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Editor's Note

Dear Reader,

For several months, great
efforts have been made
almost everywhere in the
world to contain the spread of
the SARS-CoV-2 coronavirus
by imposing quarantine and
hygiene measures and by vac-
cination. At present, the WHO
counts 330 ongoing COVID-19
vaccine development projects
(as of 07.12.2021). The cur-
rently most commmon types of
COVID-19 vaccines include live
viral vector vaccines and novel
RNA vaccines.

In live viral vector vaccines,
one or more genes for surface
proteins of SARS-CoV-2 are
added to harmless viruses,
which can enter human cells
without causing disease. After
vaccination, they enter human
cells, where they induce the
production of SARS-CoV-2
proteins.

This leads to the development
of immune protection that can
also fight off a real infection.
An example of such viral vector
vaccines is Sputnik V deve-
loped by the Russian Gamaleya
Institute.

Novel mRNA vaccines contain
a selected gene of the virus in
the form of RNA, more spe-
cifically messenger RNA or
mRNA. After vaccination, the
MRNA induces the production
of harmless viral protein, which
causes the development of
immune protection, just like
with a conventional vaccine.
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The vaccine by BioNTech/Pfizer
is an example of such mRNA
vaccines.

There is also a great number
of drug development projects
worldwide. Existing medicines
are being tested and new
ones are being explored and
developed for the treatment

of those already infected. For
example, antiviral drugs are to
prevent viruses from entering
and multiplying in body cells.
Other medicines are to protect
the heart, lungs, other organs
and blood vessels or limit the
body’s immune response at an
advanced stage of the disease
to ensure that it does not
cause even more damage than
the viruses themselves.

This pandemic, caused by a
highly contagious virus, can
only be overcome through
joint efforts. Each and every
one of us is required to act
responsibly and considerately
to prevent new infections and
protect ourselves and others
from the spread of the disease
as effectively as possible.

Stay safe and healthy and
enjoy your
German Medical Journal.

Nadine Baume
Managing Director
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Corona Virus SARS-CoV-2
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The Coronavirus

SARS-CoV-2

The first symptoms of a coro-
navirus infection are cough, a
runny nose, sore throat and fe-
ver. Further symptoms include
fatigue, headache and body
aches as well as chills. Some
people also experience diar-
rhoea. In some patients, espe-
cially older people and people
with existing health problems,
the disease can have severe,
potentially life-threatening con-
sequences, involving respira-
tory problems and pneumonia.
In isolated cases, no symp-
toms occur at all.

The virus is easily transmitted,
because, similar to influenza
viruses, it replicates not only
in the lungs, but also in the
mouth and the throat. Accord-
ing to the WHOQO, the average
incubation period is 5-6 days,
but it may also take up to

14 days until first symptoms
become apparent. During that
period, infected people who
have not yet developed symp-
toms can already transmit the
virus and infect others.

A specific therapy for the novel
coronavirus is not yet available.

Routes of transmission

The highly infectious corona-
virus is transmitted from
humans to humans. Its routes
of transmission include droplet
infection, where droplets
containing the virus enter the
mucous membranes of the
airways, the mouth, the nose
or the eyes, and smear infec-
tion, where the pathogens are
transmitted to the mucous
membranes by direct or indi-
rect contact.

How can you protect
yourself and others from
getting infected?

As is the case with influenza
and other respiratory diseases,
you should observe various
hygiene rules and take precau-
tions to protect yourself and
others from getting infected
with the coronavirus:

¢ \Wash your hands regularly
and thoroughly with water
and soap for at least 20 sec-
onds, especially after blow-
ing your nose, sneezing or
coughing.
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Corona Virus SARS-CoV-2

e Avoid touching your face as
far as possible to prevent any
pathogens from entering the
mucous membranes of the
eyes, nose or mouth.

e Keep your distance (about
1.5-2 metres) to people who
have cough, a runny nose or
a fever.

e Avoid shaking hands and hug-
ging when greeting others.

e Use your knuckles instead
of your fingertips to press lift
buttons or door open buttons.

e Avoid crowded places and
events.

e Keep the greatest possible
distance and turn away from
others when coughing or
sneezing. Use the crook of
your arm or a paper tissue
which you then dispose of
right away.

¢ |f possible, stay at home if
you are sick.

¢ In the event of a suspected
coronavirus infection, such as
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after having had contact with
an infected person or having
spent time in a designated
high-risk area: Avoid unnec-
essary contact with others
and stay at home, if possible.
Contact your family doctor by
phone and discuss the further
course of action before going
to a doctor’s surgery.

¢ \Whenever possible, stay
outdoors or only in well-venti-
lated indoor areas.

¢ \Near a face mask indoors.

® Get vaccinated

Sources: https://www.infektionsschutz.de/coronavirus-

sars-cov-2.html, https://www.rki.de
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Simulation Training

A flight simulator is probably
what first comes to every-
body’s mind when talking
about simulation training. Pilots
of passenger aircrafts are re-
sponsible for hundreds of lives
during their daily work. This
enormous responsibility re-
quires accurate preparation for
any situation that might occur
in order to guarantee adequate
response and assured handling
(1, 2).

Another occupational group
dealing with responsibility for
human lives every day are
medical professionals. The
benefits of simulation training
for both sides — physician and
patient - are obvious (1). On
the one hand physicians gain
experience and confidence by
repeating not only standard
but also extremely rare tasks.
The complexity of the simula-
tion setting can be increased
gradually instead of exposing
the trainee to overstraining

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

conditions which may often

be the case in education on
daily hospital business as the
complexity of upcoming cases
cannot be influenced. There-
fore, simulation training makes
requirement-based instead of
opportunity-based education

of medical students possi-

ble. Unlimited repetition in a
stress-free environment has
been proven advantageous for
prospective medical doctors (3,
4). On the other hand patients
benefit from a risk-free treat-
ment by well-trained, self-con-
fident physicians. Shifting the
first part of the learning curve
to a simulated environment
and transfer of consolidate
knowledge and skills to real-life
situations reduces the risk of
making mistakes and taking
bad decisions (5).

Despite the awareness about
the usefulness and overall posi-
tive empirical results regarding
simulation training, the major-
ity of medical education and
training is still done by applying
theoretical knowledge directly
to patient treatment. This is

on the one hand due to en-
trenched methods and financial
limitations. On the other hand
simulation systems are often
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unnecessarily expensive, limit-
ed in the portfolio of simulated
cases and/or difficult to handle
due to specific software and
hardware requirements (6).

In some medical fields simula-
tion training is already estab-
lished and a fixed component
in the educational program.
Resuscitation courses for
Immediate Life Support (ILS),
Advanced Life Support (ALS),
Neonatal Life Support (NLS),
European Pediatric Immediate
Life Support (EPILS) and Euro-
pean Pediatric Advanced Live
Support (EPALS) are manda-
tory for medical personnel of
all disciplines (7). For pediatric
emergency care a simulation
training program called " PAE-
DSIM" has been initiated by
experts from Germany, Austria,
Switzerland and the US. The
goal of the interdisciplinary
education and training program
for emergency management
of life-threatening ill or injured

children is to improve patient
care and increase patient
safety by optimizing team
performance (8, 9). In cardiol-
ogy the existing simulation
systems relate to adult cases,
e.g. for coronary interventions,
valve replacement (3), and
endovascular stenting of the
aorta (10). To the best of the
author’s knowledge, there is no
simulation training setup avail-
able for pediatric cardiologists.
This is specifically critical as
professionals in this field deal
with rare and complex cases of
congenital heart disease (CHD).
The complexity of learning and
teaching is increased due to
the variety of anatomical find-
ings, reduced size and rareness
of cases.

3D reconstruction of medical
2D scans, i.e. CT and MRI im-
age stacks, together with 3D
printing technology is an ideal
combination of tools for visuali-
zation and better understand-
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ing of CHD cases. 3D printed
heart models with congenital
defects have been reported

to be particularly helpful for
presurgical planning (11-13).
Besides the clinical use also
teaching applications of 3D
cardiovascular models show-
ing congenital defects have
been highly recommended

(14) and evaluated for different
applications and target groups:
anatomy courses for medical
students (15-22), education of
cardiac nurses (23) and medical
staff in critical care (24). Also
hands-on surgical training has
been conducted for pediatric
heart surgeons (25-30). In the
field of pediatric cardiology,
however, there are no reports
regarding the use of 3D printed
heart models for training.
Based on our investigations
we have established a realistic
hands-on simulation training for
diagnostic and interventional
catheterization in patients suf-

CT/MRI scan

Segmentation

Fig. 1: 3D printed models can be generated from CT or MRI scans of real patients. For this purpose, the blood
volume is segmented, i.e. the intracardiac structures are marked in the images. A 3D digital model is then
calculated based on the marking. Design operations allow hollowing the model, modifying the surface structure,
and creating windows to look inside. Finally, the digital model can be printed in 3D.

fering from CHD. Due to the
application of 3D software and
3D printing technology the
setup is highly versatile and
adaptable to any training level
and goal. For this reason, medi-
cal students, prospective and
proficient pediatric cardiologists
can practice and prepare for
real patient treatment.

3D Printing of Anatomical
Models

3D printed medical models can
be generated from CT or MRI
image stacks of real patients.
In the case of cardiovascular
imaging the contrast-enhanced
blood volume perfectly visualiz-
es the intracardiac and vascular
structures in the 2D slices. 3D
processing software (Materi-
alise Mimics Innovation Suite,
Materialise NV) for medical
images allows segmentation of
a region of interest by marking
the pixels within a certain grey
value range, e.g. of the con-
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trast agent. The marked areas
of each slice add up to a 3D
volume which can be adapted
by adding or deleting parts

of the marking. Finally, the
segmented volume is turned
into an STL file, a standard-file
format for 3D printing software
applications. The described
workflow already results in a
realistic 3D replica of the blood
volume, i.e. the intracardiac
and intravascular structures of
the patient.

In a second step engineer-

ing operations can be applied
to the patient-specific heart
model using the various tools
provided by the 3D software.
For example, hands-on training
applications require a hollow

model of the heart and cardio-
vascular structures instead of
the blood volume. To obtain
such a hollow heart model a
second shell is created around
the blood volume in a specified
distance defining the wall thick-
ness of the 3D model. By cut-
ting open the vessel endings
and including holes or windows
in the model design, the inner
structures can be inspected
once printed in 3D. The hollow
CHD heart models are perfect-
ly suitable for training in pedi-
atric cardiology as the trainee
interventionalists can enter the
cardiovascular structures with
wires and catheters just like in
a real patient. Finally, the 3D
blood volume or hollow heart
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model can be printed in 3D.
For hands-on catheterization
training on 3D printed models a
radiopaque printing material is
required to allow visualization
of the outer and inner struc-
tures of the 3D heart models
under X-ray imaging in the
catheterization theatre (cath
lab). These requirements are
met by a flexible silicone-based
material printed on an Agilista
3200W 3D printer (Keyence
Corporation).

The printing technology used
by this printer is called Polyjet.
Thereby, the liquid printing
material is ejected to the print-
ing platform and instantane-
ously cured by UV-light. The
three-dimensional structure

of the models is generated by
incremental movement of the
printing platform in z-direction
and, thus, application of print-
ing material in layers. A support
material is printed along with
the model material to support
overhanging structures. Once
the print is finished the soft
support material is removed
manually and residuals are
washed off the silicone model
with water.

Avoiding Radiation and Se-
dation through Engineering
Besides patient-specific 3D
models also non-patient-spe-
cific, “engineered” 3D heart
models can be generated using
3D software. The software

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

PDA

ASD

VSD

Fig. 2: Variant cases of CHD can be designed by using operations provided by 3D processing
software. From the scan of a single patient models with PDA, ASD and VSD were created.
Another scan was used to generate 3D heart models with PS, AS and CoA.

toolbox allows design opera-
tions on the surface structure
and shape of the STL. By
scaling the models, a range of
patients from infant to adult
can be created. Dilation or size
reduction of single structures
enables the design of differ-
ent disease stages. Based on
one digital 3D heart model a
variety of CHD cases can be
created by closing or generat-
ing defects, changing vessel
passages or diameters imple-

menting narrowing or stenosis.

This approach is crucial for 3D
models of congenital defects
which are not an indication
for CT or MRl imaging as it
allows the creation of realistic
3D printed hearts without the
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need of radiation or sedation.
For applications in which ana-
tomical 3D modeling does not
have to be patient-specific, e.g.
in training and education, this
new approach does not rely on
invasive imaging techniques as
not every variant of a 3D CHD
model requires a new patient
scan. We have managed to
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design several different train-
ing models based on only few
datasets. For example, train-
ing models simulating infant,
teenage and adult hearts with
aortic stenosis (AS), pulmonary
stenosis (PS) and coarcta-

tion of the aorta (CoA) have
been created using the same
CT scan of a single patient.

Fig. 3: By connecting the 3D printed flexible heart models to a circular system with pulsatile flow the artificial heart seems to beat.

Besides improvement of visual and haptic feedback also additional training possibilities are available compared to the static setup, i.e.
intracardiac pressure measurements and angiographic imaging.
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Another dataset of a child with
patent ductus arteriosus Botalli
(PDA) was used to create a
model of the actual congenital
abnormality, a healthy heart
without any defects, as well as
heart models with atrium sep-
tum defect (ASD) at different
stages of disease, perimem-
branous and muscular ventricle
septum defect (VSD). Besides
variation in size and illustration
of the disease stage, adapta-
tion of shape complexity was
performed according to the
experience level of the trainees
and goals of the training. Medi-
cal students would rather train
on a model with smooth inner
surface and simple representa-
tion of the heart valves, e.g. a
simple narrowing at the posi-
tion of the valve. For proficient
cardiologists, the training
models show a more realistic
trabecular intracardiac surface
structure and realistic heart
valves have been designed and
implemented in the models.

Even More Life-Like with
Pulsatility

The flexible 3D models can be
connected to a circular system
of silicone tubes filled with
water which is impinged with
pulsatile flow. In our setup the
pulsatility is generated by a
ventricular assist device (VAD,
EXCOR® Pediatric VAD, Berlin
Heart GmbH). The pulsing
fluid and pumping heart model

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

provide an even more realistic
training setup. Not only visual
feedback on the transmission
screen of the cath lab is more
life-like with the beating heart.
Also, haptic feedback during
training has been described
as "like in a real patient”.
Moreover, the water filled
pulsatile heart model allows for
a broader range of training ap-
plications. In static 3D printed
models manipulation of wires
and catheters, balloon dilata-
tion, device deployment and
X-ray imaging under minimum
exposure of radiation using
the C-arm can be practiced.
For dynamic 3D beating heart
models also intracardiac pres-
sure measurements as well as
angiographic imaging can be
part of the training schedule.

Realistic Training Environ-
ment

Hands-on trainings often take
place in wet labs or an area
specifically equipped with
hardware and software for the
simulation of a real clinical en-
vironment, i.e. the operating or
catheterization theatre. On the
contrary, the 3D model train-
ing is conducted directly in the
cath lab of the hospital using
the equipment and instruments
of daily clinical routine. The 3D
heart model is placed and fix-
ated on the patient table where
a real patient’s heart would be
located. A silicone tube holding
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a sheath introducer at its end-
ing is connected to the inferior
vena cava (IVC) for antegrade
and to the descending aorta
for retrograde access to the
cavities of the heart. Via the
sheath introducer wires and
catheters are inserted into the
cardiovascular system of the
simulated patient. Just like in
a real catheterization scenario
the passage of the instru-
ments along the large vessels
towards the heart, passing
the heart valves to enter the
consecutive cardiac cavity,

is hardly visible through the
translucent material of the 3D
printed heart model. Therefore,
visualization of the long instru-
ments and the contours of
the radiopaque cardiovascular
model is performed by X-ray
imaging. A real-time image of
the heart and devices being
manipulated inside can be
inspected on the transmission
screen. Positioning the C-arms
for antero-posterior and lateral
image acquisition as well as
minimum exposure of radiation
are fundamental for diagnostic
and interventional catheteriza-
tion. In the 3D model training
setup, these tasks can calmly
be trained in the clinical cath
lab on a simulated patient’s
heart which is not harmed by
radiation or increased sedation
time. In many cases catheter
interventions are performed
by a first operator handling the

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

X-ray machine and maneuver-
ing the catheter tip or balloon
to the correct position and a
second operator assisting with
the long wires and catheters
and preparing the balloon and
other devices such as stents.
The tasks for both roles as well
as the communication amongst
the two, which is essential for
successful collaboration, can
be practiced during the 3D
model training. As there are

no specific requirements that
need to be met or equipment
that needs to be acquired the
3D model based catheter train-
ing can take place in any cath
lab worldwide.

Experiences with 3D Model
Training

Various 3D model training
courses have followed the
first workshop in March 2019.
Courses took place in Europe
(Germany, Austria) and Afrika
(Ethiopia). The experience level
of the trainees ranged from
medical student to proficient
pediatric cardiologist. The
content of the training sched-
ule as well as the complexity
of the 3D printed heart mod-
els with CHD was adapted
accordingly. Feedback on the
novel training setup was posi-
tive overall. Medical students
value the possibility of getting
first insight into diagnostic
and interventional catheteriza-
tion and to get a feel for the
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Fig. 4: The 3D printed heart model is fixated on the patient table for imaging via the C-arm(s)
of the X-ray machine. Due to the use of radiopaque printing material the contours of the
model are visible for the cardiologists in the X-ray images on the transmission screen.
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manual skills required to work
as a cardiologist. Prospective
pediatric cardiologists appreci-
ate being offered a stress-free
learning environment without
putting patients at risk. Today's
standard teaching methods

in medicine are to transfer
theoretical knowledge directly
to the practical clinical task
with immediate responsibility
for a human live. This approach
is extremely distressing for the
student and the teacher as any
mistake can be dangerous for
the patient. Training on an artifi-
cial model introduces a practi-
cal learning stage which allows
practicing without pressure and
stress, gradually proceeding
from easy to complex tasks
with the possibility of unlim-
ited repetition. Prospective
cardiologists benefit from the
3D model training setup as it

can easily be adapted to their
advanced skill level. Difficult
cases can be trained repeti-
tively, the safe handling of new
instruments and devices can
be tested and practiced, and by
using patient-specific models
optimal preparation for planned
catheter interventions is pos-
sible.

