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CONCLUSION: ADAS patients present a wide spectrum of symptoms, regardless of the
affected gene or disease-causing variants, making the diagnosis very challenging.
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ABSTRACT

Rationale & Objective: Alport syndrome (AS) is a common genetic kidnegedise accounting
for approximately 2% of patients receiving kidneplacement therapy (KRT). It is caused by
pathogenic variants iBOL4A3 COL4A40r COL4Abgenes. The aim of this study was to
evaluate the clinical and genetic spectrum of pédigvith autosomal dominant Alport syndrome
(ADAS).

Study design:Retrospective cohort study.

Setting & Participants: 82 families (252 patients) with ADAS were studi€dinical, genetic,
laboratory, and pathology data were collected.

Observations: A pathogenic DNA variant i€OL4A3was identified in 107 patients (35
families) while 133 harbored a pathogenic variar€OL4A4(43 families). Digenic/complex
inheritance was observed in 12 patients. Ovetalmedian kidney survival was 67 years (95%
Cl, 58-73), without significant differences acresx P=0.79), causative genéB=0.55) or
types of variantR=0.99). Microhematuria was the most common kidneyifiestation (92.1%)
and extrarenal features were rare. Findings onekidmopsies ranged from normal to focal
segmental glomerulosclerosis. The slope of eGFRmaewas -1.46 mL/min/1.73 fiper year (-
1.66 to -1.26) for the overall group, with no sigrant differences between ADAS genes
(P=0.24).

Limitations : The relatively small size of this series fromragge country, potentially limiting
generalizability.

Conclusions ADAS patients have a wide spectrum clinical pnéggons ranging from
asymptomatic to kidney failure, a pattern not dieeglated to the causative gene or type of

variant. The diversity of ADAS phenotypes contrgmito its underdiagnosis in clinical practice.
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PLAIN LANGUAGE SUMMARY

Autosomal dominant Alport Syndrome is among thetroslerdiagnosed inherited kidney
diseases and is not commonly diagnosed by mostolegists. Compared with X-linked Alport
syndrome or the autosomal recessive forms, thisyastmuch less severe: most patients have
hematuria but only a minority will develop chroikidney disease or extrarenal involvement.
The relatively low prevalence of this conditione gpaucity of clinical features in some patients,
and a prominent role of environmental/genetic medifmay account for its infrequent
diagnosis. Raising awareness of autosomal domantt syndrome will foster its diagnosis

and reduce the number of patients developing kidaigyre without an etiologic diagnosis.



INTRODUCTION

Alport syndrome (AS) was the first inherited kidrdigease for which the genetic bases were
identified? It accounts for at least 1%—2% of all cases aepét on kidney replacement therapy
(KRT).23

Pathogenic variants @OL4A3 COL4A4andCOL4A5genes cause defective synthesis of the
a3/ad/a5 chains, preventing correct assembly of collagenhains of the glomerular basement
membrane (GBM) and causing A8Classical AS is characterized by hematuria with
progressive proteinuric kidney disease, GBM abntties, hearing loss (HL) and ocular
abnormalities:®” This full-blown presentation is typically found inale patients with X-linked
AS (XLAS) and patients with autosomal recessive(ARAS). Women with XLAS show a
variable phenotype due to the X inactivation pheawom® Patients with heterozygous disease-
causing variants iROL4A3or COL4A4genes display a wide spectrum of manifestations,
ranging from asymptomatic to presentation with htema alone or with proteinuria and
subsequent kidney failure on top of hematuFizere is a lot of controversy over how to
designate the disea$é®In cases where there is only hematuria, the t&fansilial benign
hematuria” and “thin basement membrane disease? haen usetf*°However, these terms
now seem outdated because: (i) “familial benign &ema” implies a very mild disease, which
is not always the case, (ii) “thin basement membdisease” is a histopathological finding
associated with other histological abnormalitiea minor, but not insignificant, percentage of
patients, and (iii) "carriers of ARAS" may develkipgney disease, being not only "carriers" but
patients themselves. The term ADAS has historidadign reserved for patients with
heterozygous disease-causing varianB@L4A30r COL4A4with kidney failuré®** but there

is increasing agreement that any patient harbaihgterozygous disease-causing variant in



