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here who look at rare conditions, genet-
ic conditions -all aspects of them -and 
they’re starting to use more and more of 
these approaches in their research. 

Sean Sanders (host):
Next, we are have Dr. Brasil. Welcome, 
Sandra.

Sandra Brasil:
I am a Researcher and Patient Advocate, 
at the Portuguese Association for Con-
genital Disorders of Glycosylation, which 
is a rare disease, and we are part of the 
Glycoimmunology group underUniversity 
NOVA Lisbon. We have also created an 
international network, joining together 
several researchers, medical doctors, and 
patients, their families, and patient asso-
ciations from all around the globe, which 
is called CDG & Allies- PPAIN. Part of our 
work is to help families and patients and 
give them resources. One of the things 
that we do is we go through revisions, and 
we have been working on the team about 
artificial intelligence and how it can help 
push for research and therapies in rare 
diseases, particularly congenital disorders 
of glycosylation.

Sean Sanders (host):
Fantastic, thank you so much, Sandra. 
Next, I am going to turn to Dr. Thun. 

Sylvia Thun: 
My name is Sylvia Thun, I am from Ger-
many, Berlin and I work at the Charité 
Universitätmedizin where I am a Medical 
Doctor. I am not only a Medical Doctor, 
but also an engineer and informatician. 
For 20 years, I have worked within the 
field of Digital Medicine and I am the Chair 
of HL7 Germany. I have also worked to-
gether with HL7 International ISO in the 
global alliance, to have better and more 
standards in the world for IT in the med-
ical field. In addition, I am working here 
in Germany together with the genomDE 
initiative, and in Europe with One Million 
Genomes and Beyond project.

Sean Sanders (host):
Wonderful, thank you, Sylvia. And last 
but certainly not least, we have Mr. 
Isla. Julian, please go ahead.

Julian Isla: 
Thank you. My name is Julian Isla. I am 
based in Madrid, Spain. I work for Micro-
soft and my team is working on data and 

artificial intelligence. On top of this work, 
and because I have a son with a rare dis-
ease, I started to be engaged as patient 
representative 12 years ago. Right now, 
I am the Scientific Officer of the Dravet 
Syndrome European Federation, which 
is the European Organization for Dravet 
syndrome. Dravet syndrome is the con-
dition of my son. Also, I am the Founder 
and Chairman of Foundation 29. Founda-
tion 29 is a non-profit organisation, trying 
to use much in learning, to improve or to 
create better decision support tools for 
physicians. And I am involved in the reg-
ulatory field because I am a patient repre-
sentative to the European medicine agen-
cy, and I am a member of their Orphan 
Drug Committee.

Sean Sanders (host): 
It is really fantastic to have you all here, 
you come from very different and var-
ied places and organizations. I think 
we can have an interesting discussion. 
I would like to start this webinar by 
talking broadly about artificial intel-
ligence, what it is and what it means. 
And then we’ll dig in a little bit to the 
application of artificial intelligence in 
rare diseases. So, Ben, I think I am go-
ing to come to you if I could with this 
first question. And that is, how do we 
define AI? And how is it different from 
machine learning and deep learning, 
which are other terms that people are 
probably familiar with related to arti-
ficial intelligence?

“Artificial Intelligence (AI). Artificial 
intelligence leverages computers 
and machines to mimic the prob-
lem-solving and decision-making 
capabilities of the human mind.” 
https://www.ibm.com

Ben Solomon: 
I think it is important to start by defining 
some of these things. We hear them talk-
ed about all the time, in lots of different 
contexts. The way I like to think about it, 
is as maybe a series of concentric circles. 
Artificial intelligence is the outermost cir-
cle. And as the name implies, it is the use 
of algorithms, software to help computers 
act intelligently. And I am doing that inten-
tionally in quotes, hopefully, intelligently, 
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Sean Sanders (host):
Hello everyone and thank you for log-
ging into this fifth part of our Science 
and Life Webinar Series on rare diseas-
es. My name is Sean Sanders, and I am 
Director and Senior Editor for Cus-
tom Publishing at Science. I am happy 
once again to act as moderator for to-
day’s discussion. In this nine-part series 
that will run through the remainder 
of 2021, we are unpacking many dif-
ferent aspects of this important topic of 
rare diseases. If you missed our previ-
ous webinars in the series, you can find 
archived recordings at webinar.science-
mag.org. In today’s event, we are div-
ing into the topic of intelligence testing 
for rare diseases with an emphasis on 
technologies like artificial intelligence 
that can aid this process.

I am now delighted to introduce our 
four fantastic panelists that we have on 
the line today, and as usual, I am go-
ing to give each of them an opportunity 
to introduce themselves to you, and we 
will do that right now. So welcome to 
all of you. Thank you for making the 
time. Perhaps I can ask Dr. Solomon to 
start us off.

Ben Solomon:
I am Ben Solomon, the Clinical Director of 
the National Human Genome Research 
Institute. I’ll call it NHGRI, which is part of 
the NIH here in the United States. I run 
a small research group that focus specifi-
cally on artificial intelligence as applied to 
genetic conditions. Previously I was the 
head of a biotech company that did a lot 
of genomic and genetic sequencing, and 
of course, as we’ll talk about AI and relat-
ed methods, are very important there. The 
other thing I want to mention is that I inter-
act and help support a lot of investigators 
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Sylvia Thun: 
First, where do we get the data from? 
Most of the time, we just use images, 
like images from our pathology images, 
or ideology images or even images from 
faces. We can predict what kind of dis-
ease somebody has. The second part are 
demographic data, and, as you all already 
said, omics data. And beside that we try 
to work with diagnosis and symptoms. 
And we have startups here in Germany or 
I think around the world who try to predict, 
with a symptom, what kind of rare disease 
or disease somebody has.

Sean Sanders (host):
Great. Any other thoughts particularly 
on where AI will have some issues? 

Ben Solomon: 
One recommendation is the book Deep 
Medicine by Eric Topol. It talks about this 
and other topics, and in that book, Eric 
makes the point that one of the ways that 
AI is really good at one of the areas is what 
he would call classifying or labeling. So 
just like Sylvia said, can I take a bunch of 
images that a pathologist might look at, 
or a radiologist, or a cardiologist looking 
at the heart or the electric patterns, and 
classifying some of those other things? 
I think one of the other areas that is in-
teresting, and these really intersect, and 
some very clever people have figured out 
ways to make these intersect more than 
they would naturally, is looking at bunches 
of words. So, things like medical records 
and being able to make diagnoses that 
otherwise would be missed. In my mind, 
these approaches tend to work really well 
with large data sets that have been collat-
ed just again, as Sylvia said, very carefully 
to allow us to start to learn from them and 
allow the algorithms to start extracting in-
formation from them.

