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Abstract

The approach for colorectal hepatic metastasis has ad-
vanced tremendously over the past decade. Multidrug
chemotherapy regimens have been successfully intro-
duced with improved outcomes. Concurrently, adjunct
multimodal therapies have improved survival rates, and
increased the number of patients eligible for curative
liver resection. Herein, we described major advance-
ments of surgical and oncologic management of such
lesions, thereby discussing modern chemotherapeutic
regimens, adjunct therapies and surgical aspects of
liver resection.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Hepatic metastasis;
Hepatectomy; Survival; Chemotherapy; 5-fluorouracil
leucovorin and oxaliplatin

Core tip: The management of colorectal hepatic metas-
tasis is complex, and should involve a multidisciplinary
tumor board involving specialized medical and surgical
oncologists. Although liver resection still remains as
the key step in the management of liver metastasis,
the introduction of new chemotherapeutic regimens
and recent adjunct therapies, including radiofrequency
ablation, cryotherapy and radioembolization improved
patient care, and prolonged survival in patients with
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unresectable disease.

Macedo FI, Makarawo T. Colorectal hepatic metastasis: Evolving
therapies. World J Hepatol 2014; 6(7): 453-463 Available from:
URL: http://www.wjgnet.com/1948-5182/full/v6/i7/453.htm
DOI: http://dx.doi.org/10.4254/wjh.v6.17.453

INTRODUCTION

Colon cancer is the third most common malignancy in
the United States, and comprising around 10% of all
cancer-related mortality!". Most disease-related mortality
1s assoclated with metastatic disease. Approximately 25%
of patients is diagnosed with metastases at initial presen-
tation, and around 50% will present metastases during
the clinical management of the disease™”. The survival
for untreated colorectal hepatic metastasis (CHM) are
dismal with medial survival estimated in only 6 to 9 mo'.

Although liver resection still remains as the most im-
portant modality in the treatment of CHM, the introduc-
tion of recent adjunct therapies, including radiofrequency
ablation (RFA), cryotherapy and radioembolization im-
proved patient care, and prolonged survival in patients
with unresectable disease. Concurrently, the evolution of
chemotherapy with the introduction of multidrug thera-
py optimized response rates, and expanded the number
of surgical candidates for curative liver resection. Herein,
we describe the current management of CHM, thereby
discussing major advancements in chemotherapeutic
regimens, adjunct therapies and surgical technique, and
describe paradigm changes in resectability and outcomes.

DETERMINATION OF STRATEGY

The management of CHM is complex, and should in-
volve a multidisciplinaty tumor board including oncolo-
gists, radiologists, colorectal and hepatobiliary surgeons.
Clinical and laboratory suspicion of metastasis should
be routinely confirmed by radiological imaging. Options

July 27,2014 | Volume 6 | Issue 7 |
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available include computed tomography (CT), ultrasound,
fluorodeoxyglucose-positron emission tomography (PET),
and magnetic resonance imaging (MRI). Multi-detector
CT is widely available, and is routinely used for detection
of CHMP. MRI is being used more commonly, and pro-
vides better visualization of liver lesions as compared to
CT by some experts”. PET scan is usually associated with
CT (PET-CT), and is superior to CT or MRI for identi-
fication of equivocal lesions, metastases, and local recur-
rence, prior to resection of metastatic disease .

Several prognostic factors should be considered dur-
ing definition of therapeutic strategy, including: staging
of the primary tumor, interval diagnosis between the
primary and metastatic lesions, number and size of me-
tastases, presence of surgical margins and extrahepatic
recurrence, and elevated biochemical markers such as
carcinoembrionic antigen, alkaline phosphatase, and albu-
min""". The most important decision for definition of
the therapeutic plan is defined based on resectability of
metastatic disease. Patients should be stratified as suitable
for resection, potentially resectable after chemotherapy
and/or adjunct therapies, and those with unresectable
disease.

MANAGEMENT OF RESECTABLE
DISEASE

Liver resection continues to be the most crucial step in
the management of CHM, potentially offering definitive
treatment to a subset of patients. The use of chemother-
apy is used as an adjunct therapy, thereby enhancing the
5-year survival at approximately 37%-58%"""". Assess-
ment of resectability is based on the volume of future

remnant liver with adequate vascular inflow and outflow
and biliary drainage“sj. For patients with normal liver
function, 20% of remnant tissue is required, whereas in
the presence of steatosis and cirrhosis, 30% and 40% of
residual liver is necessary, respectively. Negative margins
of 1-cm is associated with improved outcomes, and is
currently recommended by most experts“()’zoj. Contrain-
dications to resection include uncontrollable extrahepatic
disease, extensive lymph node involvement, including
retroperitoneal or mediastinal nodes, bone or central ner-
vous system metastases” . Local predictors of unresect-
ability are determined by hepatic vascular involvement,
and bilaterally, that would leave an inadequate functional
liver remnant. Perioperative combination with chemo-
therapy with 5-fluorouracil, leucovorin, and oxaliplatin
(FOLFOX) regimen given 3 mo prior and 3 mo follow-
ing resection of metastases enhances survival by 8% at
3 years™, Neoadjuvant chemotherapy for patients with
resectable liver metastases is still under investigation, and
currently, remains controversial. Another topic of major
debate is regarding the timing of the colectomy relative
to the hepatectomy in cases of synchronous CHM. Typi-
cally, the primary colorectal cancer (CRC) is resected first,
however in select cases where the liver disease is margin-
ally resectable and primary CRC is small, the liver resec-
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tion may be considered as initial approach to avoid pro-
gression of CHM. Combined resections are associated
with shorter hospital stay and less morbidity, with similar
5-year survival and technically more challengingm].

MANAGEMENT OF POTENTIALLY
RESECTABLE DISEASE

Initially unresectable liver metastases can become resect-

able after being downsized by neoadjuvant chemotherapy,
and, in such cases, resection may be advocated. Bismuth
et al*” reported the first experience with downstaging of
unresectable lesions to resectable. They found similar out-
comes to those patients with initially resectable lesions®”
Nuzzo et a™ found similar operative complications, and
3-year overall survival between initially resectable patients
and those with initially unresectable but downstaged le-
sions. Subsequent reports showed conversion rates be-
tween 30%-50% with the combination of hepatic artery
infusional fluoxuridine with systemic chemotherapymm.
In these patients, response to initial chemotherapy ap-
pears to be a predictor of outcome®”.

Initial experience with addition of a vascular endothe-
lial growth factor (VEGF) or epidermal growth factor re-
ceptor (EGFR) target agent (bevacizumab or cetuximab,
respectively) is associated with higher resection rates in
patients with initially unresectable disease. Resection is
usually performed 5-8 wk after the last chemotherapy
cycle with cetuximab or bevacizumab, respectively. The
decision for resectability in these patients is often chal-
lenging, and involves a multidisciplinary team, depending
on the experience of hepatobiliary surgeon and assess-
ment for sufficient remnant liver. Many surgeons and on-
cologists would offer resection as soon as the lesion has
become resectable, whereas others usually continue che-
motherapy for 4 to 9 mo regardless of the response™.

Several techniques have been recently introduced
aiming at downsizing metastatic disease and improving
resectability, including radioembolization, intra-arterial
chemotherapy, and local ablation techniques, especially
radiofrequency ablation. These adjunct modalities will be

discussed separately.

MANAGEMENT OF UNRESECTABLE
DISEASE

The majority of patients with CRC and concurrent me-
tastasis has untesectable disease. However, due advances

in systemic therapy, the survival of these patients is pro-
gressively improving”'. The median survival is improved,
estimated in up to 24 mo.

The approach for untresectable metastatic disease with
synchronous CRC is still controversial. Resection of the
bowel cancer initially is associated with precise defini-
tion of nodal and peritoneal status, prevention of local
complications, the theoretical advantage of reduced total-
body tumor load as well as psychological benefits for the
patient“”. However, the chemotherapy-first approach

July 27,2014 | Volume 6 | Issue 7 |



is considered better by other experts due to the avoid-
ance of postoperative morbidity and mortality, potential
downstaging of unresectable CHM to resectability, and
data showing equivalent survival benefits' .

Monoclonal therapy against VEGF and EGFR should
be considered especially in refractory cases, and will be
further discussed in this review. For non-curative therapy
of CHM, in addition to using the standard FOLFOX or
FOLFIRI chemotherapy regimens, single agent strategies
have been used with survival benefits as evidenced by

the MRC FOCUS (using 5-FU-LV) and CAIRO (using

capecitabine) trials™ >,

TREATMENT MODALITIES

Resection

Surgery is the key step in the management of patients
with CHM and represents the only chance for cure. Re-
section of CHM is considered a relatively safe operation
with an operative mortality less than 5% by most recent
series™>, In high volume centers, median hospital stay
ranges between 5 and 10 d for minor and major resec-
P9 \With increased outcomes, hepatectomies are
now safely performed in elderly patients™

In cases of multiple, bilateral CHM, surgical options
include: parenchyma-sparing approaches, and two-stage
hepatectomy. In a two-stage operation, a portion of the
liver disease is removed, and the contralateral portal vein
is occluded, followed by 1 to 3 mo interval to allow for
hypertrophy of the remaining liver and a curative-intent,
second-stage hepatectomy. In such cases, the portal vein
is occluded intraoperatively or subsequently by percutane-
ous embolization. Most experts perform minor segment
resection first followed by resection of major liver. The
minor-first approach spares the patient with progressive
disease to undergo a major hepatectomy.

Within 2 years, most patients developed a recur-
rence! ™. Approximately 40% of them are eligible to
undergo reoperation. The 5-year survival after first and
second hepatectomies was 47% and 32%, respectivelyw.

The experience with laparoscopic resection of CHM
is yet minimal. Buell ¢z a/"" and Mala ¢ a/*” demonstrated
tumor clearance, feasibility and safety of laparoscopic
liver resection in 31 and 42 patients with CHM, respec-
tively""*. Long-term outcomes compared to open ap-
proach remains unknown.

tions

CHEMOTHERAPY

Although chemotherapy plays a vital role in managing re-
sectable and unresectable CHM, the timing of delivery is
still controversial. For resectable disease, delivery of che-
motherapy may be offered before colon resection (pre-
operative), after colon resection but before liver resection
(peti-operative) or after both resections (post-operative).

Pre- and peri-operative chemotherapy for resectable
disease
For patients with potentially resectable CHM, response
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to chemotherapy has become an important adjunct in
deciding whether to proceed with surgery. Typically, most
tumors either reduce in size or remain unchanged follow-
ing Chemotherapy[zz’“%].

The recommended approach of delivering neoad-
juvant chemotherapy to patients with resectable CHM
consists of a 2-3 mo course of FOLFOX in order to
limit chemotherapy-induced liver injury™, Chemotherapy
application is considered safe to be used in patients with
intact colorectal tumors'*”. In order to avoid difficulties
locating both colorectal tumors and CHM that respond
well to systemic chemotherapy, it would be prudent to
mark the lesions before initiation of therapy, typically
done using India ink tattoo or metallic coils placed by
interventional radiology*[48]. The disadvantages of pre-
operative chemotherapy application include the develop-
ment of new extrahepatic lesions™ as well as a possible

. . . . 22
increased incidence of post-operative sequelae[ 1,

Adjuvant chemotherapy

The application of 5-FU-based chemotherapy post-CHM
resection is established in most clinical practice despite
prospective data limited to only two studies™ . Pooled
analysis of these two trials demonstrated a trend towards
longer disease-free survival but no difference in median
progression-free survival or overall survival. At present,
there is no role for irinotecan-containing chemotherapy
regimen (FOLFIRI) following hepatic resection with no
benefit demonstrated when compared to 5-FU based
regimensm.

The application of systemic chemotherapy for CHM
1s associated with hepatotoxicity, a sequelae that has
been recognized to increase the risk of peri- and post-
operative mortality for CHM resection candidates.
Amongst these hepatotoxic sequelae are hepatic steatosis
seen in 30%-47% of patients on 5-FU"", non-alcoholic
steatohepatitis (NASH) in 12%-25% of patients on iri-
notecan'” and sinusoidal dilation in 78% of patient on
oxaliplatinm. The impact of these hepatotoxic effects is
somewhat varied, although it is clear that the irinotecan-
associated NASH appears to be the most significant
with established evidence of increased post-operative
mortality due to liver failure. Although previously the
recognition of these adverse reactions was the domain of
oncologists, the significant impact on post-operative out-
comes has made it imperative for surgeons to be mindful
of them too before considering operative intervention.

MOLECULAR TARGETED THERAPIES

Monoclonal antibodies against VEGF and EGFR have
added an additional therapeutic option for treatment in
select patients when used in combination with chemo-
therapy. Evidence of the therapeutic benefit of this treat-
ment modality was initially found using the anti-VEGF
monoclonal antibody, bevacizumab, with findings of im-
proved survival when used in combination with therapy
of IFL (irinotecan, 5-FU and leucovorin)*. Additional
studies have demonstrated similar benefits in response
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rate, disease-free progression and overall survival of us-
ing bevacizumab in combination with 5-FU/LV alone
and FOLFOX in the first-line and second-line settings re-
spectively[zgl. Bevacizumab has, however, been associated
with a number of complications, most notably gastroin-
testinal perforation, risk of bleeding and wound healing
problems. As a result, the use of this modality requires
careful monitoring, with treatment withheld for 6-8 wk
prior to resection” "L

Panitumumab and cetuximab are EGFR inhibitors
that have also demonstrated benefits in treating patients
with metastatic CRC. Benefits have particularly been
found using cetuximab in chemorefractory patients, im-
proving survival compared to standard therapies””. In-
deed, similar to bevacizumab, cetuximab appears to have
superior effects when used in combination with®. It also
appears that EGFR inhibitors are most effective for non-
mutated (wild-type) K-ras colorectal tumors””. The side-
effect profile for anti-EGFR antibodies is less extensive,
limited to acneiform rash and hypomagnesemia and al-
lergic reactions with cetuximab only™ and no significant
hepatotoxic effects seen thus far.

ADJUNCT THERAPIES

With the role of surgical resection for CHM widely ac-
cepted, the roles of non-operative liver directed thera-
pies continue to evolve. With numerous new adjunctive
therapies coming to the fore in recent years producing
encouraging outcomes (including downstaging of CHM
and increasing survival), the decision to integrate these
options into current practice is challenging. Broadly
speaking, there are three non-operative, liver directed
therapies in use; intra-arterial therapies, ablative thera-
pies, and radiotherapies.

INTRA-ARTERIAL THERAPIES

The role of intra-arterial therapies continues to evolve.
The delivery of intra-arterial therapies uses the principal
that hepatic metastases deriving their blood supply from
hepatic arteries”™. Therefore, intra-arterial therapy en-
hances drug delivery to hepatic tumors, maximizing local
tumor therapy and limiting systemic therapy with its side-
effects.

Hepatic arterial infusion chemotherapy

The hepatic arterial infusion (HAI) modality delivers che-
motherapy directly to the liver za intra-abdominal cath-
eters or infusion pumps cannulating the gastroduodenal
artery™*". An intimate understanding of hepatobiliary
anatomy by surgeons is required to avoid placement of
these catheters within aberrant anatomy leading to organ
underperfusion with associated peptic ulceration, pancre-
atitis or biliary sclerosis'®. The complex technical skills
for correct placement of these infusion pumps requires
experience often attainable at high volume centers. The
delivery of HAI may be initiated as soon as the first
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post-operative week provided the patient has recovered
well. In the United States, the chemotherapeutic agent
most commonly used for HAI is fluoxuridine (FUDR)
due to its high uptake by the liver limiting systemic toxic
effects'™, although the low toxicity benefit may be lost
by concomitant systemic chemotherapy use!™. Dexa-
methasone has been delivered in conjunction with FUDR
HAI-therapy, reducing biliary sclerosis, increasing tumor
response rate and patient survival™. In Europe, 5-FU
based HAI chemotherapy has also been used with some
success.

HAl in unresectable disease

The role of HAI chemotherapy in unresectable disease
is yet to be defined. This is largely due to inconclusive
evidence from trials regarding patient outcomes'™. On
one hand, HAI has been found to produce higher tumor
response rates than systemic therapy alone, but on the
other no significant survival advantage has been found via
the numerous randomized trials performed so far”. The
application of combination therapy of HAI and systemic
chemotherapy as second-line therapy following failed
conventional chemotherapy[ég] or to downstage initially
unresectable CHM™ have been suggested roles for HAIL

HAI as adjuvant therapy

The evidence supporting adjuvant HAI-therapy is even
less established. To date, there has only been evidence
from a single RCT that demonstrated a significant surviv-
al advantage applying HAI chemotherapy over systemic
chemotherapy in the adjuvant settingle. This subject is
therefore under ongoing scrutiny in current studies as-
sessing HAI chemotherapy #s modern chemotherapy
regimens.

Radioembolization

Radioembolization (or selective internal radiation therapy;
SIRT) delivers high-energy beta-emitting radiation lo-
cally to CHM, delivering its effects specifically on tumor
vasculature and minimizing collateral hepatic damage[m].
At present, this modality is delivered »iz two forms; Yt-
trium-90 (’Y)-labeled resin microspheres (SIR-Spheres®;
Sirtex Medical, Sydney, Australia) and *Y-labeled glass mi-
crospheres (Therasphere®; MDS Nordion, Ottawa, Cana-
da). Radioembolization therapy is performed by injecting
radioactive microspheres designed to embolize into small
vessels around the metastases »iz branches of the hepatic
artery, usually using a percutaneous femoral approach and
fluoroscopic monitoringm.

The current benefits with radioembolization using
Y microspheres have been reduced tumor load of un-
resectable CHM particularly if refractory to conventional
chemotherapy. Indeed, combing radioembolization with
chemotherapy has produced longer tumor suppression
compared to chemotherapy alone™. The results of the
recently ended SIRFLOX trial evaluating the efficacy
of first-line therapy of FOLFOXG6 combined with SIR-
Spheres® »s FOLFOXG6 alone will hopefully provide ad-
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ditional evidence in favor of this treatment strategy in
patients with unresectable CHM!™>™,

Further, trials have also demonstrated similar benefits
of Y microspheres used in combination with other
treatment modalities like HAI therapy, demonstrating a
superior time to progression compared to HAT alone™ ™,

The evidence supporting the use of Yy glass micro-
spheres in CHM is less extensive with limited research
demonstrating CHM tumor regression in upto 88% of
patients with chemo-refractory tumors treated with ™Y
glass microspheresm. The further assessment of 9()Y—glass
microspheres as salvage therapy continues to be evaluated
with an ongoing phase Il multicenter randomized trial
(EPOCH trial) which will hopefully provide corrobora-
tive evidence in support of this modalitym. The long-
term toxicity effects of radioembolization techniques are
yet to elucidated.

