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Editor's Note

Dear Reader,

Good Projects need
Good Friends

The German Medical Journal
is the voice of German medi-
cine in the world. Transferring
knowledge is a key objective of
the German Medical Journal.
The journal does not receive
any public or private subsidies
or funding. This is important
to us in order to maintain the
independence of the German
Medical Journal. This is one
aspect.

And we have big plans ahead
of us: The journal will soon be
available on all 5 continents
and in 5 languages — an ambi-
tious project for an independ-
ent publishing house.

We would be pleased if you
would support the German
Medlcal Journal with your
donation.

5 World Languages for
5 Continents

2 additional language versions:
French-English and Spanish-
English

The French-English edition is
designed predominantly for our
French neighbours, the African
continent as well as for other
French-speaking countries and
regions. Alongside the classic
medical subjects, the editors
will also include topics of
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global relevance, such as viral
biological and epidemiological
aspects.

The Spanish-English edition
addresses readers in Spain and
on the American subcontinent.
The readers in South and Cen-
tral America are highly interest-
ed in a Spanish edition of the
German Medical Journal. This
edition rounds off the GMJ
portfolio. The German Medical
Journal will then be represent-
ed on all continents. 5 world
languages for 5 continents, this
is our medium-term goal.

The journal thus also provides
a valuable contribution to the
global transfer of knowledge

- an aspect that is near and
dear to our hearts. Knowledge
makes the world a better
place.

Enjoy your
German Medical Journal.

Nadine Baume
Managing Director

Visit the German
Medical Journal website!
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Moscow, Russia

REASONS WHY YOU SHOULD
ATTEND THE EURASIAN
ORTHOPEDIC FORUM

= Over 5000 attendees from 8o countries throughout Asia,

Europe, Africa and Americas, including medical practitioners,
as well as medication and equipment manufacturers and
distributers

= Scientific program features discussions across 17 sections and

hosts a number of additional events like the Il BRICS SPINE
Summit and BIO BRIDGE Russia

= Business program capabilities include an extensive exhibition

of medical devices and equipment on 3200 sq. m, 10 round
tables, hosted buyers session and presentation zone

= Networking program, electronic service for searching

potential partners

= EOFis supported by some of the major Russian governmental

institutions, including the Ministry of Healthcare of Russia
and the Ministry of Industry and Trade

= Moscow, the Russian capital, is an iconic historic city with

tons of sightseeing opportunities along with cultural,
gourmet and shopping capabilities
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Attendance fee only 2500 rubles
for general attendees

and 1000 rubles for students.
(according to exchange rate

of November 2018 — 375, 159)

eoforum.ru

MINISTRY OF HEALTH

\ MINISTRY OF INDUSTRY
/ OF THE RUSSIAN FEDERATION

AND TRADE RUSSIA
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Viral Hepatitis

I Prof. Dr. Dr. Hubert E. Blum, MD

Abstract

Worldwide, viral hepatitis is
caused by five well charac-
terized hepatotropic viruses:
hepatitis A virus (HAV), hepa-
titis B virus (HBV), hepatitis C
virus (1), hepatitis delta virus
(HDV) and hepatitis E virus
(HEV). Their epidemiology as
well as their pathogenesis have
been studied in great detail.
Further, the structure and
genetic organization of their
DNA or RNA genome including
the viral life cycle have been
elucidated. These discover-

ies have been successfully
translated into important clini-
cal applications, such as the
specific diagnosis, therapy and
prevention of the associated
liver diseases, including acute
or fulminant hepatitis as well
as the long-term sequelae of
chronic hepatitis, including liver
cirrhosis and hepatocellular
carcinoma (HCC).

The prevalence of viral hepatitis
A-E shows distinct geographic
differences. The global burden
of these infections (prevalence,
incidence, cause-specific
death, disability adjusted life
years and years of life lost)

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

has recently been analyzed in
seminal studies. During the
coming decade(s) we expect
to further improve our ability to
prevent and to effectively treat
viral hepatitis A-E, resulting in
the control or even elimination
of these global infections and
of their associated morbidities
and mortalities.

Keywords: Viral hepatitis,
hepatitis A virus, hepatitis B
virus, hepatitis C virus, hepati-
tis D virus, hepatitis E virus

Introduction

Worldwide, the hepatotropic
viruses A-E are the major
causes of acute and/ or chronic
liver diseases (Fig. 1). They can
present with a broad spectrum
of clinical signs and symptoms,
ranging from an asymptomatic
carrier state to acute/ fulmi-
nant hepatitis or chronic liver
disease with progression to
liver cirrhosis and its seque-
lae, including hepatocellular
carcinoma (HCC). Thus, viral
hepatitis can be associated
with significant morbidity and
mortality and represents a
global health care problem. In

the following, the history, epi-
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Viral Hepatitis

Table 1: History of the discovery of
hepatitis viruses A-E

demiology and global burden
of disease (GBD) as well as the
clinical presentation of hepatitis
A-E will be addressed.

In the 1940s, two distinct clini-
cal forms of hepatitis were rec-
ognized: epidemic or infectious
hepatitis, after the discovery of
hepatitis A virus (HAV) in 1973
by R. H. Purcell and collabora-
tors, designated as hepatitis

A (2, 3), and serum hepatitis,
after the discovery of hepatitis
B virus (HBV) in 1960s by B.
Blumberg and collaborators (4,
B) and by A. M. Prince (6, 7),
designated as hepatitis B. With
the specific serological identifi-
cation of HAV and HBV infec-
tion (8, 9), the cause of the so-
called posttransfusion non-A/
non-B hepatitis was discovered
in 1989 by M. Houghton and
collaborators as hepatitis C
virus (1) (10), followed by the
rapid development of HCV-spe-
cific serological and molecular
diagnostic assay systems,
including HCV genotyping
(11-15). In 1977 M. Rizzetto
and collaborators discovered a
novel antigen-antibody system
that only occurs in association
with hepatitis B (16) This was
later shown to be associated
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History of the Discovery of Hepatitis Viruses A-E

Virus

1963/1968

1973

1977

1983

1989

* |[EM: immune electron microscopy; IF: immunofluorescence

with a particle containing a low
molecular weight RNA genome
encapsidated by HBV envelope
proteins and designated as
hepatitis delta virus (HDV) (17).
Further, in 1955 an enterically
transmitted acute viral hepatitis
was identified during an out-
break in New Delhi (18), initially
termed ,epidemic non-A, non-B
hepatitis’ and later hepatitis E
virus (HEV) infection (19-23).
The history of the discovery of
the five hepatitis viruses A-E is
summarized in Table 1.

Epidemiology of Viral
Hepatitis A-E

Based on the specific and
sensitive detection of hepatitis
A-E infections, their epidemiol-
ogy and global burden as well
as their natural course could be
studied in great detail. At the
same time therapeutic and pre-
ventive strategies have been
developed that should contrib-
ute to a reduced prevalence

of these infections and their
eventual elimination.

HAV Infection
HAV infection occurs world-
wide and shows a distinct

Methodology

IEM*(stool)
Serology, IF*(liver)

Serology, IEM*(stool)

Cloning (liver)

geographic distribution with a

Reference

Serology

(2)

(16)

(19)

(10)
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high prevalence in sub-Saha-
ran-Africa, India, Pakistan and
Afghanistan, an intermediate
prevalence in Middle and South
America, Northern Africa, the
Middle East, Turkey, Iran, Ka-
zakhstan and Mongolia, a low
prevalence in Eastern Europe,
Russia, China and Oceania
and a very low prevalence in
Western Europe, Scandinavia,
North America and Australia
(Fig. 2)(24).

Tens of millions of individuals
worldwide become annually
infected with HAV. The inci-
dence strongly correlates with
the socioeconomic indicators
and with access to safe drink-
ing water. Universal vaccination
of children has been shown

to significantly reduce the
hepatitis A incidence rates (25)
with an increasing anti-HAV
seroprevalence between 1990
and 2005 in all age groups and
geographic regions (24).

In the US, HAV infection has
declined substantially since
1996 when vaccination has
been recommended for indi-
viduals at risk (26-30). In this
context, acute hepatitis A has
declined in the US by 92%
between 1995 and 2007 from
12 cases to 1 case per 100'000
population (27, 29). The major
risk factor in the US now is
international travel, mainly to
Mexico and Central as well as
South America.

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

HBV Infection

HBV infection is a serious
global public health problem
with about 250 million people
chronically infected (31). It ac-
counts for 500°000-1.2 million
deaths per year and is the 10th
leading cause of death world-
wide. The prevalence of HBV
infection varies markedly in
different geographic and in dif-
ferent population subgroups.

The area with the highest hepa-
titis B surface antigen (HBsAg)
prevalence 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% (Fig. 3) (32).
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 decreas-
ing prevalence, the absolute
number of HBsAg-positive
individuals increased from 223
million in 1990 to 240 million
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Fig. 1: Basic characteristics of hepatitis viruses A-E

in 2005. The decline of HBV
infection prevalence may be at
least in part related to expand-
ed immunization, suggested
by the strongest decline found
in South East Asian children
(32). 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 (33).

In the US, acute HBV infection
has declined by 82% from 8.5
cases per 100,000 popula-

tion in 1990 to 1.5 cases per
100,000 population in 2007, es-
pecially in children and adoles-
cents (28, 29). Sexual exposure

and injection drug are consid-
ered the major risk factors.

Different from HCV infection
(Bukh, #3462) infection, the
annual mortality rate from HBV
infection in the US did not
change significantly between
1999 and 2007 with major risk
factors being chronic liver dis-
eases, coinfection with HCV or
the human immunodeficiency
virus (HIV) as well as alcohol-
related conditions (34).

Universal vaccination against
HBV infection was shown to
be cost-saving in countries
with high and intermediate
endemicity. Apart from ex-
posure prophylaxis through
personal protection measures,
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Viral Hepatitis

Table 2: Diagnosis and natural course
of hepatitis A-E

HBV vaccination should be
administered to all unvacci-
nated individuals traveling to
areas with high or intermediate
HBsAg prevalence (35).

HCV Infection

HCV infection is endemic
worldwide with about 185 mil-
lion infected people. It shows a
significant geographic vari-
ability with the highest preva-
lence rates, based on anti-HCV
positivity, in North Africa, the
Middle East as well as Central
and East Asia (>3.5%). Inter-
mediate 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 (Fig. 4) (36).

Currently, the published data
are inadequate to describe the
true disease burden. Never-
theless, it appears that HCV
infection is the most common
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Diagnosis and Natural Course of Hepatitis A-E
Primary Diagnosis* Follow-up Diagnesis Natural Course

HAV anti-HAV IgM

HBV HBsAg
HCV anti-HCV
HDV anti-HDV IgM

HEV anti-HEV

None

HBV DNA

HCV RNA, Genotype

HDV RNA

HEV RNA**

Acute

Acute/ Chronic

Acute/ Chronic

Acute/ Chronic

Acute/ Chronic**

* Usually in the context of elevated AST/ ALT levels
** Mostly in immunosuppressed patients after solid organ transplantation

form of viral hepatitis in the
European Union (15). 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 diseases, coinfec-
tion with HBV or HIV as well as
alcohol-related conditions (34).

While the currently evolving
therapeutic options, especially
based on the direct antiviral
agents (DAAs), have revolution-
ized the treatment of patients
with chronic hepatitis C of any
genotype, unfortunately, there
is no vaccine available to date.

