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Introduction
The I-CARE (quantitative imaging in 
cardiac transthyretin amyloidosis) 
project is an international, prospective, 
multicentre study performed at four 
centres in three European countries. 
The aim is to develop a precision 
medicine tool to guide the diagnosis 
and monitoring of transthyretin 
amyloidosis cardiomyopathy (ATTR-
CM) using [18F]sodiumfluoride (Na[18F]
F) PET, a total of one hundred subjects 
with ATTR-CM will be included. As an 
extension, a quantitative innervation 
study (I-NERVE) with Iodine-123 
labelled meta-iodobenzylguanidine 
([123I]mIBG) will be performed in the 
UMCG.

A brief summary on ATTR-CM
ATTR-CM is a gradually progressive, 
ultimately fatal condition caused by 
the deposition of misfolded liver-
derived transthyretin (TTR) fibrils in 
the myocardial extracellular space. 
ATTR can be inherited (ATTRv) or 
acquired (ATTRwt) and mostly affects 
patients in the 7th decade of their 
life. Median survival is 2.6 and 3.6 
years respectively, depending on the 
type and stage of disease (1,2). TTR 
fibril deposition inhibits the normal 
diastolic relaxation of the heart 
muscle resulting in heart failure with 
preserved ejection fraction (HFpEF) 
and indirectly increasing the risk 
of thromboembolic complications. 
Additionally, there is an increased risk 
of cardiac arrhythmias and conduction 
disorders due to cardiac sympathetic 
denervation (3).
Until recently ATTR-CM was 
thought to be a rare condition and 

diagnostic delay was significant. 
Through advancements in diagnostic 
techniques, increased awareness and 
due to an aging population, there has 
been an increase in newly diagnosed 
ATTR-CM (4). Although the exact 
prevalence of ATTR-CM is unknown, 
ATTR-CM is most recently estimated 
to be 16% in patients with severe 
aortic stenosis requiring transcatheter 
aortic valve replacement and 10% and 
2.2% in male and female patients with 
HFpEF respectively (5,6). Estimating 
half of the patients in the Netherlands 
with heart failure (n=232,000) to 
have HFpEF, this could attribute to a 
considerable, yet to be diagnosed, 
ATTR-CM population (7).
An important aspect of the 
treatment of ATTR-CM is halting or 
delaying deposition of TTR fibrils. 

Pharmacological advancements 
have led to the registration of a 
TTR stabilizer, named tafamidis, as 
the only treatment for ATTR-CM 
showing improved survival. Several 
other treatments are still under 
investigation (8). Gene silencing 
therapy with patisiran or inotersen can 
be used to treat patients with ATTRv 
polyneuropathy, but cannot yet be 
prescribed for patients suffering from 
ATTR-CM (9-11).
Although exciting new times for the 
treatment of ATTR-CM, important 
problems remain unsolved (figure 
1). Firstly, there is no quantitative 
method of determining the disease 
burden as currently bone scintigraphy 
is used for the diagnosis. Despite 
its high diagnostic accuracy, cardiac 
tracer uptake can only be depicted 

Figure 1. Summary of the problems faced in ATTR-CM and the aimed solution of 
I-CARE. With foundations and involved centres.
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in a semi-quantitative manner, 
not allowing for interindividual 
comparison or tracking of treatment 
response (12). Secondly the specific 
mechanism of action of tafamidis in 
the myocardium remains unclear. 
Thirdly, to date there are no easily 
attainable and reliable techniques 
to detect improvements in structural 
or functional cardiac markers, apart 
from mid-global longitudinal strain on 
echocardiography (9). This contributes 
to a lack of understanding of the 
interindividual differences in therapy 
response.

The I-CARE study
The I-CARE study is an international, 
prospective, observational study, 
which will be carried out in four 
centres in the United Kingdom, 
Germany and the Netherlands. 
Together, we will recruit one hundred 
subjects with ATTR-CM to develop 
a fully quantitative imaging method 
for tracking disease burden, therapy 
response and to identify responders 
and non-responders to treatment 
with tafamidis at an early stage. With 
expected new therapies available 
soon, being able to change from 
a non-effective therapy at an early 
stage could mean a vast prognostic 
improvement by individualised 
treatment strategy options for 
patients with a still limited prognosis. 
Additionally this could save healthcare 
costs, since the annual costs of 
tafamidis is 130.955 euro per patient.
The hypothesis of I-CARE is threefold:
1. A delayed imaging protocol 

and state-of-the-art PET motion 
correction will optimise Na[18F]F 
imaging in ATTR-CM and provide 
a clear threshold in myocardial 
tissue to background ratio (TBR) 
values for the diagnosis of ATTR-
CM;

2. The optimised Na[18F]F PET will 
provide a quantitative marker 
of the ATTR-CM burden that will 
allow disease progression and 
treatment response to be tracked;

3. Myocardial Na[18F]F TBR values 
will reduce in patients responding 
to tafamidis treatment and 
increase in non-responders and 
patients not receiving therapy.