Chemoembolization

Chemoembolization [or transcatheter arterial chemoem-
bolization (TACE)] is a form of transarterial therapy that
also utilizes the principal of liver tumors’ predominantly
arterial supply, allowing for regional therapy to the tu-
mors. Similar to HAI, TACE is delivered using selective
angiographic techniques by injection of chemothera-
peutic drug combined with embolic material resulting in
selective ischemic and chemotherapeutic effects on the
CHM"™.

At present, there is no standard approach to deliver-
ing TACE therapy, although the application of a newer
approach, drug-eluting beads composed of irinotecan
(DEBIRI®; Biocompatibles United Kingdom Ltd, Farn-
ham, United Kingdom) is gaining wider acceptance
through ongoing clinical trials”"". Trinotecan is preferen-
tially used in this modality due to its properties allowing for
application to the beads. Administration of DEBIRI® oc-
curs pia a selective arterial catheter, depositing the beads
adjacent to the CHM tumors. This allows for slow release
of irinotecan locally to the tumors.

Although DEBIRI® is presently not approved by the
United States Food and Drug Administration, there are
promising eatly results on its efficacy and safety. Available
clinical trials suggest that DEBIRI® treatment may be as-
sociated with a median survival time of 15-25 mo, which
is broadly equivalent to the outcomes achieved for unre-
sectable CHM with the use of best-practice systemic che-
motherapym. In addition, the majority of patients that
had responded to TACE treatment had failed first-line
chemotherapy regimens'”. Further evidence from addi-
tional trials”™"*” have also found successful downstaging
of untesectable CHM to resectable status with most trials
describing minimal toxicity effects’".

It must be mentioned that the majority of the avail-
able trials to date have methodological flaws, and their
conclusions must be interpreted with caution. To address
the lack of high-quality randomized comparative trials as-
sessing DEBIRI® use, there is ongoing tesearch to evalu-
ate its benefits when used in combination with systemic
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chemotherapy.

ABLATION TECHNIQUES

Ablation techniques aim to induce local destruction of
the CHM. At present, the exact role of ablative tech-
niques in the treatment of CHM is unclear, although
there have been suggestions that its roles may include to

reduce tumor size minimizing the extent of liver resec-
tion required, adjunctive therapy for patients either unfit
for surgery or with unresectable disease. Ablative ap-
proaches can be subdivided into cryoablation, RFA and
microwave ablation.

Cryoablation

Cryoablation was the first thermal ablative modality at-
tempted to treat unresectable hepatic malignanciesm
Cryoablation (or cryosurgery) is induced by local delivery
of liquid nitrogen or argon on a probe tip to the CHM,
resulting in tumor destruction by intracellular ice crystals
that form from the rapid cooling. The “iceball” that forms
around the tip of the probe can be measured by real-time
intraoperative ultrasound although there has been some
suggestion that the tissue furthest away from the tip may
not be cooled sufficiently to cause tissue destruction'”.

Cryotherapy applications

Cryoablation application appears to vary between institu-
tions. In general, its primary use has been for the ablation
of unresectable CHM. Despite initial thoughts that cryo-
ablation could be used in patients with resectable CHM,
high tumor recurrence following cryosurgery has tem-
pered this enthusiasm. So far, previous research has dem-
onstrated a modest 5 year survival of 26% but also low
mortality rates of less than 5% following cryotherapy for
CHM™. Cryoablation used in combination with surgery
has also been shown to produce similar survival benefits
to surgery alone in patients with initially unresectable
CHM™,

The application of cryotherapy to the remnant liver
resection margins (edge cryotherapy) remains undecided.
Although some authors have reported the decreased
application of edge cryotherapy due to report higher
complication rates than hepatic resection alone'” other
institutions have reported positive outcomes with this ap-
proach, finding potential cure of up to 13% of advanced
unresectable CHM compared with resection alone.

Additional benefits of cryosurgery include its facility in
treating bilobar CHM or recurrent hepatic tumors follow-
ing resection in addition to evidence from animal models
that shows decreased secretion of factors that stimulate
growth of occult micrometastases following cryotherapy
compared to post-surgical resection™. One of the short-
comings of cryoablation is its poor ability to destroy tu-
mors next to larger blood vessels due to the “heat-sinking”
effect™, resulting in recurrence rates as high as 44%.
Another disadvantage of this modality is that for unclear
physiologic reasons, patients may suffer from a systematic
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inflammatory response (cryoshock phenomenon)[82’88’89]

associated with periprocedural deaths™*.

RFA

By far, the most extensively evaluated ablative approach
is RFA. RFA is the most widely applied ablative modality
due to ease and safety of application and inexpense of
equiprnentm]. This modality is applied by placing needles
within and adjacent to CHM through which alternating
electrical current is delivered at radiofrequency range gen-
erating heat to desiccate the tumors”™!,

Application

Although RFA is in widespread use across many institu-
tions internationally, a paucity of randomized controlled
trials up to now has prevented the development of a con-
sistent approach to its use. Indeed, to date, there are no
RCTSs comparing surgical resection with RFA in resect-
able CHM, a study that at present seems inconceivable
and unethical considering established survival data from
surgical resection. At present, most evidence from the
retrospective studies available comparing RFA and resec-
tion has demonstrated the inferiority of RFA compared
to surgical resection with increased local recurrence rates
(16%-60% vs 0%-24%) and worse long-term survival”"”?,

At present, RFA is being used to treat unresectable
CHM only, with no extrahepatic metastatic disease”.
Tumors amenable to successful treatment with RFA have
typically been solitary CHM or a few which are not close
to large hepatic vessels”, Tumor size in particular has
been limited to 3-cm due to the circumferential rim of
ablation currently delivered by ablation probes being ap-
proximately 4-cm in diameter, a limitation that may be
addressed with advancement of the technology. Overlap-
ping ablations can be used to treat larger tumors although
this has been associated with less successful complete ab-
lation™. The presence of large blood vessels limits RFA
efficacy because their high blood flow acts a “heat sink”,
protecting adjacent cells from thermal ablation"”.

RFA is delivered »iz open, laparoscopic or percutane-
ous approachesl%J. The application of ultrasound, CT
and MRI are particularly important to guide the needle
in the percutaneous approach while intraoperative ultra-
sound is an additional adjunct used to directly visualize
the tumor in the operative approaches. It appears at pres-
ent that RFA pia laparotomy is associated with the lowest
recurrence rate followed by laparoscopy, and finally by
percutaneous approach. The trade-off of using the least
invasive percutaneous approach must be weighed up
against poor tumor visualization increasing the potential
for recurrence. The surgical approaches are typically ap-
plied at the time of primary or hepatic metastasis tumor
resection.

In addition to the aforementioned advantages of
RFA, it has a relatively lower morbidity profile of < 10%
independent of the approach used for delivery being sur-
gical or percutaneousl%J. Amongst the complications that
have been seen, thermal injury (bowel and biliary injury),
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mechanical (biliary and vessel injury) and septic (abscess

and peritonitis) have been the most widely reported. A

more infrequent presentation of post-ablative syndrome

where patients suffer from self-limiting constitutional

upset including malaise, febrile episodes, myalgia, nausea
.. 193]

and vomiting has also been reported”.

Microwave ablation

Microwave ablation (MWA) is a more recently developed
technique used for CHM. MWA is applied »ia a micro-
wave probe delivered into the tumor »iz image-guided per-
cutaneous, or ultrasound guided surgical approaches. 74
these probes, microwave radiation between 900 MHz and
2.4 GHz is delivered that causes polatized water molecules
within the tissue to oscillate generating friction that pro-
duces heat that destroys tissue by coagulative necrosis”,

MWA application

As this modality is relatively new, the evidence of its ef-
ficacy is limited and has included too many different liver
tumor types particularly hepatocellular carcinoma. The
exact application of MWA for CHM is therefore still un-
clear. Although reported local recurrence rates have been
extremely variable ranging from 3% to 50%, encouraging
evidence from the largest series reported rates as low as
3% and 6%""". Further research would therefore pro-
vide the evidence to define its role as an ablative therapy
in CHM management.

The purported advantages of MWA have been the
more extensive nature of tissue destruction created by
the heating mechanism generated by this technique. This
mechanism also appears to be less prone to the “heat-
sink” effect seen with RFA therapylggj. There has also
been suggestion that intra-operative hepatic inflow oc-
clusion (Pringle maneuver) increases the size of ablated
lesions""". Further, there appears to be reduced occur-
rence of charring using MWA and it creates larger abla-
tion zones up to 6 cm away more rapidly than RFA™.
Interestingly, there is now growing interest over a further
method of cell death induced by microwaves character-
ized by normal-looking but non-viable cells. If indeed
this is correct, this would have important implications in
the post-procedure observation of the ablated tumors,
requiring likely routine histopathology to differentiate
seemingly viable tumor from completely ablated ones.

The complication rates from MWA range from 6% to
30%, most often associated with cases where laparotomy
and additional procedures had been performed[90’97’98J.
There are at present concerns of potential inadvertent
injury to surrounding organs due to the higher energy

generated by this modality.

STEREOTACTIC BODY RADIOTHERAPY

Stereotactic body radiotherapy (SBRT) is another newer
technology that has generated growing interest for use in
ablating CHM"". Unlike external beam radiation therapy
(EBRT) which had previously been abandoned for use

July 27,2014 | Volume 6 | Issue 7 |



in liver tumors due to the narrow therapeutic window
between tumoricidial and hepatoxic effects, SBRT uses
more modern technology that allows for safe treatment

delivery in lung and liver with hypofractionation“m].

Application

SBRT is based on techniques used in stereotactic radio-
surgery for brain tumors™". In this modality, the tumor
location is identified using four-dimensional imaging that
maps the target area accounting for patient movements
during breathing. Gold seeds called fiducials are then
placed within the tumor, which guide treatment. Using
the predetermined tumor coordinates, high-dose radia-
tion is delivered over a relatively shorter duration com-
pared to conventional EBRT.

Although encouraging evidence of tumor local con-
trol rates as high as > 90% have been demonstrated in
lung tumors using SBRT""™'"its application in liver
tumors specifically CHM is still under scrutiny with
few well-designed studies presently available in current
literature. The optimum radiation dosage is also undeter-
mined, although it appears that a higher dose of up to 60
Gy is most effective, eliminating high local progression
ten; maximizing tumor response
rate (up to 90%) and 2-year local control rate of 100%.

Although the treatment is focused, it does not elimi-
nate surrounding toxicity. Specifically, acute gastrointes-
tinal and liver toxicity in addition to chest wall pain have
been reported side effects of the therapy. In addition, and
more importantly, although there is some eatly evidence
of local tumor control with SBRT, it is not yet been dem-
onstrated to significantly impact survival.

rates seen at lower doses

However, the encouraging eatly results have lead to
the assertion that SBRT be considered as an option in
patients not offered surgery after chemotherapy to locally
ablate their CHM"",

CONCLUSION

The management of CHM is complex, and should involve
a multidisciplinary tumor board involving specialized

medical and surgical oncologists. Although overall survival
has increased tremendously over the last 5 years with the
introduction of adjunct therapies, more efficient chemo-
therapeutic regimens still need to be discovered. Concur-
rently, the criteria for resection is much more liberal and
should be based on functional remnant liver volume.
Even in situations where multiple, bilobar liver metastases
are present, resection may be a considered option. Both
basic studies and prospective trials are necessary to further
understand the molecular aspects of colorectal hepatic
metastasis, and therefore improve outcomes.
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Abstract

Juvenile autoimmune hepatitis (JAIH) is a progressive
inflammatory liver disease, affecting mainly young
girls, from infancy to late adolescence, characterized
by active liver damage, as shown by high serum activ-
ity of aminotransferases, by elevated immunoglobulin
G levels, high titers of serum non organ-specific and
organ-specific autoantibodies, and by interface hepa-
titis on liver biopsy. It is a multifactorial disease of un-
known etiology in which environmental factors act as
a trigger in genetically predisposed individuals. Two
types of JAIH are identified according to the autoan-
tibody panel detected at diagnosis: AIH-1, character-
ized by the presence of anti-smooth muscle antibody
and/or antinuclear antibody and AIH-2, by anti-liver-
kidney microsomal antibody type 1 and/or by the
presence of anti-liver cytosol type 1 antibody. Epide-
miological distribution, genetic markers, clinical pre-
sentation and pattern of serum cytokines differentiate
the two types of AIH suggesting possible pathogenetic
mechanisms. The most effective therapy for AIH is
pharmacological suppression of the immune response.
Treatment should be started as soon as the diagnosis
is made to avoid severe liver damage and progres-
sion of fibrosis. The aim of this review is to outline the
most significant and peculiar features of JAIH, based
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largely on our own personal database and on a review
of current literature.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Juvenile autoimmune hepatitis; Autoim-
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Core tip: Juvenile autoimmune hepatitis is an inflam-
matory liver disease affecting mainly young girls from
infancy to late adolescence, characterized by active
liver damage, elevated immunoglobulin G levels, high
titers of serum non organ-specific and organ-specific
autoantibodies, and interface hepatitis on liver biopsy.
Two types are identified according to the autoantibody
panel, with differences in the epidemiological distribu-
tion, genetic markers and clinical presentation. The
most effective therapy for autoimmune hepatitis is
pharmacological suppression of the immune response.
Treatment should be started as soon as the diagnosis
is made to avoid severe liver damage and progression
of fibrosis.
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Available from: URL: http://www.wjgnet.com/1948-5182/full/v6/
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INTRODUCTION

Autoimmune hepatitis (AIH) results from an autoim-
mune attack of the liver parenchyma. The term “autoim-
mune hepatitis” was first employed by Mackay ez al" in
1965 to describe “a persistent liver disease, with highly
elevated levels of serum transaminase, sometimes over
1000 units, elevated serum gamma globulins, up to 6.0
g per 100 mL, piecemeal necrosis on liver biopsy with
diffuse lymphoid infiltration and fibrosis, progressing to
cirrhosis, various autoantibodies reactions in the serum,
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improving with immunosuppressive drugs”. The pattern
of the serum autoantibodies that characterize patients
with AIH led to a classification of this disease'™".

In children, after anecdotal reports of cases of chron-
ic hepatitis and hypergammaglobulinaemia in the sixties'
it was clearly shown that about half of the children with
the histological features of chronic active hepatitis had
hypergammaglobulinemia and high titers of serum au-
toantibodies”™ and that these patients responded in most
cases to prednisone and azathioprine treatment, therefore
suggesting an autoimmune mechanism®”. In the same
period a peculiar form of autoimmune hepatitis, now
called AIH-2 was described as a distinct entity in chil-
dren™ and later confirmed in adults”.

The aim of this review is to outline the most signifi-
cant and peculiar features of juvenile AIH (JAIH), based
largely from our own personal database; additionally we
searched PubMed with the term of “juvenile autoim-

2« <«

mune hepatitis”, “autoimmune hepatitis”, “epidemiol-

FEINNT3

ogy”, “pathogenesis” and “treatment”, filtered for age
“birth-18 yeats”.

DEFINITION

AIH is a liver disease of unknown origin, pathogeneti-

cally characterized by an inflammatory liver disease, as
shown by high serum activity of aminotransferases, by
elevated immunoglobulin G levels, high titers of serum
non organ-specific and organ-specific autoantibodies, and
by interface hepatitis on liver biopsym. It affects mainly
young gitls and spontaneously progresses to severe liver
damage. Immunosuppressive therapy, which should be
started as soon as diagnosis is made, induces clinical and
biochemical remission in most treated patients. If un-
treated, cirrhosis and terminal liver failure may rapidly

[6]
occur .

EPIDEMIOLOGY

AIH can be diagnosed at any age in both sexes. Mean an-
nual prevalence in European adults ranges from 11.6 per
100 individuals to 17 per 100""'? with point prevalence
in homogeneous populations, such as Alaskan natives, of
42.9 per 100 individuals'”. Epidemiological data on JATH
are largely incomplete. There is only one recent report on
the incidence and prevalence of JAIH, which was con-
ducted in Utah, United States. In this study, the incidence
and prevalence of JAIH was reported to be 0.4 and 3.0
cases per 100000 children, respectively'?. ATH-1 is the
more common type of AIH, which also affects adults
and often presents at puberty, while AIH-2 is typical of
pediatric age, presenting at a younger age, and even dur-
ing infancyls’m.

PATHOGENESIS

AIH is a multifactorial disease of unknown etiology. En-
vironmental factors act as a trigger with self-perpetuating
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liver inflammation in predisposed individuals who carry
a complex genetic background. Moreover, a defective
immunoregulatory function, possibly genetically related,
fails to control autoreactive clones and let the disease
become clinically evident. The histological picture of
interface hepatitis, in which a mononuclear and plasma
cell infiltrate, which originates in the portal tracts, and
disrupts the parenchymal limiting plate, morphologically
illustrates this process. Among the inflammatory cells,
activated T lymphocytes, positive for the CD4" helper/
inducer phenotype, predominate. These cells are believed
to recognize self-antigens on the hepatocyte surface and

. . . 16
to trigger the autoimmune liver damage!”

Genetics
Main susceptibility HLA alleles for AIH-1 in Europe
and North America were found to be DRB7*0407 and
DRB7*0301. The presence of these alleles confers an
increased risk of developing AIH-1 and influences some
features of the disease'”. Geographic variation of the
genetic predisposition to AIH-1 exists: in some countries
such as Japan, Mexico and Argentina, DR3 haplotype
is poorly represented in the general population, and the
principal susceptibility alleles for AIH-1 are DRB7*0404
and DRB1#0405"*", European children display the typi-
cal pattern for AIH-1 of Caucasian patients with a sig-
nificant prevalence of DRB7*0307 and DRB3*01071%".

Knowledge of the genetic background of AIH-2 is
limited. In Europe, DRB7*03 and DQOB7*02 alleles may
have an important role, whereas other studies reported
an increased frequency of DRB7*07, DRB4*07 and
DQB7*06. In a pediatric population from Brazil, a sig-
nificant increase of DRB7*07, DRB4 and DQOB7*02 was
observed. Moreover, HI.A-DRB7*07 allele was found
significantly associated with the presence of anti-liver-
kidney microsomal antibody type 1 (LKM-1) alone and
HI.A-DRB7*03 allele with anti-liver cytosol type 1 anti-
body (LC-1)*%,

A partial deficiency of HLA class Il complement
component C4, genetically determined, has been associ-

ated with JATH™.

