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Abstract

Background The aim of this study was to analyze the long-
term efficacy and safety of angiotensin-converting enzyme in-
hibitor (ACEi) and ACEi + angiotensin receptor blocker (ARB)
treatments in a cohort of children with Alport syndrome (AS).
Methods This was a respective review of 79 Chinese children
with AS who received ACEi alone or combined ACEi + ARB
therapy.

Results The mean age of the pediatric patients with AS at
onset of treatment was 8.6+4.1 (range 1.5-16.3) years. The
mean duration of follow-up was 2.5+1.8 (range 0.5-7.8)
years. For analysis, we separated the children into three
groups according to proteinuria level before treatment, name-
ly, <25, 25-50, and >50 mg/kg/day, respectively; after 1 year
of treatment the proteinuria had decreased from 11.0 to
9.7 mg/kg/day, from 34.6 to 15.2 mg/kg/day, and from 73.0
to 50.0 mg/kg/day in each group, respectively. Proteinuria
decreased significantly during the first 2 years of treatment
and was stable from the third to fifth years of treatment. There
was no statistically significant difference in the antiproteinuric
effect of the ACEi and ACEi + ARB treatments in patients
with severe or less severe mutations after 1 year of therapy.
Five children stopped the ACEi + ARB treatment due to a
decline in creatinine clearance.

Conclusion Our findings demonstrate that early and long-
term ACEi and ARB treatments in children with AS is
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efficient and well tolerated. The antiproteinuric effect of ACEi
and ARB is of equal value in children with severe and less
severe mutations in the COL4An gene.
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Introduction

Alport syndrome (AS) is a hereditary renal disease characterized
by persistent hematuria, proteinuria, and progressive renal fail-
ure [1]. Approximately 85 % of cases follow the X-linked pat-
tern of inheritance and are caused by mutations in the COL4A45
gene [2]. The other 15 % of cases are caused by mutations in the
COL4A43/COL4A44 genes, and the majority of these cases follow
an autosomal recessive pattern of inheritance [3]. Males with X-
linked AS (XLAS) and males and females with autosomal re-
cessive AS (ARAS) almost always progress to end-stage renal
disease (ESRD) during their second or third decade of life [4—6].
Thus, slowing the progression of AS is a meaningful treatment
strategy before gene therapy can be applied.

Clinical practice recommendations for the treatment of chil-
dren with AS, published in 2013 [7], recommend angiotensin-
converting enzyme inhibitors (ACEi) and angiotensin II type I
receptor blockers (ARB) as the first-line and second-line agents,
respectively, for treatment of these children. In 2011, a retrospec-
tive observational study [8] in Europe reported that use of ACEi
delayed onset of dialysis and improved life expectancy. In addi-
tion, therapy initiated earlier in younger patients significantly
delayed dialysis by 13 years compared to later therapy or no
therapy in older siblings. A subsequent study [9] in the UK
reported that losartan and enalapril had comparable efficacies
for the reduction of proteinuria in children with AS. Moreover,
there have been some reports of the efficacy and safety of ACEi
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and ARB in children with AS [10-12]. However, most AS
patients presenting with ESRD are older than 20-30 years, and
therefore whether the degree of proteinuria can be used to eval-
uate the efficacy of treatment in children with AS remains
unclear.

To understand the efficacy and safety of ACEi and ARB
treatments, we study analyzed the long-term efficacy and safe-
ty of ACEi and ARB treatments in a Chinese cohort of chil-
dren with AS.

Patients and methods
Inclusion and exclusion criteria

Patients were selected for enrolment in this study from the
registry database of hereditary kidney diseases in children in
China. The clinical data and laboratory data compiled in the
database were collected during patient visits to our hospital.
The registry database was updated for each patient every
6 months. The inclusion criteria were (1) patients with a de-
finitive diagnosis of AS proven by at least two methods, in-
cluding kidney biopsy, skin biopsy, and/or mutation analysis;
(2) age at onset of treatment <18 years; (3) treatment with
ACEi and/or ARB; (4) follow-up of >6 months. The exclusion
criteria were (1) uncertain diagnosis of AS or other hereditary
kidney diseases and (2) follow-up of <6 months.