To test the hypothesis, the study is 
divided in four subsequent work-
packages (WP) (figure 2). In WP1, the 
Na[18F]F PET scanning protocol will 
be optimised by scanning at different 
time intervals between tracer injection 
and imaging. In WP2 we will establish 
the TBR on the optimised Na[18F]F 
scans that best differentiates ATTR-
CM from other phenocopies, using 
control subjects with hypertrophic 
cardiomyopathy (n=20) and light-
chain amyloidosis (n=20). The 
objective of WP3 is to validate Na[18F]
F PET as a marker of cardiac ATTR 
burden in vivo, calibrating optimised 
TBR values against extracellular 
volume, late gadolinium enhancement 
and T1 mapping on cardiac magnetic 
resonance imaging (CMR) (n=100 
ATTR-CM). The objective of WP4 is 
to investigate the ability of Na[18F]F 
PET to track disease progression and 
response to therapy in patients with 
established ATTR-CM after one year of 
treatment with tafamidis.
As an extension we will perform a 

Quantitative Innervation Imaging 
Study (I-NERVE) in the Netherlands. 
Because ATTR-CM poses a risk of 
arrhythmia due to amyloid infiltration 
of the cardiac conduction system and 
the myocardial tissue, early detection 
of cardiac sympathetic innervation 
disturbances has become of major 
clinical interest (13). By performing 
[123I]mIBG imaging in forty ATTR-
CM patients we aim to quantify 
the amount of cardiac sympathetic 
denervation. We hypothesise that [123I]
mIBG will help to identify responders 
and non-responders to treatment 
with tafamidis at an early stage by 
tracking disease progression trough 
quantifying myocardial denervation. 
The addition of I-NERVE to I-CARE 
allows us to compare many different 
conventional and novel imaging 
modalities directly.

Added value of a multicentre, 
international study
In the case of the I-CARE study, it 
was clear to us that an international 
study had multiple advantages over 
a local or national study and was the 
most suitable study structure for the 
purpose of the study.
The first advantage of an international 
study is the expertise of the different 

Figure 2. Illustration of the I-CARE Work Packages. *[123I]mIBG imaging will be 
performed additionally in WP3 and 4 in the Netherlands.
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centres. As diagnosing and monitoring 
patients with ATTR-CM is complex, 
it is concentrated in specialised 
national centres. Different centres 
have different world leading expertise 
and an international collaboration 
provides the opportunity to integrate 
all the knowledge and skills available, 
resulting in a high quality, innovative 
study. Furthermore, all centres have 
their own collaborations with other 
specialised centres, creating a unique 
support system of experts around this 
study.
Another advantage of the current 
international cooperation with the 
three largest amyloid centres in 
Europe is the unique access to a large 
international cohort of ATTR-CM 
patients.
Finally, the successful formation of 
this new trans-European I-CARE 
collaboration, lays the foundations for 
future successful collaborative projects 
in ATTR-CM as well as other forms 
of cardiac amyloidosis. This network 
will provide unique and unparalleled 
access to amyloid patients coupled 
with state-of-the-art imaging expertise 
and treatments.

Financial aspects
A total of € 1.2 M has been awarded 
to I-CARE consortium to facilitate 
international research in the 
Netherlands, Germany and the United 
Kingdom. This funding is provided 
by the Dutch Heart Foundation, the 
British Heart Foundation and the 
German Center for Cardiovascular 
Research. Projects financed by the 
Heart Foundation in this context 
contribute to a lasting relationship 
between research groups from the 
three countries. I-NERVE is awarded 
as an additional matching grant by the 
industry, and assigned as a sub study 
solely run in the Netherlands. In total 
two PhD students (The Netherlands), 
one post-doc (UK), and a data 
manager (Germany) are appointed 
and working now on the projects. A 
substantial part of the budget is spent 

on PET and MRI imaging, furthermore 
the previously mentioned research 
team and patient reimbursements will 
be paid from the budget.

Initiation of a multicentre, 
international study
During the initiation of this study, 
we focused on making practical 
agreements and establishing a good 
communication plan. First of all, each 
centre chose a communicating and 
leading principal investigator (PI), who 
would be in the lead and responsible 
for the study parts at their centre. 
Then, the entire project was divided in 
smaller work packages and these were 
assigned to the different centres.
We agreed that all centres will recruit 
and include patients, which will allow 
us to include the target number of 
patients and control subjects within 
a year, something that would be 

impossible for each of the individual 
centres. All other tasks were divided 
based on the expertise per centre 
(figure 3).
The current collaboration between 
centres originated from the already 
existing collaboration between 
individual centres. The amyloidosis 
centres in Groningen and London 
already had an established 
collaboration that extends back over 
more than forty years. Another long-
standing collaboration was present 
between the centres of Heidelberg 
and Groningen. The centres in London 
and Edinburgh have also worked 
closely together before. These already 
existing collaborations have led to the 
formation of this new international 
collaboration and shows the 
collaborative potential of this group.
International collaborations can 
bring multiple advantages but can 

Figure 3. Overview of the tasks in each of the three countries.
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be difficult to establish. Using pre-
existing collaborations can facilitate 
the process of initiating a large 
international collaboration. When 
initiating such a collaboration, 
practical agreements need to be 
made and a clear division of tasks 
should be present, if possible, based 
on the relevant expertise and contact 
network per centre. Once a successful 
collaboration has been established, 
more collaborations might follow, 
leading to the conduction of high-
quality research.

r.h.j.a.slart@umcg.nl ♦
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