COL4A30r COL4A4should be considered as ADAS:20-2

In recent years, the use of next generation sequg(NGS) has allowed increased identification
of disease-causing variantsQ®©L4A3and GOL4A4.These have proven to be behind 40%—-60%
cases of familial hematufiaand most familial cases of focal segmental glotosulerosis

(FSGS) but are also found in sporadic FSGS or heiaand chronic kidney disease (CKD).

2" RecentlyGroopmanret al. found that in a large adult cohort of patevith CKD,COL4A3
COL4A4 andCOL4A5were the most frequent causative genes of mono@Hiix afterPKD1
andPKD2.?® Although some attempts have been made to promaigtits into the clinical

features of patients with heterozygous diseasehtgwariants ifCOL4A3and GOL4A4,most
studies have included a low number of patients@rtive been subject to bias because patients
were selected from a previously defined phenotgpeh as isolated hematuria or FSGS,
resulting in very mild or very severe phenotypespeetively?”?° There is also evidence for
digenic inheritance (understood as patients cagrgathogenic variants in differeBOL4A

genes) in collagen type IV nephropathies whichetogr with modifying genetic or
environmental factors, further complicate the digephenotypé

In this study we provide an in-depth analysis afichl features and type of variant in a large

cohort of families with heterozygous disease-cayisariants inCOL4A3and COL4A4.

METHODS

Patients

A total of 82 families (252 patients) were referfemm Spanish hospitals between 2000 and
2019 and all had an index case with a heterozydmesse-causing variantGOL4A3or

COL4A4 which was the inclusion criterion. The reason ferfprmance of a genetic test in these



families was as follows: (damilies with autosomal dominant inherited microlaunia and
proteinuria and/or CKD, or (b) index patients wéith abnormal GBM. Only one family with
isolated microhematuria was included. The reasopddorming a genetic diagnosis in this
family was to rule out XLAS in the context of mothe son transmission.

The study was approved by the Fundacio Puigvetitutisnal review board and all participants

signed their informed consent to participationha study.

Clinical data

Clinical data from patients and deceased family bensiwere retrospectively obtained from
medical records and were recorded in a databasghwitgluded: sex, date of birth, age at
diagnosis of kidney disease, age-related declitkéimey function, repeated measurements of
protein—creatinine ratjoneed for KRT, age at KRT and description of genediriants. Results

of kidney biopsy (KB), at light microscopy (LM), weclassified into four groups: normal,
FSGS, expansion of the mesangial matrix with pasitnmunofluorescence staining (unspecific
IgM and C3 deposits) and expansion of the mesanmaslix with negative immunofluorescence
staining. If electron microscopy (EM) was availatitee GBM findings were recorded.

The kidney function was assessed by the estimddedegular filtration rate (eGFR) CKD
Epidemiology Collaboration (CKD-EPI) creatinine atjon in individuals with at least three
values 3 years apart. Age at KRT was defined aagkeat which the patient had an eGFR CKD-
EPI <10 mL/min/1.73 fhor initiated KRT.

Age at diagnosis of HL, type of HL and ocular lesiavere recorded.

