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Introduction
!

Information about the frequencies of various liver
tumors was previously based almost exclusively
on autopsies. Nowadays most tumor diagnoses

are made in vivo, using imaging techniques. To
distinguish between benign and malignant le-
sions is crucial. Knowing the frequencies of var-
ious tumor entities in different clinical situations
is of major practical importance in day-to-day
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Zusammenfassung
!

Ziel: Untersuchung der Häufigkeit von verschie-
denen soliden fokalen Leberläsionen (SFLL) in
nicht zirrhotischen und zirrhotischen Lebern un-
ter besonderer Berücksichtigung der Häufigkeit
der Metastasierung in Zirrhoselebern.
Material und Methoden: Das Patientenkollektiv
der DEGUM-Multicenterstudie (n=1349) wurde
reevaluiert und in ein Subkollektiv A ohne
(n=1067) und B mit Zirrhose (n=282) unterteilt.
Die verschiedenen Tumorentitäten waren zu
74,6% histologisch gesichert (n=1006).
Ergebnisse: Im Subkollektiv A fanden sich 385
Fälle mit Metastasen (36,4%) und 65 mit HCC
(6,1%), demgegenüber waren an benignen Läsio-
nen Hämangiome mit 237 Fällen (22,4%) und
FNH mit 170 Fällen (16,1%) am häufigsten. Im
Subkollektiv B fanden sich 216 Fälle von HCC
(76,6%) und 12 Metastasen (4,3%), sowie 42 be-
nigne Läsionen (14,9%). CCC waren im Subkollek-
tiv A (3,3%) und im Subkollektiv B (2,5%) selten.
Eine Tumoranamnese erhöht die Wahrscheinlich-
keit für eine maligne SFLL im Subkollektiv A 1,8-
fach, nicht jedoch im Subkollektiv B.
Schlussfolgerung: Die Häufigkeit der verschieden
Tumorentitäten unterscheidet sich bei Patienten
mit und ohne Zirrhose grundlegend. In nicht zir-
rhotischen Lebern sind maligne und benigne SFLL
etwa gleich häufig. Im Vordergrund stehen Me-
tastasen, Hämangiome und FNH, CCC sind selten.
Eine Tumorvorgeschichte erhöht die Wahrschein-
lichkeit auf eine maligne SFLL. Bei Zirrhose do-
minieren HCC, HCC sind 18-mal häufiger als Me-
tastasen. Benigne SFLL und CCC sind selten

Abstract
!

Aim: Investigation of the frequency of various so-
lid focal liver lesions (SFLL) in noncirrhotic and
cirrhotic livers with focus on the frequency of me-
tastasis in cirrhotic livers.
Material and Methods: The patient collective in
the DEGUM multicenter study (n=1349) was re-
evaluated and divided in subcollective A without
(n=1067) and B with cirrhosis (n=282). 74.6% of
the various tumor entities were confirmed histo-
logically (n=1006).
Results: In subcollective A there were 385 pa-
tients with metastases (36.4%) and 65 with HCC
(6.1%), whereas the most common benign lesions
were hemangioma, with 237 cases (22.4%) and
FNH, with 170 cases (16.1%). In subcollective B
there were 216 cases of HCC (76.6%) and 12 me-
tastases (4.3%), as well as 42 benign lesions
(14.9%). CCC was rare in both subcollective A
(3.3%) and subcollective B (2.5%). A positive onco-
logical history increased the probability of a ma-
lignant SFLL in subcollective A by 1.8 times, but
did not do so in subcollective B.
Conclusion: The frequency of various tumor enti-
ties is different in patients with and without cir-
rhosis of the liver. In noncirrhotic livers, malig-
nant and benign SFLL are equally common. The
most common forms are metastases, hemangio-
mas and FNH, CCC is rare. A positive history of ex-
trahepatic malignancy increases the probability
of a malignant SFLL. In cirrhosis, HCC dominates,
HCC is 18 times as common as metastases. Benign
SFLL and CCC are rare.
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work, as it has a substantial influence on the ongoing patient
management. Liver metastases are not infrequently the first clin-
ical manifestation of amalignancy, but, on the other hand, benign
liver tumors are also common, and often irritate the physician
and worry the patient. Metastases are observed relatively rarely
in livers with cirrhotic changes by comparison with HCC. Wheth-
er this observation is actually true has, as far as we are aware, not
been investigated by sonography or other imaging procedures.
The frequency distribution of tumor entities in noncirrhotic and
cirrhotic liver was the major objective of this sonographic study.

