Clinical Kidney Journa

EDITORIAL COMMENT

Clinical Kidney Journal, 2024, vol. 17, no. 1, 1-5

https:/doi.org/10.1093/ckj/sfad250
Advance Access Publication Date: 9 November 2023
Editorial Comment

Replacing a kidney biopsy by exome sequencing
in undetermined kidney diseases—not yet ready

for prime timel!
Roser Torra

1, Andreas Kronbichler? and Ingeborg M. Bajema3

nherited Kidney Diseases, Nephrology Department, Fundacié Puigvert, Institut d’Investigacions
Biomediques (IIB-Sant Pau), Department of Medicine, Universitat Autonoma de Barcelona (UAB), Spain,
’Department of Internal Medicine IV, Nephrology and Hypertension, Medical University Innsbruck, Innsbruck,
Austria and 3Department of Pathology and Medical Biology, University of Groningen, University Medical

Center, Groningen, The Netherlands

Correspondence to: Roser Torra; E-mail: rtorra@fundacio-puigvert.es; Twitter handle: g @torra_roser

The diagnosis of kidney diseases traditionally relies on clini-
cal features, laboratory tests and imaging. In many cases, a kid-
ney biopsy is necessary to determine the underlying pathology.
However, kidney biopsies are invasive and carry a risk of com-
plications such as bleeding. In some cases, a renal biopsy may
not yield a definitive diagnosis. Undetermined kidney disease
(UKD) is a relatively new term for which KDIGO has already in-
dicated the need for further clarification, but it unequivocally
refers to a group of patients that are lacking a final diagnosis
in spite of various efforts to obtain one. UKD forms a challenge
for nephrologists but recent studies have shown that mono-
genic disease-causing variants may explain around 25% of these
nephropathies [1]. This editorial discusses a study published in
this issue of Clinical Kidney Journal [2] that investigated the effec-
tiveness of exome sequencing (ES) in getting closer to a diagnosis
of patients with UKD, and the implications of this approach for
routine nephrological healthcare.

Inherited kidney diseases assumably account for around
10%-15% of renal diseases in adult patients and for a majority
of renal diseases in paediatric patients on kidney replacement
therapy (KRT) [3]. However, it is well known that this figure may
be higher as many patients in the different registries reach the
need for KRT without a diagnosis or with one that raises doubts
[4]. In many cases, inaccurate diagnoses serve to disguise a sub-
optimal diagnostic workup. There are two fundamental ways
in which genetics can explain the family aggregation of chronic

kidney disease (CKD): (i) pathogenic variants in Mendelian
genes are rare, but they exert an enormous disease-causing
effect—examples include inherited kidney diseases such as au-
tosomal dominant polycystic kidney disease, Alport syndrome,
autosomal dominant tubulointerstitial kidney disease and
tubulopathies among many others; and (ii) common genetic
variants exert a very slight effect on the phenotype but are very
frequent and may account for around 20% of heritability of CKD.
Between 10% and 29% of adults with chronic kidney failure note
a positive family history for nephropathy, across different eth-
nicities and aetiologies [5-7]. Furthermore, glomerular filtration
rate has a heritability of approximately 30%-60% in the general
population [8-10], and other indices of kidney function, such
as albuminuria and electrolyte excretion, show a similar sig-
nificant heritability [11-13]. Genomic approaches have emerged
as a promising tool for diagnosing kidney diseases. Genomic
approaches can identify mutations in genes that are respon-
sible for the development of kidney diseases and can provide
valuable insights into the pathogenesis of these diseases. In
addition, in the near future, genomic approaches will help to
identify patients who are at increased risk of developing kidney
diseases, which can aid in the development of personalized
screening and prevention strategies.

