH secretion and IGF-I levels rise during puberty, the quantitative relationship

between these hormones and pubertal growth is unclear (10).

Mauras et al. in 2000 published the results of a study in which the rhGH dose was increased
during puberty. This yielded an increment in near adult height when compared with
conventional dosage (11). In a new study, Coelho et al. found no statistically significant
difference between adult heights of children with GHD treated with conventional dosage
(between 0.025-0.050 mg/kg/day) when compared with children who received higher
doses(11). When accepting higher doses it seems that the efficacy in adult height may be due to

the supraphysiological rhGH therapy rather than to the need for hormone replacement (11).

In studies where the rhGH dose-response effect on onset of puberty in children with GHD was
evaluated, long-term rhGH treatment among the low, intermediate and high-dose groups did
not increase the rate of initiation of puberty and did not show significant differences in adult
height depending on puberty onset (9). Previous studies had found that spontaneous puberty
started earlier in the higher-dose group than in the standard-dose group suggesting a synergistic

effect of rhGH and sex steroids on bone age advancement but results were inconclusive (8,9).

C. RELATION TO IGF-I

GH dosage for children is traditionally based on weight, but this calculation does not account for
the individual variation in the response to therapy. The rhGH therapy response can be assessed
clinically (by growth response) and also by monitoring the rise in IGF-I levels, the recommended
being to maintain them within the normal range during GH therapy (11). If growth velocity has
not significantly increased despite a rise in serum IGF-I levels to the upper limits of the normal
range further increases in dose may be futile and may increase the possibility of future side
effects. On the other hand, if serum IGF-I levels does not rise during rhGH treatment, the growth

failure may be due to nutritional deficiencies, GH resistance or poor compliance (11).

11

——
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4.2.3 EFFICACY

Many studies have shown significantly increases in growth velocity, height SDS and IGF-I and
IGFBP-3 serum levels after rhGH treatment in GHD children in a dose-response relationship in
comparison to healthy subjects or a control group (3,9,11). In addition, in GHD children, rhGH

treatment is able to normalise adult height and is usually safe and well tolerate (9,12).

In order to reach the best improvement in efficacy, as mentioned before, it is important to take
into account that the change from baseline in height SDS is greater in prepubertal than in
pubertal GHD patients and depends on characteristics at puberty onset (10). Furthermore,
during the first 2 years of GH treatment there is a normalisation of IGF-I levels and also a major
peak of growth velocity that stabilises to normal values according to children age, sex and

pubertal development after the third year of treatment (1,2).

4.2.4 EFFECTS ON BONE AGE

The maturation of bones and their linear growth are due to a combination of two processes
known as enchondroplasia and chondral osteogenesis, which occurs under the influence of
several hormones and growth factors, with GH and IGF-I playing major roles in these
processes(13). During childhood, there are differences in terms of maturation status between
bones exhibiting enchondroplasia, such as the radius and ulna (long bones) and metacarpals and
phalanges (short bones), and bones exhibiting chondral osteogenesis, such as the carpal

bones(13).

In GHD there is a greater delay in bone maturation for carpals than for long and short bones
showing that the dominant effect of GH is on chondral osteogenesis with milder effect on
enchondroplasia (13). Furthermore, in a study of GH-deficient children, this delay normalises
during 2 years of GH treatment. During these 2 years significantly advanced maturation of the
carpal cuboid bones was shown on data analysis confirming that separate carpal bone
assessment in bone age reading is needed (13). The strongest predictors of maturation for the
carpal bones were age at start of treatment (faster maturation as older the children at start of

treatment) and gender (girls seemed to mature faster than boys) (13,14).

12

——
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In summary, skeletal maturation and linear growth are delayed in children with GHD and
treatment with GH advances bone maturation as it improved linear growth. The maturation
status of the carpal bones is an important variable for the status of other cuboid bones (mostly
the vertebrae) that make an important contribution (approximately 40%) to adult height (13).
For that reason, the more the bone age delay that children have at the beginning of GH

treatment the major the benefit on adult height.

If we go deeper into physiological processes, longitudinal bone growth is organised by complex
networks of nutritional, cellular, paracrine, and endocrine factors. The most important ones are
the close interplay between oestrogen and GH in the regulation of growth and development in
puberty through their role at the growth plate (15). GH, circulating IGF-I, and more importantly,
local IGF-I form the circulation and local synthesis at the growth plate —produced by
chondrocytes- mediate the elongation of long bones by chondrogenesis. This process results in
chondrocyte proliferation, hypertrophy, and extracellular matrix secretion (15). The effects of
oestrogens on peripubertal bone growth is biphasic: at low levels they stimulates growth —it
involves prepubertal and early pubertal stages-, whereas higher levels of oestrogen (reached at
late pubertal stages) have potent inhibitory effects on longitudinal growth by accelerating

epiphyseal closure and are therefore essential for epiphyseal fusion (16).

GH treatment increases insulin serum levels (see below) which has an influence on sex steroids
production. Thus, by increasing oestrogen production GH may increase their serum levels
concentrations and accelerate epiphyseal closure. In summary, GH deficient children that have
bone age advancement are unlikely to reach a good response on GH treatment and therefore

their target height.

4.2.5 EFFECTS ON INSULIN AND METABOLIC PARAMETERS

GH is a hyperglycaemic and lipolytic hormone and studies have shown that GH increases insulin
serum levels, fasting glucose and homeostatic model assessment for insulin resistance (HOMA-
IR) index and may cause glucose intolerance and insulin resistance by decreasing insulin
sensitivity (6,12,17). Adiponectin levels are inversely correlated to insulin resistance; as
expected, low adiponectin values are frequently found in GH-deficient patients; however, men
have lower adiponectin levels in comparison to women, suggesting a secondary influence of sex

steroids hormones (17). When body fat is decreased, insulin sensitivity and adiponectin levels

13
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rise (17). On the other hand, GH therapy in high doses has been related to an increase of
neutrophil count suggesting that insulin resistance is a mechanism linking GH therapy to markers

of inflammation (18).

Ghrelin is a gastric peptide that increases appetite, glucose oxidation and lipogenesis and seems
to be the strongest factor known today to up-regulate GH secretion. Long-term GH treatment
produces a decrease in systemic ghrelin levels which may explain the reduction in food intake
observed in GH treated children, which contribute to GH effects on body composition (body fat
loss and decreased leptin levels) (17). In summary, GH-treated children have ghrelin and leptin
reductions as a result of the negative effect of the GH/IGF-I axis on ghrelin secretion, suggesting
an inversely dose-dependent relationship between GH and ghrelin (17). Reduced leptin levels

have been associated to improvement in body fat loss, a secondary effect produced by GH (17).

Some studies suggest that patients with childhood-onset GHD are at increased risk of developing
early atherosclerosis due to intimal thickening; accelerated progression of atheromatous
plagues have been found in the carotid arteries of these patients (3). Impaired lipid metabolism
found in GHD children (increase levels of LDL-c and TC), higher carotid intima media thickness
(CIMT) and decreased high-density lipoprotein cholesterol (HDL-c) levels may contribute to an
increased risk of morbidity and mortality from cardiovascular disease (3). In different studies, it
has been demonstrated that GH treatment at average doses (0.030 mg/kg/day) significantly
improves lipid profile (it produces a decrease in TC and LDL-c and increase HDL-c) in these
children, reducing the atherosclerotic risk (that may worsen when GH treatment is stopped)
independently of the known improvement during puberty. Although CIMT showed some

improvement, it did not result in a significant difference as compared to controls (3,17).
Finally, regarding body mass index (BMI), no changes have been noticed in adults with GHD after

GH treatment (17). However, it has been demonstrate that increases in GH doses can cause an

increase in BMI SDS (9).

14
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4.2.6 ADVERSE EFFECTS AND SAFETY

Side effects in children with GHD treated with somatotropin are (6):

e Very frequent (21/10): local injection reactions, headache (it is a frequent and
nonspecific complaint, but it is hard to come to a definite conclusion of why it is
produced) (19).

e Uncommon (>1/1000 to <1/100): arthralgia.

e Unknown frequency (in adults more frequent than in children): diabetes mellitus type
2, paraesthesia, myalgia, extracellular liquid and ion retention, decrease in peripheral
cortisol and autoimmunity against rhGH. In this subgroup there are two side effects that
should be discussed, although they are more common in organic GHD or other central

nervous system disorders:

o Idiopathic Intracraneal Hypertension: defined as intracranial hypertension in
the absence of a space-occupying lesion which has been reported
predominantly in patients with GHD and chronic renal insufficiency. It is
characterised by increased cerebrospinal fluid (CSF) pressure with normal CSF
composition, bilateral papilledema, visual changes such as diplopia, headaches,
nausea and vomiting, strabismus and stiff neck (the last ones are more frequent
in children). It had been related to several medications, such as L-thyroxine,
glucocorticoids, vitamins A and D and tetracycline. Treatment consists of
discontinuation of GH and reduction of CSF pressure, which may include
administration of dexamethasone or acetazolamide or lumbar puncture (6,19).
For that reason, annually eye fundus exams by a paediatric ophthalmologist are

recommended.

o Slipped Capital Femoral Epiphysis (SCFE): it is a disorder of the femoral head
growth plate leading to a displacement of the femoral head epiphysis from its
natural alignment that occurs frequently in the peripubertal period and it is
more common in males. It is commonly associated with obesity and trauma.
With GH treatment, a significant increase in the proliferative and hypertrophied
cell zones occurs in rats. GH contributes to the widening of the weakest zone of

the ephypyseal plate and thus may increase the risk of SCFE in GHD children
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treated with GH (19). Pain in the hip or knee and a limb are the major symptoms
of SCFE and X-ray of the hip is the best diagnostic tool. Treatment consists of
correcting the displacement of the epiphysis with GH therapy being resumed

after orthopaedic evaluation.

Somatotropin can reduce insulin sensitivity and increase extratiroideal conversion of T4 to T3
that can lead to hypotiroidism. For that reason, patients with glucose intolerance or diabetes
need to be monitored and thyroid function has to be checked in every follow up (6). Related to
somatotropin use it is important to be careful when it is combinated with glucocorticoids

because it can interfere in its growth effects (6).

Although all these side effects have been reported, many studies and clinical practise have

shown that GH is a safety treatment (6,9,11,19).
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4.3 METFORMIN

4.3.1 CONCEPT AND INDICATIONS

Metformin is a biguanide with antihyperglycaemic effects that reduce postprandial and basal

glucose in plasma acting by means of at least 3 different mechanisms (20):

e Reduction of glucose liver production by inhibiting two processes: gluconeogenesis and
glycogenolysis.

e Increasing insulin sensitivity (especially muscle) thereby improving peripheral use of
glucose and its metabolism (it increases the capacity of transport of all glucose
membrane transporters known nowadays and up-regulates anaerobic synthesis acting
on glycogen synthase).

e Delays glucose intestinal absorption.

Metformin therapeutic indication in children is for Diabetes Mellitus type 2 treatment
(especially those patients with overweight) in children aged above 10 years alone or in
combination with insulin (it has been proved that improves metabolic profile in diabetic

patients) (20). It is also approved in Polycystic Ovary Syndrome (PCOS).

4.3.2 EFFECTS ON INSULIN RESISTANCE

Metformin causes significant improvements in insulin sensitivity by decreasing insulin and IGF-I
circulating concentrations as well as HOMA-IR index in those populations with predisposition or
demonstrated insulin resistance (PCOS, low-birth-weight history, metabolic syndrome and

glucose intolerance) (21-24) .

Metformin effects improving insulin resistance is thought to be related to an effect on
inflammatory process apart from enhancing glucose homeostasis that could explain in part why
it delays the onset of type 2 diabetes mellitus (21). Gémez-Diaz et al. performed a study whose
objective was to determine the effect of metformin on the concentrations of different markers
of insulin resistance (especially resistin) or inflammation (C-reactive protein, cytokines, body

weight, HbAlc among others) in children with glucose intolerance (21). Results showed that
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metformin caused significant reductions of plasma resistin, HOMA-IR index, insulin and HbA1lc
levels independently of body weight and other covariates in comparison to placebo. Resistin is
an adipokine that is predominantly expressed in peripheral blood mononuclear cells,
macrophages and bone marrow cells in humans, all being molecules involved in inflammatory
process. The decrease in resistin concentrations is thought to be an additional mechanism to
improve glucose utilization, due to its association with inflammation (21). Furthermore,
metformin has shown to reduce neutrophil count in patients small for gestational age who have

insulin resistance (18).

4.3.3 EFFECTS ON METABOLIC PARAMETERS

Metformin reduces leptin serum levels as interacts with the AMPK system that regulate all these
molecules (21). The reduction of leptin levels could minimise the gonadotropin-releasing
hormone (GnRH) pulsatile discharge and enhance the luteinizing hormone (LH) negative
feedback thereby causing a decrease in aromatase enzyme activity on ovarian granulose cells.
Thus, it could decrease oestrogen serum levels decreasing its effect on growth plate that may

allow more growth and better adult height (22).

Metformin has demonstrated significant improvements in BMI and weight centiles in children
as well as improvements in TC, LDL-c and non-HDL-c thus increasing its cardiovascular benefits
(22,25). Furthermore, it reduces total, visceral and hepatic fat percentage leading to a further

expansion of subcutaneous adipose tissue especially in girls with low-birth-weight (23,24).

4.3.4 SAFETY IN CHILDREN

Many studies with metformin have been performed in children without experiencing severe side
effects, which demonstrates its safety in this population. Most frequent side effects found were

gastrointestinal intolerance or headache (20).
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4.4 LATEST OUTCOMES

441 METFORMIN EFFECT ON AROMATASE

Insulin enhances oestradiol production in granulosa cells from normal and polycystic ovaries. In
PCOS girls, the hyperinsulinaemic state secondary to insulin resistance is the principal cause of
abnormal steroidogenesis and defective follicle development which results in dysfunctional
ovarian and menstrual cycles. For that reason, metformin —an insulin-sensitizing agent- was
introduced in order to diminish PCOS symptoms (26). Metformin effects were attributed to the
systemic anti-hyperglycaemic and insulin-sensitizing actions but it has been demonstrated that
itis also able to exert direct effects on the ovary. This is due to metformin inhibition of basal and
insulin-stimulated E2 prostaglandin (which induces aromatase activity) and progesterone
production in ovarian granulosa cells by reducing the activity of several of the steroidogenic

enzymes without reductions in circulating insulin (26,27).

These findings were corroborated after demonstrating that metformin has a direct effect on
ovarian granulosa cells as it has been shown that it significantly attenuates basal and insulin-
stimulated P450 aromatase mRNA expression and protein activity, by silencing some key
promoters. This occurs via activation of MEK/ERK pathway which are negative regulators of
aromatase synthesis (26). Furthermore, metformin is thought to act primarily upregulating
AMPK (28). This mechanism of action is important because it support a possible therapeutic
indication in oestrogen-dependent breast and endometrial cancers which is nowadays a matter

of investigation (26,28).

In addition to reducing insulin-induced aromatase concentrations and its activity, metformin
decreases gonadal oestrogen production and serum levels decreasing its effect on the growth

plate, which may allow more growth and a better adult height.

Furthermore, metformin reduces leptin levels, which could exert an indirect effect on aromatase
activity. Leptin down-regulation could minimise GnRH discharge and enhance LH negative
feedback causing a decrease in aromatase enzyme activity on ovarian granulose cells (22). This

is thought to be a synergic effect added to metformin direct effects on the ovary.
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4.4.2 METFORMIN AND ITS RELATION TO HEIGHT

Metformin studies in low-birth-weight girls with precocious puberty supports that insulin is a
major co determinant of the pubertal chronology and pubertal height gain. They conclude that,
in children, an early insulin-sensitizing intervention is important because it can delay the onset
of puberty, attenuate body adiposity and normalise the age at menarche (causing a delay of
about a year in these patients) resulting in more optimal postmenarcheal stature and endocrine-
metabolic state. All these conditions, especially higher total, visceral and hepatic adiposity
caused by the hyperinsulinemic/insulin resistance state, are thought to be major factors of early
maturation and thus can affect adult height (22—-24). Ibafiez et al suggested that the effect of
metformin during puberty on adult height is expected to be slightly more pronounced as they
found that metformin treated girls were still growing at a greater velocity than control groups,
who seemed to have almost stopped growing. Furthermore, most non-treated girls ended

attaining heights below their target mid-parental height (22,24).

Biochemically, metformin also increases sex hormone binding globulin concentrations (22).
Thus, an increase in sex hormone-binding globulin as a result of increased insulin sensitivity with
metformin could lead to a lower fraction of circulating free steroids which in turn may be

followed by a later closure of the epiphyses (22,29).

In order to better understand the heterogeneous changes in BMI of children in response to
metformin some authors performed a meta-analysis that took into account not only weight but
also height changes. That is because BMlI is calculated from both components and in youth linear
growth is still preserved and may interfere as a confounding variable. Overall, results showed
that metformin reduced BMI but did no significantly affect height or weight. However, when
studies were divided into two subgroups based on cumulative metformin doses, those with
higher metformin doses demonstrated a decrease in BMI and an increase in height (but no effect
on weight) and those with low amounts of metformin did not exhibit changes in any of these
variables (29). Thus, this meta-analysis suggests that metformin may increase height in children
compared to control subjects, particularly when there is a combination of larger doses and

longer treatment duration (29).
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4.4.3 FRENCH ALERT ON GH USE

In December 2010 the US Food and Drug Administration (FDA) warned of possible increased risk
for death in somatotropin treated patients. This was derived from published results from a
French study (Santé Adulte GH Enfant Study) that found that persons with idiopathic GHD and
small-for-gestational age subjects treated with rhGH for a long-term during childhood had
slightly higher risk for death in comparison to individuals from the general French population;
specifically, a 30% increased risk(7). This risk for death appeared to be dose-related and was
observed in individuals receiving higher doses than those that were commonly prescribed in
paediatric GHD (7). A year later, the FDA published that this evidence regarding rhGH and
increased risk of death was inconclusive as they identified some study design flaws that limited

the interpretation of the study results (30).

444 METFORMIN AND GH

Metabolic syndrome has similarities to the condition observed in untreated GHD caused by
pituitary or hypothalamic pathologies. The core findings in both are abdominal obesity and
insulin resistance suggesting that reduced GH action may play a role in the pathogenesis of
metabolic syndrome (31). Based on its effect on body mass, Herrmann et al studied if rhGH could
have favourable effects on patients with metabolic syndrome receiving also metformin.
Additionally, metformin could reduce the antagonistic effect of rhGH on insulin. The results of
this study showed that apart from metformin, rhGH did not significantly improve glucose
metabolism or insulin sensitivity. It is unclear if GH effect decreasing cardiovascular risk exists
only in GHD patients or in patients with metabolic syndrome or others pathologies, or whether
its effect is additional to those of metformin on metabolism (31). Main side effects observed in
the metformin plus rhGH group were arthralgia and peripheral oedema at the beginning of
treatment. These side effects improved after reducing treatment doses (31). However, the
additional administration of rhGH to metformin in patients with metabolic syndrome has shown
to increase adiponectin levels in comparison to controls treated with metformin alone. It seems
that synergic reductions on body fat produced by both therapies can increase insulin

sensitivity(32).
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5. JUSTIFICATION

rhGH treatment has demonstrated its efficacy improving adult height in children with GHD
allowing them to reach final heights that are closer to their target height. However, several GH
and non-GH dependent factors can influences growth and some children fail to reach adequate
adult heights. In addition, it is known that rhGH improves growth velocity but it also can
accelerate bone maturation as it increase insulin levels that may stimulates oestrogen
production in gonadal cells, oestrogens being the principal stimulus for epiphyseal cartilage

maturation on the growth plate (15,16).

