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Abstract

Background Idiopathic nephrotic syndrome (INS) in children is the most common glomerular disease and is characterized
by recurrent relapses. There is no community consensus on the treatment of relapsing forms of nephrotic syndrome in chil-
dren, unlike that for the initial presentation. To date, available treatments only enable relapsing patients to be maintained
in remission, rather than modifying the course of the disease; therefore, more therapeutic trials are needed. The Société de
Néphrologie Pédiatrique (SNP) decided to implement within its French centers a national coordinated long-term clinical
research program for children treated for INS based on a Trials within Cohorts (TwiCs) model. The aim of this paper is
to describe the PIN’SNP cohort and research program as well as the TwiCs design adapted to INS research in the French
regulatory system.

Methods This retrospective-prospective, multicenter research program will rely on a dynamic prospective cohort of chil-
dren followed for an INS, known as the PIN’SNP cohort (i) to identify cases treated within SNP centers, (ii) to describe
their clinical and epidemiological characteristics, and (iii) to provide a platform to nest prospective trials, and thus facilitate
inclusion of patients in these future trials.

Conclusions The PIN’SNP cohort is the first French national pediatric platform dedicated to the implementation of rand-
omized nested trials along with longitudinal and observational studies on INS in children. The adaptation of the TwiCs design
to inform all eligible patients/parents to each nested trial will facilitate methodological robustness and ethical acceptability
and reinforce communication between investigators and participants.

Trial registration number NCT04207580.
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Introduction

Idiopathic nephrotic syndrome (INS) in children is the most
common pediatric glomerular disease [1]. Its incidence
is estimated between 1.15 and 16.9 per 100,000 children,
according to ethnicity and region [2]. There is now an inter-
national consensus on the therapeutic strategy of the first
flare [2], and French guidelines have been adapted in accord-
ance [3]. However, up to 80% of children presenting with
INS will have one or more relapses [4, 5]. In contrast to
the first flare, when dealing with subsequent relapses, the
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diversity of treatments, the limited evidence available con-
cerning their benefit/risk ratio, and the rarity of face-to-face
trials do not allow a consensus-based treatment to emerge
[2]. Further therapeutic trials are thus needed, especially
in the relapsing nephrotic syndrome group. Moreover, new
pathophysiological hypotheses and the development of
increasingly targeted treatments enable the development of
strategies to modify the course of the disease rather than
simply maintaining the disease in remission, as is currently
the case [6].

It must be noted that there is currently, in France and
worldwide, no coordinated clinical research program for
a prospective evaluation of the different therapeutic strat-
egies. Furthermore, most of the assessments focus on the
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short-term efficacy of treatments, more rarely on their long-
term tolerance and effectiveness. For instance, the esthetic
impact of treatments and patients’ quality of life are rarely
considered, even though these factors may significantly
affect patients’ compliance with their treatments and their
experience of the disease [7]. Lastly, little data are available
on the long-term outcomes of patients whose disease is no
longer active in terms of impact on social, psychological,
and reproductive life.

Modern management of a chronic pediatric disease can
no longer ignore these aspects, and innovative research
methodologies could help meet these unmet needs.

For several years, the French Société de Néphrologie
Pédiatrique (SNP) has been coordinating a working group
whose aim is to foster active research on INS. In addition to
the prospective ongoing or achieved clinical trials coordi-
nated by SNP members (NEPHROMYCY NCT01092962,
NEPHRUTIX NCT01268033, RITUXIVIG NCT03560011,
NEPHROVIR3 NCT02818738, OBIRINS NCT05786768),
the group’s objective is now to develop a national coor-
dinated long-term clinical research program for children
treated for INS in SNP-affiliated centers until 18 years
old [8]. This research program is based on a Trials within
Cohorts (TwiCs) model and relies on a national retrospec-
tive-prospective cohort known as the PIN’SNP cohort that
will enable and facilitate the implementation of multiple
clinical trials within it.

Relton et al. developed the concept of TwiCs to tackle
some of the difficulties associated with “classic” randomized
controlled trials (RCTs): poor and slow accrual of patients,
dropout rates, and limited external validity [9].

