Perspective

AJKD

Polycystic Kidney Disease in Children: The Current Status
and the Next Horizon

™

Check for
updates

Melissa A. Cadnapaphornchai, Katherine M. Dell, Charlotte Gimpel, Lisa M. Guay-Woodford, Ashima Gulati,
Erum A. Hartung, Max C. Liebau, Andrew J. Mallett, Matko Marlais, Djalila Mekahli, Alixandra Piccirilli,

Tomas Seeman, Kristin Tindal, and Paul J.D. Winyard

Autosomal dominant polycystic kidney disease (ADPKD) and autosomal recessive polycystic kidney
disease (ARPKD) are inherited disorders that share many features such as kidney cysts, hypertension,
urinary concentrating defects, and progressive chronic kidney disease. The underlying pathogenic
mechanisms for both include cilia dysfunction and dysregulated intracellular signaling. ADPKD has
been traditionally regarded as an adult-onset disease whereas ARPKD has been classically described
as an infantile or childhood condition. However, clinicians must recognize that both disorders can
present across all age groups, ranging from fetal life and infancy to childhood and adolescence as well
as adulthood. Here we highlight the points of overlap and distinct features for these disorders with
respect to pathogenesis, diagnostic modalities (radiological and genetic), clinical assessment, and
early therapeutic management. In particular, we consider key issues at 2 critical points for transition of
care: fetal life to infancy and adolescence to adulthood. These time points are poorly covered in the
extant literature. Therefore, we recommend guiding principles for transitions of clinical care at these
critical junctures in the life span. Although there is no cure for polycystic kidney disease (PKD), recent
insights into pathogenic mechanisms have identified promising therapeutic targets that are currently
being evaluated in a growing portfolio of clinical trials. We summarize the key findings from these
largely adult-based trials and discuss the implications for designing child-focused studies. Finally, we
look forward to the next horizon for childhood PKD, highlighting gaps in our current knowledge and
discussing future directions and strategies to attenuate the full burden of disease for children affected
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with PKD.

Polycystic kidney disease (PKD) is a set of genetic dis-
orders characterized by bilateral kidney cysts without
dysplasia. These disorders can be diagnosed in children as
well as adults and are broadly defined in terms of the mode
of transmission: autosomal dominant (ADPKD) and auto-
somal recessive (ARPKD).'” This review highlights the
clinical features of childhood PKD, surveys the genetic
landscape, reviews issues such as transition of care and the
status of pediatric clinical trials, and concludes with key
considerations about future research directions.

Clinical Overlap and Distinct Features

ADPKD and ARPKD share multiple common features
including kidney cysts, hypertension, urinary concen-
trating defects, and chronic kidney disease (CKD).'
Traditionally, these disorders have been considered as
distinct entities. Rarer and more “severe,” ARPKD has been
characterized as an infantile disorder that is associated with
oligo/anhydramnios, pulmonary hypoplasia, massively
enlarged kidneys, early severe arterial hypertension, and
early-onset kidney failure.” The complications of
concomitant congenital hepatic fibrosis and resultant
portal hypertension tend to occur later in life." By com-
parison, ADPKD has been considered an adult disease with
an asymptomatic childhood course due to slower cyst
growth.'

Arterial hypertension occurs frequently in children with
ARPKD and in about 20% of children with ADPKD.”
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Extrarenal manifestations such as liver cysts and cerebral
aneurysms have been described in rare cases of childhood
ADPKD.® By contrast, 60% to 70% of adults with ADPKD
have imaging evidence of liver cysts, with the overall
prevalence higher in women, particularly after multiple
pregnancies. Other risk factors for liver cysts include
increased age, severity of cystic kidney disease, and
reduced glomerular filtration rate (GFR).”® Histopatho-
logically, cysts in ADPKD are found throughout the
nephron, and ARPKD primarily involves dilatation of the
collecting ducts.'