Material and methods
!

A thorough PubMed literature analysis did not reveal any evalu-
able clinical investigations of the frequency of solid focal liver le-
sions by imaging techniques in a large non-selected group of pa-
tients. We therefore reevaluated solid focal liver lesions (SFLL) of
unclear etiology that were newly discovered by sonography
within the framework of the prospective DEGUM multicenter
study designed to evaluate CEUS in routine clinical use. The diag-
nostic objective was the definitive identification of clinically rel-

evant lesions. A total of 1349 patients were included between
2004 and December 2006.Detailed information about the study
design, the methods used and the results of this study have been
reported several times in this journal [1–5].
14 hospitals, including four university hospitals, participated in
this study. The study was examined and approved by the Ethics
Committee of the University of Erlangen Nuremberg. All patients
gave their written consent to participation in the study.●" Table1
and●" Fig.1 provide information about the inclusion and exclu-
sion criteria and about the verification of the diagnosis. All the re-
sults were entered online and evaluated by an independent sta-
tistical institute (Medidata Konstanz, Germany). There were 841
incidental findings among the 1349 patients with newly detected
liver lesions (62.3%); 234 of the patients (17.3%) had cirrhosis of
the liver and 371 (27.5%) had a known history of extrahepatic
malignancy.
For the question under investigation, patients from the database
were divided into those without known cirrhosis (n=1115,
82.7%) and those with clinically identified cirrhosis (n=234,
17.3%). Of the 1115 patients without a medical history of liver
cirrhosis, 48 were found to have definite sonographic signs of cir-
rhosis, andwere therefore assigned to the patients with cirrhosis.
This resulted in a subcollective A (no cirrhosis) comprising 1067
patients and a subcollective B (cirrhosis) comprising 282 patients
(●" Fig.2). In subcollective A 341 patients (32%) had a known ex-
trahepatic malignancy in the medical history; the figure for sub-
collective B was 30 patients (10.6%).●" Table2 provides an over-
view of the demographic data for the subjects. As expected, the
only difference in the sex distribution was a greater proportion
of men in the cirrhosis collective.

Results
!

In subcollective A, without cirrhosis and including 1067 patients,
there were 385 patients with metastases (36.4%) and 65 with
HCC (6.1%), while the most common benign lesions were heman-
gioma (n=237, 22.4%) and FNH (n=170,16.1%). In subcollective
B, with cirrhosis (282 patients), there were 216 cases of HCC
(76.6%) and 12metastases (4.3%). Benign solid lesions were pres-
ent in a total of 42 cases (14.9%), including 16 regenerative no-
dules (5.7%) and 8 hemangiomas (2.8%) and 1 hepatocellular

Table 1 Recruitment DEGUM Multicenter Trial: CEUS in SFLL. Inclusion and
exclusion criteria.

– Patient recruitment (2004–2006):
– Inclusion criteria:
new detected SFLL in fundamental US, which cannot be differentiated
by B-Mode US

– Exclusion criteria:
1. typical differentiation by B-Mode US

– cysts
– hyperechogenic hemangioma in nonsteatocic liver
– malignant liver tumors with invasion of hepatic vessels

2. contraindications against US contrast media (SonoVue)
– critically ill patients
– pulmonary hypertension
– unstable angina, acute myocardial infarction
– pregnant and nursing women

SFLL n = 1349

CEUS n = 1349  Reduced quality n=69 (5.1%)

US-guided Needle Biopsy            n =1025

Histology n = 1006 Cytology n = 19

Facultative:      CT n = 269      or  MRI n = 269 

Combined gold standard 
21.6%

Nondifferenciated lesions   n =12 (0.9%)
nonspecified lesions             n =32 (2.4%)

Gold standard 
74.6%

Lab tests
Follow up

US-guided Needle biopsy:       154/269 82/269

CEUS + CT/MRI corresponding

Fig.1 Diagnostic Verification.