HDV Infection

HDV infection is traditionally
endemic in central Africa, the
Amazon Basin, Eastern and
Mediterranean Europe, the
Middle East and parts of Asia.
It occurs only in association
with HBV. Data regarding the
global burden of HDV infec-
tion are somewhat limited,
however (37). There are 8 HDV
genotypes; their geographic
distribution and the worldwide
prevalence of HDV infection
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Hepatitis A
Virus Prevalence
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B

Fig. 2: Worldwide prevalence of HAV infection in 2005 (24)

is shown in Fig. 5 (38). Longi-
tudinal 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% in 1983 to
8% in 1997 (39). Similar trends
were observed in Spain, Turkey
and Taiwan, for example. On
the other hand, epidemiologi-
cal studies showed that HDV
prevalence in HBV infected
individuals remains in general
<10% butis as high as 70%
in some developing countries/
areas such as Nigeria, Gabon,
Iran, Pakistan, India, Takjikistan
and Mongolia as well as the
western Brazilian Amazon (38).
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
(40).

Also in Germany, after a de-
crease of anti-HDV prevalence
from about 19% in 1997 to
about 7% in 1997, since 1999
an increase to about 14% has
been documented (41). This
increase is in part caused by
migrants from regions with a
high HDV prevalence or by still
occurring clustered outbreaks,
e.g., in Greenland (42) or Mon-
golia (43).

The treatment of chronic HDV
infection remains one of the
major challenges in the field
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of viral hepatitis (38), awaiting
the development and imple-
mentation of novel therapeutic
concepts. Since HDV infection
depends on the coexistence

of HBV, the well established
HBV vaccination strategies also
prevent HDV infection.

HEV Infection

The epidemiology of HEV
infection, previously known as
waterborne or enterically trans-
mitted non-A, non-B hepatitis,
is similar to that of HAV infec-
tion. The highest incidence

of water-borne human HEV
infection (genotypes 1 and 2) is
found in Asia, Africa, the Mid-
dle East and Central America
(44). Waterborne outbreaks
have occurred among others in
South and Central Asia, tropical
East Asia, Africa and Central
America (Fig. 6) (http://www.
cdc.gov/travel-static/yellow-
book/2016/map 3-06.pdf).

Apart from fecally contami-
nated water, sporadic transmis-
sion of zoonotic HEV infection
(HEV genotypes 3 or 4), has
been demonstrated by con-
sumption of certain meats
(deer, wild boar, undercooked
pig liver), blood transfusions
(45) and solid organ transplan-
tation (22, 23), termed ‘autoch-
thonous’ HEV infection.

The burden of HEV infection in
a given population is difficult to
estimate. Rates of anti-HEV an-

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

tibody positivity in the general
population are lower in Europe
and the US than in Africa and
Asia (30-80%). Nevertheless, in
a 1988-1994 survey of adult US
citizens (46) anti-HEV preva-
lence was 21%, lower than
anti-HAV (38%) but higher than
anti-HBs (8.7 %) or anti-HCV
(2.0%). While the rates of HEV
exposure in the United States
appears to be declining (47), a
surveillance analysis showed
an increase of confirmed HEV
cases in Europe between 2005
and 2015 (https://ecdc.europa.
eu/en/publications-data/hepati-
tis-e-eueea-2005-2015).

Overall, the epidemiology of
hepatitis E in developed coun-
tries is incompletely under-
stood, as is its mechanism of
replication, its species or cell
specificity, as well as its effec-
tive therapy and prevention.
Two vaccines with long-term
efficacy against HEV genotype
1 and 4 of >95% have been
developed and evaluated in
Nepal and China (48, 49).

Clinical Presentation and
Management of Viral
Hepatitis A-E

HAV Infection

Acute HAV infection (World
Health Organization. Global
Alert and Response (GAR)
Hepatitis A. http://www.

who.int/csr/disease/hepatitis/
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Viral Hepatitis

Table 3: Global burden of hepatitis A,
hepatitis B, hepatitis C and hepatitis
E: prevalence between 1990 and
2013 adapted from (54)

whocdscsredc2007/en/index4.
html#estimated) is usually a
self-limited disease. After an
incubation period of 15-50 days
more than 70% of patients
complain of nausea, vomiting,
anorexia, fever and abdominal
pain, followed by jaundice and
pruritus. Laboratory abnor-
malities include elevations of
serum aminotransferases and
bilirubin. Full clinical and bio-
chemical recovery is observed
within 2-3 months in 85 % of
patients and within 6 months in
nearly all patients. Extrahepatic
manifestations, such as arthral-
gia, leukocytoclastic vasculitis,
glomerulonephritis and others,
can be associated with acute
hepatitis A.

Cholestatic and relapsing
hepatitis are special clinical
presentations of acute hepatitis
A (5-10%) that also resolve
spontaneously. Rarely, hepatitis
A may take a fulminant course
or trigger the development of
autoimmune hepatitis.

Diagnosis of hepatitis A (Table
2) is established by the detec-
tion of serum anti-HAV IgM
that is followed by anti-HAV
IgG that is associated with
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Global Burden of Hepatitis A, Hepatitis B, Hepatitis C and Hepatitis E:
Prevalence between 1990 and 2013 adapted from (54)

Prevalent Cases (x 1,000)

2013

Liver Disease

7824
331'037
147826

2'188

Hepatitis A
Hepatitis B
Hepatitis C
Hepatitis E

recovery and immunity against
reinfection. Treatment consists
of supportive care.

HBV Infection

The incubation period of HBV
infection is 45-150 days. The
diagnosis of HBV infection is
based on the detection of HB-
sAg and IgM antibody to hepa-
titis B core antigen (anti-HBc
IgM) in serum (Table 2). Treat-
ment depends on the clinical
setting (50). In immunocompe-
tent adults more than 95 % will
show a spontaneous resolution
of HBV infection with serocon-
version from HBsAg to anti-
HBs and the development of
IgG anti-HBc.

The likelihood of liver failure

is < 1%. In newborns and
children HBsAg will persist

in about 90-95% and will be

in the vast majority asymp-
tomatic (so-called ‘healthy
carrier state’). The treatment
is mainly supportive. Antiviral
treatment (tenofovir, entevacir
or lamivudine) may be consid-
ered in patients with a severe
or protracted course of acute
hepatitis B until HBsAg has
cleared. Importantly, appro-
priate measures should be
taken to prevent infection in all

Change 1990-2013 (%)
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Fig. 3: Worldwide prevalence of HBV infection in adults in 2005 (32)

exposed contacts (hepatitis B
immunoglobulin, HBsAg vac-
cine).

HCV Infection

Acute HCV infection is rare and
in most cases asymptomatic,
very rarely causes liver failure
and usually takes a chronic
course. Diagnosis is primarily
based on the detection of anti-
HCV in serum in the context of
unexplained elevations of AST
and ALT (Table 2). Chronic in-
fection often follows a progres-
sive course over many years
or decades and can ultimately
result in liver cirrhosis with its
complications, including HCC
The treatment of chronic HCV
infection has been revolution-
ized by the availability of highly
effective oral direct acting
antiviral agents (DAAs).

HDV Infection

HDV infection is caused by

a defective RNA virus and is
always associated with HBV
infection either as HBV-HDV
coinfection or as HDV su-
perinfection of patients with
preexisting HBV infection.
Diagnosis is primarily based on
the detection of anti-HDV in
serum in the context of unex-
plained elevations of AST and
ALT and HBsAg positivity (Table
2). HBV-HDV coinfection is
indistinguishable from classical
acute HBV infection and is usu-
ally transient and self-limited.
Among injection drug users,
however, a high incidence of
liver failure has been reported.
HDV superinfection of chroni-
cally HBV-infected individu-

als may present as severe
acute hepatitis in a previously
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Fig. 4: Worldwide prevalence of HCV infection in 2005 (36)

unrecognized HBV carrier or
as an exacerbation of a known
chronic hepatitis B. HDV
infection persists in almost all
patients with suppression of
HBV infection. The pathogen-
esis of HDV infection depends
on HDV-associated factors,
such as HDV genotype and the
expression of specific HDAg
species, on HBV-associated
factors, such as HBV genotype
and the levels of HBV replica-
tion as well as on host factors,
such as the host immune
response.

HEV Infection

Today, HEV infection is one of
the most common, yet least
diagnosed etiologies of acute
viral hepatitis, with distinct
differences in transmission
and outcomes in resource-rich

and resource-limited areas.
Diagnosis is primarily based
on the detection of anti-HEV
in serum in the context of
unexplained elevations of AST
and ALT (Table 2). HEV usu-
ally causes a self-limited acute
infection with hepatic failure
developing in only a small
proportion of patients. The
incubation period ranges from
15-60 days. In the vast majority
of patients the natural course
is asymptomatic or mildly
symptomatic. In symptomatic
patients jaundice is accompa-
nied with malaise, anorexia,
nausea, vomiting, abdominal
pain, fever and hepatomegaly.
Less common symptoms are
diarrhea, arthralgia, pruritus
and a urticarial rash. Extra-
hepatic findings may include
hematological abnormalities,
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Fig. 5: Worldwide prevalence of HDV infection and the geographic distribution

of its genotypes (38)

acute thyreoiditis, glomerulo-
nephritis and a broad spectrum
of neurological abnormalities,
such as aseptic meningitis,
Guillain-Barre syndrome or pe-
ripheral neuropathy. Laboratory
findings are elevated serum
aminotransferases and bilirubin
that normalize usually within
1-6 weeks after the onset of
illness.

While the majority of patients
clear HEV spontaneously some
patients may develop a com-
plicated course, such as acute
liver failure, cholestatic hepa-
titis or chronic HEV Infection.
About 0.5-4% of patients with
acute HEV infection develop
hepatic failure, especially in
pregnant women and malnour-
ished individuals or patients
with preexisting liver disease,

such as HCV-associated

liver fibrosis/ cirrhosis. Acute
hepatic failure carries a high
mortality if intensive care and
liver transplantation are not
available. Cholestatic hepatitis
E is characterized by prolonged
jaundice (> 3 months) that re-
solves spontaneously with viral
clearance and a decrease of
anti-HEV IgM and an increase
of anti-HEV IgG. Chronic HEV
infection is empirically defined
as detection of HEV RNA in
serum or stool for longer than
6 months. It occurs almost
exclusively in immunosup-
pressed patients (patients with
HIV infection and patients after
solid organ or bone marrow
transplantation), infected with
HEV genotype 3. For most
immunocompetent patients
the management is supportive
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Fig. 6: Worldwide distribution of HEV infection (http://cdc.gov/travel-static/

yellowbook/2016/map 3-06.pdf)

while immunocompromized
patients may benefit from riba-
virin monotherapy (22, 51).

Global Burden of Viral
Hepatitis A-E

Viral hepatitis A-E is associated
with significant morbidity and
mortality, depending on the
global, regional and national
prevalence of these infec-
tions and the incidence of the
associated liver diseases. In
seminal studies, the global
burden of disease (GBD) was
determined by the systematic
analysis of global and regional
mortality from 235 causes of
death for 20 age groups in
1990 and 2010 (52) as well as
of disability-adjusted life years
(DALYs) in patients with 291
diseases and injuries in 21 geo-

graphic regions in 1990, 2005
and 2010 (53). In these studies
deaths from acute hepatitis A,
B, C and E were considered.
Recently, the GBD study 2013
(GBD 2013) presented its find-
ings in individuals with disabil-
ity from 301 acute and chronic
diseases and injuries in 188
countries between 1990 and
2013, including hepatitis A, B,
C and E as well as liver cirrho-
sis and HCC (54).