Recent analyses of clinical cohorts and genotype-
phenotype studies indicate that the phenotypic spectrum
of ADPKD and ARPKD has multiple points of overlap. For
example, a small but significant proportion of patients
with ARPKD have preserved corticomedullary differentia-
tion on ultrasound into young adulthood, and they do not
progress to CKD until middle age.()"o In addition, ARPKD
can present in early adulthood with minimal kidney
involvement.” On the other hand, some children with
ADPKD, especially those with very-early-onset (VEO)
disease, can progress to kidney failure in childhood.''"”
Congenital hepatic fibrosis is an invariant feature of
ARPKD; however, it can occur rarely in children with
ADPKD."'*'* Decreased kidney concentrating capacity is
present in all children with ARPKD'’ and about half of
those with ADPKD where it is linked to untreated hyper-
tension.'® Therefore, decreased kidney concentration
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capacity does not exclude ADPKD, but normal concen-
trating capacity practically excludes ARPKD.

Clinical management is largely dictated by differences
in disease severity. For example, hypertension has been
reported in about a fifth of children with ADPKD,”*"” but it
is nearly universal in infants/children with ARPKD. The
latter often require multidrug antihypertensive therapy and
are more likely to develop left ventricular hypertrophy.'®
The utility of nephrectomy to manage massive neph-
romegaly in infants and toddlers with ARPKD is highly
controversial'” whereas it is very rarely considered in
children/adolescents with enlarged kidneys due to ADPKD.

Genetic Landscape

In asymptomatic children with a clear-cut positive family
history of ADPKD, the utility of genetic testing in minors
needs to be carefully considered.”’ Potential benefits of
early diagnosis include (1) the ability to initiate manage-
ment early in the disease course (including lifestyle
modifications), (2) reassurance for unaffected at-risk in-
dividuals, (3) resolution of the diagnostic odyssey, and (4)
early screening for extrarenal manifestations. These puta-
tive benefits need to be weighed against potential com-
plications, including (1) the psychological burden of
having a life-altering diagnosis, (2) potential difficulties
with employment and insurability (eg, health and/or life
insurance), and (3) the possibility of inconclusive test
results and the need for interpretation by experts with
specialist knowledge. By comparison, genetic testing is
commonly performed in children who present with a
suspicion of ARPKD or early-onset PKD. This is particularly
important for clinical trials given that numerous pheno-
copy disorders can mimic ARPKD (eg, VEO-ADPKD or
infantile nephronophthisis).”'

ADPKD

Pathogenic variants in PKDI (~78% of cases) located on
chromosome 16p13.3 or PKD2 (~15% cases) on chro-
mosome 4q22 encoding 2 integral membrane proteins
polycystin-1 and polycystin-2, respectively, are the main
cause of ADPKD.’” Genotype-phenotype correlations
associate protein-truncating PKD1 variants with more se-
vere kidney disease compared with PKD1 missense and
PKD2 variants.”” > However, patients with truncating
variants may have mild disease.”® In addition, there is
significant intrafamilial variability and considerable locus
heterogeneity with many private variants in both PKD1 and
PKD2 in ADPKD families."

Several additional genes have more recently been
implicated in rare cases of ADPKD (eg, GANAB [encoding
glucosidase II, o subunit] and DNAJBI1 [encoding DNAJ
heat shock protein family {HSP40} member B11]) that are
probably less relevant for childhood PKD.”” *” Monoallelic
variants in IFT140 and NEK8 (encoding intraflagellar
transport 140 and NIMA-related kinase 8, respectively)
have been described in pediatric patients with kidney cysts
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or PKD,’%?" and monoallelic PKHD] variants have been
identified in patients with small liver cysts and increased
renal medullary echogenicity.’” The genetic heterogeneity
in pediatric PKD has recently been summarized in an
excellent review.”