Abb.1 Diagnostische Verifikation.

� � � � � � � �� � � � �

History�of�Cirrhosis
n�=�234

Fundamental�Ultrasound
No Cirrhosis

n�=�1067
Cirrhosis

n�=�48

Subcollective A: No Cirrhosis� � �
n�=�1067

Subcollective�B: Cirrhosis�
n�=�282

Fig.2 Composition of subcollectives.

Abb.2 Zusammensetzung der Subkollektive.
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adenoma, but no cases of FNH. A detailed overview is given in

●" Table3.●" Table4 shows the reassigned patients with clinically
unknown but sonographically established cirrhosis, indicating
the predominance of HCC.
The frequency of malignant and benign findings and information
about both subcollectives as a function of the oncological history
is given in●" Table5. In patients in subcollective Awith a positive
history of extrahepatic malignancy, the frequency of malignant
SFLL was 69.5%, with a negative history of extrahepatic malig-
nancy it was 38.7%; no such relationship was observed in subcol-
lective B.

●" Table6 demonstrates the relationships between different
forms of SFLL in the two subcollectives.

Discussion
!

The detection of SFLL depends primarily on our diagnostic tools.
The reliability of the imaging has substantially improved in the
last three decades, in terms of both sensitivity and specificity,
and has been the subject of a large number of studies, which
have recently been summarized in relation to the 90% rule in an
editorial by Mostbeck [6]. In the DEGUM multicenter study a ex-
ceptionally large number of patients was includedwith a high di-
agnostic standard (74.6% histological confirmed diagnoses), the
remaining cases had agreement of at least two imaging proce-
dures and clinical information of the patient history. With a low
remaining number of unresolved findings (2.9%), the DEGUM

Table 2 Demographic data.

n sex m/f History of

Cancer

Age1 (y) Weight1 (kg) Height1 (cm) BMI1 (kg/m2)

Collective A
(no Cirrhosis)

1067 453 /614 341
(32%)

58.4
12–91

71.6
39–148

166.4
159–193

24.9
15.1–46.7

Collective B
(Cirrhosis)

282 225 /57 30
(10.6%)

65.3
32–85

75.0
44–139

169.3
152–190

25.3
17.3–39.8

1 Data are presented in mean (upper line) and in minmal and maximal values (lower line).

Table 3 Frequency of tumor entities in SFLL primarily detected by B-mode US.

All Subcollective A

No Cirrhosis

Subcollective B

Cirrhosis

Entity n =1349 % n =1067 % n =282 %

Focal Fatty Lesion/Focal Fatty Sparing 32 2.4 31 2.9 1 0.3

Hemangioma 245 18.2 237 22.4 8 2.8

FNH 170 12.6 170 16.1 0 –

Adenoma 20 1.5 19 1.8 1 0.3

Regenerative Nodule 16 1.2 0 – 16 5.7

Other benign E. 99 7.3 83 7.9 16 5.7

HCC 281 20.8 65 6.1 216 76.6

CCC 42 3.1 35 3.3 7 2.5

Metastasis 397 29.4 385 36.4 12 4.3

Other malignant E. 35 2.6 33 3.1 2 0.7

Unclear 12 0.9 9 0.9 3 1.1

Table 4 Frequency of tumor entities in cirrhosis of the liver primarily detected by B-mode US.

Cirrhosis (all)

