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Overview 

•  9 questions around management of renal function decline and CKD 
progression 

•  Impossible to consider the 150 different rare renal diseases (RRD) 

•  I choose some exemples  
–  Our experience 

–  The general perspective around RRD 

•  Cystinosis in adult 

•  HNF1B and autism 

•  Lowe syndrome/
haemorrhage 

•  Methylmalonic acidemia/
transplantation 

•  Growth hormone treatment 
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"
Q9."" What"comprises"preMsymptomatic"screening"(in#utero#(prenatal),"newborn:""

biochemical,"imaging,"etc.)?"

Q10."" What"are"the"implications"from"the"expansion"of"phenotypic"spectrum"of"gene"
mutations"or"shift"in"phenotypic"boundaries?""Is"there"a"potential"for"reMdefinition"
of"disease?""

&

2.&Management&of&renal&function&decline&and&ESRD&
"

Q1."" How"can"we"optimize"a"cooperative"approach"of"tertiary"expert"centers"with"local"
care"centers,"particularly"in"the"patient"transition"from"pediatric"to"adult"care?"
How/when"do"we"involve"nonMrenal"specialists"to"address"extrarenal"
manifestations?""

"
Q2."" Are"soMcalled"“renoprotective"drugs”"dangerous"in"some"rare"kidney"diseases,"such"

as"saltMwasting"tubulopathies?"Is"the"generally"accepted"wisdom"in"nephrology"
(such"as"use"of"ACEMinhibitors,"avoidance"of"NSAID,"etc.)"applicable"to"specific"rare"
diseases"and"at"all"levels"of"kidney"function?"Are"most"treatment"targets"(blood"
pressure,"sodium,"dietary"protein,"etc.)"still"applicable"for"this"population?"

"
Q3."" How"should"one"monitor"for"potential"renal"and"extrarenal"complications"and"if"

so,"how"frequently?"
"
Q4."" How"can"we"help"the"patient"and"family"to"accept"the"chronic"disease,"live"with"it"

and"manage"it"responsibly?"Any"specific"issues"related"to"compliance,"monitoring,"
and"followMup?"

"
Q5."" How"can"we"ensure"equity"of"access"to"optimal"care,"including"expensive"drugs?"
"
Q6." What"is"the"optimal"modality"for"dialysis?""Does"this"vary"by"disorder?"
"
Q7."" What"is"the"optimal"timing"for"transplant"and"role/utility"of"preMemptive"

transplantation?"How"can"we"better"address"the"risk"of"disease"recurrence"postM
transplant?"

"

 

 
 

Patients with rare disease should be referred to tertiary centre at the time of 
diagnosis (or for diagnosis to be done) and regularly thereafter 

 

Adult centre are in general not expert in rare diseases, in each centre it 
would be wise to have one referent nephrologist with a special interest in 
rare disease to take care of these patients 

 

Once a year (or less depending on the situation) a multidisciplinary check-up 
can be organized during a single day including: 

 dietician, psychologist, dedicated nurse and the different specialits… 
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Le réseau de santé des maladies rénales rares  
de l’enfant et de l’adulte 

	

Séminaire	–	14/15.03.2016	
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Acteurs	de	la	filière	

Centre	de	référence	
Centre	de	compétences	
 
 
 Séminaire	–	14/15.03.2016	
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2.	Les	première	acDons	de	la	filières	

 
	

KDIGO 



KDIGO 



KDIGO 



KDIGO Controversies Conference on Common Elements in Uncommon Kidney Diseases 
June 16 - 19, 2016   |   Amsterdam, Netherlands 

 

 
 

Transition from pediatric to adult care 

Sensibilisation years before 

See the adolescent alone during outpatient clinics  

Common outpatient clinics (when possible) with both adult and pediatric 
nephrologists at the time of transition 

Edit protocols for the care  

Keep talking with the adult nephrologists 

Staff with A and P to discuss the cases 

Everyone need to know and improve his knowledge about the complications 
that occur with ageing 

Ex: cystinosis 
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Brodin-Sartorius et coll, Kidney Int, 2011 

ESRD in cystinosis 
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Cystinosis: Hypothyroidism 

Brodin-Sartorius et coll, Kidney Int, 2011 

KDIGO 



KDIGO Controversies Conference on Common Elements in Uncommon Kidney Diseases 
June 16 - 19, 2016   |   Amsterdam, Netherlands 

Cystinosis: Diabetes 

Brodin-Sartorius et coll, Kidney Int, 2011 
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Cystinosis: neuromuscular complications 

Brodin-Sartorius et coll, Kidney Int, 2011 
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Proximal tubulopathies, the albuminuria can be high but there is no evidence that 
blockade of the RAS is effective, moreover it can be dangerous and not tolerated if 
dehydration occurs  

NSAID is effective in reducing the amount of urine in tubulopathies, some studies have 
addressed the question of their toxicity on the long term, what the follow-up should 
be ? DFG measurement ? renal biopsies ? 

 
Avoid NSAID in tubulopathies in which the natural evolution is chronic renal failure 
(Dent, Lowe, nephronophtisis …) 

 

Other renoprotective measures : 

 > blood pressure control under 50 perc 

 > protein limitation 

 > lipid and uricemia control 
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It really depends on the disease and on specific situations, difficult to give 
general recommandations 

....but we can list all the complications that can be encountered (if possible 
with their frequencies) and guidelines for the care 

Some complications are not well known and deserve more collaborative 
studies  

 

Ex ; Lowe and bleeding disorder, TCF2 and autism (special comments on 
that) 
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Réponse de la SNP -  épisode 1 

• 37 patients de la cohorte HNF1B 
– Centres volontaires 
– Patients vus le temps de l’étude 

 
• Vérification de la microdélétion 
• Evaluation neurolopsychologique 
• Evaluation morphologique 
• Comparaison mutation / délétion 
 

Laffargue, Arch Dis Child, 2015 

Renal cysts and diabetes with HNF1B mutation or deletion 
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Even if it is not systematically associated with severe neuro-
logical or psychiatric involvement, 17q12 deletion seems, none-
theless, to confer a higher risk of neuropsychological disorders.
Several hypotheses may be proposed to explain this association,
beyond the classic ‘contiguous gene deletion syndrome’.

The first hypothesis is a direct role of HNF1B gene haploin-
sufficiency. Indeed, two patients with neurological disorders
(learning difficulties and epilepsy) and HNF1B point mutation
have already been reported.20 21 However, these clinical features

are rare among the cases and no array comparative genome
hybridisation (CGH) analysis was performed in those patients.
Additionally, even if the HNF1B gene is known to play a role in
zebrafish brain development22 and in the mouse hindbrain,23 to
date, it has not been implicated in human brain development or
physiology.

Considering the 17q12 microdeletion syndrome, a second
hypothesis is the implication of other genes within the deleted
region. Among the 14 other genes, LHX1 is an interesting

Figure 1 Details and results of fluorescence in situ hybridisation analyses on cells from buccal smears.

Figure 2 Schooling for patients.
HNF1B, hepatocyte nuclear factor-1 β.
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candidate. This hypothesis, involving a gene expressed during
brain development, has already been evoked in several publica-
tions,1 2 4 15 but tests have failed to confirm it so far.10 Further
studies are needed to explore the possibility of other genes in
the deleted region being involved in neurological disorders.