ARPKD

Pathogenic variants in PKHDI (chromosome 6p21), which
encodes the large transmembrane protein fibrocystin,
cause the vast majority of ARPKD cases.””*** Most patients
have private compound biallelic heterozygous variants in
PKHDI. The PKHD1 variant p.Thr36Met has been shown to
be the most common variant in European and American
cohorts, accounting for 13% to 20% of paLtients.35 Patients
with 2 truncating (null) PKHDI variants express more se-
vere disease than patients carrying at least 1 missense
variant, although a severe course can occur in the latter
group.' Associations of variants in specific regions of the
gene with different clinical courses of kidney and liver
disease in ARPKD have been described.””

Variants in several other genes have more recently been
identified in patients with ARPKD, including DZIP1L*® and
CYS1®’ (encoding DAZ-interacting zinc finger protein
1-like and cystin 1, respectively). In addition, patients
with an ARPKD like-phenotype, a negative family history,
and biallelic hypomorphic variants in PKDI have been
identified.'*’® Variants in additional genes may result in
ARPKD-like phenocopies, including NPHP3 and HNF 1B
(encoding nephrocystin-3 and HNFl1 homeobox B,
respectively).

Genetic Diagnostics in Pediatric PKD
Identification of the underlying disease-causing variants is
important for family counseling and may help guide the
evaluation of subtle extrarenal manifestations. For early-
onset cystic kidney diseases and atypical presentations,
genetic workup with a panel-based approach including the
primary genes associated with cystic kidney disease is
recommended.’” The genetic complexity of cystic kidney
disease often requires both nephrology and genetics
expertise for interpretation of likely disease-causing vari-
ants. Lessons from large databases may help to improve
counseling of families, such as in the setting of preim-
plantation genetic diagnostics.”” Yet prognostic prediction
at the level of an individual patient remains a major clinical
challenge because our understanding of the complex
interplay between genetic and nongenetic factors influ-
encing disease severity is limited. Data demonstrating that
many of the genes associated with pediatric cystic kidney
diseases are involved in the regulation of cilia-associated
intracellular signaling pathways has established a mecha-
nistic framework to begin understanding the cellular
events that underpin PKD pathogenesis.""

Genetic testing is strongly advised after delivery or at
postmortem in severe cases to define the exact genetic
diagnosis for subsequent clinical management and
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counseling, including discussion of risk for subsequent
pregnancies. It should be noted, however, that genetic
investigation may be inconclusive even with the most
modern clinical or research approaches.”” A recommended
approach to genetic testing in childhood PKD is shown in
Table 1.

Transition of Care

Transition of Clinical Care: Fetal Life to Infancy
PKD can be detected at the antenatal anatomic screening
scan (~18-20 weeks’ gestation) and is typically charac-
terized as bilaterally enlarged, echogenic (bright) kid-
neys.” "’ Discrete cysts are not a feature of ARPKD, and in
ADPKD cysts are usually too small to visualize at this
gestational age. Hence, alternative congenital anomalies of
the kidneys and urinary tract (CAKUT), such as urinary
tract obstruction or multicystic dysplastic kidneys, should
be considered if cysts are detected in the second
trimester.”*"” Prenatal echogenic kidneys with or without
discrete cysts may be associated with aneuploidy and
syndromic conditions,”” which, unlike PKD, are often
associated with extrarenal structural abnormalities such as
cardiac, skeletal, and/or central nervous system defects
(Table 2).**

Genetic evaluation for fetal echogenic or cystic kidneys
should include a detailed family history and parental ge-
netic carrier screening.”® Microarray analysis is the
preferred test to detect copy number variants (CNVs) such
as 17ql2 deletions (which includes the HNFIB gene),
which is a relatively common cause of fetal echogenic
kidneys.” If the microarray is not diagnostic, a multigene
panel or whole exome sequencing should be performed.**
Although noninvasive prenatal testing based on analysis of
cell-free DNA in maternal plasma is increasingly used to
screen for fetal aneuploidies, this methodology is not
currently recommended for clinical analysis of CNVs or
single-gene disorders.”*"*’

