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onstitutes a seminal discovery that adds paternal inher-
tance as a new variable to be considered in the genetic
usceptibility field.

omment. With the publication of the first complete
uman genome draft in 2001, the identification of caus-
tive genes for human diseases was tremendously facili-
ated. This thorough knowledge of our DNA sequence
nd its common variation permitted us the ability to
enerate molecular tools, such as DNA microarrays, that
an type a single DNA sample or thousands of them with
hole-genome coverage. Genetic association studies that

ompare frequency of genetic variations or SNPs among
isease cases and controls could be finally pangenomic
nd unbiased and, therefore, they could leave behind the
ubjective approach of selecting a few specific candidate
enes or regions. GWAS have been quite successful in the
ast 4 years, being able to identify �500 highly significant
ssociations of common genetic variants with �80 dis-
ases and traits (Proc Natl Acad Sci U S A 2009;106:9362–
367; http://www.genome.gov/gwastudies), including 85
egions that have been conclusively associated in over a
ozen different cancers (Carcinogenesis 2010;31:111–
20).

Although the GWAS strategy has accomplished with
uccess the identification of new genetic susceptibility
ariants for many common diseases, there are most likely
ome uncovered issues that could explain why some of
he heritability in common diseases remain unidentified
Nature 2009;461:747–753). Besides the single-locus
nalysis strategy performed in most GWAS, future efforts
n this field should also be focused among others in
recise phenotyping, accurate functional effects, struc-
ural and rare variants, population heterogeneity, inter-
ctions between loci, and environmental modulation.
nalyzing for all these parameters among others would
robably increase the achievements obtained by GWAS.
The Kong et al article reports for the first time parent-

f-origin–specific effects for genetic susceptibility vari-
nts identified by a GWAS strategy, adding a new layer of
omplexity to this approach that will help to explain a
raction of the missing heritability. Parental origin has
een not analyzed because it requires information not
eadily available for most GWAS, but the authors were
ble to perform such an approach by having access to the
celand population with careful genealogic record keep-
ng traced back �10 generations.

Genomic imprinting is the a priori most likely phe-
omenon to lead to a parental-origin–specific disease
ssociation although other parent-of-origin effects have
een documented, including parental-specific mutations.
enomic imprinting causes certain genes to be expressed

n a parent-of-origin–specific manner. Imprinted genes
re either expressed only from the allele inherited from
he mother, or in other instances from the allele inherited

rom the father. Forms of genomic imprinting have been 1
emonstrated in insects, mammals, and flowering plants.
enomic imprinting is an epigenetic process that in-

olves methylation and histone modifications to achieve
onoallelic gene expression without altering the genetic

equence. These epigenetic marks are established in the
ermline and are maintained throughout all somatic cells
f an organism, and there are available databases that
atalogue sites in our genome with genomic imprinting
Nucleic Acids Res 2001;29:275–276); www.otago.ac.nz/
GC).

The authors focused on genetic variants previously
ssociated with diseases that were located in imprinted
egions of the human genome to test for the hypothetical
arental effect, and they successfully identified such an
ffect in 5 of them. However, 2 of the analyzed variants
id not show any parent-of-origin–specific effect, imply-

ng that this mechanism could not be generalized for all
enetic susceptibility variants located in imprinted re-
ions. Additionally, they also identified 1 additional ge-
etic variant for T2D located in a region that they further
haracterize to be a new genomic imprinted area.

To conclude, Kong et al establish a new mechanism of
ction for genetic susceptibility variants previously un-
oreseen. Their new approach and further knowledge of
ew genomic imprinted regions in the human genome
ill most probably help to increase in the near future the
eritability explained by these genomic variations identi-
ed through GWAS.

SERGI CASTELLVÍ–BEL, PHD
ANTONI CASTELLS, MD

Department of Gastroenterology
Hospital Clínic

Barcelona, Spain

O BEAD OR NOT TO BEAD: IS
RANSARTERIAL CHEMOEMBOLIZATION
ITH DOXORUBICIN-ELUTING BEADS
NEW STANDARD OF CARE IN
EPATOCELLULAR CARCINOMA?