Environmental factors

A number of drugs may cause unpredictable, dose-inde-
pendent, immune-mediated liver damage. Autoimmune
hepatitis related to halothane, tienilic acid, dihydralazine
and minocycline are typically associated with LKM auto-
antibodies even though the molecular targets are different
from AIH-2 (7e., CYP2E1 for halothane and CYP2C9
for tienilic acid)™.

Several viruses have been proposed as triggering fac-
tors for AIH such as HAV, measles, EBV or HSV, based
on clinical or epidemiological criteria®, CYP2D6, the
specific target of LKM-1 antibodies, shows epitopes
that cross-react with homologous region of HCV, CMV
and HSV®, Although definite evidence supporting this
mechanism is lacking, it is conceivable that, infections
with otherwise common viruses might lead, within a per-
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missive genetic background, to break tolerance to self-
antigens like CYP2D6, which could also be expressed,

. .. 29]
under particular conditions, on the hepatocyte surface®.

Autoimmune reaction as a defect of regulatory function
A defect in a subpopulation of T lymphocytes regulating
the immune response to liver- antigens expressed on the
hepatocyte membrane has been reported in patients with
AIH-1"". This T-cell subpopulation, bearing the interleu-
kin 2 receptor o-chain (CD25") and known as functional
regulatory T-cells (T-regs), has been extensively studied as
the putative main subset of regulatory cells for immune
tolerance maintenance. In AIH patients, T-regs lympho-
cytes were found to be defective in number' . Moreover,
functional studies have suggested that these cells are
defective in promoting secretion of regulatory cyto-
kines by their targets and in regulating CD4" and CD8"
T-cell proliferation and interferon-gamma production
and that they are unable to restrain monocyte activation
and function"”. However, using different markers, such
as FOXP3, to identify T-regs lymphocytes, their role, in
AIH, as the main immunoregulatory cells was recently
challengedm‘m.

In AIH-2, the principal autoantigen (CYP2DO) is
known, and the dominant epitopes target of the B and
T-cell immune responses are also well characterized. On
this basis, generation and expansion of HLA-restricted
specific T-reg lymphocytes has been attempted and their
immunomodulatory properties have been described i vi-
#rd™, Targeted immunotherapy with autologous infusion
of ex-vivo expanded T-regs was demonstrated to induce
remission of experimental ATH of mice"™",

Animal models

Advances in understanding the pathogenesis of AIH has
been limited by the lack of accurate animal models. Mu-
rine models have been generated through DNA immuni-
zation with a chimeric fusion protein containing human
CYP2D6 and human forminotransferase cyclodeaminase,
the two self antigens of type 2 AlH, together with the
extracellular region of mouse, cytotoxic T-lymphocyte
antigen 4, as an immunological modulator”™. Another
model for AIH-2 uses CYP2DG6 transgenic mice and
tolerance mechanisms are overrun with the use of an
adenovirus-CYP2D6 vector””. Immunized or infected
mice developed chronic histological changes in the liver
close to interface hepatitis, resembling those of AIH,
with the development of a specific immune response
with the production of anti-LKM1 and anti-LC-1 anti-
bodies. A third animal model was created without the use
of active immunization against xenopeptides, but using
a transgenic mouse expressing chicken ovalbumin on the
hepatocyte surface™.

CLINICAL FEATURES

A specific autoantibody panel identifies two types of
AIH: the presence of anti-smooth muscle antibody (SMA)
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and/or antinuclear antibody (ANA), in ATH-1%""" and
LKM-1 and/or LC-1, in ATH-2""!. Epidemiological
distribution, genetic markers, clinical presentation and
pattern of serum cytokines differentiate the two types
of ATH suggesting possible pathogenetic mechanisms™”
AIH-1 presents at any age, from infancy to the elderly,
and in both sexes, while AIH-2 presents almost exclusive-
ly in childhood, with a very high incidence in females™.
Patients with AIH-2 present at younger age that AIH-1,
and are at higher risk to develop an acute liver failure™",
Hypergammaglobulinemia is common in AIH-1, but it
can be absent in AIH-2"". Moreover, ATH-2 is almost
never associated with evidence of bile duct lesions while
bile duct lesion is commonly observed in ATH-1", Extra
hepatic diseases of autoimmune mechanism are frequent-
ly observed in patients with both types of AIH. Autoim-
mune thyroid diseases (Grave’s and Hashimoto diseases)
and autoimmune skin diseases such as vitiligo or alopecia
are more frequently observed in ATH-2",

Three patterns of clinical onset characterize JAIH:
(1) Acute onset with anorexia, nausea, vomiting and ab-
dominal pain followed by jaundice, eventually suggesting
an acute viral hepatitis, is the most frequent. In particulat,
patients, with ATH-2, are at higher risk than AIH-1 to de-
velop acute liver failure with encephalopathy; (2) Insidi-
ous onset with progressive fatigue, anorexia, and inter-
mittent jaundice lasting for several months/years before
diagnosis, can be observed in about a third of patients.
All these patients have clinical evidence of chronic liver
disease and/or of cirrhosis at diagnosis; and (3) About
10% of patients may be asymptomatic when the liver
disease is serendipitously discovered by the finding of
clinical signs of chronic liver disease or by an increase of
aminotransferase activity.

In a few patients, JAIH may reveal itself with symp-
tomatic portal hypertension or with symptoms related to
an extrahepatic autoimmune disease such as autoimmune
thrombocytopenia, autoimmune haemolytic anemia, dia-
betes type 1, autoimmune thyroiditis, vitiligo, cutaneous
vasculitis, uveitis, glomerulonephritis, juvenile chronic ar-
thritis, systemic lupus erythematosus, Sjégren’s syndrome,

. . . - 8,15,38
celiac disease and inflammatory bowel disease™",

LABORATORY FEATURES

At diagnosis, the “activity” of the liver disease can be
documented by the presence of an almost constant in-
crease of liver enzyme, in particular of serum transami-
nase activity that may increase up to 50 times or more
the upper normal limit, while gamma glutamyltransferase
(GGT) activity may be normal or only slightly elevated.
An increase of GGT should suggest bile duct damage as
in the case of autoimmune hepatitis/cholangitis ovetlap
syndrome. Serum gamma globulins and immunoglobu-
lins G are usually elevated, sometimes markedly, up to 6-8
g/L. Serum albumin may be normal in absence of liver
function impairment and ascites. Serum immunoglobulin
A deficiency and/or genetically determined low levels of
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C4 can be observed in ATH-2. Prolonged prothrom-
bin time suggests severe liver function impairment.

Autoantigens and autoantibodies

Recognition of pathogenetic autoantigens in AIH might
be one of the key factors to develop an etiologic-based
therapy. Unfortunately most of the antigens recognized
by autoantibodies detected in AIH are either non organ-
specific or intracellular molecules, unlikely involved in
triggering autoimmune reaction. The most studied can-
didate autoantigens are the asialoglycoproteins receptor
(ASGP-R) for type AIH-1 and the cytochrome P4502D6
(CYP2DO) for ATH-2.

The ASGP-R is an organ-specific antigen expressed
in the hepatocyte membrane. Even if several experimen-
tal studies had been published, its role in pathogenesis
of AIH is still controversial™. Both peripheral and in-
filtrating lymphocytes collected from adult and pediatric
patients with AIH show a proliferative response to hu-
man ASGP-R™ and a lack in T-suppressing function
of CD4" T-cells specific for ASGP-R and corrigible by
immunosuppressive therapy, has been described both in
patients and in their healthy relatives.

Seven isoforms of cytochrome P450 are expressed
in human liver and all of these isoforms are targets of
LKM reactivity in different types of autoimmune, viral
or drug induced liver disease. CYP2DG is an intracellular
enzyme active in detoxification of several drugs and is
the molecular target of ATH-2", By effect of some cyto-
kines, CYP2D6 can be expressed on hepatocytes surface
becoming a potential target for autoreactive T-cells™,

Detection of serum non-organ-specific autoantibod-
ies (ANA, SMA and LKM-1) known to be associated
with autoimmune liver diseases is a critical component
of diagnostic criteria developed by International Auto-
immune Hepatitis Group™. Their assessment should
preferably be performed by indirect immunofluorescence
(IIF) on frozen section of rat liver, kidney and stomach,
and the presence of ANA/SMA and LKM-1 is virtually
mutually exclusive. Sera screened positive for ANA/SMA
should be further examined to assess the pattern of
nuclear staining by the use of HEp2 cell monolayers, or
to define the target of the SMA reaction™,

The autoantibody profile does not markedly vary in
the course of AIH with the exception of ANA reactivity
that can be detected “de novo” in both subgroups of AIH.
Autoantibodies titers varies during the course of the
disease usually reducing in titer in case of remission, but
also independently[%’m.

Autoantibody titers are not predictive of biochemical
or histological remission. High titers at onset do not sug-
gest a more aggressive disease and their disappearance
from serum is not predictive of a better disease control
during treatment or of a sustained remission in case of
discontinuation of treatment.

Antinuclear and anti smooth muscle antibody, the
serological hallmark of AIH-1, are usually present at high
(= 1:100) titer, but they are not specific of AIH. ANA
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and SMA can, in fact, be detected in other liver diseases
(viral or drug induced hepatitis, steatohepatitis and hepa-
tocellular carcinoma) and also in non-hepatic disorders,
however at lower titers.

Various patterns of ANA staining can be observed:
homogeneous (60%) and speckled (15%-25%) are the
most frequent, however they are not considered of clini-
cal importance and they may vary in the same patient,
during treatment. Several nuclear antigens have been
identified, as a target of ANA reactivity: single and dou-
ble-stranded DNA, histones, chromatin, ribonucleopro-
tein complexes, cyclin A and centromere, but no single
AIH specific antigen has been detected so far. In AIH-1,
ANA can be detected either alone or in conjunction with
SMA. In children, ANA is considered positive when the
titer is = 1:40, however since ANA reactivity at low titer
can be frequently found in children we suggest raising
the positivity cut-off to at least to 1:100. Moreover, Anti
dsDNA antibodies can be detected in 25% of ANA-
reactive AIH-1 patientsm].

When using rat stomach as substrate for SMA: uni-
form IIF stain of the muscolaris mucosa, blood vessels
walls (V) and parietal cell occurs. With rat kidney tissue,
staining of the mesangial area of glomeruli (G) and of
proximal renal tubular cells (T) also occurs. “VG” and
“VGT” staining patterns are the most frequent IIF pat-
terns encountered in ATH. SMA reactivity usually stains
structural components of the cytoskeleton such as des-
min and troponin. In AIH SMA reactivity is directed
against filamentous (F) actin. Anti-F-actin can be detect-
ed using cultured human fibroblast or HEp2 cells. Anti-
F-actin specificity is higher than SMA but anti-F-actin an-
tibodies may be found also in viral infection, connective
tissue disease and celiac disease.

Anti-LKM-1 serum teactivity defines the AIH-2, the
most common type of JAIH occurring in infancy and
childhood™. LKM-1 are present in 30%-70% of sera of
patients with AIH-2 with anti-L.C-1 antibody. Occasional
patients with both ANA and LKM-1 have been defined
as ATH-2.

LKM-1 stains hepatocytes and the proximal renal
tubular cells (P3 portion) of liver and kidney sections
in mice. Occasional staining of the distal renal tubules
usually generates confusion with anti-mitochondrial auto-
antibody (AMA). AMA positivity in children is rare and
Primary Biliary Cirrhosis is exceptional in pediatric age.

Anti-LC-1 is an organ-specific antibody, which homo-
geneously stains, in IIF, the cytoplasm of the hepatocytes,
sparing the perilobular layer of central veins and without
staining of the proximal renal tubules™. LC-1 can also
be detected with both immunodiffusion and immunob-
lotting. LC-1 antibody reacts with forminotransferase
cyclodeaminase, a 58-62 Kd liver specific antigenm] and
together with LKM-1, characterizes AIH-2. In fact LC1
reactivity can be found associated with LKM-1 in about
50% of AIH-2, but LC-1 may characterize on its own, as
a sole autoantibody children with ATH-2"",

The simultaneous presence of LKM-1 may obscure
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Figure 1 Interface hepatitis with piecemeal necrosis and lymphocyte
spillover across the limiting plate.

LC-1 1IF reactivity. In these cases it is necessary to use
another method to detect the presence of LC-1 such as
immunodiffusion, ELISA, Western blot or dot blot.

Anti-SLA is a non organ-specific antibody which
target antigen is likely to be a 50 Kd protein identified as
O-phosphoseryl-tRNA: selenocysteinyl-tRNA synthase.
Anti-SLA is considered a specific marker for AIH-1 being
present in 6% to 58% of adults and children with AIH-1,
alone or in combination with SMA and/or ANAP". Tts
detection could be particularly useful in patients who are
negative for conventional markers of the disease (ANA,
SMA), but its diagnostic role in JAIH is not relevant.

Anti-human ASGPR is a species-specific, liver-specific
autoantibody that can be detected in sera of patients with
various inflammatory liver diseases, but predominantly in
AIH. The absence of a commercialized assay restricts its
use to few laboratories.

Anti-neutrophil cytoplasmic antibodies (ANCA) con-
stitute a heterogeneous group of autoantibodies directed
against various subcellular components of neutrophils or
myeloid cells and their presence has been proven to be
a reliable diagnostic tool in systemic vasculitis. They are
routinely detected by IIF on ethanol fixed human neutro-
phils and commonly classified in cytoplasmic (cANCA),
petinuclear (pANCA) and atypical (pANNA). Atypical
PANCA are characterized by non-homogeneous labeling
of the nuclear periphery together with multiple intra-
nuclear fluorescent staining and have been reported in
patients with autoimmune liver disease including scleros-
ing cholangitis associated with inflammatory colitis and in
ATH-1.

LIVER HISTOLOGY

The International Autoimmune Hepatitis Group has
affirmed the role of liver biopsy for the diagnosis of
ATH™, liver biopsy is thus recommended in all patients
suspected AIH unless there is a significant contraindica-
tion, The histological hallmark of AIH is “interface
hepatitis” (formerly called piecemeal necrosis) (Figure 1).
A considerable amount of eosinophilic granulocytes can
be observed within the portal infiltrate, especially in such
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Figure 2 Liver biopsy of a 6 mo old infant with autoimmune hemolytic
anemia showing diffuse giant cell transformation and moderate inflamma-
tory portal infiltrate.

. L 52
cases associated to celiac disease’™

In patients with AIH presenting as an acute liver dis-
case, liver histology allows for differentiation between
spontaneous exacerbation of a chronic liver disease
(“acute-on-chronic”) and a newly developed disease. In
the latter case, centrilobular zone 3 necrosis is the most
typical pattern”™. Subsequent transition to the classic fea-
tures of “interface hepatitis” usually occurs. Other pos-
sible liver biopsy findings in AIH include the presence
of giant multinucleated hepatocytesfs‘q. Moreover, diffuse
giant cell transformation characterizes a distinct form of
AlIH in infants, associated with autoimmune hemolytic
anemia”” (Figure 2).

Massive liver cell necrosis may be present in AIH with
acute severe/fulminant onset and may be associated with
bridging necrosis and/or with multilobular or panlobular
necrosis. These histological findings support but do not
constitute firm evidence for the diagnosis of AIH.

Biliary ducts are usually not affected in AIH and the
presence of lymphocytic cholangitis, or that of a mixed
inflammatory infiltrate surrounding and infiltrating the
bile ducts, has received a negative diagnostic rating on
the TATHG diagnostic score”. However, the incidental
presence of bile duct inflammatory changes has been
recognized in patients with AIH responding to immuno-
suppressive treatment””. In children, bile duct inflamma-
tory changes are common in AIH-1, but are very rare or
absent in ATH-2.

Liver biopsy also provides information on prognosis,
identifying the presence of cirrhosis. Cirrhosis may be
present at diagnosis or rapidly develop in JATH"", Cit-
rhosis is more frequent at diagnosis in AIH-1 than in
AIH-2" however, concerning the diagnosis of cirrhosis,
“blind” percutaneous liver biopsy has been demonstrated
to be of low diagnostic sensitivity, since up to 50% of
patients may not be correctly diagnosed"”.

DIAGNOSIS

JAIH has variable clinical manifestations and should be
considered in the diagnostic work-up of any patient with
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a cryptogenic liver disease. Diagnosis of JAIH basically
relies on the exclusion of other possible known causes of
the hepatic disease, such as chronic viral infections and
Wilson’s disease and by clinical biochemical and histologi-
cal “positive” criteria. Diagnosis is not challenging when
all the major clinical and biochemical elements of the
disease are present, such as the occurrence of an autoim-
mune disease in the same patient, a biochemically “active”
liver disease, an elevation of serum gamma globulins,
presence in serum of autoantibodies known to charac-
terize JAIH, and compatible histopathological features
on liver biopsy. However, sometimes the diagnosis may
become difficult and for this reason, in 1993, an interna-
tional board of physicians published a set of criteria to
identify patients as having either “definite” or “probable”
autoimmune hepatitis”. Once used primarily for scientific
and research purposes, this scoring system is now widely
used in clinical practice after being reviewed in 1999%,

A simplified scoring system has since been proposed
based solely on four parameters (autoantibodies, IgG
levels, liver histology and exclusion of viral hepatitis),
and has been validated in adults with 88% sensitivity
and 97% speciﬁcity[sgl. When comparing both scoring
system in adults, we see that the revised original scoring
system has shown greater sensitivity for the diagnosis
than the simplified scoring system (100% zs 95%), while
the simplified score had greater specificity (90% vs 73%)
and predictability (92% »s 82%) for AIH than the revised
original systern[()m. The original scoring system was as-
sessed in children using the GGT/aminotransferase ratio
instead of the alkaline phosphatase/aminotransferase
ratio to improve its speciﬁcity[()”. When tested in children
the simplified scoring system was not proved to be ef-
fective mainly because of its low sensitivity®. Tn conclu-
sion, no validated scoring system for the diagnosis exists
for JAIH[(’}]. In challenging cases, once Wilson’s disease
is excluded, and in absence of liver function failure, an
immunosuppressive treatment should be attempted for
at least 6 wk. A positive response to this treatment would
suggest AIH. Moreover, relapse after immunosuppres-
sive drug withdrawal is positively weighted in the IAIHG

. N . - 23
diagnostic criteria™,

MANAGEMENT

The most effective therapy for JAIH is pharmacological
suppression of the immune response. Treatment should

be started as soon as the diagnosis is made to avoid se-
vere liver damage and progression of fibrosis. Standard
therapy includes a combination of prednisone and aza-
thioprinew
py™"?!. Prednisone or prednisolone is used at a higher

or occasionally prednisone as a monothera-

dose that used in adults (2 mg/kg per day, up to a maxi-
mal daily dose of 60 mg/d in the adolescent) and aza-
thioprine is administered starting from 1 mg/kg per day
up to a maximum of 2.5 mg/kg per day. First line combi-
nation therapy including prednisone and azathioprine can
be more effective than prednisone alone!™. Morcover,
the “steroid-sparing” effect of the azathioprine allows
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reducing more rapidly the steroid dose, thus tapering side
effects related to the prolonged use of steroids at high
dose.