Table 1. Clinical Contexts in Which Genetic Testing Should Be
Offered

Clinical Context for

Genetic Testing Expected Outcomes

ARPKD and ARPKD-mimicking
phenocopies (including biallelic
ADPKD due to hypomorphic
PKD1 alleles)
ADPKD-mimicking phenocopies,
involving minor ADPKD genes
(GANAB, IFT140); rare in
children

De novo ADPKD, ADPKD-
mimicking phenocopies

Early-onset and/or severe
bilateral cystic kidney
disease

Atypical kidney imaging
findings

Cystic kidney diseases with
negative or unknown family
history

The performance of genetic testing should be predicated on shared decision-
making with the patient/family following adequate genetic counseling. Abbrevia-

tions: ADPKD, autosomal dominant polycystic kidney disease; ARPKD, autosomal
recessive polycystic kidney disease.
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Amniotic fluid is composed predominantly of fetal
urine from 14- to 16-weeks’ gestation,”’ so oligohy-
dramnios is often considered an important predictor of
poor outcomes in fetuses with kidney diseases, particularly
because it can lead to pulmonary hypoplasia when se-
vere.”' Amnioinfusions have been trialed in the manage-
ment of anhydramnios in fetuses with bilateral renal
agenesis and found to mitigate lethal pulmonary hypo-
plasia, albeit with relatively poor long-term outcomes.
However, there is no evidence to support the utility of
amnioinfusions in ARPKD, and the potential effectivity
may be reduced due to the additional contribution of se-
vere nephromegaly and diaphragmatic displacement to
pulmonary hypoplasia.””

It is important to note that oligohydramnios alone is an
imprecise indicator of kidney function. One retrospective
study reviewed 74 live births with renal oligohydramnios
from causes including bilateral kidney agenesis, CAKUT,
and ARPKD’?; almost all of the 26 patients with neonatal
death had anhydramnios, but more than half of the 48
neonatal survivors also had anhydramnios. Hence, oligo-
hydramnios must be considered with other factors to
determine the best estimated prognosis, a point confirmed
in a study of 385 patients from the international ARegPKD
registry.”” Prenatal risk factors for early dialysis were (1)
oligohydramnios/anhydramnios; (2) enlarged kidneys,
and (3) kidney cysts. Infants with all 3 risk factors had an
estimated probability of dialysis dependency of 32% by 12
months of life and 35% by 36 months.”*

Despite potential biases, these studies illustrate the sig-
nificant prognostic uncertainty that arises when PKD is
suspected in utero. Clinicians inexperienced with PKD may
therefore err toward a dire prognosis and offer termination
(where available) in fetuses with oligohydramnios,
enlarged kidneys, and/or kidney cysts. However, in the
aforementioned ARegPKD study, the majority of children
with these risk factors did not require early dialysis.””
Families deserve expert support, and many centers now
offer multidisciplinary counseling with fetal medicine
experts, pediatric nephrologists, neonatologists, and ge-
neticists.””** These teams will rarely formulate a precise
prognosis, but they should be able to provide nondirective
counseling with a clear range of the possible outcomes.”®
Parent groups report that timely and personalized prenatal
counseling can reduce additional distress’” and may help
with ongoing parental anxiety.”® Counseling should not
only discuss the diagnosis, but may include

« Potential issues with pregnancy care.

- Timing and location of delivery to ensure appropriate
neonatal intensive care and pediatric nephrology services.

» Family implications of having a child with potentially
severe CKD: how it will change their lives and what
resources are available to help them.