The TwiCs design uses a prospective cohort in which
multiple pragmatic randomized trials may be embedded.
For each trial, eligible patients are identified within the
cohort and randomized between an interventional and
control group. Patients of the interventional group are
offered the experimental intervention, while patients of
the control group still receive routine care. Data from the
control group are available without any additional work
since outcome measures are collected within the cohort’s
usual follow-up and compared between the experimental
and control groups.

In a rare chronic disease context, this design could be
more efficient for conducting multiple clinical trials than
implementing successive “classical” randomized controlled
trials. It could, therefore, provide answers more rapidly to
scientific questions specific to INS in children.

This paper aims to describe the PIN’SNP cohort and
research program as well as the TwiCs design adapted to
French regulatory requirements.
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Methods
Objectives

Our objective is to create a dynamic retrospective-prospec-
tive cohort of children followed for an INS (i) to identify
cases treated within SNP centers, (ii) to describe their clini-
cal and epidemiological characteristics (presentation, treat-
ments, complications, evolution), and (iii) to provide a basis
for comparison for future trials nested within the cohort,
facilitating inclusion of patients in these future trials. The
first two objectives correspond to the classical objectives and
definition of a cohort, while the third one can be defined as
a platform for future nested trials.

Design

This retrospective-prospective, multicenter research program
concerns children presenting with INS, followed by pedi-
atric nephrologists affiliated with the French centers of the
SNP (metropolitan France, Reunion Island and Mayotte),
representing 40 centers. The PIN’SNP cohort is a pediatric
cohort only; patients will thus be followed until they turn
18 as long as they remain under pediatric care. The research
program concerns both the PIN’SNP cohort and the platform
for future nested trials. The platform will include data from
patients in the PIN”SNP cohort and randomized in the con-
trol group of future nested trials.

Eligibility criteria
Study inclusion criteria comprise the following:

1. Patient under 18 years of age
Diagnosis of idiopathic nephrotic syndrome (according to
SNP criteria [3], i.e., including steroid-sensitive nephrotic
syndrome (SSNS) and steroid-resistant nephrotic syn-
drome (SRNS) with no genetic origin and compatible
histology at kidney biopsy) since January 1, 2020

3. Patients reviewed at least once by a pediatrician member
of the SNP

4. Patients residing in France

5. Consent signed by parents and agreement to participate
from the patient (if of age)

6. Affiliation with a social security scheme

Procedures

Clinical follow-up of included patients (treatment, biologi-
cal monitoring, follow-up frequency, etc.) is determined by
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Table 1 Collected data in the PIN’SNP cohort (each blue stripe is an independent form)

FORM FOR THE FIRST FLARE
Date of inclusion
Site (inclusion and follow-up)
Month and year of birth
Gender
Accept/refuse to be contacted for future trials
Postal code of residence
Geographical origin of parents
Name of the physician
Date of start of steroid therapy
Weight, size and body mass index at diagnosis
Education or occupation
Family history of nephrotic syndrome
Unusual clinical features
Triggering factor
Initial complications
PEDS-QL (Pediatric Quality of Life Questionnaire, Ferriman and Morisky scores before and after
steroid therapy)
Protocol of steroid therapy
Need for methylprednisolone pulses
Remission achieved
Date of remission
Remission period
Type of remission
Complete remission on corticoids alone
Complete remission with anticalcineurins
Complete remission with other treatment
Partial remission
Kidney Biopsy
Genetic analysis
Mutation
Type of mutation

ANNUAL FOLLOW-UP (modifications since last follow-up)
Date of last follow-up visit

Patient lost to follow-up (yes/no)

Change of site

Weight

Height

Education, profession or training

Last diploma obtained

PEDS-QL score

Ferriman score

Morisky score

Secondary corticoresistant patient

Relapse

Complications (yes/no)

Cause-specific treatments received during the year
Other treatments

Biopsy secondary steroid resistance

Chronic kidney disease

Creatinine blood level

eGFR
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Table 1 (continued)

Dialysis
Transplant
Post-transplant relapse

COMPLICATIONS
Date of complication
Type of complication
Details and patient’s outcome

KIDNEY BIOPSY
Date of biopsy
Reason for biopsy
Result of biopsy

RELAPSES

Date of relapse

Type of relapse

Cause-specific treatments (for the relapse)
Comments

END OF FOLLOW-UP
Date of end of follow-up
Reason for end of follow-up
Name of the physician
Comments

each patient’s referring physician. Except in the case where
patients are included in the treatment arm of a nested trial,
inclusion in the PIN’SNP cohort only does not influence the
therapeutic strategy.