The goal of the treatment is to obtain clinical and
biochemical remission of the liver disease clinical signs
with normalization of the “activity” of the disease (trans-
aminase, gamma globulins) and of the liver function
(prothrombin activity; INR). The definition of treatment-
induced remission in JAIH should be stricter than that
used in adult disease: the serum activity of aminotrans-
ferase should be maintained within the upper limit of
normal, serum immunoglobulin G levels within the
normal range for age, and serum autoantibodies absent

1521 Byen clinical and biochemical

or at very low titer
remission do not always reflect histological resolution of
inflammation, the proof of histological remission is not
required. The rapidity and degree of response to treat-
ment depends on the disease severity at onset. In JAIH,
treatment is associated, in over 90% of cases, with a mea-
surable clinical and laboratory response within 4 to 8 wk.
Complete normalization of biochemical parameters may,
however, take several months. On histopathological eval-
uation, the immunosuppressive treatment improves the
fibrosis score, with an arrest in its progression into cir-
rhosis. Fibrosis control is mainly associated with regres-
sion of necroinflammatory activit}7[65]. Once remission is
obtained, it must be maintained in the long term on the
lowest possible dose of medication. Different therapeutic
schedules of treatment discontinuation exist and should
be tailored on individual patients. Prednisone is usually
first decreased; the shift to alternate-day use of steroids
may be suitable because of the lower incidence of side
effect®. In cases of severe liver function impairment at
diagnosis, liver function may further deteriorate despite
an appropriate therapy. In these patients immunosuppres-
sive therapy should be modified with the introduction of
a third drug such as cyclosporine. In case of further non-
response, the possibility of a liver transplant should be
considered.

When complete remission is achieved, the goal of
the immunosuppressive treatment is to maintain remis-
sion and to prevent relapse of the disease. Prednisone
should be further reduced to the lowest dose that allows
a biochemical remission. Alternate-day doses of pred-
nisone associated to azathioprine are usually effective in
maintaining remission. A relapse may occur at any time,
the most frequent cause of a relapse is patient’s non-
compliance. It is questionable that a histological remis-
sion has to be demonstrated through a liver biopsy in
patients with clinical and biochemical remission, since the
presence of histological remission has not been shown to
be sufficiently indicative of an absence of possibility of
relapse in the case of further reduction of the immuno-
suppression'. Liver fibrosis rarely progresses in patients
who maintain a persistent biochemical remission and
it can even diminish during treatment. Duration of the
immunosuppressive treatment before attempting discon-
tinuation is unknown; stopping treatment within the first
two years is usually followed by a relapsem. We suggest
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that sustained remission should be maintained for at least
five years, thereafter, in case of combined treatment of
prednisone and azathioprine, prednisone is stopped and
the patient is maintained on azathioprine monotherapy.
Azathioprine monotherapy had been demonstrated to
maintain remission in most patients with ATH"". Unde-
tectable serum autoantibodies do not exclude the risk
of relapse, but an increase of the titer of autoantibodies
suggests caution in modifying the dose of immunosup-
pressive therapy.

Particular variant forms of AIH, as celiac disease-
associated AIH on gluten free diet, might have a lower
risk to relapse after treatment discontinuation®. In such
cases a discontinuation attempt after less than 5 years of
treatment could be justified.

Steroids mostly cause side effects of immunosuppres-
sive therapy, including increase of food intake leading to
moderate and reversible weight increase and a reduction
of height growth. Severe side effects include obesity,
growth failure, severe cosmetic changes, cutaneous striae,
vertebral collapse, hyperglycemia, and cataracts, causing
both visual impairment and, potentially, psychosis. Aza-
thioprine is usually a safe drug, and cytopenia necessitat-
ing a dosage reduction is a rare event. Teratogenicity and
oncogenicity issues resulting from azathioprine use in
humans have not been conclusively demonstrated. Preg-
nancy should however be excluded in adolescent girls
before starting treatment with azathioprine. However, if
prolonged azathioprine treatment is needed, pregnancy
has been demonstrated to be safe, in the long term, in
young females with ATH™, During pregnancy, higher
doses of prednisone may be an alternative option for
those young women who prefer azathioprine withdrawal.
However, vigilance is required at all times, and patients
need careful monitoring, especially in the postpartum pe-
riod, because of the possibility of relapses.

In case of non-response to conventional treatment or
in the presence of severe side effects of corticosteroids
the use of cyclosporine A is indicated. Cyclosporine A
at a median dose of 5 mg/kg per day induces remission
in children and adolescents with ATH with a initial tar-
get concentration in serum of cyclosporine of 200-250
ng/ mI."72, Cyclosporine treatment side effects including
mild gingival hyperplasia and reversible irsutism in some
patients, are usually well tolerated and disappear after
reduction of the dose™. Normality of renal function
should be verified before starting this drug. In the follow-
up, once remission is obtained, the dose of cyclosporine
can be reduced with a target concentration of 100 ng/mL
ot the patient may be shifted to conventional treatment.

In children who ecither did not tolerate azathioprine
or did not respond to conventional treatment, mycophe-
nolate-mofetil (MFM, 20 mg/kg per day) in addition to
steroids therapy has been shown to induce and maintain
remission””. Side effects of MFM include headache, diat-
rhea, dizziness, hair loss and neutropenia.

Budesonide, a steroid that is rapidly metabolized with
low systemic exposure, in combination with azathioprine,
has been recently shown in a trial including patients with
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JAIH to induce and maintain remission with fewer side
effects than prednisonem. However, the low proportion
of remission observed in this study compared to that
reported in others pediatric studies using prednisone and
azathioprine schedules, do not support its use as first-line
treatment of ]AIHW. Recently Rituximab, a monoclonal
antibody against CD20, a B-lymphocyte surface antigen,
has been successfully used in selected cases as a rescue
therapym.

Liver transplantation should be considered as a thera-
peutic option for children and adolescents with JAIH and
chronic end stage liver disease or in patients with acute
liver failure at onset not responding to rescue immuno-
suppression. Five-year post-transplant survival in JATH
patients is scored at 86%".

LONG-TERM OUTCOME

Immunosuppressive treatment has convincingly altered
the outcome of most patients with ATH*""™ Indeed
according to previous prognostic studies on adults, 40%
of patients with severe disease without treatment die
within six months of diagnosis and cirrhosis eventually
develops in at least 40% of untreated survivors™ .

On the other hand the 10-year survival rates among
treated adults is 60% for those with cirrhosis on the ini-
tial liver biops§7[83’85] and more than 80% for those patients
without cirrhosis at presentation[%].

The long-term outcome of JAIH still remains scarce-
ly known, however, in case of full and prompt response
to immunosuppressive therapy, the prognosis is usually
satisfactory and most patients survive in the long-term
with excellent quality of life and, in the majority of cases,
on low dose immunosuppression.

In the five largest published series of children with
AIH, overall survival rate in long-term treated patients
exceeded 80% with a 5-year survival with native liver
ranging between 67% and 87%; follow-up ranged from 4,
8to 10 yearsmﬁ&smﬂ,

The presence of cirrhosis on initial liver biopsy did
not seem to impact long-term survival in children with
ATH""™ while elevated total bilirubin and prolonged
INR are independent risk factors of death and/or need
of liver transplantationm. Immunosuppressive treat-
ment requires to be prolonged in the long term in the
majority of patients; however, sustained remission after
treatment discontinuation has been reported in 13% to
20% of patientsmsﬂ.

End-stage liver disease leading to liver transplantation
has been reported to develop up to 14 years after diag-
nosis in 8% to 16% of children with JAIH compliant to
immunosuppressive therapy and in absence of an evident
biochemical relapsem’sﬂ.

VARIANT FORMS OF JAIH

Giant cell hepatitis with autoimmune hemolytic anemia
Giant cell hepatitis with autoimmune hemolytic anemia
is a rare entity described by Bernard ez a/” in 1981, pre-
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senting in eatly childhood with severe progressive liver
disease in combination with Coombs positive hemolytic
anemia. The clinical course is usually aggressive leading
to hepatic failure and death.

The mechanism of liver disease is not known, but an
autoimmune process is believed to be responsible for this
component of the disease as well. A study by Whitington
et al”™ has recently provided evidence that systemic B cell
autoimmunity might play a pathogenetic role even if au-
toantibodies are usually absent, histological features char-
acteristic of auto-immune hepatitis are missing, and the
disease is highly refractory to therapy that would usually
be effective in AIH. Conventional immunosuppressive
treatments (steroids, azathioprine, cyclophosphamide,
cyclosporine, mycophenolate) are associated with high
toxicity and often produce only partial or short-lasting
remission”". Liver transplantation is associated with high
rate of disease recurrence. In more recent studies the
use of anti-CD20 monoclonal antibody (Rituximab) has
been reported to be effective in patients with refractory
hepatitism]. Intravenous immunoglobulins have been also
reported to be efficacious in case of severe liver func-
tion impairment at onset or during a relapse in patients
treated by multiple immunosuppression although their

efficacy seems to be only temporary[%].

Autoantibody-negative autoimmune hepatitis
Cryptogenic hepatitis with autoimmune features in ab-
sence of detectable serum autoantibodies is described as
“autoantibody-negative ATH”. Tt affects a small pro-
portion of adult patients presenting with a cryptogenic
liver disease with acute or chronic presentation with
the clinical, biochemical and histopathological features
of AIH and responsive to immunosuppressive treat-
ment”"”", The comprehensive international scoring sys-
tem can support, but never override the clinical diagnosis
pre-treatment, and non-standard serological markers
should be sought in order to enhance diagnostic confi-
dence™™. A 3-mo treatment trial with corticosteroids
should be considered in all candidates for the diagnosis,
regardless of the serological ﬁndings[gg’”]. This entity has
been reported in children only in small series or in single
case report"’,

Celiac disease associated-AlH

Celiac disease (CD) is common in patients with AIH,
especially in children, as it has been shown in a previous
Ttalian multicenter surveyml and in more recent small
pediatric series™" ", These studies reported a preva-
lence of CD in up to 19% of children with JAIH. The
pathogenetic role of gluten in triggering AIH is uncer-
tain, however, both types of AIH have been described
in association with CD as well as autoantibody-negative
ATH™". Liver damage, as evidenced by elevated ami-
notransferase activity, has been reported as being pres-
ent from the first observation of celiac patients in some
cases while in other, CD was diagnosed by a serological
screening in patients with a known ATH""". Therefore
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all patients with AIH should be serological screened for
CD and moreover all CD patients with clinical and/or
biochemical signs of liver damage should be closely
followed-up to exclude an AIH, especially in the case of
persistent elevation of liver enzymes on a gluten free diet.

Children with co-existent CD seem to have an appar-
ently more favorable response to treatment, suggesting a
positive effect of gluten withdrawal on AIH co-existent
with CD. Gluten withdrawal might potentiate the immu-
nosuppressive effect of the immunosuppressive drugs,
maintaining remission even when the treatment has been
withdrawn®'",

Autoimmune polyendocrinopathy-candidiasis-
ectodermal dystrophy-associated JAIH

Autoimmune polyendocrinopathy-candidiasis-ectodermal
dystrophy (APECED) is a rare autosomal recessive dis-
order caused by mutations in autoimmune regulator gene
(AIRE) inducing a loss in central immune tolerance, fail-
ure to eliminate autoreactive T cells in the thymus, and
their escape to the periphery. APECED is characterized
by an extremely variable pattern of destructive autoim-
mune reaction, mainly mediated by specific autoantibod-
ies toward different endocrine and non-endocrine organs.
Virtually, all tissues and organs may represent the target
of the autoimmune attacks, thus leading to a wide spec-
trum of clinical features. The three main components of
APECED are chronic mucocutaneous candidiasis, chron-
ic hypoparathyroidism and Addison’s disease. Generally
chronic mucocutaneous candidiasis develops first and it
is often followed by chronic hypoparathyroidism, before
the age of 10 years, and later on by adrenal insufficiency.
In addition to the main components, the spectrum of
minor manifestations may include ectodermal dystrophy,
other endocrinopathies, such as hypergonadotropic hy-
pogonadism, insulin-dependent diabetes, autoimmune
thyroiditis, and pituitary dysfunction. Moreover, skin
diseases (vitiligo and alopecia) and gastrointestinal disor-
ders (chronic atrophic gastritis, pernicious anemia) and
particularly AIH, may be present. AIH shows a clinical
phenotype akin to AIH-2 and it is present in 15%-20%
of cases with CYP1A2 and CYP2AG6 as a specific target
antigens[w41. Heterozygous mutations of AIRE gene have
been reported in children with AIH-1 suggesting a pos-
sible predisposition role!"”,

De novo autoimmune hepatitis

De novo autoimmune hepatitis, after liver transplantation,
was first described in 1998 by the group of King’s Col-
lege Hospital in London"". It is a form of late graft dys-
function characterized by abnormal liver function tests,
high serum concentration of immunoglobulin, presence
of autoantibodies, and histological features of interface
hepatitis coupled with a rich plasma cell infiltrate”. This
recently recognized entity affects patients transplanted for
disorders other than AIH and usually of non-autoimmune
nature. Since its first description several authors reported
the occurrence of de novo AIH in children and adults
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transplanted for non-autoimmune conditions' ],

The pathogenesis of de novo AIH is not yet defined
and there are a variety of potential mechanisms leading
to autoimmune liver disease post-transplant. Possible
pathogenetic mechanism include the release of autoanti-
gens from damaged tissue, as well as molecular mimicry,
whereby exposure to viruses sharing amino acid sequenc-
es with autoantigens leads to cross-reactive immunity“%].
De nove AIH responds to treatment with corticosteroids
and azathioprine allowing excellent graft and patient sur-
vival. Eatly recognition and appropriate management are

therefore essential to avoid graft loss!"""M,

CONCLUSION

Juvenile AIH is a severe liver disease of childhood and
adolescence progressing rapidly toward cirrhosis and

severe liver function impairment unless immunosup-
pressive treatment is promptly started. Its clinical spec-
trum is broad: from asymptomatic liver damage to acute
symptomatic and even severe hepatitis. Eatly diagnosis is
mandatory but no scoring system of sufficient sensitiv-
ity exists. Serum autoantibodies are a relevant tool, but
not essential for diagnosis and liver histology has distinct
but non-pathognomonic features. The vast majority of
treated patients responds to the immunosuppressive
treatment, but relapses are frequent and mostly related to
defective compliance to treatment. Long-term outcome
studies on JAIH concerning the possibility of safely stop-
ping the immunosuppressive treatment are needed for
appropriate counseling to families and patients.
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Abstract

Since its clinical introduction, several studies in litera-
ture have investigated gadolinium ethoxybenzhyl di-
ethylenetriaminepentaacetic acid or gadoxetic acid (Gd-
EOB-DTPA) properties. Following contrast injection, it
provides dynamic vascular phases (arterial, portal and
equilibrium phases) and hepatobiliary phase, the lat-
ter due to its uptake by functional hepatocytes. The
main advantages of Gd-EOB-DTPA of focal liver lesion
detection and characterization are discussed in this
paper. Namely, we focus on the possibility of distin-
guishing focal nodular hyperplasia (FNH) from hepatic
adenoma (HA), the identification of early hepatocellular
carcinoma (HCC) and the pre-operative assessment of
metastasis in liver parenchyma. Regarding the differ-
entiation between FNH and HA, adenoma typically ap-
pears hypointense in hepatobiliary phase, whereas FNH
is isointense or hyperintense to the surrounding hepatic
parenchyma. As for the identification of early HCCs,
many papers recently published in literature have em-
phasized the contribution of hepatobiliary phase in the
characterization of nodules without a typical hallmark
of HCC. Atypical nodules (no hypervascularizaton ob-
served on arterial phase and/or no hypovascular ap-
pearance on portal phase) with low signal intensity
in the hepatobiliary phase, have a high probability of
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malignancy. Finally, regarding the evaluation of focal
hepatic metastases, magnetic resonance pre-operative
assessment using gadoxetic acid allows for more accu-
rate diagnosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Magnetic resonance imaging; Liver; Image
enhancement; Gadolinium diethylenetriaminepentaace-
tic acid; Carcinoma; Hepatocellular

Core tip: This study highlights the added value of ga-
doxetic acid-enhanced liver magnetic resonance imag-
ing (MRI) in the detection and characterization of focal
liver lesions. Three main topics are summarized: the
role of gadoxetic acid in the evaluation of solid benign
hepatic lesions, represented by hepatocellular adenoma
and focal nodular hyperplasia; the diagnostic capability
of hepatobiliary phase of gadoxetic acid-enhanced liver
magnetic resonance imaging in the early identification
of small hepatocellular carcinoma; the high diagnostic
accuracy powered by gadoxetic enhanced-liver MRI in
the detection of hepatic metastasis.