A third hypothesis calls upon a more complex mechanism.
Neurocognitive impairment could be the result of complex
interactions between HNF1β and other transcription factors
such as homeobox protein Hox-A1. An interaction between
these two transcription factors was recently reported during the
development of the mouse hindbrain.23 The HOXA1 gene is
associated with susceptibility to autism.24 25 Therefore, one can
hypothesise a more complex approach where interactions
between multiple transcription factors may lead to an increased
risk of developing neuropsychological disorders such as autism.

In our study, the most significant dysmorphic features of
patients with a deletion were high forehead, deep set eyes and
chubby cheeks. These three signs were not reported by
Moreno-De-Luca et al.2 Moreover, others signs, mentioned by
that author (down-slanting palpebral fissures, highly arched eye-
brows, slightly depressed nasal bridge and malar flattening),
were not significantly present in the patients of our deletion

group. Contrary to Moreno-De-Luca et al, who consistently
noticed macrocephaly, we only had one patient with this malfor-
mation. When all the reported cases are considered (table 1),
this feature does not seem to be frequent in patients with 17q12
deletions. These conflicting data could be the result of bias in
the subjective analysis of very slight dysmorphic features, but
even if our series is larger than that of Moreno-De-Luca et al,
we believe that an explanation is to be found elsewhere. Indeed,
this unexpected discordance may be due to how patients were
included: in the Moreno-De-Luca et al study, patients were
included secondary to neurological disorders, whereas in our
study, they were included secondary to renal disorders. We
demonstrated that from a 17q12 point of view, the patients in
the two studies were comparable; therefore, the phenotype vari-
ability may be due to other, additional genetic abnormalities.

We acknowledge that despite the large cohort presented here,
our data on neuropsychological phenotype are incomplete as
some of the children included in the study were too young to
permit us to definitively rule out autistic disorders or schooling
difficulties. Nevertheless, 27 out of the 37 tested patients were
old enough to have these data collected, and thus we present
here the largest cohort of patients with HNF1B abnormalities
studied from a neurological point of view. Another limiting
factor is that only severe cases of autism could be detected in
our study as we did not use specific screening tools to detect
minor degrees of autism. The main limitation of our study lies
in the patient recruitment strategy. Although each participating
centre actively included patients for the study, the recruitment
of known patients could not be made systematic for ethical (par-
ental refusal) or logistical (no contact with the patient during
the study period) reasons. Therefore, the entire spectrum of
neurological abnormalities related to 17q12 microdeletion
remains to be explored in large prospective and comprehensive
studies.

CONCLUSION
Our study shows that all patients with HNF1B deletion should
be considered as having a 17q12 microdeletion syndrome, and
that when considering patients with 17q12 microdeletion syn-
drome diagnosed secondary to kidney abnormalities, the
neuropsychological phenotype is not as severe as that of
patients diagnosed for neurological reasons. Nonetheless, the
17q12 microdeletion does seem to increase the risk of neuro-
psychological disorders compared with the normal population.

Figure 3 IQs of patients according to genetic abnormalities.

Figure 4 Facial phenotypes of patients with 17q12 microdeletion.
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Laffargue et al, Arch Dis Child 2015 

 HNF1B deletion          HNF1B point mutation 

Intelligent quotient 
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Inclus dans cohorte  
223 

Données cliniques  
215 

Données “neuro” 
175 

78.4 % 

< 3 ans 
26 (14.6%) 

≥  3 ans 
149 (85.4%) 

Age moyen : 7.9 ans 
Sex Ratio (M/F) : 1.49 

Population étudiée 

V Guigonis (Limoges) 
SoRare Ref Centre 
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26 (14.8%) 
< 3 ans 

149 (85.4%) 
≥  3  ans 

22 (12.6 %) 
Tout va bien 

4 (2.3 %) 
Retard de 

développement 

131 (74.8 %) 
année ± 1 

5 (2.9 %) 
Année = ? 

2 (1.1 %) 
Classe adaptée 

Scolarité normale 

10 (5.7 %) 
Institut 

1 (0.6 %) 
Non scolarisé 

17 (9.7 %) 
Développement 

anormal 
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RCAD, HNF1B and autism spectrum disorders 

•  Do have to take into account this association as significant ? 

•  Do we have to consider it for prenatal diagnosis ? 

•  We have certainly to keep in mind this observation in the care 

•  Do we have to give this information to the families ? 
KDIGO 
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Lowe syndrome : a «new » symptom  

•  Interest of the analysis of a large cohort  

and 

•  Of digital database 
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French national Lowe Syndrome network 
 

•  Created in 2002 (GIS Maladies Rares, J. Lunardi and R. Salomon) 

•  2004-2009: Reinforced by the National Plan for Rare Diseases and 
creation of Reference Centres 

–  Diagnosis  

–  Management 

–  Epidemiological and clinical research 

–  Information and communication 

•  Different projects including a clinical survey for LS 

•  Important role of the “ASL” = French LS parents association 
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Dr G Baujat 
Genetic department 
Necker, Paris 
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Lowe syndrome retrospective survey 
 

•  Retrospective multicentric review by one physician 

•  Genetic analysis of OCRL1(J. Lunardi) 

•  Medical data: questionnaire   

•  Phone call to the families for some details (development, visual 
acuity, education) 

•  Phenotype-genotype correlations analysis 
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Lowe syndrome french cohort (2004-2009) 

Average age: 18 years 
 

49 boys from 26 centres in France 
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Lowe syndrome 
Renal manifestations  

Constant tubular defect (“Fanconi”) 

– Diagnosis: ≈ 12 months (26% < 1 m) 

–  Variable in severity and type ++ 

1/ acidosis : bicarbonate treatment: 80% (>3,4m) 

2/ hypokalemia requiring oral K: 14% 
 
3/ hyperphosphaturia and hypercalciuria 68% 
•  fractures 26% , rickets 40%  
•  néphrocalcinosis in 58 % 
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Lowe syndrome 
Progressive renal function deterioration 
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30 

Hematological complications 

•  Isolated microcytosis or microcytic anemia (without iron 
deficiency): 18 

•  Bleeding history: notification of 8 cases ! 
•  Haemorrhagic complications during or after surgery 

– Craniostenosis: 2 
–  Scoliosis: 1 
– Cataract surgery: 1 
–  Knee surgery: 1 
–  Serious bleeding after tooth extraction: 4 

•  But few haematoma/ epistaxis  
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 1 

 

 

  
   

PFA-100 
Closure Times von Willebrand    

EPI ADP Ag VWF:RCo Hb Fib Platelets 

Patient Age 
(yr) 

Previous 
Surgery Bleeding 85–165  

s 
71–118  

s 
50–150 

% 
50–150  

% 

 
>10.5  
g/dL 

 

2–4  
g/L 

>175 
G/L 

1 1 Eye Yes 181 135 279 216 10.2 8.2 267 

2 10 Neurologic 
& eye 

Yes >300 166 305 199 9.8 5.1 178 

3 5 Eye No 195 126 295 275 11.7 5.2 336 

4 2 Eye Yes 197 128 251 200 10.1 3.5 195 

5 17 Tooth 
extraction No >300 129 262 200 11.7 4 143 

6 14 Tooth 
extraction Yes 189 188 332 224 11.3 2.9 112 

 