The cohort consists of a retrospective and prospective,
regular and systematic recording of participants’ demo-
graphic, clinical, and biological data.

Data are collected in a structured way using a pre-estab-
lished form derived from:

— Consultation files as part of the usual clinical follow-up
for patients with an active disease. The clinical research
staff enters this information into the PIN’SNP database,
validated after integration. They may ask referee investi-
gators to validate medical data in cases where the inter-
pretation of reports is complex. These data can be retro-
spectively entered into the database if the onset of the
INS occurred prior to the inclusion date in the protocol

— A telephone interview for annual follow-ups for patients
whose absence of active disease no longer warrants a
routine consultation. This structured interview is con-
ducted by telephone by the study’s clinical research staff

— Self- or hetero-administered quality of life questionnaires
(PEDS-QL, [10]), self- or hetero-administered treatment
compliance questionnaires (Morisky score, [11]), and
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questionnaires on some esthetic impact of treatments
(Ferriman score, [12]). These annual questionnaires are
centralized and entered into the database by the study’s
clinical research staff

Choice of collected data

Data collected within the cohort are presented in Table 1.
They have been defined (i) to consider a broad scope of future
research, whether it concerns relapses of INS or the toxicity of
treatments or health outcomes, and (ii) to be limited to reduce
the workload and, therefore, the cost of maintaining the cohort.
A balance has been sought to address important questions
related to INS treatment, while limiting the workload.

Consent management

During standard-of-care hospitalization or consultation
at disease onset or during a follow-up visit, investigators
describe the objectives of the cohort and platform to the
relevant patients and, after a period of reflection, obtain the
written consent of parents and the assent of minor patients
to participate in the research. To facilitate future trials nested
within the PIN’SNP cohort, patients and parents are solic-
ited (i) to be included in the cohort and (ii) to be recontacted
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North West North East

South West

La Réunion

[ Medical coordinator and Project coordinator ]

North West South West lle de France North East
Referee Investigator Referee Investigator Referee investigator Referee investigator
and CRA and CRA and CRA and CRA

*PIN’SNP: Pediatric Idiopathic Nephrotic Syndrome Société de Néphrologie Pédiatrique, ORKID: Filiere ORphan Kldney Diseases,
SNIF: Syndrome Néphrotique Idiopathique French groupe, CRA: Clinical Research Associate

Fig.1 French organisation for the PIN’SNP cohort
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to receive specific information on future trials for which
their child could be eligible.

If patients and parents agree to be recontacted, they are
informed that they will be solicited to participate in an inter-
ventional trial either in the control group or in an experimen-
tal one in the future. For each future trial, specific informa-
tion and consent will be implemented.

If patients and parents do not accept to be recontacted,
they are only included in the cohort and will not be solicited
to participate in any nested trial.

The original TwiCs design, where patients enrolled in
the control group receive no specific information, has been
adapted, as required by the French Ethics Committee, to pro-
vide information, when time comes, on each nested trial to
all eligible patients before randomization in the experimental
and control groups.

Data collection and management

An inter-regional organization has been implemented to
facilitate inclusions, the conduct of the cohort and future
nested trials (Fig. 1). France has been divided into six geo-
graphical inter-regions: Ile-de-France, North West, North
East, South West, South East, and French Overseas Territo-
ries. Each inter-region is coordinated by a referee medical
investigator and a clinical research associate who gathers
and enters data into the database.

Study data are collected, handled, and stored in compli-
ance with the General Data Protection Regulation (GDPR)
and French law. Data are thus pseudonymized before being
incorporated into the database. In this pyramidal organi-
zation, each level has access to pseudonymized data of
its level or the level below (i.e., local centers have access
only to the data of their center, regional coordination cent-
ers have access to data of the centers of the whole region,
and only the national coordination center has access to all
pseudonymized data). The Imagine Institute in Paris [13]
hosts the database in a secure electronic database protected
by an individual password for each investigator and clinical
research associate.