» Facilitating connections with other families who have
volunteered to share their experiences with prenatally
diagnosed kidney disease.
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Table 2. Diagnoses in a Study of 316 Fetuses With Prenatally Diagnosed Hyperechogenic Kidneys

Isolated

Hyperechogenic

Total
(n, % of total

Kidneys
(n, % of Total

Hyperechogenic

Kidneys + Other Hyperechogenic
Anomalies of Kidneys/  Kidneys + Extrarenal
Urinary Tract Structural Anomalies

(n, % of Total (n, % of Total With

Diagnosis 316 fetuses) With Diagnosis) With Diagnosis) Diagnosis)
ADPKD 12 (4%) 9 (75%) 2 (17%) 1 (8.3%)
ARPKD 0 (3%) 7 (70%) 3 (30%) —
CAKUT® 7 (81%) 37 (38%) 7 (59%) 3 (8%)
Aneuploidy 1 (13%) 3 (7%) 1 (2%) 37 (90%)
Other® 5 (5%) 1 (7%) 5 (33%) 9 (60%)
Euploid multiple congenital 0 (3%) — — 0 (100%)
anomalies

Includes bladder outflow obstruction, unilateral or bilateral cystic dysplasia, multicystic dysplastic kidney, and duplex kidneys.

BIncludes Bardet-Bied! syndrome, Beckwith-Wiedemann syndrome, variant of hepatocyte nuclear factor (HNF)-1B, mucopolysaccharidosis type |, Roberts syndrome,
variant of Wilms tumor gene on X chromosome, preterm premature rupture of membranes, small kidneys, neonatal alloimmune thrombocytopenia, fetal akinesia defor-
mation sequence, congenital pulmonary airway malformation, VACTERL (association of vertebral defects, anal atresia, cardiac defects, tracheoesophageal fistula, and

renal and limb abnormalities), and pentalogy of Cantrell.
Adapted from Yulia et al.*®

congenital abnormalities of the kidneys and urinary tract.

« Involvement of the palliative care team where there is a
significant risk of mortality, with minimization of inva-
sive, distressing interventions when appropriate.

Transition of Clinical Care: Adolescence to
Adulthood

Transition of clinical care from adolescence to adulthood
represents another challenging time for individuals with
chronic medical conditions. Previous studies regarding this
transition period have been limited by small sample sizes,
short follow-up periods, and wide variation in diagnoses
and associated medical/psychosocial needs. Current rec-
ommendations often remain consensus based. Nonethe-
less, prior studies consistently identify the high risk of
nonadherence and loss to follow-up care during this crit-
ical interval.””°” Thus, a formal transition process initiated
early in adolescence has been recommended for many
chronic childhood medical conditions. Key elements are
outlined in Box 1.°'

A key component of preparing adolescents or young
adults with PKD for transition to adult provider manage-
ment is addressing expectations. Specific medical issues of
importance for young adults include family planning and
the risk of disease in offspring and disease-specific mani-
festations that occur with aging. This includes but is not
limited to the increasing prevalence of hypertension with
age in both disorders, the risk of polycystic liver disease
and intracranial aneurysms in adults with ADPKD, and
appropriate subspecialty follow-up care including hep-
atology with ARPKD. Individuals who are at risk for
ADPKD but have not undergone formal genetic testing or
imaging evaluation require counseling regarding evalua-
tion and education about potential disease manifestations.

Education regarding the potential differences in practice
between pediatric and adult health care systems is also of
value. For example, an academic pediatric center may
routinely offer support from social work, nutrition experts,

386

Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic kidney disease; CAKUT,

and financial counselors; a private practice adult nephrology
center may provide none of these services. Practitioner
experience also may vary, with less experience with ARPKD
among adult providers due to the rarity of the condition;
adult providers may have more experience with ADPKD but
perhaps at later stage of disease progression. Providers
should be informed about both the medical and psycho-
social aspects of chronic disease, encourage medical peer
group support through local foundations, and be prepared
to discuss novel therapies or research trials with their young
adult patients impacted by PKD. In some cases, the transi-
tion to adult providers may increase access to research
studies for individuals with ADPKD over 18 years of age.

Emerging pediatric and adult centers of excellence in
PKD offer the opportunity to collaborate in the education
and transition of ARPKD and ADPKD patients. More formal
study of transition for these disorders is required.