Metformin has demonstrated to exert an effect on aromatase enzyme (responsible for
oestrogen synthesis) by directly inhibiting its production and activity in ovarian granulose cells
and also by possible indirect effects reducing leptin levels that could minimise GnRH pulsatile
secretion and enhance LH negative feedback, eventually causing decrease in enzyme activity.
Thus, a reduction of aromatase activity means less gonadal oestrogen production which could
decrease oestrogen serum levels and its effect on the growth plate and may allow for more
growth and better adult height (22). On the other hand, metformin has demonstrated to
increase SHBG concentrations which could decreased free oestrogen concentrations minimising

its effects on peripheral tissues (22).

In girls with precocious puberty an early insulin-sensitizing intervention with metformin has
proved to delay the onset of puberty, attenuate body adiposity and normalise the menarcheal
timing as well as the postmenarcheal stature and endocrine-metabolic state. All these
conditions, especially those on total, visceral and hepatic adiposity caused by hyperinsulinemic
insulin resistance state, are thought to be major factors influencing early maturation and

therefore can affect adult height (18).

To the best of our knowledge, there are no studies that directly investigate the relationship
between metformin and height if we search published papers and protocol databases (European
and American). However, some studies using metformin as an interventional drug performed in
girls with precocious puberty, polycystic ovarian syndrome or other conditions where BMI was
studied, have shown that patients experienced height gains compared to control subjects.
Furthermore, the combination of metformin and GH as a treatment has only been performed in

order to analyse its effects on metabolic parameters but none on height or growth and more
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importantly no study of such combination exist in children with GHD (there is only a protocol
registered that is going to study the effects of a short-term combination of metformin and rhGH
on metabolic parameters in children born small for gestational age; it can be available at the

following webpage: https://www.clinicaltrialsregister.eu/ctr-search/trial/2009-016246-12/ES).

Recently, a meta-analyses of different trials where metformin was used as an interventional
drug in children and adolescents reported favourable effects on heights as a secondary end-
point. They concluded that metformin use may increase height in children compared to control
subjects, particularly when there is a combination of larger doses and longer treatment
duration(29). Moreover, they mentioned the need to perform further studies in children
younger than 10 years and for longer periods of time because metformin effects could have
been underestimated due to the short duration of studies - and the inclusion of older
adolescents who potentially had epiphyseal growth plate closure (29). In addition, no studies

have been performed in mixed populations of boys and girls so far.

Last but not least, people may think that being one centimetre taller or shorter is not important
but it is because this is thought from an adult mind’s perspective. For children, and especially
adolescents, every stage in their lives is crucial and is the most important thing for them. Being
shorter can cause a huge psychological problem in children and even more in those that suffer
from GHD and in whom treatment does not seem to work, because they always feel different to
their partners or friends. Adults can deal with their own problems or worries in their daily
routine but children cannot and for them their worries and fear to not fit well dominate all
aspects of their lives, and they can greatly affect their psychological well-being. Therefore,
helping them to reach an adequate adult height even if it is only a few centimetres can make a

huge difference in their lives.
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6. HYPOTHESES

6.1 MAIN HYPOTHESIS

The addition of Metformin to GH treatment improves adult height prognosis in comparison to

GH treatment alone in GH deficient children treated with GH and poor adult height prognosis.

6.2 SECONDARY HYPOTHESES

- The addition of Metformin decreases the hyperinsulinemic state secondary to GH
treatment.
- The addition of Metformin improves metabolic and cardiovascular risk markers in GH

treated children.

7. OBJECTIVES

7.1 MAIN OBJECTIVE

Determinate if metformin use in combination with GH improves adult height prognosis in GH-

deficient children with poor adult height prognosis in comparison to GH plus placebo treatment.

7.2 SECONDARY OBIJECTIVES

- Determinate if metformin use in combination with GH treatment decreases the
hyperinsulinemic state observed in GH treated children.
- Determinate if metformin use in combination with GH treatment improves metabolic and
cardiovascular risk markers, such as:
o BMI
o Waist circumference
o CIMT
o Blood Pressure
o Serum lipids (HDL-c, LDL-c and TG)

o C-reactive protein
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8. METHODOLOGY

8.1 STUDY DESIGN

This protocol is for a multicentre, prospective, phase Ill/IV, randomized, double blind, placebo

controlled, 4-year duration clinical trial in GH-deficient children treated with GH and poor adult

height prognosis.

The study will be conducted at:

Hospital  Universitari  Dr. Josep Trueta of Girona. Av. de Franca, s/n

17007 Girona. Telephone number: 972 94 02 00. Fax: 972 94 02 70.

Email: hospital.girona.ics@gencat.cat

Principals investigators: Dr. Abel Lopez Bermejo (Pediatric Endocrinology Department) and
Ms. Mireia Catala Besa.

Hospital Sant Joan de Déu of Barcelona. Passeig Sant Joan de Déu, 2 08950 Esplugues de

Llobregat, Barcelona. Telephone number: 93 253 21 00. Fax: 93 203 39 59.

Email: info@hsjdbcn.org.

Principal investigator: Dra. Lourdes Ibafiez (Pediatric Endocrinology Department).

A Steering Trial Committee will be created by principals investigators in order to ensure and

enhance communication between centres.

8.2 STUDY POPULATION

This is a multicentric study of GH deficient children aged 8-10 years who have been treated with

GH for at least 2 years and have a poor adult height prognosis. The participating centres were

consulted regarding the actual number of GH-deficient patients who accomplish inclusion and

exclusion criteria in order to evaluate the viability of this protocol:

Dr. Josep Trueta Hospital: 60
Hospital Sant Joan de Déu: 100
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8.3 SAMPLE SELECTION

Table 4. Inclusion and exclusion criteria.

INCLUSION CRITERIA

J/  GH deficient children (at diagnosis: height below -2.0 SDS, growth velocity below 25%
centile, GH peak in GH provocative tests below 7.4 ng/mL and normal pituitary MRI).

J  Age between 8 and 10 years.

J  Prepubertal patients (no breast development in girls and no testicular growth in boys).

J  Previous GH treatment for at least 2 years.

J  Current GH doses between 0.025-0.035 mg/kg/day.

J  Adult height prognosis between -1.0 SDS and -3.0 SDS.

J  BMl equal or above -1.5 SDS and equal or below +3.0 SDS.

J  Birthweight equal or above -2.0 SDS and equal or below +2.0 SDS.

J  Caucasian ethnicity.

EXCLUSION CRITERIA

X Chronic endocrine diseases other than GH deficiency (especially thyroid dysfunction).

X Chronic non-endocrine diseases (especially celiac disease, Cystic Fibrosis,
Inflammatory Bowel Disease, Malnutrition, Anaemia).

X Genetic conditions associated with short stature (such as SHOX or AGGRECAN
mutations, Turner, Prader-Willi, Silver-Russell or Noonan syndrome, other genetic
defects, bone dysplasia).

X Other causes of short stature: adoption or emotional deprivation.

X Use of chronic medications.

X Contraindications to metformin therapy.

X Tobacco smoking or use of illicit drugs.

X Non-Caucasian ethnicity.

X Poor response to GH during the first two years of GH treatment prior to start of trial

(increase in Growth Velocity (GV) below 3 cm/year during the first year or/and GV

below 6 cm/year during the second year).
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8.3.1 INCLUSION CRITERIA

e GH deficient children (at diagnosis: height below -2.0 SDS, growth velocity below 25%

centile, GH peak in GH provocative tests below 7.4 ng/mL and normal pituitary MRI).

The study protocol is based on GH-deficient children and therefore diagnostic criteria from the
Spanish Pediatric Association (Asociacion Espafiola de Pediatria, AEPED) will be used (1).
However, GH peak value in GH provocative tests in Catalonia below 7.4 ng/mL instead of 10.0
ng/mL is accepted as a criterium (2). Our clinical trial will be performed in two Catalan hospitals,
thus the 7.4 ng/ml cut-off value for GH peak will be used in our patients. Furthermore, a normal
brain MRI at diagnosis is needed in order to exclude organic pituitary causes or other cerebral

disorders that could affect GHRH-GH axis (1,2,4).

e Age between 8 and 10 years.

Only subjects aged between 8 to 10 years will be included. Lower limit was selected because it
is the lower age used in studies performed with metformin in children. These studies showed
that metformin was both efficacious and safe similarly to metformin results in children above
10 years of age (22,23,29). On the other hand, upper limit is established in order to avoid
epiphyseal cartilage closure in patients before the study concludes as it lasts 4 years and that
phenomenon is evidenced at a mean age of 14 years in girls and 16 years in boys (33). Thus, we
can avoid confounding results of metformin effects on height as well as the possibility of being

able to underestimate its effects just because those children are unable to keep growing.

e Prepubertal patients (no breast development in girls and no testicular growth in boys).

During puberty children experience a growth spurt due to the activation of gonadal function. By
including children in all pubertal stages even if we do not change GH doses, we could cause
confounding in the interventional drug effects analysed in the trial, so including only prepubertal
patients establishes the same conditions for all subjects. Furthermore, as mentioned above,
total pubertal growth is determined by factors at puberty onset depending mostly on the
outcomes achieved at the end of prepubertal growth, allowing for a greater effect of GH in this

period of steady growth (10).
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e Previous GH treatment for at least 2 years.

At the beginning of GH treatment, an increase in growth velocity is expected in order to confirm
its efficacy; after the first year, an increase greater than 3 cm/year in growth velocity and after
the second year, an increase equal or greater than 6 cm/year in growth velocity is expected on
follow-up. From the third year of follow-up on, a normal growth velocity adjusted by age, gender
and pubertal development is expected (2,11). We wish to evaluate metformin effects at a steady
state of growth during GH treatment; by including children who have been treated for at least 2
years instead of naive ones, we are avoiding including subjects during the initial catch-up growth

following GH treatment.

e Current GH doses between 0.025-0.035 mg/kg/day.

The Catalan Health Department and the Spanish Pediatric Association recommendations on
doses of GH treatment in GH-deficient children are to use average doses between 0.025 to 0.035
mg/kg/day (1,2). During the clinical trial, children will be treated with an average dose of 0.030
mg/kg/day to standardise GH treatment in all groups. We will include children treated with these

average doses in order to minimise changes in basal treatment.

e Adult height prognosis between -1.0 SDS and -3.0 SDS.

Adult height can be assessed once the epiphyseal cartilages are completely closed. Usually, this
is observed at approximately 18 years of age this is why we need to use adult height prognosis
instead of a precise adult height. Children with good or reasonable adult height prognosis will
be not included in order to avoid the addition of a second drug to their treatment; only children
with poor adult height prognosis will be included in order to determine if additional treatment
with metformin [which has shown to cause an improvement in height as a secondary end-point
in other studies (22,23,29)] can also improve heights in these children and allow them to attain
final heights closer to their mid-parental height. This explains the upper limit of the criteria. On
the other hand, the lower limit is selected to avoid the mistakenly inclusion of a child with other

rare causes of short stature (2).
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e BMlI equal or above -1.5 SDS and equal or below +3.0 SDS.

Higher BMl is related to bone age advancement and it can minimise rhGH effect by reducing its
sensitivity (14). Furthermore, these patients have higher risk of metabolic syndrome and insulin
resistance that could confound the results regarding metformin effects on metabolism. This
explains the upper limit of the criteria. On the other hand, the lower limit is selected in order to
exclude those patients extremely thin to avoid excessive fat or weight loss during metformin

treatment.

e Birthweight equal or above -2.0 SDS and equal or below +2.0 SDS.

Low-birth weight has demonstrated to affect the initial growth response to GH treatment in
GHD children by influencing the first year of auxological response. Furthermore, this influence
seems to persist over time (34). In addition, low-birth-weight patients experience catch-up
growth that has been associated with insulin resistance and higher risk for type 2 diabetes
mellitus. For this reason, we need to exclude these patients in order to avoid different responses
to GH treatment and the possible effect of the catch-up growth. On the other hand, the higher
limit is selected in order to avoid including patients with higher risk of metabolic syndrome and

diabetes that could confound our results.

e Caucasian ethnicity.

Depending on the ethnicity, the most frequent causes of short stature vary and, most
importantly, the growth charts and values to evaluate the main parameters of children (height,
weight and BMI) are different (1). We include only Caucasian ethnicity in order to avoid a

heterogeneous group and limit confounding variables.
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8.3.2 WITHDRAWAL CRITERIA

Subjects may be withdrawn from the study because of the following reasons:

- Patient is not willing to comply with the protocol and instructions provided by the
investigators.

- For medical reasons, as assessed by the investigators: adverse event or sudden important
disease or condition that could affect metformin effect.

- Patient with BMI changes above or below 1 SDS during the study period.

- Patient who has poor treatment adherence rate (adherence below 80%).

- Participant declines consent to continue in the study.

Subjects withdrawn from the trial will not be replaced.

8.4 SAMPLE SIZE

Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test, 55.0 subjects are needed
in the first group (metformin plus GH treatment) and 55.0 in the second (placebo plus GH
treatment) to be able to detect as statistically significant a difference greater than or equal to
+0.6 units (+0.6 SDS) in the projected adult height. The common standard deviation has been

computed as being 1 (about 5 cm in girls and 6 cm in boys) (See Annex 1: Height Charts). A drop-

out rate of 20% has been estimated.

Considering the results of studies on metformin in girls with low-birth-weight aged 8-12 we
expect to observe a minimum difference of +0.8 SDS in the projected adult height (23,29).
However, as there are not studies performed in boys we wish to detect a difference of at least
+0.6 SDS in this subjects. Therefore, a more conservative difference of +0.6 SDS (about 3 cm in

girls and 3.5 cm in boys) has been selected for the purpose of this study.

For randomization purposes, we will split the sample in three strata (age, gender and BMI; see
below) in order to avoid having differences in these variables at baseline between groups. We

therefore need 60 subjects in each group, which yields an estimated sample size of 120 patients.

The following website was used to calculate the sample size;

http://www.imim.cat/ofertadeserveis/software-public/qranmo/
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8.5 ENROLLMENT AND PATIENT SELECTION

We will perform a consecutive non-probabilistic sampling due to the fact that we will not have
a census of possible candidates at the beginning of the study. Potential research subjects will be
determined from the 2015/16 lists of GH treatment Approval at the two participating centres,
based on inclusion and exclusion criteria retrieved from the clinical history. After that, we will
schedule a first visit with each possible candidate and their parents or legal tutors in which the
investigator will provide detailed information about the study. If the patient and parents agree
with the protocol procedure, a written informed consent will be signed (See Annex 4:

Information for patient and Informed Consent).

BMlI is the principal covariate we will have during the study period because it may affect growth
response to treatment. For that reason, we also need to determine that variable at the first visit

in order to allocate each patient to the correct stratum.

In order to accomplish the inclusion and exclusion criteria and especially ensure that there is no
contraindication to metformin therapy, a complete history and physical examination —including
Tanner stage - will be performed in a second visit 4 weeks before the study starts. At this visit
the investigator will order baseline labs, including complete blood count, fasting glucose, HbAlc,
creatinine, transaminases, B12 vitamin, serum albumin levels, serum lipids (LDL, HDL and
triglycerides), C-reactive protein, anti-transglutaminase antibodies and hormone profile (fasting
insulin, IGF-I and IGFBP-3 levels, HOMA-IR index, HMW-adiponectin, TSH, free T4, prolactin,
cortisol, LH, FSH, testosterone and oestradiol). In addition, a left hand radiography and internal
carotid ultrasonography will be scheduled for the next visit to assess bone age advancement and

intima-media thickness, respectively.

A week before the onset of the study, we will schedule a third visit where we will check
laboratory results and assess weight, height, waist circumference, blood pressure, growth

velocity, bone age and adult height prognosis at the beginning of the study.

The estimated time of recruitment will be of 6 months. Due to the fact that we divide our
patients into three strata, the rate of inclusion may be slower for the last few subjects, therefore

a period of time of 6 months is expected to be needed to complete the inclusion of all subjects.
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8.6 RANDOMISATION

Participants will be 1:1 randomized using block randomisation into metformin and placebo
groups. The randomization will be made according to a randomization list generated by nQuery
Advisor 7.0 (Statistical Solutions Ltd., Cork, Ireland), in which patients remain into 12 blocks of
10 subjects balanced by age, gender, BMI and treatment (See Annex 3: Example of

Randomisation). This will ensure the comparability of treatment groups by main covariates:

- Age (afirst group with age between 8 to 9 years and a second group with age between 9 to
10 years). This stratification is important in order to avoid a disproportion of patients
younger or older between study groups. This could produce a difference in mean bone age
(14,33) —and indeed time to growth- and puberty onset between groups that could affect
the study results.

- Gender (male and female). This stratification is important in order to ensure that values of
height are comparable between groups. That is because in terms of height male and females
have different mean and SDS values for height (mean SDS for adult height indeed are: 5cm
for female and 6cm for male subjects) (see Annex 1). In addition, the onset of puberty and
possibly also the response to treatment vary between boys and girls.

- BMI (a first group with BMI-SDS between -1.5 and 0.0 SDS, a second group with BMI-SDS
between 0.0 and +1.5 SDS and a third group with BMI-SDS between +1.5 to and +3.0) (See

BMI charts in Annex 2). This stratification is important because differences in this variable

can change bone age advancement (the higher BMI —or weight/height ratio- the more
adipose tissue available. This allows for higher androgen conversion into oestrogens and
possibly faster bone maturation) (14,35). Furthermore, increases in BMI could produce

higher fat mass and serum leptins that may advance puberty onset (14).
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8.7 VARIABLES AND INSTRUMENTATION
Table 5. Variables and instrumentation.
VARIABLE TYPE INSTRUMENTATION UNITS
Independent Metformin or placebo
Variable as an additional | DcQV None. mg/day
treatment to GH
Main
Adult height prognosis
Dependent cQv Bailey-Pinneau method (36). cm
at the end of study
variable
Other Height CQV | Harpenden Stadiometer (Holtain Ltd, Crymych, UK). cm
Dependent Harpenden Stadiometer (Holtain Ltd, Crymych, UK).
Variables Height Gain CQV | Calculating the difference between final and initial height cm
= measured.
.80
[
-g Harpenden Stadiometer (Holtain Ltd, Crymych, UK).
=3
B | Growth Velocity CQV | Calculating the difference between final and initial height | cm/year
=3
§ measured and dividing by 4 years of study duration.
Greulich and Pyle radiographic atlas (33). It will be
Bone age CQV | determined by main investigators according to the same years
criteria.
Height will be measured by Harpenden Stadiometer
(Holtain Ltd, Crymych, UK) and weight by calibrated scale
BMI cav kg/m?
(SECA, Hamburg, Germany).
Body weight divided by the square of the body height.
Waist Measuring tape. It will be measured at a level midway
cQv cm
o | circumference between the lowest rib and the iliac crest.
=
2 Electronic sphygmomanometer (Dinamap Pro 100, GE
2 | Blood Pressure cav mmHg
35 Healthcare, Chalfont St Giles, United Kingdom).
o)
g High-resolution ultrasonography (MylLab25; Esaote,
= . I ) .
o | Carotid intima- Firenze, Italy). As ultrasonography is observer-dependent,
s cav mm
@ | media thickness measurements will be read by the same investigator for
(5]
& both hospitals.
Ultrasensitive latex immunoassay (CRP Vario; Sentinel
C-reactive protein | CQV mg/L
Diagnostics, Abbot Diagnostics Europe, Milan, Italy).
HDL-cholesterol, Cobas Integra 711 model (Roche Diagnostics, Indianapolis,
LDL-c and | CQV | IN, EE.UU). mg/dL
triglycerides
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Insulin-automated assay IMMULITE 2000 System (Siemens,
Fasting insulin cav mlU/I
Healthcare Diagnostics, Deerfield, IL, USA).

HOMA-IR CQV | Homeostasis model assessment for insulin resistance. mg/dL
HbAlc CQV | Siemens DCA Vantage Analyzer. %
HMW- Radioimmunoassay (RIA) (LincoResearch, Inc., St. Charles,

cav mg/L
adiponectin Missouri, EE.UU.)