Data quality is ensured by automated data entry checks
using pre-defined plausibility ranges.

Statistical aspects

It has been estimated that 200 to 300 new cases of pediat-
ric INS are diagnosed each year in France. Considering the
number of patients diagnosed in SNP-affiliated centers or
secondarily referred due to subsequent relapses, the plan is
to include approximately 120 new children each year in this
dynamic cohort.
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For the PIN’SNP cohort, usual descriptive statistics will
be performed, as well as comparisons, relapse-free survival
analyses, and multivariate analysis. Exploratory analyses
will be conducted to study the links between the disease,
the patient, and their geographical localization and to look
for determinants that could predict the course of the disease
or the response to treatment.

For each future nested trial within the cohort, a specific
statistical analysis plan will be drafted and submitted to the
French National Competent Authority and Ethics Commit-
tee for validation.

Governance and patient involvement

The PIN’SNP platform is governed by a scientific com-
mittee composed of the PIN’SNP coordinator, the referee
investigators of the French inter-regional zones, and expert
members of the SNP and of the Orphan Kidney Disease net-
work (ORKiD). The scientific committee is responsible for
supervising the conduct of the PIN’SNP cohort, validating
observational projects based on the cohort’s data and defin-
ing the future trials nested within the cohort. Any request
for access to cohort data by independent research teams or
for collaborative projects is also evaluated by the cohort’s
scientific committee.

Patients are informed of the study and are willing to be
involved in the planning of future research. Indeed, the
French association of patients with nephrotic syndrome
(AMSN) is in close contact with the PIN’SNP project’s sci-
entific committee and actively promotes the cohort. A nested
trial is currently being co-constructed to test the direct par-
ticipation of patients by filling in the PIN’SNP database.

Study progress update

The PIN’SNP cohort has been open for enrollment since
March 2020, and inclusions will continue as long as funding
is available. Since the setup of the cohort, 570 patients have
been included in the PIN’SNP cohort and 90% of parents
agree to be recontacted and informed on future nested trials.

The platform’s launch will take place as soon as funding
is secured for the first nested trial. Our group is awaiting
the outcome of a grant application, with results expected in
February 2025.

Ethics

A French National Research Ethics Committee approved the
cohort in November 2019 (2019-A01841-56). Each future
trial nested in the cohort will be submitted for authoriza-
tion to the Ethics Committee and the French drug regulatory
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agency (Agence Nationale de Sécurité du Médicament et des
produits de santé) if required.

Funding

The PIN’SNP cohort is currently funded by the Filiere des
maladies rénales rares (ORKID) and the Limoges Univer-
sity Hospital. In the future, the economic model will have
to evolve. The aim for funding the control arms of future
trials (i.e., the funding of the cohort itself) is to be covered
by part of the funding from successive prospective nested
clinical trials.

Discussion

The PIN’SNP cohort is a national pediatric cohort of INS
patients followed by the SNP-affiliated pediatricians who
collaborate efficiently together. Their expertise and the
proposed organization ensure the implementation of a sus-
tainable infrastructure to produce data for both the cohort
and future nested trials. To date, 570 participants have been
included in the cohort since its beginning in 2020; embed-
ded trials will soon be implemented in parallel with ongoing
inclusions. This research program offers advantages over a
succession of independent trials. Thanks to the cohort, valu-
able ongoing and long-term information, such as the natural
history of INS patients, will be available and useful for the
conception of nested trials. Indeed, the statistical hypothesis
for nested trials will rely on long-term data from routinely
collected sources on relapses (frequency, characteristics,
treatments) of pediatric INS patients in this population.

In addition, the PIN’SNP cohort will enable rapid identi-
fication and recruitment of eligible patients for nested trials
and higher acceptability; it is now well known that cohorts
provide more accessible and less selective recruitment
[14-16]. For example, 90% of parents of PIN’SNP patients
agree to be contacted and informed of future nested trials,
which indicates an interest in such a design to more easily
implement prospective trials.