Genetic testing



Genetic testing was performed in index cases by NGSkidney-disease gene panel containing
COL4A3 COL4A4andCOL4A5genes, as previously reportédsiltering of the variants was
performed by minor allele frequency <0.0005 in @Benome Aggregation Database and in our
in-house database. Variant annotation and impacligtion were performed with the SnpEff 4.3
program. Missense variants were further evaluasatuseveral pathogenic prediction
algorithms included in the dbNSFP v4.0 missensmrtdatabase and using the VarSome tool.
Splicing variants were evaluated using the Humditi8g Finder. All candidate disease-causing
variants identified were checked for being repoitethe ClinVar and LOVD databases.
Validation and segregation analysis of the candideétease-causing variants were performed by
Sanger sequencing or by multiplex ligation-depehg@esbe amplification analysis. Variants
were classified using the guidelines of the Ameri€allege of Medical Genetics and Genomics
(ACMG)*? and those variants classified as pathogenic ehyligathogenic were considered
disease causing (Table S1).

Digenic/complex inheritance pattern was consid@redent when two disease-causing variants
were identified iICOL4A3andCOL4A4in the index case.

To study whether the type of disease-causing viciamelated with age at KRT, variants were
classified into the following categories: indel a®mino acids in frame, indel >5 amino acids in
frame, truncating indel, missense, nonsense amdrgplIn addition, missense variants were
classified into different groups according to tlegke of predicted damage to the protein: two
groups for glycine and non-glycine variants, armbawo groups to compare those patients with
Gly substitutions by Arg, Glu, or Asp versus grdiparboring a Gly substitution by non Arg,

Glu, or Asp.



Statistical Analysis

For descriptive statistics, continuous variables@esented as mean + standard deviation values
or median (interquartile range [IQR], i.e."2575" percentiles), according to their adherence to
the Gaussian distribution and categorical datgpeesented as frequencies and percentages.
Fisher’s exact test was used to compare categmacebles whereas the Mann-Whitney test
was used to compare continuous variables betwastegandCOL4Adisease-causing variant.
The survival function as well as the median (95%fickence interval [CI]) time to KRT was
estimated by means of the Kaplan-Meier method. ¥éel the date of birth as the starting point
and the last point of the survival analysis walsegithe age at KRT or the last available
observation. No patient died before reaching kidiadyre (i.e., no competing risks) and the
number of at-risk patients is described by timeapoi the figures. We used the time-varying
proteinuria status to assess the impact of prateirn KRT. Group comparisons and hazard
ratios (HR) [95% CI] were calculated by means &f @ox model using the family as a cluster to
account for intragroup correlation. The kidney fiimc was assessed using a slope analysis by
means of mixed models for repeated measurementsding time (either age or time from
diagnosis), subject nested within family, and, whpplicable, genetic data and the time-varying
proteinuria status over time. The intrafamilial iahility with regard to age at initiation of KRT
was illustrated using a graphical procedure bytipigtthe present age of patients not on KRT
and the age at starting KRT for transplanted dysliis patients per family. The analysis was
performed using SAS version 9.4 software (SAS tutsilnc., Cary, NC, USA) and the level of

significance was established at the 0.05 level {¢wled).

RESULTS
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Clinical features

The cohort included 142 women (56.3%), and the naggnat diagnosis was 33.62+17.12 years.
No significant differences in kidney survival acdimg to gender were identifie@£0.79)

(Figure S1). Two patients were excluded from kidgesvival analysis due to lack of kidney
function data. Thirty-four subjects were relatiodpatients with ARAS. Some ADAS families
had the same heterozygous disease-causing vasi&iRAS families and showed a mild
phenotype, an exception being the ADAS family AL&Zsame variant as ALP-189%), with
several individuals on KRT (Table S2).

Kidney disease. Hematuria was present in 92.1% (232/252) of patiedut of 20 patients
without hematuria, 16 belonged to families in whedmeone had been diagnosed with ARAS
and four were from families with ADAS. None of thatients without hematuria had developed
proteinuria although two of them showed CKD G2@&#tid 61 years of age, seemingly due to
reasons other than th&OL4Adisease-causing variant.