Another application for 3D
model training we have expe-
rienced as extremely valuable
is the education of physicians
in third world countries. We
have conducted trainings
within a project funded by the
GIZ (Deutsche Gesellschaft far
Internationale Zusammenarbeit
GmbH) teaching diagnostic and
interventional catheterization
of pediatric patients to doctors
who never worked in a cath lab
before. In the Ayder Referral
University Hospital in Me-
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Fig. 5: First and second operator can train their specific roles and the communication amongst each other during the 3D model simulation
training. The image shows the team of cardiologists performing balloon dilatation on a pulsatile 3D printed heart model with CoA.
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kelle, Ethiopia a team of three
pediatric cardiologists will be
trained on the 3D printed heart
models in catheterization of the
most relevant CHD cases (PS,
AS, CoA, PDA, ASD) with the
aim of being able to perform
the interventions on patients
by themselves after the two
year project. The first two
training weeks have already
taken place focusing on the
interventional treatment of PS.
Once the physicians reliably
performed the intervention on
the 3D models, they were able
to directly transfer the acquired
skills to patients under supervi-
sion of the German trainers. As
a result, 13 patients suffering
from severe pulmonary valve
stenosis were already treated
by the new team of Ethiopian

pediatric cardiologists. Sustain-
ability of the project is guar-
anteed by two measures. The
first is the transfer of knowl-
edge and skills by teaching the
Ethiopian doctors how to treat
their patients through diagnos-
tic and interventional catheteri-
zation. The effect is a lot bigger
and helps a lot more patients
compared to the approach of

a western team of doctors
travelling to Africa and treating
the patients themselves. The
second measure for sustain-
ability — which is particularly rel-
evant in times of the COVID-19
pandemic - is to leave the 3D
printed heart models in the
hospital for continuous training.
This way, the Ethiopian team
can keep on practicing on the
models to consolidate what
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they have learned in one week
and to improve their skills fur-
ther. In addition, according to
the “train-the-trainer” principle
new members of the team can
be educated by more expe-
rienced colleagues using the
3D printed hearts even after
our project has expired. This
approach can be transferred to
any country and hospital where
pediatric cardiology has not
been established, yet.

Based on the feedback pro-
vided by the participants of
each workshop the training
setup and the 3D models were
improved gradually. The wall
thickness of the models was
increased where high stress
lead to tearing of the flexible
material, e.g. at the isthmus
stenosis where balloon dilata-
tion was performed. The large
vessels of the 3D model with
pulmonary stenosis were en-
larged for better anchoring of
the wire when introducing the
balloon catheter. The transition
of the IVC to the right atrium
was adapted to allow a more
realistic pathway for the wires
and catheters entering the
right heart structures via the
antegrade access. A tricuspid
valve was designed and inte-
grated at the aortic root for a
more realistic visual and haptic
representation of the intra-
cardiac anatomy. In addition,
the training participants were
asked to fill in questionnaires

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

to assess the helpfulness of
the 3D models and their ap-
plication in hands-on training.
Feedback was positive overall.
The training was rated as very
helpful and the heart models as
extremely realistic. The haptic
feedback, particularly in the pul-
satile model, was described as
"“like in a real patient”. Medical
students as well as chief physi-
cians agreed that hands-on 3D
model training should become
a mandatory part in the curricu-
lum for pediatric cardiology.

Conclusion

3D printed heart models rep-
resenting patients with CHD
are suitable for education and
hands-on training of diagnostic
and interventional catheteriza-
tion in pediatric cardiology.

A stress-free environment is
provided to the trainees by

the simulation setup which
allows unlimited repetition and
learning gradually, from easy
to complex. At the same time,
patients benefit from treatment
through well-educated and
trained doctors performing the
planned intervention slickly and
confident.

The training setup is easy

and can be arranged within
seconds. Both roles — first

and second operator — can be
trained as well as the commu-
nication between the two. No
previous knowledge unrelated
to routine catheterization activ-
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ity is required as there is no
additional hard- or software
involved, e.g. for virtual reality
(VR) simulation, which makes it
also a cheap option compared
to available VR simulators in
other medical fields. Represen-
tation of visual and particularly
haptic feedback with the 3D
heart models is also more life-
like and closer to reality than
for simulated applications. The
training is conducted in the ac-
tual clinical environment using
the standard equipment of the
hospital’s cath lab. Therefore,
the simulation training based
on 3D printed models can take
place in any hospital world-
wide.

For the creation of a variety of
3D heart models representing
CHD cases new methodolo-
gies have been implemented
using 3D processing software.
Thereby, the goal was to
generate variants of 3D models
based on a single CT or MRI
scan to save radiation and se-
dation in pediatric patients. For
this purpose, a patient-specific
model created from a cardiac
scan is modified using different
design tools. The modifications
and design adaptations are per-
formed by an engineer in close
collaboration with a physician
to ensure realistic outcomes.
This way, an unrestricted
number of cases of variant 3D
heart models can be produced
with the need of only a small
number of scans. Due to the
versatility and adaptability of
the 3D printed heart models
the hands-on training is appli-
cable along the entire learning
curve, from medical student to
proficient cardiologist.

Our early experiences with the
conducted workshops have
shown the potential of the

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

3D models simulation train-
ing. To confirm and quantify
the benefits and first positive
results further trainings will
take place in Europe. Moreo-
ver, groups of students with
and without 3D model training
as part of their curriculum will
be followed up long-term. The
Ethiopia project will continue
and hopefully restrictions due
to the COVID-19 pandemic
will soon allow travelling again.
The next step in the project
will be to teach and provide
models for the remaining CHD
cases most relevant for the
patient spectrum of Ethiopia.
Finally, a new drive unit for the
training setup with pulsatile
flow will be constructed. The
associated drive unit for patient
use is large, heavy and expen-
sive. We want to implement

a small and cheap alternative
facilitating transportation of the
dynamic training setup with
pulsatile flow. Finally, we want
to provide the novel hands-on
simulation training using ver-
satile beating 3D printed heart
models to any prospective or
proficient cardiologist around
the world so that they can start
well-prepared into the cath lab.
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Abstract

Globally, chronic viral hepatitis
is caused in the majority of
cases by the hepatitis B virus
(HBV), its associated defective
hepatitis delta virus (HDV) and
the hepatitis C virus (HCV).
Their structure and genetic
organization as well as their
global burden are known in
great detail and have been suc-
cessfully translated into impor-
tant clinical applications, such
as their sensitive and specific
diagnosis, therapy and preven-
tion of the associated liver
diseases, including cirrhosis
and hepatocellular carcinoma.
In 2015, worldwide about

260 million individuals were
infected with HBV and about
70 million by HCV. These infec-
tions are a leading cause of
death with an estimated 1.34
million deaths per year, similar
to other infectious diseases, in-
cluding HIV/ AIDS, malaria and
tuberculosis. While it is now
possible to prevent hepatitis B
and hepatitis D by vaccination

against HBV and to cure hepa-
titis C by novel therapies with
direct acting antiviral agents
(DAASs), the World Health
Organization (WHO) goals

are the elimination of these
infections by 2030. This project
poses a major challenge to the
medical community as well as
to the health care authorities.
Most importantly it requires a
universal commitment and the
coordination of the appropriate
public health interventions.

Introduction

After the discovery, specific
and sensitive detection of
hepatitis B (1968), D (1977) and
C virus infections (1989) (Fig.
1), their epidemiology, natu-

ral course and global burden
were studied in great detail.

At the same time therapeutic
and preventive strategies have
been developed with the aim
to reduce the prevalence of
these infections and to eventu-
ally eliminate them [1].

HBYV Infection. HBV infection
is a serious global public health
problem (Fig. 2a and 2b) with
about 260 million people chron-
ically infected [2]. It accounts

for 500'000-1.2 million deaths

olgdl e cladldl
g"“ﬁJ:.‘é-" gé-ls-"

ol e e Al 3 3L
B (s d e oYl Luadll
Loy dally 501/ g 5l LeLiall
oY Saal o a3l an 3 Juadly
clelly o Sl oleall (e sl
1 aaalaill 3y b e o s
ol g Me s aSIl GLsll u g 5as
Bk O oo sl sl
il Al dnuall eladadl
Soblaall sl g yutll lolas e
Laall Laliie Cilual oL (DAAS)
Sle cLadll oo (WHO) Zpallall
Yoxe ale Jslay s saall sia
S Losmd gl 20 K
olhld dlli<y bl gaiaall
elld oo pa¥ly paall Lyle Ml
Gty Lialle Lalyall Ll sl
Al aladl daall o Ma s

Laudall

2SI Olgall (g gae SLLST aay
B Tl 5 a3 g g sl
oleill sand (uluwally oo ol
(VAVY) () 5 (VATA) & Il
(N JSall) (VAAR) () 5
Lo,y g dalall LSl ol
Lpalladl elae Vg papalall

s a3l By Jaanilly

L dle slaail il jgh o

allatl

o xS Ol igaliiall oLalsll
Tl eI Ji eI s
AUl il LS Llal)

@l s yaall sLaall - Yall caaadat

i Lall
phae (3 Godall (g pall Sl
oLl Gug sy (HBY) o ol
4 hags yall Caaall (Wly) o wll

o 2SI QL g s ((HDV)
el Lgaalins s Loy o1 L(HCV)
Laylael el 25y Loy e
Sl Jamdilly A5 500 Lyallall
Loty Lonall s3a cian )3 alg
Jie dags Gy olinks I
ot silly puluall Lpmpass
o2lrel e Ll gl
a3 Jie gy dags pall I
s el Bl g 2K
Slsa cnal Yor0 ale 3
C_..\A.A‘!’_.Qu&i‘uv-\'f"'f"'
2SI Ll o g yady alladl elasi
U&VQ‘QOO‘QOQ ‘;“P\"“.J
Gnaa B LuasS ) L (5502l
Ula V¥Eoor oo o oliagll s



German
Medical
Journal

agiLJi

Chronic Viral Hepatitis

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

HBV DNA e
HBsAg

HBsAg

HBV

HDV

HCV

Fig. 1: Hepatitis B virus (HBV), hepatitis delta virus (HDV) and hepatitis C virus (HCV). HBsAg:
hepatitis B surface antigen.
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per year and is the 10th leading
cause of death worldwide. The
prevalence of HBV infection
varies markedly in different
geographic and in different
population subgroups. The area
with the highest hepatitis B
surface antigen (HBsAg) preva-
lence of > 8 % is Western
sub-Saharan Africa, followed
by Eastern sub-Saharan Africa,
Central Asia, Southeast Asia,
China and Oceania with a high
intermediate prevalence of

5-7 %, Latin America, Eastern
Europe, North Africa, the Mid-
dle East, Turkey, Afghanistan,
Pakistan, India and Australia
with a low intermediate preva-
lence of 2-4 % and the US and
Canada, Central America, Brazil
and Western Europe with a
low prevalence of < 2 % [3].
From 1990 to 2005 the preva-
lence of chronic HBV infection
decreased in most regions.
This was most evident for Cen-
tral sub-Saharan Africa, Tropi-
cal and Central Latin America,
Southeast Asia and Central
Europe. Despite the decreasing
prevalence, the absolute num-
ber of HBsAg-positive individu-
als increased from 223 million
in 1990 to 240 million in 2005.
The decline of HBV infection

prevalence may, at least in
part, be related to expanded
immunization, suggested by
the strongest decline found

in South East Asian children
[3,4]. In the US, the HBsAg or
anti-HBc prevalence in adults
changed little during the period
of 1999-2006 compared to
1988-1994 while it significantly
decreased in children, reflect-
ing the impact of global and
domestic vaccination [5].

HDV Infection. HDV infection
is traditionally endemic in cen-
tral Africa, the Amazon Basin,
Eastern and Mediterranean
Europe, the Middle East and
parts of Asia. HDV is a defec-
tive RNA virus and occurs only
in association with HBV. Data
regarding the global burden of
HDV infection are somewhat
limited, however [6]. There
are 8 HDV genotypes; their
geographic distribution and the
worldwide prevalence of HDV
infection are well established
[7]. Longitudinal studies have
shown a decrease in HDV
prevalence in some endemic
regions, such as ltaly where in
HBV infected individuals the
prevalence of HDV infection
has decreased from about 25
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% in 1983 to 8 % in 1997 [8].
Similar trends were observed
in Spain, Turkey and Taiwan, for
example. On the other hand,
while epidemiological studies
showed that HDV prevalence
in HBV infected individuals
remains in general < 10 % it is
as high as 70% in some devel-
oping countries/ areas such as
Nigeria, Gabon, Iran, Pakistan,
India, Takjikistan and Mongolia
as well as the western Brazil-
ian Amazon [7]. Further, in
northern Europe and the US
HDV infection still is a health
care problem. While HDV
prevalence is stable in France,
it increased in London/ England
from about 3 % in the 1980s
to about 9 % in 2005 [9]. Also
in Germany, after a decrease
of anti-HDV prevalence from
about 19 % in 1992 to about
7% in 1997, since 1999 an in-
crease to about 14 % has been
documented [10]. This increase
is in part caused by migrants
from regions with a high HDV

prevalence or by still occur-
ring clustered outbreaks, e.qg.,
in Greenland [11] or Mongolia
[12].

HCV Infection. As shown in
Fig. 2a and 2b HCV infection is
endemic worldwide with about
71 million infected people [13].
It shows a significant geo-
graphic variability with the high-
est prevalence rates, based on
anti-HCV positivity, in North Af-
rica, the Middle East as well as
Central and East Asia (>3.5%).
Intermediate prevalences (1.5-
3.5 %) are found in Central and
Southern Latin America, the
Carribean, Central, Eastern and
Western Europe, sub-Saharan
Africa, South and Southeast
Asia as well as Australia. A low
prevalence of HCV infection (<
1.5 %) has been documented
in North America, Tropical Latin
America and the Asia Pacific
region [14].

Currently, the published data
are inadequate to describe the
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Fig. 2a and 2b: Disability-adjusted life-years (per 100,000 population and year) caused by hepatitis B and C
worldwide (2a) and in Europe (2b) [22].
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true disease burden. Never-
theless, it appears that HCV
infection is the most common
form of viral hepatitis in the
European Union. The HCV-
related mortality in the US has
significantly increased between
1999 and 2007 from about 3 to
about 5 per 100,000 population
with major risk factors being
chronic liver disease, coinfec-
tion with HBV or HIV as well as
alcohol-related conditions [15].

Global Burden of Chronic
Viral Hepatitis Associated
Liver Diseases

HBV (world-wide ca. 260
million infected individuals),
HDV (10-20 million world-wide
infected individuals) and HCV
infections 8 a. 70million world-
wide infected individuals) are
the cause of significant morbid-
ity and mortality, depending on
the global, regional and national
prevalences of these infections
and the incidences of their as-
sociated liver diseases.

Chronic HBV and HCV infection
and their associated liver dis-
eases, i.e., liver cirrhosis and
HCCs [16] [17], are responsible
for the tremendous disease
rate worldwide, especially in
Asia and to lesser degree in
Europe and for more than 1
million annual deaths world-
wide (Fig. 3) [18]. In fact, by
2040, the deaths from chronic
hepatitis B and C are expected
to exceed the combined
mortality associated with HIV
infection, tuberculosis and
malaria [19].

Worldwide Elimination of
Chronic Viral Hepatitis B
and C

While it is now possible to
prevent hepatitis B and to cure
hepatitis C the WHO goals are
for HBV infection a decrease
from 4.7 million new cases
and 884,000 deaths in 2015
to 470,000 new cases and
309,000 deaths in 2030 and
for HCV infection a decrease

29
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from 1.75 million new cases
and 400,000 deaths in 2015

to 175,000 new cases and
140,000 deaths in 2030 and
(Global Hepatitis Report. Ge-
neva: World Health Organiza-
tion, 2017) [1]. Viral elimination
is defined as a 90 % reduction
of new infections and a 65 %
reduction of infection-associ-
ated deaths related to a 2015
baseline. Modelling studies
for HBV and HCV infection, re-
spectively, suggest that these
goals can be achieved by 2030
[20,21].

Globally there are 20 heavily
burdened countries that ac-
count for more than 75 % of
patients with viral hepatitis B
and C, respectively. Key issues
are affordable high-quality
diagnostics and measures to
improve access to vaccination
and antiviral treatment as well
as efforts to tackle stignma and
discrimination. Indeed, pro-
gress has been made already
in many countries throughout
the world, demonstrating that
sustained and coordinated
efforts can be successful in
achieving the WHO elimination
goals by 2030 [22].

Elimination of HBV / HDV and
HCV Infection: General
Measures. Apart from test-

ing and treatment of HBV- and
HCV-infected individuals, to
achieve these goals for HBV

infection is the universal
realization of newborn immu-
nization to prevent perinatal
HBV transmission and for HCV
infection the antiviral treat-
ment of chronically infected
individuals. For both infections,
the safety of blood and blood
products as well as the imple-
mentation of infection control
programs are of paramount im-
portance [22,23]. These include
elimination of unsafe injection
practices by avoiding reuse of
unsterilized syringe or needles
as the leading source of HCV
infection [21] [24]. Another
important aspect is the better
access to diagnostics, including
non-hospital settings, vaccina-
tion and antiviral therapies.

Vaccination: Key to Elimina-
tion of HBV and HDV Infec-
tion. Therapeutic strategies
for chronic hepatitis B include
pegylated interferon (PeglFN)
alfa-2a or 2b for 48 weeks or
long-term oral treatment with
a nucleos(t)ide analog, such as
adefovir, entecavir (off-patent
since 2018 except for Rus-

sia and China), lamivudine,
telbivudine, tenofovir disoproxil
fumarate (off-patent since 2018
except for Russia and China)
and tenofovir alafenamide.
While IFN-based 6-12 months
treatment strategies result in

a sustained viral response in <
25 % of patients, nucleos(t)ide
analogs can effectively sup-
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Fig. 3: Global viral hepatitis-related mortality rates [18].

press HBV replication without
resulting in viral elimination in
the vast majority of patients,
however. Therefore, the devel-
opment of a drug that not only
suppresses HBV replication
but definitively eliminates HBV
infection followed by loss of
HBsAg and the development of
a immune response (anti-HBs)
protecting against HBV reinfec-
tion.