The availability of data from the control group will save
considerable time. Indeed, those data are collected as part
of the PIN’SNP cohort, meaning that no additional work is
required for each new nested trial.

From an administrative perspective, contracts have
already been signed with the 40 investigation sites that are
both open and active. The implementation of nested trials
will be significantly facilitated by the contacts and contracts
already in place.

The PIN’SNP cohort and platform should foster faster
research in a much more efficient way than setting up suc-
cessive independent trials requiring the opening and closing

of sites, the implementation of a new data collection system,
and the lengthy recruitment process for each trial.

There is an increasing number and maturity in RCTs con-
ducted within cohorts in a wide range of conditions, such
as oncology and mental and behavioral disorders [17]. INS
is a condition well-suited for this study design as a chronic
illness, well-phenotyped, prone to relapse, and with well-
defined subgroups of patients according to international
recommendations. Considering all these criteria, the same
patient may be allowed to participate in several successive
trials throughout his or her treatment.

The International Pediatric Nephrology Association
(IPNA) recently published a list of future research within
its recommendations for the Diagnosis and Management
of Children with Steroid Sensitive Nephrotic Syndrome
[2]. Among these recommendations, research that could be
implemented using the PIN’SNP platform is presented in
Table 2. A wide range of topics can be investigated regard-
ing relapse prevention, sparing treatments, vaccination, or
quality of life. The platform will, therefore, enable research
to be developed in all areas of INS.

Despite all its advantages, the PIN’SNP platform design
will not systematically replace all future classical rand-
omized controlled trials. The future implemented trials in
the cohort will be pragmatic trials centered on effectiveness
and rely on data collected from routine care for the control
group. They will, therefore, be studies complementary to
“conventional” randomized controlled trials, where experi-
mental conditions can be fully controlled. The PIN’SNP
platform is not built to run explanatory trials centered on
efficacy with double-blinding and placebo. In addition, given
the network on which this cohort is built (mostly third level
centers of French pediatric nephrology units), relapsing
patients will be over-represented among all INS patients
included, as patients with no relapse are rarely referred to
a reference center, if they live far from it. Therefore, the
PIN’SNP platform is not designed to run a population-based
cohort study.

However, this complementary approach will be based on
a robust methodology, and the results will be reported in
compliance with the CONSORT routine, developed explic-
itly for reporting randomized controlled trials using cohorts
and routinely collected data [14].

PIN’SNP is the first and unique French cohort to follow
pediatric patients presenting with INS all over France and
overseas French territories. NEPHROVIR-1 was a fixed
population-based cohort of INS children aged 6 months to
16 years old and residing in Ile-de-France between Decem-
ber 2007 and May 2010 [5]. The NEPHROVIR cohort and
follow-up provided exhaustive but geographically limited
data. In contrast, the PIN’SNP cohort covers the whole
French territory, thus providing more significant though
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Table 2 (continued)

Research question Feasibility in PIN’SNP

Subtopic

Topic

Yes

Assess the quality of life in all clinical trials as

Quality of life

Health outcomes

a patient-centered endpoint

Yes, but only for side effects that are usually and

Assess the cumulative risk of late side effects

Long-term safety

systematically reported in medical file reports

from NS immunosuppression therapy

Yes

Assess the impact of childhood onset NS in

Adult outcome

adulthood

non-exhaustive data on French pediatric patients. At a Euro-
pean level, the PodoNet Registry is focused on patients with
congenital and steroid-resistant nephrotic syndrome and
collects clinical and genetic information to establish geno-
type—phenotype correlations in hereditary forms of the dis-
ease; its scope is therefore different [18]. The European Rare
Kidney Disease Registry (ERKReg) is a recent web-based
registry for all patients with rare kidney diseases, which
comprises more than 300 inherited, congenital, or acquired
disorders, including INS [19]. Primary and longitudinal data
are collected to provide disease and treatment information
from all patients with rare kidney diseases followed at expert
centers. The ERK Registry is a valuable tool but does not
have the same scope as the PIN’SNP cohort. The ERK reg-
istry also plans to serve as a platform for sub-registries to
collect more detailed information on rare kidney diseases or
disease groups. In the future, it will probably be interesting
for our group to connect with the ERK registry to implement
European clinical trials.