Sean Sanders (host):
One of the terms that comes to mind 
that researchers use often is ‘junk in, 
junk out’, and I am going to guess that if 
the data is not solid that you are putting 
in, then you are not going to get good 
results out. So maybe Julian, I can ask 
you this question: when you are looking 
at data that you are collecting, and we’ll 
talk specifically about rare diseases, how 
do you ensure that this data is going to 
allow the artificial intelligence algo-
rithms to learn what you want them to 
learn and to be able to give you trust-
worthy results?

hopefully, accurately. There has this idea 
that maybe it mimics human thought pat-
terns. I think superficially, there are some 
connections, but there are a lot of differ-
ences. And there has this whole fascinat-
ing field about of cognitive science in that 
area.

Within artificial intelligence, as the name 
implies, machine learning is the process 
through which machines or computers 
can use algorithms to learn from a set of 
data. You let it run and machine learning 
happens. There are lots of different nu-
ances to this. More recently, there has 
been a lot of emphasis and a lot of buzz 
around deep learning, which is, again, a 
circle within machine learning. And that 
is the idea that we take layers, and these 
different layers extract more sophisticated 
or precise information as you go down in 
the layer.

A classic example in genetics that hap-
pens is we are say we are using deep 
learning to help diagnose patients who 
might have a genetic condition. We train 
a computer to be able to recognize that 
from images of different people. In the 
kind of  first layers, the computer might 
be able to recognize, okay, this is a bor-
der, or this is part of the picture, and then 
recognizing, say, facial parts, like ears or 
eyes, and then the whole face, and then 
eventually recognize, Hey, this is a picture 
maybe of Ben Solomon, or this is a pic-
ture of someone who does not have the 
condition of interest, or this is a patient 
with this condition of interest. There has 
been a lot of emphasis on that, partly be-
cause of the availability of some of these 
algorithms. Again, I would invite others to 
comment on this. This was full of inaccu-
racies and generalities. That is kind of how 
I think about it.

Sylvia Thun: 
I think it was a very good explanation, be-
cause artificial intelligence is the broader 
term. And then you have those other cat-
egories that are within the bigger defini-
tion. 

Sandra Brasil: 
I think we need to use large data sets to 
train these algorithms. So, we should talk 
about data and about precise data.

Sean Sanders (host): 

Absolutely. That is a really important point. 
I would like to ask you, and maybe, Syl-
via, I can come to you with this, where are 
the areas that artificial intelligence really 
excels? And on the flip side, where does 
it struggle?

“If you try to get good data 
sets of patient records for 
people with rare diseases, 
it is very difficult to get 
these records. There is no 
open access data for those 
records, and the quantity of 
medical records that we have 
for people for rare diseases 
is rarely used.”

Julian Isla: 
Right now, this is a big problem. One 
of the problems faced by the research 
groups working on diagnostic tools for 
rare diseases, is the lack of data. If you try 
to get good data sets of patient records 
for people with rare diseases, it is very 
difficult to get these records. There is no 
open access data for those records, and 
the quantity of medical records that we 
have for people for rare diseases is rarely 
used. The other problem that we are fac-
ing right now is system databases. We’ve 
created information about rare diseases, 
there are plenty of mistakes, because the 
curation of databases has been done by 
humans for so many years, and humans 
are prone to make mistakes. We know 
we are. Here’s one example, for my son’s 
condition, it is neurological. Several years 
ago, I realized one of the symptoms for 
my son’s condition was photosensitive 
skin. And this is not actually a symptom 
for his condition. The symptom was listed 
in Orphanet, which is the European data-
base for rare diseases.

I contacted Orphanet asking why do you 
have photosensitive skin for Dravet syn-
drome? And they told me, “Well, we don’t 
know.” But after some research, they re-
alized that photosensitive skin in the tool 
they use for tagging is close to photosen-
sitive seizures. And the problem was the 
coder, the people doing the tagging. They 
made a mistake, normal, they are human, 
but the mistake has been in the database 
for so many years. And this is a problem 
that is happening because when you are 
looking into other conditions as well, they 
have mistakes. There are symptoms that 
the patient groups, they don’t recognize, 
and we don’t have information about fre-
quency, severity, onset. This is still an on-
going problem that we must solve.

Sean Sanders (host):
This brings me to the next point that 
I wanted to touch on, and that is, are 
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the doctor, the friend’s doctor who iden-
tified the symptoms and the set of symp-
toms are the syndrome. But right now, this 
is not happening anymore. The diseases, 
they don’t have the names of doctors, 
they have the names of the genes. And 
this is imparting in a very powerful way. 
Patient organizations as well, because the 
patient organizations, they have the name 
of the genes.

I am not sure if we must look for specific 
names because from my point of view, a 
name is just a name. If the name is not 
able to embed information, it is not useful. 
Let me get you an example, in astrology 
or astronomy, the astronomers are nam-
ing the stars with coordinates because 
the coordinate and the naming is giving 
information. If we name conditions like 
Dravet, Rett, Lennox-Gastaut down, you 
know, it is useless for our computer. The 
computer is not able to process this. I 
am wondering if in the new way we are 
naming medicines, the medicines would 
be a new methodology to process this 
information and that information into the 
name. That is the way to do it.

Ben Solomon: 
I want to add a couple points in response, 
or at least echo what Julian and Silvia 
said. First, so there has a neat paper they 
have published about a year ago in the 
American Journal of Human Genetics that 
talked about clinical diagnosis, molecular 
diagnosis, and clinical molecular diagno-
sis, which as the name implies to it both, 
and I think I agree, there has a lot of work 
to be able to allow us to better define and 
think about what these conditions are and 
what’s biologically causing them, as well 
as to allow smart computer systems to 
parse the data a lot better.

We are decades behind where we should 
be, or we are still using methods that were 
done decades ago to try to do things that 
are much more exciting, but were ham-
pered by these older methods. The other 
point I want to make, again, just to echo 
what Silvia said, is that computers can 
sometimes recognize these problems. 
What I think is also exciting, the problems 
with data sets rather, and so on and so 
forth, what there has some interesting re-
search about, is that computer algorithms 
can actually correct some of these prob-
lems, so for example, take a lousy image 
of an X-ray or some kind of neuro imag-
ing, like an MRI or a pathology slide that 
is not really too good, can computers fill 
in some of the gaps and correct for that.