Palmucci S. Focal liver lesions detection and characterization:
The advantages of gadoxetic acid-enhanced liver MRI. World J
Hepatol 2014; 6(7): 477-485 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v6/i7/477.htm DOI: http://dx.doi.
org/10.4254/wjh.v6.17.477

INTRODUCTION

Since the first studies were reported in literature in
1991-1992, several authors have investigated the potenti-
alities of gadolinium ethoxybenzhyl diethylenetriamine-
pentaacetic acid or gadoxetic acid (Gd-EOB-DTPA)
enhanced magnetic resonance imaging (MRI) liver' . In
a previous article published by Mihler ef a/”, spin-echo
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Table 1 Imaging features of focal liver lesions in the dynamic vascular phases (after contrast administration) and in the hepatobiliary

phase
Phases

Arterial Portal Delayed Hepato-biliary

FNH Hyperintense Isointense Isointense Hyperintense/isointense
(hypointense')
Adenoma Hyperintense Isotense/slightly Isotense/slightly hypointense Hypointense (hyperintense
hypointense or mixed hypo/hyperintense')

Typical HCC Hyperintense Hypointense Hypointense Hypointense
Pre/early HCC Isointense Hypointense Hypointense Hypointense
(decreased portal supply)
Pre/early HCC Hyperintense Isointense Isointense Hypointense
(increased arterial supply)
Metastasis (hypovascular) Irregularly hypointense Irregularly hypointense Irregularly hypointense Hypointense
Metastasis (hypervascular)  Irregularly hyperintense  Isointense or hypointense  Inhomogeneously hypointense Hypointense

! Atypical behaviours of focal liver lesions. FNH: Focal nodular hyperplasia; HCC: Hepatocellular carcinoma.

(SE) sequences and short tau inversion recovery (STIR)
sequences were compared in the detection of experimen-
tal liver metastases”. Relative enhancement and lesion-
to-liver contrast were also analysed in the mentioned
study. After contrast administration, the authors reported
lesion-to-liver contrast increased by approximately 500%
with both SE and STIR sequences. Therefore, we can
see that the role of Gd-EOB-DTPA in focal liver lesion
(FLLs) detection has been studied from the beginning.

Subsequently, the usefulness of hepatospecific con-
trast in liver MRI has been confirmed by other studies. In
fact, detection and characterization of focal liver tumours
have been compared in the same patient using Gd-EOB-
DTPA and Gd-DTPA enhanced MRI'. In the assess-
ment of FLLs, Gd-EOB-DTPA has also been compared
with intra-operative findings in a multicenter analysis'".

Although research on focal lesions is the most com-
mon, some authots have observed that, because of its
properties, GAd-EOB-DTPA could be potentially used as
a tracer of liver functionality™'”.

The mechanisms of contrast uptake and excretion
have been documented""". The uptake of Gd-Eob-DT-
PA is achieved by functional hepatocytes, which have the
cloned organic anion transporting polypeptides (OATPs).
In humans the contrast is introduced through OATP1
and OATP3 transporters, located at the apical membrane
of hepatocytcsm. Then, the contrast has urinary and
biliary excretion rates (the latter up to 50%, much higher
than other hepatospecific contrasts). Regarding biliary
excretion, the contrast is excreted through Multidrug
Resistance-associated Proteins (MRPs) to bile canaliculi
(MRP2 = apical transporter) or sinusoidal spaces (MRP3,
MRP4 = basolateral transporters) 7,

Thus, in normal liver parenchyma starting during dy-
namic vascular phases, hepatocytes increase the uptake of
gadoxetic acid. The uptake process is gradually followed
by contrast discharging through the bile canaliculi. Gen-
erally, the hepatobiliary phase, where hepatocytes reach
maximum signal intensity, is obtained 20 min after con-
trast administration. The variable contrast uptake by FLLs
represents an additional diagnostic tool in liver imaging.
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The aim of this topic highlight is to discuss the advan-
tages of gadoxetic acid-enhanced liver MRI in the study
of FLLs, focusing on: (1) Evaluation of hepatic adenoma
and focal nodular hyperplasia; (2) Identification of eatly
hepatocellular carcinoma (HCC); and (3) Detection of
hepatic metastases detection in oncology patients. Typi-
cal and atypical behaviours of FLLs using gadoxetic acid-
enhanced MRI are summatized in Table 1, which shows
imaging features observed also in the hepatobiliary phase.

EVALUATION OF HEPATIC ADENOMA

AND FOCAL NODULAR HYPERPLASIA

The use of Gd-Eob-DTPA allows for characterization
of hepatic adenoma (HA) and focal nodular hyperplasia
(FNH). In some cases, diagnosis between these solid le-
sions cannot be reliably achieved using only dynamic
vascular phases, and hepatobiliary contrast agents are very
useful in their differentiation. In fact, in a previous study,
although using gadobenate dimeglumine-a different liver
specific contrast from gadoxetic acid-Grazioli ez al'® re-
ported an overall accuracy of 98.3% in the differentiation
of FNH from HA and liver adenomatosis, with positive
predictive value of 100% and negative predictive value of
96.4%.

FNH was described for the first time by Edmondson
in 1956!"". The lesion is considered a non-neoplastic and
hyperplastic response of the liver parenchyma to “a pre-
existing local arterial spiderlike malformation”", Tt oc-
curs in asymptomatic women. The relationship between
FNH and contraceptives is still unclear as several authors
have demonstrated that contraceptives may favour FNH
progression'”. The lesion is generally represented by a
solid circumscribed mass, sometimes with lobulated con-
tour (Figure 1), with a central scar surrounded by nodules
of hyperplastic hepatocytes and small bile ductuli®.
FNHs may show a certain degree of histological het-
erogeneity, due to the variable degree of intra-lesional
inflammation, fibrosis or fat content (the latter has been
described as steatotic FNH).
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Figure 1 Typical imaging features of focal nodular hyperplasia in a 29-year-old woman. Gadoxetic acid-enhanced magnetic resonance imaging; axial images
(A-D) were obtained in dynamic phases and hepatobiliary phase. A shows a solid circumscribed mass (white arrow), lobulated in contour, with a central scar (black
arrow); the lesion is hyperintense on the arterial phase (A) and persists slightly hyperintense in the portal and venous phases (B and C respectively). In hepatobiliary
phase (D) the mass is slightly hyperintense or isointense to the surrounding liver. The presence of biliary canaliculi, even if not functioning, leads to retention of gadox-

etic acid in comparison to the surrounding parenchyma.

Hepatic adenoma is a rare monoclonal benign liver
tumour, predominantly found in young females and as-
sociated with the use of contraceptivesw. It generally
appears as an uncapsulated mass, formed by large plats or
cord cells very similar to hepatocytes. In a work by Grazi-
oli ez al™| they are defined as “these plats are separated
by sinusoids, which consist of small capillaries perfused
through the arterial pressure”. This histological architec-
ture explains the morphological behaviour of adenomas
during the dynamic phases after contrast administration.
In fact, lesions often appear hypervascular in the arterial
phase, and are generally isointense or hypointense to the
surrounding liver in the portal phase. The vascular sup-
ply in the portal phase is not observed because of the
adenomas lack of a portal vascularization. Adenomas
have a poor number of Kupfer cells, and this histological
feature could explain the absence of technetium (Tc)-99m
sulfur colloid uptake. In addition, HAs do not have bile
canaliculi™*",

The significant capability of Gd-Eob-DTPA in distin-
guishing FNH from adenomas depends on histological
features and cellular expression of molecular transport-
ers. Bile ductuli are present in FNHs, whereas they are
missing in HAs. The molecular transporter Organic
Anion Transporting Polypeptide 8 (OATP 8) is usually
absent or minimally expressed in cellular adenomas. This
transporter is instead expressed in FNH, explaining the

uptake of Gd-Eob-DTPA®!,
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Thus, typically HAs appear hypointense, whereas
FNHs are isointense or hyperintense to the surrounding
hepatic parenchyma (Figures 1 and 2, Table 1). Several
studies have described the mentioned imaging features.

In a work published in 2001, all three adenomas stud-
ied in the hepatobiliary phase by Grazioli et al™ showed
hypointense appearance following liver contrast agent
administration. Zech et a/” reported enhancement in
the hepatobiliary phase in the 90% of FINH examined in
their series where only a minority of lesions showed no
enhancement or peripheral enhancement. The presence
of biliary canaliculi, even if not functioning, leads to a
“slower excretion in comparison to the surrounding pa-
renchyma”, and this gadoxetic acid retention explains the
hyperintense appearance of FNH® (Figures 1 and 2).

Nevertheless, atypical lesions are very difficult to
diagnose, even using Gd-EOB-DTPA. In fact, the het-
erogeneity of FNH could also explain the atypical imag-
ing presentation that has recently been well described
in many articles®™™, In another case series published in
literature, Grazioli e a/”” found that 62 out of 68 FNHs
(91.2%) were hyperintense or isointense to the surround-
ing liver, with only 6 lesions showing an atypical pat-
tern™. One atypical enhancement pattern explanation
was the presence of a large central scar. These lesions ap-
peared hypointense in hepatobiliary phase, showing only
a little marginal enhancement. Two atypical lesions, in the
series reported by Grazioli e /™", were hypointense for
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Figure 2 Magnetic resonance imaging of a small focal nodular hyperplasia. Arterial, venous and hepatobiliary phases (A, B and C), acquired in a 44-year-old
woman shows the typical enhancement of a small focal nodular hyperplasia (white arrows). The lesion is located in the fourth liver segment, between medium and left
sovrahepatic vein. In hepatobiliary phase (C) the lesion is slightly hyperintense to the surrounding liver parenchyma, due to uptake of hepatospecific contrast.

the presence of large fibrous components and abundant
fat contents (steatotic FNH).

On the other hand, atypical HAs may not appear
hypointense in the hepatospecific phase. Atypical be-
haviours, appearing as hyperintense lesions, have been
reported in literature"”. In fact, inflammatory adenomas
could enhance in the hepatospecific phase. Hyperintense
HAs in the hepatobiliary phase have been observed in the
series by Denecke ez al™. They reported one hepatic ad-
enoma homogeneously hyperintense and two HAs with a
mixed pattern (hypo-/hyperintense). In the subgroup of
fatty hepatic adenomas, 14 adenomas were hypointense
and 1 was mixed hyper-/hypointense. Also, Huppertz e
al™” describe in their FLLs series two out of three ad-
enomas with hyperintense appearance in comparison to
the surrounding liver. However, based on a quantitative
analysis, all HAs, with hypointense signal to the sur-
rounding liver on hepatobiliary phase, showed a certain
degree of increase in signal intensitylm. This could prob-
ably be explained by contrast retention in the interstitium
or fibrotic tissue.

In addition, in the series reported by Denecke et al™,
the proportion between hyperintense and hypointense
adenomas in hepatobiliary phase was approximately equal
both in the non-steatotic group and in the steatotic of
fatty adenomas™. The mechanism of Gd-EOB-DTPA
uptake in these minority HAs is still unclear and further
studies with histological correlation are needed.

IDENTIFICATION OF EARLY HCC

The progressive differentiation of a regenerative nodule
to a dysplastic nodule, and then to an early-HCC has
been well investigatedm’m. In this differentiation, the
nodule increases its arteriolar supply progressively and re-
duces the portal vascularization” ™. This vascular change
is a crucial step in the carcinogenesis. In view of this
consideration, HCC diagnosis with imaging techniques
is based on a “vascular analysis” of enhancing pattern,
with an increased signal intensity or “wash-in” during the
arterial phase and a “wash-out” pattern in the portal or

equilibrium phase® (Table 1).
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In 2012 the European Association for the Study of
the Liver (EASL) and European Organization for Re-
search and Treatment of Cancer (EORTC) provided
common guidelines for the management of the liver™.
The joint committee established that non-invasive assess-
ment for HCC could be made only by applying a 4-phase
multidetector computed tomography (CT) scan or dy-
namic contrast-enhanced MRI. In addition, the guidelines
postulated that diagnosis is based on a typical morpho-
logical hallmark of HCC (Figure 3), with hypervascular
pattern in the arterial phase and wash-out in the portal
venous or delayed phasesm. It has to be remarked that
while only one technique is required for nodules greater
than 1 cm in diameter (evidence 2D, recommendation
2B), a more conservative approach using 2 techniques is
recommended in suboptimal settingsm.

Similarly, in 2010 an update of The American As-
sociation for the Study of Liver Disease (AASLD) rec-
ommended that nodules greater than 1 cm should be
investigated with either 4-phase multidetector CT scan
or dynamic contrast enhanced MRI™. In case of atypical
nodules, a second contrast methodical is required (level
IT), or alternatively a biopsy.

Nevertheless, the characterization of a nodule, based
on these approaches, is not possible if both mentioned
imaging features, “wash-in” and “wash-out”, are not
observed. Nodules may have hypervascular appearance
in arterial phase, without evident wash-out in the portal
or equilibrium phase (Figure 4). They could also have
the same attenuation or signal intensity to the surround-
ing liver parenchyma during the dynamic arterial phase
on CT and MRI images respectively, and may manifest a
wash-out only in the portal phase. In this case the diagno-
sis is difficult and so, a further analysis is usually required
in order to evaluate other important features such as a
change in size or a tumour marker. A more invasive ap-
proach could be also adopted by choosing a biopsy.

In addition, small nodules (< 2 cm) very often lack
the typical behaviour of HCC. Arterial neovascularization
or reduced portal supply cannot be identified on imaging
techniques, probably because these vascular changes are
not significant. Adopting only hypervascularity criteria in
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Figure 3 Imaging features of a typical hepatocellular carcinoma. Axial magnetic resonance images show a hypervascular lesion in the arterial phase (A, white
arrow), located in the top of the liver, with wash-out clearly in the portal venous phase (B, white arrow). This enhancement pattern represents the typical morphological
hallmark of hepatocellular carcinoma. The nodule has an increased arteriolar supply and reduced portal vascularization. In hepatobiliary phase, the lesion appears

hypointense to the surrounding liver parenchyma.

Figure 4 Imaging features of a small hepatocellular carcinoma. The lesion (white arrow), located in the fifth segment of right hepatic lobe, is detectable in the ar-
terial and hepatobiliary phase. It has hypervascular appearance in arterial phase (A), without evident wash-out in the portal phase (B). The lesion is hypointense in the
hepatobiliary phase (C). As reported in literature, the low or absence of gadolinium ethoxybenzhyl diethylenetriaminepentaacetic acid or gadoxetic acid uptake could

precede the decrease of portal vascularization in malignant differentiation.

the diagnosis of HCC, MR sensitivity for nodules < 20
mm is about 63%"*”,

An important diagnostic tool for the evaluation of
lesions in the hepatospecific phase has now been added.
In fact, papers have recently emphasized the contribu-
tion of hepatobiliary phase in the characterization of
nodules without a typical hallmark of HCC. In a recent
paper by lannicelli e# al™, a total of 120 nodules were
retrospectively evaluated using gadoxetic acid-enhanced
liver MRI. In this study, 92 out of 120 nodules (76.6%)
reported typical vascular behaviour of HCC, with hypet-
vascularization appearance in the arterial phase. In the
hepatobiliary phase, 90/92 nodules showed low signal
intensity, whereas two nodules were hyperintense. The
other 28 cases, with non-hypervascular behaviour in the
arterial phase, were hypointense in hepatobiliary phase.
Among these non-hypervascular nodules, only 15 cases
had hypointense signal in the equilibrium phase. In the
follow-up study, 50% of non-hypervascular nodules with
low signal intensity in the hepatobiliary phase acquired
the typical vascular behaviour of HCC.

The high accuracy in the identification of early
HCCs will probably change the diagnostic algorithm in
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hepatocellular carcinoma. Tt facilitates the diagnosis of
hypervascular advanced HCC and the differentiation of
eatly HCC and dysplastic nodules from pseudovascular
lesions.

The hypointense appearance in hepatobiliary phase
will probably be considered a “radiological marker of
nodule differentiation”. In the study by Golfieri ef al®,
62 out of 215 nodules were atypical for radiological
behaviour. Their histological analysis showed 20 high-
grade dysplastic nodules (HGDN)/early HCC, 21 low-
grade nodules dysplasia, 17 regenerative nodules and 4
nodular regenerative hyperplasia. Nineteen out of 20
HGDN/eatly HCC nodules were hypointense in hepato-
biliary phase. In another work, Kogita ez al*™ found that
low or absence of Gd-EOB-DTPA uptake precedes the
decrease of portal vascularization in malignant differen-
tiation (Figure 4).

In conclusion, gadoxetic acid-enhanced liver MRI
could be very helpful in the eatly identification of HCC.
However, differentiation between HCC and dysplastic
nodule remain very difficult. Atypical nodules require
better investigation, studying their behaviour in the hepa-
tospecific phase.
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LIVER METASTASES DETECTION IN
ONCOLOGY PATIENTS

Detection of liver metastases in oncology patients is es-
sential in order to choose the best possible management
and treatment. In this regard, many studies have demon-
strated the high diagnostic accuracy of liver MRI™. Nev-
ertheless, routine liver MRI is generally not performed
for the staging of extra-hepatic oncology diseases. For
example, the American College of Radiology Appropri-
ateness Criteria for pre-treatment staging of colorectal
cancer recommended CT of the chest, abdomen and
pelvis for the initial evaluation of disease™. In the major-
ity of the cases, staging liver MRI is required to evaluate
doubtful FLLs.

The identification of liver involvement by metastases
disease is essential because surgical resection has im-
proved patient survival, especially in cases of colorectal
cancer" ",

Gadoxetic acid-enhanced liver MRI allows for a vas-
cular dynamic study of the hepatic parenchyma and adds
hepatospecific phase for characterization of FLLs!*>,
Lee et al*” evaluated Gd-EOB-DTPA liver MRI and tri-
ple-phase multidetector computed tomography (MDCT)
in the detection of suspected hepatic metastases, report-
ing that dynamic MR images with or without hepato-
specific phase show better diagnostic performance than
MDCT images. The sensitivity increased significantly
with the addition of hepatobiliary phase in gadoxetic
acid-enhanced MRI (P < 0.0001). In particular, the diag-
nostic accuracy was greater for small lesions (< 1 cm)™.
Gadoxetic acid-enhanced liver MRI showed higher capa-
bility than enhanced MDCT in detection liver metastases
from pancreatic carcinoma. In fact, in a recent work by
Motosugi ez al™, higher values of sensitivity for detec-
tion of metastases were reported, with values of 85% for
MRI and 69% for MDCT.