Lammer J, Malagari K, Vogl T, et al. (Cardiovascular
nd Interventional Radiology, Medical University Vi-
nna, Vienna, Austria). Prospective randomized study
f doxorubicin-eluting-bead embolization in the treat-
ent of hepatocellular carcinoma: results of the PRE-
ISION V study. Cardiovasc Intervent Radiol 2010;33:
1–52.

Reyes DK, Vossen JA, Kamel IR, et al. (Department of
adiology, Johns Hopkins University Hospital, Balti-
ore, Maryland). Single-center phase II trial of transar-

erial chemoembolization with drug-eluting beads for
atients with unresectable hepatocellular carcinoma:

nitial experience in the United States. Cancer J 2009;

5:526 –532.

http://www.genome.gov/gwastudies
http://www.otago.ac.nz/IGC
http://www.otago.ac.nz/IGC
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Transarterial chemoembolization (TACE) using an em-
irical mixture of lipiodol and cytotoxic agents followed
y an embolic agent is accepted as standard therapy for

ntermediate stage hepatocellular carcinoma (HCC)
orldwide. To further improve the selective delivery and
aintenance of intra-arterial therapeutic agents doxoru-

icin-eluting beads (DEB) have been developed. Recently,
he results of 2 independent phase II trials from Europe
nd the United States investigating the use of DEB-TACE
ave been published.
In the European multicenter trial, 212 patients with

nresectable HCC, including those tumors unsuitable for
ercutaneous ablation, were randomized to receive either
onventional TACE with lipiodol and doxorubicin emul-
ion followed by an embolic agent or DEB-TACE (Car-
iovasc Intervent Radiol 2010;33:41–52). The per-proto-
ol analysis consisted of 108 patients in the TACE and 93
atients in the DEB-TACE group of different Barcelona
linic Liver Cancer (BCLC) stages. The 2 groups were well
alanced and none of the patients had a BCLC stage C
advanced). Eastern Cooperative Oncology Group perfor-

ance status (ECOG PS) was 0 (77%) or 1 (23%), and 83%
f patients had a Child–Pugh stage A stage liver cirrhosis.
he mean tumor size was 8.9 cm in both groups, and the
ajority of patients had binodular or multifocal disease.
he primary end point was objective tumor response
fter 6 months based on the European Association for
he Study of the Liver criteria (�30% decrease of arterial
umor enhancement). According to the per-protocol
nalysis objective, response rates in the TACE and DEB-
ACE groups did not significantly differ (44% vs 52%; P

.11). Nevertheless, patients with more advanced dis-
ase— defined as Child–Pugh stage B, ECOG PS 1, bilob-
lar or recurrent disease— had a significantly greater ob-

ective response rate in the DEB-TACE group (35% vs
3%; P � .038). The incidence of adverse events was lower

n the DEB-TACE group compared with the TACE group.
otably, liver toxicity was significantly lower in the DEB-
ACE group. Alopecia was almost absent in the DEB-TACE
roup (1 patient compared with 23 patients in the TACE
roup), and grade 3/4 bone marrow suppression oc-
urred in only 1 patient in the DEB-TACE group, but in
patients in the TACE group.
Reyes et al reported a single-arm study of 20 patients,

ith unresectable HCC enrolled at The Johns Hopkins
niversity Hospital between December 2005 and Decem-
er 2007 (Cancer J 2009;15:526 –532). BCLC stage A was
resent in 6 patients, BCLC stage B in 2, and BCLC stage
in 12. ECOG PS was 0 or 1 in 19 of the 20 patients, and