n =282

History of Cirrhosis

n =234

No History of Ci

US: Cirrhosis n=48

Entity n % n % n

Focal Fatty Lesion/Focal Fatty Sparing 1 0.3 1 0.4 0

Hemangioma 8 2.8 5 2.1 3

FNH 0 – 0 – –

Adenoma 1 0.3 1 0.4 –

Regenerative Nodule 16 5.7 13 5.6 3

Other benign E. 16 5.7 12 5.1 4

HCC 216 76.6 185 79.1 31

CCC 7 2.5 6 2.6 1

Metastasis 12 4.3 8 3,4 4

Other malignant E. 2 0.7 1 0.4 1

Unclear 3 1.1 2 0.8 1

Seitz K et al. Frequency of Tumor… Ultraschall in Med 2011; 32: 598–603
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database is in principle suitable for an investigation of the fre-
quency of liver tumor entities in an in-vivo collective.
Two important preselection characteristics have to be considered
in our patient analysis: 1) It is a hospital collective with an un-
known proportion of outpatients, in which the large number of
patients (n=1349) and the enrolling 14 medium-sized and large
hospitals represent a wide study collective of internal medicine
patients. 2) The sonographic selection of newly discovered cases
of SFLL lacking a definite diagnosis in B-Mode and Power-Dop-
pler excludes liver lesions with a definitive diagnosis in B-Mode
and Power-Doppler as well as a certain number of SFLL which
have not be detected. Our study design therefore underrepre-
sents both typical hepatic hemangiomas in non-fatty livers and
HCC in cirrhosis. Due to the high diagnostic reliability of funda-
mental sonography, hepatic hemangiomas or HCC with vascular
invasion displaying typical B-image morphology in patients with
cirrhosis of the liver were excluded from the CEUS study.
In general, the frequency of benign random lesions in the liver is
underestimated. In consecutive forensic autopsies benign liver
tumors were observed in 49 out of 95 autopsies including 26
bile duct tumors, 19 hemangiomas and 3 FNH, with sizes of on

average 1.3, 5 and 8mm respectively [7]. Obviously these lesions
were very small, solid and clinically unimportant. Benign bile
duct tumors (vonMeyenburg complex), which are generally mis-
sed by imaging procedures, were the most common benign tu-
mors. In addition, the presence of cirrhosis with an inhomoge-
neous liver parenchyma makes the sonographic detection of
SFLL more difficult. The detection and differentiation of small le-
sions is limited in all imaging procedures –even SCTor MRI –as is
known from explantation studies and clinical studies [8–12].
In comparison our results with autopsy studies, some general ob-
servations about preselection in autopsy collectives have to be
addressed.
The most important criterion here is the autopsy rate; because
this is extremely low in Germany, there have not been any repre-
sentative studies here for many years. Autopsy studies naturally
involve a negative selection of most cases of advanced disease,
particularly in patients with cirrhosis or malignant diseases. The
tumor stage, or the “time” of the examination, predicts the fre-
quency of liver metastases; the more advanced the disease, the
more often liver metastases are to be expected. Autopsy data
serve as the absolute diagnostic gold standard, as it is possible to
check the results of macroscopic pathology and histology. For in-
stance, autopsy statistics based on large samples show how often
benign andmalignant lesions are present in the liver and how of-
ten liver metastases occur in the course of malignancy. However,
autopsy results do not necessarily correspond to those from ima-
ging diagnosis, as autopsies record the metastatic status at the
last possible diagnostic moment. No studies comparing imaging
examinations very late in the course of the disease with autopsy
results exist. In the literature, we only found one study compar-
ing pathological and CT findings in 508 patients with end-stage
cirrhosis, which did not include a single case of liver metastasis.
The few hemangiomas and most of the 54 dysplastic nodules re-
mained undiscovered by CT [11].
In patients without cirrhosis of the liver (n=1067), benign and
malignant SFLL were almost equally common (540 versus 518),
especially if the 31 zones of focal steatosis or focal fatty sparing
are excluded as non-tumorous SFLL. Of the benign forms of SFLL,
hemangiomas, which are systematically underestimated by us,
are, as expected, more numerous than FNHs (●" Table3).
Metastases were by far the most numerous malignant lesions in
noncirrhotic livers (n=385). The proportion of malignant SFLL
was 1.8 times as high among patients with a positive history of
an extrahepatic carcinoma as among patients with a negative
history, whereas no such relationship was observed among pa-
tients with cirrhosis.
The high proportion of HCC in the whole collective (281 of 1349)
is primarily attributed to the high proportion of cirrhotic livers
with SFLL (20.9%). Based on the known high sensitivity of ap-
proximatively 85% for the sonographic detection of cirrhosis of
the liver [13, 14], we transferred 48 patients with sonographical-
ly established cirrhosis of the liver from collective A (cirrhosis not
reported in themedical history) to cirrhosis collective B. These 48
patients included 31 with established HCC; this high percentage
justified our reassignment (●" Table3).
65 cases of HCC, corresponding to 6.1% of the cases of SFLL, were
found subcollective A, without cirrhosis. This proportion is, how-
ever, extremely high when compared with cases of HCC detected
in patients with liver cirrhosis. The ratio of HCC in noncirrhotic
versus cirrhotic given in the literature is 1:10 [14, 15], in our col-
lective it is almost 1:3.We assume that a substantial number of
clinically well compensated liver cirrhoses are also not evident