Preliminary study in 6 LS patients  

>> Platelet dysfunction  
Lasne et al, Br J Haematol. 2010 

KDIGO 



Another	way	to	increasen	our	knowledge	on	rare	diseases	:	
Biomedical	Data	Warehouse	

Clinical	data	

Extract	
Transform	

Load	

E	T	
L	

Sources Warehouse	

Knowledge	
databases	and	
ontologies	

Star	Database	

Data	mining	
algorithm	

Security	
module	

Search	
engine	

Nicolas Garcelon 
(Imagine Institute) 

From	Individual	memory		
to	collec<ve	memory	organized	and	sustainable	
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Necker –Enfants Malades Hospital since ≈ 2000 (essentially 2007) 
Number of patients : 366 000 patients 
Number of documents : 2 700 000 health records (free text) 
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Association of patients 

Meeting with families and doctors and other professional implicated in 
the care 

Explain the disease to the adolescent (or before) 

Dedicated nurses 

Psychologist, psychiatrist, psychomotrician ... 

Documentation 

Specific devices to improve compliance (telemedicine) 
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provide examples, including an infant with multi-organ dys-
function or renal failure secondary to a primary condition
that is terminal or children with profound irreversible neu-
rologic impairment. In theory, these situations seem obvious,
but the practical assessment of patients to determine which
conditions are terminal and when the burdens outweigh the
benefits is not so clear. There is therefore a great need for
further practical guidance in pediatrics.

Here we provide an ethical decision-making framework for
choice of conservative care or dialysis for infants and children
with ESRD. It employs a four-topic approach developed by
Jonsen and colleagues to aid healthcare providers in identify-
ing, analyzing, and resolving ethical issues in clinical medi-
cine [8]. Each topic, i.e., medical issues, quality-of-life deter-
minants, contextual factors, and patient/family preferences/
goals, is used to organize facts around a particular case.
Relevant principles, such as respect for autonomy, benefi-
cence, non-maleficence, and justice, arise in the discussion
of these four topics. The aim of the framework is to help
healthcare providers and families work through difficult situ-
ations systematically in order to ultimately reach treatment
decisions that reflect the best balance of outcomes and values
for each particular patient.

The four-topic approach has been used by physicians in
assessing ethical issues concerning the treatment of adults

with ESRD and serves as the foundation for the RPA guide-
lines [6, 9, 10]. However, while respect for patient autonomy
is prioritized in healthcare decisions for adults, “the contem-
porary test in pediatrics for whether an intervention is ethically
appropriate is the best-interest standard—a weighing of ex-
pected burdens and benefits of that intervention for a particu-
lar child” [11]. Thus, we have tailored this approach to facil-
itate decision-making in the pediatric context and changed the
order of the topics to assess quality of life and contextual
features prior to family preferences. This is done to first
address factors contributing to the child’s best interest and
the underlying principles of beneficence and non-maleficence.
This does not mean that family preferences/goals, however,
are any less important. They deserve equal attention. In addi-
tion, we have expanded family preferences/goals to address
relational considerations, which are critical to determining the
best interests of children and their families.

We present a case example to facilitate the following dis-
cussion of the ethical decision-making framework. It is based
on a case our nephrology team managed in clinical practice.
The family has given permission to include their child’s story
in this report.

A 2-year-old boy with a rare mitochondrial disease and
known CKD had progression of his renal failure following 1
year with multiple illnesses. He was known to the renal

Table 1 Summary recommendationsa for shared decision-making regarding the withholding and withdrawing of dialysis in pediatric practice

Recommendation Description

Recommendation 1 Develop a patient–physician relationship that promotes family-centered shared decision-making for all pediatric patients
with AKI, CKD, and ESRD.

Recommendation 2 Fully inform patients with AKI, stage 4 or stage 5 CKD, or ESRD and their parents about the diagnosis, prognosis, and all
appropriate treatment options. Inform children and adolescents in a developmentally appropriate manner, and if feasible,
seek their assent about treatment decisions.

Recommendation 3 Facilitate informed decisions about dialysis for pediatric patients with AKI, CKD, or ESRD, discuss prognosis, potential
complications, and quality of life with the patient, parents and/or legal guardian.

Recommendation 4 Establish a systematic due process approach for conflict resolution if disagreements occur about dialysis decisions. Use
conflict resolution interventions when family members disagree with one another, when children disagree with their
parents, when families disagree with the health care team, or when the health care team disagrees about initiating, not
initiating, or withdrawing dialysis

Recommendation 5 Institute family-centered advance care planning for children and adolescents with AKI, CKD, and ESRD. The plan should
establish treatment goals based on a child’s medical condition and prognosis.

Recommendation 6 Forgo dialysis if initiating or continuing dialysis is deemed to be harmful, of no benefit, or merely prolongs a child’s dying
process. The decision to forgo dialysis must be made in consultation with the child’s parents. Give children and
adolescents the opportunity to participate in the decision to forgo dialysis to the extent that their developmental abilities
and health status allow.

Recommendation 7 Consider forgoing dialysis in a patient with a terminal illness whose long-term prognosis is poor if the patient and family
are in agreement with the physician that dialysis would not be of benefit or the burdens would outweigh the benefit.

Recommendation 8 Consider the use of a time-limited trial of dialysis in neonates, infants, children, and adolescents with AKI or ESRD to
allow for the assessment of extent of recovery from an underlying disorder

Recommendation 9 Develop a palliative care plan for all pediatric patients with ESRD from the time of diagnosis and for children with AKI
who forgo dialysis. The development of a palliative care plan is a continuation of the process of advance care planning
and should be family-centered.

AKI, Acute kidney injury; CKD, chronic kidney disease; ESRD, end-stage renal disease
a Adapted with permission from the Renal Physicians Association [6]
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Abstract Due to technological advances, an increasing num-
ber of infants and children are surviving with multi-organ
system dysfunction, and some are reaching end-stage renal
disease (ESRD). Many have quite limited life expectancies
and may not be eligible for kidney transplantation but families
request dialysis as alternative. In developed countries where
resources are available there is often uncertainty by the med-
ical team as to what should be done. After encountering
several of these scenarios, we developed an ethical decision-
making framework for the appropriate choice of conservative
care or renal replacement therapy in infants and children with
ESRD. The framework is a practical tool to help determine if
the burdens of dialysis would outweigh the benefits for a
particular patient and family. It is based on the four topics
approach of medical considerations, quality-of-life determi-
nants, patient and family preferences and contextual features
tailored to pediatric ESRD. In this article we discuss the basis
of the criteria, provide a practical framework to guide these
difficult conversations, and illustrate use of the framework
with a case example. While further research is needed,
through this approach we hope to reduce the moral distress
of care providers and staff as well as potential conflict with the
family in these complex decision-making situations.
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Introduction

End-stage renal disease (ESRD) in children is not common,
with an incidence of about 10 per million pediatric population
[1, 2]. In the vast majority of childrenwith ESRD, the decision
to proceed to renal replacement therapy (RRT), which may
include dialysis and/or renal transplantation, is an obvious
“yes” as these modalities are essential to sustain life. Each
transplant center has its own transplant eligibility criteria for
inclusion in its renal transplant program—with very few ex-
ceptions [3]. At the present time there are an increasing
number of children in nephrology programs who survive with
multiple organ impairments, but with a limited life expectan-
cy, and are reaching ESRD or chronic kidney disease stage 5
(CKD5) [4, 5]. It is important to evaluate the potential harms
and benefits of RRT for such patients as it is a physician’s
primary obligation to first do no harm. When a child is not a
candidate for renal transplantation, we ought to ask whether
dialysis should be offered as it has the potential to prolong
dying rather than prolonging the child’s quality of life.