Computers will accept the biases and 
problems and everything in the original 
data set, so we can allow the computer 
to correct things, but we don’t want them 

to correct things based on lousy implica-
tions or suppositions and so on and so 
forth. Unfortunately, a lot of the data in 
the system so far are based on patients 
and control people, people without con-
ditions from European, from White Euro-
pean ancestries. And extrapolating from 
those populations to other populations 
may not work, or may work much worse, 
or may introduce all sorts of problems So, 
there has efforts to be able to correct that 
among a lot of the other issues there..

Sandra Brasil: 
I just wanted to add because I think that is 
the nomenclature is definitely very import-
ant, and also I think that it needs to be, we 
need to have consensus even between 
the doctors that do the denudations and 
register the data because for example, 
again, from my experience working with 
congenital disorders glycosylation like 
CDG between Europe and, for example, 
the United States, there is not a consen-
sus, a definitive consensus between the 
nomenclature within this particular disor-
der. I think this is also very important and 
very impactful because some doctors 
may not consider one specific disorder 
as CDG and others may do. You will have 
those differences in the records, and then 
that could have an impact in using these 
methodologies and artificial intelligence 
because the annotation will be different 
-then you are losing information in that 
sense. I think we need to have a way to 
establish very well what is the condition 
and the definitive nomenclature so we can 
all run on the same basis and give, use 
the same names, so we can use the same 
data.

Sylvia Thun: 
There has a very nice article in Nature 
Digital Medicine from Cirillo about sex 
and gender differences in AI ( https://
doi.org/10.1038/s41746-020-0288-5). 
We need to closely look at the data, for 
instance, our AKI algorithm about kidney 
injuries is based on data from 96% men. 
This algorithm can cause harm to women 
if we are not calculating this bias out of 
the data.

Sean Sanders (host): 
I guess just to reiterate the point again 
is if the algorithms are biased in the 
results that you get out are going to 
be bias. We really need to address how 
these algorithms might be biased and 
make sure that we are providing them 
with data that is going to remove that. 
I did want to come back to something. 

all data equal, or are some more useful 
than others? And just going off what 
you were just saying, Julian, is it pos-
sible to use AI to detect these types of er-
rors in the databases? 

Sylvia Thun: 
Yes, we have different kinds of data. And 
we should look at the data enterer, who 
is this? Who is responsible for documen-
tation, and the software vendor? If you 
are working with terminologies like inter-
national terminologies like some entity or 
the HPO, that is the Human Phenotype 
Ontology, the software vendor can help to 
enter and to document the data in a cor-
rect manner. If you are not working, and 
you are allowed to just use free text, it is 
very hard for AI algorithms to use the data 
or to train the algorithm with this free text. 
And even if you are using NLP technology, 
natural language processing technology, it 
cannot capture data in a very good and 
precise way. So first, we should have a 
very common international language. And 
besides that, we must have an interna-
tional syntax like HSM and FHIR, that is 
fast healthcare interoperability resource 
that is a language based on XML and 
JSON to exchange data.

We must have a common 
international terminology, not 
only about the genes, but on 
the variants, but on the clini-
cal phenotypes as well as for 
symptoms and diagnosis. 

Many of these diagnosed rare diseases 
don’t even have a name. So, there should 
be an organization, a worldwide organiza-
tion like Orphanet or the WHO or some 
other organization, who is responsible for 
the governance of giving names to dis-
eases and of putting symptoms to the 
genes to the disease.

We must have a common international 
terminology, not only about the genes, 
but on the variants, but on the clinical 
phenotypes as well as for symptoms and 
diagnosis.

Julian Isla: 
Sylvia raised a very, very important topic, 
from my point of view, the topic about how 
we put names to conditions, to diseases. 
Because, for example, the condition of my 
son, Dravet syndrome, has the name of 
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they are overloaded. And the problem 
is, connecting this issue with the point 
from Sandra is that, I guess we have to 
work together to make sure the patients 
with  diagnosis needs are connected with 
international networks because gener-
al specialists they don’t have access to 
these networks, they don’t have time for 
research, they don’t have time to put a 
patient in a nice tool if they have to invest 
six hours for each patient. I guess this is 
a medical need right now, how we can 
mentor a patient with no diagnosis in Bra-
zil, phenotype and genotype is connected 
with the international research networks 
because I am pretty sure the specialist in 
Brazil is not connected with the other col-
leagues, most of them for sure they’re go-
ing to be a specialist, and that if we want 
to do a tool, a platform for everybody, ev-
erybody should be able to use it, not just 
a specialist.

Ben Solomon: 
I want to say the COVID pandemic has 
been terrible, but some good things have 
come out of it, lessons learned, telehealth 
is often cited. Another one is the ability for 
scientists, academicians, patients, lots 
of folks to work together collaboratively 
when things really matter. And I think there 
are lots of lessons that we can take from 
that experience and apply to many areas 
of biomedicine, including the topic of AI in 
rare disease research. I think there is a lot 
that can be done if we can, just like Julian 
said, get together, and work as a much 
larger unit rather than all these little silos, it 
is a cliché, but I think it is really important.

Sean Sanders (host):
I would like to spend the second half of 
this webinar focusing more directly on 
rare diseases, and the application of ar-
tificial intelligence in that field, so may-
be we can ask and Sylvia I’ll come to you 
with this question. Why do we need AI 
for rare diseases? What is unique about 
it? And why is the field of rare diseases, 
or the group of rare disease, particularly 
suited to AI analysis?

Sylvia Thun: 
The challenge is that we must deal with 
a lot of data, and if you think about lab 
data or genome data and images and 
grey scales and so on, we put the data 
together and then we create a diagnosis, 
this is how we work. Doctors work, and 
right now we have so much more data 
and we have to memorize huge quanti-
ties of digital information and we cannot 

So I think that we need to create these 
synergies between patients, patient orga-
nizations,  researchers, and put everyone 
in contact, and talking, so they can share 
their symptoms and what is important for 
them. Researchers can learn with their 
experience, and then incorporate that 
knowledge in the research. I think that is 
definitely the first step that needs to be 
taken in that sense, to make sure that 
patients are included, so we could have 
researchers reaching out to the organiza-
tions or vice versa, and then forming little 
patient committees in which they have in-
puts about the research - then you can 
have their opinions. And also, I think that 
it will be very important  to include med-
ical doctors because they have a lot of 
information. I think that is very important 
to create synergies between all stake-
holders, because all of the information is 
there, and the problem is that I think it is 
dispersed and we are not communicating 
properly, so I think we need to address 
that.