Enzyme-amplified immunoassay (DIAsource

§ IGF-I levels cav mg/dL
2 ImmunoAssays, Belgium) (3).
o
§ Enzyme-amplified immunoassay (DIAsource
w | IGFBP-31 I cQv . dL
§ evels Q ImmunoAssays, Belgium) (3). me/
Safety Fasting glucose CQV | Hexokinase method (AEROSET c8000). miu/I
Synchron CX analyser (Beckman Systems, Fullerton
Creatinine cav mg/dL
CA)(21).
Liver function tests Synchron Cx analyser (Beckman Systems, Fullerton
cQv mg/dL
(AST, ALT) CA)(21).
B12 vitamin cQv | Immunochemiluminiscence. pg/ml
Haemoglobin cQv | Immunochemiluminiscence. pg/ml
Eye fundoscopy DcQV | Normal or Abnormal -
Covariates It will be measured by established formulas based on

father’s and mother’s height: father's height+mother's

Mid-parental height cQv cm
height + 13 (boys) or -13 (girls) and the results is

divided by 2.

Body mass divided by the square of the body height. Height
will be measured by Harpenden Stadiometer (Holtain Ltd,
BMI cqv kg/m?
Crymych, UK) and weight by calibrated scale (SECA,

Hamburg, Germany).

Gender DcQV | Clinical examination: male/female. -

Age CQV | Clinical examination. years

Tanner stages based on testicular volume in boys using an

Pubertal stages NQV | orchidometer and breast development in girls: Tanner | -

through to V.

*DQV: Discrete quantitative variable. *CQV: Continuous quantitative variable. *NQV: Nominal qualitative variable.
*DcQV: Dichotomy qualitative variable
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All measures will be done by the same observer at each centre (nurse or physician) in order to
avoid interobserver variability. All laboratory samples from participating centres will be analysed
at one single laboratory (Hospital Dr. Josep Trueta) by one analyst. Finally, all radiological tests

will be also read at a single centre (Hospital Dr. Josep Trueta) by the same radiologist.

Height, waist circumference and BMI will be measured in their appropriate units —cm and kg/m?
respectively- and will be transformed into SDS values according to age and gender (See Annex

1 and 2). At the beginning of the study all patients will be prepubertal (Tanner stage I).

——
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9. INTERVENTION

9.1 STUDY TREATMENT

9.1.1 INTERVENTION DRUG

The selected experimental drug will be metformin 850 mg, produced by Kern Pharma (Terrassa,
Barcelona), and with expertise preparing metformin and placebo pills in previous studies

performed by both hospitals participating in this protocol.

9.1.2 METFORMIN DOSAGE

In Agencia Espafiola del Medicamento y Productos Sanitarios in paediatric population it is
recommended to give metformin as single dose because of its proved efficacy in previous studies
and the lack of efficacy results for multiple doses (20). In order to improve gastrointestinal
tolerability it is recommended to start with low doses and to reach a maximum dose after 10-

15 days (20) and to take metformin with or after meals.

Several clinical trials have been performed with different metformin doses administration
regimes (once or twice per day) in children with mean ages between 8 to 16 years. As mentioned
above, in a Meta-analysis of Randomized Clinical Trials using metformin versus placebo, it was
shown that there is greater increase of height and decrease in BMI with metformin when given
at largest cumulative doses but not in those in which metformin was given at lowest doses as
compared to the control group (in whom there were not statistically significant differences)
suggesting a dose-response relationship (29). This increment seems to be more significant when

there is a combination of larger doses and longer treatment duration (29).

In order to achieve at least the same results of a 4-year clinical trial with largest cumulative
metformin and avoid overdosing in children between 8 to 10 years (22), the study treatment will
be divided into a single oral dose of 425 mg/day for the first 2 years and a single oral dose of 850
mg/day for the last 2 years. Furthermore, metformin doses during the first 10-15 days at the
beginning of treatment will be progressively up-scaled in order to minimise gastrointestinal

adverse effects.
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The maximum recommended dose of metformin hydrochloride is 2g/day administered twice or

three times per day. This dose will not be achieved in the current protocol.

9.1.3 TREATMENT DURATION

As mentioned above, in the few metformin studies where height is taken into account as a
secondary variable, it has been suggested that largest cumulative doses plus longer treatments
durations are needed to achieve better outcomes in height and metabolic profile in comparison
to a control group (29). Furthermore, when height has been studied with shorter metformin
treatment durations, it did not show greater differences as compared to the control group, but

significant differences were shown after a follow-up period in the metformin group (23).

For that reason, the trial will be performed during 4 years in order to achieve at least the same
height improvement as that described in published studies assessing metformin effects on
height (22,23,29) and on metabolic outcomes (24). The study will not be extended over 4 years
because of the lack of evidence of metformin treatment in children above this period of time
and also because of the possibility that after that time some of the patients will have reached
epiphyseal growth plate closure. In that condition we will not able to evaluate growth or height
changes due to metformin which could lead to confounding results regarding metformin effects

on height.

9.1.4 DRUG CHARACTERISTICS

CONTRAINDICATIONS (20)

- Hypersensitivity to metformin or any of the excipients.

- Diabetic ketoacidosis, diabetic precoma.

- Kidney failure or dysfunction (estimated creatinine clearance < 60 ml/min).

- Acute situations with the potential to produce kidney impairments such as dehydration,
severe infection or shock. In these cases, metformin treatment will be discontinued to be
resumed once the patient recovers from the disease.

- Acute or chronic disease that could produce tissue hypoxia such as heart failure, respiratory
failure or shock.

- Liver failure, acute alcoholic intoxication or alcoholism.
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INTERACTIONS

Plasma protein binding is negligible since it is distributed in erythrocytes. For that reason,

metformin has no known pharmacokinetic interactions (20). The main interactions are:

- Alcohol: acute alcoholic intoxication is associated with increasing risk of lactic acidosis,
especially in case of fasting or malnutrition and liver failure. It can also be seen with drugs
containing alcohol so it is better to avoid them.

- lodine contrast: intravascular administration of iodine contrast can produce kidney failure
producing blood metformin accumulation and higher risk of lactic acidosis.

- Drugs with intrinsic hyperglycaemic activity (corticoids, sympathomimetics): It is
recommended to perform closer blood glucose controls, especially at the beginning of
treatment. If necessary, metformin posology should be adjusted during therapy with the
other drug and after it is discontinued.

- Diuretics, especially loop ones: They can increase lactic acidosis risk as they can decrease

kidney function.

The use of any of these drugs will be a reason for excluding a subject from the current protocol.

ADVERSE EFFECTS

Frequencies of adverse reactions (20)are defined as:

Very common (>1/10)

- Gastrointestinal disorders, such as nauseas, vomits, diarrhoea, abdominal pain and loss of
appetite. These disorders tend to appear at the beginning of treatment and in most cases
tend to disappear spontaneously. To avoid them it is recommended to take metformin with

or after meals as well as to slowly increase metformin doses.
Common (>1/100 to <1/10)
- Nervous system disorders especially taste disorder.
Uncommon (>1/1.000 to <1/100)

Rare (21/10.000 to <1/1.000)
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Very rare (<1/10,000)

- Lactic acidosis. Metformin inhibits gluconeogenesis and its accumulation can lead to this
rare metabolic complication that needs emergency treatment and metformin
discontinuation. Most of described cases were observed in diabetic patients with severe
kidney failure.

- Megaloblastic anaemia. The use of large periods of metformin therapy reduces absorption
and B12 vitamin serum levels.

- Hepatobiliary disorders. Isolated cases of liver function disorders or hepatitis have been
described and those disappear when metformin has been discontinued.

- Skin and subcutaneous tissue disorders such as erythema, pruritus or urticarial.

Metformin use in children is indicated in type 2 diabetes or PCOS (See Annex 7: Metformin
Datasheet). Growth or pubertal negative effects of metformin use have not been described in
clinical trials so far but the recommendations are to perform a carefully follow-up (especially in
children between 10-12 years old even though metformin efficacy and safety have not
significant differences from adults). Although the use of metformin is not indicated in children
younger than 10 years there are several studies evaluating its efficacy in puberty onset and in

BMI changes in children aged 8 years, showing the same safety characteristics (22-25,29) .

However, it is important to report suspected adverse drug reactions after approval. This allows
for continuous monitoring of the benefit/risk of the drug. If suspected new adverse reactions
are detected, they ought to be reported through the Spanish Pharmacovigilance System for

Medicinal Products for Human Use: www.notificaRAM.es

OVERDOSE

Metformin treatment should be discontinued when rare or very rare adverse effects appears,
especially lactic acidosis (20). This condition is a medical emergency and should be treated in

hospital by haemodialysis and haemodynamic support.

Lactic acidosis is manifested with unspecific signs such as muscle cramps with digestive disorders
(abdominal pain) and severe asthenia. Massive overdoses can lead to acidotic dyspnoea,

abdominal pain, hypothermia and coma.
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9.2 TREATMENT MONITORING

Metformin overdose can be monitoring through safety variables related to metformin main
adverse effects. At each 6-month follow-up visit fasting glucose, serum creatinine,
transaminases, haemoglobin and B12 vitamin levels will be checked in order to rule out most
severe side effects. Furthermore, the patient and their guardians will be informed about possible
side effects before starting the trial and they will be asked at each visit for their presence
(including possible new side effects). In positive cases, a side-effect report form will be filled
notifying its presence (See Annex 6: Side-effects Report Form). If there are new side-effect they

will be reported to an appropriate institution as mentioned above.

9.3 MASKING

The study will be double-blinded (patient and researchers) and the pharmacist will be the person
responsible for masking the intervention and randomly dispensing the intervention according to
the abovementioned list. Thus, neither the patient nor the researchers will be able to know the
interventional drug assigned to any patient until the study concludes. It may be only be disclosed

in case of emergency regarding the need for the patient’s treatment.

9.3.1 PATIENT MASKING: PLACEBO

Control group will receive placebo. Placebo looks like metformin pill and it has the same
ingredients except from the active ingredient. Like the interventional drug it will be produced by

Kern Pharma (Terrassa, Barcelona).

9.3.2 INVESTIGATOR MASKING

If, in follow-up measurements, insulin levels and metabolic parameters were assessed on a
regular basis, it would become clear which subjects were receiving treatment and which were
not. Therefore, serum samples will be frozen, in order to be analysed at the end of the study in
Hospital Josep Trueta, to where all samples will be sent by means of a courier service. Variables
to be analysed will be serum lipids, fasting glucose, fasting insulin, HOMA-IR index, HbA1lc and

HMW-adiponectin levels. This way, several advantages are gained. The most clear one being
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blinding the investigators, but also, analysing serum in badges and in one single laboratory which

will reduce variability produced by different lab techniques.

9.4 BASAL TREATMENT

Our study population are GH-deficient children treated with rhGH as a basal treatment. There
are different GH brands with different devices for drug administration. Furthermore, as
mentioned before rhGH can be prescribed at different doses although Spanish and Catalan

recommended doses are average ones (between 0.025 to 0.035 mg/kg/day).

In order to homogenise basal treatment in all participants, rhGH will be administered only using
a Saizen easypod (a device from Merck-Serono used from GH administration) and using a mean
dose of 0.030 mg/kg/day with weigh adjustments every six months at each visit. In those
patients who do not use this brand and device, a replacement at the third pre-selection visit will
be performed and rhGH dosage will be adjusted before starting the study. The reason to select
this brand is because the device allows to evaluate adherence to treatment by monitoring daily

hormone administration and allows also to know whether a full dose or a partial has been given.

This procedure will provide the same basal conditions in all patients and avoid that rhGH dose

acts as a covariate confounding the results of the interventional drug.

rhGH side effects are rare as mentioned before, but in order to monitor the severe ones annual
eye fundus examination will be scheduled for each participant. Furthermore, all patients will be
monitored by means of hormonal profiles and thyroid function at each follow-up visit as
established on protocols (1,2,6) to detect hormonal disorders during treatment. On the other
hand, overdose can be monitored by means of two different variables included in the blood tests
performed at each visit: IGF-1 and IGFBP-3 serum levels. In case IGF-I levels are above 2 SDS (for
age, gender and Tanner stage) or they are higher than 100 times the corresponding IGFBP-3

values, the dose of GH will be adjusted.
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9.5 ORGANISATION AND DATA COLLECTION

The intervention visits will take place during the routine follow-up visits for GH-deficient children
appointed every 6 months. By not adding new visits, the trial should not affect patients’ routine;

therefore, fewer drop-outs are expected.

In order to optimise study adherence, metformin or placebo will be taken at dinner time or
before giving the GH injection. In addition, guardians and subjects will receive text message or
e-mail reminders on a weekly basis to take the metformin/placebo during the treatment period.
Also, 1 week in advance, guardians and subjects in both groups will receive text message or e-
mail reminders about their upcoming appointments. Counting the number of pills remaining at
each visit will be performed by the pharmacist as an indicator of adherence. At each visit
investigators will also monitor basal treatment adherence checking the Saizen easypod

application of the device.

At each visit, the follow-up measurements described below (Table 6) will be assessed:

Table 6. Follow-up measurements

Auxological Laboratory tests Other parameters
(every 6 months) (every 6 months) (yearly)
- Height - C-reactive protein - Boneage
- Weight - Serum lipids (HDL-c, LDL-c and - Adult height
- BMI triglycerides) prognosis
- Waist circumference - Fasting glucose - CIMT
- Blood pressure - HbAlc - Eye fundus

- Pubertal stage (Tanner Fasting insulin
scale) - HOMA-IR
- Growth velocity - HMW-adiponectin
- IGF-l and IGFBP-3
- Creatinine
- Liver function (AST and ALT)
- B12vitamin

- Complete blood count (including

haemoglobin)

42

——
| —



fmy

Universitat

de Girona
——

The follow-up measurements should not be performed when the patient presents acute
symptomatology (such as any pulmonary infection, very common in children). Acute
symptomatology increases stress hormones needs such as cortisol and secondary increases
insulin production; therefore it needs to be taken into account when collecting data. If this
situation happens, follow-up visit will be rescheduled in within two weeks in order to collect

follow-up measures and avoid to have missing data.

As established by the protocol, venous blood sampling will be drawn with the child in the fasting
state. All serum samples will be obtained between 8.00 a.m. and 10.00 a.m. in order to avoid
variability produced by circadian hormones. Blood tests will be performed every 6 months in
order to have safety parameters and those that allows us to adjust GH treatment dosage (IGF-I
and IGFBP-3). Blood tests will be performed the same visit day and when results are available
main investigators will contact families in order to inform from the results and any change in

basal treatment.

Measurements will be taken during follow up visits in all children and will be performed by the
same observer who will be unaware of the subjects’ clinical and laboratory metformin
parameters. All data will be collected in standard forms in order to ensure all parameters (See

Annex 5: Case Report Form).

- Height will be measured with the child wearing no shoes on a Harpenden stadiometer. It
will be measured standing with the back and ankles touching the surface and the head in
neutral position. Feet and legs must be straight and remain together. Three measures will
be performed in order to avoid measurements mistakes that could lead to information bias.

The average of two similar measurements will be used in the study.

- Weight will be measured with the child wearing underwear on a calibrated scale.

- BMI will be calculated as weight divided by the square of height in meters. Age and sex
adjusted z-score values for current weight, height, and BMI will be calculated using regional

normative data (See Annex 1 and 2).

- Waist circumference will be measured at the umbilical level with the child standing with a
measuring tape. It will be measured at a level midway between the lowest rib and the iliac

crest.
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Blood pressure will be measured before venous blood sampling with the child supine on the
right arm after a 10-minute rest, using an electronic sphygmomanometer with a cuff of

appropriate size for the child’s arm circumference.

cIMT will be measured by high-resolution ultrasonography. For cIMT, diastolic images will
be obtained using a linear 12-MHz transducer on the right side at the level of the distal
common carotid artery, 1 cm away from its bifurcation. Averages of 5 cIMT measurements
on the far wall of the artery will be used in the study. The intra-subject coefficient of
variation for ultrasound measurements is <6%. It will be performed annually by a radiologist
in each participating center under consensus criteria previously established in organisation
meetings and images will be sent to Hospital Dr. Josep Trueta in order to be read by the

same radiologist.

Bone age will be determined by a left hand radiography following Greulich and Pyle
radiographic atlas (33). It will be determined by the main investigators according to the same
criteria previously established in organisation meetings. Radiography will be scheduled
annually at a follow up visit. Once we have the bone age we can predict adult height
prognosis by Bailey-Pinneau method (36) so we will calculate it annually. Estimations of
adult height prognosis will be done by one single investigator with ample expertise in

reading bone age films.

Growth velocity will be calculated by the difference between final and initial height

measured at each follow up visit and adjusted z-score values for age and sex (37).

Eye fundus will be scheduled annually in order to evaluate GH side effects. The presence of
massive oedema or hypertension signs will be a reason to discontinue basal treatment and

to withdraw the subject from the study.
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11. STATISTICAL ANALYSIS

UNIVARIATE DESCRIPTIVE ANALYSIS

Results for categorical variables will be described as frequencies (n) and percentages for each
category. Quantitative variables assuming a normal distribution will be summarized as mean +
standard deviation, and those for variables without a normal distribution will be expressed as
median and interquartile range. Non-parametric variables will be mathematically transformed

to improve symmetry.

BIVARIATE ANALYSIS

Results for main variables will be compared in order to ensure that comparable treatment
groups were generated through the randomisation process. Categorical variables will be
compared in a 2x2 contingency tables and evaluated by X? test or Fisher’s exact test. Continuous
variables that assume a normal distribution will be compared by Student T test (to compare 2
groups) or ANOVA’s test (to compare three groups). Mann-Whitney test will be used to compare

continuous variables that dot not follow a normal distribution.

MULTIVARIATE ANALYSIS

General linear model (GLM) for repeated measures will be applied in order to perform the
analysis of response to treatment for endpoint variables (see below) between independent
treatment and control groups (main and secondary objectives of the proposal). The interaction
term among the intervention variable and the endpoint variables of the study will be applied in
order to highlight differences in 4-years changes across intervention groups. Models will be
adjusted for potential confounders (see "covariates” in Table 5). For adult height prognosis,
covariates will be age, gender, BMI-SDS, mid-parental height, height SDS at baseline, GH
treatment duration, current GH dose, pubertal stage, change in HOMA-IR, change in HMW-
adiponectin and treatment (metformin or placebo). For HOMA-IR and HMW-adiponectin,
covariates will be age, gender, BMI-SDS, waist circumference SDS, GH dose, pubertal stage,

treatment (metformin or placebo) and HOMA-IR/HMW-adiponectin in each one. For other
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endpoints (changes in BMI-SDS, waist-SDS, CIMT, blood pressure, serum lipids and C-reactive
protein), covariates will be age, gender, GH dose, pubertal stage, change in HOMA-IR (and when
applicable also, changes in BMI-SDS and waist-SDS), change in HMW-adiponectin, treatment

(metformin or placebo) and the corresponding value of the parameter to be tested at baseline.

“Intention-to-treat” (ITT), “as treated” and “per protocol” analyses will be applied, in case of:

- Protocol violations.

- Losses to follow up.

- Withdrawals from the study.

- Non-compliance.

- Refusal of the allocated treatment.

- Other deviations from established protocol.

Imputation of missing values for endpoints variables will be performed using the latest observed

values for each variable and subject.

A p value <0.05 will be considered statistically significant.
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12. ETHICAL CONSIDERATIONS

The clinical trial will be conducted in accordance with the medical ethics requirements defined
on the Declaration of Helsinki involving Ethical Principles for Medical Research Involving Human

subjects (last update October 2013) (See Annex 8: Helsinki Declaration).

All patients and guardians, as all will be under 18 years of age, will be properly informed about
the trial. Written informed consent (See Annex 4) will be provided to their guardians and must
be signed before taking part in the project. However, we will obtain informed assent from all
children, in order to enrol them in the study. On the other hand, every investigator will have to

declare no conflict of interest.