Similar to HBV infection, the
definitive elimination of HDV in-
fection remains one of the ma-
jor challenges in the field of vi-
ral hepatitis [7] with only about
10 % of patients responding to
IFN-based strategies. Similarly,
targeting HBV infection by a
long-term nucleos(t)ide treat-

ment rarely results in clearance

of HBV/ HDV infection. Novel
experimental strategies, there-
fore, based on the specific
inhibition of HDV prenylation
(lonafarnib, lonafarnib plus
ritonavir or PeglFN), of HDV
entry (10 or 2 x 5 mg myrclu-
dex B/ bulevirtide per day s.c.
or myrcludex B plus tenofovir
or daily or mycludex B plus 180
ug pegyliertes interfero alpha
s.c. 1 x per week) and of virion
secretion (REP 2139, a nucleic
acid polymer) are presently
evaluated in clinical studies. To
date, bulevirtide plus interferon
appeard very promising with

a HDV RNA negativity rate of
80-90 % after 48 weeks of
treatment.

In view of the limited effi-
cacy of therapeutic strategies
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Fig. 4: Milestones of antiviral therapy
of HCV infection: 1989-date.
RBV: ribavirin.

against HBV and HDV infec-
tion, the key concept of the
global HBV (and HDV) elimina-
tion is the universal vaccination
of all individuals at risk for HBV
Infection. Universal vaccina-
tion against HBV infection was
shown to be cost-saving in
countries with high and inter-
mediate endemicity. Apart from
exposure prophylaxis through
personal protection measures,
HBV vaccination should be
administered to all unvacci-
nated individuals traveling to
areas with high or intermediate
HBsAg prevalence [22,23]. In-
deed, vaccination against HBV
has been a major public health
success and has prevented an
estimated 310 million cases

of hepatitis B between 1990
and 2020 [22]. An excellent
example is Taiwan where
universal HBV vaccination was
implemented in 1984 and has
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reduced chronic liver disease
and HCC-associated mortality
by 90 % among children and
young adults as compared

to non-vaccinated individuals
[4]. Central to all HBV elimina-
tion programs remains a high
perinatal/ childhood vaccina-
tion coverage rate. As of 2015,
universal childhood vaccina-
tion has been achieved in 185
countries and 84 % of children
born in 2015 were vaccinated
with 3 doses (http://apps.who.
int/immunization monitoring/
globalsummary/timeseries/
tswucoveragehepb3.html).

Antiviral Therapy: Key to
Elimination of HCV Infection.
While there are no prospects
for a vaccine against HCV in
the near future, after decades
of IFN-based therapeutic
strategies that were of limited
efficacy and were associated
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Fig. 5: Subcellular targets of direct acting antiviral agents against HCV infection. ER: endoplasmic reticulum.
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with significant side effects
(Fig. 4), the availability of direct
acting antiviral agents (DAAs)
has revolutionized the therapy
of chronic hepatitis C of any
genotype with HCV elimina-
tion rates approaching 95-100
% after on average a 12-week
treatment course [25-27]. The
DAAs (Fig. b) include protease
inhibitors (e.g., simepreuvir, tel-
aprevir, boceprevir, asunaprevir,
faldaprevir), NS5A inhibitors
(e.g., daclatasvir, ledispavir),
nucleosidic NS5B polymerase
inhibitors (e.g., sofosbuvir, mer-
icitabine) and non-nucleosidic
NB5B polymerase inhibitors
(e.g., dasabuvir, deleobuvir,
filibuvir, setrobuvir, tegobuvir).
The antiviral efficacy of most
DAAs is genotype-restricted
while some are effective
against all HCV genotypes
(pangenotypic DAASs), e.g.,
Epclusa®, Vosevi®, Maviret®

(Fig. 6). Apart from their high
efficacy in terms of reduc-

ing morbidity and mortality
from liver cirrhosis and HCCs
[25-27], the DAAs fortunately
have an excellent safety profile
and a low rate of side effects
[22,23].

Affordability of DAAs has been
documented as a key barrier
to its widespread use in the
poorer health economies.
Their cost is in some Western
countries enormous and may
limit their use in less privileged
patients who potentially may
benefit from these agents. A
12-week course with pangeno-
typic or genotype-restricted
DAAs amounts to between
26,000 and 60,000 U$ in many
Western countries that pose a
significant financial problem to
health care providers. These
high cost are expected to sig-
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Fig. 6: Commercially available
genotype-restricted and pangeno-
typic (Epclusa®, Vosevi®, Maviret®)
direct acting antiviral agents.

nificantly decrease in the near
future. By comparison, the
cost for a 12-week treatment
in Egypt and India for example,
is already now < 100 U$ [1].
Most importantly, in several
countries with a high preva-
lence of HCV infection and/

or low-income, e.g., in Egypt
and other countries, DAAs are
provided for free in the context
of governmental treatment
programs. However, low prices
still can be a serious impedi-
ment because there may be no
global donors subsidizing HCV
treatment while other infec-
tions that WHO targeted for
elimination by 2030 are being
subsidized [22].

Summary and Perspectives
Overall, the worldwide preva-
lence of hepatitis B and C
infection is slowly decreasing.
The coming years are expected
to increase the detection rate
and to improve our ability to
prevent HBV infection and to
effectively treat viral hepati-
tis C, resulting in the control
of these global infections by

Nucleosidic Non-Nucleosidic

DEEE LT
(Exviera®)

Sofosbuvir
(Sovaldi®)

Daclatasvir
(Daklinza®)

Ledipasvir
(90 mg in Harvoni®+ SQOF)

Velpatasvir

(100 mg in Epclusa®+ SOF)

(100 mg in Vosevi® + Voxila + SOF)
Ombitasvir

(12.5 mg Viekirax®)

Elbasvir
(50 mg in Zepatier®+ 100 mg Grazo)

Simeprevir
(Olysio®)

Voxilaprevir
(100 mg in Vosevi)

Paritaprevir/Ritonavir
(75/50 mg Viekirax)

Grazoprevir
(100 mg in Zepatier)

Pibrentasvir
(40 mg in Maviret®+ 100 mg Gleca)

Glecaprevir
(100 mg in Maviret)

2030 and the elimination of
their associated morbidities
and mortalities. Apart from
these aspects, the develop-
ment of treatment strategies
to effectively reduce HBV and
HDV infections are expected
to contribute to their global
elimination.
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Approaches in
Surgical Oncology
for Gastric Cancer

Introduction

It was not the battle of Wa-
terloo that marked the end

of Napoleon Bonaparte's life,
but most likely gastric cancer,
which eventually led to his
death on St. Helena. Gastric
carcinoma was nearly always
a death sentence until the

late 19th century, when the
German surgeon Prof. Theodor
Billroth performed the first suc-
cessful partial gastrectomy [1].
In the 1980s Japanese sur-
geons introduced the so-called
D2-lymphadenectomy, which
became standard in modern
oncological gastric surgery in
most of the countries. The D2-
lymphadenectomy (D2-LAD)

is specified as the surgical
resection of all lymph nodes in
certain areas which drain the
gastric system and therefore
are commonly infiltrated by
cancer cells [2], [3].

Introducing minimally invasive
surgery at the end of the last
century improved reconva-
lescence after major visceral
operations. Nevertheless, lapa-
roscopic D2-LAD in particular
proved to be very challenging
even for experienced surgeons
due to the delicate resection

of lymph nodes close to major
visceral vessels and organs.
Especially the laparoscopic
approach of perisplenic lymph
node dissection was a com-
mon topic of debate because
of the difficulty and the pos-
sible severe complications
like bleeding after injury of the
spleen or its vessels [4].

These difficulties amongst
others were reasons for
laparoscopic surgery not being
the primary choice for most
surgeons to treat advanced
gastric cancer except in some
high-volume centers, located
mainly in Asia. Concerns
against laparoscopic approach-
es were often focussing on
possible implications on the
long-term outcome of onco-
logical patients. Still, due to
improved short term outcomes
the laparoscopic approach is
widely recommended as the
standard therapy option for ear-
ly-stage gastric carcinoma [5].
Other publications also showed
similar results also for locally
advanced tumours. Compared
to open procedures, patients
after laparoscopic surgery
benefit from improved periop-
erative morbidity, mortality and
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Fig. 1: Difficult robotic assisted lymphadenectomy of lymph node station 5 along the right gastric vein and in close proximity to the
portal vein and hepatic artery (bottom left).
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patient comfort [6]-[8]. Thus,
Japanese guidelines for gastric
cancer treatment recommend-
ed laparoscopic gastrectomy
as standard therapy option for
clinical stage | cancer and as

a promising option for more
advanced tumours [9].

Nevertheless, a recent com-
parison of robotic vs. laparo-
scopic surgical approaches for
all entities showed: the data
availability for studies focusing
on gastrectomy is limited or,
relating to prospective studies,
even non existing. This shows

that high quality research
results on minimally invasive
surgery of gastric carcinoma
are still missing [10].

Recent medical and surgical ad-
vances like chemotherapy and
D2-Lymphadenectomy might
not yet be the “Waterloo"” for
gastric carcinoma but at least
helped manage to restrain this
kind of tumour and changed it
into a partially curable disease.
Implementation of minimally
invasive surgery allowed to
operate at reduced risk for af-
fected patients. Therefore, the
following article is focusing on
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Gastric Cancer

differences between open and
minimally invasive approaches
for gastric carcinoma.

Background — Gastric
Carcinoma

With a total of 1.033.701 new
cases in 2018 (about 6% of all
cancer entities) gastric carci-
noma remains one of the most
frequent cancer diagnoses
worldwide. However, inci-
dence rates differ widely with
generally low rates in Europe,
North America and Africa and
increased incidence in East-
ern Asia [11]. These regional
differences of gastric cancer
incidence probably originate
from risk factors like incidence
of Helicobacter pylori infec-
tions, but also a diet with low
fruit intake and a high portion
of preserved food products and
salt. Common risk factors like
smoking and alcohol consump-
tion can play an additional role
in gastric cancer development.
It is therefore not surprising
that an estimated 70% of
gastric cancer worldwide is
reported from developing coun-
tries. Furthermore, the fatality-
to-case ratio of 75% in men
and 81% in women shows

a considerable difference
compared to 63% and 68% in
developed countries [12].

A total of 782.685 deaths were
accounted to gastric carcinoma
in 2018, making it with 8,2%
the third leading cause of
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cancer related death. In some
western Asian countries (e.g.
Kyrgyzstan, Iran, Turkmeni-
stan) it is the most commonly
diagnosed cancer and lead-
ing cause of cancer death
among male population [11].
Guggenheim et al. attributes
these regional differences in
gastric cancer related death
mainly to the availability of
modern medical and surgical
technology [12]. However, one
subtype of gastric carcinoma
is on the uprising mainly in de-
veloped countries. The cardia
carcinoma, located around the
esophageal-gastric junction,

is more similar to esophageal
adenocarcinoma and its risk
factors include gastroesopha-
geal reflux disease and obesity.
Both, being more prevalent in
high-income countries [11].

Therapy Concept of Gastric
Cancer

The German guidelines for
treatment of gastric cancer
clearly states, that a definite
therapy and therefore cure
of gastric cancer can only be
reached by resection of the
tumour. Additionally, neocad-
juvant chemotherapy can be
a complementary option for
uT2-tumors and is recom-
mended for uT3 and uT4a-
tumors. Only patients with a
small sized intestinal subtype
of gastric carcinoma should
be considered for endoscopic
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resection. For all other patients
with potentially resectable
gastric carcinomas a surgical
therapy is mandatory. This
operation should include the
resection of the tumour with

5 cm (intestinal subtype) or 8
cm (diffuse subtype) resection
margin as well as a complete
D2-Lymphadenectomy. A post-
operative chemotherapy is not
recommended unless a neo-
adjuvant chemotherapy was
given or the surgical therapy
was not successful in terms of
RO-margin or complete D2-
Lymphadenectomy [13].

Comparison of Open,
Laparoscopic and Robotic-
Assisted Surgery for Gastric
Cancer

The current opinion on lapa-
roscopic surgery for gastric
cancer agrees on it being a
feasible and safe option for
especially early stage gastric
cancer. For advanced cancer
there is only few data with
limited evidence [14], [15]. Due
to its relatively recent develop-
ment and clinical application
robotic assisted approaches
are underrepresented in the
current research overview.

Using the U.S. National Cancer
Database and after propensity
score matching Sweigert et al.
observed no significant differ-
ences after open and mini-
mally invasive (laparoscopic
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and robotic-assisted) total
gastrectomy regarding 30-day
readmission, 90-day mortality
and overall survival. However,
the median hospital stay was
lower for patients undergoing
minimally invasive surgery.
Moreover, they also saw, that
minimally invasive approaches
were mainly performed at aca-
demic and high-volume centres
of care [16].

Less surprisingly, robotic as-
sisted gastrectomy (RAG) is
found to take longer than com-
parable open approaches but
with reduced blood loss. Post-
operative complications like
wound infection, bleeding and
anastomotic leakage tend to
have a similar incidence in both
patient groups. Despite the
missing long-term observation
data the oncological outcome
after RAG seems to be equiva-
lent to open gastrectomy (OG)
[17]. A current single-center
prospective study including
only RAG for clinical stage |
gastric cancer reported a b-year
overall survival of 96,7%. The
authors then compared their
findings with results of similar
studies focusing on OG and
concluded that RAG and OG
might be comparable in terms
of long-term survival [18].

A recent review by Muaddi
et al. published in the well-
respected Annals of Surgery
casts a light on a problematic
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Fig. 2: Obese patient after robotic assisted gastrectomy. The specimen was extracted using a Pfannenstiel-incision.
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issue concerning especially
robotic-assisted surgery of
the stomach: there were still
mainly retrospective studies
comparing robotic and lapa-
roscopic gastrectomy, but no
prospective or randomised
controlled trials [10]. There-
fore, the level of evidence for
possible differences between
these two approaches is still
comparatively low.

Still, Guerrini et al. included
40 retrospective studies in
their meta-analysis with a total
17.712 patients comparing
RAG and laparoscopic gastrec-

tomy (LG). They found that
despite both approaches being
minimally invasive LG still
tends to be significantly faster
than RAG. Conversion rate to
open surgery was not different
in between the groups. Even
though the difference was
small, the time to first oral in-
take was significantly shorter in
favour of RAG. Whereas overall
complications showed no dif-
ference, surgical complications
above Grade Il (Clavien-Dindo
Classification) occurred signifi-
cantly less frequent after RAG
(4,13% vs. 6,44%, p=0,005). In
terms of oncological accuracy
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Fig. 3: Laparoscopic assisted dissection of the Left Gastric Artery and the Coeliac Trunc during robotic assisted gastrectomy
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there were similar proximal
and distal resection margins
reported in both groups. Using
robotic assistance however, a
significantly higher number of
lymph nodes could be retrieved
compared to the laparoscopic
procedure (mean number:
36,63 vs. 35,11) [19]. A higher
number of retrieved lymph
nodes can improve the exact
histopathological staging, de-
crease the risk for local cancer
recurrence and improve the
survival in general [20]-[24].

The steep learning curve
of robotic surgery in gen-

eral is another benefit based
most certainly on the three-
dimensional vision of current
robotic devices and their
intuitive handling [25], [26].
This and precise movement
of the current surgical robotic
systems are especially sup-
portive for the difficult surgical
anastomosis and the delicate
D2-Lymphadenectomy (Picture
1). Nonetheless, LG and RAG
remain time-consuming and
challenging procedures even
for experienced surgeons. Yet,
in robotic assisted surgery the
performing surgeons can sit in
a relaxed position and there-
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fore guarantee a consistent
performance even for a long
lasting operation [25].
Postoperative wound infec-
tions are frequent after open
surgery, specifically in obese
patients. Whereas laparoscopic
surgery for this patient group
usually is burdensome, obese
patients actually might benefit
from robotic assisted approach-
es (Picture 2) [27].

For elderly patients the advan-
tages of minimally invasive
surgery regarding short-term
outcome, postoperative mor-
bidity and mortality might be
increased even more [28]. Still,
the flip side of robotic surgery
in general stays the prolonged
operation time as well as the
general costs [19].

On the other hand, current
robotic systems show us the
possibilities of modern tech-
nology. The three-dimensional
vision and the instrument-
movement in seven degrees
of freedom are only part of a
wider spectrum of integrated
features. The implementation
of a visual mode detecting fluo-
rescence can help specifically
locating the lymphatic system
draining a localized gastric
tumour. Thus, a fluorescent
substance can be administered
pre- or intraoperatively into the
tumour. It will then spread into
the draining lymphatic system
and show the exact localiza-
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tion of lymphatic vessels and
nodes. The D2-Lymphadenec-
tomy could therefore become
even safer in operative and
oncological aspects [29]. It
should be mentioned that this
fluorescence technology is not
only used in robotic assisted
surgery but using it in open or
laparoscopic surgery is more
elaborate.

Whereas some guidelines and
authors tend to give a clear in-
dication for minimally invasive
surgery like low staged gastric
cancer and absence of other
contraindications, there are
currently no recommendations
when to favour RAG over LG or
vice-versa.

Even though robotic assisted
surgery becomes more and
more accepted it is still not
widely available. Recent re-
search shows promising trends
for robotic assisted surgery and
the technology is developing
fast. Nevertheless, research
results for long-term outcomes
after RAG are still rare and
should be considered critically.

Conclusion

The application of modern
technology and new tech-
nigues is always a reorientation
and requires adaptation. It is
critical that in surgery patient
care remains ensured on the
highest possible level if turning
away from well-established
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techniques towards unknown
territory. Although minimally
invasive surgery is no un-
known territory anymore, its
sub-category, robotic assisted
surgery, is relatively new. So
far, research could prove no
major disadvantages of robotic
assisted surgery. On the other
hand, in comparison to laparo-
scopic approaches the advan-
tages are either relatively small
or scientifically debatable.

Nonetheless, it should not be
forgotten that the development
of more advanced surgical
robots is in full swing. Hence,
current problems with current
systems might be solved in the
near future. Also, the usage of
robotic systems does not only
have immediate advantages for
patients but also for operating
surgeons. Intraoperative im-
provements like relaxed seat-
ing position, three-dimensional
vision and highly manoeuvrable
instruments are clearly positive
aspects. Current surgical robot-
ic systems can be controlled
using two consoles. This

offers the possibility that two
surgeons can share the same
view and even control over the
instruments. On the other hand
the more experienced surgeon
can still intervene at any given
moment. This immersive intra-
operative teaching using two
surgeon consoles minimizes
unintentional consequences
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for the patient and might even
be a partial explanation for

the steep learning curve. Of
course, the indication for RAG
must be appropriate. With

a rapidly aging society the
indications for surgical gastrec-
tomy might have to be altered
in near future in favour of
minimally invasive approaches.
Even though robotic assisted
surgery in general might seem
promising and attractive it
should not be forgotten that
laparoscopic and open surgery
are still particularly efficient
and well-established alterna-
tives. There are also hybrid
procedures combining robotic
assisted surgery with laparo-
scopic or open approaches
(Picture 3 & 4). Nevertheless,
open gastrectomy always will
and has to be the standard to
rely on if other approaches fail.
In conclusion it is the duty of
every physician and surgeon to
explain to the patients possi-
bilities, risks and limitations of
each surgical approach.