Sean Sanders (host):
Julian, maybe I could come to you and, 
actually, the story that you told about 
your son’s condition, and you advocated 
it for him and went to the organiza-
tion, the databases, and told them there 
was an error. I would love to get your 
thoughts.

Julian Isla: 
One example of one of the experiments 
that we did in Foundation 29 (https://
foundation29.org/en/) because we have 
been working on a tool to facilitate the 
process for diagnosis. And the tool has 
two versions, one is for patients, one is 
for physicians. The idea of the tool is that 
the tool could be a single platform to facili-
tate collaboration. In our idea, we thought, 
okay, we have patients with needs, we 
have physicians willing to help, why not 
create a platform to allow all of them to 
collaborate with each other? The reality is 
that general physicians, they don’t have 
time to invest in additional platforms. In 
Europe, the average time, when you have 
a consultation for a physician the average 
time is around half an hour, in half an hour 
they must check the patient, they have 
to fill the medical record, they have to fill 
prescription, they have to book the next 
appointment, and the feedback that we 
have from them is, we don’t have time.

We created the tool with the idea of, okay, 
maybe the physician can work after con-
sultation, after hospital hours, but the 
reality is, they don’t have time because 

So Silvia, you talked about having a 
standard syntax, having a common in-
ternational terminology, having con-
sensus, it seems that this is not really 
happening right now, maybe to some 
extent. What can be done about that, 
and also what can patients or patient 
families do to advocate for this? Now 
that patients might understand that 
this is an issue, that there is no common 
syntax, is there anything that they can 
do, patients and the patient’s family to 
advocate for this type of thing?

“I think that patients should 
also be included in the 
research, so we should have 
patients-inclusive research, 
which is something that is 
starting to happen but it is 
not so common.”

Sandra Brasil: 
Yes. I think that patients should also be 
included in the research, so we should 
have patients-inclusive research, which is 
something that is starting to happen but 
it is not so common. And, I think that we 
need to educate both sides, so research-
ers because from my experience as a re-
searcher for the first part of my scientific 
path, we didn’t have much contact with 
patients, so it was all very personal . And 
we were in the lab, we did not have any 
feedback from them. Now, working with 
the patients association is completely dif-
ferent. We had many projects that were 
led by the patients, and we discovered 
things that were new and were not known 
by the researchers. The patients have a 
lot of information, that sometimes they are 
not even aware of, and the researchers 
are not also aware of.

“We need to create these 
synergies between patients, 
patient organizations,  re-
searchers, and put everyone 
in contact, and talking, so 
they can share their symp-
toms and what is important 
for them.”
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Ben Solomon: 
If I could just add to that, I think one of the 
things that these methods can do is real-
ly level the playing field, so I won’t speak 
for other countries, maybe you guys have 
different experiences, but here, if a patient 
is... I don’t want to say lucky enough, 
but if they are lucky enough to be near a 
large medical center, an academic med-
ical center with lots of experts, they are 
more they are more likely to get a diag-
nosis quicker, they have more access to 
some of these things. Perhaps one goal of 
this is that AI will be able to level the play-
ing field, so it doesn’t matter where you 
are in the United States or in other coun-
tries, these algorithms will provide access 
quicker and hopefully cut down the time 
to diagnosis. Just as importantly, the time 
to making sure that one is following best 
management guidelines and connecting 
with the best experts, and just as impor-
tantly, other family groups who often know 
more than the experts in terms of the best 
way to manage patients.

“In Europe, we have 117 
medical drugs with orphan 
drug designation for around 
100 conditions. Just 100 
conditions, rare conditions, 
have a treatment with a valid 
indication that means that 
most of the rare diseases, 
they don’t have a treatment 
for the condition.”

Julian Isla: 
Just to add to that, diagnosis is just part 
of the medical need when you have a di-
agnosis, broadly you will need treatment, 
and unfortunately, if you take the number 
of our orphan drug designations that we 
have in Europe, we have 117 medical 
drugs with orphan drug designation for 
around 100 conditions. Just 100 condi-
tions, rare conditions, have a treatment 
with a valid indication that means that 
most of the rare diseases, they don’t have 
a treatment for the condition. But one im-
portant, and I would like to ask to my col-
leagues what they think about the pairing 
of precision medicine and rare diseases. 
Doctor Topol - I really like the books from 
Doctor Topol - he says that in the future, 
precision medicine means that everybody 
will be rare. Because we will be able to 
stratify our population into the individual 
level, and when that happens, everybody 

will be different, and the border is when 
rare conditions and prevalent conditions 
will disappear.

This is a phenomena that we are seeing 
right now in the other way with Europe-
an regulation, because we can see how 
pediatric cancer is using Orphanet regula-
tion to position therapies for cancer. And 
this is not why we created the Orphanet 
regulation. Orphanet regulation is created 
to protect the development of new drugs 
for cancer. There is a reset. They are in 
a much more different situation than so 
many patients with no more options. The 
same way that their cancer is rare. I am 
wondering if their rare conditions will be 
not so rare because if we know more in-
formation about people, everybody will be 
rare, and this distinction won’t be valid. 
I am not sure what my colleagues think 
about that.

Sandra Brasil: 
I think it is a really interesting point, and 
also, I think adding on to that, I read an 
interesting article the other day: for exam-
ple, if you develop gene therapy that can 
reach the liver with good results, then that 
therapy should not only be used for that 
specific rare disease, it should be open 
to all rare diseases that have the same 
issue. But the problem with that is that it 
implies, once again, communication and 
collaboration and the willingness to share 
the results, and products of research. I 
think that, once again, we need to boost 
collaboration between groups. In science 
we hear a lot, “publish or perish,” but in 
this case you need publications. We need 
to think about the greater good, which 
is patients and families, and the impact 
that not having a treatment  has on these 
populations. I think that we need to put 
our strengths and our resources all in the 
same pot and go forward with research.

Ben Solomon: 
I think precision medicine, however you 
define it, is really exciting and all the new 
technology and methods I think are great-
ly going to improve health, both for those 
affected by rare diseases and others, their 
family members and others who don’t 
have conditions. What I do worry about, 
just to be a little bit of a devil’s advocate, 
is this idea of the narcisome. You notice 
as we talk about the genome, looking at 
DNA, the transcriptome, looking at RNA, 
and all these other -omes that we talk 
about, the microbiome. There has also 
been this movement saying, “Okay, we 
are put a lot of these emphases and a lot 
of these technologies to focus on healthy 
people and really get to know every single 
bit of data around them for health rea-
sons.”

do it anymore, and beside that, now we 
are just getting more and more and more 
on so many publications, right now in this 
second, are made here on PubMed, and 
we have to read the new publications 
and so on, so we have to use machines 
to help us, and no. We still need doctors 
sure, but machines or AI algorithm should 
just help us to find the right therapy and 
the right diagnosis. So beside that, we 
can accelerate diagnosis. Here in Germa-
ny, we have like three to five years until 
one gets a diagnosis, if he or she has a 
rare disease, and that is too much, and 
there are so many people who have a rare 
disease - because rare is not rare.