Status of Clinical Trials

Investigations of children with PKD have focused primarily
on natural history registries (databases) and clinical cohort
studies. Recently, a limited set of clinical trials in pediatric
ARPKD and ADPKD has been performed or proposed, but
development of such trials has been hampered by the lack
of validated measures for risk stratification or for moni-
toring response to therapy.

Natural History Studies
ARPKD

Registries. Longitudinal registries have provided
important insights into the natural history of ARPKD. The
Autosomal Recessive Polycystic Kidney Disease database in
North America, a multicenter, longitudinal (retrospective)
registry based in the United States, provided the first
detailed natural history information on ARPKD patients in
North America. ARegPKD is a more recent international
multicenter observational registry based in Europe.®’
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Box 1. Key Elements of Transition of Clinical Care From
Adolescence to Adulthood

 Ensure developmentally appropriate understanding of:

o Clinical features of PKD including self-reporting of con-
cerning symptoms (eg, abdominal pain, gross hematuria,
tarry stools).

© Necessity and frequency of routine medical monitoring
including roles of nephrologist, hepatologist (ARPKD),
and primary care provider.

o Purpose of prescribed medications and impact of (non)
adherence.

& Value of routine blood pressure monitoring and appropriate
blood pressure goal for long-term cardiovascular and kid-
ney health in PKD.

¢ Potential changes in clinical features through various
stages of childhood (eg, increasing risk of hypertension
with age).

Enlist family or other social support to reinforce and assess

understanding.

Introduce plan for transition by 12-14 years of age in a

gradual manner with consideration of developmental/intel-

lectual understanding. Emphasize need for lifelong medical
monitoring to optimize health.

Clearly outline goals of transition process to patient and

family in context of personal PKD features and complications.

Advance independence in self-care over time. Adjust and

individualize plan as needed with feedback from patient and

family.

Identify adult and pediatric clinicians (ideally including primary

pediatric nephrologist) to serve as transition coordinators for

individual patients. Consider combined pediatric-adult PKD
transition clinics. Conduct informal visits with adult nephrol-
ogist before transfer.

Coordinate transition and management plans with the in-

dividual's other subspecialists (hepatologist in ARPKD).

Provide access to PKD peer and family support groups when

available and appropriate.

Provide education regarding general and PKD-specific in-

surance issues related to transfer, including health insurance.

Provide counseling on genetics of PKD and implications for

future children.

For individuals at risk for ADPKD, discuss impact of

screening on health, insurance (medical, disability, life), and

future children.

Do not transfer in times of crisis.

Follow up to ensure that patient has successfully established

care with adult nephrology and other subspecialists, prefer-

ably those with specific PKD interest or experience.

Based on information in Watson et al.®' Abbreviations: ADPKD, autosomal
dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic
kidney disease; PKD, polycystic kidney disease.

ARegPKD studies have identified risk factors for early
dialysis,”* described genotype-phenotype correlations’”
and the clinical disease course in young adults,” exam-
ined height-adjusted total kidney volume (htTKV) to
identify very young children (<18 months old) at risk for
early kidney failure,®” and validated phenotypic variability
within sibships.®*

AJKD Vol 86 | Iss 3 | September 2025

Cohort Studies. Two relatively small longitudinal
cohort studies have provided key information on ARPKD
kidney disease progression. Both studies found highly
variable rates of kidney function decline with relatively
slow overall progression.””*°® These findings highlight a
major barrier for implementing clinical trials in ARPKD
and emphasize the need for additional methods to identify
patients at high risk for kidney disease progression,
including validated imaging biomarkers.