Patients must be selected
carefully and indication for one
or another surgical approach is
as important as the operation
itself.
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Fig. 4: Using a laparoscopic stapler to separate Stomach and Duodenum during robotic assisted gastrectomy
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Breast Reconstruction
with Implants and
Autologous Tissue for
Patients with Breast
Cancer - Current Plastic
Surgical Procedures

Keywords: breast reconstruc-
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gery, breast cancer

Introduction

Breast cancer is the most com-
mon type of cancer in women,
with over 2 million new annual
cases worldwide (1) and over
70.000 new annual cases in
Germany (2). Women have a
lifetime risk of ~ 10 percent to
develop breast cancer (3).

Over time, breast cancer
therapy has evolved, fueled by
significant progress in radio-,
chemo- and immunotherapy, as
well as surgical advancements
and structural and organiza-
tional changes in health care.
While it was initially regarded
as a local disease with radical
surgery as the primary treat-
ment option, breast cancer
therapy today is performed

in interdisciplinary conjunc-
tion between gynecologists,
oncologists, pathologists,
radiologists, radiotherapists
and plastic surgeons. To this
end, specialized breast cancer
centers have evolved in hos-
pitals of maximum care which

offer ideal care for patients
with breast diseases and draw
personalized and individual-
ized treatment plans for each
patient.

Early full surgical removal of
breast cancer (RO) is still key
for best possible oncologic
outcome. Hereafter, different
plastic surgical techniques are
needed to reconstruct breast
symmetry in terms of volume
and form, in order to achieve
an acceptable aesthetic out-
come .Specialized centers,
such as the Breast Cancer
Center of the Ludwig-Maxi-
milians University in Munich
provide this interdisciplinary ap-
proach which allows both state
of the art systemic oncological
and plastic surgical therapy of
breast cancer.

Breast reconstruction is con-
sidered an elemental part of
recovery. It reduces the impact
that breast cancer diagnosis
and therapy have on patients
psyche (4), increases qual-

ity of life, social participation,
sexuality and self-esteem (5-8).
A multitude of reconstructive
options exist for women after
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Fig. 1A: Preoperative frontal and lateral view of a breast cancer patient with a mutilating mastectomy scar after mastectomy of the left
breast. 1B: 12-months postoperative frontal and lateral view after plastic surgical reconstruction using a free deep inferior epigastric artery
perforator (DIEP) flap. Nipple-areola complex reconstruction was performed using a star flap 49 and medical tattoo.
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surgical breast tumor resection
or mastectomy, involving either
implants or autologous tissue
(9). Plastic surgical expertise

is required at an early stage in
patients” treatment plans to
closely discuss resection pat-
terns, timing of reconstruction
and the different reconstructive
approaches available.
According to the Plastic Sur-
gery Statistics Report pub-
lished by the American Society
of Plastic Surgeons (ASPS)

in 2019, a total of 107,238

breast reconstructions were
performed by ASPS member
surgeons in 2019 (10). Num-
bers increased over 36%, as
compared to the year 2000.
Approximately 80% of all
reconstructions were implant-
based breast reconstructions,
while 20% of breast cancer pa-
tients received reconstruction
using autologous tissue (10).
This manuscript highlights the
different options of reconstruc-
tive breast surgery available in
a plastic surgeon’s portfolio.
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Fig. 2: Preoperative full body 3D-analysis is performed using the VECTRA WB360

(Canfield Scientific) imaging system. 3D-technology allows surgeons to model and

plan surgery and to objectively analyze surgical outcome.
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Implant-Based Breast
Reconstruction
Implant-based reconstructions
are the most commonly per-
formed form of reconstruction
after mastectomy or breast
conserving tumor resection.
Traditionally, this procedure is
performed as a two-staged ap-
proach, with tissue expansion
prior to final implant recon-
struction. According to the
ASPS statistics report of 2019,
67% of all breast reconstruc-
tions were performed using

Zalyall pranad cualyall sLas¥ 2,53 sl 33 VECTRA WB360 Canfield Scientific
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this two-staged approach,
while only 15% were per-
formed as implant reconstruc-
tions alone (10). Implant-based
reconstructions differ in the
plane of implant position.
Implants can be positioned
subpectoral, pre-pectoral or in
a dual plane fashion, in combi-
nation with different acellular
dermal matrices (ADM) includ-
ing biological and synthetic
meshes (11). The main advan-
tages of implant-based breast
reconstruction are the ability
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Fig. 3: 3D-Avatar of a breast cancer patient prior to and after breast reconstruction using a free deep inferior epigastric artery perforator
(DIEP) flap. A: Frontal and lateral view of a patient that received mastectomy of the left breast due to breast cancer prior to breast re-

construction. B: 1-year follow up after breast reconstruction using a DIEP flap. Mastopexy of the right breast was performed to restore
breast symmetry after reconstruction.
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for patients to choose the size
of their reconstructed breast,
objective pre-operative plan-
ning of implant type and size
using modern 3D-imaging tech-
nology, rapid recovery and low
down-time (12). In addition,
studies have shown reduced
complication rates in patients
who underwent implant-based,
as compared to free flap recon-
struction (13).

Breast Reconstruction Using
Free Flaps
Free-flap breast reconstruc-

tion is a main pillar of plastic
surgery. While often con-
sidered more complex than
implant-based reconstruction,
autologous breast reconstruc-
tion utilizes the patient’s own
tissue for reconstruction,
avoids the use of foreign bod-
ies, and thus creates a naturally
shaped and feeling breast.
Several studies have proven
that autologous reconstruction
shows superior long-term aes-
thetic results, satisfaction, and
quality of life when compared
to implant-based reconstruc-
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tions in large series (14-18). If
radiation therapy is required,
autologous tissue transfer is
considered superior to breast
implants (19,20) and in the
setting of pre-reconstruction ra-
diation, the risk of reconstruc-
tive loss is significantly lower
when breast reconstruction is
performed using autologous
tissue (19).

A large range of free flaps are
suitable for breast reconstruc-
tion. Plastic surgeons favor
abdominal based flaps such

as free deep- and superficial
inferior epigastric artery perfo-
rator- (DIEP/SIEAP) flaps and
the muscle-sparing transverse
rectus abdominis- (msTRAM)
(Fig. 1). These free flaps pro-
vide abundant soft tissue for
reconstruction with acceptable
donor site morbidity (21-27).
Body habitus must be as-
sessed in detail and included
in the decision-making process
prior to breast reconstruction.
Excess, scar-free skin and sub-
cutaneous tissue of the lower
abdominal wall is a prerequi-
site for abdominal-based flap
reconstruction in order to re-
construct a breast of adequate
volume. A range of alternate
donor site flaps including the
superior and inferior gluteal
artery perforator-, transverse
musculus gracilis- or latissimus
dorsi flap facilitate autolo-
gous breast reconstruction in
patients with limited abdominal
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tissue (28-30). Preoperatively,
patients routinely receive
3D-analysis in order to guide
surgical planning (Fig. 2 and 3).
In addition, computed tomog-
raphy angiography (CTA) of the
abdominal wall vessels is used
prior to breast reconstruction in
order to identify the most suit-
able perforators for free flap
perfusion (Fig. 4).

Autologous Fat-Grafting
Autologous fat grafting (Lipo-
filling) was first described in
1893 and has recently evolved
as a reconstructive measure
after breast cancer surgery
(Fig. 5 and 6). Autologous fat is
harvested through liposuction.
It can be injected to restore
volume after breast conserving
therapy, mask contour deformi-
ties resulting from scar tissue,
and enhance results after pros-
thetic (31) or free flap transfer
(32). Exemplary, after DIEP flap
reconstruction, autologous fat
transplantation into the free
flap has proven a viable option
to further augment the recon-
structed breast (32). However,
the high loss of graft volume
must be taken into account. In
literature, resorption rates of up
to 40-60% of the transplanted
adipose tissue are described
(33-35). Thus, a number of
sequential procedures must

be discussed with the patient,
in order to achieve long-lasting
volume effects.
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Fig. 4: Preoperative DIEP-flap perforator vessel visualization using CT-angiography
(CTA).
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Autologous fat is a rich source
of Adipose Tissue Derived
Stem Cells (ASCs). The stem
cells induce a regenerative
microenvironment by stimulat-
ing surrounding tissue through
secretion of growth factors
and cytokines. Studies have
demonstrated an improvement
of tissue quality after injection
(36). Due to the regenerative
potential of stem cells, con-
cerns have been raised as

to whether lipofilling after
breast cancer surgery may
cause dormant breast cancer
cell growth. Currently, most
studies suggest the oncologic
safety of lipofilling in breast
reconstruction (37,38).

Surgical Microscope
Sufficient microvascular anas-
tomosis is key for successful
microvascular free tissue trans-
fer. First and foremost, this re-
quires excellent microsurgical
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skills on the part of the plastic
surgeon. Technical advance-
ments have eased microvascu-
lar anastomosis over the past
years. Microscopes allow up
to 15-fold magnification of the
surgical field. Together with
microsurgical instruments, this
provides the basis for anasto-
mosis of vessels in the range
of millimeters.

Postoperative Monitoring
The evolution of microsurgi-
cal techniques and refinement
of instruments has led to a
continuous improvement of
outcomes in free flap re-
construction (39). However,
vascular compromise contin-
ues to cause revision rates

of 5-25% (40,41). In order to
reduce tissue necrosis, timely
recognition of flap failure and
immediate operative revision
is indispensable (42). There-

fore, patients require thorough
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Fig. 5: 3D-Avatar of a breast cancer patient after mas-
tectomy, prior to and after breast reconstruction using
autologous fat transfer. Sequential treatments are
necessary to achieve an adequate breast volume.

A: Lateral view of a patient that received mastectomy
of the left breast due to breast cancer prior to breast
reconstruction.

B: Postoperative frontal and lateral view after breast
reconstruction using autologous fat grafting. Volume
analysis with 3D-software shows an increase of
149.21 cc postoperatively.
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postoperative monitoring after
free tissue breast reconstruc-
tion. Abundant monitoring
devices have been developed
to objectively assist plastic
surgeons with standard clinical
flap monitoring (43-45).

The O2C (Oxygen to See, 02C,
LEA Medizintechnik, Germany)
device allows non-invasive
monitoring of microcircula-

tory parameters. The device
is equipped with continuous
tissue spectrophotometry and
laser doppler flowmetry which
enables objective measur-

ing of microcirculatory blood
flow, capillary-venous oxygen
saturation and the blood fill-
ing of micro-vessels. Studies
have demonstrated that the
device provides reliable data
for continuous measurements
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Fig. 6: Intraoperative view of autolo-
gous fat transfer for breast contour

reconstruction after breast conserv-
ing breast cancer surgery.

of tissue perfusion (46-48).
Rothenberger et al. evalu-
ated its use in free flap breast
reconstructions and were able
to detect vascular compromise
at an early stage (46).

Alongside clinical flap moni-
toring, the authors of this
manuscript currently use this
monitoring device as standard
of care after free-flap breast
reconstruction.

Conclusions

Breast reconstruction plays

an elemental role in holistic
breast cancer therapy. Plastic
surgeons are therefore strongly
involved in the treatment of
breast cancer patients. A vast
armamentarium of recon-
structive approaches exist for
primary and secondary recon-
struction. Autologous tissue
repair using free flaps provides
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most natural, functional and
aesthetically pleasing results.
Breast cancer patients should
be treated in specialized cent-
ers of maximum care, in order
to offer multidisciplinary and
interdisciplinary treatment in-
volving gynecologists, oncolo-
gists, pathologists, radiologists,
radiotherapists and plastic
surgeons. In this regard, the
Breast Center of the University
Hospital LMU Munich offers
excellent medical care at the
highest international standard.
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Fig. 7: View through the surgical microscope. Assessment of anastomosis patency and free flap perfusion is performed using cutting
edge indocyanine green (ICG) fluorescence imaging technology.
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Neoadjuvant Therapy
in Resectable and

Keywords: resectable pancre-
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noma of the pancreas, neoad-
juvant therapy, chemotherapy,
radio-chemotherapy.

Introduction

Ductal adenocarcinoma of

the pancreas (PDAC) depict

a significant tumor burden
with an incidence of 12.1/
100,000 and a mortality of 11.1
/100,000 [1]. The PDAC is
ranked fourth in cancer associ-
ated deaths and is predicted
to reach rank two in the year
2030 given its further increas-
ing prevalence [1, 2]. Therapy
of PDAC consists in a multidis-
ciplinary approach, comprising
radiation, chemotherapy and
surgery. If a curable treatment
is aimed, radical resection of
the tumor is mandatory. Here,
complete radical resection with
a cancer-free resection margin
of = 1 mm is associated with
significantly improved survival
and thus depicts an important
goal [4, B].

Current Treatment
Approaches for PDAC

Today treatment of PDAC is
substantially dependent on the
stage of the primary tumor, its

local situation and the pres-
ence or absence of metasta-
sis. A palliative, non-curative
chemotherapy is indicated for
patients with distant metasta-
sis, which is accountable for
approximately 50-60% of the
patients at the time of primary
diagnosis [6]. A borderline-
resectable or locally advanced
tumor is diagnosed in 30-

40% of the patients, which

is defined by local size of the
primary tumor, its local infiltra-
tive expansion and its invasion
or arterial (e.g. hepatic artery,
superior mesenteric artery or
coeliac trunk) or venous blood
vessels (e.g. portal vein or
superior mesenteric vein) [Tab.
1]. In these cases of borderline-
resectable or locally advanced
PDAC neoadjuvant treatment
should be considered accord-
ing [7-10]. For resectable PDAC
current standard treatment
involves upfront resection of
the tumor followed by adjuvant
chemotherapy [6]. Depending
on the patient’s postoperative
condition and fitness, adjuvant
chemotherapy is performed
using a) gemcitabine, b)
gemcitabine + capecitabine or
¢) FOLFIRINOX. The more in-
tense the chemotherapy (more
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Fig. 1: Cross sectional CT imaging showing a 4.7cm pancreatic tumor (A), with reduction in size to 4.0 cm (B)

chemotherapy.

and 3.5 cm (C) during course of neoadjuvant
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drugs, more potential side ef-
fects) the longer is the median
survival following resection.
Compared with gemcitabine
FOLFIRINOX is associated
with a significant improvement
of survival (54.4 months vs.
35.0 months; p<0.001) [11].
Furthermore, adjuvant chemo-
therapy using gemcitabine in
combination with capecitabine
increased overall survival com-
pared with gemcitabine alone
(28.0 months vs. 25.5 months;
p=0.032) [12]. These studies
emphasize the importance of
effective adjuvant chemother-
apy after resection of PDAC,
although patient'’s fitness and
often age has to be considered
when deciding for a specific
regime.

Resection Status as an
Important Predictor of
Prognosis

Resection status is a crucial
predictor of long-time outcome
after PDAC resection. This de-
pends mainly on the surgeon,
his experience and expertise

in this field. Several studies

showed that RO status with a
cancer free resection margin

of = 1 mm is associated with
improved survival [4, 5]. For ad-
enocarcinoma of the pancreatic
head, resection status has an
even more pronounced impor-
tance, as resection with cancer
free resection margin = 1 mm
is significantly associated with
improved overall survival when
compared to R1 resection (41.2
vs. 16.8 months; p<0.001) [5].
Further, especially in context of
an adjuvant therapy, patients
with RO resections (> 1 mm)
benefitted in comparison to
patients with R1 status (0-1
mm) and direct R1 resection
with overall survivals of 41.6
months, 27.5 months and 23.4
months (p<0.0001), respec-
tively [4].

Evidence for Neoadjuvant
Treatment of PDAC

For borderline-resectable and
locally advanced PDAC neoad-
juvant treatment is a powerful
option to downstage the tumor
and reach resectability [10]. Ne-
oadjuvant therapy also affects
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postoperative tumor stage with
a reduction in primary tumor
size (T1/2 RR:2.87; p=0.001 vs.
T3/T4: RR 0.78; p=0.0002), N-
stage (NO: RR 2.1; p<0.00001
vs. N1: RR 0.59; p<0.00001),
increased RO resection rates
(RO: RR 1.13; p<0.00001 vs.
R1: RR 0.66; p<0.00001), re-
duced perineural invasion (Pn1:
RR 0.78; p<0.00001), reduced
lymph vessel invasion (RR:
0.50; p0.00001) and less G3 tu-
mors (RR 0.28; p=0.005) [13].
A randomized controlled trial
further investigated the influ-
ence of neoadjuvant therapy on
survival of patients with border-
line resectable PDAC compar-
ing a group with neoadjuvant
radio-chemotherapy (Gem-
citabine, 54 Gy radiation) and
upfront resection [7]. Patients
in the upfront resection group
received an adjuvant treatment
similar to the neoadjuvant
regime [7]. After neocadjuvant
treatment median survival

was prolonged (21 months

vs. 12 months; p=0.028) and
RO resection rate were in-
creased (51.8% vs. 26.1%;
p=0.004) [7]. Another phase-3
trial compared upfront resec-
tion followed by six cycles of
gemcitabine with neoadjuvant
radio-chemotherapy (15 x 2,4
Gy; two cycles gemcitabine)
followed by four cycles of gem-
citabine after resection. The
results were first published on
an interim analysis basis [14].
Resection rate was similar
between the two groups in the
intention to treat analysis (72%
vs. 62%; n.s.). But neoadju-
vant treatment was beneficial
concerning overall survival
(17.1 months vs. 13.5 months;
p=0.047), RO resection (65%
vs. 31%; p=0.001), disease-
free survival (12.1 months vs.
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7.9 months; p=0.01) as well
as metastasis-free survival
(17.1 months vs. 10.2 months;
p=0.012) when compared to
upfront resection and adju-
vant treatment [14]. Subgroup
analysis of patients receiv-

ing resection further showed
improved survival (29.9 months
vs. 16.8 months; p=0.001) [14].
Thus, the interim-analysis of
this study in resectable and
borderline resectable patients
indicated improved outcome
following neoadjuvant treat-
ment [14]. Final analysis of the
study was not able to repro-
duce the benefit in overall sur-
vival for patients with neoad-
juvant treatment compared to
upfront resection (16.0 months
vs. 14.3 months; p=0.096) [8].
Although beneficial effects of
neoadjuvant treatment on RO
resection rates, better disease-
free survival, locoregional
failure free interval, perineural
invasion, venous invasion

and lymph node metastasis
were also reproducible in the
final analysis [8]. Importantly,
survival of patients who under-
went resection of the tumor
was significantly longer after
neoadjuvant treatment when
compared to upfront resection
(35.2 months vs. 19.8 months;
p=0.029) [8]. Another phase |l
/ 1l trial from ltaly investigated
the effect of neoadjuvant treat-
ment in resectable PDAC in

a limited number of patients
(n=85) [15]. They compared
upfront resection followed

by gemcitabine (n=26), up-
front resection followed by
chemotherapy with cisplatin,
epirubicin, capecitabine, and
gemcitabine (PEXG) (n=30),
and neoadjuvant treatment
with PEXG followed by resec-
tion plus adjuvant treatment
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Table 1: Resectability of PDAC
according to blood vessel involve-
ment.