“You have more than 7000 
different rare diseases that 
have been described so far, 
when you consider every-
thing all of them put together, 
you have a very large part of 
the population that is being 
affected.”

Sandra Brasil: 
I would just like to add to what Sylvia said. 
Well, on the rare, it is not being rare, be-
cause when you consider a rare disease 
by per se, it is rare and affects a few peo-
ple, but considering that you have more 
than 7000 different rare diseases that 
have been described so far, when you 
consider everything all of them put to-
gether, you have a very large part of the 
population that is being affected. Really, 
the time, I think that not having a diag-
nosis, it is a very big problem, but a miss 
diagnosis, it is also a very big problem be-
cause that patient might have been taking 
a wrong medication that is not helping or 
might even harm, I mean not harm the pa-
tient, but will not benefit the patient, so I 
think that we have to address both, not 
diagnosing the patient, but also misdiag-
nosing the patient is also very important.

Considering that you have so many rare 
diseases, I think that artificial intelligence 
is going to be very important because 
it is impossible for doctors to memorize 
and know all of those different rare dis-
eases, so I think if you have a tool that 
can help in the diagnosis by the recogni-
tion of for example, facial characteristics 
that are specific to a rare disease, I think 
that it will be of tremendous help because 
it is impossible for the clinicians to know 
the symptoms and presentations of all of 
these disorders.
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and the underlying data sets available that 
are published in the papers that Sandra 
is talking about, so that others can look 
and say, look, I need to make sure that 
this works. I need to make sure this works 
on another data set, or I want to build on 
this. If those algorithms are not available, 
then, and I understand the reasons for 
them not to be available, but it hits a brick 
wall. Sharing in that context is important 
as well. The other point I want to make 
is that artificial intelligence, one of the 
other things it can do, taking a step back 
from what Sandra was mentioning, is that 
sometimes it can make these biological 
connections that we wouldn’t realize.

I am not an expert in CDG, in congenital 
disorders of glycosylation, but there has 
so many of them, and on the surface, 
they wouldn’t necessarily appear to be 
biologically connected. As new CDG con-
ditions are discovered or ones that might 
be CDGs, these methods, these artificial 
intelligence methods can be used to say, 
“Okay, maybe these are biologically con-
nected and therefore, maybe this can give 
us a route to therapeutics or research into 
ways to directly treat the conditions.”

https://rarediseases.org/rare-diseases/
congenital-disorders-of-glycosylation/

“Congenital disorders of glycosyla-
tion (CDG) is an umbrella term for a 
rapidly expanding group of over 130 
rare genetic, metabolic disorders 
due to defects in a complex chemi-
cal process known as glycosylation. 
Glycosylation is the process by which 
sugar ‘trees’ (glycans) are created, 
altered and attached to 1000’s of 
proteins or fats (lipids). When these 
sugar molecules are attached to pro-
teins, they form glycoproteins; when 
they are attached to lipids, they form 
glycolipids.”

Sandra Brasil: 
Yes, definitely. For example, some CDGs 
can be treated by giving some sugars that 
doctors are testing. Some CDGs are in 
the same metabolomic path, so they are 
connected. If one type of sugar works on 
one, then they are thinking, “Well, we are 
testing and now we are experimenting 
to see if it works on the other patients.” 
I think that is definitely the idea and artifi-
cial intelligence will be a tool that can help 
doing that with other patients in the other 
CDG types that we have. That will be very 
interesting. 

approved. Or, that are, for example, failed 
clinical trials and phase two, because for 
the ones that are not familiar, clinical trials 
have several phases. In phase one, you 
test safety in the general population, and 
in phase two you test efficacy, so if the 
drug will work in the patient population 
once you know that it is safe. Sometimes 
it fails in phase two because it works in 
the lab, but when you get to people, it 
does not work. The idea is to use artificial 
intelligence tools to go through, because 
now you have several databases with a 
lot of information on approved drugs, and 
drugs that have been put on hold. 

You have all that data there and you can 
check if those drugs will be able to work in 
your disease. But to do that, you need to 
have a lot of information about your own 
disorder, about that rare disease. In order 
to make this approach work, you need to 
study very well, the rare disease, and have 
molecular data, data from metabolomics 
and other omics, so you can incorporate 
all of that in one unique disease model 
and see if the information you are retriev-
ing from the drug is able to help the pa-
tients. I think that now the biggest prob-
lem is having that amount of information 
from the rare disease to make sure that 
you have a good disease model.

Because if the disease model is not good, 
you will not have a good result, or even 
if you spend the time and money, when 
you reach the patients, you will not have 
a good result. I just wanted to point out, 
because we did a literature review that 
was published in 2019 about artificial in-
telligence, the tools for rare diseases. And 
I just wanted to point out that only one 
study, only one paper was available, that 
mentioned artificial intelligence for this 
drug reposition, because it is the name 
that we give to the new use for known 
drugs. I think that this is an area that 
needs to be approached for rare diseas-
es, and I think that it is a very interesting 
field that needs to be explored.

Ben Solomon: 
If I could add just a couple thoughts to 
that. One is, I encourage everybody to 
read Sandra’s group’s paper (Brasil, 
Sandra et al. “Artificial Intelligence (AI) in 
Rare Diseases: Is the Future Brighter?” 
Genes vol. 10,12 978. 27 Nov. 2019, 
doi:10.3390/genes10120978), which I 
thought was wonderful and just fascinat-
ing review of the literature. It will be in-
teresting just in the years since that was 
published, I am sure there has so much 
more that is come out. But one point, go-
ing back to the sharing, is that it is import-
ant. And I understand this is hard to do in 
certain contexts, but to make algorithms 

That is not a bad thing at all. I don’t mean 
that it is one or the other, but I would not 
want the emphasis on that to take away 
from the emphasis on helping patients 
with severe congenital or any kind of rare 
or genetic condition where, just like Julian 
said, there just are not enough therapies 
and there are not enough ways to man-
age these patients to help them have bet-
ter quality of life.