The GBD study 2013 (54)
shows a clear trend towards a
reduction of the prevalence of
hepatitis A, B, Cand E, and a
reduction or stabilization of the
incidence of HBV- or HCV-relat-
ed liver cirrhosis between 1990
and 2013 (Table 3). During the
same period of time, there was
a major increase of HCV-asso-

(http://cdc.gov/travel-static/ yellowbook/2016/map 3-06.pdf)
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ciated HCC, most likely due
to the lack of efficient thera-
peutic strategies for patients
with advanced liver fibrosis/
cirrhosis in the era interferon-
based treatment regimens It is
to be expected that the novel,
interferon-free therapeutic
regimens with pangenotypic
and genotype-restricted DAAs
will effectively reduce the
incidence of HCV-associated
HCCs.

Summary and Perspectives

Viral hepatitis can be caused by
the five hepatotropic viruses
A-E. These viral infections

can be detected by specific
serological tests that can be
complemented by the identifi-
cation of the viral DNA or RNA
genome in serum (Table 2).

The natural course of hepatitis
A-E is well characterized and

is in the majority of patients
self-limited and is managed by
supportive care. Exceptions
are HBV and HCV infection as
well as HDV superinfection

of chronically HBV infected
patients as well as HEV infec-
tion in patients after solid organ
transplantation. In a minority

of patients, viral hepatitis can
result in liver failure or a pro-
tracted clinical course.

Recent seminal studies
showed that the global burden
of hepatitis A-E is decreasing
worldwide. The coming years
are expected to further im-
prove our ability to prevent and
to effectively manage patients
with chronic viral hepatitis B, C,
D and E, resulting in the control
of these global infections and
the elimination of their associ-
ated morbidities and mortali-
ties.
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Nuclear Cardiology

Keywords: Coronary artery
disease, viability imaging, infec-
tion, inflammation, myocarditis,
sarcoidosis, amyloidosis

Introduction

Nuclear medicine offers a
wide range of diagnostic and
therapeutic procedures. These
techniques are applied in
various diseases in the fields
of oncology, neurology and
cardiology. Nuclear cardiology
is a dynamic subspecialty in
nuclear medicine which has de-
veloped innovative approaches
in the diagnostic workup of a
wide variety of cardiac dis-
eases including coronary artery
disease, heart failure, myocar-
ditis, endocarditis and rather
rare diseases such as cardiac
sarcoidosis and amyloidosis.
The Department of Nuclear
Medicine and the Institute of
Radiology at the University
Hospital Essen offer in close
collaboration with the West
German Heart and Vascular
Center state-of-the-art molecu-
lar imaging approaches using
SPECT/CT, PET/CT and PET/
MRI for the diagnosis of these
disease entities and a preclini-
cal imaging facility including
micro-PET/CT to perform trans-
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Nuclear Cardiology - — ;55 o811 b
Molecular Imaging
of the Heart

lational basic research. In this
review, we summarize how nu-
clear cardiology procedures are
performed and what patients
are sent to our department for
further work-up.

How is Heart Imaging in
Nuclear Medicine performed?
In general, nuclear medicine
applies molecular probes at

a nano- or picomolar level to
non-invasively visualize physi-
ological processes in the body
with low amounts of weak
radioactivity. As a rule, the
applied ligands do not have
pharmacological effects and
the administered radionuclides
expose the patient to only low
amounts of radiation.

The emitted radiation from the
patient’s body can be detected
by scintillation cameras which
include single-photon-emission-
computed-tomography (SPECT)
and positron-emission-tomog-
raphy (PET) scanners. These
scintillation cameras are usu-
ally combined with computed
tomography (CT) or magnet
resonance imaging (MRI) scan-
ners for morphological correla-
tion of the detected radioactive
signals in the body.
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Fig. 1. Myocardial perfusion scintigraphy using Tc-99m sestamibi SPECT/CT
This patient was referred to our department for cardiac risk stratification prior to a kidney transplant.
The SPECT/CT perfusion scan revealed a reversible perfusion defect in the anterior wall (red arrows)
indicating ischemia caused by a significant stenoses of the left anterior descending artery. The extent
of ischemia is larger than 10% of the left ventricle which makes revascularization of the coronary
artery necessary.
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For what Diseases is PET/MRI
usually used?

Coronary Artery Disease
Coronary artery disease results
in narrowing of the vessels
supplying the heart with blood.
With increasing stenosis of

a coronary artery, the blood
flow to the heart is decreased
which may cause hypoperfu-
sion particularly under exercise,
a state called ischemia. With
progressing coronary artery
disease the chance of sudden
blockage of a coronary artery
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Fig. 2: FDG PETCT for viability imaging in heart failure.
This patient was referred to our department for viability assessment. FDG PET images demonstrate
an absent glucose metabolism in the basal inferolateral wall and a severely reduced FDG uptake in

the apical inferior wall indicating a large area of transmural scar (red arrows). The remaining walls of
the left ventricle are viable characterized by an intense FDG accumulation.
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by thrombus formation, result-
ing in a myocardial infarction,
is increased. Coronary artery
disease and its complications
including myocardial infarc-
tion and heart failure are still
the most often cause of death
worldwide. Coronary stenosis
can be treated with percutane-
ous coronary intervention and
stent implantation. However,

a large body of literature has
demonstrated that only blood
flow-limiting stenosis causing
significant ischemia should

be treated by revasculariza-
tion as only those patients
benefit from this procedure
(1,2). With myocardial perfu-
sion scintigraphy (MPS) using
SPECT, flow-limiting coronary
artery disease may be con-
firmed or excluded. Thus, MPS
represents a gatekeeper in the

diagnostic workup of patients
suffering from coronary artery
disease. For MPS, patients
are injected with a perfusion
tracer first under hyperemic
and then in resting conditions.
Hyperemia is either caused

by physical exercise using a
treadmill or a bicycle ergom-
eter, or pharmacologically using
adenosine receptor agonists
or dobutamine. After tracer
injection the respective stress
or rest images are acquired

on PET or SPECT. Subsequent
image interpretation allows the
differentiation between a nor-
mal scan or a patient suffering
from ischemia with or without
additional scarring of the heart
(Fig. 1).

Depending on the scan results
the cardiologist has to decide
if percutaneous coronary
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intervention is necessary or if
exclusive medical treatment
and risk factor stratification are
sufficient.

Viability Imaging of the Heart
Repetitive or chronic hypoper-
fusion of the heart may result
in myocardial wall motion
abnormalities and a reduced
left ventricular pump func-
tion (a state called ischemic
heart failure) which in turn
may cause severe symptoms
such as shortness of breath,
edema of the legs and pleural
effusion. Hypoperfused but
viable cardiomyocytes tend to
metabolize glucose instead of
free fatty acids, a state called
‘hibernating myocardium’ (3).
The presence and amount of
hibernating myocardium is as-
sociated with the onset of car-
diac events and poor outcome,
if not revascularized (4).

There are different approaches
to assess myocardial viability
which include stress echocardi-
ography and MRI, SPECT imag-
ing using perfusion tracers,
PET imaging with F-18 fluoro-
deoxyglucose (FDG, a glucose
analogue) and late gadolinium
enhancement (LGE) MR, a

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

technigue to image myocardial
scarring (5,6). For viability imag-
ing using FDG PET the heart
needs to be prepared in a way
that glucose is avidly metabo-
lized which is usually achieved
by oral glucose loading or the
simultaneous administration
of insulin and glucose. When
FDG PET is combined with a
perfusion study, the amount
of hibernating myocardium

(@ mismatch of maintained

or increased glucose uptake
and decreased perfusion) can
be quantified. With LGE MRI
on the other hand, scarring

of the heart is visualized with
the aid of contrast media. MRI
contrast agents are retained
by myocardial scars, whereas
it is rapidly washed out from
healthy myocardium. In case
of a large amount of non-viable
myocardium revascularization
is usually not beneficial. FDG
PET is considered to have

the highest sensitivity and
LGE MRI one of the highest
specificity (7). Therefore, a
combined PET/MRI approach
is thought to be of a high
diagnostic value and accuracy.
A viability study of a patient
with heart failure is depicted in
Figure 2.
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LGE MRI

Fusion of FDG PET and LGE MRI

FDG PET

Fig. 3: FDG PET/MRI of inflammatory cardiac disease.
This patient had confirmed sarcoidosis and was referred to our department to rule out cardiac involve-
ment. Late gadolinium MRI demonstrates subepicardial scarring of the myocardium in the anterosep-
tal region and at the inferior right ventricular insertion point (red arrows left panel). FDG PET demon-
strates intense glucose metabolism as a sign of highly active cardiac involvement of sarcoidosis.
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Infection and Inflammation
Both PET and MRI may also be
used to detect inflammatory
processes which play a major
role in a variety of diseases
such as myocarditis, cardiac
sarcoidosis or infective endo-
carditis. With MRI myocardial
fibrosis, myocardial edema,
pericardial effusion and wall
motion abnormalities can
reliably be detected with high
sensitivity (8). In recent years,
FDG PET is also increasingly
used to image inflammatory
processes of the heart (9).
Specifically, FDG PET allows
to determine the extent and to
grade the intensity of inflam-
matory processes from highly
active, to low-grade or healed
myocardial inflammation.

As described above, cardio-
myocytes may also metabolize
glucose and therefore take

up FDG avidly. Consequently,
for FDG PET inflammation
imaging of the heart physi-
ological glucose consumption
by the myocardium needs to
be minimized which is usually
accomplished by a high-fat/

low-carb diet on the day prior
to the scan, a prolonged fasting
period (e.g. > 12 hour) and the
injection of heparin before the
administration of FDG — meth-
ods which all have in common
to decrease the glucose level
and increase the free fatty acid
level in the bloodstream of the
patient (10,11). When FDG is
injected with such a prepara-
tion, it is almost exclusively
metabolized by inflammatory
cells in the heart and reflects
pathological processes.

Myocarditis is an inflamma-
tory, potentially life-threatening
disease of the heart which may
be the result of various noxae
with microbial (particularly
viral) infection being the most
common one. Symptoms are
often unspecific and do not
help in diagnostic confirmation.
While endomyocardial biopsy,
a procedure with a relatively
high complication rate but

only limited accuracy, is still
the reference standard for the
diagnosis of this disease, non-
invasive imaging is increasingly
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utilized. In a study with 65 pa-
tients from our institution, the
combined FDG PET/MRI ap-
proach was shown to be highly
accurate (12). Therefore, hybrid
FDG PET/MRI is regularly used
in patients with the suspicion
of myocarditis.

Another inflammatory disease
where hybrid FDG PET/MRI is
regularly performed is cardiac
sarcoidosis (13,14). Sarcoido-
sis is a multisystem disorder
of unknown cause. Cardiac
involvement is one of the lead-
ing causes of patients suffering
from sarcoidosis and therefore
needs to be ruled out with high
confidence. An increasing body
of literature demonstrates the
value of combined LGE MRI
and FDG PET (15-19).