If there is a high suspicion of an inherited kidney disease,
the key question is to what extent and in which scenarios
genetic testing can replace kidney biopsy. A proposed simplified
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Figure 1: Diagnostic workup of a proteinuric kidney disease in case a genetic background is considered. Two different scenarios are considered state-of-the-art when a
genetic cause of kidney disease is considered: (a) an approach favouring a diagnostic biopsy first; and (b) scenarios when a genetic testing should be performed first. A
synthesis of different features is required to choose one of the options, i.e. the acuity of onset of symptoms (i.e. nephrotic syndrome) or a confirmed case of a genetic

kidney disease in a closely related family member.

algorithm is highlighted in Fig. 1. The most common genetic
finding in UKD or adult focal segmental glomerulosclerosis
(FSGS) (without African ancestry) are pathogenic DNA variants
in COL4A3 or COL4A4. Considering the recent evidence of
these pathogenic variants being present in 1/106 individuals
[14], the real ability of these variants to cause kidney disease
by themselves is on hold. Biased cohorts towards severely
affected individuals have been reported but the name ‘autoso-
mal dominant Alport syndrome’ is being questioned as these
patients do not have a syndrome, as they have no extrarenal
involvement and moreover, many of them do not even have
haematuria and/or albuminuria. In addition, the true implica-
tions of COL4A3 and COL4A4 risk variants have still not been
deciphered. Variants in both risk genes, which are as common
as present in 1:600 Icelanders who carry a COL4A3 variant, are
not always disease-causing [15]. There remains the possibility
that detection of a variant is misleading, and overlaps with a
distinct kidney disease, which might lead to undertreatment of
the individual patient. Also, variants in COL4A3 or COL4A4 may
be hypothesized to exert a modifying effect or a predisposition
towards CKD similarly to APOL1. Most patients with variants
in COL4A3 or COL4A4 reach the need for KRT with very mild
proteinuria, opposite to the autosomal recessive or X-linked
Alport forms. Therefore, the proposal to replace kidney biop-
sies in those with a positive molecular diagnosis of variants
in these genes might be a bit preliminary. The phenotypic
presentation of patients with COL4A3 and COL4A4 variants
differs, and different histopathology lesions have been re-
ported. Most will have a ‘thin basement membrane’ pattern on
electron microscopy, but apart from that, findings indicative of
minimal change disease (MCD) and FSGS have been described
[16]. The single reported case with MCD had a complete foot
process effacement on electron microscopy, indicating that
this case indeed might exhibit coexistence of a collagenopathy
and ‘idiopathic’ MCD, the latter with a potential benefit from
specific therapy. Prognosis differs between the lesions, and
more specific therapies such as sparsentan, a dual endothelin
and angiotensin receptor antagonist, are tested in patients with

FSGS and underlying disease-causing variants. In such cases,
the overall recommendations need to be followed, and a strin-
gent proteinuria reduction <1.5 g/g creatinine with conservative
measures is recommended, as this has a beneficial effect on
long-term kidney outcomes [17]. Hence, it may be incorrect to
assign the kidney disease uniquely to these COL4A3 and COL4A4
variants, and a kidney biopsy in such scenarios is desirable to
make a final diagnosis.

Whole-exome sequencing (WES) is a genomic approach that
can be used to diagnose UKD. WES involves sequencing the ex-
ons, or coding regions, of all protein-coding genes in the human
genome. In addition to WES, targeted gene panel sequencing can
also be used to attempt to make a diagnosis for a patient with
UKD. This involves sequencing specific genes or genomic regions
that are known to be associated with the development of kidney
diseases.

Several genetic studies have been conducted to identify
the genetic basis of suspected inherited kidney disease. An
algorithm to perform WES was recently proposed by a specialist
centre in Italy. Patients (mainly children and adolescents) were
referred when they had a treatment-refractory disease course,
familial history of kidney disease and/or parental consan-
guinity, or extra-renal involvement, or evidence of congenital
abnormalities of the kidney and urinary tract (CAKUT) and CKD
stage >2, or at least two cysts in each kidney (ultrasound), or
persistent hyperechoic kidneys or nephrocalcinosis (ultrasound)
or persistent metabolic abnormalities. WES was performed in
476 patients, which led to a molecular diagnosis in 319 (67%)
individuals. The suspected clinical diagnosis was confirmed in
229 (72%) patients, while revision of diagnosis occurred in 90
(28%) and reclassification in 68 (21%) patients. The highest to the
lowest agreement between suspected and confirmed molecular
diagnosis was reported for ciliopathies (87%), tubulopathies
(86%), syndromic CKD (78%), metabolic kidney diseases (72%),
collagenopathies (60%), podocytopathies (54%), CAKUT (47%)
and CKD of unknown origin (18%). More importantly, WES had
a significant impact on care of these patients, as it led to addi-
tional workup/changed surveillance in a majority of patients,
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2-Some specific/characteristic findings for IKD in kidney
biopsies

Alport Syndrome: thinning and splitting of the glomerular basement membrane (GBM) +/- interstitial foam
cells

ARPKD: dilated collecting ducts and cysts within the renal medulla

Fabry disease: accumulation of globotriaosylceramide (foam cells); characteristic "zebra body" appearance at
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EM.