Sean Sanders (host):
I think that is a fascinating point, Ju-
lian, thank you for bringing that up, 
and something that I think is important 
to think about in the future. I did want 
to come back to something else that you 
said about therapies, because we haven’t 
really talked about that. And Sylvia, I 
would like to put this question to you. 
In what ways could AI be applied to 
matching therapies to diseases and es-
pecially often drugs or drugs that offer 
treatment of other diseases that might 
be applicable to certain rare diseases. 
Are people thinking about this? Is there 
any work in that space?

Sylvia Thun: 
We are thinking about our pandemic situ-
ation and not about the rare disease situa-
tion. We had the chance, because we had 
so much data throughout the whole world, 
and the FDA asked us here in Germany, 
our Big Pharma and European Medicine 
Agency, are there any therapies? Why 
are so good in the beginning of the pan-
demic in Germany , is there a chance that 
your people get other drugs or something 
so that you don’t get COVID? We were 
wrong, we had the same, as hard as in 
the US, in Germany as well, but later. And 
so we can just have a look at the data, 
which kind of therapy can work for differ-
ent diseases and even rare diseases. That 
is one point. The other point is more the 
research area, and I am not a researcher 
in the drug development. 

Sandra Brasil: 
Well, just for everyone to have an idea, 
developing a new drug from the start, 
from the beginning, it is a very time-con-
suming and expensive process.  The lat-
est estimations tell us that developing a 
new pharmaceutical compound, a new 
drug, takes over $2 billion, so it is very, 
very expensive. And one area in which ar-
tificial intelligence can help with is finding 
new therapies for rare diseases by look-
ing for therapies that have already been 
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Julian Isla: 
From a Microsoft point of view, our re-
search team is working, not really in rare 
diseases, but in technology that can help 
the development of new solutions for 
people with rare diseases. For example, 
NLP, natural language processing. This, 
as Sylvia already mentioned, this is very, 
very important to move from unstructured 
medical records into structured informa-
tion. Microsoft has a team of, a very im-
portant team, working on NLP, and right 
now we have a product, we have a solu-
tion that everybody can use. It is called 
Text Analytics For Healthcare, and this is 
a service in our cloud that everybody can 
use. But it is not just Microsoft, you know? 
My colleagues from Google, they have a 
similar service, or my colleagues from Am-
azon, they have medical comprehensive 
as well. The IT industry is focusing on get-
ting a structure from unstructured medical 
information, this is the priority for all of us.

This is the first step, but I guess I want 
to highlight that the problem really is the 
lack of data, you know? AI is fantastic. We 
can do a lot of things with AI, but the main 
problem I see is the lack of data, because 
this is a problem that the medical field is 
having for other conditions and for rare 
diseases, it is much more important. Re-
garding sharing the data, Microsoft is also 
working in ways of allowing institutions, 
physicians to share the data with privacy 
and security. This is very important, and 
technology like anamorphic encryption or 
differential privacy, they are already avail-
able, and these allow researchers to use 
the data with privacy and security. But 
from the patient point of view, I guess, 
the system is broken. If we really want 
to move forward, we must empower pa-
tients with the data they own. 

The term “data gravity” refers to the 
desire to have applications and data 
attract more applications and data 
on a network.

Why Data Gravity Will Grow Stronger 
- Forbes
https://www.forbes.com › forbestech-
council › 2019/01/14

Right now, the data gravity and gravity is 
like a physics phenomena, where the data 
is going, the data goes the hospital. This 
is the gravity, the gravity goes to the hos-
pital. But I guess, we have to change this 
gravity and allow the data go to the pa-
tients, because the data is owned by the 
patients and we provide to the patients, 
the mechanisms to store the data and 

share the data with the people they want, 
we will solve a lot of problems. Especial-
ly the privacy and sharing problems, be-
cause they will be the owners and they will 
make decisions by the data. And I guess 
from my point of view a change in the way 
we are managing the data and changing 
this gravity is going to be needed if we re-
ally want to make a bigger step forward.

Sylvia Thun: 
I think this is the reason that we need 
something like an international patient 
summary on EHR that is interoperable 
in the whole world, and we are right now 
working on this international patient sum-
mary and on a new addendum for a min-
imal dataset for our diseases, and this is 
based on a French work from 10 years 
ago or something, but we must talk about 
the semantic interoperability. Because like 
us Europeans, and especially Germans, 
we don’t want to use centralized data-
bases, but they want to share data, so we 
have to have a cloud infrastructure and 
with federated learning methods, so that 
you can bring the algorithm to the data, 
and not the other way around. This is one 
step to build the infrastructure, and the 
next step is to collaborate on the dataset 
and the international work here. Hopefully, 
this will be in the next few years.

Julian Isla: 
In Europe, I am a little bit disappointed 
with the speed of innovation in Europe, 
because I guess we talk a lot, we have 
to make consensus, we have to put ev-
erybody on agreement, but we are not 
running really fast. Do you think innovation 
will come from institutions, or will innova-
tion come with a new company, a new 
entity, a new, a new something new that 
will be able to transform the way we are 
doing medicine and we are dealing with 
rare diseases, you know? I don’t know, I 
don’t have an answer. It is again a ques-
tion for the panel.

Sylvia Thun: 
Perhaps a good example is our vacci-
nation certificate in Europe, so you can 
go through Europe and have one certifi-
cate, perhaps this is the very beginning of 
things that are moving faster.

Julian Isla: 
We have the certificate, and on top of the 
certificate, there are different rules in dif-
ferent countries. If you go with it to, if I go 
with my certificate to Germany, the condi-
tions are different than if I go to Italy, you 
know what I mean?

Going even back at the beginning, we 
thought that rare diseases were simple 
conditions. You had one or two mutations 
that were affecting a gene, and only one 
gene was responsible for the disease. 
And now we know that it is not like that, 
we know that different genes in different 
pathways, can have impacts on the dis-
ease and on the presentations and symp-
toms that the patients have.

I think that that is very important to con-
sider when we use these artificial intelli-
gence algorithms, we need to have a very 
clear idea of the general picture. We can-
not think about rare diseases as simple 
diseases. They are very complex, and we 
need to take that into account and defi-
nitely be able to make these connections, 
because sometimes we think that by be-
ing on different metabolic pathways, they 
are not connected, and by using artificial 
intelligence too, we might find connec-
tions, and that might be the solution for 
therapy, for example.