Table 5 Frequency of malignant and benign SFLL and History of Carcinoma.

Subcollective A:

No Cirrhosis

(total n=1067)

History of Carcinoma yes no

n 341 (32%) 726 (68%)

malignant 237 (69.5%) 281 (38.7%)

benign 101 (29.6%) 439 (60.5%)

unclear 3 (0.9%) 6 (0.8%)

Subcollective B:
Cirrhosis

(total n =282)

History of Carcinoma yes no

30 (10.6%) 252 (89.4%)

malignant 25 (83.3%)
HCC 23, Metastasis 2

212 (84.1%)
HCC 193, Metastasis 10
CCC 7, other 2

benign 5
Regen. Nodule 2, other 3

37

unclear – 3

Table 6 Relations of different tumor entities.

Subcollective A

No Cirrhosis

Subcollective B

Cirrhosis

Malignant vs. Benign 518:540*
1:1

237:42
5:1

HCC vs. Metastasis 65:385
1:6

216:12
18:1

HCC vs. CCC 65:35
2:1

216:7
31:1

HCC vs. Regenarative Nodule – 216:18
12:1

HCC vs. Hemangioma 65:237
1:3,7

216:8
27:1

Frequency of HCC
Frequency of Metastasis
Frequency of CCC
Frequency of extrahepatic
cancer

6.1%
35%
3.3%
32.0%

76.6%
4.3%
2.5%
10.6%

* inclusive focal steatosis or fatty sparing lesions (n =31).

Seitz K et al. Frequency of Tumor… Ultraschall in Med 2011; 32: 598–603
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by B-mode sonography, and presumably also patients with un-
known chronic hepatitis. This is supported by data from large
German liver centers with a detected cirrhosis in 75–90% of
cases of HCC and an association with hepatitis virus B or C in ap-
prox. 50% of cases [16, 17]. CCC was, however, rather rare, being
found in 3.3% of cases.
In patients with liver cirrhosis (subcollective B) with the predo-
minance of 216 HCC (76.6%) 12 metastases were found (4.3%).
Among 42 cases of benign SFLL, just 8 hemangiomas (2.8%), 16
regenerative nodules (5.7%) and 1 adenoma were detected, FNH
was absent.
Numerous pathology studies [18–36] have already been pub-
lished demonstrating less metastasis in cirrhotic livers compared
with noncirrhotic livers. While the frequency of metastasis in cir-
rhotic livers is usually less than 10–20%, in noncirrhotic livers
frequency ranges between 30 and approximatively 65%.
Clinical studies on this topic are limited. In surgery of colorectal
carcinomas, a fewer rate of liver metastasis was found in cirrho-
sis, and to a lesser degree, in fatty liver [37]. A reducedmetastasis
in colorectal carcinoma was also found by Song et al. in chronic
hepatitis [38], by Uhlenbruck et al. in chronic liver disease [39]
and by Uetsuji et al. [40] and Gervaz et al. [41] in cirrhosis. In a
recent accumulative statistical analysis of material submitted to
a renowned university pathological institute, only 3 definite me-
tastases were reported in cirrhotic livers among 1357 liver tu-
mors in 12161 liver specimens submitted [42]. These results
very impressively demonstrate the rarity of metastases in cirrho-
tic livers, even if one regards the material submitted as extremely
inhomogeneous.
Clinical observation of metastases in livers with cirrhotic changes
is very rare, with just 26 case reports up to 1959 [26]. The diag-
nosis of liver metastases in a cirrhotic liver was, for a long time,
not just rarely published, but also difficult: significantly, the first
case report in 1888 was first published as primary HCC [27] and
later republished as metastasis in a cirrhotic liver in gastric carci-
noma [28]. Colwell [29] analyzed 2634 autopsies of patients with
underlying malignant disease and only found 2 metastases in 27
patients with cirrhosis. Lisa [30] published 6 cases in 22 patients
with cirrhosis of the liver among 612 cases of carcinoma from
6036 autopsies. A lower rate of extrahepatic carcinomas was
also apparent [31], as confirmed by Vanbockrijck and Klöppel in
1992 [23]. It was postulated that the cause was the absence of a
preconditional “mother ground” in cirrhosis limiting the growth
of metastases [29]. Alterations in liver vascularization were also
held responsible [32]. Later, lectins were favored as mediators,
and were confirmed experimentally for hepatic steatosis in the
mouse model [39].
In 1961, Ruebner et al. [34] selected 399 cases of cirrhosis of the
liver out of 23000 autopsies in a case control study (cases with
HCC were excluded). Of the 399 cases with cirrhosis, they found
an extrahepatic tumor 54 times (13.5%) and metastases in 11
cases – results that correspond very closely to ours (●" Table5).
Among the 399 cases without cirrhoses, there were 108 extrahe-
patic carcinomas (27%) and metastases in 39 cases. There is a re-
duced incidence of extrahepatic tumors in cirrhosis of the liver, as
already postulated by Lisa [30], and a reduced frequency of me-
tastasis in livers with cirrhosis. It has repeatedly been argued
that, because of their reduced life expectancy, patients with cir-
rhosis die before liver metastasis occurs and that therefore the
idea of the “rarity” of metastases in cirrhotic livers was fully ne-
gated [35].