Acquisition of hepatospecific phase takes some time
in a liver MRI protocol because it is generally performed
20 min after contrast administration. Less time would be
important, in order to reduce the length of a liver MRI
protocol. Diagnostic accuracy for metastases detection
and lesion conspicuity was evaluated in hepatospecific
images obtained 10 min and 20 min after gadoxetic acid
administration”". In the study performed by Jeong ez al™,
the hepatobiliary phase images obtained at 10 and 20 min
after Gd-EOB-DTPA administration improve detection
of metastases in comparison with pre-contrast images
and dynamic acquisitions only. It has been demonstrated
that sensitivity in the detection of metastases does not
differ significantly using delay images acquired at 10 min
and 20 min after contrast injection. However, in our
opinion, the interval time between dynamic acquisitions
and 10-min hepatobiliary phase, and between the 10-min
and 20-min hepatobiliary phases, could be maintained
in a standard liver MRI protocol. In fact, these intervals
offer the possibility to acquire other sequences, thus ac-
quiring a more complete liver MRI protocol. Diffusion
weighted imaging (DWI) using multiple 4 values could
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require more time for its acquisition. In line with what
has previously been reported in literature®™, morphologi-
cal T2-weighted sequences, including axial breath-hold
steady-state free-precession, axial breath-hold single shot
spin-echo and axial breath-hold fast spin-echo sequences
are acquired after dynamic imaging in our protocol. After
these T2-weighted sequences, radiologists may acquire
the first hepatospecific phase (10 min after contrast ad-
ministration). Then, between 10-min and 20-min hepato-
biliary phases, DWI could be placed without any consid-
erable influence on imaging quality[szl.

Recently in the field of FLL detection and character-
ization, it has been evaluated whether diagnostic perfor-
mance of gadoxetic acid-enhanced liver MRI could be
enriched by DWI. The contribution of DWI has been
widely applied in different radiology fields™ ™. Tn detec-
tion and characterization of FLLs, diffusion imaging
reported higher scores in comparison with conventional
T2-weighted sequences. In view of these results, sev-
eral studies have compared the diagnostic capability of
DWI and gadoxetic acid-enhanced liver MRI in detec-
tion FLLs. Donati ¢/ a/”” found that adding DWT to Gd-
EOB-DTPA did not significantly increase diagnostic
accuracy compared to Gd-EOB-DTPA imaging alone.
Considering the detection of small metastases, Shimada
et al™ reported higher diagnostic accuracy of Gd-EOB-
DTPA in comparison to DWI. Probably, both imaging
modalities represent very important diagnostic tools in
the evaluation of FLLs, as recently described in a study
by Macera ¢ al*". They found that the combination of
DWI with Gd-EOB-DTPA-enhanced MRI imaging sig-
nificantly increases the diagnostic accuracy sensitivity in
patients with colorectal liver metastases treated with pre-
operative chemotherapy'.

CONCLUSION

The topics discussed clearly demonstrate the importance
of gadoxetic acid-enhanced liver MRI in the evaluation
of FLLs. In fact, it significantly increases diagnostic ac-
curacy in the detection and characterization of FLLs.
Furthermore, it allows for the diagnosis of benign solid
hepatic lesions such as FNH and HA, thanks to the dif-
ferent contrast uptake observed in hepatobiliary phase.
Some atypical nodules in vascular behaviours could be
diagnosed as HCC if they lack Gd-EOB-DTPA retention
in the hepatobiliary phase. The HCC guidelines need to
underline the recent use of a liver hepatospecific agent.

Finally, MR pre-operative assessment using gadoxetic acid
allows for higher diagnostic accuracy in the detection of
hepatic metastases.
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Abstract

During the first year of life, most of the liver neoplasms
are benign in origin, but some of these histologically
benign lesions may be challenging in their manage-
ment. Although most hepatic hemangiomas can be
safely observed until involution is documented, some
patients will need treatment due to progressive hepa-
tomegaly, hypothyroidism and/or cardiac failure. Large
mesenchymal hamartomas may require extensive
hepatic resection and an appropriate surgical plan is
critical to obtain good results. For malignant neoplasms
such as hepatoblastoma, complete surgical resection is
the mainstay of curative therapy. The decision about
whether to perform an upfront or delayed resection
of a primary liver malignant tumor is based on many
considerations, including the ease of resection, surgi-
cal expertise, tumor histology and stage, and the likely
chemosensitivity of the tumor. This article reviews the
initial management of the more common hepatic tu-
mors of infancy, focusing on the differential diagnosis
and treatment options.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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sarcoma of the liver; Focal nodular hyperplasia

Core tip: Management of liver neoplasms during the
first year of life may be challenging. Some of these
tumors may be observed but others require extensive
surgical resection and adjuvant therapies. Differential
diagnosis and treatment options are discussed in our
article.

Fernandez-Pineda I, Cabello-Laureano R. Differential diagno-
sis and management of liver tumors in infants. World J Hepa-
tol 2014; 6(7): 486-495 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v6/i7/486.htm DOI: http://dx.doi.
org/10.4254/wjh.v6.17.486

INTRODUCTION

The management of infants with liver tumors may be
challenging and it may require a complete work-up be-
cause of symptoms or concern about malignancy. Initial
evaluation should be focused on patient history, preg-
nancy evaluation, gestational age at birth, weight and
findings on physical exam. Diagnostic imaging modalities
may facilitate the identification of benign and malignant
liver tumors, however biopsy or resection for histological
diagnosis sometimes becomes necessary. Some of these
infantile hepatic neoplasms are highly vascularized and
surgical interventions are at high risk of bleeding, Certain
tumor markers may be helpful in the initial work-up and
evaluation of response to therapy. Alpha-fetoprotein
(AFP) level may be elevated in children with malignant
lesions such as hepatoblastoma and hepatocellular car-
cinoma, but cautious interpretation is warranted as AFP
level is frequently elevated in infants up to 6 mo of age
and may be slightly elevated with benign tumors and with
hepatic insult or regeneration. Therapy must be tailored
according to the nature of the lesion. Observation is
recommended for asymptomatic hepatic hemangioma,
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Table 1 Hepatic tumors characterisctics
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Clinical findings Laboratory findings Biopsy findings Therapy Outcome
Hepatic hemangioma Cutaneous Decreased T3, T4 Glut-1 positive/negative Observation Favourable
hemangiomas Propranolol
Embolization
Focal nodular hyperplasia Bleeding - Glutamine synthetase Observation Favourable
Torsion Surgery
Mesenchymal hamartoma Hepatomegaly - Vimentin, desmin, a-1 antitrypsin, Surgery Favourable
actin, cytokeratins
Hepatoblastoma Hepatomegaly Elevated AFP Small cells Chemotherapy EFS 30%-90%
Embryonal epithelial cells Surgery
Billiary tract Jaundice Cholestasis Embryonal or botryoid subtype Chemotherapy EFS 60%-90%
rhabdomyosarcoma Hilum of the liver Radiation therapy
Surgery
Angiosarcoma Metastatic disease - Glut-1 negative Chemotherapy Unfavourable
Radiation therapy
Surgery
Malignant rhabdoid tumor Metastatic disease - INI1/BAF 47 Chemotherapy Unfavourable
Surgery
Undifferentiated embryonal Right lobe of - SMA, a-ACT, desmin, vimentin Chemotherapy Unfavourable
sarcoma the liver Surgery
Metastatic hepatic disease Hepatomegaly Elevated MYC-N Chemotherapy EFS 50%-90%
from NB catecholamines Radiation therapy
Surgery

AFP: Alpha-fetoprotein; MYC-N: MYC-N proto-oncogene protein; EFS: Event free survival; SMA: Smooth muscle actin; ACT: Actin; INI1/BAF: INI1/BAF

protein; NB: Neuroblastoma.

Figure 1 Cutaneous hemangiomatosis.

whereas complete surgical resection in the mainstay
of treatment in hepatoblastoma. Benign primary liver
tumors described in infants include hemangioma, fo-
cal nodular hyperplasia and mesenchymal hamartomas.
Hepatic adenoma is almost exclusively a disease of older
children. Malignant lesions include hepatoblastoma, bili-
ary tract rhabdomyosarcoma, angiosarcoma, rhabdoid
tumor, undifferentiated embryonal sarcoma and meta-
static neuroblastoma (Table 1). The aim of this article is
to review the clinical features and management of infants
diagnosed with a liver tumor.

BENIGN LIVER TUMORS IN INFANTS

Hepatic hemangioma

Hepatic hemangioma (HH) is the most common benign
liver tumor of infancy and it must be differentiated from
misnamed hepatic hemangiomas seen in adults, which

Roishidenge ~ WJH | www.wjgnet.com

correspond actually to hepatic venous malformations'?.

These adult cases are histologically described as cavern-
ous hemangiomas with large, dilated, blood-filled vessels
lined by flattened endothelium, whereas HH are true
vascular tumors composed of proliferating endothelial
cells. A great variety of pediatric vascular lesions is in-
correctly referred to as “hemangiomas” in the medical
literature and a significant number of patients receive
ineffective and potentially harmful treatment based on
misclassification. In 2007, Christison-Lagay ez a/” from
Vascular Anomalies Center in Boston Children’s Hospital
postulated three principal categories of HH (focal, multi-
focal, and diffuse) and a clinical practice algorithm. These
lesions share the same patterns of growth, histological
findings and involution as their cutaneous counterparts,
the infantile hemangioma (IH) and the Rapidly Involuting
Congenital Hemangioma (RICH)" . Focal hemangioma
seems to correspond with a RICH, a vascular tumor com-
pleted formed at birth with no postnatal growth in which
involution is normally observed in the first 12-18 mo af-
ter birth. Multifocal and diffuse HH correspond with IH,
the most common vascular tumor in children that shows
a rapid postnatal growth (0-12 mo) followed by slow in-
volution (1-5 years). It is probable that most HH remain
undiagnosed since they are asymptomatic self-limiting le-
sions, although they often come to clinical attention while
screening for visceral hemangioma based on the presence
of multiple cutaneous IH (Figure 1), since the liver is the
most commonly involved organ™. Some patients may
develop a congestive heart failure associated with high-
volume vascular shunting and treatment is warranted.
Unresponsive patients to therapy may develop a severe
cardiac failure with hypothyroidism (IH express type 3
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Figure 2 Abdominal computed tomography-contrast. Focal hepatic hem-
angioma that shows centripetal enhancement and central sparing because of
thrombosis, necrosis and/or intralesional hemorrhage.

Figure 3 Abdominal magnetic resonance imaging-contrast. Diffuse hepatic
hemangioma that nearly totally replaces the liver.

iodothyronine deiodinase that converts thyroid hormone
to its inactive form, resulting in an acquired hypothyroid-
ism), abdominal compartment syndrome, and death!” ",

Differential diagnosis with malignant liver tumors
should be performed and AFP should be included in the
initial lab work. Focal HH (Figure 2) shows centripetal
enhancement and central sparing because of thrombosis,
necrosis, ot intralesional hemorrhage on computed to-
mography (CT) or gadolinium magnetic resonance imag-
ing (MRI). Multifocal HH shows multiple well-defined,
spherical lesions with intervening areas of normal hepatic
parenchyma, whereas diffuse lesions (Figure 3) neatly
totally replace the liver. On CT, lesions are hypodense
relative to liver without contrast but enhance centripetally
with contrast. Central sparing, thrombosis, or necrosis
is not seen in multifocal and diffuse HH. Radiologists
who are very specialized in looking at vascular lesions
feel comfortable in many cases saying that something is
an hemangioma »s another tumor based upon its radio-
graphic presentation. Hepatoblastomas tend to be het-
erogeneous on T2-weighted imaging and angiosarcomas
seem to have central enhancement rather than centrifugal
enhancement, but if there is any question about the diag-
nosis, a biopsy is recommended, although this procedure
is at high risk of bleeding'*"".

Most of the diagnosed HH may be observed closely
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with serial abdominal ultrasonography until involution
is documented. If the lesions become symptomatic (he-
modynamically significant shunting), medical therapy
is firstly recommended. Recently, propranolol has been
introduced as an effective treatment for cutaneous IH
and several recent cases have been reported showing ex-
cellent response of diffuse HH to propranolol, even in
patients with associated hypothyroidism. Corticosteroids
have been first line treatment of infantile hemangioma,
but the use of propranolol is emerging as the treatment
of choice for high-risk infantile hemangiomas' """, Other
therapeutic options include arterial embolization, hepatic

. . . . : 3
artery ligation, resection, or liver transplantation”,

Focal nodular hyperplasia

Focal nodular hyperplasia (FNH) of the liver is a rare
benign lesion, usually seen in older children rather than
infants. Girls are more affected than boys. An asymptom-
atic incidental finding on a diagnostic study is commonly
observed"”. A cumulative incidence is reported in
oncologic pediatric patients after completion of therapy
and differential diagnosis to other focal hepatic lesions,
such as metastasis, is often challenging. Infants with neu-
roblastoma and metastatic hepatic disease seem to be a
specific risk-group for FNH development, especially if
they underwent chemotherapy and/or radiation therapy
to the liver during treatment” . Gutweiler et al™ re-
ported a hepatoblastoma case presenting with FNH after
treatment of neuroblastoma. FNH should be considered
in patients with persistent late imaging changes. Classical
CT-contrast picture is a lesion enhanced when compared
with normal liver and a central scar that becomes hyper-
intense owing to concentration of the contrast. Currently,
liver ultrasound (US) and MRI are the recommended
diagnostic imaging tools for chatactetizing the lesion and
subsequent follow-up. Glutamine synthetase is a nitrogen
metabolism enzyme with a distribution in the human
liver characterized by its strict pericentrolobular localiza-
tion™. It has emerged as a good marker for identification
of resected FNH and for differentiating FNH from all
other types of hepatocellular nodules developed on not-
mal liver™. Acute abdominal pain may develop owing to
torsion or rupture of the lesion with bleeding. Although
FNH is a benign lesion that is typically managed conser-
vatively in adults, most children with FNH undergo bi-
opsy or resection because of increasing size, concerning
symptoms or inability to rule out malignancy, especially
in pediatric cancer survivors®”’,

Mesenchymal hamartoma

After hemangiomas, mesenchymal hamartoma of the liv-
er (MHL) is the second commonest benign hepatic tumor
in childhood, but these tumors are relatively rare. Most
MHLs are large benign multicystic masses that present in
the first 2 years of life™. Prenatal diagnosis of MHL has
been reported, most often in the last trimester of preg-
nancy and it may be a cause of severe hydrops. An early
prenatal diagnosis and a subsequent follow-up could help
to establish the best time for delivery. Fetal intervention
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Figure 4 Abdominal computed tomography and magnetic resonance
imaging. A: Abdominal computed tomography-contrast shows enhancement of
the solid component, septate, and the peripheral rim; B: Abdominal magnetic
resonance imaging-contrast shows a high signal intensity on T2-weighted mag-
netic resonance sequences.

may be beneficial in selected cases. If the fetus is becom-
ing hydropic, eatly delivery or fetal treatment (particularly
if the tumor is composed of a few large cysts) should be
considered. Most affected fetuses have been successfully
delivered vaginally™.

Postnatal presentation is more common with abdomi-
nal distension and/or an upper abdominal mass. Liver
function tests are usually normal. AFP is occasionally
elevated though not to the degree that occurs in hepa-
toblastoma. About 75% of MHL occur in the right lobe
of the liver. In the newborn, the tumor may expand
rapidly and cause life-threatening abdominal distension
with respiratory distress™. Diagnostic imaging studies
demonstrate a multiloculated cystic tumor with a variable
amount of solid tissue". This may be seen in undifferen-
tiated embryonal sarcoma of the liver (UESL), but rarely
in hepatoblastoma. Intratumor calcification, which can be
frequently detected in hepatoblastoma or hepatic heman-
gioma, has been reported very rarely for a MHL.

Ultrasound demonstrates the presence of thin mobile
septate and/or round hyperechoic patietal nodules within
the cysts, but rarely containing debris. The hepatic archi-
tecture is normal beyond the outer rim of compressed
liver. On CT-contrast the solid component, septate, and
the peripheral rim may enhance. On MRI, MHL has a
low signal intensity on T1-weighted magnetic resonance
sequences and a variable signal intensity on T2-weighted
sequences (Figure 4)™, In most patients, the diagnosis of
MHL is suggested by imaging and confirmed by histolog-
ical examination of the resected specimen. 1f radiological
diagnosis is not clear, a percutaneous or open tumor bi-
opsy can be performed™.

Although a laparoscopic or open surgical biopsy is
considered by some authors, SIOPEL (International
Childhood Liver Tumor Study Group of the Interna-
tional Society of Paediatric Oncology) currently recom-
mends image-guided coaxial plugged needle biopsy for
liver tumors (obtaining numerous cores)”. Fine needle
aspiration cytology is of limited value because hepato-
blastoma or a malignant mesenchymal tumor is difficult
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to exclude. MHL has been considered a focal tumor,
but small satellite lesions at the tumor margin have been
described, which could explain tumor recurrence after
apparent complete resection. Clinical and histological
evidence suggest that UESL can develop within a preex-
isting MHL". Both tumors share similar features on
gross pathology (cystic and solid components, sometimes
pedunculated), histology (mesenchymal elements with
benign bile duct epithelial structures), and immunohisto-
chemistry (positive staining for vimentin, desmin, a-1-
antitrypsin, actin, cytokeratins). Flow cytometry studies
have shown that although most MHLs are diploid, some
are aneuploid and cytogenetic studies have demonstrated
a balanced translocation involving the same breakpoint
on chromosome 19 (band 19q13.4) and chromosome 11.
These abnormalities have been found in both, UESL and
MHL™,

The management of MHL remains still controversial.
MHL has the potential to involute spontaneously, espe-
cially for those tumors with a prominent angiomatous
component. Nonoperative management may be appro-
priate in selected cases (eg., infants with a biopsy-proven
MHL and a prominent vascular component). Percutane-
ous aspiration or drainage of larger cysts may temporarily
control tumor size in life-threatening lesions and it may
helpful for the definitive surgical resection. The standard
of care is complete resection with the goal of achieving
negative margins to avoid the risks of local recurrence
and long-term malignant transformation. Enucleation
may be adequate in case of very large tumors that replace
most of the liver parenchyma. Liver infiltration by MHL
1s rarely seen and a surgical plain is normally found for
resection (Figure 5). Pedunculated lesions are amenable
to laparoscopic resection. Marsupialization or partial
resection are suboptimal because of the risk of tumor
recurrence. Liver transplantation can be considered for

28,30
unresectable tumors™",

MALIGNANT LIVER TUMORS IN INFANTS

Hepatoblastoma

Hepatoblastoma (HB) is the most common malignant
liver tumor in infancy and early childhood, accounting for
over 65% of all liver cancer diagnosed in children under
15 years of age. Recent publications indicate that the inci-
dence rates for HB have increased in the last decades”™ ™.
Maternal smoking, parental occupation and genetic sus-
ceptibility (gene MPO, NQOT, SULIT, IGF-2 and so on)
have been associated with HB and recent studies provide
support for an increased risk of HB in low (1500-2500
@) and very low (< 1500 g), birth weight infants, in which
HB is diagnosed at older ages and in more advanced
stages than HB cases of normal birth weight. Neonatal
therapies including supplemental oxygen, phototherapy,
administration of numerous drugs, total parenteral nu-
trition and blood transfusions may play a role in the
development of HB™. An infant with HB usually pres-
ents with an abdominal mass often detected by a parent.
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Table 2 Pre-treatment evaluation system of tumor extension
staging system

Figure 6 Doppler-US of the liver allows to investigate the relation between
the tumor and the hepatic vessels. 1: Aorta; 2: Inferior vena cava; 3: Hepatic
portal vein; 4: Left portal vein; 5: Right portal vein; 6 Tumor.