The research project will be performed in accordance with the legal framework related to clinical
trials: “Real Decreto Legislativo 1/2015, de 24 de julio, por el que se aprueba el texto refundido
de la Ley de garantias y uso racional de los medicamentos y productos sanitarios”, “Ley 14/2007,
de 3 de julio, de investigacion biomédica” and “Reglamento (UE) n°536/2014 del Parlamento
Europeo y del Consejo, de 16 de abril de 2014, sobre los ensayos clinicos de medicamentos de

uso humano”.

All patient data obtained during the trial will be confidential and the anonymity of the patients
will be guaranteed according to: “Ley orgdnica 15/1999, de 13 de diciembre, de Proteccién de

Datos de Caracter Personal”.

The clinical trial will be submitted to a European database of clinical trials

(http://www.clinicaltrialregister.eu). As postulated by current recommendations, the trial will

also be registered with an International Standard Randomized Controlled Trial Number

(http://www.controlled-trials.com).

The trial will be submitted to the “Comité de Etica de Investigacién Clinica (CEIC)” of Hospital Dr.
Josep Trueta of Girona following the guidelines subscribed, in order to be reviewed and
approved before any further procedure. Then, we will apply for the approval of the responsible
person at each centre participating in the trial. As a final step, the protocol must be approved
by the European Medical Agency (EMA) and “Asociacion Espafiola de Medicamentos y Productos

Sanitarios (AEMPS)” before final approval of the clinical trial.
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LIMITATIONS

Regarding the patient selection, a consecutive non-probabilistic method will be applied. An
appointment will be scheduled instead of waiting for the follow-up visit to describe the study
to patients. It is expected to reach about 75% of selected patients. Therefore, a non-
response rate should be taken into account. However, this would not be a limitation because
if we cannot reach all sample size with the two participating centres, a third centre will be
added to the trial. Contact with Hospital Vall Hebron of Barcelona has been established and

they accept to participate if this situation happens.

BMI is our main covariate in the study as children are constantly changing their weight as
well as their height. As mentioned before, small BMI changes influence growth. Although
randomisation usually distributes variables equally in both groups we have stratified sample
into three BMI groups in order to avoid this confounding effect. Moreover, all participants
will be informed about the importance of maintain a stable weight during the study which
will be of help not only for the study results but also for their growth. The same measure of

stratification has been performed for those unmodifiable covariates: gender and age.

Regarding follow up measurements, as this is a multicentre study, there always will exist
variability between main investigators and selected personnel when collecting data.
Furthermore, there are some examinations that are observer-dependent like Tanner stage,
bone age and CIMT measured by ultrasonography. To minimise this interobservator
variability, all personnel involved in collecting data will be trained in the same way to
perform examinations and they will perform meetings in order to put in common all
procedures. On the other hand, CIMT will be read by the same radiologist of Hospital Dr.

Josep Trueta in all study patients. Appointments will be scheduled and recalled to patients.

Differences between measurements techniques could cause lack of comparability between
the different centres participating in the study. For that reason, as mentioned in masking

section, frozen serum analyses will be performed only in Hospital Josep Trueta of Girona.

All participants have a basal treatment inherent to its pathological condition. Different
methods in rhGH treatment application and dosage can confound the results of the effects

of the interventional drug on height. Therefore, all patients will change their devices to
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Saizen easypot in order to avoid variability between rhGH devices and a mean dose will be

established in all patients at each follow up visit based on weight.

The study lasts 4 years so there is a risk of drop-out or non-compliance of the treatment.

This has been taken into account when calculating the sample size.

Inherent to the study design which have strict inclusion and exclusion criteria that do not
represents all GH-deficient population, we will not be able to extrapolate the study results
to the general population. Therefore, further studies will be needed with greater sample
sizes and other study populations in order to increase the external validity of our results. It
would be convenient that other researchers performed similar studies in order to confirm

the results of our study.

According to the current literature, it is possible that larger doses and longer periods of study
would be necessary in order to reach better results in endpoint variables, especially in height
gain and adult height. However, we have selected our criteria based on previous experience

with metformin and we expect to have statistically significant results.

Regarding the budget, as this is a clinical trial, it is a high cost study although metformin has
a low cost. However, if we want to answer our hypothesis this is the best study design to be

performed.
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14. WORK PLAN

Personnel:

Investigators: as discussed previously, a principal investigator will be assigned at each of the
participating centres: Hospital Universitari Dr. Josep Trueta de Girona and Hospital Sant Joan
de Déu de Barcelona. They will constitute the Trial Steering Committee (TSC). TSC is
responsible for trial overall supervision. Research associates (RA) will be selected at each
centre.

Collaborators: statistician (ST), pharmacist (PH), laboratory (LA), radiologist (RAD),

ophthalmologist (OP), nursey staff (NU) and data manager (DA).

The trial has been designed in 5 phases:

PROTOCOL ELABORATION (Accomplished): first objectives have been established in order to
answer a formulated hypothesis. A comprehensive and exhaustive literature search have
been conducted, followed by a detailed definition of study variables and study design.

Theoretical methodology of data collection have been elaborated.

ORGANISATIONAL MEETING will be performed in order to further delineated the study
chronogram and establish a timeline. Data collection circuits and communication systems

between the involved centres will be set up.

PILOT TEST will be performed in order to evaluate the protocol. It will help to identification

of problems and allow us to apply corrections in order to solve them.

AUTHORISATIONS: administrative and ethical authorisations will be obtained before any

further activity.
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1. RECRUITMENT PERIOD (6 months): sample selection will be made in a non-consecutive
way, based on inclusion and exclusion criteria. All preselection visits with their respective
tests will be performed to help in the process. A member in charge of patient flow analysis
evaluates the recruitment time in order to prove that the rate of inclusion of patients is
being fulfilled. Guardians and subjects must have access to information documents
regarding the study and informed consent must be signed before any further activity in

the trial.

2. GROUP ASSIGNMENT: randomisation procedure, masking method and allocation type will

be performed.

3. INTERVENTION (48 months): study variables will be recorded in a shared database by the
involved centres. At each follow-up visit, all follow-up measurements will be taken and
serum samples of the patients will be frozen. Critical parameters that can unmask the

treatment arm will be assessed at the end of the trial.

PHASE 3 — Database processing and statistical analysis (4 months): TSC and RA from each

centre along with DA will be involved.

1. DATABASE PROCESSING (4 months): results will be screened for possible errors during

data collection.

PHASE 4 — Analysis of the results (4 months): TSC and RA from each centre along with ST will

be involved.

1. INTERIM ANALYSIS: at the middle of the intervention process (at the end of 24 month),
an interim analysis of the results by an external agent will be performed in order to
ensure that there are not huge differences in benefits between interventional and
control groups. However, we expect not to find significant differences because in growth

studies two years is a short period of time in order to elicit significant results.
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2. STATISTICAL ANALYSIS (2 months): appropriate statistical tests will be applied for all
collected data. As previously described, descriptive and bivariate analyses will be
performed followed by the multivariate analyses.

3. INTERPRETATION OF THE RESULTS (2 months): The outcomes of the trials will be
interpreted and conclusions will be derived thereof, written and discussed. TSC will be

involved.

PHASE 5 - Finalisation and publication of results (3 months): TSC will be involved.

A report with the final results of the study will be elaborated. Whether results support or not
initial hypothesis will not affect their publication. Dissemination strategy consists on an open
access online publication and study results presentation in Conferences from Sociedad Espafiola

de Endocrinologia Pediatrica and European Society for Paediatric Endocrinology.

53

——
| —



i

itat

1verst

Un:

de Girona
N et

TIMELINE

15.

XAl

sujea|Ng

Hoday [el] [eul

1574251

sUOISnUO)

uonesaldiagy)

sish|euty (2SI

SISAIRUY Wiay|

¥ pue vy 5L

Suissaao.d aseqeieq| ¢

I

Lo/

Juawusissy dnosgy

POLI3d JU3WINI3Y

Vi puedsL

suonesoyiny

152 10|lg

U133 [euonesiuedly

uoljeloqeyq |020044

[auuosiag

Koy

14114

g10¢

]
54 |

(
\




[t

Universitat

deEl}Ema
16. BUDGET
Table 7. Budget
1. STAFF COSTS
Cost N2 persons Time Total
- Statistical consultant 35€/h 1 100 h 3500 €
- Data manager 20 €/h 1 80 h 1600 €
- Meetings organisation 50 €/h 2 20 h 2000 €
7100 €
2. IMPLEMENTATION COSTS
Cost N2 patients Quantity Total
Inventory material costs
- Saizen easypot device 0€ 120 1 0€
Services and disposable items costs
- Laboratory parameters:
o Complete Blood Count (Serum) 3,54 €/u 120 9 3823,2 €
o IGF-I (Serum) 0€ 120 9 0€
o IGFBP3 (Serum) 0€ 120 9 0€
o Fasting glucose (Serum) 1,27 €/u 120 9 1371,6 €
o Fasting insulin (Serum) 6,98 €/u 120 9 7538,4 €
o HOMA-IR index - 120 9 -
o HMW-adiponectin (Serum) 850€/80u 120 9 11475 €
o HbAlc (Serum) 6,35 €/u 120 9 6858 €
o Lipid profile (Serum) 10,43 €/u 120 9 11264,4 €
o C-reactive protein (Serum) 6,59 €/u 120 9 7117,2 €
o Creatinine (Serum) 1,27 €/u 120 9 1371,6 €
o ALT/AST (Serum) 7,84 €/u 120 9 8467,2 €
o B12 vitamin (Serum) 6,98 €/u 120 9 7538,4 €
o Albumin (Serum) 2,23 €/u 120 9 2408,4 €
o TSH (Serum) 0€ 120 9 0€
o Free T4 (Serum) 0€ 120 9 0€
o Prolactin (Serum) 0€ 120 9 0€
o LH (Serum) 0€ 120 9 0€
o FSH (Serum) 0€ 120 9 0€
(=)
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o Cortisol (Serum) 0€ 120 9 0€
o Anti-transglutaminase  antibodies 0€ 120 1 0€
(Serum)
- Left hand radiography 0€ 120 5 0€
Liability insurance - 120 1 17000 €
Drug purchase
- Metformin 850 mg 50 pills/box 1,52 €/box 120 22 4012,8 €
- Placebo 50 pills/box 7,35 €/box 120 22 19404 €
- Basal rhGH treatment 0€ 120 - 0€
Administrative permits (AGEMED) 3948,1 € 120 - 3948,1 €
MRW courierr to shp serum samples to - - - 500 €
Hospital Dr.Josep Trueta (Girona)
114098,3 €
3. DISSEMINATION OF THE RESULTS
Cost Quantity Total
Congress of the Spanish Society of Paediatric Endocrinology: 800 €/pers. 2 pers. 1600 €
Congress of the European Society of Paediatric
Endocrinology: 1000 €/pers. 2 pers. 2000 €
Publication fees
- Translation services 30€/h 50 h 1500 €
- Open access 1500 € - 1500 €
Software and bibliography 1000 € - 1000 €
7600 €
4. SUBCONTRACTING OF PROFESSIONAL SERVICES
- Contracting of nursing services 20 €/ subject 2 4800 €
- Contracting of echography services 25 € / subject 2 6000 €
10800 €
5. INDIRECT COSTS 27919,7 €
TOTAL COSTS 167518 €
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No budget will be needed for CEIC and the pharmacy department because the promoter of the
study will be IDIBGI. IDIBGI research centre receives a 20% of the total expenses, in order to
cover the account management services at the research institute and for the use of research

offices, examination rooms and laboratory.

BUDGET SPECIFIC ASPECTS

- Implementation costs:

All devices, laboratory parameters and radiography evaluated by protocol during the follow up
of GH-deficient children due to its basal treatment with rhGH will be free cost for the trial
because they are inherent to the basal condition of the patients and are therefore paid by the
hospital. The measurements included are: IGF-I1 and IGFBP3 levels, TSH, free T4, prolactin,
cortisol, LH, FSH and anti-transglutaminase antibodies. Saizen easypot devices will be provided

by the company with free cost.

MRW courier will ship serum samples to Hospital Josep Trueta when the study concludes in

order to be analysed by the same laboratory.

- Subcontracting of personal services:

Two nurses will be hired during the trial in order to help main investigators to perform follow up
measurements. A radiologist at each centre will perform carotid echography to determine CIMT
after previous consensus criteria agreed upon in organisation meetings. However, images all will

be sent to Hospital Josep Trueta to be read by one single radiologist.
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17. HEALTH IMPACT OF THE PROJECT

As discussed previously, not all GH-deficient children treated with rhGH achieve a full
improvement in adult height prognosis that may allow them reach their target height.
Metformin studies in non GH-deficient children have shown an improvement in height gain and
adult height. The objective of this study is determine if metformin in GH-deficient children has
also these effects on height and may help those children with poor adult height prognosis to
reach an adequate adult height. By reaching this goal, we would not only establish a new
therapeutic option for these children but will also avoid all the psychological consequences that
can affect important aspects of their lives, which could mean a major health impact on these

subjects.

Furthermore, we will also analyse metabolic parameters and insulin resistance improvements
during the interventional period as a secondary objective. These results will set the basis for
further studies in order to establish if the addition of metformin in GH-children not only

improves growth but also decreases the cardiovascular risk in long-term.
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ANNEX 1: HEIGHT CHARTS
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Carrascosa A, Ferndndez IM., Ferndndez C, Ferrdndez A, Ldpez D., Ldpez-Siguero JP, Sdnchez E,, 'Sobradillo B, Yeste D. y Grupo Colaborador Esparol

An Pediatr (Barc) 2008,68:552-69. An Pediatr (Barc) 2010; en prensa.
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Talla (cm) de cada uno de los cinco

grupos maduradores puberales. (M + DE)
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VARONES

Muy Toda la

Edad temprano Temprano Intermedio Tardio Muy tardio muestra

(afos) N= 25 n=>59 n =106 n=>52 n=17 n=259

| 0 50514 | 507£1,5 | 506£12 | 505£1,5 | 50,3¢1,1 | 50,5:14
1 76621 | 76124 | 757:25 756£25 | 75724 | 759%24
| 2 888+2,7 | 882¢28 | 87,8%32 | 87,4+28 | 87,5:26 | 87930
3 980+28 | 97,2430 | 9536 | 958£32 | 960£35 | 96,6+34
|4 1056+30 | 1045¢35 | 1038440 | 103,0£635 | 1035£37 |1039:37
5 1126436 | 111,4£38 | 1106:44 | 1098:38 | 1102£42 | 1108241
L6 119342 | 1182£43 | 117,046 | 1162+40 | 1165£46 | 117,324,5
7 1256+4,6 | 1244244 | 123,1£53 | 1222242 | 1226248 | 1234247
| 8 131.8+48 | 130,4£4,7 | 128854 | 1280%4,2 | 1283£50 | 129,2£5,1
9 1375450 | 1360449 | 134355 | 133544 | 1335456 | 1348%52
T 142,5+52 | 1415+49 [1396+58 | 138644 | 1386+57 | 140,0%54
1° 1493+56 | 146,151 |1447+6,1 | 143746 | 143362 | 1452:57
| 158560 |1526+53 |149,0£63  1484:48 | 1478:63 | 150,52 6,5
13 166,0+57 | 161,6+57 155567  152,5%4,9 | 1522+67 | 157,174
Lo 171556 | 169,152 | 164372 1591249 | 156270 | 164,576
15 1743%53 | 1734£53 | 1709:68 167,049 | 163,0£73 | 1705638
L6 1758+53 | 1758456 |1742+66 | 1725+50 | 1702+72 | 174,162
17" 1766+52 | 1769+58 | 1760+66 | 1750+55 | 174966 | 176,0+6,1
R 176951 | 177,4+59 | 176765 | 1761%57 | 1773+7,0 | 1768+6,1
19 176951 | 177,659 | 176869  1764+59 | 1774273 | 177,0£63

| |

En negrita:
a:

s p<0.001 muy temprano vs intermedio, tardio y muy tardio.

talla y edad al inicio del brote de crecimiento puberal.
NS

¢ p<0.0001 muy temprano vs cada une de los ofros grupos; p=0.002 temprano vs intermedio.
: p<0.0001 muy temprano vs cada uno de los otros grupes; temprana vs intermedio, tardio y muy tardio,

¢+ p=0.0001 muy temprano y temprano vs intermedio, tardio y muy tardio; intermedio vs tardio y muy tardio.

: p=0.002 temprano vs muy tardio.

ij: NS

b
)
d
e
S p<0.0001 muy temprano y temprano vs tardio v muy tardio; p<0.002 intermedio vs tardio y muy tardio.
&
J
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MUJERES O

Talla (cm) de cada uno de los cinco
grupos maduradores puberales. (M + DE)

En negrita: altura v edad al inicio del brote de crecimiento puberal.
s p=0,002 temprano vs tardio.

: p=0,002 muy temprano vs tardio y muy tardio.
: p<0,0001 muy temprano vs intermedio, tardio y muy tardio; p<0,0005 temprano vs intermedio v tardio.
: p<0,0001 muy temprano y temprano vs cada uno de los otros grupos.

p=<0,0004 muy temprano vs tardio v muy tardio; p<0,0001 temprano vs tardio y muy tardio,

¢ intermedio vs muy tardio; p=0,003 intermedio vs tardio.

&b i j: NS

Muy Toda la

Edad temprano Temprano Intermedio Tardio Muy tardio muestra

(afos) N= 27 n=75 n=101 n=59 n=19 n=281
0 50,0+ 1,6 49,7 + 1,1 50014 49,9 + 1,4 503+14 50,0+ 1,3
1 748+ 2,2 743+24 73,8+23 73,7 £ 2,1 742+19 740x2,3
2 87,0+ 2,0 86,5+ 2,4 85,9 + 3,0 85,7 +2,6 86,1 +3,7 86,1+2,7
3 96,0x2,.2 955+29 950+£3,6 943+29 94,1+£3,6 95032
4 103525 103,3+ 3,5 102,5 4,1 101,8 £ 3,2 101,5+3,6 1026 + 3,6
5 110,6 £ 2,9 110,3+3,9 [109,3£4,5 108,5+£3,5 | 1083+42 | 109,5+4,0
6 117,6 £ 3,2 116,9+4,0 [1157+4,9 1149+3,8 | 1146+45 | 1159+43
7 123,835 123,144 1216 £51 120,7+4,0 | 1205+4,7 | 1220+4,6
8’ 128,8 + 3,8 129146 | 127,353 126,2 £ 4,1 126,3 +4,8 1276+4,8
9b 1355+ 4,1 1340+4,8 | 132,755 131,1+£4,3 131,9+4,8 133,1+£5,0
10 1436+54 | 140,651 | 137,458 136,8+4,3 | 137,251 | 138,7=5,6
119 150,8 £ 5,2 148,4+5,8 |143,9+6,1 141,2244 | 142055 | 1451+6,4
12¢ 156,3 £ 4,7 154,7+5,6 | 151,5+6,3 147546 | 146,258 | 1516 +6,4
13f 159,5+4,2 158,9+5,3 | 157,1 6,1 154,448 | 152,0+6,1 | 156,959
149 161,0+ 4,0 161,0+5,2 | 160,457 158,7+4,5 | 1584+6,3 | 160,153
15" 161,8+3,9 161,9+53 | 161,957 160,9+4,8 | 162,357 | 161,7x5,.2
16' 162,2 + 3,8 162,4 +52 | 162,757 162,3+50 | 164,155 | 1625x5,3
17 162,4 + 3,8 162,652 | 163,058 162,4+50 | 1651+58 | 1629x5,3
18 162,6 + 3,8 162,7 £5,1 | 163,2 5,8 162,7+50 | 1654+58 | 163,0+53

i
2
&
d:
e: p<i), (001 muy temprano vs intermedio, tardio y muy tardio; temprano vs tardio, muy tardio y intermedio vs tardio y muy tardio; p=0,004 temprano vs intermedio.
f
Iy




e,
Universitat
de Girona
——

ANNEX 2: BMI TABLES

VARONES

Edad ( afios )

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Adultos
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Carrascosa A, Ferndndez JM., Ferndndez C, Ferrdndez A, Ldpez D., Lopez-Siguero JP, Sanchez E., 'Sobradillo B., Yeste D. y Grupo Colaborader Espariol
An Pediatr (Barc) 2008,68:552-69. An Pediatr (Barc) 2010; en prensa.
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MUJERES ks

Edad ( afios )
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Corrascoso A, Ferndnder IM, Ferndnder C, Ferrdndez A, Ldper D, Loper-Siguerp JP, Sdncher £, “Sobrodillo 8, Yeste D. y Grupo Colobevador Espancl
An Pedialr (Barc) 2008:68:552-69. An Pediarr (Barc) 2000; en pransa.
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ANNEX 3: EXAMPLE OF RANDOMISATION
Table Example of the randomisation process.