While FDG PET may dem-
onstrate inflammation of still
unscarred myocardium and
may also be used to grade the
acuity of the disease, LGE MRI
demonstrates already scarred
myocardium which may also
be of help when an ICD needs
to be implanted in case of
arrhythmia. An example of

a patient with active cardiac
involvement of sarcoidosis is
depicted in Figure 3.

Cardiac Amyloidosis
Another cardiac disease which
has come to the fore recently,
is the cardiac involvement

of amyloidosis. Amyloidosis

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

is a systemic disease which
may involve any organ with
the heart, kidneys, liver and
autonomous system being

the most frequently ones. In
case of cardiac involvement,
the vast majority of patients
suffer from either monoclonal
light-chain (AL) or transthyre-
tin (ATTR) amyloidosis. In
patients with heart failure but
preserved ejection fraction
(HFpEF) cardiac amyloidosis is
a common, yet underestimated
cause and therefore needs to
be excluded (20). Scintigraphy
with bone-seeking tracers
(such as Tc-99m DPD) yields a
very high sensitivity, specificity
and positive prognostic value
to diagnose cardiac ATTR-amy-
loidosis (21).

Al-amyloidosis, however, is
often negative on this scan and
is still often diagnosed using
biopsies. With amyloid-specific
radiotracers for PET, such as
F-18 florbetapir or F-18 flor-
betaben, cardiac involvement
of ATTR- and AL-amyloidosis
may be diagnosed and differen-
tiated by the intensity of tracer
accumulation (22). Amyloid
PET/MRI may therefore be a
one-stop-shop imaging strategy
to diagnose cardiac involve-
ment of amyloidosis and differ-
entiate between the different
subtypes by PET and estimate
cardiac function and grade of
left-ventricular heart failure us-
ing MRI (Fig. 4).
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Fig. 4: Amyloid PET/MRI for cardiac involvement of amyloidosis
This patient suffered from heart failure with preserved ejection fraction (HFpEF). Systemic tran-
sthyretin amyloidosis had been confirmed before and amyloid PET/MRI was performed to rule out
cardiac involvement. LGE MRI demonstrates diffuse enhancement of the left ventricular and atrial
walls. In PET an intense tracer accumulation proves marked infiltration with amyloid fibrils of the
myocardium and the atrial walls.
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Summary

Nuclear cardiology has evolved
as a powerful subspecialty of
nuclear medicine. The main
fields of implementing pro-
cedures such as SPECT/CT
PET/CT and PET/MRI include
coronary artery disease, and
inflammatory or infiltrative
cardiac disorders. With the
combined use of functional
and morphological imaging,
pathophysiological processes
of cardiac diseases can be dis-
sected resulting in increased
diagnostic accuracy.
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Personalized Medicine (o & pasidl Gl
in Colorectal Cancer

Clinical and Biomolecular
Factors blaze the Trail

Introduction

Colorectal cancer (CRC) is the
third most common cancer
worldwide with 1.2 million
new cases and nearly 600.000
deaths annually [1]. Widely
applied screening methods
such as fecal occult blood
tests or colonoscopy, improve-
ments in tumor surgery and
advancements in personalized
anti-cancer therapy contributed
significantly to a steady im-
provement of prognosis during
the past decades. Personalized
medicine aims to define indi-
vidual prognostic and predictive
factors to provide specific anti-
cancer treatment (Fig. 1).

Prognostic factors determine
the outcome of a patient
regardless of the specified
treatment. A prognostic factor
defines a patient’s situation,
condition, or a characteristic
that serves to estimate the
chance of recovery from a
disease or the chance of the
disease to recur [2]. An ideal
prognostic factor allows early
staging, is feasible and cheap
in daily practice, and ena-
bles physicians to accurately
specify the etiopathogenesis
of a tumor. Besides prognos-

tic factors, predictive factors
are of high interest, as well.

A predictive factor defines
whether a person will respond
to a specific treatment or not,
regardless of the intrinsic prog-
nosis of the underlying disease
[2]. Milestones of personalized
oncological treatment are the
classical conditions surgical
resection, TNM classifica-

tion [3] (Tumor, Lymph node,
Metastasis) of the Union for
International Cancer Control
(UICC) and the American Joint
Committee on Cancer (AJCC),
and histopathology. Further,
identification of specific cancer
subgroups based on biomo-
lecular prognostic and predic-
tive factors (such as KRAS
mutational status or microsatel-
lite instability) became more
relevant and reliable for per-
sonalized oncological treatment
during the last years.

This article discusses well-
established and putative future
prognostic and predictive mark-
ers for colorectal cancer.

Clinical Prognostic and
Predictive Factors

Localization of the Tumor
The localization of the primary
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Fig. 1: The right treatment for the right patient: Personalized medicine aims for an individualized

treatment approach by prognostic factors.

“Theranostics” means application of a specific therapy,

based on prognostic factors. In the past, the classical approach for colorectal cancer was adjuvant

chemotherapy based on the formal tumor stage. However, current methods are more personalized
by applying prognostic factors to categorize low risk and high risk patients (e.g., microsatellite insta-
bi\ity or KRAS mutational status)
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tumor within the large intestine
plays a role in determining of
prognosis. Patients present-
ing with stage Il CRC seem

to have a similar prognosis

for right-sided and left-sided
primaries [4], whereas for
patients with stage Ill or IV
colon cancer, data suggest a
worse prognosis for those with
a right-sided primary tumor [5]
[6]. The underlying reason for
this supposed side-dependent
difference in intrinsic tumor
biology is not yet well un-
derstood, but may be due

to embryonic dissimilarities.
Right-sided tumors derive from
the embryonic midgut whereas
left-sided CRCs stem from the
embryonic hindgut (Fig. 2) [7].

Histopathology

Assessing the pathologic state
of the tumor in accordance
with the TNM classification

is the gold standard for stag-

ing solid tumors and the most
important indicator of outcome
as soon as the tumor has been
resected [3]. Pathological as-
sessment includes measuring
the tumor size and analyzing
the resected lymph nodes for
metastatic tumor cells. Further,
the pathologist determines

the differentiation state of the
cells, the so-called "“Grading”
which represents one of the
strongest histopathological
prognostic factors [8]: the
poorer the differentiation state,
the more aggressive the tumor.

Besides the assignment of the
tumor to a certain T category
and the grading, also the his-
tological subtype of cancer is a
critical point of specifying the
prognosis. More than 90% of
CRCs are classical adenocar-
cinomas deriving from epithe-
lial cells. The tumor histology
of the CRC further distincts
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Fig. 2: Patients with advanced colorectal cancer have a poorer prognosis if the primary tumor

is located in the left part (splenic flexure or more distal). This may correlate with the embryonic
development of the left part of the colon from the hindgut, whereas the more proximal parts of
the colon develop from the midgut.
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several variants of colorectal
adenocarcinomas such as mu-
cinous, signet ring cell, adenos-
quamous, medullary, micro-
papillary, serrated, cribriform
comedo-type, spindle cell, and
undifferentiated (Fig. 3) [9].

Some of the following morpho-
logic variants carry prognostic
significance.

e Mucinous Carcinoma
Mucinous CRCs are defined
by abundant production of
extracellular mucin (ie, mucin
comprising > 50 percent
of the tumor mass). This
histologic type accounts
for approximately 11 to 17
percent of all CRCs [10].
Mucinous carcinomas have a
predilection for the right side
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Colorectal Cancer

of the colon [11], and they
may have a poor responsive-
ness to upfront (neoadjuvant)
chemoradiotherapy [12] and
adjuvant chemotherapy [13],
even though this is contro-
versial [14]. Mucinous adeno-
carcinoma often metastasize
peritoneally when compared
to classical adenocarcinoma.
Further, association with

the hereditary nonpolyposis
colorectal cancer is possible
which means that mucinous
adenocarcinoma can lack a
proficient DNA mismatch
repair system (MSI-H tumors)
[15]. In this case, a mucinous
adenocarcinoma is regarded
as a low-grade tumor
whereas microsatellite stable
tumors behave more aggres-
sively. Overall, the current
literature suggests that the
poor prognosis of mucinous
adenocarcinoma can be
referred to diagnose a more
advanced stage than classical
adenocarcinoma [10].

Signet Ring Cell Carcinoma
In some non-gland-forming
adenocarcinomas, tumor
cells with marginalized nuclei
due to intracytoplasmic
mucin may be a dominant
feature. When > 50 percent
of the tumor consists of this
cell type, it is classified as a
signet ring cell carcinoma. It
is an aggressive but rare CRC
subtype which accounts for 1
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-2 % of all CRCs with a poor
prognosis due to propensity
for extensive lymphatic and
peritoneal spread [16].

Adenosquamous
Carcinoma

Adenosquamous carcinomas
contain areas of squamous
differentiation, besides

the classical adenomatous
components. These rare
tumors account for between
0.05 and 0.2 percent of all
colorectal CRC. Based on the
multivariable hazard regres-
sion analyses Masoomi et al.
showed that adenosquamous
adenocarcinomas are associ-
ated with higher overall (Haz-
ard ratio 1.67) and colorectal-
specific mortality (Hazard
ratio 1.69) as compared with
adenocarcinoma [17].

The median overall survival
time was significantly greater
in the adenocarcinoma group
(82.4 months) in comparison
with the adenosquamous car-
cinoma group (35.3 months).
Due to its rare occurrence,
treatment strategies for this
histological subtype are not
well established and predic-
tive tools for specific chemo-
therapeutic or stereotactic
regimens are lacking. In
conclusion, adenosquamous
carcinoma histology should
be considered a poor prog-
nostic feature.
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Colorectal Cancer

e Medullary Carcinoma
The medullary carcinoma
(MC) is a subtype of ad-
enocarcinoma (0.03% of all
sporadic CRCs[18]) with very
little or no glandular differ-
entiation. The tumor lesion
comprises of large eosino-
philic, polygonal cells that
grow in solid sheets and are
usually infiltrated by lym-
phocytes. Thirunavukarasu
et al.[19] showed that MCs
lead to significantly better
survival than undifferenti-
ated adenocarcinomas with a
relative 2-year survival rate of
73.80% vs. 53.10%. How-
ever, significance was not
reached for comparison of
MCs to poorly differentiated
adenocarcinomas, although
MC shows favorable survival
during the first 20 months.

Peritoneal Carcinomatosis
Peritoneal metastasis (PM)

is found in less than 10% of
patients at the time of diagno-
sis, and in general results in

a very limited prognosis [20].
However, the combination of
cytoreductive surgery (CRS)
and hyperthermic intraperito-
neal chemotherapy (HIPEC)

— applicable especially at high
volume centers — can improve
median survival from 12.6
months to 22.3 months in this
metastasized situation and in
rare cases can result in cura-
tion [21]. Further, Yonemura
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et al. could show that surgery
plays a critical role when
HIPEC is applied: Patients with
complete cytoreduction (no
residual visible tumor nodules)
had a median survival time of
25.9 compared to 8.0 months
in patients with residual vis-
ible nodules after CRS [22]. In
summary, CRS/HIPEC requires
an interdisciplinary approach
and thorough selection of the
patients which are applicable
for this treatment.