The Renal Physicians Association (RPA) developed clini-
cal practice guidelines for the appropriate initiation and with-
drawal of dialysis that were updated in 2010. The second
edition includes a pediatric section with nine recommenda-
tions for family-centered shared decision-making (Table 1)
[6]. One of the recommendations is to fully inform patients
and families about the prognosis and treatment options. The
adult section of the document includes a toolkit that can assist
physicians to make individual patient assessments and predic-
tions on prognosis. However, there are no prognostic scoring
systems available for the pediatric patient, and much of the
debate and difficulty pediatricians experience relates to the
uncertainty of a child’s prognosis [4, 6, 7]. The RPA guide-
lines make clear that it is appropriate to not initiate or to
withdraw dialysis in children if the dialysis is harmful, is of
no benefit, or prolongs the dying process [6]. They also
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Methylmalonic	acidemia	

•  methylmalonyl-coenzyme	A	mutase	deficiency	
–  Mut	0	:	no	ac<vity	
–  Mut	-	:	par<al	ac<vity	

•  Presenta<on	:	coma	(intoxica<on),	acidocetosis,	hyperammoniemia	

•  Treatment:	low	protein	intake,	carni<ne,	an<biotherapy	to	control	intes<nal	
flora	

•  Complica<ons	:		
–  Neurological		
–  Renal		
–  Pancytopenia	
–  Growth	retarda<on	
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Renal	disease	

•  Usual	complica<on	of	the	disease	despite	treatment	
–  47%		
–  CRF	at	6,5	years	(1,5-18,6)	
–  More	earlier	and	severe	with	Mut	0	

•  Tubulo-inters<<al	nephri<s	

•  Physiopathology	:		
–  direct	toxicity	of	MMA	on	the	tube	
–  Mitochondrial	dysfunc<on	>	apoptosis	

Molecular	Gene<c	and	Metabolism	2009.		
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IndicaDon	of	transplantaDon	

•  Objec<ves	:		
–  To	improve	the	metabolic	disorders	(less	decompensa<on)	
–  Increase	protein	intake,	beder	nutri<on		
–  Quality	of	life	

•  Transplanta<on	:	
–  Ubiquitary	enzyme,	liver	+++	kidney	+		(18%)	

–  Liver	alone	:	decrease	MMA	but	does	not	avoid	renal	insufficiency	
–  Kidney	alone	:	increase	MMA	excre<on	and	bring	the	enzyme	
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QuesDons	

•  Which	pa<ent	to	be	transplanted	?	
•  When	?	
•  K	/	L	/	L	+	K	?	

•  Our	experience	in	Necker	:		
–  5	K	alone	
–  3	K	+	L	
–  No	L	alone	
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MMA : kidney transplantation alone 
Necker Experience  

–  Improvement	of	the	metabolic	disease		(sMMA	and	uMMAî)	

But	

–  Modest	augmenta<on	of	the	protein	intake	(0,6	>	0,66	g/kg/j)	

–  Modest	neurologic	improvement	but	less	decompensa<ons	

Renal transplantation in 4 patients with methylmalonic aciduria: A cell therapy for
metabolic disease
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Introduction: Patients with methylmalonic acidemia (MMA) may develop many complications despite medical
treatment, in particular, severe central nervous system damage and chronic kidney disease (CKD). A kidney
transplantmay partially correct the metabolic dysfunctions. Liver, kidney and combined liver–kidney transplan-
tations have been advocated but no guidelines are available to identify the most suitable organ to transplant.
Patients and methods: Four patients with MMA (mut° phenotype) received a kidney graft because of repeated
metabolic decompensations, with progression to CKD in 3 patients (end-stage kidney disease in two patients
and CKD stage III in one patient with an estimated glomerular filtration rate [eGFR] of 40 ml/min/1.73 m2)
but normal renal function in one (eGFR of 93 ml/min/1.73 m2) before transplantation.
Results: The medium age at transplantation was 7.9 y (5–10.2) and the median follow-up was 2.8 years (1.8–
4.6). Renal transplantation improved the relevant metabolic parameters in 4/4 patients and renal function in
the patients with CKD. Plasma and urinary MMA levels immediately decreased and remained normal or subnor-
mal (mean values of plasma MMA before transplantation 1530 μmol/L versus 240 μmol/L after transplantation,
andmean values of urine MMA before transplantation 4700 mmol/mol creatinine versus 2300 mmol/mol creat-
inine after transplantation). No further acute metabolic decompensation was observed and protein-intake was
increased from 0.60 to 0.83 g/Kg/day. One patient transplanted at age 9.7 years developed a hepatoblastoma
at age 11 years with subsequent neurological complications and eventually died. The three other patients are
alive. Two of them remained neurologically stable. The 3rd patient who displayed choreoathetosis transiently
improved his neurological condition immediately after transplantation and then remained stable.
Conclusion: Kidney transplantation represents an interesting alternative therapeutic option in methylmalonic
aciduria, for renal complications but also as a “cellular therapy” that may significantly reduce metabolic decom-
pensations and hospitalizations. However, further neurological impairment remains possible.

© 2013 Published by Elsevier Inc.

1. Introduction

Methylmalonic aciduria (MMA) is a severe inborn error of the cat-
abolic pathway of branched-chain amino-acids, odd chain fatty acids
and cholesterol characterized by an accumulation of methylmalonic

acid in serum. Isolated MMA is most commonly caused by mutations
in the MUT gene encoding the methylmalonylCoA mutase, or in the
MMAA (CblA) and MMAB (CblB) genes encoding key enzymes of the
metabolism of its cofactor, cobalamin (vitamin B12) [1]. These
enzymes are expressed in many tissues including the liver and the
kidneys. Methylmalonyl CoA mutase can be completely deficient
(mut°) or partially deficient with residual activity (mut−).

The clinical presentation of MMA includes lethargy, vomiting,
dehydration, metabolic acidosis and coma in the neonatal period
when the enzymatic deficit is complete, or later in case of partial
deficiency.