5 patients had a Child–Pugh stage A stage liver cirrhosis.
he mean tumor size was 6.9 cm (range, 1.9 –16.2), and
6 patients had a solitary nodule with or without satel-

ites. Two patients had 2 lesions and the remaining 2
atients had multifocal lesions. A portal vein thrombosis
as present in 4 patients. Two DEB-TACE cycles were

elivered (range, 1–3), and the median follow-up time l
as 14.5 months. DEB-TACE was well tolerated with
odest toxicity in most patients. One patient developed

rade 3 leukocytopenia and another patient developed
ancreatitis, most likely owing to backflow of micro-
pheres. Two patients died within 30 days after DEB-
ACE, but both cases were judged as unrelated to the
rocedure. In 1 patient with a subcapsular HCC, tumor
upture within 24 hours after DEB-TACE occurred. A
art,ial response— based on the modified RECIST crite-
ia—was achieved in 2 patients, and the remaining 18
atients had a stable disease measured by magnetic res-
nance imaging 1 month after initial DEB-TACE. At 6
onths, the disease control rate (objective response plus

table disease) was 95%. Additionally, relevant changes in
ontrast enhancement as a surrogate marker for tumor
ecrosis were reported in the majority of patients. In 6
atients, a complete loss of arterial tumor enhancement
as documented, and in 6 additional patients a decrease
f �30% was reported. According to the European Asso-
iation for the Study of the Liver criteria, this translates
nto an objective response rate of 60%. In 4 patients who
ecame resectable after DEB-TACE, histopathologic ex-
mination of the specimen revealed a close correlation
etween the degree of tumor necrosis (80%–95%) and
ecrease contrast enhancement. The median progression-
ree and overall survivals were 13 and 26 months, respec-
ively; the 1- and 2-year survival rates were 65% and 55%,
espectively.

omment. The incidence of HCC, among the most se-
ere complications of liver cirrhosis, is rising worldwide.
urrently, the annual incidence is estimated at �600,000
ew cases and the overall prognosis is poor. In Western
ountries, treatment of patients with HCC is stratified
ccording to the BCLC algorithm, which differs between
ery early (0), early (A), intermediate (B), advanced (C),
nd terminal (D) stage (Semin Liver Dis 1999;19:329 –
38). Although percutaneous tumor ablation, liver resec-
ion, and liver transplantation are potential curative
reatment options for very early and early stage HCC,
xpansion of median survival can be achieved for inter-
ediate stage HCC by TACE and in advanced stage by

ystemic treatment with sorafenib (N Engl J Med 2008;
59:378 –390; Lancet 2009;373:614 – 616).

A new development for intra-arterial therapy is drug-
luting microspheres, such as DEB. These loaded beads,
00 –900 �m in diameter, have been designed to allow a
igher and more sustained release of cytotoxic drugs
irectly into the tumor and to reduce systemic side ef-
ects. In a previous pilot study in patients with HCC,
arela et al demonstrated promising efficacy and lower
ystemic doxorubicin levels compared with conven-
ional doxorubicin-based TACE (J Hepatol 2007;46:
74 – 481). These findings were now confirmed by the
andomized trial reported by Lammer et al. They showed

ower rates of systemic toxicity in patients treated with
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EB-TACE compared with conventional TACE. How-
ver, the PRECISION V study is formally a negative
tudy, because patients in the conventional TACE group
ad a higher response than expected (44%; expected,
5%). Consequently, this study was underpowered to
etect a significant difference for the primary study end
oint. However, patients with advanced tumor stage—
efined as Child–Pugh stage B, ECOG PS 1, bilobular or
ecurrent disease— had a significantly greater response
ate when treated with DEB-TACE. The finding that
atients with advanced HCC benefit from DEB-TACE is
urther supported by the monocentric pilot study from
eyes et al. In their study, 60% patients had a BCLC stage
, a tumor stage where systemic treatment with sorafenib

s an alternative. Of note, the safety profile in these
atients was acceptable.
A major criticism of the study by Lammer et al is the

ack of 2 essential end points of clinical trials in oncol-
gy: progression-free and overall survival. Because these
nd points are the hardest criteria for superiority in
linical oncology, the impact of a higher response on
utcome remains uncertain. In the study by Reyes et al,
hese end points were addressed. However, because of the
mall sample size and missing randomization, the ques-
ion of whether DEB-TACE is superior to conventional
ACE cannot be answered, so far. Will further random-

zed studies comparing DEB-TACE with conventional
ACE be conducted? Probably not, because large studies
ombining DEB-TACE with sorafenib in randomized,
ontrolled trials are currently enrolling patients. These
ata will become available in the next 2 years. Should we
ffer DEB-TACE as a new standard in the meantime? Not
o all patients with intermediate stage HCC. Based on the
ata provided by Lammer et al and Reyes et al, patients
ith more advanced disease may benefit most from DEB-
ACE. Therefore, DEB-TACE might expand the indica-

ions of intra-arterial therapy for more fragile patients
ith more advanced disease. DEB-TACE could therefore

urn out as a cost-effective alternative to radioemboliza-
ion with yttrium-90 microspheres, another promising
ew technique with high antitumoral effects and a good
oxicity profile (Gastroenterology 2010;138:52– 64).