Immune Cell Infiltration
Tumor specimens can be
examined immunohistochemi-
cally for infiltrating immune
cells in the tumor tissue as

a marker of host immune re-
sponse against the neoplasm.
High levels of immune cell
infiltration is a highly significant
positive prognostic factor. For
instance, MSI-H CRC with a
deficient MMR contain nu-
merous lymphoid cells due to
presentation of altered protein
epitopes on the cell surface.
Thus, mutated malignant cells
can be recognized by the host
immune system. In particu-
lar, a high density of CD8+ T
cells and CD45R0O+ cells (both
CD4+ and CD8+ lymphocytes
that have been exposed to
antigen) within the lymphoid
populations are associated
with the absence of metastatic
invasion, with earlier stage,
and with improved survival
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Mucinous
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Fig. 3: Classical gland-forming adenocarcinomas with variable size and configuration of the glandular
structures represent the vast majority of colorectal cancer, the adenocarcinomas [9]. According to the
WHO, mucinous adenocarcinomas are defined as tumors with more than 50% of the lesion being
composed of mucin, typically characterized by pools of extracellular mucin that contain malignant
epithelium as acinar structures, strips of cells or single cells [9]. Signet ring cell carcinomas have more
than 50% of the lesion being composed of tumor cells with prominent intracytoplasmic mucin, typi-
cally characterized by large mucin vacuoles that fill the cytoplasm and displace the nucleus [9].
For demonstrating mucin, in addition to the classical Hematoxilin Eosin (HE) staining, Periodic acid-
Schiff (PAS) staining is shown.
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[23]. Thus, in order to correlate
the quantity of lymphoid cells
in a tumor specimen to the
patient’s outcome, an Immu-
noscore was developed as a
novel instrument for classifica-
tion of CRC (Fig. 4) [24].

Tumor Budding

Tumor “budding” is a specific
tumor border feature that is
defined as microscopic clusters
of undifferentiated cancer cells
just ahead of the invasive front
of the tumor[25]. This condition
can be considered as an early
step of metastasis formation
and is associated with a more
aggressive and invasive tumor.
Jager et al.[26] showed in their
multivariate analysis of locally

advanced tumor specimens a
lower relapse-free survival in
case of moderate to severe tu-
mor budding (HR 3.44 Cl 95 %
1.23-9.63, P= 0.018). Further,
tumor budding was associated
with a lower response rate to
neoadjuvant chemotherapy in
rectal cancer regarding T-Level
down-staging (P< 0.001) and
tumor regression (P< 0.001).
Thus, tumor budding can also
serve as a predictive factor for
efficacy of neoadjuvant radio-
chemotherapy.

Molecular Prognostic and
Predictive Factors

Besides tumor localization,
peritoneal carcinomatosis and
classical histopathological
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Fig. 4: In tumors with high rates of immune cell infiltration, the host reaction against the malignant
cells is more pronounced, leading to a slower growth of the tumor and to a significantly better prog-
nosis. The left panel shows an example of colon cancer with a high rate of T-cell infiltration (left panel,
brown immunohistochemistry staining against CD3 T-cell receptor, nuclear counterstaininig with
hematoxylin in blue) and good prognosis. The right panel shows an example of colon cancer with low
T-cell count and poor prognosis.
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factors, significant advances
in molecular biology have
determined the estimation of
CRC patients’ prognosis during
the last decades. Researchers
have demonstrated prog-
nostic relevant genetic and
epigenetic changes in specific
signal transduction pathways.
Currently, this is leading to an
increased understanding of
distinct molecular pathways
that co-exist in CRC.

Molecular analyses have
shown that the biological origin
of all CRCs is not the same,
which might explain variances
in the inter-individual prognosis
and effect of therapy. This new
and promising field of research
aims to facilitate personal-

ized tailored therapy for every
patient, defined by individual
specific tumor genetics. Thus,
highly active therapies may be-
come possible, while simulta-
neously reducing unnecessary
side effects.

Although current treatment
recommendations are largely
based on few distinct molecu-
lar alterations (microsatellite
instability, RAS and BRAF
mutations), genomic analysis
of colorectal cancer suggests
that all CRCs can principally be
subdivided into three pathways
that are involved in the multi-
step development of malignan-
cy: The chromosomal instable
CRCs (CIN, approximately 65-
70%), CRCs with microsatellite
instability (MSI, approximately
20%) and the CpG island meth-
ylator phenotype [27].

Molecular Pathways leading
to CRC

Chromosomal Instability
(CIN)

65%-70% of sporadic colorec-
tal cancers present with imbal-
ances in chromosome number
(aneuploidy) and loss of het-
erozygosity (LOH). Commonly
affected chromosomes are 2p,
5q, 17p, and 18q, respectively.
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Jen et al.[28] showed that loss
18q is particularly relevant in
patients with stage Il CRC. In
these patients, prognosis is
comparable to prognosis of
patients with stage Il cancer,
who normally benefit from
adjuvant chemotherapy. In
contrast, proficiency of chro-
mosome 18q in stage Il CRC
leads to a survival rate similar
to that of patients with stage

| disease and may not require
additional therapy. The same
study showed in a multiple
regression model that loss

of 18g was associated with a
Hazard Ratio for death of 2.46
(C195 % 1.06-5.71, P < 0.036).
Watanabe et al.[29] defined
tumors as CIN-high (LOH ratio
> 33 %) and CIN-low (LOH
ratio < 33 %). Further, CIN-high
was subdivided into mild CIN-
high (33% < LOH ratio < 75%)
and severe CIN-high (LOH ratio
> 75%). They showed that
survival was the poorest in se-
vere CIN-high tumors and the
best in CIN-low tumors. Finally,
multivariate regression analysis
showed that CIN phenotype
was an independent poor prog-
nostic factor for disease free
survival and overall survival.

Microsatellite Instability
(MSI)

DNA mismatch repair deficien-
cy (dAMMR) leads to microsatel-
lite instability (MSI). Approxi-
mately 20 % of CRC display
MSI. Mutations in the genes
MLH1, MSH2, MSHS6, and
PMS2 encoding for the MMR
proteins lead to loss of function
and consequently to accumula-
tion of DNA mutations in small
repetitive sequences and MSI
which drives mutagenesis

(Fig. B). It can occur either

in hereditary nonpolyposis
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colorectal cancer (HNPCC)

or sporadic CRC. Two-thirds

of MSI tumors are sporadic
whereas one-third are familial,
which is known as the Lynch
syndrome [30]. Sporadic MMR-
associated CRC can overlap
with the CpG island methylator
phenotype [31] and 50% show
BRAF mutations [30]. CRCs
deficient in MMR combine
distinct features such as origin
in the right-sided colon [32],
prominent lymphocyte infiltra-
tion due to increased presenta-
tion of altered epitopes on the
cell surface, poorly differenti-
ated morphology, mucinous or
signet ring differentiation [33]
and association with a favora-
ble prognosis in early stage.
For instance, stage Il CRC with
MSI have better clinical out-
comes and lower recurrence
rates without adjuvant treat-
ment than patients without
MSI tumors [34, 35]. However,
the prognostic value decreases
in stage Ill CRC. Patients with
stage Ill MSI CRC do not have
better OS than those with
stage Ill CRC without MSI [36-
38]. In summary, MSI has been
recognized as an independent
good prognostic factor in early-
stage colon cancer [39, 40], but
its prognostic effect remains
uncertain in metastasized CRC
41, 42].

The MSI-H phenotype can not
only serve as a prognostic fac-
tor but also predict response to
chemotherapy. Because a func-
tioning mismatch repair system
is required for cytotoxicity by
incorporation of 5-FU into DNA,
patients with MSI-H colorectal
cancer do not benefit from
adjuvant therapy with 5-fluoro-
uracil but suffer from putative
side-effects [32]. Therefore,
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UICC stage II/lll patients with
MSI-H CRC should not receive
adjuvant 5-FU chemotherapy.
However, they showed an im-
proved response to irinotecan-
based chemo therapy [43, 44].

Recently introduced immune
checkpoint inhibitors constitute
a promising treatment option
for this subgroup of patients.

In 2017, Pembrolizumab was
approved by the FDA for treat-
ment of MSI-H metastatic
CRC.

CpG Island Methylator
Phenotype (CIMP)

CpG islands are genomic
regions containing a large
number of cytosine and gua-
nine nucleotides, located in 5’
regulatory regions (promoter
regions) of specific genes [45].
The CpG island methylator
phenotype (CIMP) is observed
in 18% of colorectal cancers. In
particular, CoG methylation of
specific gene promoters such
as tumor suppressor genes
leads to gene silencing and
subsequently to formation of
premalignant lesions.

CIMP can be associated with
abnormalities in the gene prod-
ucts of BRAF, KRAS and TP53,
and oftentimes with the MSI
phenotype. Ogino et al. [46]
showed in their prospective
study that CIMP-high in general
is independently associated
with a lower cancer-specific
mortality (adjusted HR 0.44, CI
95 % 0.22-0.88). Interestingly,
BRAF mutations themselves
were associated with higher
cancer-specific mortality (HR
1.97, ClI 95 % 1.13-3.42), but
the combination of CIMP-high
and BRAF seemed to be elimi-
nate this negative effect.
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KRAS Mutation

KRAS was first identified in the
eponymous Kirsten Rat Sar-
coma virus. The GTPase KRAS
is an intracellular effector act-
ing downstream of epidermal
growth factor receptor (EGFR;
Fig. 6). KRAS is mutated in
35-45 % of CRC and in 45

% of metastatic CRC [47]. As
a proto-oncogene, it can drive
mutagenesis in normal tissue.
Somatic alterations in codons
12, 13 and 61 of KRAS gene
predict innate resistance to
monoclonal antibodies target-
ing EGFR. Multiple retrospec-
tive analyses showed that mu-
tated RAS is associated with
negative prediction regarding
efficacy of EGFR antibody ce-
tuximab [48] and panitumumab
[49] since the EGFR pathways
is consecutively active regard-
less of receptor inhibition.
Thus, only RAS wildtype would
benefit from EGFR-targeted
antibodies. Several studies
showed a high advantage in
survival in RAS wildtype stage
[V tumors that are left-sided,
and therefore, those patients
should be treated with chemo-
therapy plus EGFR antibody

as first line treatment [50].
Screening for KRAS and NRAS
mutations is now mandatory in
metastatic colon cancer before
targeting the EGFR pathway
with biologicals [51].