Molecular Genetics and Metabolism 110 (2013) 106–110

Abbreviations: MMA, methylmalonic aciduria; CKD, chronic kidney disease; eGFR,
glomerular filtration rate; MRI, magnetic resonance imaging; DQ, development quotient;
IQ, intellectual quotient.
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Table I. Demographic, diagnostic, and surgical data of patients (n = 14) who received LKT or LT at Lucile Packard Children’s Hospital at Stanford between
December 1997 and May 2012

Patient Sex
Time of
diagnosis

Identified
by NBS Diagnosis* Age at Tx Procedure Graft

Long-term
immunosuppression Complications

1 M Neonatal no Non-B12-responsive
clinically

10 y 9 mo LKT Whole Prednisone, tacrolimus

2 M Neonatal no fibroblast assay,
mut0

20 y 8 mo LKT, bilateral nephrectomy Whole Prednisone, tacrolimus,
sirolimus

1. Re-exploration, bleeding
2. Post-transplant diabetes mellitus and hypertension

attributed to immunosuppressive regimen
3 M Neonatal no Fibroblast assay,

mut0
5 y 11 mo LKT, bilateral nephrectomy,

splenectomy
Whole Prednisone, tacrolimus,

azathioprine
1. Spontaneous splenic rupture / splenectomy
2. Re-exploration, bleeding
3. Seizure POD12 (high tacrolimus level)

4 M Neonatal no † 11 y 2 mo LKT, right nephrectomy,
splenectomy

Whole Sirolimus

5 F Neonatal yes c.682C>T (p.R278X),
c.1106 G>A (p.R369H)

3 y 3 mo LT Whole Tacrolimus, mycophenolate Mild acute rejection 4 weeks post-transplantation,
received steroids

6z F 3 mo no c.322C>T (p.R108C) 15 y 4 mo LKT Whole Prednisone, tacrolimus,
mycophenolate

7 F Neonatal yes c.682C>T (p.R228X),
c.581C>T (p.P194L)

11 mo LT Whole Tacrolimus

8 F 9 mo no c.572C>A (p.A191E) 17 y 6 mo LKT, splenectomy Whole Tacrolimus, mycophenolate Re-exploration, drainage of subphrenic abscess
9 M Neonatal no c.349G>T (p.E117X),

c.1038_1040 delTCT
8 y 10 mo LKT Whole Tacrolimus, mycophenolate Acute rejection 3 weeks post-transplant

10 M 2 y no Fibroblast assay, mut0 16 y 1 mo LKT Whole Prednisone, tacrolimus,
mycophenolate

11 F Neonatal yes c.682C>T (p.R228X) 10 mo LT
1.

Whole

2.
Whole

Tacrolimus 1st transplantation: Hepatic artery thrombosis
POD5 / re-transplantation.

2nd transplantation: No complications

12x F Neonatal yes c.1399C>T (p.R467X) 1 y 1 mo LT Seg 2-4 Tacrolimus Mild acute rejection POD10, received dose
of steroids

13x F Neonatal yes c.1399C>T (p.R467X) 1 y 2 mo LT Seg 2-4 Tacrolimus
14 F Neonatal yes c.682C>T (c.R228X)

p.A732WFSX3
1 y 8 mo LT Whole Tacrolimus

CKD, chronic kidney disease; POD, postoperative day; Tx, transplantation.
Patients who received LKT had stage III or stage IV CKD (measured by eGFR, Table III) at the time of transplantation. Only 1 mutation is shown if patient was determined to be apparently homozygous for the change in the MUT gene.
*Diagnosis was based on clinical and biochemical findings and a complementation analysis by fibroblast assay or analysis of the MUT gene.50

†Patient had a positive result in the MUT gene, original report not available to us.
zPatient received a 0/6 matched kidney.
xPatient 12 is twin B and patient 13 twin A of the same family.
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Transplantation in MMA 

•  Serum creatine is not a good marker of GFR (reduce muscle mass) 

•  Decline GFR can  occur before the age of 10 

•  Dialysis does not eliminate MMA efficiently (PD or HD or both ?) 

•  KT alone might limits the occurrence of metabolic decompensations 

•  LKT when GFR around 30 – 40 ml/min/1.73m2 

•  LT alone before GFR decline is a good option (Standford’s experience) 

•  What is the GFR decline after LT alone ? 

•  Which option when GFR 40 – 80 ?  
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High risk of recurrence :  
•  Rapid occurence of ESRD 
•  Recurrence on first graft 
•  Intial steroid-sensitivity 
•  (Molecular signature) 

T 

Iv CsA 

PE (or IA) 

High dose of steroids 

Rituximab 

1 

2 
3 

Abatacept 
Galactose 
Anti-TNFa 
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"
Q9."" What"comprises"preMsymptomatic"screening"(in#utero#(prenatal),"newborn:""

biochemical,"imaging,"etc.)?"

Q10."" What"are"the"implications"from"the"expansion"of"phenotypic"spectrum"of"gene"
mutations"or"shift"in"phenotypic"boundaries?""Is"there"a"potential"for"reMdefinition"
of"disease?""

&

2.&Management&of&renal&function&decline&and&ESRD&
"

Q1."" How"can"we"optimize"a"cooperative"approach"of"tertiary"expert"centers"with"local"
care"centers,"particularly"in"the"patient"transition"from"pediatric"to"adult"care?"
How/when"do"we"involve"nonMrenal"specialists"to"address"extrarenal"
manifestations?""

"
Q2."" Are"soMcalled"“renoprotective"drugs”"dangerous"in"some"rare"kidney"diseases,"such"

as"saltMwasting"tubulopathies?"Is"the"generally"accepted"wisdom"in"nephrology"
(such"as"use"of"ACEMinhibitors,"avoidance"of"NSAID,"etc.)"applicable"to"specific"rare"
diseases"and"at"all"levels"of"kidney"function?"Are"most"treatment"targets"(blood"
pressure,"sodium,"dietary"protein,"etc.)"still"applicable"for"this"population?"

"
Q3."" How"should"one"monitor"for"potential"renal"and"extrarenal"complications"and"if"

so,"how"frequently?"
"
Q4."" How"can"we"help"the"patient"and"family"to"accept"the"chronic"disease,"live"with"it"

and"manage"it"responsibly?"Any"specific"issues"related"to"compliance,"monitoring,"
and"followMup?"

"
Q5."" How"can"we"ensure"equity"of"access"to"optimal"care,"including"expensive"drugs?"
"
Q6." What"is"the"optimal"modality"for"dialysis?""Does"this"vary"by"disorder?"
"
Q7."" What"is"the"optimal"timing"for"transplant"and"role/utility"of"preMemptive"

transplantation?"How"can"we"better"address"the"risk"of"disease"recurrence"postM
transplant?"

"

Recurrence in nephrotic syndrome 
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Q8."" What"are"extrarenal"issues"in"dialysis"or"transplant"settings"that"call"for"particular"
management?"

"
Q9."" How"can"growthMrelated"issues"and"treatment"be"optimally"managed?"

&

3.&Challenges&in&clinical&study&design&

"
Q1."" What"are"the"sample"size"and"study"design"considerations"in"a"rare"disease"study"

and"how"do"they"differ"or"are"they"similar"to"considerations"in"diseases"that"are"
not"rare?""

Q2."" In"order"to"overcome"the"sample"size"challenge"in"rare"genetic"kidney"diseases,"is"it"
justifiable"to"combine"etiologically"heterogeneous"diseases"with"similar"clinical,"
biochemical"and"histopathological"features"in"the"same"study?"If"so,"how"would"
you"design"such"a"study?"

Q3."" Given"the"rarity"of"these"renal"diseases,"can"or"should"adults"and"children"with"the"
same"disease"be"combined"in"the"same"study?"

