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Early angiotensin-converting enzyme inhibition
in Alport syndrome delays renal failure and

improves life expectancy

Oliver Gross', Christoph Licht?, Hans J. Anders®, Bernd Hoppe”, Bodo Beck?, Burkhard Ténshoff?,

Britta Hocker®, Simone Wygoda®, Jochen H.H. Ehrich’, Lars Pape’, Martin Konrad®, Wolfgang Rascher?,
Jorg Détsch®, Dirk E. Miller-Wiefel'°, Peter Hoyer'', and Study Group Members of the Gesellschaft fiir
Padiatrische Nephrologie (GPN), Bertrand Knebelmann'?, Yves Pirson'?, Jean-Pierre Grunfeld'?,

Patrick Niaudet'®, Pierre Cochat'”, Laurence Heidet'®, Said Lebbah'®, Roser Torra'’, Tim Friede',
Katharina Lange'®, Gerhard A. Miiller'° and Manfred Weber'®*°

"Department of Nephrology and Rheumatology, University Medical Center Géttingen, Gottingen, Germany; “Division of Nephrology,
The Hospital for Sick Children, University of Toronto, Toronto, Ontario, Canada; *Department of Nephrology, University of Munich,
Medizinische Poliklinik, Munich, Germany; *Department of Pediatrics, University Hospital Cologne, Cologne, Germany; °University
Children’s Hospital Heidelberg, Heidelberg, Germany; ®Clinic for Children and Adolescents, Hospital St Georg, Leipzig, Germany;
“Department of Pediatric Kidney, Liver and Metabolic Diseases, Hannover Medical School, Hannover, Germany; ®KfH-Nierenzentrum fuir
Kinder und Jugendliche, University Hospital of Muenster, Muenster, Germany; g Department of Pediatrics and Adolescent Medicine,
University of Erlangen-Nuremberg, Erlangen, Germany; '°Children’s Hospital University Medical Center Hamburg-Eppendorf, Hamburg,
Germany; '"Pediatric Nephrology, Endocrinology, Gastroenterology and Transplant Medicine, Children’s Hospital, University Clinic Essen,
Essen, Germany; "*Division de Néphrologie, Hopital Necker, Assistance Publique-Hdpitaux de Paris, and Université Paris Descartes, Paris,
France; "*Cliniques Universitaires UCL de Saint Luc (UCL-St-Luc), Brussels, Belgium; "“pediatric Nephrology, Hopital Necker-Enfants
Malades, Université Paris Descartes, Paris, France; '*Centre de Référence des Maladies Rénales Rares, Hospices Civils de Lyon and
Université de Lyon, Lyon, France; '®Centre de Reférence des Maladies Renales Heréditaires de 'Enfant et de I'Adulte (MARHEA), Service de
Néphrologie Pédiatrique, Clinique Maurice Lamy, Hdpital Necker-Enfants Malades, Paris, France; '’ Division of Nephrology, Fundacio

Puigvert, Barcelona, Spain; "®Department of Medical Statistics, University Medical Center Géttingen, Gottingen, Germany and
"“University Witten-Herdecke, Cologne General Hospital, Cologne, Germany

Alport syndrome inevitably leads to end-stage renal disease
and there are no therapies known to improve outcome. Here
we determined whether angiotensin-converting enzyme
inhibitors can delay time to dialysis and improve life
expectancy in three generations of Alport families. Patients
were categorized by renal function at the initiation of therapy
and included 33 with hematuria or microalbuminuria,

115 with proteinuria, 26 with impaired renal function, and
109 untreated relatives. Patients were followed for a period
whose mean duration exceeded two decades. Untreated
relatives started dialysis at a median age of 22 years.
Treatment of those with impaired renal function significantly
delayed dialysis to a median age of 25, while treatment of
those with proteinuria delayed dialysis to a median age of 40.