JOERG TROJAN, MD
STEFAN ZEUZEM, MD
Medizinische Klinik 1

Klinikum der Johann Wolfgang Goethe-Universität
Frankfurt am Main, Germany

IPPO TUMOR SUPRESSOR PATHWAY:
OVEL IMPLICATIONS FOR THE
REATMENT OF HEPATOCELLULAR
ARCINOMA

Zhou D, Conrad C, Xia F, et al. (Department of Molec-

lar Biology, Massachusetts General Hospital, Boston, s
assachusetts). Mst1 and Mst2 maintain quiescence
nd suppress hepatocellular carcinoma development
hrough inactivation of the Yap1 oncogene. Cancer Cell
009;16:425– 438.

Hepatocellular carcinoma (HCC) remains the main
ause of death in cirrhotic patients and the third most
ommon cause of cancer related death worldwide (CA
ancer J Clin 2005;55:74 –108). Curative treatment op-

ions are restricted to �30 – 40% of patients due to dis-
ase progression at diagnosis (Lancet 2003;362:1907–
917), demanding better surveillance programs for early
umor detection and the development of both chemopre-
entive treatments and novel treatment strategies. A mul-
ikinase inhibitor, sorafenib greatly succeeded in the
reatment of advanced HCC and became the only therapy
pproved by the US Food and Drug Administration,
learly demonstrating that molecular targeted therapy is
realistic treatment option in this cancer (N Engl J Med

008;4:378 –390). This success has facilitated many pre-
linical and clinical trials investigating novel small mol-
cules and monoclonal antibodies for the treatment of
CC (Hepatology 2008;48:1312–1327). In the future,
ore precise and comprehensive characterization of mo-

ecular classes, genetic and epigenetic changes, and al-
ered cell signaling pathways should be taken into ac-
ount to choose the right treatment scheme for each
atient, leading to a much more personalized medicine in
CC (Semin Liver Dis 2010;30:35–51).
Wnt-�-catenin, p53, IGF, Ras-MAPKK, PI3/Akt/mTor,

nd c-Met are well-studied signaling pathways involved
n the development and progression of HCC. Recently,
enetic and biological studies confirmed the importance
f the novel Hippo tumor suppressor pathway in regu-

ating cell proliferation, apoptosis, organ size, and tu-
origenesis in mammals (Cancer Cell 2008;13:188 –192).
his relatively new pathway was first described in Dro-

ophila in 1995 by identifying the tumor suppressor
arts, followed by the establishment of several other core
ippo pathway components (as shown in Figure 1; Curr
pin Cell Biol 2008;20:638 – 646). In mammalian cells,
F2, FRMD6, and FAT4 are upstream regulators of the
ST1/2 kinases that physiologically form a complex
ith WW45 upon activation to then phosphorylate and
ctivate the downstream kinases LATS1/2. This core
omplex together with MOB1 phosphorylates and inhib-
ts the transcription coactivators YAP1 and TAZ by caus-
ng their cytoplasmatic translocation (Nat Rev Mol Cell
iol 2007;8:613– 621; Nat Rev Cancer 2007;7:182–191).
Many of these Hippo pathway members have been

mplicated in the genesis of cancer. NF2 is mutated or
ilenced in familial (neurofibromatosis type 2) and spo-
adic human tumors, MOB1 deletion has been shown in
uman melanoma and mouse mammary gland carci-
oma. LATS1 deficient mice develop ovarian tumors and

oft tissue sarcomas and both LATS1 and 2, have been
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