Data on proteinuria were available for 241 patieb% (65.15%) of these had proteinuria. None
of the patients without proteinuria needed KRT Yaotie patient without proteinuria presented
CKD G3b, at 70 years of age with a history of neglomy), but among those with proteinuria,
61/157 (38.9%) received KRT. Data on use of remigiatensin-aldosterone system (RAAS)
inhibitors were not properly recorded.

Overall kidney survival was 67 years (95% CI, 58~while for patients with proteinuria it was
58 years (95% ClI, 56-57) (Figure 1a). The presefgeoteinuria significantly increased the risk
of KRT in the time-varying survival analysis (HRS®CI]: 5.57 [2.68-11.60F<0.0001)

(Figure 1b). In the whole group, 61 patients reeg@iKRT (24.2%) at a mean age of 54.0£12.2

years and median age of 55 years (IQR 49-58). &irts needed KRT before 41 years of age.
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The slope of decline in eGFR, which was -1.46 mb/thi73 nf per year (-1.66 to -1.26) for the
overall group (Figure 2a), showed no significarfitedences betweeBOL4A3andCOL4A4
(P=0.24). The slope of decline in eGFR for patients withtpinuria was -1.78 compared to -
0.97 mL/min/1.73 rper year for patients without proteinuria (diffece 0.80, 95%Cl: 0.45—
1.18,P<0.001) (Figure 2b). A huge intrafamilial variablwith regard to age at initiation of
KRT was also observed (Figure 3). The slope ofrtbeease in the proteinuria/creatinine ratio
was 11.34 mg/g (1.95-20.72) for each year of life.

Hearing loss. Among 131 patients with audiometry, 35.9% showedddtonly 11
patients (8.4%) showed high-tone bilateral sensaria HL. Only one patient with sensorineural
HL received KRT at 67 years of age (Table S2).

Ocular abnormalities. Seventy-five patients underwent a thorough ophtbhigical
examination and although 23% of them had abnorimdirfgs only two had anomalies possibly
related to AS: one had recurrent corneal erosinasd contact lens wearer) and another had

corneal dystrophy (Table S2).

Pathological changes

Forty-nine out of 157 patients with proteinuria anglent a KB while no patient with hematuria
alone had a KB (Table S2).

Based on histology (Table S3), patients were diagisas follows: normal at LM and negative
immunostaining (Figure S2a): 32.65%; FSGS (Figutle) S32.65%; expansion of the mesangial
matrix with unspecific positive immunostaining (kg S2c): 18.37%; expansion of the
mesangial matrix with negative immunofluorescertaégg (Figure S2d): 16.32%. Of those

with FSGS, 75% needed KRT.
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EM was performed in 20 specimens, disclosing tmgni/- splitting and lamellation of the

GBM in all patients and podocyte effacement in some

The mean age at the time of the KB was 36.57+1¢ea8s (median age 35 years [IQR 26-51])
while mean eGFR was 79.13+28.94 ml/min/1.73 tagnitude of proteinuria at the time of the
KB ranged from 0.10 to 6.8 g/day (mean 1.5+1.6%g/dwith 81% having proteinuria >300

mg/day.

Genetic testing

Genetic testing was performed in 215 patientsreéngaining 37 had a history of kidney disease
compatible with AS and family members with idemfidisease-causing variants but were not
available for genetic testing.

A heterozygous disease-causing variaf@@L4A3was identified in 107 patients (35 families)
while 133 harbored a disease-causing varia@th4A4(43 families) (Tables S1, S2).

Digenic/complex inheritance was identified in 12igats (Table S2).

Missense variants were the most common type o&déeseausing variant (Figure 4). The amino
acid distribution among the missense disease-cgusirants with Gly substitution (90%) was
as follows: 33% Arg, 21% Val, 19% Glu, 11% Ser, A%p and 2% Cys. The percentage of

families with truncating disease-causing varianas ®1%.