Other frequent presenting findings include anorexia, fail-
ure to thrive, abdominal pain, and abdominal distension.
Jaundice is rarely seen since the liver function is otherwise
normal. The presence of jaundice in a pediatric patient
with a liver mass is most commonly seen in biliary rhab-
domyosarcoma and undifferentiated sarcoma of the liver.
Marked thrombocytosis is a typical finding in the labora-
tory work of a HB patient due to a paraneoplastic effect
related to the tumor production of interleukin-6, a potent
growth factor for megakaryocytes. The measurement of
the serum AFP level is an useful test in infants with a
liver mass and is elevated in at least 70% of children with
HB. Moreover, patients with low AFP level at diagnosis
(< 100 ng/mL) tend to have a more aggressive biological
tumor behaviour and ultimately an unfavourable clinical
outcome”’. AFP is also an extremely useful marker of
the tumor response to therapy and in the early detection
of tumor recurrence. Attention must be paid to the cor-
rection of residual fetal.

AFP in infants under 6 mo of age. Elevation of AFP
may also be seen in infants with yolk-sac tumors, sarco-
mas and hamartomas.

Abdominal ultrasonography-Doppler should be the
first imaging modality in an infant with suspicion of a
liver tumor and provides information about the origin of
the mass, the extention of the lesion, and discerns wheth-
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PRETEXT 1 One section is involved and three adjoining sections are
free

PRETEXT I One or two sections are involved, but two adjoining
sections are free

PRETEXT I Two or three sections are involved, and no two adjoin-
ing sections are free

PRETEXT IV All four sectors involved, any involvement of caudate

lobe indicates a minimum of PRETEXT II

PRETEXT: Pre-treatment evaluation system of tumor extension.

er the lesion is solid or cystic and whether it is a solitary
or a multifocal tumor. It represents a valuable tool of
resectability assessment as it allows to investigate the rela-
tion between the tumor and the hepatic vessels (Figure
0). It can be also used intraoperatively. On CT, HB shows
heterogenous, low attenuation mass which enhance dur-
ing arterial phase and hypoattenuates during portal phase.
MRI shows HB as hypointense in comparison to normal
liver in T1-weighted sequences and hyperintense in T2-
weighted sequences, while dynamic imaging with gado-
linium shows early enhancement with rapid washout.
Chest CT should be performed to investigate pulmonary
metastatic disease”™,

The pre-treatment evaluation system of tumor exten-
sion was developed by the SIOPEL and aims to define
tumor extension before any therapeutic intervention.
This system divides the liver into four sectors, an antetior
and a posterior sector on the right and a medial and a lat-
eral sector on the left (Table 2). The Children’s Oncology
Group (COG) adopted a different system based mostly
on surgical findings™ .

In SIOPEL protocol, a tumor biopsy is required to
confirm diagnosis before starting chemotherapy and
this does not upstage a patient if a subsequent complete
resection is performed. Biopsy can be done with open
or laparoscopic surgical technique, but a percutaneous
approach ultrasound-guided is preferred. Tumor seeding
should be prevented by advancing the needle through
a short depth of normal liver tissue (a portion that will
be resected at future surgery)**. COG protocol allows
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a primary tumor resection without a biopsy if it seems
feasible. Patients with negative margin and microscopic
positive margin will receive a less intensive chemotherapy
regimen compared with those patients with gross residual
disease or initial biopsy only. Patients with negative mar-
gin and pure fetal histology are observed and will receive
no adjuvant chemotherapy in the COG protocolm.

For both protocols, surgical resection is the mainstay
of curative therapy, but only one-third to one-half of
newly diagnosed patients with HB will have resectable
disease at diagnosis. The combination of cisplatin-based
chemotherapy and surgery has improved survival in pa-
tients with unresectable HB by increasing the number of
patients whose tumors can be resected. Patients whose tu-
mor may not be resectable even after neoadjuvant chemo-

therapy should be referred to a liver transplant center™ .,

Biliary tract rhabdomyosarcoma

Rhabdomyosarcoma (RMS) of the biliary tree is a rare
mesenchymal neoplasm that atises as an intraluminal bili-
ary mass or cluster of grape-like masses and it typically
presents with features of obstructive jaundjcel49j. Median
age at presentation is 3 years, but it should be included
in the differential diagnosis of an infant presenting with
jaundice and a mass in the porta hepatis. Other diagnos-
tic possibilities include undifferentiated sarcoma of the
liver, pancreateoblastoma, papillary cystic tumor of the
pancreas, metastatic lesions and more rarely, hepatoblas-
toma"*". Additionally, 2 RMS in this location can mimic
the radiological appearance of a choledochal cyst because
of its combined cystic and solid componentﬁz]. Once the
radiological diagnosis is performed by US, CT or MRI,
an endoscopic retrograde cholangio-pancreatography can
be performed to relieve biliary obstruction, visualize the
biliary tree and obtain a biopsy™". This procedure may
be challenging in an infant and an open, laparoscopic or
needle biopsy may be required to confirm the diagnosis.
Outcome in RMS appears to have improved over the last
several decades secondary to the tumor chemosensitiv-
ity. Multiagent neoadjuvant chemotherapy following the
biopsy may avoid important complications associated to
a massive primary resection. Even after chemotherapy,
gross total resection is rarely possible but outcome is good

despite residual disease after second-look surgery ™",

Angiosarcoma

Most of the vascular liver neoplasms in infants are be-
nign and correspond to infantile hemangioma (multifocal
and diffuse hepatic hemangioma) and rapidly involuting
congentinal hemangioma (focal hepatic hemangioma). If
an hepatic hemangioma shows an unusual progression,
malignancy should be suspected and a tumor biopsy
is warranted. Hepatic angiosarcoma is a rare and high-
grade malignant neoplasm that accounts for 2% of liver
tumors in children™ ", Early metastatic disease to the
lungs is commonly seen. Diagnosis may be challeng-
ing and an open wedge biopsy may be a good choice to
avoid potential bleeding and obtain an accurate histolog-

WJH | www.wjgnet.com

JRaishideng®

491

Fernandez-Pineda I et a/. Liver tumors in infants

ical diagnosis. Prognosis is poor, even after multiagent
chemotherapy, surgical resection, radiation, and liver

transplantationﬁs’”].

Malignant rhabdoid tumor

Malignant rhabdoid tumor of the liver (MRTL) is a rare
and aggressive neoplasm that share clinical features with
HB such as male predominance, thrombocytosis, anemia,
and only moderate derangement of overall liver function
at presentation[éu’()ﬂ. However, patients at diagnosis are
younger compared with HB patients and LDH is typi-
cally elevated. Accurate diagnosis of MRTL may be chal-
lenging due to extensive tumor necrosis and immuno-
histochemistry studies for INI1/BAF 47 protein (which
is abnormally lost in all thabdoid tumors) has emerged
as an useful tool for diagnosis[éz]. For infants with liver
tumors and normal AFP level at diagnosis, detailed cyto-
genetic, immunohistochemical and/ or molecular analysis
of INI1/BAF 47 protein may be helpful in distinguishing
MRTL from HB"’. Hepatoblastomas of small cell undif-
ferentiated histology can mimic MRTL but do not have
INI7 mutations'”*". Outcomes for patients with MRTL
are very poor. Multiagent chemotherapy including vin-
cristine, doxorubicin, cyclophosphamide, ifosfamide and
etoposide in combination with complete surgical resec-

tion is the mainstay of treatment™,

Undifferentiated embryonal sarcoma

Undifferentiated embryonal sarcoma of the liver (UESL)
is an uncommon malignant hepatic neoplasm that oc-
curs more frequently in older children but has also been
described in infancy®*". Malignant transformation from
mesenchymal hamartoma or a solitary liver cyst to UESL
has been reported. It is generally considered to be a
highly invasive malignant tumor with lung, peritoneum
and pleura as the typical sites for distant metastasis. The
diagnosis may be challenging and relies on postoperative
pathology and immunostaining analysis (positive expres-
sion of SMA, a-ACT, desmin, vimentin). If the tumor
is not suitable to primary resection, a biopsy should be
obtained followed by chemoradiation. Survival rates
have significantly improved in the last decades and long-
term survival cases have been reportedm’w]. In an Italian-
German soft tissue sarcoma studym, 12 of 17 children
with UESL achieved remission following treatment with
chemoradiation and surgery. Patients whose tumor is not
able to be resected or who have postoperative local recut-
rence of the tumor without distant metastasis may be
candidates for liver transplantation.

Metastatic neuroblastoma

Neuroblastoma (NB) is the most common extracranial
solid tumor in the pediatric population, accounting for
6%-10% of all childhood cancers and 15% of all cancer
related mortalities in children. Common sites for metas-
tasis are bone marrow, bone and liver. Stage 4S or MS
represents 5% of NB cases and it is defined as disease
with a localized primary adrenal or extra-adrenal tumor
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Figure 7 Extensive hepatic infiltration by neuroblastoma. Surgical abdomi-
nal decompression by patch placement.

and metastasis restricted to the liver, skin, and bone mar-
row involvement less than 10%""". Although, it is as-
sociated with survival rates of 70%-97% due to the pos-
sibility of regression and spontaneous tumor maturation,
some of these young patients may present with extensive
and diffuse liver involvement (Figure 7) that can cause
respiratory compromise and symptoms of abdominal
compartment syndrome with decreased venous return,
renal impairment and coagulation disorders secondary
to extensive hepatic infiltration. Chemotherapy and liver
radiation have been advocated as therapeutical options
for those infants who present with progressive disease
and life-threatening symptomsm’m. Surgical management
by abdominal decompression may be necessary in case
an abdominal compartment syndrome is present” ",
However, the decision of when and how to treat remains
controversial.

Our experience

Benign hepatic tumors: we have evolved from cortico-
steroids treatment to oral propranolol in the last 5 years
for the management of symptomatic hepatic hemangio-
mas. We have observed a more rapid response to pro-
pranolol on ultrasound follow-up compared with steroids.
Oral propranolol is discontinued until lesion involution is
documented which it normally occurs after the first year
of age. Patients with asymptomatic lesions have been ob-
served with good results.

Most of our FNH patients underwent incisional bi-
opsy to rule out malignancy. We have observed FNH as a
residual lesion of primary vascular anomalies.

In our experience, a surgical plain may lead the resec-
tion of MHL with good residual liver parenchyma. All
our patients have a normal liver function on follow-up.

Malignant hepatic tumors: at our institution, we fol-
low the SIOP protocol for the management of hepato-
blastoma with an initial incisional biopsy at presentation
followed by cisplatin-based chemotherapy and surgical
resection. Our overall survival is 70% and it does not dif-
fer from the results published by other groups.

As for RMS in other locations, our experience in the
management of biliary tract RMS has evolved from pri-
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mary tumor resection in the last decades to initial biopsy
followed by neoadjuvant chemotherapy and non-massive
second look surgery for tumor resection and evaluation
of tumor response.

We have anecdotal cases of infants with tumors other
than hepatoblastoma (angiosarcoma, malignant rhabdoid
tumor, undifferentiated embryonal sarcoma) and conclu-
sions are difficult to be drawn.

We have successfully managed liver infiltration by
neuroblastoma with standard protocols based on chemo-
therapy and radiation therapy. We have only performed
one surgical abdominal decompression by patch place-
ment in a patient with an abdominal compartment syn-

drome (Figure 7) who finally died.
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Abstract

AIM: To determine intra-hepatic blood flow and liver
stiffness in patients with non-alcoholic fatty liver dis-
ease (NAFLD) and non-alcoholic steatohepatitis (NASH)
using contrast-enhanced ultrasound and fibroscan.

METHODS: This prospective study included 15 patients
with NAFLD, 17 patients with NASH and 16 healthy con-
trols. In each patient, real-time ultrasound was used to
locate the portal vein (PV) and the right liver lobe, and
5 mL of SonoVue® was then injected intravenous in a
peripheral vein of the left arm over a 4-s span. Digital
recording was performed for 3 min thereafter. The re-
cording was subsequently retrieved to identify an area
of interest in the PV area and in the right liver paren-
chyma (LP) to assess the blood flow by processing the
data using dedicated software (Qontrast®, Bracco, Ita-
ly). The following parameters were evaluated: percent-
age of maximal contrast activity (Peak%), time to peak
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(TTP, s), regional blood volume (RBV, cm®), regional
blood flow (RBF, cm?/s) and mean transit time (MTT, s).
At 24-48 h post-injection, liver stiffness was evaluated
using Fibroscan and measured in kPa. The statistical
evaluation was performed using Student’s ¢ test.

RESULTS: In the PV, the Peak%, RBV and RBF were
significantly reduced in the NAFLD and NASH patients
compared with the controls (Peak%: NAFLD 26.3 + 6.6,
NASH 28.1 £ 7.3 vs controls 55.8 £ 9.9, P < 0.001;
RBV: NAFLD 4202.3 + 3519.7, NASH 3929.8 + 1941.3
vs controls 7473 + 3281, P < 0.01; RBF: NAFLD 32.5
+ 10.8, NASH 32.7 + 12.1 vs controls 73.1 + 13.9, P
< 0.001). The TTP in the PV was longer in both patient
groups but reached statistical significance only in the
NASH patients compared with the controls (NASH 79.5
+ 37.8 vs controls 43.2 + 30, P < 0.01). In the LP,
the Peak%, RBV and RBF were significantly reduced
in the NAFLD and NASH patients compared with the
controls (Peak%: NAFLD 43.2 £ 7.3, NASH 41.7 £ 7.7
vs controls 56.6 + 6.3, P < 0.001; RBV: NAFLD 4851.5
+ 2009, NASH 5069.4 + 2292.5 vs controls 6922.9 +
2461.5, P < 0.05; RBF: NAFLD 55.7 + 10.1, NASH 54.5
+ 12.1vs controls 75.9 + 10.5, P < 0.001). The TTP
was longer in both patient groups but did not reach
statistical significance. The MTT in both the PV and LP
in the NAFLD and NASH patients was not different from
that in the controls. Liver stiffness was significantly
increased relative to the controls only in the NASH pa-
tients (NASH: 6.4 £ 2.2 vs controls 4.6 £ 1.5, P < 0.05).

CONCLUSION: Blood flow derangement within the
liver present not only in NASH but also in NAFLD sug-
gests that a vascular flow alteration precedes liver fi-
brosis development.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Non-alcoholic fatty liver disease; Non-alco-

holic steatohepatitis; Contrast-enhanced ultrasound;
Fibroscan; Hepatic blood flow; Liver stiffness
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Core tip: The use of contrast-enhanced ultrasound
(CEUS) assisted by dedicated software (Qontrast®) in
combination with Fibroscan examination could provide a
non-invasive tool to evaluate the level of fatty-liver dis-
ease. In this study, we found that there were reductions
in portal and intra-parenchymal blood flow in patients
affected by non-alcoholic fatty liver disease and non-
alcoholic steatohepatitis (NASH), whereas liver stiffness
was increased only in NASH patients. Qontrast®-assisted
CEUS could be used to quantify early changes in intra-
parenchymal liver flow before the onset of fibrosis.

Cocciolillo S, Parruti G, Marzio L. CEUS and Fibroscan in non-
alcoholic fatty liver disease and non-alcoholic steatohepatitis.
World J Hepatol 2014; 6(7): 496-503 Available from: URL:
http://www.wjgnet.com/1948-5182/full/v6/i7/496.htm DOI:
http://dx.doi.org/10.4254/wjh.v6.17.496

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the

most common causes of chronic liver disease world-
wide!"?. Liver biopsy, which is the gold standard for di-
agnosing NAFLD is an invasive procedure with potential
adverse effects and large inter- and intra-observer vari-
ability”. NAFLD cannot be diagnosed reliably without
clear imaging ot biopsy evidence of hepatic steatosis and
without excluding excessive alcohol consumption, viral
hepatitis and medications. NAFLD is further divided
into non-alcoholic fatty liver (NAFL) and non-alcoholic
steatohepatitis (NASH). NAFL is simple steatosis with
no evidence of hepatocellular injury, whereas NASH is
steatosis with inflammation, hepatocellular injury and
possible fibrosis. NASH can lead to cirrhosis and hepa-
tocellular carcinoma, whereas NAFLD has a very slow, if
any, progression to NASH. NAFL and NASH, therefore,
can be considered different steps in the same histological
disease spectrumD"q. The pathogenesis of NAFLD is not
completely known™". The fat accumulation occurring
in NAFLD is key to the onset of vascular impairment'”.
The fat accumulation is responsible for liver structural
and functional changes, leading to increased hepatic vas-
cular resistance and finally to portal hypertension.

To study blood flow in the liver, pulsed continuous
Doppler ultrasound (US) is used as the first-line imaging
investigation. Doppler US can evaluate the blood flow
in large and small vessels but fails to analyze the flow in
the capillaries or sinusoids, where the velocity of the red
blood cells is too slow to produce a Doppler signal®.
Hence, changes in the hepatic microcirculation may
be assessed using contrast-enhanced ultrasonography
(CEUS) that consists of an intravenously administered
suspension of gas-filled microbubbles that remain entire-
ly within the intravascular space, thus acting as a blood
pool tracer”'”. The obtained data can be processed using
a post-processing computational tool (Qontrast®, Esaote,
Florence, Italy) that includes a suite of software applica-
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Table 1 Study populations

Population characteristics ~ Controls NAFLD NASH
Number 16 15 17
Male/female 8/8 12/3 16/1
Mean age (range) 37 yr 48 yr 45yr
(26-69 yr) (26-75 yr) (20-74 yr)
AST (mean + SD) 20.6+4.5 19.3+5° 452+221¢
ALT (mean + SD) 244170 274+81°  864+55.7"
GGT (mean + SD) 18.3+10.1 25.6 + 20 73.1 + 43¢
ALP (mean + SD) 1444+454 1541383 1765+574

P < 0.001, NAFLD vs NASH; “P < 0.001, NASH vs controls. AST: Aspar-
tate aminotransferase: reference range 0-37 (IU/L); ALT: Alanine amino-
transferase: reference range 0-40 (IU/L); GGT: Gamma-glutamy] trans-
ferase: reference range 7-50 (IU/L); ALP: Alkaline phosphatase: reference
range 98-279 (IU/L); NASH: Non-alcoholic steatohepatitis; NAFLD: Non-
alcoholic fatty liver disease.

tions for image analysis designed to use alternative repre-
sentations to extract and present brightness information
that is already present in the image.