“We cannot think about rare 
diseases as simple diseases. 
They are very complex, and 
we need to take that into ac-
count and definitely be able 
to make these connections, 
because sometimes we think 
that by being on different 
metabolic pathways, they are 
not connected, and by using 
artificial intelligence too, we 
might find connections, and 
that might be the solution for 
therapy.”

Sean Sanders (host):
I would like to come back to data shar-
ing, and I would like to look at it from a 
couple of different perspectives. The one 
is, and Julian, I am going to come to you 
with this question because you work for 
Microsoft. And the question is, where 
is the AI research in rare diseases cur-
rently taking place? Is it predominantly 
private companies and laboratories? Is 
it in academia and hospital systems? 
And how does that impact the sharing 
of those algorithms and that data? If 
you could talk to that.
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and underpin what I do, and make it faster 
and easier, so that I, as a doctor, am not 
spending all my time when I am supposed 
to be talking to a patient and a family, typ-
ing on the computer and writing my med-
ical note and looking things up. But I can 
talk to patients and families. Hopefully, a 
lot of these technologies will allow us to 
get back more and more to human con-
tact, and I think that is the reason all of us 
went into, in various ways, into rare dis-
ease research and clinical medicine.

Journal Club 

Article of the month

Artificial Intelligence (AI) in Rare  
Diseases: Is the Future Brighter?

Brasil S, Pascoal C, Francisco R, Dos Reis 
Ferreira V, Videira PA, Valadão AG. Artificial 
Intelligence (AI) in Rare Diseases: Is the 
Future Brighter? Genes (Basel). 2019 Nov 
27;10(12):978. 
Free at: https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC6947640/

The authors discuss how artificial intelli-
gence can help in rare disease diagnosis 
and treatment

1. Of 7,000 rare diseases only 5% have 
a treatment.

2. The amount of data in medicine is 
hugely increasing. 

3. We must learn how to understand, 
analyze, collect and analyze all this 
information. 

4. Artificial intelligence can help.

5. Artificial intelligence is already being 
used in medical research, diagnosis, 
and clinical trials and for discovering 
new treatments in rare diseases.

6. In future, artificial intelligence could 
boost diagnosis and treatment for 
rare diseases.

A detailed analysis appears at: https://www.
mdpi.com/2073-4425/10/12/978/s1

Sandra Brasil: 
Yes, I agree with Sylvia. I think that educa-
tion will be a challenge. And we need to 
focus on that, and for the patients to edu-
cate the patients and the patient commu-
nities that for them to know what artificial 
intelligence is, how it can be used, what 
are the advantages. And, with the data, as 
Julian mentioned, which is the important 
data, how we need to collect it. Because 
when patients are educated, they are em-
powered, and they can move forward. 
And they can think about different solu-
tions, and they can partner up and they 
can make their own decisions and help 
push forward the research. I think that 
we must shift the balance - not the power 
balance - but the information that there is 
from researchers and clinicians and give 
them to the patients also.

“When patients are educated, 
they are empowered, and 
they can move forward. And 
they can think about different 
solutions, and they can part-
ner up and they can make 
their own decisions and help 
push forward the research.”

Ben Solomon: 
I am optimistic. I think if I look at the 
younger generations, my kids and oth-
er folks, they’re much savvier and much 
more comfortable with these technolo-
gies and with some of these big issues, 
like data sharing. They look at us all tied 
in knots about our concerns about data 
sharing, and they say, “No, no, no, this 
can be a really good thing.” So hopeful-
ly, there’ll be a generational shift. I expect 
there will be, and so some of these things 
will solve themselves, including with some 
technological solutions.

I am a pediatric geneticist by training and 
so what I hope in the future, I don’t know 
if it is going to be five, 10, 20 years, it’ll be 
a process, but there’ll be a lot more arti-
ficial intelligence and related technologies 
that are supporting what we are doing. 
So instead of me, when I see a patient, 
going to the computer and Googling or 
using a fancier version of Google, some 
database, to look up their symptoms and 
try to figure out treatments or try to figure 
out what they have and decide if I should 
send a genome on them or enroll them in 
a research study, there’ll be a lot of stuff 
under the surface that will help underlie 

Sean Sanders (host):
And even more of a challenge interna-
tionally.

Julian Isla: 
Internationally, it is even more challenging. 
The technology is not the problem, we 
have the technology, we have a certifi-
cate, we have a very solid infrastructure, 
but we don’t know how to use it with ef-
ficacy. This is the main problem, from my 
point of view.

Sean Sanders (host):
Well, we are running out of time, and I 
would like to just get to one more ques-
tion. I did want to say though, just on 
the data sharing, I would like to men-
tion to the audience something that Syl-
via pointed out to me and that I was 
reading up on and which is the term 
FAIR for findable, accessible, interoper-
able and reusable. And I think it is an 
important guideline for everybody to 
read and look at and consider, because it 
seems like that is going to be the foun-
dation for data sharing in the future. 
But the final question I wanted to put 
to the panel, just looking to the future, 
what might this look like if AI can be 
applied successfully to rare diseases and 
what might be the main challenges? 

Julian Isla: 
Maybe I am a little bit repetitive, but the 
big challenge is going to be changing the 
way we are collecting data, and how we 
are putting this data, and that these data 
sets are available to researchers and the 
medical community. This is still an issue 
that and we need to work together as cit-
izens to be able to create with data sets, 
because the data set are the foundation of 
good AI models.

Sylvia Thun: 
I think the main challenge is to educate 
our young people and our doctors to use 
AI in a very good manner.

“I think the main challenge is 
to educate our young people 
and our doctors to use AI in a 
very good manner.”
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Throughout the duration of these three 
episodes, we will focus on a fascinating 
study carried out by the Institut Pasteur 
in Paris. As a result of their research, an 
article was published in Science mag-
azine, entitled “On the origin of lepro-
sy.” Researchers involved in this study 
asked themselves the following ques-
tion: “is leprosy a disease of a single 
strain, which gradually spread around the 
world through migration, or did it appear 
in different places, randomly and inde-
pendently, across the ages?” This series 
also discusses identification of the bacil-
lus Mycobacterium Leprae by Norwegian 
doctor Gerhard Armauer Hansen, and the 
subsequent race for treatments, before 
ending this discussion with an overview of 
stigma and care which has accompanied 
patients over the ages.

What’s up? 

Highlights of the month

Movies to move you 
by Morgan Packer

Artificial intelligence has changed the 
landscape for not only modern technolo-
gy and our world, but also for rare disease 
diagnosis and understanding. Here are a 
few of my film recommendations that fo-
cus on either artificial intelligence or rare 
diseases - worth having a watch:

1. A classic Steven Spielberg film, A.I. 
Artificial Intelligence, narrates the sto-
ry of David, an 11-year-old boy (star-
ring Haley Joel Osment) who is the 
first robotic child programmed to love 
other humans. 