Genotype—phenotype correlation
Kidney survival was assessed comparing the caesgémeand, although there was not a
statistically significant differencd”€0.55), the median age at KRT was 64 years [95% T,

71] for COL4A3versus 69 years [95% CI, 58-81] foDOL4A4(Figure 5a). Hence, to evaluate

13



the remaining genotype—phenotype correlations wsideredCOL4A3andCOL4A4variants
altogether. When comparing patients with truncaing non-truncating variants, no significant
differences regarding kidney survival were obsemigoer(P=0.52, Figure 5b). Additionally,
kidney survival was not influenced by variant pnajgs, according to different classifications
(Figure S3, S4 and S5).

Of six patients starting KRT before 41 years of,dgeee had a missense disease-causing variant
involving Gly, one had a splicing disease-causiagant, and two had an indel disease-causing
variant: one in frame involving more than five amicids, and the other one truncating.

Patients with a digenic/complex inheritance wereinduded in the survival analysis due to the
low number of patients but are described in Tal2eVBhile some of them have an early

phenotype, others have a very mild disease.

DISCUSSION

The present article provides clinical and genetiormation for a Spanish cohort of 252 patients
with disease-causing variantsQ©L4A3andCOL4A4.

In recent years, the increased number of diseasgrgavariants identified iIEOL4AS3,

COL4A4 andCOL4A5genes has led to an expansion in our understaditng phenotypic
spectrum of A$"?533343nd has increased the estimated prevalence of AtbkSbeing "very
rare" to accounting for at least 20% of cases af%%&>*The scientific community can either
choose to keep defining AS as a full-blown syndrfboreedefine it based on genetic findirtgs.
14.363'The |atter implies that a patient may be diagnasitd AS when they have only
microhematuria or are even asymptomatic due tonptete penetrancdf this option becomes

accepted, nephrologists, genetic counselors aneinpaivill need to be educated on the wide
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spectrum of the disease. Also, the number of petgoig/ing one of these mutated alleles may be
high and found frequently by NG&A precise genetic diagnosis of AS prevents chaigtse
clinical diagnosis based on the clinical featuteg bccur during life or the assignment of
diverse diagnoses to different members of a sifagiely. In this discussion we will use the term
ADAS for patients with disease-causing variant€@L4A3or COL4A4 while accepting that
there is as yet no international consensus.

The present cohort of patients with ADAS is thgémst published to date. Furthermore, based on
the inclusion of patients with very diverse seweoi the disease, there may be less
ascertainment bias than in other series in whic¢tepts were recruited from familial hematuria,
FSGS or CKD cohort&:?"?®The present data support previous studies in whicgression to
KRT has been observed in some patients while otleenain with isolated hematuria throughout
their life, thus showing a huge inter- and intrafleahvariability. Median kidney survival in the
present cohort was 67 years (95% Cl, 58-76), wisidefinitively longer than in the X-linked
and recessive forms of AS. The name AS suggesg&iseand early age at KRT, but, as
evidenced in this series, the autosomal dominamn fe much milder. This is in line with most
autosomal dominant kidney diseases when compar¥ditdked or autosomal recessive forms.
Digenic/complex inheritance has been proposedsasninal explanation for severe phenotypes,
but none of the patients who needed KRT beforeeditsyof age in the present cohort showed
digenic/complex inheritance. The huge inter-/irdrailial variability suggests a role for genetic
modifiers and epigenetic or environmental factrs.

The usual late age of onset of the disease togetitiethe finding ofCOL4A3andCOL4A4
disease-causing variants in a significant percentdgatients with CKE>*may suggest that

anomalies in the triple helix of collagen IV mayddficient to cause severe kidney damage in

15



some patients, but it cannot be ruled out @@t4A3andCOL4A4disease-causing variants
represent a harmful genetic background for othémey conditions such as hypertensive or
diabetic kidney disease.