In Canada, the regional INSIGHT cohort is an observa-
tional longitudinal study on childhood nephrotic syndrome
focused on clinical, genetic, and environmental factors influ-
encing susceptibility to nephrotic syndrome and progression
to chronic kidney disease among a multi-ethnic group of
children [20]. The INSIGHT cohort is limited to Ontario and
has not been designed as a platform for prospective nested
trials. The topics studied in this Canadian cohort will pro-
vide valuable epidemiological information that will comple-
ment our team’s trials.

In the UK, the National Unified Renal Translational
Research Enterprise: Idiopathic Nephrotic Syndrome study
(NURTuRE-INS [21]) is a prospective cohort study of chil-
dren and adults with biosamples and detailed clinical data
for 739 INS patients from across the UK. The NURTuRE-
INS cohort aims to pioneer innovative approaches for strati-
fying INS patients, deepening insights into the disease, and
advancing research into its underlying mechanisms. The
work conducted within this cohort complements that of our
team and will undoubtedly contribute to the design of future
nested trials within the PIN’SNP cohort.

While the PIN’SNP cohort is designed with a nationwide
scope, it will inevitably face challenges in addressing rare or
extremely rare conditions (e.g., INS in very young infants
or anti-CD20-resistant NS). An international network could
be envisioned, built upon the collaboration of several—or
potentially all—of the previously mentioned cohorts. But
before including a first patient in a prospective study within
such a consortium of cohorts, many issues will have to be
addressed such as international funding, patient consent
management based on national regulations (included inter-
national use of e-consent), and coordination of reglementary
approvals across different countries. Given the challenges
associated with such tasks, we plan to start at the national

@ Springer



2236

Pediatric Nephrology (2025) 40:2225-2238

level before considering moving to a European and/or inter-
national level.

The PIN’SNP platform features several methodological
modifications compared with a conventional TwiCs design.
In classical TwiCs studies, information is provided only to
the patients randomized in the experimental arm. As a result,
only patients in the experimental group can refuse the inter-
vention. This refusal can lead to non-compliance within the
experimental arm, constituting a methodological challenge
that requires careful sample size planning. Additionally, it
can introduce bias in estimating the average causal effect of
the received treatment [16]. In the PIN’SNP platform, as
information will be given to both control and interventional
arms, non-compliance will likely be randomly distributed
over study arms. It will not be necessary to manage the
anticipated non-compliance rate in the intervention group
and how it affects the choice and definition of the analysis
methods and the sample size calculation or adaptation [16].

We are well aware of the inherent limitations of such a
platform. Indeed, to date, the data quality of the PIN’SNP
cohort only relies on automated data entry checks using
pre-defined plausibility ranges, which prevents the saving
of implausible data. We are currently working on more
refined automatic consistency checks and queries regularly,
to ensure reliable and robust data.

The challenge for PIN’SNP is the long-term sustainability
of the cohort and platform. Financial and human resources
necessary to collect, manage, and analyze data and to con-
ceive and implement future nested trials are substantial,
especially for academic research teams. Calls for projects
are most often made for short-term funding, whereas this
type of research is based on the long term. Research fund-
ing systems should be adapted to such new and innovative
research methods. Another challenge will be to keep patients
motivated to continue being cohort members. Communica-
tion based on feedback and newsletters should be imple-
mented, as well as events specifically dedicated to them.
In addition, as a complementary tool to the information
provided by investigators, our team is currently deploying
electronic information and consent to provide information
to patients between consultations. The implementation of
e-consent is new and, therefore, a significant challenge for
all French stakeholders: sponsors have to find reliable and
secure devices, investigators and patients need time to get
used to electronic tools while ethics committees and the
French data protection agency must check the acceptability
and security of the process and devices.

In conclusion, the PIN’SNP cohort is the first French
national pediatric platform dedicated to implementing ran-
domized nested trials and longitudinal and observational
studies on INS in children. Adapting the TwiCs design
to inform all eligible patients/parents about each nested
trial will facilitate methodological robustness and ethical

@ Springer

acceptability and reinforce communication between inves-
tigators and participants.
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