PATIENT GENDER AGE BMI TREATMENT
10001 Male >8 and < 9 years >-1.5 SDS and <0 SDS ?
10002 Male 28 and < 9 years 2-1.5 SDS and <0 SDS ?
10003 Male 28 and < 9 years 2-1.5 SDS and <0 SDS ?
10004 Male >8 and < 9 years >-1.5 SDS and <0 SDS ?
10005 Male >8 and < 9 years >-1.5 SDS and <0 SDS ?
10006 Male >8 and < 9 years >-1.5 SDS and <0 SDS ?
10007 Male >8 and < 9 years >-1.5 SDS and <0 SDS ?
10008 Male 28 and < 9 years 2-1.5 SDS and <0 SDS ?
10009 Male >8 and < 9 years >-1.5 SDS and <0 SDS ?
10010 Male >8 and < 9 years >-1.5 SDS and <0 SDS ?

20001 Male >8 and < 9 years >0 SDS and <+1.5 SDS ?
20002 Male >8 and < 9 years >0 SDS and <+1.5 SDS ?
20003 Male >8 and < 9 years >0 SDS and <+1.5 SDS ?
20004 Male 28 and < 9 years >0 SDS and <+1.5 SDS ?
20005 Male 28 and < 9 years >0 SDS and <+1.5 SDS ?
20006 Male 28 and < 9 years >0 SDS and <+1.5 SDS ?
20007 Male 28 and < 9 years >0 SDS and <+1.5 SDS ?
20008 Male 28 and < 9 years >0 SDS and <+1.5 SDS ?
20009 Male 28 and < 9 years >0 SDS and <+1.5 SDS ?
20010 Male 28 and < 9 years >0 SDS and <+1.5 SDS ?

30001 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30002 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30003 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30004 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30005 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30006 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30007 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30008 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30009 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
30010 Male >8 and <9 years | >+1.5SDS and <+3.00 SD ?
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40001 Male >9 and <10 years >-1.5 SDS and <0 SDS ?
40002 Male 29 and <10 years 2-1.5 SDS and <0 SDS ?
40003 Male >9 and <10 years >-1.5 SDS and <0 SDS ?
40004 Male 29 and <10 years 2-1.5 SDS and <0 SDS ?
40005 Male >9 and <10 years >-1.5 SDS and <0 SDS ?
40006 Male >9 and <10 years >-1.5 SDS and <0 SDS ?
40007 Male 29 and <10 years 2-1.5 SDS and <0 SDS ?
40008 Male 29 and <10 years >-1.5 SDS and <0 SDS ?
40009 Male 29 and <10 years >-1.5 SDS and <0 SDS ?
40010 Male 29 and <10 years >-1.5 SDS and <0 SDS ?

50001 Male 29 and <10 years >0 SDS and <+1.5 SDS ?
50002 Male 29 and <10 years >0 SDS and <+1.5 SDS ?
50003 Male 29 and <10 years >0 SDS and <+1.5 SDS ?
50004 Male >9 and <10 years >0 SDS and <+1.5 SDS ?
50005 Male >9 and <10 years >0 SDS and <+1.5 SDS ?
50006 Male >9 and <10 years >0 SDS and <+1.5 SDS ?
50007 Male 29 and <10 years >0 SDS and <+1.5 SDS ?
50008 Male 29 and <10 years >0 SDS and <+1.5 SDS ?
50009 Male 29 and <10 years >0 SDS and <+1.5 SDS ?
50010 Male 29 and <10 years >0 SDS and <+1.5 SDS ?

70001

Female

>8 and < 9 years

>-1.5 SDS and <0 SDS

60001 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
60002 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
60003 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
60004 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
60005 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
60006 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
60007 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
60008 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
60009 Male >9 and <10 years | >+1.5SDS and <+3.00 SD ?
60010 Male >9 and <10 years | >+1.5 SDS and <+3.00 SD ?

70002

Female

>8 and < 9 years

2-1.5 SDS and <0 SDS
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70003 Female >8 and < 9 years >-1.5 SDS and <0 SDS ?
70004 Female >8 and < 9 years >-1.5 SDS and <0 SDS ?
70005 Female >8 and < 9 years >-1.5 SDS and <0 SDS ?
70006 Female >8 and < 9 years >-1.5 SDS and <0 SDS ?
70007 Female >8 and < 9 years >-1.5 SDS and <0 SDS ?
70008 Female >8 and < 9 years >-1.5 SDS and <0 SDS ?
70009 Female >8 and < 9 years >-1.5 SDS and <0 SDS ?
70010 Female >8 and < 9 years >-1.5 SDS and <0 SDS ?

80001 Female >8 and < 9 years >0 SDS and <+1.5 SDS ?
80002 Female >8 and < 9 years >0 SDS and <+1.5 SDS ?
80003 Female >8 and < 9 years >0 SDS and <+1.5 SDS ?
80004 Female >8 and < 9 years >0 SDS and <+1.5 SDS ?
80005 Female >8 and < 9 years >0 SDS and <+1.5 SDS ?
80006 Female >8 and < 9 years >0 SDS and <+1.5 SDS ?
80007 Female >8 and < 9 years >0 SDS and <+1.5 SDS ?
80008 Female >8 and < 9 years >0 SDS and <+1.5 SDS ?
80009 Female 28 and < 9 years >0 SDS and <+1.5 SDS ?
80010 Female 28 and < 9 years >0 SDS and <+1.5 SDS ?

90001 Female >8 and <9 years | >+1.5SDS and <+3.00 SD ?
90002 Female 28 and < 9years | >+1.5SDS and <+3.00 SD ?
90003 Female 28 and < 9years | >+1.5SDS and <+3.00 SD ?
90004 Female 28 and < 9years | >+1.5SDS and <+3.00 SD ?
90005 Female 28 and<9years | >+1.5SDS and <+3.00 SD ?
90006 Female 28 and < 9years | >+1.5SDS and <+3.00 SD ?
90007 Female 28 and < 9years | >+1.5SDS and <+3.00 SD ?
90008 Female 28 and < 9years | >+1.5SDS and <+3.00 SD ?
90009 Female 28 and < 9years | >+1.5SDS and <+3.00 SD ?
90010 Female 28 and < 9years | >+1.5SDS and <+3.00 SD ?

100001 Female 29 and <10 years 2-1.5 SDS and <0 SDS ?
100002 Female 29 and <10 years 2-1.5 SDS and <0 SDS ?
100003 Female 29 and <10 years 2-1.5 SDS and <0 SDS ?
100004 Female 29 and <10 years 2-1.5 SDS and <0 SDS ?
100005 Female 29 and <10 years >-1.5 SDS and <0 SDS ?
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100006 Female >9 and <10 years >-1.5 SDS and <0 SDS ?
100007 Female >9 and <10 years >-1.5 SDS and <0 SDS ?
100008 Female >9 and <10 years >-1.5 SDS and <0 SDS ?
100009 Female >9 and <10 years >-1.5 SDS and <0 SDS ?
100010 Female 29 and <10 years >-1.5 SDS and <0 SDS ?

110001 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110002 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110003 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110004 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110005 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110006 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110007 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110008 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110009 Female >9 and <10 years >0 SDS and <+1.5 SDS ?
110010 Female >9 and <10 years >0 SDS and <+1.5 SDS ?

120001 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120002 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120003 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120004 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120005 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120006 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120007 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120008 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120009 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
120010 Female >9 and <10 years | >+1.5 SDS and <+3.00 SD ?
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ANNEX 4: INFORMATION FOR PATIENT AND INFORMED CONSENT
Metformin therapy to
Hospital Dr. Josep Trueta, INFORMACIO AL improve adult height
Av. Franca s/n PACIENT prognosis in growth hormone
17007 Girona deficient children treated
with growth hormone
"F;@;. Hospital Universitari de Girona ID I BG 9 sa tJdgar Institut Catala
u"ﬁ. Doctor Josep Trueta e A D © de la Salut

INFORMACIO AL PACIENT

L'equip d’investigadors clinics del Servei de Pediatria de I'Hospital Josep Trueta de Girona i I'Hospital Sant
Joan de Déu de Barcelona proposa la realitzacié d’aquest estudi, basat en observacions propies i en treballs
cientifics d'investigacié médica. El periode de I'estudi sera de QUATRE ANYS durant el qual es realitzaran
algunes proves i es recolliran dades cliniques del seu fill/filla coincidint aproximadament amb els cantrols de
salut de 'Endocrinodleg Infantil.

INRODUCCIO

El déficit aillat d’hormona del creixement és un problema médic que afecta al 5% dels nens amb baixa
estatura i es defineix com una insuficient produccié o secrecié d’hormona del creixement per part de la
hipéfisi (una glandula situada al cervell). Es tracta de nens que sempre es troben en percentils de talla
baixos, usualment per sota del percentil 3, i que, sense tractament tenen un major risc tant d’obtenir un mal
pronostic de talla adulta com de tenir alteracions metaboliques que incrementarien el risc cardiovascular
(per la manca d’accio de 'hormona). El tractament amb hormona del creixement recombinada ha suposat
un gran aveng donat que no nomeés permet que es substitueixi la funcionalitat de 'hormona que a aquests
nens els falta si no que també ha demostrat millorar el perfil metabolic en quasi tots els seus aspectes. Tot i
que la majoria amb tractament quasi assoleixen la talla diana adulta ajustada per talla genética hi ha un
conjunt de nens en els que els persisteix un mal pronostic de talla adulta (les causes exactes avui en dia
encara no es coneixen) amb un fracas en l'eficacia de 'lhormona. Aquests nens es mantenen en una talla
baixa sempre comportant un impacte psicologic sobretot durant el transcurs del periode escolar.

El propodsit d'aquest estudi consisteix en veure si I'addicié d'un segon farmac, la metformina, al tractament
d’hormona del creixement en aqguests nens amb mal pronostic de talla adulta, permet millorar aquells
aspectes que poden fer que I'hormona falli en el seu proposit. Estudis previs han demostrat que la
metformina pot tenir un efecte beneficios en el creixement i, a més a més, aporta efectes que podrien ser
beneficiosos en la proteccid cardiovascular.

Com a resultat de I'estudi, esperem tenir un millor coneixement de com tractar aquests nens que tenen mal
pronostic de talla adulta tot i estar tractats degudament amb hormona del creixement. Aquests resultats
poden ser utils per formular noves hipdtesis i dissenyar noves metodologies terapéutiques en altres
poblacions de nens.

Aquest estudi comporta la realitzacié d'un seguiment més estret del que habitualment presenten els nens
amb déficit d’hormona del creixement i alguna prova més durant el transcurs de I'estudi que és indolora i no
perjudicial pel nen/a.
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Metformin therapy to
Hospital Dr. Josep Trueta, INFORMACIO AL improve adult height
Av. Franca s/n PACIENT prognosis in growth hormone
17007 Girona deficient children treated
with growth hormone

OBJECTIU | REALITZACIO DE L’ESTUDI

L’estudi actual vol corroborar que el tractament amb un farmac conegut, la metformina, en nens i nenes
amb déficit aillat d’"hormona de creixement que tenen un mal pronostic de talla adulta, alenteix la progressio
de 'edat ossia i millora el perfil d’algunes hormones (insulina, estrogens, GH i IGF-1) que influeixen en el
creixement assolint aixi una millora d’aquest pronostic i, per tant, més talla adulta que fent anicament el
tractament d’hormona del creixement. També és important determinar Iefecte del tractament amb
metformina sobre alguns parametres metabolics (nivells de colesterol, glucosa, insulina i altres) aixi com el
gruix de I'artéria cardtida (per mitja d’ecografia), que reflexa I'estat del cor, per tal d’avaluar si exerceix una
millora positiva aixi com proteccio cardiovascular a llarg termini.

PROCEDIMENT

El medicament objecte d’aquest estudi, la metformina, pertany al grup dels denominats medicaments que
milloren I'accid de la insulina. Aquest producte s'utilitza des de fa anys en el tractament de la diabetis tipus 2
en adults i adolescents. Posteriorment s’han demostrat els seus efectes positius en adolescents amb
sindrome de I"ovari poliquistic, i en dones amb problemes de fertilitat per induir I'ovulacié.

Un cop realitzada una visita de primer contacte, es realitzara una exploracid més completa que inclou
determinacions antropomeétriques (mesures de talla, pes, IMC...), analitiques i radiologiques per tal de
conéixer I'estat actual en el tractament amb hormona del creixement. També s’efectuara una ecografia de
les artéries carotides del coll per verificar el seu estat.

Els pacients que es considerin candidats per I'assaig, seran distribuits a I'atzar en dos grups. A la meitat d’ells
se’ls administrd metformina (425 mg durant els primers dos anys d’estudi i 850 mg als dos ultims anys) en
forma d’un comprimit a prendre per boca un cop al dia durant 4 anys. L’altra meitat rebra, durant el mateix
periode, un comprimit similar al medicament perd que conté només lactosa (sucre) enlloc de metformina; a
aquest comprimit se’l denomina placebo. L'assaig esta previst que duri 4 anys. Als dos anys de tractament,
es comprovara si els pacients que reben metformina milloren més que els que reben placebo. Als sis mesos
de finalitzar el tractament es realitzara una visita de seguiment clinic.

A la seglient taula s’indica el calendari de les visites i proves a efectuar:

Mesures i determinacions a efectuar

Mesures cliniques Inicial | 6m | 12m | 18m | 24m | 30m | 36m | 42m | 48m | Final
Pes, talla, index de massa corporal,
perimetre abdominal X X X X X X X X X
Pressio arterial X X X X X X X X X
Edat &ssia (radiografia ma) X X X X X
Analitica de sang: recompte de
cel-lules, erfil lipidic, lucosa,
insulina, fupncic'n heZética igrenal, X X X X X X X X X
funcié tiroidea i altres.
Hormones de seguiment del
tractament d’hormona del X X X X X X X X X
creixement
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Les proves analitiques i Fecografia no tenen efectes secundaris coneguts i s'utilitzen de manera rutinaria en
el diagnostic i control dels pacients tractats amb metformina. Les radiografies tenen un efecte negatiu
produit per la radiacio ionitzant perd aquest és perjudicial si s'instaura a dosis molt altes i a moltes zones i
nosaltres ens limitarem a una uUnica zona i la quantitat de radiacid que utilitzarem és minima. Totes les
extraccions als nens es realitzaran en un ambient tranquil, després d'haver aplicat crema anestésica en la
pell (crema EMLA, d'Us habitual en pediatria) i amb personal experimentat que minimitzaran les molésties al
seu fill/a. D’aquestes s’analitzard una analitica general i es congelaran algunes mostres per al posterior
analisi al final de I'estudi {donat que congixer la possible millora dels mateixos suposaria conéixer si el nen
esta 0 no tractat durant el transcurs de l'estudi i aixd podria afectar als resultats del mateix). Totes les
mostres bioldgiques recollides s'emmagatzemaran a I'Hospital Dr Josep Trueta fins a I'esgotament de les
mateixes. Les mostres s'utilitzaran per a la finalitat de I'estudi i s'introduiran en el biobanc de I'hospital (en
cas que aixi ho consenti).

POSSIBLES BENEFICIS

La participacié a I'estudi implica la presa de medicacié de manera cega, és a dir, que ningu sabra si el seu
fill/a prendrad la medicacid d’estudi: metformina, o bé placebo (preparat similar perd sense medicacio).
Encara que no podem saber si el seu fill/a prendra un o 'altre fins que finalitzi 'estudi, es preveu que aquells
nens que rebin metformina presentin una millora en alguns parametres hormonals com hem predit a dalt i,
per aquest motiu, les mostres analitiques seran congelades per ser analitzades quan finalitzi I'estudi. Els
nens tractats amb metformina és possible que experimentin una mica més de guany en talla adulta i a llarg
termini pugui disminuir el risc de desenvolupar diabetis tipus 2 i malaltia cardiovascular.

RISCS | INCONVENIENTS

La medicacio objecte d’estudi és ben tolerada, encara que a vegades poden produir-se lleus molésties
digestives, trastorns del gust o bé disminuir lleugerament la glucosa en sang. En persones grans i amb
problemes de deshidratacié, s"han descrit trastorns de I'acidesa de la sang que no s’espera que es produeixin
en nens. Tots els pacients estaran estrictament vigilats pel que fa a la seguretat del tractament.

Durant I'estudi, es realitzaran controls clinics i analitics cada 6 mesos. 5i en qualsevol dels controls es
detectés una minima alteracid de la funcid del fetge, ronyons, de la glucosa o de les xifres de globuls
vermells i blancs, es suspendria immediatament la medicaci6, i es prendrien les mesures necessaries.

Tots els pacients de I'assaig tenen una asseguranca d’assaig clinic segons el RD 223/2004 per fer front a
possibles eventualitats derivades de 'assaig. Tots els esdeveniments greus que es manifestin durant I'estudi,
es considerin o no relacionats amb el mateix ho han de comunicar a I'investigador principal.

PARTICIPACIO VOLUNTARIA

La seva participacio i la del seu fill/a en aquest estudi &s voluntaria, pel que, encara que inicialment acceptés
participar, vosté pot demanar als seus responsables de I'estudi, en qualsevol moment i sense necessitat
d'especificar el motiu, I'eliminacid de totes les mostres recollides que es trobin emmagatzemades i de la
informacid relacionada amb aquestes, sense que aix0d repercuteixi en les seves cures médiques.
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Pot comentar la informacié rebuda amb la seva familia, amb el seu metge o amb qualsevol que consideri
oportu per sentir-se ben aconsellat. El metge d’estudi li contestara a qualsevol pregunta o dubte que no hagi
quedat clara.

COMPENSACIO

Els investigadors no tenen benefici econdmic amb aquest estudi que esta patrocinat pel Ministeri de Salut i
Politica Social dins del programa de promocid de la investigacié Clinica no Comercial.

La seva participacio en I'estudi no li suposara cap cost i li seran reintegrats els costs addicionals (per exemple
menjars i trasllats) si vosté ho sol-licita. Vosté no haurd de pagar pels medicaments ni per les proves de
I'estudi.

CONFIDENCIALITAT

La informacié recollida en aquest estudi sera introduida en una base de dades computeritzada (en un
ordinador) per a la seva analisi. Els resultats d'aquest estudi s'utilitzaran per a la seva presentacid en
congressos medics o la publicacid en revistes cientifiques.

Totes les dades de caracter personal i informacio recollida o generada en I'estudi queden protegides d'acord
amb la legislacid vigent sobre proteccié de dades de caracter personal (Llei Organica 15/1999 de 13 de
desembre). Ningu, excepte el seu metge i el personal directament relacionat amb aquest estudi, podra
conéixer la identitat. Unicament les autoritats sanitaries poden tenir accés a les seccions rellevants de
I'estudi, si aixi ho sol-licitessin.

Moltes gracies per la seva atencio.
Si us plau, no dubti en fer-nos qualsevol pregunta al respecte.

Teléfon de contacte: 972-941404 (de 9:00 a 15:00h).