Clinical and laboratory data

This study was retrospective. Primary data, including age,
gender, gene mutations, age at onset of treatment and at fol-
low-up, degree of proteinuria (mg/kg/day), serum creatinine
and creatinine clearance, and side effects of treatment, such as
hyperkalemia, cough, hypotension and others, were collected.
Deaths of any cause were recorded. Creatinine clearance (Ccr)
was calculated using the standard formula U x V/P (ml/min),
where (U is urine creatinine level, V is 24-h urine volume, and
P is the serum creatinine level), and then corrected according
to body surface area. The initial treatment was always with
ACE;; if the proteinuria did not decrease after 6 months of
treatment, ARB was added to the treatment regimen. Protein-
uria levels at 1, 2, 3, 4, and 5 years after the initiation of
treatment were compared to the proteinuria level before treat-
ment. Gene mutations were divided into severe mutations
(nonsense, deletion, insertion, and splicing mutations) and less
severe mutations (missense mutations) [7].

Statistical analysis
Data are presented as mean+ standard deviation (SD) or as the

median and range. The nonparametric paired Wilcoxon test
was used to assess the differences in proteinuria from before
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treatment to each follow-up time point. A p value of <0.05
was considered to be statistically significant (SPSS software;
IBM Corp., Armonk, NY).

Results
Patient characteristics

A total of 293 pediatric patients from 272 families were diag-
nosed with AS through to March 2014 in the genetics outpa-
tient unit of Peking University First Hospital. Of these, 126
patients received ACE:i treatment with or without ARB, and
79 of these were followed for >6 months and enrolled in this
study. Among the 79 children enrolled in the study, 73 had
XLAS (67 males, 6 females) and six had ARAS. Thirty-seven
children were treated with ACEi, and 42 children were treated
with ACEi + ARB. The average age at onset of treatment and
at last follow-up was 8.6+4.1 (range 1.5-16.3) and 11.1+4.6
(mean 2.9-23.0) years, respectively. The mean duration of
follow-up was 2.5+1.8 (0.5-7.8) years.

Proteinuria in male patients with XLAS and male
and female patients with ARAS

In this study, 67 male children with XLAS and six female and
male children with ARAS were combined to form a single
group of 73 children based on the similarity in their disease
courses. The median age of these 73 children at onset of treat-
ment was 7.9 (range 1.5-16.8) years. Of these 73 children, 70,
47, 37, 18, and 18 children had follow-up data for the time
points of 1,2, 3,4, and 5 years after the initiation of treatment,
respectively. Proteinuria data before and after treatment initi-
ation are shown in Table 1.

Of the 73 children, 32 were treated with ACEi, and the
other 41 were treated with ACEi +ARB. In the ACEi treat-
ment group, the median age at onset of treatment was 7.0
(range 1.5-14.9) years, the median proteinuria level before
treatment was 19.0 (6.7 mg—122.1) mg/kg/day, and the pro-
teinuria level decreased to 9.2 (3.8-79.3) mg/kg/day after
1 year of treatment. In the ACEi + ARB treatment group,
the median age at onset of treatment was 9.1 (3.8-16.8) years,
median proteinuria level before treatment was 42.9 (range
5.9-93.1) mg/kg/day, and the proteinuria level decreased to
30.2 (range 4.2-86.2) mg/kg/day after 1 year of treatment.

These 73 children were separated into three groups accord-
ing to their proteinuria level before treatment: <25 mg/kg/day
(group 1, n=35); 25-50 mg/kg/day (group 2, n=15);
>50 mg/kg/day (group 3, n=23). The changes in proteinuria
in these three groups from before treatment initiation to 1 year
after the initiation of treatment are shown in Table 2. Protein-
uria was stable in group 1 and decreased significantly in
groups 2 and 3, although it was still pronounced in group 3
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Table 1 Changes in proteinuria

at each time point after treatment Length of treatment (years) Number of children Proteinuria (mg/kg/day) P

in male patients with X-linked

Alport syndrome and patients Before treatment After treatment

with autosomal recessive Alport

syndrome 1 70 37.4+31.8 25.6+23.1 <0.05
2 47 39.3+31.8 34.8+31.7 <0.05
3 37 34.2+£25.9 35.8+35.0 0.74
4 18 38.8+31.0 41.7£35.4 0.61
5 18 34.7+27.8 42.2+45.5 0.33

Data are presented as the mean =+ standard deviation (SD)

after 1 year of treatment. Proteinuria at each time point after
treatment in the three groups of children is shown in Fig. 1.
At the beginning of treatment, six children (8 %) were
<3 years old, 18 (25 %) were 3—6 years old, and 49 (67 %) were
6-18 years old. The proteinuria level before initiation of treat-
ment in each of these three age groups was 37.1+16.6 (<3 years
old), 18.1£14.6(3-6 years old), and 44.0+35.2 mg/kg/day (6—
18 years old). After 1 year of treatment, proteinuria had de-
creased in six (100 %), eight (57 %), and 34 (71 %) of the
children in these three groups (<3 years old, 3—6 years old,
and 618 years old at beginning of treatment, respectively).