Q4."" Is"it"justifiable"to"extrapolate"clinical"trial"results"obtained"in"a"defined"rare"kidney"
disease"entity"to"other,"etiologically"and/or"phenotypically"related"rare"renal"
conditions"in"order"to"obtain"broader"drug"approval?"If"so,"what"are"the"criteria"for"
extrapolation"(including"consideration"of"genetic"and"histopathological"
information)?""

Q5." What"is"the"value"of"observational"data,"such"as"from"registries"and"longitudinal"
natural"history"studies,"as"supporting"information"to"small"clinical"trials"from"rare"
and"ultraMrare"genetic"renal"disease"submitted"by"industry"sponsors"as"part"of"new"
drug"applications?"

Q6."" What"outcomes"should"be"targeted"in"clinical"studies?"Outcomes"such"as"
creatinine"and"proteinuria"might"be"too"crude.""Outcomes"such"as"requiring"RRT"
have"a"large"variability"across"sites.""Given"that"RRT"is"a"treatment"rather"than"a"
clinical"outcome,"what"are"the"options"to"standardize"RRT"definitions?"What"is"the"
utility"of"alternative"surrogates"or"outcome"measures"(e.g.,"TKV,"composite"
outcomes,"etc.)?""Implications/acceptance"by"drug"regulatory"authorities?"""
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Long-term growth hormone treatment in short
children with CKD does not accelerate decline of renal function:
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Abstract
Background Recombinant human (rh) growth hormone (GH)
raises the glomerular filtration rate (GFR) in healthy individ-
uals. Concern has been raised that long-term rhGH treatment
in short children with chronic kidney disease (CKD) may

accelerate the progression of CKD via induction of glomerular
hyperfiltration.
Patients and methods We compared the decline in GFR in
children with CKD enrolled in two large clinical studies with
(KIGS registry) and without (ESCAPE trial) concomitant
rhGH treatment and followed for up to 10 years. Estimated
GFR (eGFR) was determined at yearly intervals. The annual
decline in eGFR was analyzed cross-sectionally for up to
10 years and longitudinally for 5 years.
Results In the KIGS registry 367 patients with CKD stages II–
IV (mean age 8.0 years; 72 % boys; mean eGFR 38.4 ml/min/
1.73 m2) were treated with 0.33 mg rhGH/kg per week for at
least 1 year. In the ESCAPE trial 274 non-rhGH-treated pa-
tients with CKD stages II–IV (mean age 11.6 years; 61 %
boys; mean GFR 47.3 ml/min/1.73 m2) were followed for at
least 1 year. At the 5-year follow-up, the mean loss of eGFR in
the KIGS children receiving continuous rhGH treatment (n=
97) did not differ significantly from that in the controls (n=
113) in the ESCAPE trial (−5.8 vs. −8.6 ml/5 years, respec-
tively; p=0.17). Absolute height and eGFR at baseline were
significant correlates of the annual eGFR loss (model R2

=0.121).
Conclusions Long-term rhGH-treatment does not accelerate
the decline in GFR in short children with CKD. Height and
baseline eGFR are significant predictors of the loss of GFR in
CKD patients.

Keywords Renal function . Children . Growth hormone
treatment . Chronic kidney disease . Short stature

Introduction

Recombinant human (rh) growth hormone (GH) is an effec-
tive treatment for uremic growth failure resulting in catch-up
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Deterioration of renal function was not reported in short
children without CKD treated with rhGH doses of 0.2–
0.35 mg/kg/week [18]. In contrast, an increase in GFR, plas-
ma flow and kidney size, glomerular hypertrophy and func-
tional tubular disturbances have been reported in some but not
all patients with acromegaly [19–21]. The conflicting findings
from studies in experimental animals, acromegalic patients
and short children on rhGH treatment, respectively, might be
explained by the excessive magnitude of the GH production
rate resulting in high GH levels in transgenic animals and
acromegalic patients. In patients with acromegaly, the mean
estimated daily GH production rate exceeds the physiological
rate by the order of 100-fold [22] as compared to a two- to

threefold supraphysiological GH exposure at the rhGH dose
used in children with CKD [23]. Moreover, in mice transgenic
for GH [12], the production of GH is not limited to cells of the
hypophyseal gland but occurs also in parenchymal—includ-
ing renal—cells.

In CKD the GH-activated Jak2/STAT5 signaling path-
way is impaired in epiphyseal growth cells [24] as well as
in renal cells [25]. Thus, insensitivity to GH and IGF-1 [26,
27] may provide relative protection from potential adverse
effects of GH on the kidney. Indeed, in one study involving
adults with CKD stages III–IV the short-term administra-
tion of rhGH did not increase inulin clearance, most likely
due to end-organ resistance to GH and/or the rather low
doses of rhGH used in humans [28]. Likewise, no change
in GFR and only a temporary slight increase in renal

Table 1 Baseline data for the cross-sectional and the longitudinal analyses

Baseline data Cross-sectional analysis with a follow-up for≥1 -
year

Significance (p) Longitudinal 5-year analysis Significance (p)

KIGS database ESCAPE trial KIGS database ESCAPE trial

N 367 274 97 113

rhGH treatment Yes No Yes No

rhGH dose [mg/kg/week] 0.33±0.07 – 0.32±0.07 –

Gender (% boys) 72 61 ns 72 64 ns

Diagnosis (GN/HD/other) (%) 10/57/33 13/73/14 <0.001 8/59/33 10/77/13 <0.001

Age (years) 8.0±4.2 11.6±4.0 <0.001 6.2±3.2 10.9±4.0 <0.001

Height SDS −2.84±1.14 −1.30±1.55 <0.001 −3.09±1.19 −1.09±1.43 <0.001

eGFR (ml/min/1.73 m2) 38.4±25.9 47.3±19.0 <0.001 43.5±21.1 54.3±14.9 <0.001

KIGS, Pfizer International Growth Database; ESCAPE trial, Effect of Strict Blood Pressure Control and ACE Inhibition on the Progression of Chronic
Renal Failure in Pediatric Patients trial; GN, glomerulopathies; HD, renal hypo-/dysplasia; SDS, standard deviation score; rhGH, recombinant human
growth hormone; eGFR, estimated glomerular filtration rate; ns, not significant

ESCAPE N =
274     255 190 150 113

* p <0.05

KIGS N =
367 258 199 129 97 63 39 21 12       11

*
*

Fig. 1 Change of estimated glomerular filtration rate (eGFR) from
baseline in patients with and without recombinant human growth
hormone (rhGH) treatment: cross-sectional analysis for up to 10 years.
Delta eGFR from the start of treatment is shown as box-plots in yearly
intervals. Dark-blue box plots (10-year time point) patients with rhGH
treatment (KIGS registry), light-colored box-plots (5-year time point)
patients without rhGH treatment (ESCAPE trial). For presentation of
data, see section Statistics
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Fig. 2 Change in estimated glomerular filtration rate (eGFR) during the
5-year longitudinal follow-up. eGFR decline within 5 years was not sig-
nificantly different between recombinant human growth hormone (rhGH)-
treated (KIGS register) and non-rhGH treated (ESCAPE trial) patients. Data
are given as the mean± standard error of the mean (SEM). *Significant
difference between groups, # significant difference from baseline
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plasma flow were observed in a study in children with
CKD treated with rhGH for up to 1 year [29].