BRAF Mutation

The human BRAF gene
encodes the serine/threonine-
protein kinase B-Raf and is
embedded in the cell growth-
mediating MAP kinase /ERK
signaling pathway (Fig. 6).
Mutations in BRAF are present
in approximately 10% of all
CRC patients [52] and occur as
V600E mutation in 95% of all
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Fig. 5: In cells with proficient mismatch repair system (MMR), accidental base insertions during DNA
replication are corrected automatically (left panel). In tumor cells with deficient mismatch repair sys-
tem, base insertions of small repetitive DNA sequences cannot be repaired, also known as microsat-
ellite instability (MSI, right panel).
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cases [b3]. It acts downstream
of RAS, therefore mutation of
this proto-oncogene reduces
efficacy of epidermal growth
factor receptor (EGFR)-targeted
therapy with a monoclonal an-
tibody (mAb, e.g. Cetuximab).
De Roock et al.[54] showed

in their multicenter retrospec-
tive trial that BRAF-mutated
patients had significantly lower
response rate to anti-EGFR
therapy than those with wild-
type BRAF (8.3% vs. 38.0%,

P < 0.0012). Further, Souglakos
et al.[55] demonstrated that
BRAF mutations in primary
CRC mark patients with poor
prognosis regardless of specific
treatment regimen. BRAF and
KRAS mutations were associat-

ed with poorer survival (HR 2.8
and 1.76, respectively). BRAF
mutation also shows increased
risk of peritoneal and distant
lymph node metastasis. Sev-
eral studies, such as Souglakos
et al. have suggested BRAF
mutant tumors are resistant

to standard chemotherapy
whilst others have suggested
the association between BRAF
mutant tumors and treatment
resistance is minimal and non-
significant [56]. Patients with

a BRAF mutated tumor have
the poorest prognosis of all
metastatized CRCs [67]. It is
present in 9%-12% of patients
with early-stage disease and

in 5%-10% of patients with
metastases [42].
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Fig. 6: KRAS and BRAF are protooncogenic mitogen activated protein kinases
(MAPK), which act downstream of the epidermal growth factor receptor (EGFR).

Inhibition of EGRF-Signaling by specific antibodies leads to reduced tumor growth
and better prognosis. However, mutations that lead to a constitutively active KRAS

(or BRAF) gene product reduce the prognosis and cannot be treated by upstream
inhibition with EGFR-antibodies.
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Clinical Implications

Modern treatment regimens
are complex and require the
collaboration of many disci-
plines, including Gastroenter-
ology, Pathology, Radiology,
Radiation Oncology, and Sur-
gery. The exact diagnosis and
treatment decisions shall be
discussed in Multidisciplinary
Tumor Boards, including repre-
sentatives of all these disci-
plines. Here, recommendations
like upfront surgery, neoadju-
vant chemotherapy, chemora-
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diation, or palliative treatment
are determined. Best results
can be achieved if all staging
and treatment procedures are
performed within one experi-
enced multidisciplinary center.
The Klinikum rechts der Isar
in Munich, Germany, is an ex-
ample for a large-scale center
including all disciplines in one
complex. Specialized gastroin-
testinal centers of the highest
level are defined not only by
their local certification, but by
holding the title of a Compre-
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hensive Cancer Center. This is
the highest certification by the
Deutsche Krebshilfe for a na-
tional Oncological Center of Ex-
cellence. The Klinikum rechts
der Isar further participates in
the NCT MASTER (Molecularly
Aided Stratification for Tumor
Eradication) Program, a central
platform for comprehensive,
multidimensional characteriza-
tion of cancer patients. During
all these procedures, radical
surgical tumor resection is the
most important prerequisite
for a reliable estimation of
prognosis, based on clinical
and molecular parameters.
Oncological centers should
offer the whole repertory of
open surgery, laparoscopy, and
robotic operations. This allows
stage dependent and risk
adapted sophisticated surgical
resections, individually tailored
to every patient.

Conclusion

The parameters that determine
pathologic tumor stage remain
the strongest predictors of out-
come for patients with colorec-
tal cancer [3]. Central pathologi-
cal factors that have prognostic
value are the TNM staging
system and the histological dif-
ferentiation of the tumor cells
(grading). However, other clini-
cal, molecular, and histologic
features affect prognosis inde-
pendently of histological stage.
In locally advanced cancer,
new biomolecular predictors

of therapy efficacy can help
decision making. Either highly
aggressive multimodal therapy
regimens can be applied, or
limited resections and spar-

ing of systemic anti-tumoral
therapies with putative side
effects, based on individual
characteristic of every patients
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and tumor. Up to know, stratify-
ing patients based on distinct
altered oncogenic molecular
patterns showed to be effec-
tive. Determination of MSI-H

is associated with a highly fa-
vorable prognosis in early-stage
cancers [35].

Furthermore, MSI also serves
as a predictive marker: UICC
stage Il/Ill patients do not
benefit from a fluoropyrimidin-
based monotherapy. They
should rather be treated with
irinotecan-based chemothera-
pies (e.g. FOLFIRI) [32]. In
metastasized CRC, mutational
analysis of KRAS and BRAF
mutations proved to have
predictive value. Additional
treatment with biologicals such
as cetuximab [48] or panitu-
mumab [49] do not show any
effect if genomic mutations of
KRAS (or BRAF) are present.
Even though, surgery and com-
plete resection of the malig-
nant lesion remain central part
of determination the prognosis
of a patient, adjuvant treatment
options are highly influenced
by clinical and biomolecular
predictive and prognostic mark-
ers. Future advancements will
help to further improve out-
comes and apply personalized
medicine for each patient.
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Introduction

Uterine fibroids (or leiomyo-
mas or myomas) are the most
common benign tumors of the
female pelvis and are clini-
cally apparent in up to 25% of
women aged between 30 to
50 years [1-4]. Their growth is
dependent on female reproduc-
tive hormones and they are
classified according to their
localization. Most patients with
uterine fibroids are asympto-
matic, but pain, prolonged and
acyclic bleeding, anemia, infer-
tility or complications during
pregnancy can be associated
symptoms. In retrospective
evaluations of hysterectomy
specimens, 77% of uteri were
found to have uterine fibroids,
but only 12-25% of adult
women with uterine fibroids
are considered to be sympto-
matic [2,3].

In the US, costs for uterine
fibroids have been estimated
with approximately 2.1 bil-

lion dollar in the year 2000 [5]
and are reasons for increased
health care and work loss costs
[3, 6].

Key Words: leiomyoma,
fibroid, myoma, surgical treat-
ment, nonsurgical treatment
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Management
of Uterine

Fibroids

Etiology and
Pathophysiology

Uterine fibroids are nodular
structures within the myome-
trium, consisting of smooth
muscle cells with different
percentages of conjunctive tis-
sue and are classified based on
their localization.

Although it is a benign disease,
most uterine leiomyomas show
an abnormality of their chromo-
somes similar to a malignancy,
nevertheless, a transformation
to a malignant disease (espe-
cially a uterine leiomyosarco-
ma) happens very rarely (0,05-
0,28%) and it is believed that
malignant leiomyosarcomas
and benign leiomyomas have

a different pathophysiology

[1]. Accordingly, leiomyomas
are the most common benign
tumors of the female pelvis
whereas the uterine sarcoma
is an extremely rare disease
(2-3/1000 women).

The origin of leiomyomas is still
not entirely understood, most
likely reproductive hormones
and a genetic predisposition
are main factors for their devel-
opment. The growth of uterine
fibroids seems to be depend-
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Fig. 1: Intramural leiomyomas
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Fig. 4: Ultrasound of a submucosal leiomyoma

ent of hormones like estrogen
and progesterone, therefore, in
most cases, symptoms decline
and a decrease of the size of
leiomyomas is seen following
menopause [1].

Furthermore, multiparity and
ethnic background seems to
play a role in the development
of uterine fibroids. African-
american women tend to have
uterine fibroids more often

and the symptoms seem to be
more pronounced [1].

Approximately 12-25% of all
women of reproductive age
show symptoms [1-4]. In 1990,
as part of a trial an examina-
tion of uteri after hysterectomy
showed the presence of leio-
myomas in 77% [1]. Because
of this, it is believed that the
lifetime risk for adult women
with childbearing potential of
having one or more leiomyo-
mas is 40-80% [2, 3.

Location

The classification of uterine
leiomyomas depends on their
localization:

|. Subserosal myoma:
growth from the myometrium
at the serosal surface of the
uterus

[I. Intramural myoma:
growth within the myometrium
(Fig. 1)

[Il. Submucosal myoma:
growth from the myometrium
beneath the endometrium, of-
ten with extent into the uterine
cave

In many cases more than one
fibroid is present in the uterus,
varying in size from only a few
millimeter up to more than 20
centimeters (Fig. 2 and 3).

Symptoms

Depending on their size, loca-
tion, and tendency to grow
uterine leiomyomas can cause
different symptoms. Abnor-
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Fig. 5: Intraoperative image of a hysteroscopic my-
omectomy

mal vaginal bleeding, such

as heavier, longer periods or
bleeding between periods
(acyclic bleeding) can occur and
may lead to anemia. Patients
often have a pressure in the
lower abdomen, pain during
sex or problems with urination
or defecation. Moreover, uter-
ine fibroids can be the reason
for problems conceiving a
pregnancy and for a higher risk
of having a miscarriage [7,8].

A rapid growth of uterine leio-
myomas is sometimes seen in
the first months of a pregnancy
and can lead to ischemia and
necrosis, which can be the
reason for significant pain [9].
Additionally, preterm labor as
well as ante- and postpartal
blood loss seems to associated
with the presence of myomas.

Diagnostic Workup
Initially, a detailed past medical
history should be taken with fo-

cus on the main symptoms. A
bimanually palpation is neces-
sary to assess the size and the
mobility of the uterus followed
by a vaginal sonography to con-
firm the diagnosis of uterine
leiomyomas. During a sonog-
raphy the size as well as the
location of uterine leiomyomas
should be thoroughly assessed
(Fig. 4). Especially in patients
with childbearing potential, the
relation or distance to the myo-
metrium is of specific interest
and should be documented.
MRI can be performed as an
additional diagnostic method in
case that the standard exami-
nations are not sufficient for
clear results or as screening
for radiologic interventional
procedures.

Treatment

An expectative strategy is rec-
ommended in asymptomatic
patients diagnosed with uterine
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Fig. 6: Intraoperative image of a laparoscopic my-
omectomy

fibroids. If uterine fibroids
cause symptoms, treatment
options should be explained
and individually discussed
depending on the patient’s age
as well as size and growth ten-
dency of the leiomyoma and
existing symptoms. Therapeu-
tic approaches include medical
treatment, radiologic interven-
tions and surgery.

Medical Treatment
Conservative management

by hormonal treatment is a
non-invasive option for uterine
fibroids.

Oral Contraceptives:

They can regulate and reduce
menstrual bleeding and are

an option for patients with
acyclic bleeding and prolonged
periods. Unfortunately, often a
treatment with oral contracep-
tives is not sufficient to cover
all symptoms.

Antigonadotropin:

They lead to a downregulation
of estrogen, to an amenorrhea
and may result in reduced size
of the fibroids [1].

GnRH Agonists:

They affect the pituitary gland
as well as the ovarian function
comparable to antigonadotro-
pins. Initially a rise in estrogen
can be observed but due to a
permanent stimulation of the
GnRH-receptors the pituitary
gland produces less GnRH
followed by a consecutive
downregulation of estrogen. A
size reduction of 35-65% of the
leiomyoma has been described
[7]. Treatment with GnRH
agonists can be intended to
improve the patient’s general
condition and to delay more
invasive therapies. However,
the use of GnRH agonists can
cause serious side effects due
to medically induced meno-
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Fig. 7: Image before incision

pause so that add back therapy
might be necessary. In addition
osteoporosis can be induced
so that long-time-treatment is
not recommended. Following
end of treatment, a rebound
growth of the myoma can
frequently be observed.