Correspondence: Oliver Gross, Department of Nephrology and Rheumatology,
University Medical Center Goettingen, Robert-Koch Strade 40, Goettingen
37075, Germany. E-mail: gross.oliver@med.uni-goettingen.de

This article is dedicated to the children and young adults included in our
registry who died because of limited access to renal replacement therapy.
2%These senior authors contributed equally to this work.

Received 14 June 2011; revised 24 August 2011; accepted 20 September
2011; published online 14 December 2011

494

Significantly, no patient with hematuria or microalbuminuria
advanced to renal failure so far. Sibling pairs confirmed these
results, showing that earlier therapy in younger patients
significantly delayed dialysis by 13 years compared to later or
no therapy in older siblings. Therapy significantly improved
life expectancy beyond the median age of 55 years of the
no-treatment cohort. Thus, Alport syndrome is treatable
with angiotensin-converting enzyme inhibition to delay
renal failure and therapy improves life expectancy in a
time-dependent manner. This supports the need for early
diagnosis and early nephroprotective therapy in
oligosymptomatic patients.
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Evaluation of microhematuria and microalbuminuria is
common in everyday clinical practice as they are impor-
tant early signs for chronic kidney disease (CKD). CKD
substantially increases the risk of cardiovascular events
and death.' Renal fibrosis is the end point of most CKDs.
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Therefore, in addition to controlling hypertension,” therapy
targeted at the prevention of renal fibrosis may be of value.
Renal fibrosis due to Alport syndrome (AS) is seen in
association with end-stage renal disease (ESRD) in children
and young adults.> AS is a hereditary nephropathy character-
ized by progressive renal failure, sensorineural deafness, and
typical ocular changes.* AS serves as a model of understanding
progression of chronic renal fibrosis in mice’” and humans.®
The disease is caused by mutations in type IV collagen genes,
leading to an abnormal composition of the glomerular
basement membrane.” In all, 85% of Alport families have an
X-chromosomal and 15% an autosomal trait of inheritance.'?
Abnormal composition of the glomerular basement mem-
brane due to AS leads to extensive matrix deposition,
inflammation, and fibrosis.”® These are major components
of progressive renal failure in literally all CKDs. AS inevitably
leads to ESRD during adolescence or early adulthood, and
~50% of patients develop ESRD by the age of 20 years."'
Early diagnosis in children with AS with isolated hematuria
opens a ‘window of opportunity’ for early intervention.
Currently, there are no causal therapeutic options that are
proven to delay renal failure in AS.® Angiotensin-converting
enzyme inhibition (ACEi) has been shown to reduce
proteinuria in Alport patients'? and to delay renal failure in

Alport mice,” suggesting that it may be of value as an effective
treatment to delay renal failure in humans.” To test this we
established the European Alport Registry to collect data over
several generations of Alport families across Europe. Small
children with AS first develop microscopic hematuria,
proceeding to microalbuminuria, overt proteinuria, and
impaired renal function, and end up with ESRD. These
different steps of disease enabled us to assess if earlier
introduction of ACEi at earlier degrees of disease is more
effective than later therapy in delaying the time to dialysis and
improving life expectancy. Our results might have the
potential for generalization of the use of early nephroprotec-
tive therapy in all patients with Alport syndrome in everyday
clinical practice.

RESULTS
Primary end point ‘age at start of renal replacement therapy’
A total of 283 patients were followed for a mean of more than
two decades (Figure 1). The mode of inheritance was within
the expected range (Table 1).1°

All 109 noT patients (red curve, Figure 2) were related to
treated patients. Because of the genotype-phenotype correla-
tion in AS,” the noT group with the same genotype mini-
mized selection bias toward ‘more benign’ mutations in the
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Figure 1| Screening, assignment, follow-up, and selection for statistical analysis. Work flow of screening, assignment, updating data,
and statistical analysis of Alport syndrome (AS) patients. Heterozygous carriers of Alport mutations were included in analysis of side
effects of medication, but excluded from all other analyses. X-chrom., X-chromosomal.
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