Hematuria is the most prevalent feature in thighgtbut in 7.9% of patients it was repeatedly
absent; most of these patients were relatives tigna with ARAS, as supported by the
literature®>***°This implies an incomplete penetrance, which isumzommon in genetic
kidney disease¥"*! There is longstanding evidence that the same shseausing variant can
cause very different phenotyp€<?

In ADAS, clinical findings beyond hematuria areliigvariable and age dependent, proteinuria
being the next most frequent finding. Although maagients may have only hematuria during
their lifetime, some develop proteinuria, the repdrfrequency of which varies among studies.
The pathogenesis of proteinuria is not well unadedt but altered permselectivity of the GBM,
abnormal cell-matrix interactions, and defectiadfictking of GBM matrix components by the
podocyte are probably all mechanisms of the disdaghis study 65.15% of patients developed
proteinuria and 38.9% of these needed KRT. No patigthout proteinuria developed CKD,
except a 70-year-old patient with a single kidrewnfirming the natural history of ADAS:
microhematuria, proteinuria, and CKD. Only threéigrds developed nephrotic range
proteinuria. In one of them (DNA 17-142), the imroloygical tests were negative and the KB
revealed unspecific deposits of IgM with expangdbthe mesangial matrix. Another (DNA 14-
216) presented with CKD-G5 and KB was not feasiig)e the third patient (DNA 16-133)
had only one kidney and KB was rejected. Due taaitisy, and because other glomerular
diseases may co-exist, we recommend performanid oéven with proven disease-causing

variants in theCOL4 genes, if the patient develops sudden nephratiger@roteinuria. There is
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an increasing body of evidence supporting the &tfyoof RAAS inhibitors in delaying CKD in
AS™“2 which could not be proved in the present studyuack of adequate retrospective data
on this matter. Large series on the use of RAA%itdrs in ADAS are lacking, although, as per
good clinical practice, patients with any degre@miteinuria should be under treatment with
RAAS inhibitors.

As reported in all series, the pathological changeke present cohort were unspecific. In early
stages, thinning of GBM at EM is the only findirdthough no patient with only
microhematuria was biopsied. FSGS develops over &énd its presence depends on the stage of
the disease at which the biopsy is performed. BEvgratients with a certain degree of
proteinuria, 32.65% of kidney biopsies were noratdlM, while unspecific changes were
identified in the remainder. Twenty patients undamvEM analysis showing thinning +/-
splitting and lamellation of the GBM as well as poygte effacement in some cases. As EM is
not performed as regular clinical practice, itlsac from these findings that AS will hardly ever
be suspected based on a KB with only LM study. €guently, when suspicion of AS arises,
nowadays it seems more reasonable to request saest than a KB

Most families had private variants, although 14etént disease-causing variants were found in
two or more unrelated families. No differences iainley survival according to the causative
gene were observed (although there was a tendeneyd better kidney survival BOL4A3
patients)and among the 61 patients who received KRT, thpgrton withCOL4A3or
COL4A4variants was similar. In contrast to the previgusported genotype—phenotype
correlation in males with XLAS and patients with A&>*°or ADAS?’, kidney survival did not
correlate with type of variant in the present cohDiscrepancies in genotype—phenotype

correlations may be due to a relatively small cobe, as demonstrated in other autosomal
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dominant diseases, such as autosomal dominantystiy&idney disease, where large series
have succeeded in showing excellent genotype—pyemabrrelation while smaller ones ruled
out any genotype—phenotype correlattof’

Extrarenal features were cardinal for the diagnoE&S before the genomic era; a proteinuric
kidney disease with HL was highly suggestive of A8ijle nowadays patients are usually
diagnosed on the basis of genetic testing and tlalhshow the full-blown syndrome.
Extrarenal involvement seems to be infrequent ilASB*?*2"“8 only 9% of patients from the
present cohort had sensorineural HL while only had ophthalmologic findings compatible
with, though not pathognomonic for AS. This highligthe need not to attribute to AS those
common eye or ear abnormalities that are usudbyae to age.