ADPKD

Registries. Several clinical registries enrolling children
with ADPKD, including those supported by the National
Health Service in the United Kingdom, the National In-
stitutes of Health in the United States, and the global pe-
diatric ADPKD registry (ADPedKD), have been established
with the potential to identify early prognostic biomarkers
of high risk for rapid kidney disease progression.®’

Cohort Studies. A longitudinal pediatric and young
adult cohort based in the United States has provided key
insights into clinical risk factors for kidney disease pro-
gression (eg, hyperfiltration or rapidly growing kidneys)”’
and cardiovascular morbidities.”' The characterization of
the interrelationship between hypertension, which is
common in pediatric ADPKD,”'"” and left ventricular hy-
pertrophy has informed clinical management of these pa-
tients. Subcohort analysis has defined kidney disease
progression in children with VEO-ADPKD.””

Biomarker Development
In adults, measurement of htTKV is well-established as a
predictor of progression to kidney failure in ADPKD.”” In
children with ADPKD, TKV on 3-dimensional ultrasound
with adequate age-adjustments may predict progression
risk,”” but specific age-related htTKV thresholds for pre-
dicting progression have not been established. In ARPKD,
maximal htTKV in the first 18 months of life is inversely
correlated with 10-year kidney survival.®> However,
beyond that age htTKV appears not to be a useful biomarker
because kidney size stabilizes with progressive disease.
Recent studies have used imaging biomarkers beyond
htTKV to risk stratify PKD and monitor progression. These
include developing novel quantitative magnetic resonance
imaging methodologies in ARPKD”**"* and examining rates
of kidney growth in children with ADPKD.”” Several recent
studies have examined the use of blood and/or urinary
biomarkers to predict disease progression in ADPKD,” "’
including the development of a urinary biomarker score
based on urinary monocyte chemoattraction protein 1
(MCP-1) and B,-microglobulin for adults with ADPKD.”®
Similar studies have not yet been conducted in children
with ADPKD or patients with ARPKD.

Clinical Trials

ARPKD and ADPKD have overlapping kidney pheno-
types.”” A therapy that targets a disease-specific pathway
in one disease could be effective in the other. A case in
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point is tolvaptan, which targets vasopressin-2 (V2)
receptor—mediated cyclic adenosine monophosphate pro-
duction. In clinical trials, tolvaptan attenuated kidney dis-
ease progression in ADPKD adults.®’ ITn ARPKD rat models,
V2 receptor antagonists were effective in attenuating kid-
ney disease progression,”’ an observation that must be
formally tested in clinical trials of infants/children with
ARPKD.

The current status of ARPKD and ADPKD clinical trials in
children (from clinicaltrials.gov) is provided in Table 3.

Gaps in Knowledge and Future Directions

There are currently no clinically available, disease-specific
treatments for children with ARPKD or ADPKD. Various
targeted approaches have been studied in clinical trials
for adult patients with ADPKD, but only one disease-
modifying therapy (tolvaptan) has been approved by the
regulatory agencies for adults with rapid progression of
ADPKD.®” Limited safety data regarding the use of this
medication for children with ADPKD are available, and 2
trials are ongoing for children with ARPKD (Table 3).
There remains an urgent need to develop and study novel,
disease-modulating medications in children with ARPKD
and ADPKD.

Many challenges, however, need to be overcome to
accelerate drug development and the design of clinical
trials for children with ARPKD and ADPKD including:

1. Identification and validation of primary end points for
renal and extrarenal disease. While initiation of kidney
replacement therapy may be a valid end point for
ARPKD-related kidney disease, it is not relevant for
ADPKD in children. Moreover, kidney biomarkers may
have no or limited relevance for ARPKD-related liver
disease.