AHC: A. hepatica communis. TC:
Truncus coeliacus. AMS: A. mesen-
terica superior. VMS: V. mesenterica
superior. VP: V. portae. VCI: V. cava
inferior. Analog NCCN-Guidelines
(modified) [21].

with PEXG (n=29) [15]. Here,
patients with neoadjuvant and
adjuvant treatment were tumor
free after one year in 66% of
the cases, while this was only
the case in 23% for patients
with adjuvant gemcitabine
alone and 50% for patients
with adjuvant PEXG alone [15].
Further, overall survival was
improved in patients receiv-
ing neoadjuvant and adjuvant
treatment (38.2 months),

in comparison to adjuvant
gemcitabine (20.4 months) and
adjuvant PEXG (26.2 months)
[15]. These data indicate again
that the more chemotherapy
can be given to the patient, the
better the long-term survival.
More studies in resectable and
borderline resectable PDAC
confirmed a positive effect

of neoadjuvant treatment on
resectability and overall survival
[16-19]. Evidence suggests that
some patients with PDAC al-
ready have micro-metastasis at
the time of primary diagnosis,
and thus those patients may
benefit from early treatment of
these micro-metastasis within
the course of neoadjuvant
therapy [20].

Neoadjuvant treatment for
borderline resectable PDAC is
meanwhile widely used and
established in daily routine [10].
For resectable PDAC neoadju-
vant treatment might be prom-
ising and there are multiple
trails ongoing to investigate po-
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.Resectable” .Borderline- .Not resectable”
resectable”

Arterial |No Contact

Situation

Contact to AHC without
contact to TC or division

Distant metastasis
and non-regional

of A. hepatica or possible | lymph node
resection/reconstruction | metastasis

Contact to AMS < 180°

Contact to AMS or
TC > 180°

Contactto TC < 180°

Venous |No contactor

Situation | contact < 180°
without irre-
gular vessels

Contact to VMS or VP >
180°, Contact < 180° with
irregular vessels or
thrombus and possible
resection/reconstruction

Contact to first
arterial jejunal
branch

Infiltration of the
Aorta

Non reconstructable
involvement of the
VMS or VP

Contact with first
venous jejunal
branch

Contact to VCI

AHC: A. hepatica communis. TC: Truncus coeliacus. AMS: A. mesenterica superior.
VMS: V. mesenterica superior. VP: V. portae. VCI: V. cava inferior. Analog NCCN-
Guidelines (modified) [21].

tential benefits of neoadjuvant
chemotherapy as well as neo-
adjuvant radio-chemotherapy
in resectable PDAC (Tab. 2 and
3). Those studies may change
the therapy algorithm also for
resectable PDAC by increas-
ing the efficiency and timing of
chemotherapy / radio-chemo-
therapy based neoadjuvant and
adjuvant treatment. Besides

a radical RO resection forming
the basis for curative treat-
ment more effective chemo-
therapy / radio-chemotherapy
may further improve patient’s
outcome.

Summary

Neoadjuvant treatment for bor-
derline resectable and locally
advanced PDAC is promising.
For borderline resectable PDAC

neoadjuvant therapy is already
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Table 2: Studies for neoadjuvant
chemotherapy.

CTx: chemotherapy; rPDAC: resect-
able PDAC; brPDAC: borderline
resectable PDAC. Modified from: [3]

established, but its compo-
nents (radiation, chemotherapy
and their optimal combination)
still have to be optimized. Fol-
lowing neoadjuvant therapy
and potential downstaging in
borderline and locally advanced
tumors, qualified surgery is
eminent. Often a technical
difficult radical operation with
potential vascular resection

is mandatory to achieve a RO
resection. This is the precondi-
tion for long-term survival and
curation of the patient. Neo-
adjuvant therapy for resect-
able PDAC is not standard of
care today and should only be
administered within clinical
trials. First results from studies
are promising and suggest a
survival benefit in patients with
neoadjuvant therapy and resec-
tion of the tumor. This has to
be validated by further ongoing
investigations to put treatment
of PDAC on the next level.

Case Study: Neoadjuvant
Treatment in Borderline-
resectable Pancreatic Cancer
A 42 years old male patient
presented with obstructive
jaundice, light colored stool
and dark urine. Cross sec-
tional CT scanning revealed a
4.7 cm borderline resectable
pancreatic head tumor [Fig.
1A]. The CA19-9 was 391 U/ml.
According to the interdiscipli-
nary cancer board, the patient
received neoadjuvant chemo-

German
Medical

alaJI
EPRLN |

Journal =iy

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Sequential Use of Nab-paclitaxel
Plus Gemcitabine and
mFOLFIRINOX as Neoadjuvant
Chemotherapy for Resectable
Pancreatic Cancer: A Randomized
Control Study (CISPD-1)

Neoadjuvant Plus Adjuvant or
Only Adjuvant Nab-Paclitaxel Plus
Gemcitabine for Resectable
Pancreatic Cancer: A Prospective
Randomized, Controlled, Phase Il
Study of the AIO (Working Group
for Medical Oncology From the
German Cancer Society) Pan-
creatic Cancer Group (NEONAX)

A Randomized Phase Il Study of
Perioperative mFOLFIRINOX
Versus Gemcitabine/Nab-
Paclitaxel as Therapy for
Resectable Pancreatic
Adenocarcinoma (S1505)

A Randomized Study of a GM-CSF
Secreting Allogeneic Pancreatic
Cancer Vaccine With or Without
a PD-1 Blockade Antibody
(Nivolumab) and CD137 Agonist

Antibody (Urelumab) for the Neo-
adjuvant and Adjuvant Treatment
of Patients With Surgically Resec
table Adenocarcinoma of the
Pancreas (J1568)

A Phase Il Study of Liposomial
IrinoTecan (Nal-IRl) With
5-Fluorouracil, Levofolinic Acid
and Oxaliplatin in Patients With
Resectable Pancreatic Cancer
(nITRo Trial)

CTx with nab-
Paclitaxel /
Gemcitabine +
mFOLFIRINOX

VS.

Upfront Resection

CTx with nab-
Paclitaxel /
Gemcitabine

VS.

Upfront Resection

CTx with
mFOLFIRINOX
VS.

CTx with nab-
Paclitaxel /
Gemcitabine

Cyclophosphamid
and GVAX pancreatic
cancer vaccine

VS.

Cyclophosphamid
and GVAX pancreatic
cancervaccine +
Nivolumab

VS.

Cyclophosphamid
and GVAX pancreatic
cancer vaccine +
Nivolumab +
Urelumab

Irinotecan Liposomal
Injection (Onivyde);
oxaliplatin, 5-FU;
Levofolinic Acid

CTx: chemotherapy; rPDAC: resectable PDAC; brPDAC: borderline resectable

PDAC. Modified from: [3]

therapy with gemcitabine and
nab-paclitaxel. Treatment with
gemcitabine / nab-paclitaxel
was continued after responsive
disease (size 4.0 cm, CA19-9
40 U/ml) [Fig. 1B]. After com-
pleted neoadjuvant chemother-
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Table 3: Studies for neoadjuvant
radio-chemotherapy.

RTx: radiotherapy; CTx: chemo-
therapy; rPDAC: resectable PDAC;
brPDAC: borderline resectable PDAC;
SBRT: stereotactic radiation. Modi-
fied from: [3]

apy with further response the
patient received a total pan-
createctomy with splenectomy
and resection of the portal vein
showing an ypT3, ypN1 (3/61),
Pn1, L1, CRM+, RO tumor [Fig.
1Cl. The treatment was contin-
ued with adjuvant gemcitabine
and nab-paclitaxel. Two years
follow-up after completion of
treatment did not show recur-
rence of the tumor.
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Stereotactic Body Radiation Therapy
or Conventionally Fractionated Con-
current Chemotherapy and Radiation
Therapy Preoperatively for Resectablg
or Borderline Resectable Pancreatic
Adenocarcinoma (PR033061)

Neoadjuvant CCRT With Gemcitabine/|
Durvalumab (MEDI4736) Followed by
Adjuvant Gemcitabine/Durvalumab
(MEDI4736) in Resectable or Border-
line Resectable Pancreatic Cancer
(ESR-16-12315)

A Randomized Multicenter Phase Ib/Il
Study to Assess the Safety and the
Immunological Effect of Chemoradia-
tion Therapy (CRT) in Combination
With Pembrolizumab (MK-3475)

Compared to CRT Alone in Patients
With Resectable or Borderline
Resectable Pancreatic Cancer

Phase Il Study of Preoperative
Chemotherapy With Abraxane and
Gemcitabine Followed by Chemo-
radiation for Borderline Resectable or|
Node-Positive Pancreatic Cancer
(IRB00011256)

Phase Il Clinical Study on Resectable
or Borderline Resectable Pancreas
Adenocarcinoma Preoperative
Treatment With Chemotherapy and
Carbon lons Radiation Therapy
(Hadron Therapy) (PIOPPO)

Stereotactic RTx
(5d/week for
1,5 weeks)

VS.

RCTx (5 d / week
for 5,5 weeks)

Combined RCTx
with Gemcitabine
and Durvalumab
for R-PDAC or
BR-PDAC

RCTx
(Capeitabine +
50,4 Gy) +
Pembrolizumab
VS.

RCTx
(Capeitabine +
50,4 Gy)

CTx with Nab-
paclitaxel /
Gemcitabine
followed by RCTx

RCTx with
FOLFIRINOX and
Carbonion
radiation

RTx: radiotherapy; CTx: chemotherapy; rPDAC: resectable PDAC;
brPDAC: borderline resectable PDAC; SBRT: stereotactic radiation.

Modified from: [3]
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Pancreatic Adenocarcinoma and
Borderline Resectable Pancreatic
Adenocarcinoma With Molecular
Correlates (15-0150.cc)

Pancreatic Cancer: Study Protocol of
a Prospective, Randomized Phase |l

Two Arm, Prospective, Multicenter

Randomized Phase Il Trial of Neo-

adjuvant Modified Folfirinox Regimen,

With or Without Preoperative Con-
comitant Chemoradiotherapy in

Patients With Borderline Resectable
Pancreatic Carcinoma

Perioperative Therapy for Resectable

7 |Comparisons of Different Neoadjuvant
Chemotherapy Regimens With or
Without Stereotactic Body Radiation
Therapy for Borderline Resectable
Trial

Nab-paclitaxel /
Gemcitabine for
R-PDAC + SBRT
VS.
Nab-paclitaxel /
Gemcitabine for
BR-PDAC + SBRT

Gemcitabine plus
nab-paclitaxel
VS.

Gemcitabine plus
nab-paclitaxel
with SBRT

VS.

S-1 plus nab-pac-
litaxel with SBRT

mFOLFIRINOX
vS.
mFOLFIRINOX +
RCTx
(Capecitabine +
50,4 Gy)

RTx: radiotherapy; CTx: chemotherapy; rPDAC: resectable PDAC;
brPDAC: borderline resectable PDAC; SBRT: stereotactic radiation.

Modified from: [3]
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Introduction

The prostate artery emboliza-
tion is a radiological interven-
tion treating symptoms of the
Benign Prostate Syndrome
(BPS). Those Lower Urinary
Tract Symptoms (LUTS) include
voiding and storage symp-
toms [1]. As other therapies
require general anesthesia and
often go along with high risk
of incontinence, bleeding or
erectile dysfunction [2], new
minimal invasive procedure are
under current investigation.
Avoiding these risks PAE has
gained increasing interest over
the past few years. In 2000
DeMerritt et al. [3] described
positive effects on LUTS of a
PAE performed in order to stop
prostate hemorrhage. In the
following years, evidence of an
effective and safe treatment
with PAE was gained. In 2018
the UK National Institute for
Health and Care Excellence
(NICE) included PAE as recom-
mended treatment for BPS and
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Prostate Artery
Embolization For
Benign Prostate
Syndrome

2020 the German Society for
Interventional Radiology (De-
GIR) positioned itself positive
towards the PAE [4, 5].

Technique

Most treatments for BPS are
performed via a transurethral
access whereas the PAE is
performed using a vascular
approach through femoral
arteries. This angiographic
mode provides low bleeding
risks and spares the urogenital
organs. Until today, there is

no standardized protocol for
the procedure. Thus, there are
differences in the performance
of the PAE e.g. particle size
and material used as well as
patient selection and procedure
planning. In the following, the
approach followed at the Insti-
tute of Diagnostic and Interven-
tional Radiology in Frankfurt/
Main is described.

In our institute, we perform the
PAE as outpatient treatment

if no complications occur. PAE
is performed in a sterile work
area by experienced inter-
ventional radiologists. After
injecting local anesthesia, uni-
lateral transfemoral approach

is achieved and a 5F sheath
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is inserted via the Seldinger
technique. Subsequently 5F
Sidewinder or 4F Cobra cath-
eter are used to catheterize the
pelvic arteries, whereas the PA
mostly needs further selection
with a 2F microcatheter. MRA
guidance prior to the procedure
(Fig. 1) as well as angiographic
guidance are used to visualize
the pelvic arteries and identify
target vessel. If there is a risk
of nontarget embolization,
further selective catheteriza-
tion is attempted or protec-
tive coil embolization of the
affected vessel is conducted.
In rare cases cone beam CT
(CBCT) is performed if anas-
tomoses cannot be ruled out.
Selective embolization of PA is
performed with microspheres
of 300-500 pm (Embosphere®
Microspheres; ©2018 Merit
Medical Systems, South Jor-
dan, Utah, USA) as distally as
possible until almost complete
blood flow stasis in all branch-
es is achieved (Fig. 2). Due to
the presence of anastomoses
to the PA of the other prostate
side, bilateral embolization
should be attempted in all
cases. Following the removal
of catheters and sheath, the
approach is occluded using a
vascular closure device.

Currently different particles
are in use for PAE: spherical
and non-spherical particles,
gelatin and polyvinyl materi-
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als and different sizes such

as 100-300 pym or 300-500pm
[6]. The smaller particles are
likely to cause more ischemia
as they occlude smaller
vessels, whereas the larger
particles tend to be less painful
and result in fewer adverse
events [7]. The superiority of
one specific particle is under
current investigation [6, 8].
Additionally, there are dif-
ferences in planning PAE as
well. Some centers use only
intraprocedural imaging such
as DSA or CBCT, whereas
others use CTA or MRA to plan
the procedure and display their
reconstructions in the angio
room during PAE. Technical
improvement is promised by
the Proximal embolization first
then embolize distal method
of PAE (PErFecTED-method)
introduced by Carnevale et al.
[9]. They recommend emboliz-
ing the proximal branches first
to increase blood flow towards
the prostate and then superse-
lectively embolizing the distal
branches of the central gland.

The blood supply of the central
gland of the prostate is re-
duced [10] by embolization.
This mechanism results in
different effects of the PAE. In
addition to necrosis and apop-
tosis induced by hypoxia, the
lower blood supply reduces the
transformation of blood testos-
terone into dihydrotestoster-
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Fig. 1: Freely rotatable 3-dimensional MRA reconstruction. A: View from the left pelvic side and origin analysis of the left prostatic artery (arrow).
B: View from the right pelvic side and origin analysis of the right prostatic artery (arrowhead).
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one (DHT) [11]. The immediate
effect is said to be achieved by
the reduced DHT levels as well
as relaxation of smooth muscle
tissue [8]. This relaxation

might be a result of elevated
NO levels and reduced alpha-
1-receptor density [8]. Volume
decrease is said to be a result
of hypoxic ischemia and edema
and develops over the follow-
ing months as the necrotic
tissue is resorbed [8, 10].

Technical Challenges

As pelvic vessel anatomy

is highly variable detailed
knowledge of the possible PA
origins as well as the individual
anatomy of the patient is cru-
cial whilst identification of the
PA during the procedure can be
challenging [12]. Due to these
anatomical challenges preproc-

edural imaging or periinterven-
tional CBCT is important.

The prostate artery itself is
often described as an inde-
pendent and highly variable
vessel [13]. Additionally, the PA
shows anastomoses to other
organs such as urinary bladder
or rectum in up to 60% [12].
These anastomoses can be
identified in the preprocedural
imaging. In most cases the PA
approaches the prostate in four
quadrants, i.e. two anterome-
dial and two posterolateral
branches [14]. The anterome-
dial branches supply the blood
for the central gland whereas
the posterolateral branch
provides blood for the periph-
eral gland. In up to 40% of the
cases these branches can arise
from different origins as two
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PAs per pelvic side [14]. Due
to intraprostatic anastomoses,
embolization of all branches is
necessary to reduce the risk of
revascularization and achieve a
good clinical result [15].

Patient Selection and
Diagnosis Prior to PAE

Due to the variety of methods
of BPH therapy, patient selec-
tion and informed consent on
all available options are manda-
tory and important for the suc-
cess of the therapy. First, the
diagnostic findings, including
the leading symptoms, as well
as objective parameters such
as flow rate or prostate volume
should be analyzed in detail.
Further considerations should
focus on the patient’s general
condition and thus on the eligi-
bility for surgery. Subsequently,
the patient’s expectations,
goals and fears must be care-
fully determined and weighed
up, and the side effect profile
and financial aspects must be
considered.

