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The carbon footprint (CF) of the healthcare sector is estimated to
account for 4.4% of the total world emissions of carbon dioxide
equivalent (COse) [1]. Clinical trials (CTs) play a substantial role
in knowledge and innovation, but require important human and
material resources. Despite increasing global concern for envi-
ronmental sustainability, few studies have assessed the environ-
mental impact of CTs and the strategies to mitigate their effects
[2]. All available reports emphasize the substantial CO,e emis-
sions associated with CTs, yet just one specifically addresses
nephrology trials. Recognizing this knowledge gap, the ERA Sus-
tainable Nephrology Task Force (SNTF) calls for urgent attention
and action to introduce sustainability in nephrology CTs.

In 2021, there were 350000 CTs registered on ClinicalTri-
als.gov, resulting in 27.5 million tonnes CO,e emissions (over 78
tonnes CO,e per CT) [2]. Estimates from the Sustainable Health-
care Coalition suggest that CT emissions could reach 100 million
tonnes CO,e per year.

Pharmaceutical companies increasingly commit to measur-
ing and curbing the CO,e emissions of their CTs. Two industry-

sponsored studies have been published—the first estimated the
CO,e emissions from all in-scope activities involved in a phase
1 CT to be over 17 tonnes CO,e [3]. Travel and study site activi-
ties were the main contributors. The authors describe opportu-
nities for CO,e reductions, such as decentralized CT sites and
a shift of sponsor employees and study participants to elec-
tric vehicles. The second study reported the life cycle assess-
ment (LCA) of three multicenter randomized CTs (mrCTs) [4].
They evaluated the CF of each CT (ranging from 1437 to 2500
tonnes COye), and determined the main factors driving emis-
sions, notably travel and trial site management, transport of
study drugs to trial sites and sample life cycle (sample collection,
shipment, analysis and storage, manufacturing and distribu-
tion of laboratory kits). Furthermore, the study delineated strate-
gies for reducing CF, such as minimizing unused stored samples
and study drug or material, while also establishing a replicable
framework.

Despite the complexity of CT management, several studies
have demonstrated the possibility of reducing CO,e emissions.
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Short-term * Reduce bureaucracy

analysis

*Optimize study design

e Implement telemedicine for follow-up visits
*Optimize trial site locations and number

* Avoid unnecessary data/sample collections

*« Start adopting AI for administrative tasks and data

monitoring

* Gradually integrate digital tools for data entry and

*Organize local lab work

UlslehRbluta=Saull * Reduce travel of trial team

Goals (3-5
years)

* CF and LCA assessment should be mandatory and published

researchers

*Fully digitalize CT workflows
* Implement comprehensive LCAs
* Achieve significant reductions in CO2e emissions through
sustained efforts and
* Disseminate recommendations to nephrologists and

innovations

Figure 1: Roadmap for improving the CF of nephrology CTs.

Clinical Randomisation of an Antifibrinolytic in Significant
Haemorrhage (CRASH)-1 and CRASH-2 are two international
mrCTs with similar design [5]. In CRASH-2, efforts to reduce
CO,e emissions resulted in a 45% overall decrease and a 73%
decrease per patient. These efforts, based on the strategies
outlined in the National Institute for Health and Care Research
(NIHR) carbon reduction guidelines, include faster patient
recruitment, lighter trial materials (resulting in lower CO,e
emission arising from shipment) and direct data entry.

The only nephrology CT evaluating CF was the NightLife
study, an mrCT assessing the impact of in-center nocturnal
hemodialysis on quality of life [6]. Interestingly, the CF decreased
when the study had to be reorganized because of the COVID-19
pandemic. A saving of 136 tonnes of CO,e was obtained by in-
stalling remote conferencing, eliminating every travel and pro-
moting teleworking. Innovative data collection methods were
implemented, such as virtual interviews using common confer-
ence software programs and “photovoice.”

Nephrology CTs face unique challenges stemming from the
specific nature of kidney diseases. Indeed, successful trials
would require recruitment of a large number of patients across
multiple sites, leading to longer study durations and increased
logistical complexity. As many kidney diseases have a pro-
gressive course, long-term follow-up is required to assess dis-
ease progression, treatment efficacy and safety. Moreover, most
nephrology trials include drug interventions [7], and drugs are

major contributors to CO,e emissions. Due to the risk of medi-
cation overdose resulting from impaired renal function, patients
require more frequent monitoring. This complexity, together
with the multipathological state of patients, makes it challeng-
ing for nephrology trials to be environmentally friendly, and ne-
cessitates a tailored framework for assessing their CF [8].