* ADTKD: +/- cysts in the medullary region of the kidney associated with interstitial fibrosis.

* Nephronophthisis: tubular atrophy, interstitial fibrosis, and the presence of cysts lined by flat or cuboidal

epithelial cells.

* Cystinosis: cystine crystals within tubular cells, along with tubular atrophy, interstitial fibrosis, and glomerular

changes.

and interstitial fibrosis.

and interstitial fibrosis.

Bartter syndrome: hyperplasia and hypertrophy of the juxtaglomerular apparatus, along with tubular atrophy

Primary hyperoxaluria: calcium oxalate monohydrate crystal deposition within tubular lumens, tubular injury,

Figure 2: Some specific/characteristic findings for inherited kidney diseases in kidney biopsies. Difference in histologic presentation of some inherited kidney diseases
is presented. Notably, a synthesis of light microscopic and electron microscopic changes is required to confirm a suspected diagnosis in many circumstances.

3-Two cases which exemplify different diagnostic workup for

proteinuric diseases
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A 22-year-old male presents with the
abrupt” development of oedema_  and
nephrotic syndrome. After performing a
kidney biopsy, the diagnosis of minimal
change disease is confirmed.

No genetic testing is needed.
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A 48-year-old woman
proteinuria of 500
microhaematuria, without any_other notable

clinical features. Her €eGFR is 50
ml/min/1.73 m2. A kidney biopsy confirms

presence of focal segmental
glomerulosclerosis.
Subsequent genetic testing reveals the

Fresence of a likely pathogenic variant in
he COL4A4 gene.

Figure 3: Two cases which exemplify different presentation forms of ‘nephrotic’ diseases presumably caused by a circulatory factor (primary) or due to a likely
pathogenic variant. Electron microscopy is useful to estimate the extent of foot process effacement. In case A, a renal biopsy with at least 10 glomeruli is displayed.
Apart from prominent podocytes, glomeruli show no architectural changes. No segmental lesions. Electron microscopy (EM) shows foot process effacement throughout
the tissue. Glomerular basement membrane (GBM) has a normal width. In case B, a renal biopsy in which some glomeruli show FSGS is displayed. The example shows
a segmental sclerotic lesion at (blue arrow) characterized by mesangial sclerosis and adhesion to Bowman'’s capsule. There is another adhesion indicated by the yellow
arrow. EM shows variable amount of foot process effacement. GBM is slightly variable and has areas (red arrow) where the width is as low as 189 nm, in other areas it

is within normal range.

tailored treatments in 29%, had kidney transplant implications
in 12% and enabled specific reproductive counselling in 24%.
Finally, as healthcare systems worldwide are facing financial
strains, the early WES model was cost-effective, with a cost
reduction of close to 1500€ per patient tested [18]. A number
of parameters (resistance to treatment, family history and
extrarenal involvement) were predictive of a genetic diagnosis.
Findings from renal biopsies were not reported in detail and it

is unknown how they could have contributed to the diagnostic
outcome.

In this issue of the CKJ, Robert et al. [2] published a study of
230 adult patients with UKD investigating the usefulness of ES to
resolve UKD in routine care. Genomic sequencing was per-
formed using a targeted bioinformatic customized kidney gene
panel (675 genes). Of the 230 patients, 28 monogenic renal dis-
orders were detected in 75 patients (32.6%), which is in line
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with previous cohorts of patients with UKD. Collagenopathies
were the most common genetic kidney diagnosis, accounting for
46.7% (n = 35) of diagnoses, with COL4A3 and COL4A4 accounting
for 80% of these cases.