It is crucial to evaluate clinical
symptoms before and after
PAE via the International Pros-
tate Symptom Score- (IPSS-)
and Quality of Life- (QolL-)
questionnaires [16]. The effect
of the PAE on the erectile
function should be assessed
using the International Index of
Erectile Function (IIEF). Digital-
rectal examination, transrectal
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ultrasound, the determination
of urodynamic parameters
such as urinary flow rate and
residual urine volume and, if
necessary, contrast-enhanced
ultrasound of the prostate
should be performed prior to
PAE to determine the objective
parameters of benign prostatic
syndrome [17]. MRI may be
useful for detailed volumetry
of the prostate and analysis of
morphological aspects such as
intravesical prostate protrusion
(IPP) and prostate urethra angle
(PUA) as well as adenomatous
nodules [18, 19]. If malignancy
is suspected by PSA values or
imaging, it should be confirmed
by a biopsy [20]. As described
above, an analysis of the pelvic
vessel anatomy prior to PAE

is crucial, as this knowledge
may not only reduce radiation
exposure but also the risk of
non-target embolization. How-
ever, this information can also
be obtained by CBCT during
the intervention, which further
increases the amount of radia-
tion. At 3- to 6-month intervals
after PAE, clinical, imaging and
urological control examination
are indicated.

Typically, the indications for
PAE comprise symptomatic
BPH with a volume of > 30-
40ml, moderate to severe
LUTS symptoms (IPSS 7-19)
and a QoL score of >3 [21, 22].
In different studies, however,

en s AlA il ae b g
Laala¥l g 5l asas [VE]
35Sl Buadl slasly Zpus Y
ALl g Al a3y Laiy caully
Glaaaall sasdl slasls lua 51l
oo 780 M Lo b pally
£ ooall s Laas o (e YA
Ly e Lalina g iulie e
wla IS Ge Gl Glasde
ey [VE] Gasall ils e
oo eoliw gl Jaly ol ,elaall
godll paaa plaal g 5000l

Baiads Luesill sule) Jha Julasl

[Vo] Basn Typym Ao

Ja8 dagnitly payyall HLiial
Sluwgyll gl alas) slyal
paas £ )e Gk g gual s
(BPH) spantl ol 5,0

488l gally (g pall Hlaaal (,Ls
ohlall pran e 3 il
il ages goug)ftzuul
L Jalas G Yl Sl
ole Y elly b Lay gzl
olalaall el g dpuss

o 3anll Juns Jio Loe gud gl
oz Jaatilly olu ol aaa
Sle ohlae Yl e ayall 555 0
ALy (o sall Loladl LA
el aay Aalyall asudal e
aslaaly (o pall oladss agans
oy ey Lliay aislang
Lol BV Gale 3 5kl
A Ll alls

ela il 1aa 06Ss a8 [A]

RN JE I P L P AT
LS [alaasly NO wlaall

o JG [A] VGl o s
SLaSY AT (6 paall (alass
sobins Ladlly sl ot

Ay caa LG e Y las e
[V A] sl all Gl

i obyuadill

T pall Tae g Y1 e 53 Y s
Layaall s Ayall yuate
SRR AN LA WA
A eyl IS5 Alaiadll
e 58 Taa¥l 3l ol Gy sl
LT o G gyl Lot apaas ol
[V G 5% o 0% sl5a ¥l
Aang il Lot s G
Ja3 el shyal agall o
srbiall o seatll ol of Lulasll
Lo 5,380l 3 (CBCT) oyl
Jaadl Jsa

Sl gyl Gt g Le L2
ey Jitue sle s 4l wuss
celly I LYl [VY] LG
ohtlie ol Ol sk
Ll Jie g, Yl slacd
e Ly piTuaall 51 Ll gl
sia waal oSay VY] 200 I
Aulaall 45 eailly ol yeLaall
Ol ok wYlall alias
9_’9:;\_‘\.“.‘9)__;11 oo olin gyl
olel Gl Gae 53 g Lol day)



Interventional Radiology

German  al.ll

Medical

dgale]

Journal .51

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Fig. 2: DSA and embolization of the left and right prostatic artery of a 59-year-old patient. A: DSA of the left prostatic artery before prostatic artery emboliza-
tion (PAE). The presence of anastomoses to the contralateral prostate vessels is visible. B: DSA after performing the PAE with complete blood stasis in the

left parts of the prostate.

a1 350l Lasial) a3l Il Aae g1y geas § Lale 08 jaadl o iy Gasal an¥l 5 ¥l ol goall Glisis placal 5 ol g oklls Lae s3I s e :Y JSaI
o L goall Gl s placal JLsal shpal ay a3 N 2 Il Tae s ¥ o end i Jaliall (SLalls sl ol Lacsl (b olyd Lo s pa s s (PAE) ol gpall ooy placal i3
ol gall s sl elya ¥l 3 aall JolI o g< M

these criteria sometimes differ
considerably. As contraindica-
tions, we determine severe
atherosclerosis, known neuro-
genic bladder outlet disorder,
prostatitis or prostate cancer
[21, 23]. Furthermore, there are
specific contraindication for an-
giographic interventions such
as severe bleeding tendency,
hypersensitivity to contrast
media, renal insufficiency or
severe comorbidity. Therefore,
prior to PAE, prostate-specific

antigen (PSA) and creatinine
level should be evaluated.

If urodynamic problems pre-
dominate, if there are recurrent
urinary tract infections or if

a neurogenic cause of LUTS
can be assumed, PAE may not
be the method of choice [24].
However, if general anesthesia
is a significant risk to the pa-
tient, if the patient is anticoagu-
lated or if there are concerns
about maintaining erectile func-
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Fig. 2: C: DSA of the right prostate artery before PAE. In comparison to the left side, there is a sharper line between the sides as a result of contralateral
embolization. D: DSA of the right prostate artery after the embolization. After embolizing both sides, no contrasted vessels or anastomoses were seen.
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tion, PAE should be considered
[23, 25]. Furthermore, PAE is a
suitable treatment method for
prostates with a volume >80
ml as an alternative to prostate
enucleation [26]. Some authors
also describe PAE as an effec-
tive therapy for BPH-associated
acute urinary retention [23, 24].

Clinical Results and
Predicting Factors

Early results showed success
rates of 76% after 12 months

[27]. In the literature clinical
success rates between 72.1%
and 100% are documented
[28, 29]. However, the criteria
for clinical success are inho-
mogeneous. In most cases, a
reduction of the IPSS value by
-25 % and a post-interventional
value of <15 points as well as
an improvement of the quality
of life by -1 point and a post-
PAE-Qol of <3 points are con-
sidered as a clinical success
[29, 30]. The meta-analysis by
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Fig. 3: Axial and sagittal MRI of a 59-year-old patient before (A) and after
(B) PAE with an initial prostate volume of 99.2 ml, an IPSS of 31 points and
a QoL score of 5 points. In the follow-up four months after PAE, a signifi-
cant reduction of the prostate size to a volume of 77.5 ml (-21,9%) and a
decrease in the IPSS to 10 points (-68%) as well as a reduction of the QolL-
score to 2 points (-60%) was documented.

A: Axial and sagittal MRI before PAE
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Malling et al. summarized 13
studies with a total of 1,254
patients [31]. They described a
mean improvement of the IPSS
by -16.2 points (-67 %), of the
QoL score by -3.0 points, of
the prostate volume by -20.3
ml, and of the IIEF by +1.3
points after 12 months. These
values showed a significant
improvement even after three
years. Other long-term studies
showed a IPSS reduction of
-16.94 points after 6.5 years of
follow-up [11].

However, the IPSS improve-
ment is highly variable as
results between -9.1 and -21
points are reported [28, 30]. A
case with significant reduction

of prostate volume and IPSS is
shown in Fig. 3.

Therefore, there must be other
factors influencing the clini-

cal outcome. Young age and
higher prostate volume appear
to be associated with higher
IPSS improvement from PAE
[6, 32]. Little et al. [18] found
that adenoma-dominated
hyperplasia responds better to
PAE, whereas Assis et al. [33]
documented better clinical re-
sults with larger central glands.
A high degree of atherosclero-
sis and vascular convolutions
are considered to be negative
predicting factors [34, 35].
However, the influence of
technical parameters such as

el ALkl gapandl Glatll
Lnandl Bl ¢ yaa Ol bl
e g yall SLgall sl eigyall
IYY V] ol gyl sy
Slse dlia el e 550
oaaill elyaY Suaas olikial
35l sl Jaall Jie dule gl
Lo 50l Gl b5

S slI 5 gt 5l (bl
Sagaidl Lalaall (20,03
aiall (5 s pradi ciay el
(PSA) el 3l g5l

plaal elal Ju3 Gaiasly S
(PAE) ol gl o)L s

Lo lipull o )all @3l 13)
Alia ol 13) ol sl L sl

ool Qg g Lk (a5l
pSaill Gansy ygailly o0l
sy e Tl gl il 3
1 Y G b5
oLyl 5Lk alasal
SLLkiul Jaks dalall 3
axal ol gyl oLk alasal
(BPH) (oo yall syasll & o
o £0 =Y+ S dana ply il
Aaliall Ll gl elllaall a0 el s
IPSS) sasazll ) Aluiaall

< jls 3l Qob da oy (VY
i el ey [YYYV] ¥
Olaa ¥l Gany b sulaall sia
Al oluwls o8 S Ledaal
a6l (oLt dl il se (o



Interventional Radiology

German
Medical

Journal -1y

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Fig. 3 B: Axial and sagittal MRI after PAE
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the size of the particles and
the end point of therapy are
controversial and have not yet
been uniformly defined [8].

Radiation

Due to its technically challeng-
ing nature, PAE often requires
high radiation doses. Ath-
erosclerosis and complicated
vessel anatomy might have

an influence on the radiation
dose needed [36]. Currently
dose area products between
11,305 and 45,070 uGym? per
procedure are documented [30,
37]. Mean entry doses are de-
scribed between 339 and 2,420
mGy [22, 37]. In their system-
atic review Zumstein et al. [38]

oOF U<l
&L g5l

documented mean DAPs of
19,514 uGym?, no entry doses
were analyzed. If CTA or CBCT
are used for visualizing the

PA, additional radiation occurs.
For CTA a mean dose of up to
808.4 mGycm and for CBCT
dose area products between
1,900 and 3,652 uGym? are
documented [24, 39].

Reducing the radiation expo-
sure is an important goal in
further developing the PAE
method. One way to achieve
this might be using MRA for
preprocedural planning, as it of-
fers detailed information about
the origin of the prostate artery
without applying any radiation.
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Adverse Events

PAE seems to be a safe meth-
od to treat BPS without major
adverse events [25, 31, 40].
Most common complications
are transient dysuria, hematu-
ria, dysesthesia, or the occur-
rence of urinary tract infection
[21, 31]. Further complications
as hematoma or postemboliza-
tion syndrome are related to
the interventional nature of the
procedure. However, in 0.1%
of the cases major adverse
events like non-target emboli-
zation of rectum, bladder or pe-
nile structures are documented
[25, 31]. These can usually be
prevented by precise knowl-
edge of the individual ves-

sel anatomy, superselective
embolization and protection of
anastomoses.

Comparison to Other BPS
Therapies

In several randomized con-
trolled trials and meta-analyses
[21, 28, 30] PAE has been com-
pared to transurethral resection
of the prostate (TURP), the
gold standard of BPH therapy,
in recent years. Although PAE
has shown benefits in terms

of risks and adverse events,

it has usually failed to achieve
the clinical and urodynamic im-
provements of TURP [21, 41].
Carnevale et al. [28] in their
randomized study and Gao et
al. [30] in their meta-analysis,
however, reported similarly

good results for PAE compared
to TURP. Both achieved IPSS
improvements of 21 and 16
points, respectively. However,
urodynamic improvements of
transurethral prostate resection
(TURP) were superior to PAE in
both studies.

Although the PAE seems to
be functionally inferior, it is
becoming more attractive with
regard to its side effect profile.
In a randomized controlled trial,
Abt et al. [21] registered only
about half as many adverse
events (Clavien I-lll) in PAE as
in TURP. A major advantage
over transurethral procedures
is the significantly lower
incidence of postinterven-
tional erectile dysfunction and
retrograde ejaculation [21, 28].
Serious bleeding is also less
frequent than with standard
therapies [24].

To our knowledge, a com-
parison with other minimally
invasive methods such as
holmium laser enucleation

of the protaste (HoLEP) or
thermo-ablative procedures
or with drug therapy within a
randomized study has not yet
taken place. However, these
findings would be of great
interest in classifiying PAE be-
tween these different therapy
options for BPS. In contrast to
many other minimally invasive
procedures, PAE is not limited
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to any maximum volume of the
prostate and does not use a
transurethral approach, which
means that post-interventional
strictures and incontinence can
be avoided [31].

Conclusion

Summarizing the current study
situation, PAE is no replace-
ment for established surgical
procedures for severe ob-
structions due to urodynamic
inferiority. It is as a treatment
option with low complication
profile for moderate to severe
symptoms, and as a possibil-
ity for younger, sexually active
patients or those with con-
traindications against surgery.
Previous studies have already
demonstrated the effective-
ness and safety of PAE in a
suitable patient population.

In conclusion, PAE is an effec-
tive method with a low compli-
cation rate for treating at least
moderate LUTS with growing
evidence. Patient selection is
crucial for the clinical success
of this method. Preprocedural
planning is important and re-
duces radiation exposure.
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Prostate Cancer
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Introduction

Treatment of prostate cancer
and other urogenital malignan-
cies needs tob e discussed

in multidisciplinary teams to
improve the long-term onco-
logical outcome and to reduce
treatment associated complica-
tions (1).

The UOCC for the manage-
ment of malignant tumors of
the urogenital tract (kidney,
bladder, prostate, testis and
penis) represents one of the
largest and most experienced
centres in Germany. As one of
the very few centres in Ger-
many the UOCC has been cer-
tified by national and interna-
tional commissions due to the
high level of quality with regard
to patient care and research as
well as the extensive expertise
in the management of even
very complex situations. The
UOCC is well equipped with
all modern diagnostic and
therapeutic approaches for the
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Modern Diagnosis
and Treatment of
Prostate Cancer -
Interdisciplinary
and Individualized

proper diagnosis and the guide-
line-recommened management
of urogenital cancer thereby
allowing an individualized and
risk adapted management even
for very complex situations.

Prostate Cancer

The following chapter will
focus on the modern diagnos-
tic approach and therapeutic
management of prostate can-
cer (PCa) which represents the
most common solid neoplasm
in men. The main purpose of
the article ist o provide non-
urologists and patients with the
most recent update in diagno-
sis and treatment of PCa based
on current evidence-based
recommendations (2).

Interdisciplinary Teams are
the building block of modern
PCa management

In Germany, PCa was newly
diagnosed in more than 60.000
men in 2018 and approxi-
mately 15.000 men died due
to PCa. Although diagnosis and
treatment of PCa still repre-
sents one of the domains of
uro-oncology, modern therapy
necessitates the interdisci-
plinary discussion between
urologists, radiation oncolo-

Slisag il Gl pu

GLlsadl zNadlg

Ol @i g sl Loy
$9ura (i ySaa Lagsy
iy olawalll

e 555l Jeas (Gaatlly
udgully il Il lalll E5ulias

Slg pll Gl yuu

sl e JI Jadll 5
omailly Enpaall capaiall
s g all U yaad o Ml

g 1531 ST Jiay gl (PCa)

sl Le st Luleall ol 5Y1

O gl paoadl el
solaial jae uy 33 sa ALEL
Gaaly oo pally sl ellloall
£ e paad il b ool shaill
e £ PCa ol gyl oUs yu
N Bl LA o len 53
Y) sy

olawaill dasaia 3,8l sas
Ol il Lgaad) dallaall yulu
iyl

oo ST Gagans o3 Lol b
B gl U juad Tla Vo oo e
PP PR SR VNP

peoll ey Jay Vo 00
Oy ey paadiis O (e
and Jiay s ¥ @B gyl
(ol Sheall alysl ol ¥l
sloal oy spaaldl £ 3l s
Ot oleamatll Suanis Ladlis

Ol s :\.._IAL“\SA." aLijlé.II
Ol o gl el g5l
bl ssate e Uil

cugaall alaBall o genll

S ¥l abiall 5 suasll /(CT)
aaTuall L85LE, 44555
Sy s Galall Sl
daaloas¥l e jall PSMA-PET
s piall Sl gyl Jlasvl
SUaialls @ gyl Jlattl
(RALP) & 15,0l 5ae Lsay
(DY &l gl Jlatial
sl Juaall elan¥l ¢ dall

an sl e Laz¥1 £ 3l (IMRT)
e bl Lyall (IGRT)  pualls

dandall

Ol e La8lie oy
Sheadl plosl oo esad s oL gl
3% b Lnaall izl sl
Jashall gaall e alys¥ £ Me
Uaysyall o lae Laall Julas,

(V) b

52 (UOCC) L g1 € Lasls 3550
L€ Taslan 8o 3 S5
gall ol sY £ et anlail
IS Lalisll ol 5Leall 3
Z__uai."\g ‘;:\_’L.u))..\."\’ LL‘L«]‘J



Prostate Cancer

gists, oncologists, pathologists,
and radiologists in many clinical
situations to identify the most
appropiate treatment approach
for the individual patient. The
UOCC has established this
interdisciplinary approach in
joint consultations of different
subject areas such as urol-
ogy and uro-oncology and in
multidisciplinary tumor boards
at weekly intervals (Table 1)
including the main team play-
ers of interdisciplinarity. Based
on the recommendations of
the multidisciplinary teams, an
individualized and risk adapted
treatment plan can be devel-
oped for each patients which
will result in high therapeutic
efficacy associated with low
treatment-related side effects.