Ulipristalacetate (UPA):

This medication is a selec-

tive progesterone receptor
modulator (SPRM) and affects
progesterone receptors in the
myometrium and endome-
trium. UPA inhibits ovulation
but has only a minimally impact
on estrogen and no anti-gluco-
corticoid impact. Its effect on
leiomyomas is antiproiferative,
antifibrotic and proapoptotic. In
most cases this medication
results in an amenorrhea and

a reduction in the size of the
leiomyomas. Recently, there
have been single reports of
hepatic failure and liver injuries

in patients taking UPA. Be-
cause of this, available data on
UPA has been re-evaluated by
the authorities. Following this,
a long-time interval-therapy
should only be considered in
situations in which a surgery is
not possible whereas the pre-
operative short-time treatment
is still possible. For all patients
under UPA treatment, a close
monitoring of liver enzymes
needs to be carried out.

Interventional Radiology
Recently, further non-inva-

sive treatment strategies

as, ,Magnetic Resonance
imaging-guided High Intensity
Focused Ultrasound”, also
called MR-HIFU or MRgFUS,
have been introduced in clinical
practice. During this thermoa-
blative therapy the leiomyoma
is depicted with the help of a
magnetic resonance tomogra-
phy (MRT). Afterwards focused
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Fig. 8: Intraoperative image of an abdominal myomec-

tomy

ultrasound waves are directed
to the leiomyoma to reach a
temperature between 60-80
degrees in the tissue inducing
necrosis of the myoma cells
[4,10]. It is necessary that the
patient is monitored in an MRI
during the whole procedure

in prone position, which can
last up to a few hours depend-
ing on the size and number of
leiomyomas.

Following MRI screening, MR-
HIFU is only an option for a
few patients depending on the

accessibility, location and size
of the myoma [4]. Also scars
or previous surgeries can be a
reason to decide against this
form of therapy. Side effects
can be back aches, hypoten-
sive episodes, dizziness or
nausea as well as discreet
injuries of the skin similar to a
superficial burn. A recommen-
dation for this therapy cannot
be given for women planning
a pregnancy since there are no
prospective studies proving
safety [11]. However several
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successful pregnancies have
been reported afterwards sug-
gesting a relative safety [12].

Another option is the uterine
artery embolization. During

this therapy a percutaneous
catheter is placed in the uterine
artery via the femoral artery
and an embolization agent is in-
fused with the aim of reducing
the uterine arterial blood flow.
This should lead to a reduction
in the size of the leiomyoma
caused by an occlusion of ar-
teries followed by an infarction
of fibroid tissue [13, 14].

Rates for a reduction in size of
the leiomyoma at 35-60% have
been reported with a reduc-
tion of symptoms in 95% of
patients [15, 16].

Contraindications for an

uterine artery embolization are
a pregnancy, pedunculated,
subserosal myomas, urogenital
infections, an allergy against
contrast agents, or a suspected
malignant disease. Following
the procedure the “postembo-
lization syndrome"” is common
(2-10%) [17], here the patient
may experience pelvic pain and
cramping, nausea, vomiting, fe-
ver, fatigue, myalgias, malaise,
and leukocytosis [18].

These symptoms occur within
48 hours after embolization and
usually cease within 3-5 days
[18, 19].
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Surgery

Until today surgery is the main-
stay of all therapies existing
for leiomyoma. Aim of surgery
is to remove the fibroids or
the entire uterus to achieve an
almost immediate reduction of
symptoms. There are differ-
ent surgical methods, which
are chosen depending on the
individual situation of the
patient.

Small submucosal leiomyomas
can be treated with an opera-
tive hysteroscopy (Fig. 5). Dur-
ing this procedure under gen-
eral anesthesia the myoma is
being resected by this vaginal
approach. If hypermenorrhea is
the dominating problem of the
patient endometrial ablation is
another option, in which the
endometrium is ablated to pre-
vent the menstrual cycle of the
endometrium and reduce
excessive bleeding mas.
During these procedures the
surgical risks are very small,
however increased intra or
postoperative bleeding or,
rarely, the perforation of the
uterus are possible.

If leiomyomas are not ac-
cessible via hysteroscopy,

a myomectomy with uterus
preservation is the method of
choice in patients with child-
bearing potential [1]. During
this surgery the leiomyoma is
enucleated from the myome-
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trium. Depending on the size
and localization the procedure
can be done laparoscopically
(Fig. 6), if this is not possible
then a laparotomy is necessary
(Fig. 7 and 8). During laparos-
copy the leiomyoma must be
morcellated so that the tissue
can be removed over the small
incisions. Although very small,
there is a potential risk for
malignancy which would cause
a significant impaired prognosis
following power morcellation,
so that patients have to be
carefully counseled regarding
this potential risk. Other com-
plications can include injury of
other organs or structures and,
rarely, excessive bleeding

that could require laparotomy
and hysterectomy as ultimate
approach. In case of subse-
quent pregnancies a Cesarean
section might be necessary
depending on the location

and size of the fibroid which
needs to be clearly stated in
the operative report. Further-
more there is, albeit extremely
rare, the risk of uterine rupture
during pregnancy which can
cause maternal and neonatal
complications.

If family planning is completed,
hysterectomy is a procedure
that can be discussed as an al-
ternative. This surgery is possi-
ble as a laparoscopic, a vaginal
or an abdominal hysterectomy.
During a laparoscopic or vaginal
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hysterectomy a morcellation
might be necessary. Risks of
this surgery, next to general
risks of surgical procedures,
are injury of adjacent organs
including the bladder and
ureter or structures and, rarely,
excessive bleeding.

Although the risk of a leio-
myosarcoma is only 0,05-
0,28% each patient has to

be informed that in this case

a morcellation could signifi-
cantly worsen the outcome.
Regarding this risk, the safest
approach would be an open
hysterectomy.

With all uterus preserving
methods, interventional radiol-
ogy or surgery, there is a risk of
recurrent appearance of growth
of leiomyomas followed by the
necessity of another therapy
[1].

Summary

Uterine leiomyomas are the
most common benign tumors
of the female pelvis, the
lifetime-risk is believed to be
40-80%, but only a fraction of
these women have symptoms.
Symptoms can be pain, acyclic
bleeding, anemia, infertility or
complications during pregnan-
cy. The risk that an assumed
leiomyoma is a leiomyosar-
coma is very low with only
0,05-0,28%.

Patients that are diagnosed
with uterine fibroids should
only receive a therapy if
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there are symptoms present.
Medication, radiologic interven-
tion or surgery are treatment
options and the individual
situation of the patient as well
as their preferences should

be taken into account when
choosing the right treatment.
Every uterus preserving
therapy has the risk of recur-
rent growth of leiomyomas

so that another therapy might
become necessary. A hyster-
ectomy is the only method that
eliminates this risk completely.
Furthermore it is necessary to
discuss the risk of leiomyosar-
coma and the consequences

if in this case a morcellation is
performed.
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State of the Art

Fusion Prostate

Biopsy

According to the United States
Center for Disease Control and
Prevention, Prostate cancer
(PCa), is the most common and
the leading cause of cancer
death among men of all race
(1). Approximately 1.1 million
diagnoses were made world-
wide as at 2012 and this inci-
dence is expected to double by
the year 2030 (2,3). In Europe
alone, about 1 million men with
PCa suspicion undergo a stand-
ard prostate biopsy per year.
Not every diagnosis however,
is clinically relevant.

In the bid to curb unnecessary
medical procedures due to
false positive PCa diagnosis
from traditional diagnostic
methods, MRI Fusion biopsy,
a state-of-the-art technique
which allows for early detec-
tion, visualization as well as
evaluation of especially evasive
cancers, has gone a long way
to ensure proper informed
treatment decisions in recent
years. This ground-breaking
technique comprises of a
software-based co-registration
system, with MRI to ultra-
sound fusion enabling the
complete visualisation of the
prostate. What sets the MRI

Fusion biopsy apart from con-
ventional methods, is its ability
to determine the proportion of
men who could safely avoid
biopsy and the proportion of
men who would be correctly
identified to have significant
prostate cancer (8).

To establish this fact, a PRE-
CISION (PRostate Evaluation
for Clinically Important dis-
ease: Sampling using Image-
guidance Or Not?) study was
conducted on a group of 500
men who were suspected to
have PCa. These patients were
randomized to undergo either
the standard TRUS biopsy
approach or to first receive an
MRI scan (5). Key eligibility cri-
teria included a PSA of < 20 ng/
ml, a digital rectal exam (DRE)
< T2 and no contraindication

to biopsy/MRI (6). In the MRI
approach, patients who had an
abnormal scan (72% of men),
further underwent a targeted
biopsy of only the abnormal
lesions (5). These lesions were
scored on a five-point scoring
scale. PIRADS, the scoring
system, categorized lesions on
a scale of 1(very low, clinically
insignificant) to 5 (clinically
significant). The principal result
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Fig. 1

of the study was detection rate
of clinically significant cancer
of 38% whiles the standard
TRUS approach resulted in
26% detection rate of signifi-
cant cancer (5). This study thus
led to the conclusion that, the
MRI-targeted biopsy strategy
leads to lesser patients requir-
ing biopsy, lesser biopsy core
requirement and more men
with clinically significant cancer
being identified.

Subsequently, The PROMIS
(Prostate MR imaging study)
was conducted to analyse the
repercussion for those patients
who had clinical suspicions of
prostate cancer but nonethe-
less had a normal MRI scan.
These group of patients did
not receive any biopsy. The
concern therefore was, were
clinically significant cancers
being possibly missed by not
offering biopsy (5)? Data from
PROMIS showed that, an MRI
with no suspicious lesions
visible may potentially prevent
unwarranted TRUS biopsies

in 28% of men; 21% would
be justified based on the true
negative results, however 7%
would not be justified based on
false negative (FN) results (7).
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This study indicates remarkably
better sensitivity and negative
predictive value for clinically
important prostate cancer.

This cutting-edge technique
has for the past two years
been established at the
University Hospital Schleswig-
Holstein. It is an outpatient
procedure that ensures the
shortest possible hospital stay
and patients are allowed to
return home on the same day.
The procedure itself is done
under general anaesthesia.
This ensures that patients are
not subjected to any form of
pain and discomfort.

During the intervention, a
previously carefully interpreted
and annotated highest quality
MRI scan is fused with real-
time ultrasound using a digital
overlay (4). This results in a
three-dimensional recreation
of the prostate, with clearly
demarcated areas of interest.
Spatial tracking of the ultra-
sound probe through mechani-
cal or electromagnetic means,
allows accurate placement of
a needle guide relative to the
three- dimensional reconstruc-
tion, guaranteeing precision (4).
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Fig. 2: Real time Ultrasound image of biopsy needle (blue dot) being directed towards target lesion.
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The fusion-biopsy takes a trans
perineal approach which most
importantly, reduces the risk of
infections. 12 random biopsies
are taken including the target
area in the case of more than
one region of interest.

Over 70 patients have been
biopsied at the Department of
Urology at University Hospital
Schleswig-Holstein using this
method. Preliminary data based
on patients biopsied in 2018,
indicates a high percentage of
clinically significant cancer de-
tection. Current figures include
an almost 100% detection rate
of PIRADS 5 PCa. A PIRADS

4 detection rate of 70%. A
PIRADS 3 detection rate of
30% and finally 0% PIRADS 1
and 2 rate.