Proteinuria in the heterozygous XLAS carriers

Six of the children with AS in the study were female heterozy-
gous XLAS carriers. Only one of these was treated with ACEi +
ARB; the other five patients were treated with ACEi alone. The
age at onset of treatment among these six patients ranged from
7.1 to 16.3 years. The proteinuria level before treatment ranged
from 11.6 to 21.5 mg/kg/day; after 2 years of treatment, the
proteinuria level had decreased to <11.0 mg/kg/day in all six
patients.

Proteinuria and gene mutations

Pathogenic mutations in the COL4An gene were detected in
64 children (64/71, 90.1 %). To examine the correlation be-
tween gene mutation status and the antiproteinuric effect of
ACEiand ARB in children with ARAS and male patients with
XLAS, we analyzed 57 children. Twenty-eight children were

found to have less severe mutations (missense mutations) in
the COL4An gene, and 29 children had severe mutations (de-
letion, nonsense and splicing mutations). In the group of chil-
dren with less severe mutations, the average age at onset of
treatment was 7.6 years; at 1 year after treatment-initiation, the
urinary protein level had decreased or remained the same in
50 % of children, and the median urinary protein level had
decreased from 40.8 to 28.2 mg/kg/day. In the group of chil-
dren with severe mutations, the average age at onset of treat-
ment was 8.6 years old; at 1 year after treatment initiation, the
urinary protein level had decreased or remained the same in
45 % of children, and the median urinary protein had de-
creased from 41.0 to 25.9 mg/kg/day. None of these values
were significantly different between the two groups (p>0.05).

Renal function

In our study cohort, 72 of the 79 (91 %) children had normal
Cecr during follow-up, whereas Ccr declined in the remaining
seven (9 %) children during follow-up (Cer <80 ml/min x
1.73 m?) (Table 3). All patients who experienced a decline
in Ccr were males with XLAS and treated with ACEi +
ARB. Two children presented with lower than normal Cer at
the beginning of treatment (patients no. 5 and 27). For the
children with lower than normal and normal Ccr, the age at
onset of therapy was 10.8+3.1 and 8.444.1 years, respective-
ly (»<0.05), and the proteinuria level at the start of therapy
was 67.2 and 23.0 mg/kg/day, respectively (p<0.05). The me-
dian age at initiation of a decline in Ccr was 13.0 (range 9.5—
18.0) years. Five patients with lower than normal Ccr stopped

Table 2 Proteinuria changes

after 1 year of treatment in three Group  Number of Urinary protein level before Urinary protein level after 1 year of )4
groups of children® children treatment (mg/kg/day) treatment (mg/kg/day)
1 35 11.0 (5.9-23.8) 9.7 (3.8-31.7) 0.32
15 34.6 (27.2-49.2) 15.2 (3.8-52.7) <0.05
23 73.0 (50.0-121.1) 50.0 (20.0-96.1) <0.05

Data are presented as the median with the range in parenthesis

Up urinary protein

#Group 1, Proteinuria level prior to initiation of treatment with <25 mg/kg/day; group 2, proteinuria level before
start of treatment with 25-50 mg/kg/day; group 3, proteinuria level before start of treatment with >50 mg/kg/day
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Discussion

The results of this study demonstrate that the long-term use of
ACEi and ARB efficiently decreased proteinuria in our study
population of children with AS and that this therapy was well
tolerated. Of the 79 children enrolled in the study, 73 were
males with XLAS or female and male children with ARAS.
The other six children were female heterozygous XLAS car-
riers. The average age at the initiation of treatment in this
study was 8.6 years. Of the 73 children with XLAS or ARAS,
70,47,37, 18 and 18 children had follow-up data for the time
points of 1,2, 3,4, and 5 years after the initiation of treatment,
respectively. This is the largest retrospective study of ACEi
and ARB therapy in a cohort of children with AS in China.