We believe that our study represents the best realistically
possible approach to the clinical issue since future randomized
controlled long-term studies addressing the question at stake
are unlikely. One might question whether the patients from the
KIGS registry and ESCAPE trial are really comparable.
BIntention to treat^was the target of both studies, and all patients
were carefully and prospectively followed. In the KIGS cohort
all data were prospectively recorded to obtain information on

the efficacy and safety of rhGH treatment, including deterio-
ration of renal function. The ESCAPE trial was performed
almost simultaneously to the KIGS data acquisition period
and was designed to investigate the influence of intensified
BP control on the progression of renal failure. All patients
received a high dose of ACE inhibitor for optimal preservation
of renal function. The percentage of patients with renal hypo-/
dysplasia who presented with the relative lowest progression
rate of CKD was higher in the ESCAPE cohort than in the
KIGS cohort. As a consequence, the ESCAPE patients

Fig. 3 Change in estimated
glomerular filtration rate (eGFR)
within 5 years according to
primary renal diseases in the
longitudinal study. The difference
between patients with (KIGS
registry) and without (ESCAPE
trial) recombinant human growth
hormone (rhGH) treatment was
significant (*p<0.05) only for
patients with glomerulopathies
(GN). BarsMean,whiskers SEM.
GN - glomerulopathies; Hypodys
- renal hypo-/dysplasia;
other - hereditary and other renal
diseases

Table 2 Univariate analysis of
factors possibly correlated with
change in estimated glomerular
filtration rate after 1 and 5 years,
respectivelya

Univariate analysis of factors possibly correlated with change in eGFR KIGS registry ESCAPE trial

r p r p

1-year rhGH therapy

rhGH dose (mg/kg/week) 0.291 0.015 – –

Age (years) −0.252 0.015 −0.232 0.013

Height (cm) −0.281 0.006 −0.231 0.014

Weight (kg) −0.302 0.003 −0.261 0.006

BMI SDS −0.132 ns −0.075 ns

Height SDS −0.264 0.011 −0.071 ns

Delta height SDS 0.271 0.011 −0.003 ns

Height velocity (cm/year) 0.143 ns 0.118 ns

Baseline eGFR (ml/min/1.73 m2) −0.128 ns 0.004 ns

5-year rhGH therapy

rhGH dose (mg/kg/week) 0.129 0.013 – –

Age (years) −0.112 0.031 −0.209 0.0005

Height (cm) −0.109 0.036 −0.165 0.006

Weight (kg) −0.096 ns −0.182 0.02

BMI SDS 0.047 ns −0.078 ns

Height SDS −0.046 ns −0.018 ns

Delta Height SDS 0.047 ns 0.019 ns

Height velocity (cm/year) 0.058 ns 0.025 ns

Baseline eGFR [ml/min/1.73 m2] −0.104 0.045 −0.023 ns

BMI body mass index, SDS SD score
a Analysis for patients followed longitudinally
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Considerable variations in growth hormone policy and
prescription in paediatric end-stage renal disease across European
countries—a report from the ESPN/ERA-EDTA registry

M. van Huis1, M. Bonthuis2, E. Sahpazova3, F. Mencarelli4, B. Spasojević5, G. Reusz6, A. Caldas-Afonso7,
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ABSTRACT

Background. Growth retardation in paediatric end-stage renal
disease (ESRD) has a serious impact on adult life. It is potential-
ly treatable with recombinant growth hormone (rGH). In this
study, we aimed to quantify the variation in rGH policies and
actual provided care in these patients across Europe.
Methods. Renal registry representatives of 38 European coun-
tries received a structured questionnaire on rGH policy. Cross-
sectional data on height and actual use of rGH on children with
ESRD aged <18 years were retrieved from the ESPN/ERA-
EDTA Registry.
Results. In 21 (75%) of 28 responding countries, rGH is reim-
bursed for children with ESRD. The specific conditions for re-
imbursement (minimum age, maximum age and chronic
kidney disease stage) vary considerably. Mean height standard
deviation scores (SDS) at renal replacement therapy (RRT)
[95% confidence interval (CI)] were significantly higher in
countries where rGH was reimbursed −1.80 (−2.06; −1.53)
compared with countries in which it was not reimbursed
[−2.34 (−2.49;−2.18), P < 0.001]. Comparison of the mean
height SDS at onset of RRT and final height SDS yielded similar

results. Among the 13 countries for which both data on actual
rGH use between 2007 and 2011 and data from the question-
nairewere available, 30.1% of dialysis and 42.3% of transplanted
patients had a short stature, while only 24.1 and 7.6% of those
short children used rGH, respectively.
Conclusion. Reimbursement of rGH associates with a less
compromised final stature of ESRD children. Inmany countries
with full rGH reimbursement, the actual rGH prescription in
growth-retarded ESRD children is low and obviously more de-
termined by the doctor’s and patients’ attitude towards rGH
therapy than by financial hurdles.

Keywords: disparities, Europe, growth, growth hormone, policies

INTRODUCTION

Recent data have shown that currently 43% of patients with
childhood onset end-stage renal disease (ESRD) do not achieve
an adult height within the normal range [1]. At the same time,
short stature affects health outcomes, health-related quality of
life and psychosocial development which adds to the psycho-
social burden of ESRD itself [2–6]. Longitudinal growth may
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Q8."" What"are"extrarenal"issues"in"dialysis"or"transplant"settings"that"call"for"particular"
management?"

"
Q9."" How"can"growthMrelated"issues"and"treatment"be"optimally"managed?"

&

3.&Challenges&in&clinical&study&design&

"
Q1."" What"are"the"sample"size"and"study"design"considerations"in"a"rare"disease"study"

and"how"do"they"differ"or"are"they"similar"to"considerations"in"diseases"that"are"
not"rare?""

Q2."" In"order"to"overcome"the"sample"size"challenge"in"rare"genetic"kidney"diseases,"is"it"
justifiable"to"combine"etiologically"heterogeneous"diseases"with"similar"clinical,"
biochemical"and"histopathological"features"in"the"same"study?"If"so,"how"would"
you"design"such"a"study?"

Q3."" Given"the"rarity"of"these"renal"diseases,"can"or"should"adults"and"children"with"the"
same"disease"be"combined"in"the"same"study?"

Q4."" Is"it"justifiable"to"extrapolate"clinical"trial"results"obtained"in"a"defined"rare"kidney"
disease"entity"to"other,"etiologically"and/or"phenotypically"related"rare"renal"
conditions"in"order"to"obtain"broader"drug"approval?"If"so,"what"are"the"criteria"for"
extrapolation"(including"consideration"of"genetic"and"histopathological"
information)?""

Q5." What"is"the"value"of"observational"data,"such"as"from"registries"and"longitudinal"
natural"history"studies,"as"supporting"information"to"small"clinical"trials"from"rare"
and"ultraMrare"genetic"renal"disease"submitted"by"industry"sponsors"as"part"of"new"
drug"applications?"