The MRI fusion biopsy has
several merits compared to the
standard biopsy procedures.
Exacerbations due to repetition
of PSA testing, lower thresh-
olds for biopsy, excess core
sampling and needless repeti-
tion of biopsy after initial nega-

tive outcomes are minimised
drastically. This technique also
results in less bleeding, less
pain, minimized complication
and infection risks and short
hospital stays. A 30-day patient
follow up revealed that, fusion
biopsied patients fared better
in contrast to patients who
received the standard TRUS
procedure. The latter reported
incidents of haematuria and
haematospermia among

other complaints (6). The main
setback with the TRUS guided
biopsy is the guiding of the
core needle to the prostate as
a whole instead of specific ar-
eas of interest and thus causes
systematic sampling errors (3).
This therefore leads to the risk
of under-treating more aggres-
sive disease due to its limita-
tions.

The era of blind random
prostate biopsy is vanish-

ing, especially in those men
with previous biopsy and a
PSA ranging from 2-10 ng/ml.
MRI fusion does not only add
precision to PCa diagnosis by
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actually identifying the area of
concern and aiming for it but
it's definitely also an innovative
approach, that enables avoid-
ance of surgery where surgery
won't be of benefit or prolong
life. Diagnosing of cancer that
other interventions have been
unable to find and reduction

in cases of patients diagnosed
with insignificant cancers is
definitely revolutionary.
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Modified Urschel
Manoeuvre for the

Surgical Management

of Late-Diagnosed
Traumatic Oesopha-
geal Ruptures

Introduction

Traumatic oesophageal rup-
tures are a rare but life-threat-
ening entity. They are mostly
caused iatrogenically (>50%,
[1], [table 1]). The fast and cor-
rect management of these pa-
tients is essential but difficult,
often resulting in a prolonged
diagnostic and therapeutic pro-
cess. Therefore, in this paper
we want to illustrate a surgical
method to treat late-diagnosed
thoracic oesophageal ruptures.

Presentation of Case

A case of an iatrogenic es-
ophageal rupture caused by the
placement of a Sengstaken-
Blakemore-tube in a patient is
presented.

Discussion

To our mind, late-diagnosed
unreconstructable oesopha-
geal ruptures that have already
lead to mediastinitis should be

treated primarily by the modi-
fied Urschel manoeuvre as this
can be seen as a last resort in
order to survive mediastinitis.

By this, we mean the distal
ligation of the oesophagus

and the resection in the lower
posterior mediastinum, the
partial resection of the insuf-
ficiency, lavage and drainage of
the mediastinum, repositioning
the patient intraoperatively and
shifting the apical end into the
subcutis into infraclavicular
position. A salivary fistula and
feeding tube should also be
established.

Conclusion

Out of date thoracic oesopha-
geal lesions are rare but not
inexistent. We illustrate a
surgical technique that can be
recommended for these cases
with good outcome without

reservations.
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Fig. 1: CT a) Mediastinal emphysema; b) Trachea with inlying tube (red), perforated oesophagus (yellow) and mediastinal emphysema (green)
(aa) sreaidl ¢ Ll (i) osaiall e pall danl) Gpnil alalayy ole I (ot saaio ¢ Lo (T Laabaiall Taz Y1 U<

Keywords

oesophageal laceration/therapy
e oesophageal rupture ® iat-
rogenic oesophageal rupture

e oesophageal perforation/
therapy ® Urschel manoeuvre
Sengstaken Blakemore tube
surgical management

Introduction

Oesophageal ruptures are a
rare entity in the everyday
clinical routine. More than half
of all cases are caused iatro-
genically [1], [Tab. 1], and their
number rises, especially since
endoscopic procedures are be-
coming more common. Other
common causes are spontane-
ous perforation (Boerhaave's
syndrome, 13%), ingestion of
a foreign body (12%) or other
external trauma (9%) [2]. In our
ward, we see mostly perforat-
ed oesophageal tumours with
toxic empyema or traumatic
ruptures caused either diagnos-

tically or therapeutically.

The mortality of oesophageal
ruptures is high and there is

a need for a fast therapeutic
approach as it determines
prognosis significantly. Early
management of these patients
is essential, but difficult, and
differs in respect to localisation
(cervical, thoracic, abdominal),
thus often leading to pro-
longed diagnostic processes.
This prompted us to illustrate
a surgical technique to treat
late-diagnosed thoracic oe-
sophageal ruptures; we will do
SO Via a case report concerning
complication of the placement
of a Sengstaken Blakemore
tube for varicous bleeding.

Case Report

A 77 year old woman was
admitted to our hospital as an
emergency case, presenting in-
itially with symptoms of acute
varicous bleeding from the
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Oesophageal Therapy

Fig. 2: Damaged distal thoracic oesophagus intraoperatively
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Fig. 3: Mobilized proximal undamaged oesophagus

lower oesophagus. Pre-existing
conditions were dominated by
end-stage liver failure Child C
with a high ammonium level
and septic shock. Moreover,
the patient suffered from heart
insufficiency with CHD and
COPD. Due to these various
comorbidities, several medical
attempts to control or stop the
bleeding were unsuccessful.
Therefore, it was decided to
place a Sengstaken Blakemore
tube for bleeding control.
Some hours after intubating,
the patient presented again
light symptoms of bleeding,
discrete signs of infection and
an emphysema of the cervical
soft tissue which we diag-
nosed clinically and confirmed
by CT [Fig. 11. Apart from the
large paraoesophageal and
oesophageal varices which had
been the indication for the tube
and signs of a highly advanced
liver cirrhosis compatible with

I g Sl o s pall el pa ¥ S

liver failure stage Child C, the
CT scan showed a huge em-
physema of the mediastinum
and an oesophageal perfora-
tion measuring 10 cm, starting
at the aortic arch and ending
paraaortic supraphrenic on

the left side. The oesophageal
laceration was evaluated en-
doscopically using oesophago-
gastroscopy, stating clearly that
the tear was caused by the
misplacement of the Sengstak-
en Blakemore tube.

Because of the overall very
critical situation, restoring the
left-sided hemi-thorax via thora-
cotomy at the fifth intercostal
space was indicated. Intraop-
eratively we saw a damaged
oesophagus (the rupture now
being approximately 12 hours
old) [Fig. 2] that was resected
at a length of 5 cm and chan-
nelled to the skin. The left-
sided hemi-thorax was drained
and closed up.
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Fig. 4. Oesophagus channelled to the skin

The distal part of the remain-
ing oesophagus was closed
using a stapler and sewed
over because of the extensive
(para)oesophageal varices. The
media-stinum was cleaned,
debrided and lavaged. The rup-
tured and destroyed oesopha-
geal tissue was mobilised in
its paraoeso-phageal surround-
ings [Fig. 3], infracarinal and
infraaortic, taking care of the N.
laryngeus on the left side. The
left hemi-thorax was closed,
the patient repositioned and a
cervical cut-down on the left
side was performed. Protecting
the anatomical structures, the
oesophagus was looped and
separated from the mediasti-
num. After complete mobilisa-
tion it was shifted into the sub-
cutis and fixed and channelled
7 cm distal of the clavicle as an
oesophageal fis-tula oesopha-
goenterocutaneously [Fig. 4].
Furthermore we established a

feeding tube via stomach doing
a mini-laparotomy.

The postoperative course
concerning the thoracic situs
was regular and there was no
evidence of bacteria in the in-
traoperative wound. Neverthe-
less, due to the end-stage liver
failure Child C and other severe
comorbidities including a septic
state, the patient died 10 days
after the operation.

Discussion

Lesions of the thoracic oe-
sophagus following diagnostic
or therapeutic procedures

are rare, and clinical evidence
concerning management of
these lesions is limited. There
are some case reports result-
ing from the experience of
various surgical procedures.
Primary closure of the thoracic
oesophagus, no matter if on
the left side or the right, should
in general be realised in a

THE JOURNAL OF MEDICINE FOR THE WORLDWIDE MED COMMUNITY

Fig. b: Schematic oesophagus channelled to the skin [8]
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Oesophageal Therapy

Table 1: Classification of traumatic
oesophageal perforations/ruptures

timeframe of six hours follow-
ing the incident. Because of its
complexity and insecurities dur-
ing the diagnostic-therapeutical
approach, it often takes quite
an amount of time to detect an
oesophageal lesion.

There are different surgical
procedures described in the
literature [5,6], which originally
go back to the illustration of
the Urschel manoeuvre about
30 years ago [7]. However, in
our opinion management has
changed and an out of date,
unreconstructable oesophageal
rupture that has already lead to
mediastinitis should be treated
surgically, primarily by the
modified Urschel manoeuvre.
By this, we mean the distal
ligation of the oesophagus
close to the diaphragm and the
resection in the lower posterior
mediastinum with respect to
anatomical leading structures
— vagus nerve, pericardium and
recurrent laryngeal nerve; the
partial resection of the insuf-
ficiency, lavage and drainage of
the mediastinum with closure
of the hemi-thorax, reposition-
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Classification of Traumatic Oesophageal Perforations / Ruptures

Concerning aetiology [3]

- emetogenic rupture of the esophagus (Boerhaave's syndrome)
- traumatic oesophageal lesions (rupture/ perforation):

- iatrogenic/instrumental
- by foreign body
- due to external trauma

- special types (secondary perforations): perforating tumour,

perforating ulcer

Concerning localization [3,4]
- cervical
- thoracic
- abdominal

Primary vs. secondary lesion
- Healthy organ

- predamaged organ/tissue (e.g. due to achalasia, carcinoma,

peptic stenosis)

ing the patient intraoperatively,
cervical mobilisation of the
apical oesophagus and luxation
between trachea and oesopha-
gus itself, apical exenteration
and finally shifting the apical
end into the subcutis into infra-
clavicular position on the left
side [Fig. 5].

A longer potentially not-dam-
aged proximal oesophagus
renders possible a two-stage
reconstruction via lifting and
mobilisation of the stomach.
The reconstruction of the
excluded oesophagus can be
done before it is shifted into
subcutaneous position. Via
salivary fistula, swallowing can
be restrained and the saliva can
be drained.

A feeding tube should be
introduced promptly into the
abdomen; this could also be
done via mini-laparotomy/-
scopy while disconnecting the
thoracic oesophagus’

passage if the patient is clini-
cally stable.

Hence, the modified Urschel
manoeuvre can be seen as a
last resort for these patients in
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Oesophageal Therapy

order to survive a mediastinitis
with consecutive empyema

of the affected hemi-thorax.

As stated previously, the
reconstruction of the thoracic
passage can be done at a later
moment with stomach sleeve
reconstruction or colonic
interposition graft via retros-
ternal lifting — the anastomosis
between interponate and proxi-
mal cervical oesophagus on the
left side should be sewed end-
to-end. In our case report, this
topic was not further discussed
because of the lethal outcome.
This pattern of injuries is rare
and - because of an often de-
layed diagnostic process - calls
for a complex uncommon sur-
gical management. From our
own experience, we perform at
most two of these procedures
per year.

Conclusion

Out of date thoracic oesopha-
geal lesions are rare but not
inexistent in everyday clinical
practice because of difficult
diagnostic processes and mis-
interpretations. The thoracic
management includes resec-
tion of the affected oesophage-
al area, a blind closing supra-
diaphragmal and the cervical
shifting to the subcutis into
infraclavicular position as far as
possible to create a sufficient
oesophagocutaneous fistula.
The reconstruction measures
for restoring the thoracic pas-
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sage are dependent on the
underlying disease of affected
patients. The modified Urschel
manoeuvre can be surgically
recommended with good out-
come without reservations.
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