The 230 patients in the study were defined to have UKD ac-
cording to the following criteria of absence: no biopsy-proven di-
agnosis, no specific morphological diagnosis (such as PKD) and
no plausible renal diagnosis (such as diabetic kidney disease).
In this study, 69 patients had an inconclusive renal biopsy, and
mention is made of 71 patients in whom a renal biopsy was
impossible. This leaves us with 90 patients in whom a biopsy
was not even considered for unknown reasons. The underlying
kidney disease of all 230 patients is regarded as unsolved, and
they are subdivided into four groups: unclassified nephropathy;
undetermined nephropathy; undetermined tubulointerstitial
nephritis; and undetermined vascular nephropathy. Although
kidney biopsy findings of the 69 patients who had an inconclu-
sive renal biopsy must have contributed to this classification, it
is unclear how the patients with biopsies are distributed among
these four groups. In any case, underlying disease was unsolved
for all 230 patients at the beginning of the study, and the ques-
tion was to what extent ES could solve some of the uncertain di-
agnosis. By performance of ES, the authors claim that 75 of the
cases were solved, whereas 155 remain unsolved. Among the 75
solved patients, 24 had a previously inconclusive kidney biopsy
and it would have been of interest to make a comparison of the
renal biopsy findings in relation to the findings of ES [2].

In the present study, besides genetic variants leading to col-
lagenopathies, identified variants led to tubulointerstitial kidney
disease in 16% (n = 12), ciliopathies in 12% (n = 9) and podocy-
topathies in 10.7% (n = 8), respectively. In line with reports of
previous cohorts, the diagnostic yield of ES in the present study
was especially high in patients with a family history of kid-
ney disease, reaching 56.8% when the patient had both first-
and second-degree family history of renal disease. Moreover, a
molecular diagnosis was more common in female as opposed
to male patients (54.5% versus 47%) [2]. The results emphasize
that ES has a particularly high yield under certain clinical condi-
tions, but that it does not provide the final answer in many other
situations.

The study also underscores the importance of accurate diag-
nosis in UKD patients and the use of genetic testing to improve
the diagnosis and decrease the percentage of patients reaching
the need of KRT without diagnosis. It deserves a note of atten-
tion that in a group of 230 patients with a median age of 47.5
years and UKD, only 69 (30%) had a renal biopsy taken. It remains
unknown whether a renal biopsy could have been diagnostic in
the remaining 70%. In fact, it may be questioned why so many
young patients in this cohort were deprived of the chance of get-
ting a histological diagnosis. To emphasize the usefulness of ES,
the risks and side-effects of renal biopsies are highlighted, but
their usefulness is thereby underestimated. Misdiagnosis can
lead to inappropriate treatment, and delays in correct diagnosis
can lead to disease progression and worse outcomes. The use of
ES in routine nephrological healthcare may therefore have sig-
nificant clinical benefits for patients with CKD, but taking a renal
biopsy in time, i.e. before extensive scarring precludes a correct
diagnosis, should remain a consideration in spite of fear of rare
complications. It needs to be emphasized that clinically mean-
ingful complications, defined as bleeding requiring a transfu-
sion, surgical/radiological intervention to stop the bleeding or to
coil an arteriovenous fistula, or death, are extremely rare, espe-
cially in experienced centres [19]. In addition, the correct work-
up of the renal biopsy should be a continuous point of attention.

As mentioned by Robert et al., peforming electron microscopy
has become more and more difficult in France, and this is the
technique by which renal diseases with a genetic background
can be diagnosed in particular. The importance of electron
microscopy has recently been exemplified by a report of four
cases from a large US institution, and underlined that thor-
ough histologic assessment was required to make a diagnosis
[20]. There are several findings in a kidney biopsy that, although
not pathognomonic, clearly suggest a diagnosis of an inherited
kidney disease (Fig. 2).

We therefore conclude that genetic testing should become
a regular diagnostic tool for the diagnosis of kidney diseases,
in particular in those patients who have a family history of re-
nal disease or who are therapy resistant. However, only in pa-
tients with a high suspicion of an inherited kidney disease could
genetic testing eventually replace a kidney biopsy (Fig. 3). As
mentioned above, we propose that patients with proteinuria and
without extra-renal features or a positive family history should
always undergo a diagnostic kidney biopsy, as this procedure not
only helps making a final diagnosis, but also highlights potential
differential diagnosis and helps understanding the prognosis of
an individual. Electron microscopy is deemed necessary in cases
with ‘inconclusive’ biopsy reports and in cases of diagnostic
uncertainties.
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