Q6."" What"outcomes"should"be"targeted"in"clinical"studies?"Outcomes"such"as"
creatinine"and"proteinuria"might"be"too"crude.""Outcomes"such"as"requiring"RRT"
have"a"large"variability"across"sites.""Given"that"RRT"is"a"treatment"rather"than"a"
clinical"outcome,"what"are"the"options"to"standardize"RRT"definitions?"What"is"the"
utility"of"alternative"surrogates"or"outcome"measures"(e.g.,"TKV,"composite"
outcomes,"etc.)?""Implications/acceptance"by"drug"regulatory"authorities?"""
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Total absence of rGH reimbursement was only apparent
in 7 of 28 countries. These were all countries with a relatively
low GDP. Two of these countries used the escape of strict
endocrinological criteria, which makes prescription in this
category of patients virtually impossible. As in CKD, GH le-
vels are usually normal and GH stimulation tests are often
positive [10, 20]. Two countries stated not being allowed to
prescribe rGH in transplanted children. For one country, this
was due to a fear of graft loss in rGH treatment in trans-
planted children with already a shortage in available donor
kidneys. Although older studies indeed suggest rGH treat-
ment in transplanted children to be associated with an in-
creased risk of allograft loss [21, 22], more recent studies
did not show an increased risk of allograft loss or adverse
events in children treated with rGH after renal transplant-
ation [23–28]. Therefore, the policies in which rGH is not
allowed in transplanted children might need to be
reconsidered.

We found a large variation in the minimum age for prescrib-
ing rGH, which was associated with mean (final) height SDS;
mean height SDS was lowest in the countries who were allowed
to prescribe rGH before 24 months of age. This is surprising,
unless the policy is adapted to the mean (final) height SDS in
those countries, where the policy is to treat children at a younger
age in order to achieve a better final height. In interpretation of
this association, we need to take into account that we performed
a cross-sectional study and that it is impossible to determine
whether rGH treatment preceded the outcome (final height)
or the other way around. Data from Mencarelli et al. [29] and
a study by Fine et al. [9] showed a significant improvement in
height SDS in growth-retarded children with chronic kidney
failure when treated with rGH at a young age. Nevertheless,
other studies [30, 31] hypothesized that growth failure at a
young age is mainly a reflection of nutritional influences and
could be treated conservatively. The Kidney Disease Outcomes
Quality Initiative (KDOQI) [7] recommends frequent

Table 3. Actual use of rGH and patients with short stature on dialysis

Country % of rGH use Eligibility according to short stature
(height SDS less than −2)

Eligibility according to national criteria

% of patients eligible
for rGH

% of eligible patients
receiving rGH

% of patients eligible
for rGH

% of eligible patients
receiving rGH

Belgium 40.2 33.5 49.7 38.0 39.8
Czech Republic 22.2 42.0 16.7 42.0 16.7
Estonia 50.0 83.3 50.0 83.3 50.0
Greece 18.8 56.3 26.3 56.3 26.3
Italy 20.5 52.8 21.5 15.9 16.5
Lithuaniaa 6.8 40.2 9.1 40.2 9.1
The Netherlands 31.0 26.4 41.9 33.1 33.1
Portugal 22.6 49.7 29.5 33.5 23.2
FYR of Macedonia 33.3 44.4 50.0 15.6 0.0
Serbia 34.9 54.3 42.4 32.7 38.3
Slovenia 43.6 38.1 51.4 44.1 51.4
Spain 24.8 39.2 33.6 47.1 29.1
United Kingdom 11.6 53.8 15.9 47.0 15.5
Overall 21.7 45.9 26.0 30.1 24.1

aAlthough rGH is not reimbursed in Lithuania, a limited number of patients might receive reimbursement from a patient fund and are actually treated with rGH.

Table 4. Actual use of rGH and patients with short stature on transplantation

Country % of rGH use Eligibility according to short stature
(height SDS less than −2)

Eligibility according to national criteria

% of patients eligible
for rGH

% of eligible patients
receiving rGH

% of patients eligible
for rGH

% of eligible patients
receiving rGH

Belgium 19.9 51.9 29.3 38.9 22.8
Czech Republic 7.7 30.7 10.0 35.7 8.3
Estonia 0.0 20.0 0.0 38.9 0.0
Greece 6.5 48.4 13.3 48.7 11.1
Lithuaniaa 2.1 57.3 2.8 50.6 8.3
The Netherlands 4.0 25.6 6.0 28.8 10.4
Portugal 0.0 34.3 0.0 26.5 3.8
Serbia 4.6 40.8 9.6 35.4 9.5
Slovenia 0.0 53.6 0.0 46.5 0.0
Spain 8.3 29.4 13.7 39.8 9.2
United Kingdom 3.9 45.4 6.6 47.5 5.3
Overall 5.5 38.9 8.9 42.3 7.6

aAlthough rGH is not reimbursed in Lithuania, a limited number of patients might receive reimbursement from a patient fund and are actually treated with rGH.
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low GDP. Two of these countries used the escape of strict
endocrinological criteria, which makes prescription in this
category of patients virtually impossible. As in CKD, GH le-
vels are usually normal and GH stimulation tests are often
positive [10, 20]. Two countries stated not being allowed to
prescribe rGH in transplanted children. For one country, this
was due to a fear of graft loss in rGH treatment in trans-
planted children with already a shortage in available donor
kidneys. Although older studies indeed suggest rGH treat-
ment in transplanted children to be associated with an in-
creased risk of allograft loss [21, 22], more recent studies
did not show an increased risk of allograft loss or adverse
events in children treated with rGH after renal transplant-
ation [23–28]. Therefore, the policies in which rGH is not
allowed in transplanted children might need to be
reconsidered.

We found a large variation in the minimum age for prescrib-
ing rGH, which was associated with mean (final) height SDS;
mean height SDS was lowest in the countries who were allowed
to prescribe rGH before 24 months of age. This is surprising,
unless the policy is adapted to the mean (final) height SDS in
those countries, where the policy is to treat children at a younger
age in order to achieve a better final height. In interpretation of
this association, we need to take into account that we performed
a cross-sectional study and that it is impossible to determine
whether rGH treatment preceded the outcome (final height)
or the other way around. Data from Mencarelli et al. [29] and
a study by Fine et al. [9] showed a significant improvement in
height SDS in growth-retarded children with chronic kidney
failure when treated with rGH at a young age. Nevertheless,
other studies [30, 31] hypothesized that growth failure at a
young age is mainly a reflection of nutritional influences and
could be treated conservatively. The Kidney Disease Outcomes
Quality Initiative (KDOQI) [7] recommends frequent
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Eligibility according to national criteria

% of patients eligible
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receiving rGH
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Italy 20.5 52.8 21.5 15.9 16.5
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The Netherlands 31.0 26.4 41.9 33.1 33.1
Portugal 22.6 49.7 29.5 33.5 23.2
FYR of Macedonia 33.3 44.4 50.0 15.6 0.0
Serbia 34.9 54.3 42.4 32.7 38.3
Slovenia 43.6 38.1 51.4 44.1 51.4
Spain 24.8 39.2 33.6 47.1 29.1
United Kingdom 11.6 53.8 15.9 47.0 15.5
Overall 21.7 45.9 26.0 30.1 24.1

aAlthough rGH is not reimbursed in Lithuania, a limited number of patients might receive reimbursement from a patient fund and are actually treated with rGH.
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In 21 out 28 countries GH is reimbursed 
In 15, there is a national policy (and they are quite different) 
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