Comité Directiu de I'Assaig Clinic
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FULL D’INFORMACIO PER AL PACIENT

UTILITZACIO DE MOSTRES BIOLOGIQUES ROMANENTS D’ UN PROJECTE D'INVESTIGACIO |

CONSERVACIO FINAL AL BIOBANC- IDIBGI

Al Hospital Josep Trueta (HJT), lInstitut d’Investigacié Biomédica de Girona (ldibgi) i/o altres centres
hospitalaris adscrits es realitza investigacié biomeédica, a més de l'assisténcia als pacients. La finalitat d'aquesta
investigacid és progressar en el coneixement de les malalties, la seva prevencid, diagnostic, pronostic i tractament.
Aguesta investigacid biomeédica requereix recollir dades cliniques i mostres bioldgiques dels pacients o donants per
analitzar-les amb |'objectiu de coné&ixer millor i avancar en el diagnastic ifo tractament de les malalties.

En aquest sentit, les mostres obtingudes per al diagnostic o control de les malalties, un cop utilitzades amb aquesta
finalitat, resulten també molt (tils i necessaries per a la investigacié. De fet, molts dels avencos cientifics obtinguts
en els darrers anys en medicina sén fruit d'aquest tipus de mostres. Si no fossin cedides per a investigacid, aquestes
mostres bioldgiques sobrants o excedents del procés assistencial serien destruides.

D’acord amb les normes de bioética i la legislacié vigent, sol-licitem la vostra autoritzacié per a la cessio de les
mostres biologiques i la informacio clinica associada per prosseguir amb la investigacio biomédica, una vegada hagi
finalitzat el projecte d’investigacio segiient:

PP | 1+ [+ V1=Vl [ =) A Il e T o) [ =] B

Seguint el que estableix la Llei 14/2007 de Recerca Biomédica, la Llei Organica 15/1999 de Proteccié de Dades
Personals i les seves normes de desenvolupament (RD 1716/2011 i RD 1720/2007, respectivament), us demanem
que llegiu detingudament aquest document d'informacié i el consentiment informat que s’adjunta al final perqué el
pugueu signar, si s'escau.

FINALITAT DE LA INVESTIGACIO: progressar en el coneixement de les malalties

La finalitat de la investigacid és millorar el nostre coneixement de les malalties. Les mostres, les dades cliniques i
analitiques i les proves d'imatge s'utilitzaran per a la recerca biomédica.

Tot aixd permetrd progressar en el coneixement de la prevencid, diagnostic, pronostic ifo tractament de les
malalties.

MOSTRES BIOLOGIQUES | DADES CLINIQUES: una vegada finalitzat el projecte d’investigacié es custodien
i conserven al Biobanc fins a la seva extincié

Es a les vostres mans decidir si una vegada finalitzat el projecte d’investigacio abans descrit, les dades cliniques
recollides i les mostres biologiques sobrants d’aquest projecte passen a ser custodiades i conservades al biobanc
(banc de mostres bioldgiques), fins a la seva extincid.

Aquest biobanc és un establiment legalment autoritzat, sense anim de lucre, acull col-leccions organitzades de
mostres bioldgiques i informacié associada a les condicions i garanties de qualitat i seguretat que exigeix la legislacio
ja referida i els codis de conducta aprovats pels comitées d'ética. Aquestes mostres i la seva informacio associada
queden disponibles per a aquells centres o institucions de recerca nacionals o internacionals que ho sol-licitin
oficialment al biobanc.

Qualsevol estudi d'investigacid per al qual se sol-liciti la utilitzacié d'aquestes dades o mostres ha de disposar
sempre de I'aprovacié del Comité d'Etica de la Investigacié (CEl) competent, que vetlla perqué els investigadors
desenvolupin els seus estudis seguint sempre les més estrictes normes étiques i legals, i perqué 'aprovi un comité
cientific que en garanteixi la utilitat cientifica.
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A partir de les mostres donades, en els casos en qué la investigacid ho requereixi, es realitzaran estudis genétics, i a
partir d'aquests es pot obtenir informacicé sobre la vostra salut i la dels vostres familiars. Sempre s’actuara vetllant
per la proteccié d'aquesta informacid (vegeu I'apartat de proteccié de dades i confidencialitat).

En cas de ser necessaria alguna mostra addicional, la institucid sanitaria es podria posar en contacte amb vosaltres
per sol-licitar novament la vostra col-laboracié.

PROTECCIO DE DADES | CONFIDENCIALITAT: les mostres es conserven codificades

Les dades personals que es recullin seran obtingudes, tractades i emmagatzemades complint en tot moment el
deure de confidencialitat, d'acord amb la legislacid vigent en matéria de proteccio de dades de caracter personal.

La identificacié de les mostres bioldgiques del biobanc és sotmesa a un procés de codificacid. A cada mostra se i
assigna un codi d'identificacié, que és el que utilitzen els investigadors. Unicament el personal autoritzat pel biobanc
pot relacionar la vostra identitat amb els esmentats codis. Mitjancant aquest procés, els investigadors que sol-licitin
mostres al biobanc no podran conéixer cap dada que reveli la vostra identitat. Aixi mateix, encara que els resultats
obtinguts de la investigacié realitzada amb les vostres mostres es publiquin en revistes cientifiques, la vostra
identitat no és facilitara.

Les dades cliniques i la informacié de les mostres bioldgiques dels donants passen a formar part del fitxer del
biobanc, inscrit en I'agéncia de proteccio de dades sota la responsabilitat de Idibgi.

Aguestes dades son tractades i cedides amb I'Unica i exclusiva finalitat de dur a terme recerca biomédica. Les dades
de les mostres, sense dades personals, podran ser compartides en el si de xarxes cooperatives de biobancs i grups
cooperatius de recerca.

Podreu exercir els vostres drets d’accés, rectificacid, cancel-lacid i oposicié (ARCO) de les vostres dades dirigint-vos a
la Direccié del Biobanc Idibgi per correu electronic (biobanc@idibgi.cat) o via postal a I'adreca seglient:

DIRECTOR DEL BIOBANC IDIBGI Av. Franca s/n 17007 Girona
Hospital Josep Trueta Planta -9 Tel. 972 94 02 82 biobanc@idibgi.cat

En cas de dubte o impossibilitat per dur a terme el procediment, podeu contactar a través del teléfon d’atencid
indicat.

CARACTER ALTRUISTA DE LA DONACIO: la cessié de mostres bioldgiques que realitzeu al Biobanc Idibgi
és gratuita

No obtindreu cap benefici economic directe per la cessid de la mostra i dades associades ni per participar en els

estudis d'investigacid. Tampoc tindreu drets sobre possibles beneficis comercials dels descobriments que es puguin
aconseguir com a resultat de la investigacié biomédica.

PARTICIPACIO VOLUNTARIA: la vostra negativa no afectara la vostra assisténcia médica, present o futura

La vostra participacié és totalment voluntaria. Podeu negar-vos a participar o retirar el vostre consentiment en
qualsevol moment posterior a la signatura sense haver d'explicar els motius. Aixd no repercutira negativament en la
vostra assisténcia meédica, present o futura.
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REVOCACIO DEL CONSENTIMIENT: si decidiu firmar aquest consentiment, també podreu cancel-lar-lo
lliurement. Aixd comportara la destruccié de les vostres mostres

Si en un futur volguéssiu anul-lar o cancel-lar el vostre consentiment, les mostres bioldgiques serien destruides i les
dades associades a aquestes serien retirades del biobanc. També podrieu sol:-licitar que les mostres siguin andnimes,
la qual cosa significa que s'eliminaria la relacié entre les vostres dades personals (que revelen la vostra identitat) i les
mostres biologiques i dades cliniques associades. Els efectes d'aquesta cancel-lacio o anonimat no es podrien
estendre a la investigacio que ja s'hagués dut a terme. Si desitgeu cancel-lar el consentiment, haurieu de sol-licitar-
ho per escrit a la direccio del Biobanc Idibgi, a I'adreca indicada anteriorment.

INFORMACIO SOBRE ELS RESULTATS DE LA INVESTIGACIO: se us proporcionara informacié si la desitgeu
rebre

En cas que ho demaneu expressament, el biobanc us pot proporcionar informacido sobre quines son les
investigacions en qué s'han utilitzat les vostres mostres i dels resultats globals d'aquestes investigacions, excepte en
cas de cancel-lacid o anonimat.

Els metodes utilitzats en investigacio biomeédica solen ser diferents dels aprovats per a la practica clinica, per la qual
cosa no els heu de considerar amb valor clinic. Perd, en cas que aquestes investigacions proporcionin dades que
poguessin ser tant clinicament com genéticament rellevants per a la vostra salut o la de la vostra familia, se us
comunicarien si aixi ho creieu oporti. Aixi mateix, podrieu obtenir informacio rellevant per a la vostra familia. Us
correspon a vosaltres decidir si voleu o no que us les comuniguem. Si voleu que sigui aixi, ho heu de consignar a la
casella que apareix al final d'aquest full.

Si no desitgeu rebre aquesta informacid, tingueu en compte que la llei estableix que quan la informacid obtinguda
sigui necessaria per evitar un greu perjudici per a la salut dels vostres familiars bioldgics, un comité d'experts
estudiara el cas i haura de decidir si és convenient informar els afectats o els seus representants legals.

Si teniu qualsevol dubte, ara o en el futur, en relacié amb aquest consentiment, no dubteu a preguntar el que calgui al
personal sanitari que us ha donat aquesta informacié. També podeu comentar els dubtes amb el vostre metge, que us
posara en contacte amb el personal sanitari autoritzat.

Moltes gracies per la vostra col-laboracié.

Biobanc Idibgi

Format de full d’informacié del pacient adaptat de Institut d’'Investigacié Biomédica de Bellvitge (HUB -1CO -IDIBELL)
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deficient children treated

with growth hormane

CONSENTIMENT PER ESCRIT DELS PARES/TUTORS

TITOL DE L'ESTUDI: Metformin therapy to improve adult height prognosis in growth hormone

deficient children treated with growth hormone.

Com a pare, mare 0 tutor del NeN/NENA: e e e ae s

Confirmo que:

He llegit el full d’informacid que se m’ha entregat.

He pogut fer preguntes sobre I'estudi.

S’han respost les meves preguntes de manera satisfactoria.
He rebut suficient informacid sobre I'estudi.

Comprenc que la participacid es voluntaria, i que puc retirar-me de I'estudi quan vulgui, sense que
aix0 repercuteixi en les cures mediques i sense donar explicacions.

En conseqiiéncia,
Dono la meva conformitat perqué el meu fill/filla participem en aquest estudi.
s [

Permeto que les mostres siguin utilitzades en investigacions futures relacionades amb malalties
de I'embaras o el desenvolupament dels nens.

[Is [we

Permeto que les mostres siguin introduides en el biobanc de I'hospital.

|:|5|' I:‘No

Firma del pare/mare/tutor Firma del investigador:
del participant:

Data: [/ f Data: __ _ /__ _/_
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Hospital Dr. Josep Trueta,
Av. Franga s/n

17007 Girona

CUADERNO DE

RECOGIDA DE DATOS hormone deficient children treated

Metformin therapy to improve
adult height prognosis in growth

with growth hormone

Cddigo paciente

Fecha

[ /] [ _/_]_/

Dia

Mes Ano

Edad cronoldgica

Periodo Basal (0 m)

Dia Mes Ano

m Afios Fecha nacimiento ‘

Edad dsea

N o N R o

Peso actual

o m] Ares |

Talla actual Velocidad crecimiento

T Jem [T T Jem [ Jemsio

Prediccion talla adulta

[ [ Joem

IMC

Cintura

e [T

Talla padre cm Laboratorio Valores | Unidades
Talla madre cm Hemoglobina
Talla media parental cm Glucosa
HbAlc
Estadio puberal Tanner Creatinina
S (seno) AST
P (pubis) ALT
Vitamina B12
Hospital que realizard el seguimiento: Albumina
HC 1 (HUJT) Proteina C reactiva
HC 2 (HSJD) Insulina
IGF-I
IGFBP3
amt [ | mm HOMA-IR
TSH
Presion Arterial mmHg T4 libre
Prolactina
Peso en nacer kg Anticuerpos anti-
transglutaminasa
HMW-adiponectina
Peso actual (SDS) | | Talla actual (SDS) | IMC actual (SDS) |
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Antecedentes familiares:
Antecedentes personales:
Medicamentos:
Cddigo paciente Fecha
[/ _]_/__/ [/ /| [_/_/]_]__/
Dia Mes Ao
Visita 6 meses
Edad cronoldgica Peso actual Talla actual Velocidad crecimiento
ol mlaes [ [ [ [ Jem [ T Jem [ emano

IMC Cintura Presién arterial

L —

Peso(SDS) [ ] Talla(sps) [ ] mc(sps) [ | cintura(sps) [ ]

Laboratorio Valores | Unidades Estadio puberal
Tanner
Hemoglobina S (seno)
Glucosa P (pubis)
HbAlc

Creatinina

AST

ALT

Vitamina B12
Proteina C reactiva
HDL-c

LDL-c

Triglicéridos
Insulina

IGF-I

IGFBP3

HOMA-IR
HMW-adiponectina

Medicamentos:

Observaciones:

——
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Cddigo paciente Fecha
[/ _/_/__/ [/ /| [__/_]_/__/
Dia Mes Ano
Periodo 12 meses
Edad cronoldgica Presion arterial
Edad dsea Peso actual Talla actual Velocidad crecimiento
o[ e [ [ [ T Jem [T [ Jem [ Jewano
Prediccion talla adulta IMC Cintura
L Jem [T T [ Jxem [ ] Joem

Peso(sDS) [ | Talla(sps)[ ] mc(sps) [ | cintura(sps) [ ]

Laboratorio Valores | Unidades Estadio puberal
Tanner
Hemoglobina S (seno)
Glucosa P (pubis)
HbAlc

Creatinina

AST

ALT

Vitamina B12
Proteina C reactiva
HDL-c

LDL-c

Triglicéridos
Insulina

IGF-I

IGFBP3

HOMA-IR
HWM-adiponectina

Medicamentos:

Observaciones:
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Cddigo paciente Fecha
[ ]_]_] [ ] [_/_/_]__/
Dia Mes Afo
Visita 18 meses
Edad cronoldgica Peso actual Talla actual Velocidad crecimiento
ol s [ [ [ Jem [ [ Jem [ awao

IMC Cintura Presion arterial

[T ] em

Peso(sDS) [ | Talla(sps) [ ] mmc(sps) [ | cintura(sps) [ ]

Laboratorio Valores | Unidades Estadio puberal
Tanner
Hemoglobina S (seno)
Glucosa P (pubis)
HbAlc

Creatinina

AST

ALT

Vitamina B12
Proteina C reactiva
HDL-c

LDL-c

Triglicéridos
Insulina

IGF-I

IGFBP3

HOMA-IR
HWM-adiponectina

Medicamentos:

Observaciones:
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Cddigo paciente Fecha
[/ _/_/__/ [/ /| [__/_]_/__/
Dia Mes Ano
Periodo 24 meses
Edad cronoldgica Presion arterial
Edad dsea Peso actual Talla actual Velocidad crecimiento
o[ e [ [ [ T Jem [T [ Jem [ Jewano
Prediccion talla adulta IMC Cintura
L Jem [T T [ Jxem [ ] Joem

Peso(sDS) [ | Talla(sps)[ ] mc(sps) [ | cintura(sps) [ ]

Laboratorio Valores | Unidades Estadio puberal
Tanner
Hemoglobina S (seno)
Glucosa P (pubis)
HbAlc

Creatinina

AST

ALT

Vitamina B12
Proteina C reactiva
HDL-c

LDL-c

Triglicéridos
Insulina

IGF-I

IGFBP3

HOMA-IR
HWM-adiponectina

Medicamentos:

Observaciones:
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Cddigo paciente Fecha
[ ]_]_] [ ] [_/_/_]__/
Dia Mes Afo
Visita 30 meses
Edad cronoldgica Peso actual Talla actual Velocidad crecimiento
ol s [ [ [ Jem [ [ Jem [ awao

IMC Cintura Presion arterial

[T ] em

Peso(sDS) [ | Talla(sps) [ ] mmc(sps) [ | cintura(sps) [ ]

Laboratorio Valores | Unidades Estadio puberal
Tanner
Hemoglobina S (seno)
Glucosa P (pubis)
HbAlc

Creatinina

AST

ALT

Vitamina B12
Proteina C reactiva
HDL-c

LDL-c

Triglicéridos
Insulina

IGF-I

IGFBP3

HOMA-IR
HWM-adiponectina

Medicamentos:

Observaciones:
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Cddigo paciente Fecha
[/ _/_/__/ [/ /| [__/_]_/__/
Dia Mes Ano
Periodo 36 meses
Edad cronoldgica Presion arterial
Edad dsea Peso actual Talla actual Velocidad crecimiento
o[ e [ [ [ T Jem [T [ Jem [ Jewano
Prediccion talla adulta IMC Cintura
L Jem [T T [ Jxem [ ] Joem

Peso(sDS) [ | Talla(sps)[ ] mc(sps) [ | cintura(sps) [ ]

Laboratorio Valores | Unidades Estadio puberal
Tanner
Hemoglobina S (seno)
Glucosa P (pubis)
HbAlc

Creatinina

AST

ALT

Vitamina B12
Proteina C reactiva
HDL-c

LDL-c

Triglicéridos
Insulina

IGF-I

IGFBP3

HOMA-IR
HWM-adiponectina

Medicamentos:

Observaciones:
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Cddigo paciente Fecha
[ ]_]_] [ ] [_/_/_]__/
Dia Mes Afo
Visita 42 meses
Edad cronoldgica Peso actual Talla actual Velocidad crecimiento
ol s [ [ [ Jem [ [ Jem [ awao

IMC Cintura Presion arterial

[T ] em

Peso(sDS) [ | Talla(sps) [ ] mmc(sps) [ | cintura(sps) [ ]

Laboratorio Valores | Unidades Estadio puberal
Tanner
Hemoglobina S (seno)
Glucosa P (pubis)
HbAlc

Creatinina

AST

ALT

Vitamina B12
Proteina C reactiva
HDL-c

LDL-c

Triglicéridos
Insulina

IGF-I

IGFBP3

HOMA-IR
HWM-adiponectina

Medicamentos:

Observaciones:
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Cddigo paciente Fecha
[/ _/_/__/ [/ /| [__/_]_/__/
Dia Mes Ano
Periodo 48 meses
Edad cronoldgica Presion arterial
Edad dsea Peso actual Talla actual Velocidad crecimiento
o[ e [ [ [ T Jem [T [ Jem [ Jewano
Prediccion talla adulta IMC Cintura
L Jem [T T [ Jxem [ ] Joem

Peso(sDS) [ | Talla(sps)[ ] mc(sps) [ | cintura(sps) [ ]

Laboratorio Valores | Unidades Estadio puberal
Tanner
Hemoglobina S (seno)
Glucosa P (pubis)
HbAlc

Creatinina

AST

ALT

Vitamina B12
Proteina C reactiva
HDL-c

LDL-c

Triglicéridos
Insulina

IGF-I

IGFBP3

HOMA-IR
HWM-adiponectina

Medicamentos:

Observaciones:
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ANNEX 6: SIDE-EFFECTS DATASHEET

Hospital Dr. Josep Trueta, HOJA DE RECOGIDA DE | Metformin therapy to improve

Av. Franca s/n adult height prognosis in growth

17007 Girona EFECTOS ADVERSOS hormone deficient children treated

with growth hormone

Cadigo paciente Fecha
f_ f_ 77
Dia Mes Ao
Responsable de la recogida de datos: Firma:
Nombre:
Apellidos:

Sefiale con una cruz si la paciente ha sufrido alguno de los
siguientes signos/sintomas, relacionados con posibles efectos adversos debidos al tratamiento
en estudio metformina:

SIGNO / SINTOMA
Nauseas

Vémitos

Diarreas

Dolor abdominal
Pérdida de apetito
Alteracidn del sabor
Eritema

Prurito

Urticaria

Disnea

Hipotermia

Coma

Otros

Descripcion detallada del evento:
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ANNEX 7: METFORMIN DATASHEET

FICHA TECNICA
1. NOMBRE DEL MEDICAMENTO

Dianben 830 mg comprimidos recubiertos con pelicula
2. COMPOSICION CUALITATIVA Y CUANTITATIVA

Cada comprimide recubierte con pelicula contiens 830mg de hidroclorure de  metformina
comrespondientes a 662,9 mg de metformina base.