Early detection of PCa safes
lives

The goal of disease specific
early detection measures is to
reduce the risk of PCa associ-
ated mortality and to decrease
the frequency of metastatic
disease. Results of the large
prospective randomized Eu-
ropean clinical trial including
more than 170.000 men dem-
onstrated clearly that stringent
early detection will reduce PCa
mortality and frequency of
metastases by 54% and 52%,
respectively (3, 4). If PSA is
used in an intelligent way, we
are able to develop individual
early detection strategies (5).
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Subject Area Diagnostic and/or Therapeutic Method

MRI fusion biopsy, focal MRI guided TULSA-

Urology

PRO, robot-assisted nerve sparing radical
prostatectomy, open retropubic radical
prostatectomy, radical salvage prostatectomy
for radiation failures, salvage lymphadenectomy,
cytoreductive radical prostatectomy, medical
cancer therapy, chemotherapy, targeted therapy
for druggable mutations, clinical trials

Radiation Oncology

IMRT, HDR-Brachytherapy, stereotactic radiation

therapy, cyberknife, hypofractionated radiation
therapy

TULSA-PRO

Radiology

mpMRT, in bore MRI fusion biopsy, MRI guided

Nuclear Medicine PSMA-PET/CT, ""Lu-PSMA radioligand therapy

mutations

Pathology
Oncology

Molecular pathology, identification of druggable

Targeted therapy, clinical trials

Table 1: Teamplayers of the certified prostate cancer centre of UOCC, Univer-

sity Hospital Cologne, Germany

It is already known that a PSA
serum concentration below 1.0
ng/ml at an age < 50 years is
associated with a minimal risk
to suffer from significant PCa
within the next 20 years. Early
detection intervals, therefore,
could be as long as 4 years. A
PSA level > 1 ng/ml, however,
is associated with a 23fold
increase to suffer from PCa
which needs to be treated
actively so that follow-up inter-
valls must be shorter.

Multiparametric magnetic
resonance imaging (mpMRI)
is the modern baseline diag-
nostic tool to diagnose PCa
Any clinical suspicion with
regard to the presence of PCa
should not result in an immedi-
ate transrectal prostate biopsy
but at first a mpMRI of the
prostate should be scheduled.
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Prostate Cancer

With the help of a mpMRI not
only the presence of PCa can
be predicted with a more than
90% accuracy but furthermore,
the suspicious lesions on MRI
can be used as a target for a so
called MRI fusion biopsy (6,7).
This approach allows to hit the
suspicious lesions with high
accuracy which results in many
advantages as compared to tra-
ditional transrectal ultrasound
guided biopsies: (1) higher
detection rate of significant
PCa, (2) lower detection rate of
insignificant cancers thereby
avoiding overdiagnosis and
overtreatment, (3) objective
assessment of the intra- and
extraprostatic extension of can-
cer, and (4) objective assess-
ment concerning the option of
focal therapy (8).

Once the diagnosis of PCa

is established, parameters
such as PSA, ISUP score and
Gleason score, number of
positive biopsy cores, void-
ing problems, comorbidities
and the personal wish of the
patients must be taken into
consideration to identify the
most optimal treatment for the
individual patient.

Modern Treatment Options in
Low Risk PCa

Low Risk PCa is defined by
the presence of Gleason score
6 (3+3) or 7a (3+4), PSA < 10
ng/ml and the absence of a
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Fig. 1: Locally advanced prostate cancer as depicted on mpMRI

palpable prostatic nodule on
digitorectal examination (2).
Active surveillance (AS), nerve
sparing robot assisted radical
prostatectomy (nsRALP), radia-
tion therapy and focal therapy
are current treatment options
which need to be discussed
with the patient (2).

Under AS PSA serum concen-
trations need to be checked

at 3-months intervals and the
mpMRI as well as the fusion bi-
opsy of the prostate need to be
repeated at 12 and 24 months
in order to identify upgrading

of PCa which mandates avtive
therapy (2). According to the
survival data of a recently pub-
lished prospective randomized
trial comparing radical prosta-
tectomy, radiation therapy and
active monitoring no significant
difference could be identified
at 10-year follow-up (9).

Patients in the active monitor-

ing group had a higher rate of
metastases and a higher need
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Prostate Cancer

for androgen deprivation during
follow-up, which, however, did
not result in inferior survival
rates.

Nerve sparing RLAP represents
the surgical therapy of choice
in low risk disease (10, 11).
Mean surgery time is about 2
hours with a median blood loss
of less than 250ml and a perio-
perative transfusion rate of less
than 0.3%. Continence and
potency rates are at 94% and
75% among the patients who
underwent surgery at UOCC
due to the significant experi-
ence of our surgeons. With
regard to radiation therapy,
intensified modulated radia-
tion therapy (IMRT) with image
guided radiation therapy (IGRT),
stereotactic radiation therapy
or cyberknife therapy can be
discussed and performed (2,
12).

In selected cases, MR-guided
focal therapy using the TULSA-
PRO device can be offered.
This approach targets the
visible and previously biopsied
MRI lesions only thereby elimi-
nating PCa foci effectively and
maintaining functions of conti-
nence and potency (13, 14).

Modern Therapeutic Options
in Locally Advanced PCa
About 30% of men with newly
diagnosed PCa harbour fea-
tures of highly aggressive PCa
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Fig. 2: Locally relapsing prostate cancer with a positive finding in the left
seminal vesicle on %Ga-PSMA-PET/CT

(Gleason score 8-10, PSA > 20
ng/ml, ¢T3 on palpation) which
necessitates an intelligent
combination and sequence of
local and systemic treatment
options to induce long-term
cancer control. Prior to the
decision of the type of local
therapy — radical prostatectomy
or radiation therapy — local
extension of PCa and presence
of locoregional or systemic me-
tastases need to be assessed
by mpMRI and PSMA-PET/CT,
respectively (Fig. 1, 2).

If there is no evidence of
metastatic disease or sig-
nificant extraprostatic exten-
sion, radical prostatectomy in
association with an extended
pelvic lymphadenectomy or
radiation therapy combined
with androgen deprivation
therapy are discussed with

the patient (15-18). In case of
metastatic disease or extrapro-
static extension, local therapy
is preceed by 6 months of
systemic androgen deprivation
therapy to downsize the tumor
and to facilitating local therapy.
The UOCC has significant
experience in the management
of locally advanced PCa and in
addition to standard, guideline
recommended treatment we
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Prostate Cancer

offer numerous clinical trials in
this clinical scenario to continu-
ously improving the outcome
of locally biologically aggres-
sive PCa.

Treatment of Metastatic PCa
About 10% of men with newly
diagnosed PCa and about 50%
of men after local treatment
are diagnosed with metastatic
disease usually located in the
pelvic or retroperitoneal lymph
nodes and/or the skeletal
system. Systemic therapy with
androgen deprivation therapy in
combination with antihormonal
agents such as abiraterone,
apalutamide, enzalutamide or
systemic chemotherapy with
docetaxel represent the treat-
ment of choice (2). The type of
combination therapy needs to
be discussed with the patient
and it will need to reflect the
PSA serum concentration, the
metastatic burden, the pres-
ence of symptoms and comor-
bidities.

In patients with low volume
metastastic disease, the
concept of cytoreductive local
therapy in terms of radical
prostatectomy- a therapeutic
approach developed by the
UOCC - or radiation therapy
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Fig. 3: Loco-regional relapse of prostate cancer with an intrapelvic lymph
node metastases identified on #Ga-PSMA-PET/CT

after 6 months of neoadjuvant
systemic therapy is mandatory
to improve long-term survival
(19, 20).

Additional individual treatment
concepts at UOCC include
radioligand therapy with

77 utethium-PSMA which is
delivered as an intravenous
therapy at 3-4 months intervals
(21). Another option would be
personalized treatment based
on the genomic profiling of tis-
sue biopsies from progressing
metastatic sites (22, 23, 24).
Based on the type of druggable
mutations different therapeu-
tic options including PARP
inhibitors, immuno-oncological
therapy, antibody treatment etc
can be applied. Those modern,
highly sophisticated diagnostic
and therapeutic options are
well established at UOCC and
can be done on a routine base.

Management of Relapsing
PCa

About one third of patients
will experience a PSA relapse
following local therapy of PCa.
Many therapeutic options are
available, which need to be
selected based on the PSA
serum level, the PSA doubling
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time, the extent of PCa and
Gleason score at time of first
diagnosis, type of local therapy,
and comorbidities. Locally
relapsing disease following
radiation therapy can be man-
aged successfully with radical
salvage prostatectomy or MRI
guided TULSA-PRO treatment
(25, 26, Fig. 2). Locoregional
relapses can be managed with
salvage surgery, stereotactic
or cyberknife radiation therapy
(27-29, Fig. 3).

%8Ga-PSMA-PET/CT represents
the baseline diagnostic to
identify patients with local,
locoregional and systemic
metastases (Fig. 4) in order

to identifying the most op-
timal therapeutic approach.

At UOCC all modern imaging
studies with various PET/CT
tracers are available for highly
specific diagnosic purposes
which will result in an individu-
alized, risk-adapted treatment
recommendation based on the
discussion in multidiscplinary
tumor boards.

Fig. 4: Systemic relapse with mulitole bone metastases identified on %Ga-
PSMA-PET/CT
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Why, How

Much

and How Long?

Keywords: Vitamin D3, Calci-
triol, 1,25 hydroxylase, parathy-
roid hormone, extraosseous
effects, diabetes mellitus,
respiratory infection, autoim-
mune diseases

Abstract

Vitamin D3 is the precursor of
the active Vitamin D3 hormone
1,25 (OH),D3 (Calcitriol). This
hormone is important for the
regulation of the function of

all organs, especially bone,

but also the immune system
beneath others. The amount

of Vitamin D3 needed cannot
be covered by normal food,

but around 80% have to be
synthesized by sun exposure
of the skin. However, because
of several reasons, the mean
sun exposure is too short for
sufficient Vitamin D3 synthesis
in most countries. Vitamin D3
deficiency below 50 nmol/L

(20 ng/ml) is common not only
in Europe but especially in the
Middle East. It occurs in up to
80% in Middle East countries,
and between 30-60% in West-
ern, South and Eastern Europe.
The risk group include young
children, adolescents, pregnant
women and elderly and colored
immigrants in Europe. Whereas

the effect of Vitamin D3 sup-
plementation on the bone and
muscle is well confirmed, the
multiple extra-skeletal effects
are only confirmed in preclinical
and in epidemiological asso-
ciation studies and have to be
confirmed by large longtime
controlled studies.

Introduction

Vitamin D3 deficiency is very
common worldwide— some
authors even talk about a
pandemic of vitamin D defi-
ciency [1]. This is true not only
for countries, where tradition-
ally especially young females
and women are not allowed to
expose their skin to the sun,
but also in Western countries
especially in those with only
few hours of sunshine per day
[2]. Osteomalacia in children
and osteoporosis in elderly
had been within the focus of
several prospective controlled
clinical trials.

The results underlined the
importance of a Vitamin D3 and
calcium supplementation in
these risk groups. International
guidelines summarize the rec-
ommendations of prevention
[2]. However, within the last
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decades, numerous articles
about the postulated multiple
extra-skeletal effects of Vitamin
D3 have been published based
on preclinical and epidemiologi-
cal studies [3]. Most of the clin-
ical trials used higher doses of
a Vitamin D3 supplementation
than recommended for bone
health. The results of these
studies are uncertain, as most
of these published so far were
underpowered and were only
short time trials. To confirm

the benefit of a higher Vitamin
D3 supplementation supposed
to be helpful in prevention,
improving or even curing com-
mon diseases, large and most
important, trials over more than
5 years would be necessary
[4]. These are however expen-
sive and could only be financed
by public health organizations.

The current questions that

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

systemic and cellular effects of
Vitamin D3 known until now.

Synthesis and Effects of
Vitamin D

Only the short-wavelength-light
(280-315 nm; UV-B) of the sun
converts 7-Dehydro-cholesterol
to Vitamin D3 (Cholecalciferol)
within the keratinocytes of

the skin, where most of the
natural Vitamin D3 is produced
[5]. This process is hindered

by dark cloths and skin, sun-
blocker with a factor above 10
or fine dust and pollution. Only
around 20% of the Vitamin

D3 that is necessary can be
covered by the usual Western
or Asian diet, which might be
slightly improved by the regular
consumption of fat fish from
cold sea or cod oil.
Cholecalciferol is hydroxylated
to the prohormone 25(0OH)

D3 by the 25-Hydroxylase
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best parameter for testing the
Vitamin D3 status of a person.
When Calcium or Calcitriol

are high, parathyroid hormone
(PTH) will be suppressed and
25(0OH)D3 deactivated by the
24-Hydroxylase (CYP24R1) to
the inactive 24, 25(0OH)D3 and
eliminated by the liver. This
guarantees that the production
of active Vitamin D3 hormone
always corresponds to the
requirement [5]. This is an
example of a perfect endocrine
control loop/circuit, like the
metabolism of the thyroid-
hormones.

Nearly every cell has a nucleus
receptor (VDR) for Calcitriol
but also expresses the 1-alpha
Hydroxylase on the surface, so
it can convert the prohormone
25(0OH)D3 to active Vitamin D3
hormone on its own.

The Calcitriol secreted from the
kidney apparently is necessary
for the regulation of Calcium-
and Phosphate-homeostasis,
whereas the local activation

of Vitamin D3 is used for the
autocrine regulation of the
cell-function and metabolism.
Around 6000 genes, which
corresponds to approximately
3% of the human genome,
are under direct or indirect
control of Calcitriol [6]. There
are also membrane-receptors
for Calcitriol that are responsi-
ble for non-genomic effects,
especially the regulation of the

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

intracellular metabolism.

Within the last decades around
4500 scientific articles were
published on Vitamin D3 in
cell-biological- and animal stud-
ies. Vitamin D3 is supposed to
influence widespread diseases
like cancer, arteriosclerosis, dia-
betes, autoimmune diseases
and infections [5, 7, 8].

In a recent meta-analysis sig-
nificant lower mortality rates in
populations with higher Vitamin
D3 serum levels had been
described [9]. This, however,
might also be because health-
ier life-style and more outdoor
activity as a confounder and
not only Vitamin D3 itself. Vita-
min D3 supplementation also
may improve the mood of the
elderly, especially those with
very low Vitamin D3 levels [10].
However, for the scientific
confirmation of those effects
of Vitamin D placebo-controlled
randomized studies are needed
[5]. Therefore, these preven-
tion-studies have to be carried
out over a longer period of time
as chronic diseases like dia-
betes mellitus, cardiovascular
diseases, carcinoids, rheumatic
diseases, skin-diseases and
dementia develop over a longer
time.

Normal Range and Refer-
ence-Values of 25(0H)D3
The VitaminD3 and its me-
tabolites are basically lipids and
therefore poorly water soluble,
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Table 1: Classification of the Vitamin [V+] D Gaslins Uls Cayias:\ Jyuall
D status [10]

Vitamin D Deficiency =| Vitamin D Insufficiency = | Normal Vitamin D
Severe Deficiency/ Deficiency/

Shortage Shortage

<20 nmol/I 20-75 nmol/Il > 75 nmol/l

<12 ng/ml 12-30 ng/ml > 30 ng/ml

they need a specific protein for
transportation, the so-called
Vitamin D-binding protein
(DBP). With the routinely used
immunoassays, only the total
Vitamin D3 can be measured
although only the free fraction
is biological active. Therefore,
the results of the Vitamin D
concentration, obtained by im-
munoassay should be inter-
preted with care.

The well-known and best ana-
lyzed effect of Vitamin D3 is its
control function of the Calcium-
and Phosphate-homeostasis.
Only the active Vitamin D hor-
mone Calcitriol is essential for
a sufficient intestinal Calcium
absorption. Because normal
Calcium levels in plasma

are essential for the normal
life, PTH will be released, as
described above [5]. From this
negative feedback-loop, the
normal range of the Vitamin D3
can be derived. But this is only
true if the intake of Calcium is
sufficient and the kidney-func-
tion normal. An increased level
of PTH then uncovers a Vitamin
D deficiency. This is the most
common reason for a second-
ary hyperparathyroidism [5].
When the Vitamin D3 level is
75 nmol/l (30 ng/ml) the PTH
levels of nearly all probands
were normal. Between 20

and 75 nmol/I (12-30 ng/ml)
10-30% of the probands had

a secondary hyperparathy-
roidism, levels below 20 nmol/l

>30% PTH increase

Highly increased
bone-remodeling or
osteomalacia

10-30% PTH increase

Slightly increased
bone-remodeling

No PTH increase

Normal bone-
remodeling

(12 ng/ml) more than 30% of
the probands had an increased
PTH. The normal Vitamin D3
level should therefore be above
70-80 nmol/l (28-32 ng/ml).
These values are recommend-
ed by the Societies for Bone
disease [5] (Tab 1).

The IOM’s (Institute of medi-
cine) expert-team considers
values such as > 50 nmol/I (20
ng/ml) as sufficient. Lower
values (< 30 nmol/l/12 ng/ml)
are supposed to be insufficient
for the bones, maybe also
associated with osteomalacia
and rickets of children and
adolescents. Whereas the

IOM mainly focusses on bone
health, the Endocrine Societies
also focus on probable extraos-
seous effects of Vitamin D3,
where higher dosages might
be necessary [11] (Tab 2).

This however does not mean
that all people should be sup-
plemented with Vitamin D3,
only those who are not able to
expose their skin to the sun for
any reason. as the skin is the
main source for the natural Vi-
tamin D3 supply. When expos-
ing both arms and lower legs
(ca. 18% of the body's surface)
to the sun for around 15 min.

without using subblocks, 2000-

olasadll JMA oo Koy (DBP)
g3 5 JSiey LoaiTuwall ye Liall
Lis DY (elind Jlaal (ulis
u;,;no?njy?g;lg;
o il L g gy JLadll 5a

D (raeliad 5aS,5 g5l yaeuis
Sk oe Lple Jgaall a3 3
B0y Lo Ll Luglad)

Malas €Y1y o g yaall Lttt o)
pSaall s 4y s DY (elindl
ol sally o gl I Lyt 3
Ll D Cpeliadll g il (S g
Lol Galiate¥ Uy s Lais
lae¥l 5 e paud I e L3I
poell I oy sTuws Y (ka3 g
Losa Lapdlll b Laaglall
203 Al daaglall sLall

52 LS PTH 3, ull olla g se 5
lall 63 cop [0] oMl s 5o
Jsandl (S dpaladl Lyelas )Y
DY faaliyal pagadall Uaill e
130 Ja35 reaman e Y1138 (S
L PRI PPN T EECRALS
G5 Aaanb I alh

Syl Busdl (50 58 (5 53ue ¢ a5
e il aae I (PTH) 23,5l
crall 5138 D Gaalind ol
alhla bsd &gaal gt <Y
[o] eslatt Lz,

sy a3 wnua 5ol Jola3 3
& oS U3l sl e Yans
Shistus agoal il Gl
[3] Jeaally DY raligal e
elld b Gl gy a3 el oy
el slaall s o I Ll
el g3 paolall Llaall 3aly,
ol Lagis same oS Bl
Cyand a8 4w DY (aoling Lads
O Lyl DY fpaslis oS
el Lala e opunll LS 15
oo i Laiaie ol sl agaal
[V ] DY aelus

aSU e Jgemall celld pa
Slabyall o ol pslall dlsl pale
g cllad [o] angll el sl
e Llasl e lulyull s3a elyal
OF can Jobl iy 3,18 (50
(oSl el Jio Liojall (a1 5aY)
Aol Lue s YIy SIEN Ll el
ol yaly Ly glo sl ol 5Y1 g
clall (3050l g 5a5te gl

3,38 (sue e lais 5,8l
Jobl L)y

A dyan yall agilly oaall Uail
25(0OH)D3

b 5 LilELs s DY (aliss o)
il (580 e Soke uluYl
sl b oLsall LLG b
(JEI sase G390 M glaads
Ll G o by (pans Lo 525

D (aeliadl



Vitamin D

German
Medical

Journal -1y

Table 2: Recommended Vitamin D
intake [11]

4000 U Vitamin D3 can be
synthesized and stored [12].

How Much Vitamin D is
Needed to Prevent
Osteoporotic Fractures?