We found that proteinuria decreased significantly in the
first 2 years of ACEi and ARB treatment in these children
but that unfortunately it gradually returned to its level before
the onset of treatment or even increased beyond that level after
3 years of treatment. This trend is similar to that reported by
Gross et al. [8] who observed that ESRD was delayed by
therapy with ACEi in a time-dependent manner, with earlier
treatment correlating with better efficacy. However, data on
the efficacy and safety of the early use of ACEi and ARB in
children with AS remain scarce.

In 2002, Adler et al. [13] reported that routine ACEi treat-
ment may not be warranted in children with early AS, based
on observations of 11 children with early AS (mean urine
albumin:creatinine ratio 1.2 mg/mg) who were treated with
enalapril for 14 days. In 2004, a study of ten children (median
age 10.25 years) with AS who had been treated with enalapril
for 5 years was reported [14]. The results showed that enala-
pril reduced urinary protein excretion and preserved glomer-
ular filtration in AS patients; one of the patients in this study
developed chronic kidney disease within 5 years of treatment.
Recently, a report from the UK demonstrated that losartan
significantly lowered proteinuria and was well tolerated after
12 weeks of treatment in 15 children with AS (median age
12 years) [12]. The average age at initiation of the ACEi and
ARB treatments in the 79 children enrolled in our study was
8.6 years, which is younger than that reported in previous
studies. After 1 year of treatment, proteinuria had decreased
in all six children aged <3 years at treatment initiation and in
8/18 children who were 3—6 years old at the start of treatment.
All children who aged <6 years at the start of the treatment had
normal Ccr throughout the course of treatment. In addition,
after 1 year of treatment, proteinuria had decreased signifi-
cantly in children with proteinuria of 25-50 mg/kg/day before
treatment initiation, and proteinuria was maintained at a low
level in children with proteinuria of <25 mg/kg/day before
treatment initiation. In children with proteinuria of
>50 mg/kg/day before the start of treatment, proteinuria de-
creased significantly from 73.0 to 50.0 mg/kg/day, but the
proteinuria level obtained during treatment remained high.

These results demonstrate that the early application of ACEi
and ARB therapy in children with AS reduced proteinuria and
was well tolerated. Thus, our data support of the early use of
ACEi and ARB in children with AS.

In the children enrolled in our study, ACEi was the first
therapy to be used; if the proteinuria did not decrease after
6 months of treatment, ARB was added to the treatment reg-
imen. For the children treated with ACEi alone and those with
ACEi + ARB, the median age at onset of treatment was 7.0
and 9.1 years, respectively, and the proteinuria level before
treatment was 19.0 and 42.9 mg/kg/day, respectively. After
1 year of treatment, the proteinuria levels in both groups of
children had decreased. Due to the differences between the
ACEi alone and the ACEi + ARB treatment groups, we did
not compare them in terms of their effect on proteinuria out-
come. It is worth noting that there were no severe side effects
recorded in children who underwent ACEi treatment. In con-
trast, of the children who received ACEi + ARB treatment,
seven presented with declined Ccr and one developed
hyperkalemia. Based on this result, we propose that Cer
should be monitored during the follow-up period in children
receiving ACEi or ACEi + ARB treatment, especially those
receiving ACEi + ARB treatment.

Seven children in our study presented with reduced Cecr
(Cer <80 ml/minx 1.73 m?) during the follow-up. Compared
to the children with normal Ccr, the mean age at initiation of
treatment of these 7 children was older and the proteinuria
more severe. Therefore, we recommend the early use of ACEi
and ARB in children with AS, as well as regular follow-up by
a nephrologist. For the children who presented with declined
Cer after therapy with ACEi or ACEi + ARB, terminating the
drug therapy did not result in the Ccr returning to the normal
level. This suggests that the observed decline in Ccr in chil-
dren with AS in our study may not have been related to the
choice of treatment. However, ACEi and ARB should be used
with great caution in children presenting with declined Ccr.
Side effects of ACEi and ARB were observed in six (7.6 %)
children in this study, including dry cough, symptomatic hy-
potension, and hyperkalemia. In general, ACEi and ARB ther-
apies were well tolerated.

In conclusion, early and long-term treatment with ACEi
and ARB in children with AS is efficient and well tolerated.
Nevertheless, we suggest monitoring Ccr during follow-up for
children with AS being treated with ACEi and ARB. In the
future, we will continue to follow the children included in this
study to confirm that a reduction of proteinuria helps delay
ESRD in AS patients. Moreover, future studies are required to
identify new biomarkers of disease progression and treatment
efficiency for children with AS.
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