2. Identification and validation of potential prognostic and
predictive biomarkers for children with PKD. Patient
numbers in pediatric PKD trials will most likely remain
small. Given the clinical variability of ARPKD and
ADPKD, it is particularly important to ensure that pa-
tients included in a clinical trial have comparable clin-
ical starting points. For ARPKD trials in particular,
alternative study designs and enrichment strategies will
need to be considered.®’

3. Exploration of the childhood-specific prognostic value
of validated or novel biomarkers as a surrogate end
point for progression. Although htTKV is validated for
adults with ADPKD, emerging pediatric data require
validation. For example, in children it is unclear
whether TKV correction for height alone (vs body
surface area) is the optimal biomarker to establish risk
for disease progression. In addition, emerging data in
animal and human studies suggest that dysregulated
metabolism, such as alterations in fatty acid oxidation,
is a feature of both ADPKD and ARPKD.""*

There are also substantial knowledge limitations in
terms of genetic diagnosis, clinical management, and
prognostic considerations for affected patients. The value
and timing of genetic testing is currently considered on a
case-by-case basis, and there is no widely accepted diag-
nostic algorithm. In general, clinicians have a limited
ability to accurately predict the rate of kidney disease
progression except in the most severely affected fetuses
and children, and this limitation contributes to uncertainty
in counseling parents. Optimal hypertension management
is not fully defined, despite advances in overall pediatric
hypertension management, such as increased use of
ambulatory blood pressure monitoring and recognition
that lower blood pressure targets slow disease progression
in all-cause CKD.®° In addition, patient perspectives and

Table 3. Completed and Ongoing Clinical Trials in ARPKD and ADPKD

Key Findings

No results reported

Pravastatin diminished the increase of cyclooxygenase- and lipoxygenase-
derived plasma lipid mediators, which are components of inflammation
and endothelial dysfunction pathways.®

Curcumin supplementation does not improve vascular function or slow
kidney growth in children/young adults with ADPKD.#®

No significant effect of ACE inhibitor on renal growth in young patients
with ADPKD, but ACE inhibitor treatment may prevent the development
of increased LVMI and deterioration in renal function in normotensive or
borderline hypertensive children with ADPKD.%°

Drug NCT Trial Phase/Status
ARPKD
Tesevatinib 03096080 Phase 1, completed
Tolvaptan 04782258 Phase 3b (open label, n/a
nonrandomized), enrolling
Tolvaptan 04786574 Phase 3b (open label, n/a
nonrandomized), enrolling
ADPKD
Pravastatin 00456365 Phase 3 RCT, completed
Curcumin 02494141 Phase 4 RCT, completed
Enalapril — Phase 3 RCT, completed
Tolvaptan 02964273 Phase 3 RCT, completed

Tolvaptan exhibited pharmacodynamic activity in pediatric ADPKD.*°

Abbreviations: ACE, angiotensin-converting enzyme; ADPKD, autosomal dominant polycystic kidney disease; ARPKD, autosomal recessive polycystic kidney disease;
LVMI, left ventricular mass index; RCT, randomized clinical trial.
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patient-reported outcome (PRO) measures have gained
recognition as important considerations in clinical trial
design. The value of PROs would be strengthened by
clinician- and/or observer-reported outcomes, where
applicable.””

Summary

ARPKD and ADPKD are important causes of CKD across all
age groups. Though the magnitude of their clinical impact
may vary across the age spectrum, PKD-related, clinically
significant complications may become apparent at any time,
ranging from fetal life to adulthood. Recent advancements
of specific relevance to children, adolescents, and young
adults affected by PKD have included recognition of age-
related clinical spectra, varied clinically significant pre-
sentations, advancement in molecular diagnosis, ongoing
efforts to advance mechanistic insights, and the design of
meaningful and promising clinical trials. Despite this
progress, there are still challenges that require further work
and urgent progress, including specialized multidisciplinary
counseling and care of families (including during the in
utero period), patient-centered counseling and transition
models of care, and identification and validation of age-
group specific clinical trial outcome measures to empower
future trial efforts. With increasing momentum in these
domains, there are expanding opportunities for those
affected by PKD and their families to receive and benefit
from dedicated, evidence-based clinical care. In addition to
improving morbidity and quality of life, addressing these
challenges also promises a future in which effective thera-
pies mitigate the likelihood that affected children will suffer
the full impact of PKD during their lifetime.
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