2. Spike Jonze film Her starring Joa-
quin Phoenix (Theodore Twombly) 
and Scarlett Johansson (Samantha) 
focuses on the use of AI to create 
a virtual vocal assistant. Samantha, 
this virtual AI-created voice, accom-
panies Theodore Twombly through-
out his daily life, eventually evolving 
into a romantic relationship. This film 
highlights the complexities of AI, re-
lationships between humans and AI, 
and ethics behind this evolving tech-
nology. 

History Corner 
The remarkable history of Leprosy  
by Florian Delval 

Everyone at some point in time has heard of 
leprosy. It is indeed mentioned on numerous 
occasions in biblical or historical contexts, 
or in great cinema classics such as The Ten 
Commandments, Ben Hur or Papillon. But do 
we really know what causes this disease or 
the course it takes? Stemming as a source 
of stigma for those affected throughout its 
existence, leprosy has now become a distant 
memory in the Western world. 

Yet, according to the World Health Or-
ganization (WHO), there are between 
150,000 and 250,000 novel infections 
each year. The WHO also states that there 
are currently between 2 and 3 million lep-
ers worldwide. In 2015, three countries 
accounted for 80% of new annual cases 
worldwide: India (60%), Brazil (13%), In-
donesia (8%). Leprosy remains endemic 
in many other countries such as Angola, 
Madagascar, Central African Republic or 
Tanzania. 

It is a chronic infectious disease caused 
by the bacillus Mycobacterium leprae – a 
bacterial disease that mainly affects the 
skin, peripheral nerves, the upper respi-
ratory tract lining, and eyes. The bacillus 
is likely transmitted via droplets, from the 
nose and mouth, during close and fre-
quent contact with untreated cases. Incu-
bation is often described as a long and 
silent process, with a duration of approx-
imately 5 years. Sometimes, symptoms 
of leprosy can appear 20 years following 
exposure. Symptoms start with the ap-
pearance of depigmented or pinkish skin 
patches and may be preceded by tingling 
sensations. Skin anaesthesia is also pres-
ent: the patient no longer feels pain or 
heat. Leprosy is not very contagious, but 
can be mutilating, sometimes even para-
lyzing and disabling. 

It is also characterized by a deterioration 
in physical appearance of the patient, and 
it is this deterioration in physical appear-
ance and its unique characteristics that 
have made leprosy such a stigmatizing 
disease throughout history. It was there-
fore a source of exclusion due to its strict 
isolation of infected individuals. It appears 
difficult to estimate the number of peo-
ple who have been affected by leprosy 
throughout history. We know that in the 
heart of the Middle Ages, there were near-
ly 20,000 places in Europe where the sick 
was isolated and treated: leper houses.
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Glass Ceiling 
One of the Kind 
Program “Modern Love” 
Ephemeral 
Post-me  
Synapse

Program “Paralympic Games” 
The Boccia Mountain 
The Race of a Lifetime 
The Transformation

All our publications are 
available at: 
fondation-ipsen.org

Fondation Ipsen is under the aegis of  
Fondation de France

ISBN: 978-2-490660-80-3

The French Paralympic and 
Sports Committee (CPSF) leads 
France’s Paralympic team to the 
Games. Paralympic mangas are 
a unique opportunity to discover 
and learn more about sports that 
are still mostly unknown. And, 
through an original medium, 
linking the Tokyo 2020 Olympic 
and Paralympic Games with 
those of Paris 2024, along with 
all Paralympic athletes.

Marie-Amélie Le Fur 
President, CPSF

Becoming an Olympic or 
Paralympic athlete requires total 
commitment of time, of heart, of 
intellect and spirit. Athletes who 
perform at this level are heroes. 
Join us in these manga books 
inspired by real life olympians, 
and learn what it takes to 
become the best in the world.

James A. Levine  
MD, PhD, Professeur 
Fondation Ipsen, Président

This new manga trilogy, dedicated 
to the Paralympic Games, was made 
possible thanks to the support of 
France’s Paralympic and Sports 
Committee, and in collaboration with 
three French Paralympic atheletes.
Renaud Clerc (athletics), Sonia 
Heckel (boccia) and Ryadh Sallem 
(wheelchair-rugby) met with 
Kat-chan, Reptilian, Kara7. From 
their collaboration, three original stories 
were born. 

Truthful transmission of science to the 
public is complex because scientific 
information is often technical, and 
leads to the diffusion of inaccurate 
information. In 2018, Fondation Ipsen 
established BookLab to address 
this need. BookLab publications are 
created through a collaborative process 
between scientists, doctors, artists, 
authors, and children. Existing in paper 
and electronic formats, and in several 
languages, BookLab provides books to 
more than 50 countries, for people of 
all ages and cultures. Fondation Ipsen 
BookLab’s publications are free of 
charge to schools, libraries and people 
living in precarious situations. Join us! 
Access and share our books by visiting
www.fondation-ipsen.org.

3. One special mention is Disorder – The 
Rare Disease Film Festival, taking place 
every other year in various worldwide 
locations, including San Francisco, It-
aly, Germany, Japan, Miami, Philadel-
phia, Sioux Falls and Boston. While 
the next edition of Disorder – The 
Rare Disease Film Festival, is yet to 
be scheduled due to Covid-19, many 
of the festivals’ previous films are 
available for free online here: https://
www.rarediseasefilmfestival.com
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https://www.fondation-ipsen.org/webinar/
https://www.fondation-ipsen.org/podcast/boccia-a-great-strategic-game-some-friends-and-the-dream-to-win-the-gold-medal-in-2024/
https://www.fondation-ipsen.org/podcast/boccia-a-great-strategic-game-some-friends-and-the-dream-to-win-the-gold-medal-in-2024/
https://www.fondation-ipsen.org/sciences-corner/jonas-and-abequas-flowers/
https://www.fondation-ipsen.org/podcast-category/our-health/
https://www.fondation-ipsen.org/podcast-category/our-health/
https://www.fondation-ipsen.org/book-lab/
https://www.fondation-ipsen.org/book-lab/paralympic-games/
https://www.fondation-ipsen.org/book-lab/paralympic-games/
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https://www.fondation-ipsen.org/book-lab/
https://www.fondation-ipsen.org/book-lab/
https://www.fondation-ipsen.org/book-lab/paralympic-games/
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