Based on published studies, practical steps could be im-
plemented, such as optimization of trial site locations and
numbers, avoiding unnecessary data/biological sample col-
lection, favoring local lab work to avoid shipping biological
samples, and reducing travel for both patient and the trial
team (Fig. 1). A systematic assessment of existing evidence
concerning the objective of the study, as recommended by
the NIHR guidelines in 2019, would allow excluding studies
lacking significance and novelty [2]. Novel trial designs, such
as those employed in basket and umbrella trials, evaluate
targeted therapies across multiple diseases or assess multiple
therapies for a single disease. These approaches shift the focus
from specific interventions for a single disease, to evaluating
multiple interventions concurrently [9]. This methodology has
the potential to enhance the current framework of CTs by
reducing time, complexity and costs, consequently lowering the
CF of the CTs. Another strategy involves the full digitiziation of
the workflow. Supported by The Sustainable Markets Initiative
Health Systems Task Force, a collaboration of public and pri-
vate entities including major pharmaceutical companies, this
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approach advocates for digital integration from study design
to site selection, participant enrollment, monitoring and man-
agement and data analysis. As proposed by CT organizers
themselves, we are convinced that full digitalization will be
mandatory in the coming years. The cloud-based electronic
health record system Epic is already widely used in the USA and
Canada, offering features like patient engagement, telehealth,
interoperability and extensive medical record management.
Digital tools offer efficiency gains and resource savings, but chal-
lenges such as managing exchanges of large data volume, lo-
gistical complexities, lack of interoperability, ingrained cultures
and behaviors, cost of digital solutions and regulatory hurdles
must be addressed. As on-site patient visits will be replaced with
telemedicine, there will be an increased need for the shipment
of biological samples and medications to and from partici-
pants’ home. Despite these obstacles, the potential benefits of
digitalization in reducing environmental impact are substantial.

The integration of artificial intelligence (AI) in clinical
nephrology could improve diagnostic accuracy and treatment
outcomes, contribute to CT efficiency, costs reduction and im-
prove patients’ experience [10]. Al could improve the sustain-
ability of nephrology CT through: the automatization of admin-
istrative tasks, saving time for healthcare workers; analysis of
complex data in a shorter amount of time with greater preci-
sion; use of digital twins (virtual patient modeling to predict
outcomes and enroll suitable candidates); and remote monitor-
ing of vital signs and anthropometric data connected to decision
algorithms; and speeding up the CT workflow. Al and machine
learning techniques have been developed to predict the progres-
sion of chronic kidney disease (CKD), offering opportunities for
timely intervention and personalized management strategies.
Although Al utilizations in healthcare hold promise, they remain
relatively nascent and underused. Thus, it is crucial to care-
fully evaluate the balance between Al positive advancements
and its negative environmental impact. Indeed, CO,e emissions
are present throughoutits life cycle—from programming and de-
velopment to use—due to high energy and resource demands
alongside the risk of exacerbating climate and environmental
injustices by perpetuating existing inequalities in resource ac-
cess and opportunities.

The world of clinical research is changing and pharmaceuti-
cal companies, international organizations and regulatory bod-
ies are stepping in to make CTs more sustainable (https://www.
clinicalleader.com/doc/the-current-state- of-sustainability-in-
clinical-trials-0001). Of note, the Innovative Health Initiative,
a partnership between the EU and various European industry
associations, aims to drive health research innovation and
fund projects addressing environmental concerns. Similarly,
the Accelerating Clinical Trials in the EU (ACT EU) initiative,
by the European Medicines Agency, the European Commission
and the Heads of Medicines Agencies, focuses on transforming
CT processes and prioritizing actions to make trials more
sustainable.

Since 2020, the Coalition for Reducing Bureaucracy in Clinical
Trials, a broad cross-disciplinary coalition of medical societies
and patient advocates, has issued recommendations to make
CTs less bureaucratic and more patient-centered, efficient and
cheaper. The proposed measures, including digitalization and
streamlining processes, and harmonization of requirements,
aim to reduce administrative burdens and improve protocol de-
sign, contributing to lower environmental impact. EASi-KIDNEY
is an mrCT testing a new drug to treat patients with CKD,
starting in 2024. This is the first nephrology CT to apply some
of the recommendations of the Coalition.

In addition, policymakers should implement measures that
require a mandatory LCA when investigating a new drug, as well
as CF assessment to be included in grant and CT applications.
Journals could also mandate reporting of the CF of published
trials, with the quantification of the CF of interventions and
comparators, alongside a discussion of whether the knowledge
gained justifies the carbon consumed [2]. Additionally, CF and
LCA should become mandatory in trials comparing therapeutic
strategies, either as secondary objectives or as ancillary stud-
ies, like medico-economic studies (months of dialysis avoided,
COye, waste and water saved, etc.). Further efforts should focus
on the dissemination of recommendations to nephrologists and
researchers, who should advocate for sustainability in CTs, re-
quiring a sustainable approach from the industry in the man-
agement of CTs.

Implementing sustainability measures may entail initial
costs, which can be mitigated through long-term savings from
reduced travel and shipping expenses, support from fund-
ing bodies for sustainability initiatives, and efficiency gains
achieved via digital tools and Al

With the present call, the SNTF urges the nephrology com-
munity to pledge sustainable CTs, recognizing the pressing need
to understand and mitigate their environmental impact. A col-
lective effort from nephrologists, researchers, pharmaceutical
companies, industry partners, research and medical institu-
tions, and funding bodies is essential to raise awareness and
prioritize sustainability in CTs. Encouraging the sharing of best
practices and the establishment of a collaborative platform for
ongoing research and knowledge exchange is crucial. Finally, ad-
dressing the CF of CTs is not only an environmental impera-
tive, it also aligns with ethical considerations in patient care, as
environmental degradation is deeply intertwined with patient
health.
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