Para comsultar la lista completa de excipientes, ver seccion §.1.

3. FORMA FARMACEUTICA
Comprimido recubierto con pelicula.

Comprimides recubiertos con pelicula blancos, circulares v biconvexos.

4. DATOS CLINICOS
4.1 Indicaciones terapéuticas

Tratamiento de la digbetes mellitus tipo 2, especialments en pacientes con sobrepeso. cuando la dieta
prescrita v el gjercicio por =1 solos no sean suficientes para un contrel glucémico adecuado.

. En adultos, Dianben pueds ufilizarse en monoterapia o en combinacion con otros antidiabéticos
arales, o con msulma.

. En nifics a partir de 10 afios de edad v adolescentes, Dianben puede utilizarse en monoterapia o en
combinacion con insulina.

Se ha demostrado una reduccion de las complicaciones relacionadas con lz diabetes en pacientes adultos

diabéticos tipe 2 con sobrepeso tratados con metforming como tratamiento de primera lines tras el fracaso

de la dieta (ver seccion 5.1).

4.2 Posologia ¥ forma de administracidn

Posologia
Adultos:
Monoterapia v combinacion con eiros antfdiabéticos orales:

La dosiz imicial habitual es 500 mg u 830 mg de hidroclorore de metforming 2 6 3 wveces al dia
administrados durante o después de las comidas.

Tras 10-15 dias, la posologia deberia ajustarse en fimeion de los niveles de glucosa en sanpre. Un aumento
lento de la dosis puede mejorar la tolerancia gastrointestinal.

La dosis méxima recomendada es de 3 g de hidroclomro de metformina al dia, administradoes en 3 tomas.

31 se pretende administrar Dianben en sustincidn de ofro antidiabético oral: suspender la terapia anterior e
iniciar la terapia con metforming a la pesologia indicada anteriomments.

Cambinacion corn insulina:
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La metformina v la insuling pueden ser utilizadas en terapia combinada para lograr un mejor control de la
glucosa en sangre. El idroclonro de metformina se administra a la dosiz inicial habitual de 300 mg u 830
mg 2 & 3 veces al dia, mientras que la pesologia de insuling se ajusta en fimcion de los niveles de glucosa
Ell SENZTE.

Pacientes de edad avanzada:

Debide a la posible redoccidn de la funcion renal en persomas de edad avanzada la posclogia de
metforming debe ajustarse zegin la fimeion renal. Es neceszaria una evaluacion regular de la fimeidn renal
(ver seccion 4.4).

Nifios v adolescentes:

Monoterapia y combinacidn con mswling

. Dianben puede utilizarse en nifies a partir de 10 afios de edad v adolescentes.

. La dosiz inicial habitual ez de 500 mg u 250 mg de hidrocloruro de metforming una vez al dia,
administrada durante o después de las comidas.

Tras 10-15 dias, 1z dosiz deberia ajustarse la dosis en funcion de los valores de glucosa en sangre. Un

aumento lento de la desis puede mejorar la tolerabilidad gastrointestinal. Lz dosiz méxima recomendada de

hidroclorure de metformina es de 2 g al dia, administrados en 2 6 3 tomas.

4.3 Contraindicaciones

Hipersensibilidad a la metforming o a algune de los excipientes.

Cetoacidosis diabética, precoma diabético.

Insuficiencia o disfuncion renal (aclaramiento de creatiming < 60 mlmn).

Situzciones agudas con potencial para alterar 1a fimeidn rensl tales como: deshidratacion, infeccion

grave, shock.

. Enfermedad aguda o cronica que pueds provocar hipomia tisular como: insuficiencia cardiaca o
respiratoria, infarto de miocardio reciente, shock.

. Inzuficiencia hepatica intoxicacion alecholicz apuda, alecholismo.

4.4 Advertencias v precanciones especiales de empleo

Aridosis lactica:

La acidosiz lactica es una complicacion metabdlica rara pero grave (alta mortalidad en ausencia de un
tratamiento precoz) que pusde aparecer por acumulacion de metformina. Los cazos descritos de acidosiz
lactica en pacientes tratados con metforming han ccwrido principalments en pacientzs diabéticos con una
msuficiencia renal marcada La meidencia de la acidosis lactica puede v debe reducirse evaluando también
otros factores de riesgo asociades como una disbetes mal controlada, cetosis, ayuno prolonzado. consume
excesivo da alechel, insuficiencia hepética v cualquier estado azociado con la hipoxia.
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Diagndstice:

Debe tenerse en cuenta el riesgo de acidosiz lactica en caso de signos mespecificos como calambres
musculares con trastomos digestivos come dolor abdominal v astenia grave.

Esto puede 1r seguido de disnea acidotica, dolor abdominal, hipotermia v coma. Los resultados diagnosticos
de laboratorie mcluven la reduccidn del pH sanguineo, unos niveles de lactato en plasma superiores a
5 mmol], v un mcremento del desequilibrio aniénico (anicn gzp) v de 1z relacion lactato/pinrvate. Si hay
sozpecha de acidosis metabolica, debe intermumpirze el tratamiento con metformina v el paciente deberia
ser hospitalizade inmediztamente (ver seccion 4.9).

Funcicn renal:

Debido 2 que la metformina ge elimina por ] rifidn, el aclaramiento de creatinine (éste puede estimarse a

partir de los miveles de creatining en suero utilizando la formula Cockeroft-Gaunlf) debe determinarse antes

de iniciarse el tratamiento v regularments desde su inicio:

. al menes una vez al afio en pacientes con fimeidn renal normal,

. al menos de dos a coatro veces al afio en pacientes con un aclaramiento de creatinina proxime al
limite inferior del valor normal v en pacientes de edad avanzada

En parciente: de edad avanzada la fimeidn rensl disminuida es frecuente v asintomatica. Debe tenerse

especial cuidado en situaciones en las que la fimcion renzal pueda estar afectada, por ejemplo, al iniciar un

tratamiento antihipertensor o un tratamiento diurstico v al imiclar un tratamisnto con medicamentos

antiinflamatorios no esteroidecs (ATNEz).

\dministracis . ados:

Lz administracién intravascular dz medios de comfraste yodados en exploraciones radicldgicas puede
dezembocar en un fallo renal. Esto puede dar luger 2 acunmlacion de metformina e indueir acidosis lictica.
Debe suzpenderse el fratamients con metformina antes o en el momento de 1a exploracion v no reanudarle
hasta pasadas 42 horas, y =8lo tras haber re-evaluado la funcién renal y comprobar que es normal (ver
seccion 4.5).

Cirugia:

El tratamiente con metformina debe imterrumpirse 48 horas ante: de una intervencidn gquinirgica
programada con anestesia general, raquidea o peridural. El tratamiento puede reiniciarse no antes de
48 horas después de la mtervencion quinirgica o tras la reamudacion de la alimentacicn oral, ¥ solo 51 la

funcion renal se ha restablecido.

Nifios v adolescentes:

El diagndstico de diabetes mellitus tipo 2 debe ser confirmade antes de mmiciar e] tratamiento con
metformina.

Durante los ensayos clinicos comtrolados de un afio de duracidn no se han detectade efectos de la
metforming en el crecimisnto ¢ en la pubertad pero no se dispone de informacion a largo plazo sobre estos
cazos especificos. Por consiguiente, se recomienda un seguimiento cuidadoso de loz efectos de la
metforming en estos parémetros en nifics tratados con metformina, especialmentz en mifios de edades
comprendidas entre 10 v 12 zfios.

Nifigs entre 10 v 12 afios de edad:
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Solamente 13 individuos con edades comprendidas entre 10 v 12 afios fueron mcluidos en los estudios
clinicos controlados llevados a cabe en nifios v adolescentes. Aunque la eficacia v seguridad de la
metforminag en estos nifios no difirieron de la eficacia v seguridad en nifios mayores v adolescentes, se
recomienda especial precaucion al prescribirla a nifics con edades comprendidas entre 10 y 12 afios.

Ofras precauciones:

Tedos los pacientes deben continuar su dieta con una distribucion regular de la ingesta de carbohidratos
durante 2] dia. Los pacientes con sobrepeso deben continuar con su dieta hipocaldriea.

Deberan realizarse regulzrmente las pruebas de laboratorio habituales para el control de 1a diabetes.

La metformina no provoca por 51 sola hipeglucemia; no obstante, se recomienda precaucion cuando se
utiliza en combinacion con insuling u ofros antidiabéticos orales (g). sulfonilureas o meglitinidas).

4.5 Interaccion con otros medicamentos v otras formas de interaccién

Mo ze recomienda el uso concomitante con:
Alcohal:

La intomiczeitn alechélica aguda se asocia a un sumento del riesgo de acidosiz lactica, especialmente en
cazo de: ayumoe o desmutricion, insuficiencia hepatica.
Ewitar el consume de alcohol y medicamentos que contengan alcohol.

Medios de contraste vodados:

Lz adminmistracion mmfravascular de medios de comfraste yvedados pusde producir un falle renal que
desemboque en la acumulacicn de metformina v en un riesgo mayor de acidosis lactica.

El tratamiento con metforming debe suzpenderse antes o en 2l momento de la exploracion v no reanudarse
hasta pasadas 48 horas v s0lo tras haber re-evzluado la funcidn renzl y haber comprobado que es normal
{ver zeccion 4.4).

Combinaciones gus requiersh precaucionss de emplen:

Medicamentos con actividad hiperglucémica infrivseca e glucocorticeides (vias sistémica v local) y
simpaticomiméticos):

Puede requerirse realizar un control mas frecuente de la glucosa en sangre, especialmente al principio del
tratamiento. 51 es necesario, ajustar la posologia de la metformina durante la terapia con el respectivo
medicamento y tras su suzpension.

Diuréticas, especialmente diuréficos de asar

Pueden incrementar el neszo de acidosis lactica debido a su potencial para disminuir la fimeidn renal.

4.6 Fertilidad, embarazo y lactancia
Embarazo

La diabetes no controlada durante el embarazo (gestacional o permanents) se asocia a un mayor riesgo de

anormalidades congénitas v mortalidad perinatal.
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La informacion limitada sobre el nso de metforming en mujeres embarazadas no indica un mayor riesgo da
anormalidades congémitas. Los estudios en ammales no muestran efectos dafiines sobre el embarazo, el
desarrollo embrionario o fetzl, el parto o el desarrollo postnatal (ver la seccicn 3.3).

Cuando la paciente planifique quedarse embarazada y durante el embarazo, se recomienda que la dizbetes
no se frate con metforming, sino con insuling para mantener los miveles de glucosa en sangre lo mas
proximos pozible a los valores normales con el fin de redueir el neszo de malformaciones fetalas.

Lactancia

La metforming se excreta en la leche materna. No se han observado efectos adversos en los recién
nacidosbebés con lactancia matema. Sin embargo, dade que 1z mformacion disponible e imitada, la
lactancia matema no se recomenda durante el tratamiento con metformina. La decision de retirar la
lactancia matema debe tomarse teniendo en cuenta los beneficios de la lactancia v el riesgo potencial de los
efectos adversos en el nifio.

Fertilidad

La fertilidad de ratas machos v hembras no se vie afectada por la metforming cuando ésta 2 administro a
dosis tan altas como 600 mgKg/dia, que es apromimadamente tres veces 1z dosis maxima diaria
recomendada en himanos basandose en la comparacion de la superficie corporal.

4.7 Efectos sobre la capacidad para conducir v ntilizar maguninas

La metformina en monoterapia no provoca hipoglucemia ¥ por tanto no produce efectos en la capacidad
para conducir o utilizar maguinas.

No obstante, se debe advertir al paciente de los riesgos de aparicidn de hipoglucemia cuando la metformina
se utiliza en combinacicn con ofres antidiabéticos (e). sulfonilureas o meglitinidas).

4.8 Reacciones adversas

Durante el inicio del tratamiento, las reacciones adversas mas frecuentes zon nauseas, vomitos, diarrea,
dolor abdominzl o pérdida de apetito, que se resuelven espontinezmente en la mayoria de los casos. Para
prevenirlos, se recomienda tomar metformina en 2 6 3 tomas al dia e incrementar la dosis lentamente.

Durante el tratamiento con metformina pueden ocwrir las sigmentes reacciones adversas. Las frecusncias
se definen de la sipuiente forma: muy frecuentes =1/10; frecuentes = 1/100 2 <1/10; poco frecuentes
=1/1.000 a =1/100; raras =1,/10.000 2 <1/1.000; muy raras <1/10.000.

Las reaccionss adversas se enumeran en orden decreciente de gravedad dentro de cada intervalo da
frecuencia.

Trastornos del metabolismo v mutricion:

Muy raras:

Aridosis lactica (ver zeccidn 4.4,

El uso de metformina durante periodos largos reduce la absorcion v los niveles en suero de la vitamina
B12. Serzcomienda considerar 2sta etiologia en paciantes que presenten anemia megalobldstica.

Trastomos del sistzma nervioso:

Frecuentes: glteraciones del gusto.

Trastomos gastrointestinales:
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Muy frecuentes: Trastomos gastrointestinales como nauseas, vomitos, diarreas, dolor abdominal v pérdida
de apetito. Estos trastomos aparecen con mayor frecuencia durantz 2] inieio del tratamiento v desaparecen
espontaneamente en la mayoria de los casos. Para prevenirlos se recomienda administrar metforming en 2 ¢
3 tomas 2zl dia, durante o despues de las comidas. Un mneremento lento de la dosis también contribuye a
mejorar la tolerabilidad gastromtestinal.

Trastormos hepatobiliares:

Muy raras: Se han descrito casos aislados de alteracion de las pruebas de la funcion hepatica o hepatitis,
que ze rezuelven al retirar el tratamiento con metformina.

Trastormos de la piel v del tejido subcutaneo:

Muy raras; Teacciones cutaneas tales como ertema, prunto, urticaria.

Poblacion pediatrica

En datos publicados, datos post-comercializacion v en estudios clinicos controlados en una poblacion
pedidtrica limitada con edades comprendidas entre 10-16 afios v tratados durants 1 afio, las reacciones
adversas comunicadas fusron similares en naturaleza v gravedad a las observadas en adultos.

4.9 Sobredosis

No ze ha observado hipoglucemia con dosis de hidroclomuro de metformina hasta 85 g, sumque en estas
condiciones ha aparecide acidosis lactica. Una gran sobredosis de metforming o riesgos concomitantes
pueden desembocar en acidosis lactica. La acidosis lictica es una urgencia médica y debe ser tratada enun
hospital. El método mas eficar para elimmar los lactates v 1a metforming es mediante hemodializis.

5. PROPIEDADES FARMACOLOGICAS
5.1 Propiedades farmacodinimicas

Grupo farmacoterapéutico: Farmacos hipoglucemiantes orales. Biguanida, codigo ATC: A10BADD.

La metformina ez una biguanida con efectos antthiperglucemiantes, que reduce la glucosa en plasma

postprandial v basal. No estimula la secrecion de insuling, por lo que no proveca hipoglucemia.

La metformina achia por medio dz 3 mecanismos:

(1) reduccion de la produccidn hepatica de glucosa mediante la inhibicion de la gluconeogénesis v la
glucogenolisiz.

(2} en el masculo, mcrementando la zensibilidad a la insulina, mejorando la captacicn de glucosa
periférica y su utilizacion.

(3} yretraso de la absorcion mtestinal de la glucosa.

La metforming estimula la sintesis infracelular del glucégeno actuando sobre la glucogeno sintetasa.

La metformina incrementa la capacidad de transporte de todos los tipes de transportadores de membrana de

glucosa (GLUT) conocidos hasta hoy.

En estudios clinicos, el uso de metformina ze asocid a un mantenimiento del peso corporal o uma ligera
disminucion del mismo.
En humancs, mdependientemente de su acciom sobre la glucemia, la metformina presenta efectos
favorables sobre el metabolizmo lipidico. Este hecho se ha demostrado con dosis terapéuticas en estudios
clinicos controlados a medio o largo plazo: la metfonnina reduce el colesterol total, el colesterol LDL v los
niveles de triglicéridos.
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Eficacia clinica:

El estudio prospective aleatorizade (UEPDS) ha establecido el beneficie a large plazo de un control
mtensivo de la glucemia en sangre en pacientes adultos con diabetes tipo 2.

El anilisis de los resultados de los pacientes con sobrepeso tratzdos con metforming tras el fracaso de la
dieta zola, muesstra:

- una reduccidn significativa del nesgo abseluto de complicaciones relacionadas con la diabetes en el grupe
de metformina (29,8 casos’ 1.000 pacientes-afio) frente la dieta sola (43,3 casos’ 1.000 pacientes-afic),
p=0.0023, v frente a los grupos de sulfomihwess combinadas v monoterapia de insulina (40,1 cases/
1.000 pacientes-afio), p=0,0034;

- una reduccion sipnificativa del riesgo absolute de mortalidad relacionada con la diabetes: metformina
7.5 cazos/1.000 pacientes-afio, la dieta zola 12,7 sucesos’ 1.000 pacientes-afio, p=0,017;

- mna reduccidn significativa del mesgo absolute de mortalidad global: metformina 13,5 cases/
1.000 pacientes-afio, frente a la dieta sola: 20,6 casos’ 1.000 pacientes-afio (p=0,011), v frente a los grupos
de sulfonilureas combinadas v monoterapia de insuling 18,9 casos’ 1.000 pacientes-afio (p=0,021);

- una reduccion significativa del riesgo absoluto de infarto de miocardio: metformina 11 cases/
1.000 pacientes-afio, solo dieta 18 casos’ 1.000 pacientes-afio (p=0,01)

No ge han demostrado beneficios con respecto al resultado clinico cuando 1z metforming se utiliza como
terapia de segunda linea, en combinacion con una sulfonilurea.

En diabates del tipe 1, se ha utilizade la combinacion de metformina e insuling en pacientes seleccionados,
pero no s han establecido formalmente los beneficios clinicos de esta combinacion.

Poblacion pediatrica

Loz estudios clinicos controlades llevados a cabo en uma poblacion pediatrica limitada de edades
comprendidas entre log 10 v los 16 afios fratados durante 1 zfio, mostraron una respuestza al confrol
glucemico parecida a la observada en adultos.

5.2 Propiedades farmacocinéticas
Absorcidn

Tras la administracion por via orzl de un comprimide de hidrocloruro de metformina la concentracion
plasmatica maxima (C..;,) 32 2leanza aproximadamenta en 2.5 horas (t.;,). La biodisponibilidad absoluta de
un comprimido de 500 u 830 mg de hidroclorure de metformina es aproximadamente del 50 al 60 % en
sujetos sanos. Tras una dosis oral, la fraccion no absorbida recuperada en las heces fue del 20-30 %%

Tras la admimistracion oral, 1z absorcién de la metformina es saturable e mcompleta. Esto sugiere que la
farmacocmética de 1a absorcion de la metformina es no lineal.

Con laz dosis v las posologias recomendadas de metformina, las concentraciones plasméticas en estado
estacionario se alcanzan entre las 24 y 48 horas v generalmente zon inferiores a 1 microgramo/ml. En los

ensayos clinicos comfrolados, los niveles plasmaticos maximos de metformina (C ;) no excedieron los
5 microgramos/ml, imcluzo con dosls maEximas.