In summary, the diagnostic process for the disesagery challenging due to its wide spectrum,
which makes ADAS a very underdiagnosed geneticdyidfisease. Based on all the available
evidence, we can infer that ADAS may be behind n@ases of CKD of unknown cause,
especially if there are affected relatives andfespnce of hematuria. A proper diagnosis of
ADAS will allow genetic counselling for familiesyaidance of KB and treatment advice. Given
the extremely wide phenotypic expression of theakg, predictors of rapid progression for
ADAS are absolutely needed in order to facilitgiprapriate prescription of approved drugs and

recruitment of patients for clinical trials.
Supplementary Material

Table S1:Variant classification according to the guideliméshe American College of Medical

Genetics and Genomi¢ACMG).
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Table S2:Clinical and genetic data of patients with diseesesing variants i€OL4A3and
COL4A4

Table S3:Patient characteristics stratified by type ofdesat kidney biopsy.
Figure S1: Probability of reaching kidney failure with repéanent therapy in patients with

heterozygous disease-causing varianS@L4A3andCOL4A4by gendefP=0.79). Twelve of
these patients had digenic/complex inheritanceveareé not included for survival analysis, and
data on kidney function were unavailable for twtigras at the time of the study.

Figure S2: Light microscopy microphotographs of the four typé lesion found in kidney
biopsies of autosomal dominant Alport syndromen@plomerular abnormality

(hematoxylin and eosin stain x20); b) focal segm@ledistribution of glomerulosclerotic lesions
(hematoxylin and eosin stain x40); c) expansiothefmesangial matrix with unspecific IgM
immunostaining (immunofluorescence x100); d) exmamef the mesangial matrix with
negative immunofluorescence staining (periodic-a8ahiff x20).

Figure S3: Probability of reaching kidney failure with repéamnent therapy comparing two
groups: Group 1 (insertions, deletions, nonser@ieirsg and substitutions of Gly for Arg, Glu,
or Asp) versus Group 2 (substitutions of Gly fonrArg, Glu or Asp)P=0.52).

Figure S4: Probability of reaching kidney failure with repéament therapy comparing: 1) non-
truncating disease-causing variants, Gly subsiingti 2) non-truncating disease-causing variants,
non-Gly substitutions and 3) truncating diseasesicauvariantsP=0.31).

Figure S5: Probability of reaching kidney failure with repéament therapy comparing the type
of variant (missense, nonsense, splicing, framgshdel >5 amino acids (aa) in frame and indel

<5 amino acids in framelP€0.99).
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FIGURES AND LEGENDS

Figure 1: Probability of reaching kidney replacement theragyKaplan-Meier plot for the
overall cohort. b) Cox survival function with protaria status as time-varying covariate (HR
[95%CI]: 5.57 [2.68-11.60]R<0.0001).

Figure 2: Progressive eGFR (estimated glomerular filtratete) decline trajectories of patients
with heterozygous disease-causing variantS@L4A3andCOL4A4 The x-axis shows the age
of the patients and the y-axis shows eGFR in mL/i#8 nf. The dots are two or more eGFR
data derived from creatinine measurement; the blaeks the estimated trajectory. a) For
overall cohort; b) using proteinuria status as tiragying covariate (slope difference: -0.81 [-
1.18 to -0.45]P<0.0001).

Figure 3: Intrafamilial variability of autosomal dominantgdrt syndrome. Circles indicate
present age of patients who are not on kidney ceptent therapy (KRT) and red symbols
represent age at starting KRT for transplantedalysis patients.

Figure 4. Percentage of families according to the typeasfant inCOL4A3andCOL4A4.
Figure 5a: Probability of reaching kidney replacement therappatients with heterozygous
disease-causing variants@OL4A3and COL4A4(P=0.55).

Figure 5b: Probability of reaching kidney replacement therepgmparing truncating versus

non-truncating disease-causing variafms(Q.52).
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