In our sonographic study only a fewmetastases were found in cir-
rhotic livers. The rate of extrahepatic tumors in patients with
liver cirrhosis was also substantially lower compared to patients
without cirrhosis (●" Table5). The high mean age of our cirrhosis
collective argues against the assumption [35] of a reduced life
expectancy in patients with cirrhosis explaining liver metastases
less often.
The reduced number of cases of hemangioma and the absence of
FNH in patients with liver cirrhosis might be contributed by
changes in haemodynamic and nutritive situation in cirrhosis.
Brancatelli et al. [43] and Dodd et al. [11] both assumed a regres-
sion of hemangioma in liver cirrhosis. In contrary, several papers
relating to FNH-like lesions in cirrhosis assume that the forma-
tion of small hypervascularized lesions is encouraged by cirrhosis
[44–48]. Libbrecht et al. [49] reported FNH-like lesions in 15% of
130 explanted cirrhotic livers, ¾ of them of less than 10mm.
In summary, although the frequency distribution of sonographi-
cally detectable tumor entities was falsified by our preselection,
it did provide for the first time results from a large clinical patient
collective that had been examined by B-mode sonography.
In noncirrhotic livers benign and malignant lesions were about
equally common. The proportion of HCC was unexpectedly high,
presumably because of undiagnosed cirrhosis of the liver and
chronic hepatitis B and C. In patients with a positive oncological
history, the probability of a malignant process is 1.8 times as
high. As expected, hemangiomas and FNH are the most common
benign SFLL. In cirrhotic livers about ¾ of the SFLLs detected cor-
respond to an HCC. HCC is 18 times as common as metastases in
cirrhosis. Other lesions in liver cirrhosis are very rare. Extrahepa-
tic tumors are more common in patients without cirrhosis of the
liver than in patients with cirrhosis. CCC is rare in both patient
groups.

Abbreviations
!

CCC cholangiocellular carcinoma
CEUS contrast enhanced ultrasound
CT computed tomography
DEGUM Deutsche Gesellschaft für Ultraschalldiagnostik
DEGUM German Society for Ultrasound in Medicine
FNH focal nodular hyperlasia
HCC hepatocellular carcinoma
MRI magnetic resonance imaging
SFLL solid focal liver lesion
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