The International Osteoporosis
Association guidelines recom-
mend 800-1000 U Vitamin

D3 and 1000 mg Calcium
(including Calcium taken in

by nutrition) supplementation
to prevent postmenopausal
osteoporosis [13, 14].

Two recently published Meta-
analyses tried to answer the
question if this supplementa-
tion could also avoid osteoporo-
tic fractures. The supplemen-
tation of Vitamin D3 only (ca.
800 U) could not significantly
reduce the fractures incidence,
but together with a calcium
(1000-1200 mg) substitution,
the fracture incidence was
significantly reduced. In adults
aged 65+ years, the reduction
of all fractures was 15% and
30% of the hip fractures [15].
A more recent Meta-analysis
confirmed these results, but
the reduction of all fractures
was only 16% and of the hip
fractures 6% [16]. This differ-
ence can be explained by the
selection of participants. Those
people living in nursing-homes
and patients with previous
osteoporotic fractures were ex-
cluded in the last meta-analysis
[1el.
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General Population
I0M Recommendation

0-6 month

EEC
e | w0
s | w0
s | w0
e
w

Pregnant or
breast-feeding

14-18 years

19-50 years

RDA = Recommended Daily Acquirement; UL = Upper Limit Daily Intake

Falls are the major risks factors
for fractures in osteoporosis.
Therefore, it is important to
examine if a Vitamin D3 sub-
stitution can reduce the risk of
falls. The risk of falls in elderly
can be reduced significantly
(ca. 19%), but only if a Vitamin
D level of > 60 nmol/l (> 24
ng/ml) will be achieved [17].
Bolus-injections of 500 000

U of Vitamin D3 increase the
risk of falls and are not recom-
mended.

A cost-benefit analysis of the
hitherto existing data suggest
a yearly cost-reduction in the
European Union of 5.7 billion ¢
when supplementing all elder
people (65 +) with Vitamin D
and Calcium in the above-men-
tioned doses [18].

What About Studies on
Extraosseous Effects?
Diabetes Mellitus

As explained above, the DNA

3000
4000
4000

4000

4000
4000

At Risk of Vitamin D Deficiency
Endocrine Society Suggestions

400-1000 2000

2500 600-1000 4000

600-1000 4000
600-1000 4000

1500-2000 10 000

1500-2000 10 000

600-1000 4000
1500-2000 10000

6-12 month - 1500 400-1000 2000
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of all cells in the body have a
binding domain for calcitriol,
and most cells also are ex-
pressing membrane receptors.
Some cells like the Islet cells
of the pancreas even express
1-alpha-hydroxylase for activa-
tion of Vitamin D3 [5]. Vitamin
D3 increases the signal for
insulin synthesis and release as
shown in cell culture experi-
ments.

From this, one could assume
that Vitamin D3 could reduce
the incidence of type 2 diabe-
tes.

In the WHI (women health
initiative) study 33951 women
between 60-80 years of age
were supplemented with either
400 U of Vitamin D plus 1000
mg Calcium or placebo for a
period of 8 years. The adher-
ence was 80%, but no differ-
ence in the incidence of a type
2 diabetes was found [19]. In
contrast a meta-analysis of 21
observation-studies showed
that by a follow-up of 5-25
years, people with highest Vi-
tamin D values had the lowest
incidence of a type 2 diabetes
[10]. However, again it must be
emphasized that higher Vitamin
D3 levels might be associated
with healthier lifestyle and
frequent outdoors exercise,
and this also might reduce the
incidence of diabetes.

Type 1 diabetes is common
in regions with lower Vitamin

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

D levels. A Vitamin D3 sub-
stitution in children suffering
from rickets reduced the risk
of developing a type 1 diabe-
tes. In NOD mice known to
spontaneously develop type

1 diabetes a substitution with
calcitriol delayed the onset

of the disease [5]. A Meta-
analysis from seven controlled
trials including patients that
were recently diagnosed with
type 1 diabetes, age between
5-38 years (n= 287) that were
either supplemented with
1-alpha-calcidol or Vitamin D3
compared to placebo, showed
a significant increase of the
fasting C-peptide values, as
well as a reduction of insulin-
doses needed to control blood
sugar. The observation period
varied between 4 weeks up to
1 year. Therefore, this is only
a hint, but no confirmed data,
that a Vitamin D3 substitu-
tion can prolong the so called
"honeymoon” of the type 1
diabetes [20].

Obesity

Obesity is associated with
lower Vitamin D3 levels and a
higher prevalence for cardio-
vascular disease and diabetes.
A meta-analysis from 26 rand-
omized studies could not de-
tect an influence of Vitamin D3
in various doses from 800-4000
U daily on the BMI or body

fat content, even not in the
subgroup of patients receiving

Jalss Sy o gl jllas (e
Ol HLS (gl b sl jlalas
oSl (VA Jsa) saeS J<iy
O2elind (5 gime (3adal a3 13) Lo
Y <) it/ Jse 536 Ve < Yl
oaall a3 VW] (Jo/plre 550
e e giad (U Gl
Oo DY Gaoliad o Bung 000
L o Yo byludl jblas
o 3lall L Jalas

i 8992 gall &G LLL alsl
L sl Lalsl Galaas) oY)
Slaiay gps ¥ ala3Yl b

Sie gygs OV e v oo o
Sl HLS prand @Sl slac)
e Lslall (355 Loy L V0)
alesall 3 p sy D (ol
[VA] o3lel 5, <l

ol Joa sl ysd s Tika
¢ alliadl o L5

goSaadl 51l

oaanll GLs o Mel s go 52 LS
&l 3 LA pyand (5 553!
e iallS olay BLs ) 3L
e x5 Lyl LAl alaas

o in - sLaill o YTy el
Lol LA Jie LAl (aa,
—Lall= Y e Haas el Sl 3
DY faoliud Layitl 1Ly yuea
55L8] (o DY Gaolish wy 0]
o LS a8l gl e dI 0055
LMalldel )y oulas (b mase
O Gl (S s (e

\..._A..‘:kg"mgm
Voot DY Gaelins (e Bung
Jains) o2l I (o adls
(aaall alyliss A o sl
axg allall Jalas o L0500
[VE Y] ekl ¢ Uzl

R ) | I o BWEN PPN
5ostiall g sl Jalasll ol

13 Lae Pyl Lo Tl ¥l Gua
Ol Lyl Sy e MeSall sia eilS
OSats al dpabiall gusdl (o (S
DY aolins o 45135l & Ya<all
Sl (s (3amg A+ Jlga) Lk
o 0SS Sy a8 gua
\YoQ_\o~~)€"=M_“S_"uA_‘JA_‘*
- YWRS JUPRPNIT-C E{ PP
alacl 33 Cpall il 3
oolaan) L ol Lle N0 e
UVRIEEN FE P/A T JSPWR.A PAVR
Sy [Vo] Z¥ e eyl sus
@ sia sual 515 Jalas
grea palaasl L wslS (S
0235 A Jas 7V gl
s (g [V 7V s 5uS
SLaal UMA Gpe YEAYI 1A
el Galas ¥ sayiul S, Liaall
Ontall ey 50 (B O ofinn
iaalic 5 5uly Guslaall o5l
¥l sl Jalasll 3 35yl
[

shall Jolse byl oY s yuias
pllall Jalas ) sl LSl
O L ,Laal agall o celldd
JI5s T 5 DY faalind iy ga5



Vitamin D

German
Medical
Journal

higher doses and for longer
time. However, the patients
included initially had a medium
BMI of 29,3 (27,5-32,1), a
medium age of 60 years (48,8
— 68) and were treated over a
period of average 12 month
(6-36) with various doses of Vi-
tamin D3 or placebo [21]. Like
in most studies on the extraos-
seous effects of Vitamin D3,
duration, Vitamin D3 dose and
the age of patients were too
heterogenous and therefore
no definite conclusion can be
drawn.

Autoimmune Thyroiditis
Autoimmune thyroiditis (AIT) is
the most common organ-specif-
ic autoimmune disease, affect-
ing around 10% of all women
and 2% of all men. Numerous
observational studies showed
an increased risk of Vitamin D3
deficiency to develop an AlT.
An inverse correlation between
Vitamin D3 serum-levels and
TPOAb und TgAb was de-
tected. Some VDR polymor-
phisms are associated with a
higher incidence of AIT [22]. In
a smaller prospective, placebo-
controlled study with only 42
women who were suffering
from AIT, were treated with 50
000 U of Vitamin D3 per week
for a period of 3 month. Not
only the TPOAb concentrations
decreased significantly but also
TSH [23]. A meta-analysis of 26
observational studies showed

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

a doubling of the incidence

of Graves' disease in patients
with low Vitamin D levels

[24]. One smaller prospective
intervention study however,
could not confirm an influ-
ence on the recurrence rate

of Graves’ disease. Inclusion
criteria were patients suffering
from Graves’ disease currently
euthyroid after antithyroidal
therapy and Vitamin D3 levels
under 12,6 ng/ml. 210 patients
were included, which were
divided into two groups, one
was supplemented with Vita-
min D3, 1000-2000 U per day
for 12 months, the other group
served as control. Despite the
mean Vitamin D3 levels in the
substitution-group were only
26 ng/ml the time until relapse
was significantly prolonged but
not prevented [24].

Also, for other autoimmune
disease such as M. Addison or
the autoimmune polyendocrine
syndromes observational stud-
ies show an inverse correlation
between Vitamin D and the
incidence of the disease. How-
ever sufficient well performed
interventional studies are miss-
ing [22].

Acute Respiratory Infections
It has been known for cen-
turies that sunlight exposure
might ameliorate the course of
a microbial disease like lepra
and tuberculosis. Virus infec-
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tions are more frequent in
months with fewer sun light
exposure. There are multiple
observational studies that
show a correlation between
Vitamin D3 deficiency and the
incidence of infectious res-
piratory diseases. Therefore,
prospective interventional trials
had been done and a recent
meta-analysis with 25 of these
studies confirmed that a con-
tinuous daily or weekly Vitamin
D3 supply, but not a bolus sub-
stitution, could lower the risk
of getting an acute respiratory
disease. Especially in patients
with a Vitamin D3 level < 25
nmol/l the preventive effect
was highest [26].

Currently, because of the
SARS-CoV-2 pandemic Vitamin
D3 hormone plays an important
role improving the innate and
adaptive immune competence
[27]. In addition, and most
important it might reduce the
cytokine storm during a virus
infection (for comprehensive
Rev. see [27]). Especially the
incidence of virus infections
like SARS-CoV-2 and influenza
can be significantly reduced by
Vitamin D3 supplementation
[28, 29].

Cardiovascular Diseases and
Carcinoma

There are numerous preclini-
cal studies implicating Vitamin
D3 to prevent arteriosclerosis
or carcinomas, but only small

and short-term clinical trials
had been done. Because of
that the IOM in the US started
a large study with 25 871 men
> 50 years and women > 55
years, including 5000 Afro-
Americans. Primary endpoints
were invasive carcinomas or
severe cardiovascular diseases
such as a heart attack, stroke
or death. Secondary endpoints
were the incidence of organ-
specific carcinoma, death
because of carcinomas and
other cardiovascular diseases.
The intervention consisted of
a supplementation with 2000
U Vitamin D3 per day either
with 1g of Omega 3 or placebo
in a 2x2 design. Its name was
"VITamin D and OmegA3 trialL"
(VITAL) [30]. The study was
planned for a period of 5 years.
The Vitamin D levels that were
achieved were 41 ng/ml in the
verum-group and 30,8 +/- 10
ng/ml in the placebo-group.

No significant difference for

all endpoints could be found,
even though the doses of
Vitamin D3 and the number

of cases were sufficient and
the observation period long
enough. A similar study from
New Zealand with only 5110
probands who received a bolus
injection of 100 000 U Vitamin
D per month over 3,3 years
showed neither a reduction of
cardiovascular events nor of
carcinoma incidence or mortal-
ity. The Vitamin D3 staring level
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was 26,5 +/- 9 ng/ml, which
remained stable in the placebo-
group and increased up to 46
ng/ml in the verum-group [31].
In both studies, the Vitamin D3
levels in the placebo groups
were relatively high. In the
multiple earlier observation-,
cohort- and prospective studies
the starting levels respectively
the placebo levels were clearly
lower, often around 12 ng/ml.
Therefrom one can conclude
that a Vitamin D3 substitution
is only needed and has sig-
nificant positive health con-
sequences when Vitamin D3
levels are lower than 12 ng/ml.

Conclusion
Since the determination of
Vitamin D3 routinely can be
done, the normal range is not
uniformly defined among the
professional societies, as well
as the recommended daily
intake dose of Vitamin D3.
Therefore, it sometimes is
difficult for general physicians
to decide when a Vitamin D3
measurement is necessary and
what dosage and how long a
supplementation should be
done [31].

For this decision it is important
to know that one must differ-
entiate between the osseous
and the extraosseous effects.
There are enough well docu-
mented studies and recom-
mendations for the osseous
effect, e.g. the prevention of

postmenopausal osteoporosis
with an 800-1000 U Vitamin D3
substitution per day plus 1000
to max. 1200 mg of Calcium,
including the calcium intake by
nutrition [11]. This supplemen-
tation is an adequate adjuvant
treatment of postmenopau-
sal osteoporosis, besides
anti-resorptive therapies. This
scheme is also useful for
people over 65 years of age to
prevent them from falling and
getting fractures, especially
hip-fractures as shown by two
recent meta-analyses [15, 16].

If, however, someone is suf-
fering from chronic diseases
like diabetes or autoimmune
diseases, higher doses of Vi-
tamin D3 might be necessary,
as multiple preclinical studies
showed the beneficial effects
of active Vitamin D3 hormone
[5]. Long-term controlled clini-
cal trials would be necessary to
confirm the multiple proposed
extraosseous effects, as most
of them are chronic diseases.
Concerning the low Vitamin D3
levels during winter and the co-
incidence with infections, not
only a strong association but
also preclinical evidence con-
firms the preventive effect of
Vitamin D3 for viral infections
like influenza or even SARS-
CoV-2. Vitamin D3 2000-4000
U/d will be necessary, does not
have any side effects, is safe
and preventive [29].
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Key Messages

® The combination of Vitamin

D3 and Calcium not only
prevents osteomalacia or
osteoporosis, but can also
reduce the risk of falling and
getting fractures in patients
with postmenopausal osteo-
porosis

The nearly ubiquitous distri-
bution of Vitamin D receptors
and enzymes that can acti-
vate or deactivate Vitamin D3
leads to the assumption that
Vitamin D must have multiple
extraosseous effects

Many observational and
association studies show a
coincidence between low
Vitamin D3 levels and many
chronic diseases
Prospective clinical long-
term trials are mandatory in
the future to confirm of all
the extraosseous effects of
Vitamin D3 hormone.
However, patients with low
Vitamin D3 levels (< 20 ng/
ml) should already receive

a Vitamin D3 substitution
between 2000 and 4000 U
Vitamin D3 at least during
winter time.

Women who traditionally are
not allowed to do expose
their skin to the sun need a
Vitamin D3 supplementation
(1000-2000 U/d) during their
life.
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international companies that specializes in the manufacture and marketing of medicines and health care in the
Kingdom of Saudi Arabia. The previous exhibition has succeeded to reach most of those who work and have an

interest in the Medlab sector. A

Yearly, the exhibition attracts more than 13,000 visitors from all over the world as / /

well as executives from drug factories.

Pharmacies, hospitals and health centers from the Kingdom and abroad. )

}‘( Organized by

st .
TARABIA Ty » ' R, +(966)920020025 (&) +(966) 55135 68 18 +(966) 11204 4454

info@saudimedlabexpo.com | www.saudimedlabexpo.com | info@saudipharmaexpo.com | www.saudipharmaexpo.com




Interact with Buyers via B2B Meetings and Explore Show Organiser
Business Opportunities in Turkey, ASEAN and South Asia

WORLDEX [&[

tion Pvt. Ltd.

Thai Pavilion Organiser
" _ 1=
‘ MARCH 2022 Fﬂ@
‘ TURKEY

M E ca rex 22_25 India Pavilion Organiser

Health —_—_—
International Virtual Exhibition MARCH 2022 KFlCCl
& Business Matching ASEAN + South Asia L\

BOOK YOUR SPACE
TODAY!

Participation Charges - USD 500

Combo Offer - USD 750

Participation Benefits

® One Customised Virtual Booth

© 3to 5 Pre-fixed B2B Meetings with Buyers

® 30 Products Showcase on Virtual Booth

© Meetings Requests from Buyers during the Event

Deadline to Confirm
Your Participation

® Upload Company Banners, Logo, Video & Brochures 10th February 2022
© Text Chat/ Video Call with Buyers :
© Buyers can Exchange Business Cards For Participation Contact:

©® Company Listing in the E-Show Directory Zahir Merchant

+91-9820028359

@ Invitation to Opening Ceremony & Webinars
P g y zahir@worldexindia.com

© Bee2Bee Connect Networking Lounge

® Database of Registered B2B Buyers Pramit Wagh
. +91-9773494802
© Post Event Analytics Report & more... pramit@worldexindia.com

Industry P T

Partners 'k'f / PCRANTIM Hosted On

Media gate Gorman e ——— >3
Pam',ers {Ef.—ﬂ eticd d_:ﬂ—'; siliconindia Bee Bee §

www.bee2bee.asia

For details, visit: www.worldexindia.com/medhealthexpos