Loz alimentos reducen v retrazan ligeramente la abzorcion de metformina. Tras la administracién oral de un
comprimido de 850 mg_ 32 obzerva una disminueidn del pico de concentracicn plasmatica del 40 %, una
dizminucicn del 25 %% del AUC (drea bajo la curva) v una prolongacion de 33 minutos en el tiempo hasta
aleanzar 2l pico de concentracion plasmatica. No se conoce la importancia clinica de estas observaciones.

Distnbucion

La fijacion a las proteinas plasmaticas es despreciable. La metformina se difinde por los enfrecites. El pico
sanguineo es menor que el pico plasmatico v aparece aproximadamente al mismo tiempo. Los globulos
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rojos reprezentan probablemente un compartimento secundario de distribucion. El volumen medic de
diztribucién (Vd) oscild entre 63 v 276 1

Metabolismao:

La metformina se excreta inalterada en la orina. Mo se han 1dentificado metabolitos en humanos.
Eliminacidn

El aclaramiento renal de la metformina es = 400 ml'min, lo que indica que 1z metforming se eliming por
filtracion glomerular v por secrecion tubular. Tras wna dosis oral, la vida media aparente de eliminacion
total es de aproximadamente 6,5 horas.

En caso de que la funcion renal esté alterada, el aclaramiento renal disminuye proporcionalmente al de

creatmninag, con lo que se prolonga la vida media de eliminacion, dando lugar a un aumente de los niveles de
metforming en plasma.

Poblacion pedidtrica:

Estudio a dosis tnica: Tras wna dosis dnica de hidroclorure de metformina de 500 mg, la poblacidn
pediatrica ha mostrade un perfil farmacocinético similar al observado en adultos sanos.

Estudio a dosis modltiples: La informacion se limita 2 un estudio. Tras dosis repetidas de 500 mg, dos veces
al dia durante 7 dias en pacientes pediatricos, la concentracion plasmatica maxima (C.;, ) v 12 exposicion
sistémica (AUC0-t) se redujeron aproximadamente un 33% y un 40%: respectivaments en comparacion a
loz pacientzs diabéticos adultos que recibieron dosis repetidas de 500 mg, dos veces al dia durante 14 dias.
Dado que 1z dosis se ajusta individualmente segin un control glucémico, este hecho posee una relevancia
clinica limitada.

5.3 Datos preclinicos sobre seguridad

Loz datos de los estudios preclinicos no muestran rissgos especiales para los seres humanos s2gim log
estudios comvencionales de seguridad, farmacologia, toxicidad a dosis repetidas, genotoxicidad, potencial
carcinegénico v toxicidad para la reproduceidn.

6 . DATOS FARMACEUTICOS

6.1 Lista de excipientes

Micleo del comprimido
Povidona K 30

Estearato de magnesio

Recubnimiento pelicular
Hipromelosa

6.2 Incompatibilidades
No aplicable.
6.3 Periodo de validez

5 afios.

2ded

99

——
| —



oy

Universitat

de Girona
——

6.4 Precaunciones especiales de conservacion
No requiere condiclones especizles de conservacion.
6.5 Naturaleza v contenido del envase

Blisteres (PVC-aluminic) con 1 (x100), 8, 9, 10, 14, 20, 21, 30, 40, 30, 56, 60, 84, 90, 100, 120, 300, 600 ¢
1000 comprimidos.

Frascos de pléstico (pelistilenc de alta densidad) con tapin 2 prueba de nifios {polipropilena) con 30, 60,
200, 300, ¢ 500 comprimidos.

Puede que solamente estén comercializados algunos tamafios de envases.

6.6 Precanciones especiales de eliminacidn

La eliminacion del medicamento no utilizado v de todes los materiales que hayan estade en contacto con €l
se realizard de acuerdo con la normativa local.

7. TITULAR DE LA AUTORIZACTION DE COMERCIALIZACION
Merck Santé s.a.5.
37 rue Samt Romain

69008 Lyon
Francia

8. NUMERO(S) DE AUTORIZACION DE COMERCTALIZACION

55211
9. FECHA DE LA PRIMERA AUTORIZACION/ RENOVACION DE LA AUTORIZACION

Fecha de la primera autorizacion: Enero 1932
Fecha de la dltima revalidacidn: Enero 2008

10. FECHA DE LA REVISION DEL TEXTO

Octubre 2000
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ANNEX 8: HELSINKI DECLARATION

..

Declaracion de Helsinki de la AMM -
Principios éticos para las investigaciones
meédicas en seres humanos

Adoptada por la
182 Asamblea Médica Mundial, Helsinki, Finlandia, junio 1964
y enmendada por la

292 Asamblea Médica Mundial, Tokio, Japén, octubre 1975

352 Asamblea Médica Mundial, Venecia, Italia, octubre 1983
412 Asamblea Médica Mundial, Hong Kong, septiembre 1989

482 Asamblea General Somerset West, Sudéfrica, octubre 1996
522 Asamblea General, Edimburgo, Escocia, octubre 2000
Mota de Clarificacion, agregada por la Asamblea General de la AMM, Washington 2002
Mota de Clarificacion, agregada por la Asamblea General de la AMM, Tokio 2004
592 Asamblea General, Sell, Corea, octubre 2008
642 Asamblea General, Fortaleza, Brasil, octubre 2013

| luccié

1. La Asociacion Médica Mundial (AMM) ha promulgado la Declaracién de Helsinki
como una propuesta de principios éticos para investigacion médica en seres
humanos, incluida la investigacion del material humano v de informacion identificables.

La Declaracién debe ser considerada como un todo y un parrafo debe ser
aplicado con consideracion de todos los otros péarrafos pertinentes.

2. Conforme al mandato de la AMM, la Declaracion esta destinada principalmente
a los médicos. La AMM insta a otros involucrados en la investigacién médica en seres
humanos a adoptar estos principios.

Principios generales
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3. La Declaracién de Ginebra de la Asociacion Médica Mundial vincula al médico
con la formula "velar solicitamente y ante todo por la salud de mi paciente”, y el Cédigo
Internacional de Etica Médica afirma que: "El médico debe considerar lo mejor para el
paciente cuando preste atencion médica”.

4. El deber del médico es promover y velar por la salud, bienestar y derechos de
los pacientes, incluidos los que participan en investigacién médica. Los conocimientos
y la conciencia del médico han de subordinarse al cumplimiento de ese deber.

5. El progreso de la medicina se basa en la investigacién que, en ultimo término,
debe incluir estudios en seres humanos.

b. El propodsito principal de la investigacion médica en seres humanos es
comprender las causas, evolucidn y efectos de las enfermedades y mejorar las
intervenciones preventivas, diagnésticas y terapéuticas (métodos, procedimientos y
tratamientos). Incluso, las mejores intervenciones probadas deben ser evaluadas
continuamente a través de la investigacién para que sean seguras, eficaces, efectivas,
accesibles y de calidad.

7. La investigacién médica esta sujeta a normas éticas que sirven para promover
y asegurar el respeto a todos los seres humanos vy para proteger su salud v sus
derechos individuales.

8. Aunque el objetivo principal de la investigacion médica es generar nuevos
conocimientos, este objetive nunca debe tener primacia sobre los derechos vy los
intereses de la persona que participa en la investigacién.

9. En la investigacion médica, es deber del médico proteger la vida, la salud, la
dignidad, la integridad, el derecho a la autodeterminacidn, la intimidad v la
confidencialidad de la informacién personal de las personas gue participan en
investigacién. La responsabilidad de la proteccién de las personas que torman parte en
la investigacion debe recaer siempre en un medico u otro profesional de la salud y
nunca en los participantes en la investigacion, aunque hayan otorgado su
consentimiento.

10. Los médicos deben considerar las normas y estandares éticos, legales y
juridicos para la investigacion en seres humanos en sus propios paises, al igual que las
normas y estandares internacionales vigentes. No se debe permitir que un requisito
ético, legal o juridico nacional o internacional disminuya o elimine cualquiera medida de
proteccién para las personas que participan en la investigacion establecida en esta
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Declaracion.

11. La investigacidn médica debe realizarse de manera que reduzca al minimo el
posible dafo al medio ambiente.

12. La investigacion médica en seres humanos debe ser llevada a cabo sdlo por
personas con la educacion, formacion y calificaciones cientificas y éticas apropiadas.
La investigacion en pacientes o voluntarios sanos necesita la supervision de un médico
u otro profesional de la salud competente y calificado apropiadamente.

13. Los grupos que estan subrepresentados en la investigacién médica deben
tener un acceso apropiado a la participacién en la investigacion.

14. El médico que combina la investigacidn médica con la atencién médica debe
involucrar a sus pacientes en la investigacion solo en la medida en que esto acredite
un justificado valor potencial preventivo, diagndstico o terapéutico y si el médico tiene
buenas razones para creer que la participacion en el estudio no afectara de manera
adversa la salud de los pacientes que toman parte en la investigacion.

15. Se debe asegurar compensacion y tratamiento apropiados para las personas
que son dafadas durante su participacion en la investigacion.

Riesgos, Costos y Beneficios
16. En la practica de la medicina y de la investigacion médica, la mayoria de las

intervenciones implican algunos riesgos y costos.

La investigacion médica en seres humanos sdlo debe realizarse cuando la
importancia de su objetivo es mayor que el riesgo v los costos para la persona que
participa en la investigacion.

17. Toda investigacion médica en seres humanos debe ser precedido de una
cuidadosa comparacion de los riesgos vy los costos para las personas y los grupos
que participan en la investigacion, en comparacién con los beneficios previsibles para
ellos y para otras personas o grupos afectados por la enfermedad que se investiga.

Se deben implementar medidas para reducir al minimo los riesgos. Los riesgos
deben ser monitoreados, evaluados y documentados continuamente por el
investigador.

18. Los médicos no deben involucrarse en estudios de investigacion en seres
3/9




e,
Universitat
de Girona
N

humanos a menos de que estén seguros de que los riesgos han sido adecuadamente
evaluados vy de gue es posible hacerles frente de manera satisfactoria.

Cuando los riesgos que implican son mas importantes que los beneficios
esperados o siexisten pruebas concluyentes de resultados definitivos, los médicos
deben evaluar si contindan, modifican o suspenden inmediatamente el estudio.

Grupos y personas vulnerables

19. Algunos grupos y personas sometidas a la investigacion son particularmente
vulnerables v pueden tener mas posibilidades de sufrir abusos o dafio adicional.

Todos los grupos vy personas vulnerables deben recibir proteccion especifica.

20. La investigacion médica en un grupo vulnerable sélo se justifica si la
investigacion responde a las necesidades o prioridades de salud de este grupo vy la
investigacion no puede realizarse en un grupo no vulnerable. Ademas, este grupo
podra beneficiarse de los conocimientos, practicas o intervenciones derivadas de la
investigacion.

ntifi

21. La investigacion medica en seres humanos debe conformarse con los
principios cientificos generalmente aceptados y debe apoyarse en un profundo
conocimiento de la bibliografia cientifica, en otras fuentes de informacion pertinentes,
asi como en experimentos de laboratorio correctamente realizados y en animales,
cuando sea oportuno. Se debe cuidar también del bienestar de los animales utilizados
en los experimentos.

22, El proyecto v el método de todo estudio en seres humanos deben describirse
claramente y ser justificados en un protocolo de investigacién.

El protocolo debe hacer referencia siempre a las consideraciones éticas gue
fueran del caso y debe indicar cémo se han considerado los principios enunciados en
esta Declaracion. El protoceolo debe incluir informacion sobre financiamiento,
patrocinadores, afiliaciones institucionales, posibles conflictos de interés e incentivos
para las personas del estudio y la informacién sobre las estipulaciones para tratar o
compensar a las personas que han sufrido dafios como consecuencia de su
participacién en la investigacion.

En los ensayos clinicos, el protocolo también debe describir los arreglos
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aproplados para las estipulaciones después del ensayo.
Comités de ética de investigacién

23, El protocolo de la investigacién debe enviarse, para consideracién, comentario,
consejo y aprobacién al comité de ética de Investigacién pertinente antes de comenzar
el estudio. Este comité debe ser transparente en su funcionamiento, debe ser
independiente del investigador, del patrocinador o de cualquier otro tipo de influencia
indebida y debe estar debidamente calificado. El comité debe considerar las leyes y
reglamentos vigentes en el pals donde se realiza la investigacion, como también las
normas internacionales vigentes, pero no se debe permitir que éstas disminuyan o
eliminen ninguna de las protecciones para las personas que participan en la
investigacion establecidas en esta Declaracion.

El comité tiene el derecho de controlar los ensayos en curso. El investigador
tiene la obligacion de proporcionar informacion del control al comité, en especial sobre
todo incidente adverso grave. No se debe hacer ninguna enmienda en el protocolo sin
la consideracion y aprobacion del comité. Después que termine el estudio, los
investigadores deben presentar un informe final al comité con un resumen de los
resultados y conclusiones del estudio.

Privacidad y confidencialidad

24, Deben tomarse toda clase de precauciones para resguardar la intimidad de la
persona que participa en la investigacion y la confidencialidad de su informacion
personal.

Consentimiento informado

25, La participacién de personas capaces de dar su consentimiento informado en
la investigacion médica debe ser voluntaria, Aunque puede ser apropiado consultar a
familiares o lideres de la comunidad, ninguna persona capaz de dar su consentimiento
informado debe ser incluida en un estudio, a menos que ella acepte libremente.

26, En la investigacién médica en seres humanos capaces de dar su
consentimiento informado, cada participante potencial debe recibir informacion
adecuada acerca de los objetivos, métodos, fuentes de financiamiento, posibles
conflictos de intereses, afiliaciones institucionales del investigador, beneficios
calculados, riesgos previsibles e incomodidades derivadas del experimento,
estipulaciones post estudio y todo otro aspecto pertinente de la investigacion. El
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participante potencial debe ser informado del derecho de participar o no en la
investigacion y de retirar su consentimiento en cualguier momento, sin exponerse a
represalias. Se debe prestar especial atencion a las necesidades especificas de
informacion de cada participante potencial, como también a los métodos utiizados
para entregar la informacion.

Después de asegurarse de que el individuo ha comprendido la informacion, el
meédico u otra persona calificada apropiadamente debe pedir entonces,
preferiblemente por escrito, el consentimiento informado y voluntario de la persona. Si
el consentimiento no se puede otorgar por escrito, el proceso para logrario debe ser
documentado y atestiguado formalmente.

Todas las personas que participan en la investigacion médica deben tener la
opcion de ser informadas sobre los resultados generales del estudio.

27. Al pedir el consentimiento informado para la participacion en la investigacion, el
médico debe poner especial cuidado cuando el participante potencial esta vinculado
con él por una relacién de dependencia o si consiente bajo presién. En una situacion
asi, el consentimiento informado debe ser pedido por una persona calificada
adecuadamente y que nada tenga que ver con aquella relacién.

28. Cuando el participante potencial sea incapaz de dar su consentimiento
informado, el médico debe pedir el consentimiento informado del representante legal.
Estas personas no deben ser incluidas en la investigacion que no tenga posibilidades
de beneficio para ellas, a menos que ésta tenga como objetivo promover la salud del
grupo representado por el participante potencial y esta investigacién no puede
realizarse en personas capaces de dar su consentimiento informado y la investigacion
implica sélo un riesgo y costo minimos.

29, Si un participante potencial que toma parte en la investigacion considerado
incapaz de dar su consentimiento informado es capaz de dar su asentimiento a
participar o no en la investigaciin, el médico debe pedirlo, ademas del consentimiento
del representante legal. El desacuerdo del participante potencial debe ser respetado.

30, La investigacion en individuos gue no son capaces fisica o mentalmente de
otorgar consentimiento, por ejemplo los pacientes inconscientes, se puede realizar
sélo sila condicion fisica/mental que impide otorgar el consentimiento informado es
una caracteristica necesaria del grupo investigado. En estas circunstancias, el medico
debe pedir el consentimiento informado al representante legal. Si dicho representante
no esta disponible y si no se puede retrasar la investigacién, el estudio puede llevarse
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a cabo sin consentimiento informado, siempre que las razones especificas para incluir
a individuos con una enfermedad que no les permite otorgar consentimiento
informado hayan sido estipuladas en el protocolo de a investigacion y el estudio haya
sido aprobado por un comité de ética de investigacién. El consentimiento para
mantenerse en la investigacién debe obtenerse a la brevedad posible del individuo o de
un representante legal.

31. El médico debe informar cabalmente al paciente los aspectos de la atencién
que tienen relacién con la investigacion. La negativa del paciente a participar en una
investigacion o su decision de retirarse nunca debe afectar de manera adversa la
relacion médico-paciente.

32. Para la investigacion médica en que se utilice material o datos humanos
identificables, como la investigacién sobre material o datos contenidos en biobancos o
depodsitos similares, el médico debe pedir el consentimiento informado para la
recoleccion, almacenamiento y reutilizacion. Podra haber situaciones excepcionales en
las que sera imposible o impracticable obtener el consentimiento para dicha
investigacion. En esta situacion, la investigacion solo puede ser realizada despueés de
ser considerada y aprobada por un comité de ética de investigacion.

Uso del placebo

33. Los posibles beneficios, riesgos, costos y eficacia de toda intervencién nueva
deben ser evaluados mediante su comparacion con las mejores intervenciones
probadas, excepto en las siguientes circunstancias:

Cuando no existe una intervencion probada, el uso de un placebo, o ninguna
intervencién, es aceptable; o

cuando por razones metodoldgicas cientificamente sdlidas y convincentes, sea
necesario para determinar la eficacia y la seguridad de una intervencién el uso de
cualquier intervencion menos eficaz que la mejor probada, el uso de un placebo o
ninguna intervencién.

Los pacientes que reciben cualquier intervencion menos eficaz que la mejor
probada, el placebo o ninguna intervencion, no correran riesgos adicionales de dafio
grave o irreversible como consecuencia de no recibir la mejor intervencién probada.

Se debe tener muchisimo cuidado para evitar abusar de esta opcion,
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34. Antes del ensayo clinico, los auspiciadores, investigadores y los gobiernos de
los palses anfitriones deben prever el acceso post ensayo a todos los participantes
que todavia necesitan una intervencion que ha sido identificada como beneficiosa en el
ensayo. Esta informacién también se debe proporcionar a los participantes durante el
proceso del consentimiento informado.

35. Todo estudio de investigacién con seres humanos debe ser inscrito en una
base de datos disponible al pliblico antes de aceptar a la primera persona.

36. Los investigadores, autores, auspiciadores, directores y editores todos tienen
obligaciones éticas con respecto a la publicacion v difusion de los resultados de su
investigacion. Los investigadores tienen el deber de tener a la disposicion del pablico
los resultados de su investigacién en seres humanos y son responsables de la
integridad y exactitud de sus informes. Todas las partes deben aceptar las normas
éticas de entrega de informacién. Se deben publicar tanto los resultados negativos e
inconclusos como los positivos o de lo contrario deben estar a la disposicion del
publico. En la publicacion se debe citar la fuente de financiamiento, afiliaciones
institucionales y conflictos de intereses. Los informes sobre investigaciones que no se
cifian a los principios descritos en esta Declaracién no deben ser aceptados para su
publicacion.

Interven

37. Cuando en la atencion de un enfermo las intervenciones probadas no existen
u otras intervenciones conocidas han resultado ineficaces, el médico, después de
pedir consejo de experto, con el consentimiento informado del paciente o de un
representante legal autorizado, puede permitirse usar intervenciones no
comprobadas, si, a su juicio, ello da alguna esperanza de salvar la vida, restituir la
salud o aliviar el sufrimiento. Tales intervenciones deben ser investigadas
posteriormente a fin de evaluar su seguridad y eficacia. En todos los casos, esa
informacion nueva debe ser registrada y, cuando sea oportuno, puesta a disposicion
del plblico.

*Los pdrrafos 26, 27, 28 y 29 han sido revisados editorialmente por el
Secretariado de la AMM el 5 de mayo de 2015,
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