Liver fibrosis directly affects the mechanical properties
of the liver parenchyma, such as stiffness, which indicates
tissue resistance to deformation under mechanical stress. A
greater stiffness corresponds to a higher tissue resistance
to deformation. Liver stiffness can be studied using three
physical measurements: two measures based on sono-
graphic techniques, such as Fibroscan'" and acoustic radia-
tion force irnpulsem’w], and one that is MR-based, such as
magnetic resonance elastography' . Regardless of the spe-
cific technique, the measured parameter is correlated with
the histological fibrosis stage, and the results can be used
to accurately predict moderate to severe fibrosis" ™",

In NASH and NAFLD, it remains unclear whether
eatly changes in intrahepatic blood flow are associated
with an early production of fibrous tissue. Therefore, the
aim of this study was to evaluate the liver blood flow in
the large and small intra-parenchymal vessels and fibrosis
using CEUS and Fibroscan in patients with NAFLD and
NASH compared with healthy controls.

MATERIALS AND METHODS

Populations

The study population was enrolled from August 2010 to
December 2013. All of the participants were Caucasian
and underwent physical examinations, laboratory tests for
liver function, upper and lower abdominal real-time ultra-
sonography (RUS) and computed tomography (CT) scan
when necessary.

Sixteen healthy controls and 32 patients with US-
documented steatosis were recruited (Table 1). Fifteen
patients affected by NAFLD as defined according the lat-
est guidelines established by the American Association for
the study of liver diseases”™ and 17 patients with NASH
defined as having fatty liver on abdominal ultrasound ex-
amination and either aspartate aminotransferase or alanine
aminotransferase more than 1.5 times the upper normal
limit on two occasions during the six months before en-
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Figure 1 Example in a healthy control of the split-screen display during
the contrast-enhanced ultrasound procedure upon the injection of Son-
oVue® using a low mechanical index. Left: B-mode frame; Right: Contrast-
enhanced ultrasound frame. PV: Portal vein; LP: Liver parenchyma. The B-mode
frame shows more detail because of the higher gain.

rollment were included. Exclusion criteria were laboratory
data and image studies as assessed with ultrasound or CT
scan when necessaty, compatible with hepatitis B and C,
autoimmune hepatitis, sclerosing cholangitis, Wilson’s
disease, alpha-1 anti-trypsin deficiency, hemochromatosis
and hepatic cirthosis"®. Additional exclusion criteria were
patients with medical histories of malignancy, previous
abdominal or thoracic surgery and history of heart and
pulmonary disease that may impair the flow of the con-
trast bubbles to the liver as well as severe concomitant dis-
eases. Finally, patients with pregnancy and breastfeeding
as well as pediatric patients were also excluded.

Contrast-enhanced ultrasound and dedicated software

The patients were examined after fasting for 8 h and
after having obtained written informed consent. The
CEUS examination was always performed by the same
expert operator using RUS with a 3.5-MHz convex probe
(MyLab70 XVision, Esaote, Ansaldo, Italy) through a
longitudinal intercostal scan, in which the portal vein (PV)
and right liver parenchyma (LP) could be easily identified
while keeping the patient or subject in the supine posi-
tion. The US contrast medium (SonoVue®, Bracco Spa,
Milan, Italy) consisted of 2.5 um sulfur hexafluoride-
filled microbubbles (hence, they are smaller than red
blood cells, which have a diameter of 7 pum) stabilized
by a lipid monolayer membrane”. The microbubbles
can generate a nonlinear harmonic response to a low
mechanical index (MI), thus permitting continuous real-
time imaging, In our study, we used a signal-processing
algorithm installed on the ultrasonographic machine
(Contrast-Tuned Imaging™, CnTI™, Esaote, Genoa,
Italy) that automatically sets a low MI of 0.06 and holds
this value constant during the entire CEUS procedure.
These features allow the contrast medium microbubbles
to travel through the smallest blood vessels without
bursting. SonoVue, a blood-pool contrast agent, has no
cellular uptake; thus, it enhances only the US image gen-
erated by the blood vessels”. In CEUS studies, there are
3 overlapping vascular phases: the arterial phase, which
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starts within 20 s after the injection and lasts 30-45 s; the
portal venous phase, which usually lasts until 2 min after
the injection; and the late phase, which corresponds to
the clearance of the US contrast agent from the circula-
tion. The CEUS screen, because of the low gain, shows
signals only from intensely reflective structures, which
limits the ability to identify the proper scan area. To over-
come this problem, a split-screen display was used on the
ultrasound machine to show the conventional B-mode
image beside the CEUS image (Figure 1). Using contrast-
processed data, the blood flow through the small capil-
laries of the liver interstitial tissue could be measured in
terms of the volume and flow.

The procedure started with a 5-mL contrast medium
injection (always performed by the same expert nurse)
using a 20-gauge (G) needle cannula over a 4-s span into
the antecubital vein of the left arm with the patient in
the supine position. The line was then flushed with a
5-mL bolus of saline solution, also injected over a 4-s
span. During the contrast medium injection, digital re-
cording was started and performed for 3 min; during
this operation, the patients were asked to breathe slowly
to minimize respiration-related movements. The video
recordings were then analyzed by the same trained opera-
tor using Qontrast® software (Esaote, Florence, Italy),
which performs a parametric analysis of perfusion within
a selected set of higher signal intensity frames in the re-
gion of interest (ROI). In each patient, we evaluated two
ROIs: one in the PV and one in the right LP. To correct
for translational movements in the ROI, a Gamma variate
(bolus)-corrected parametric curve model was selected.
The Qontrast® software was then allowed to process the
perfusion in each of the previously determined ROIs,
calculate the parameters automatically and plot the mea-
sured and calculated curves. The following parameters
were generated (Figure 2): Peak%, the maximum signal
intensity (SI) reached duting SonoVue® bolus transit at
time T, where T was the time to peak (T'TP, s), the time
to reach the maximum SI; regional blood volume (RBV,
cm3), the blood volume in the ROI, proportional to the
area under the time intensity curve; mean transit time
(MTT, s), the contrast medium mean transit time in the
ROI; and regional blood flow (RBE, cm’/s), the RBV to
MTT ratio. The reproducibility of the data obtained by
Qontrast® analysis of CEUS was tested according to the
method of Ridolfi ez a/'".

Transient elastography

Transient clastography was performed 24-48 h after CEUS
using a Fibroscan device (Echosens, Paris, France). Fi-
broscan consists of a 5-MHz US transducer probe in-
stalled on the axis of a vibrator that generates a 50-Hz
vibration (completely painless to the patient) that causes
an clastic shear wave to propagate through the skin and
subcutaneous tissue and finally to the LP, the stiffness
of which is directly related to the velocity of the wave.
Fibroscan measures the stiffness of a cylindrical volume
1 c¢m in diameter, 4 cm in length and 25 to 45 cm from

July 27,2014 | Volume 6 | Issue 7 |



B 100

80

60

SI (%)

40

20

Cocciolillo S et a/. CEUS and fibroscan in NAFLD and NASH

Peak (%) = 60.5
TTP (s) = 44.659
RBV = 5843.024
RBF = 78.457

MTT (s) = 74.47

M":;"“'t'f a
' phi.ll"

R AP P O PP P O
NS ’),%j' b@fp ox 1Q.3 %Ab qq,fl ‘&‘Q"%

=
s

Figure 2 Example of region of interest selection in the portal vein and Qontrast®-assisted contrast-enhanced ultrasound analysis of portal vein param-
eters in healthy control. A: Region of interest (ROI) drawn in a region of the portal vein (PV) in a selected set of higher signal intensity frames 1 min and 10 s after
SonoVue® injection; B: A gamma variate (bolus)-corrected parametric curve for the translational movement caused by breathing activity. S (%): Signal intensity; PEAK
(%): Maximum signal intensity reached during SonoVue® bolus injection; TTP (s): Time to peak; RBV (cm”): Regional blood volume; RBF (cm/s): Regional blood flow;

MTT (s): Mean transit time.

the skin. Acquisition was performed by the same expert
operator through an intercostal scan, in which the probe
was placed perpendicular to an area free of large vascular
structures. During acquisition, the patient lay in the su-
pine position with the right arm in abduction. Liver stiff-
ness was determined by computing the median value of
10 successful acquisitions in kPa.

Statistical analysis

Continuous variables (laboratory values, SonoVue® data
processed by Qontrast® software and elastosonography
data) are expressed as group means * SDs. Age was ana-
lyzed as a mean. Comparisons of all gathered data among
the groups were tested by a Welch-corrected unpaired #
test. P values were two-tailed, and all P values less than
0.05 were considered statistically significant. All statistical
relationships were assessed using correlation analysis. The
statistical analyses were performed using the GraphPad
Prism software, version 3.00 (GraphPad Software, San
Diego, California, Unites States).

RESULTS

Qontrast

We could not analyze two PV ROIs in NAFLD patients
and three in NASH patients because of poor video re-
cording due to liver steatosis that interfered with the re-
turning echoes to the US probe.

The PV analysis showed a significantly shorter Peak%
(Figure 3A) and decreased RBV and RBF (Figure 3C and
D) in both the NASH and NAFLD patients compared
with the controls. The TTP in the PV was longer in
both patient groups but reached significance only in the
NASH patients (Figure 3B).

The LP analysis yielded similar results, with Peak%
(Figure 4A), RBV and RBF (Figure 4C and D) signifi-
cantly reduced in both the NASH and NAFLD groups
compared with the normal controls. The TTP was longer
in both NASH and NAFLD patients compared with the
controls but did not reach significance (Figure 4B). The
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MTT in both the PV and LP in the NAFLD and NASH
patients was similar to that in the controls (Figure 5).

Fibroscan

The values of liver stiffness measured in kPa were found
to be significantly greater in the NASH patients com-
pared with the control group (Figure 6).

Adverse effects
CEUS studies were performed successfully in all of the
patients and were well tolerated, with no side or adverse
effects reported.

DISCUSSION

Our study showed that blood flow, as assessed by Qon-
trast®-assisted CEUS analysis of the PV and LP, was de-
creased in patients affected by NAFLD and NASH. We
also found that liver stiffness, as assessed by Fibroscan,
was increased only in NASH patients.

Based on the data obtained by the Qontrast® analysis
of ROIs in the PV and LP, significant reductions in the
Peak%, RBV and RBF were found in both groups of pa-
tients, whereas a delayed TTP was found only in the PV
of the NASH group. Our results suggest the hypothesis
that in patients with NAFLD, there is a reduced vascular
compliance in the liver due to augmented hepatic vascular
resistance to portal blood flow and an increased hepatic
vascular tone that starts before the onset of fibrosis. This
change was previously demonstrated by Francque ez al™
in an experimental animal model; in their study, Wistar
rats fed with a methionine- and choline-deficient diet for
four weeks developed severe steatosis associated with
a significant increase in intrahepatic resistance before
the onset of fibrosis and inflammation. These changes
involved functional (liver endothelial dysfunction and va-
soconstrictor overproduction) and structural (sinusoidal
altered microvascular architecture) factors. Another study
by Pasarin ez a/{w], performed on rats fed with a cafeteria
diet for one month, showed that the impaired response
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to endothelial-dependent vasodilation caused endothelial
dysfunction, leading to augmented intrahepatic resistance
and reduced portal flow. Even in this study, the functional
features of intrahepatic vascular changes preceded the
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onset of fibrosis and inflammation

[19]

Another interesting observation is that our data ob-
tained by Qontrast®-assisted CEUS were similar to those
from other studies that analyzed liver blood flow with
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CEUS using SonoVue® as the contrast medium in cit-
rhotic patients. Lin ez al™ studied the flow in the right
PV by means of color Doppler and CEUS, and they
found that the arrival time of SonoVue® in the tight PV
was prolonged, whereas the velocity and flow volume
were decreased. Similar results were found in another
study by Ridolfi 7 a/'”, who evaluated liver blood flow in
the PV and in the parenchyma by means of CEUS and
subsequent analysis by Qontrast® in cirrhotic patients
and healthy subjects. They found a reduced Peak% and
prolonged TTP and MTT in cirrhotic patients compared
with controls. These data suggest that NASH and, more
interestingly, NAFLD might be considered precursors
of liver cirrhosis due to the presence of similar hemody-
namic changes in liver blood flow.

In our patients affected by NASH, the delay in reach-
ing the maximum signal intensity (I'TP), only present in
the PV, together with the reduction in blood flow in either
the PV or LP, could be the consequence of not only intra-
parenchymal microcirculation variations but also increased
liver stiffness. Liver stiffness data in our patients with
NAFLD and NASH could be included among those with
no fibrosis (NAFLD) or mild fibrosis (NASH) as classi-
fied by Wong ez a/”". These authors studied a large cohort
of patients with hepatic steatosis using Fibroscan and liver
histology. They found that patients with no fibrosis or
mild fibrosis showed liver stiffness values (kPa) that were
consistent with those of our patients with NAFLD (no
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fibrosis) and NASH (mild fibrosis), respectively. They also
identified some patients with steatosis with liver stiffness
values that were much higher than those found in this
present study. These patients were classified at histology
as having a fibrosis pattern compatible with early cirrhosis,
which was an exclusion criterion in our study.

The major limitation of this present study was the
small number of patients that were examined; further
studies in a much larger population are required to draw
definitive conclusions regarding the value of the digital
data generated by Qontrast® However, the differences
between the control, NAFLD and NASH groups for the
main measure of the analysis (Peak% in the PV and LP)
were so large that the statistical power of the study could
be considered satisfactory. The absence of liver biopsy
data in our study was another limitation, although other
authors have found a significant correlation between US
and histopathologic data in the evaluation of steatosis” "
The CEUS procedure may be incorrectly applied when
the US machine does not meet the criteria of good sen-
sitivity, good tissue suppression and good temporal and
spatial resolution as reported in the Guidelines of Euro-
pean Federation of Societies for Ultrasound in Medicine
and Biology™. In our study, we obtained a good tissue
suppression by means of Cn'TI™, which maintains a low
MI throughout the study and avoids microbubble burst-
ing as well as bioeffects in the target organs.

In conclusion, CEUS evaluated by Qontrast® might
be able to quantify functional vascular liver changes not
otherwise detectable with any other non-invasive proce-
dure and before the development of fibrosis. The com-
bined use of Fibroscan and Qontrast®-assisted CEUS
could be helpful in assessing the level of disease and
could be potentially useful for monitoring the effects of
therapeutic interventions.

COMMENTS

Background

Non-alcoholic fatty liver disease (NAFLD) is among the most common cause of
chronic liver disease worldwide. NAFLD is further subdivided into non-alcoholic
fatty liver (NAFL) and non-alcoholic steatohepatitis (NASH). Whereas NASH is
represented by steatosis with inflammation, hepatocellular injury and possible
fibrosis, NAFL is a simple steatosis with no evidence of hepatocellular injury.
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Fat accumulation within the hepatocytes leads to narrowing and distortion of the
sinusoidal lumen, leading to increased hepatic vascular resistance and finally to
portal hypertension and fibrosis that are among the stigmata of hepatic cirrho-
sis. Whether these vascular hemodynamic changes are present in NAFLD and
NASH remains unclear. Pulsed continuous Doppler ultrasound (US) is the first-
line imaging tool for studying blood flow in the liver and allows for the evaluation
of flow in the great hepatic vessels but fails to analyze the flow in the capillaries
or sinusoids, where the velocity of the red blood cells is too slow to produce
a Doppler signal. Hence, to assess changes in hepatic microcirculation, the
authors used US to analyze a Doppler signal generated by an intravenously ad-
ministered suspension of gas-filled microbubbles (each bubble is one-third the
diameter of a red blood cell) stabilized by a lipid monolayer membrane; these
features allow these bubbles to remain entirely within the intravascular space,
thus acting as a blood pool tracer. The obtained data can be processed with a
post-processing computational tool (Qontrast®, Esaote, Firenze, Italy), which al-
lowed them to extrapolate objective and quantitative parameters of microvascu-
lar damage in the liver. Liver fibrosis directly affects the mechanical properties
of the liver parenchyma and may also contribute to portal hypertension. Liver
stiffness can be studied with Fibroscan that consists of measuring the resis-
tance of the liver tissue to the propagation of a US beam within the tissue.

Research frontiers

Considering the increasing prevalence of NAFLD with potentially severe
outcomes and the limitations of the actual gold standard (liver biopsy) as a
diagnostic procedure, the development of a non-invasive technique that allows
for an early assessment of liver damage in terms of the derangement of intra-
hepatic microcirculation and the development of fibrosis appears to be a stimu-
lating research field. This approach also has therapeutic implications in terms of
the development of new drugs and monitoring of their therapeutic effects.
Innovations and breakthroughs

The US contrast medium (SonoVue®, Bracco Spa, Milan, Italy) consisted of 2.5
um sulfur hexafluoride-filled microbubbles, which are smaller than red blood
cells. The microbubbles have no cellular uptake, unlike the contrast media used
for computed tomography scan or magnetic resonance, and can travel through
the smallest liver blood vessels without bursting. A Doppler signal not otherwise
detectable with the standard US machine is therefore generated, and the flow in
microvessels can be measured. In addition, the use of a computer program that
analyzes the signal intensity within the US image allows for the standardization
of data in term of the blood flow and volume. By means of contrast-enhanced
ultrasound (CEUS) and computer-assisted determination of flow and volume, it
has been possible for the first time to detect a derangement in the microcircula-
tion within the liver parenchyma not only in NASH but also in NAFLD. Fibrosis
otherwise appears to be limited only to NASH.

Applications

To non-invasively monitor the development of liver disease and to study the ef-
fect of drugs on hepatic micro-circulation and fibrosis.

Terminology

CEUS: contrast-enhanced ultrasound, SonoVue®: microbubbles of 2.5 um
in diameter filled with sulfur hexafluoride that are stabilized by a lipid mono-
layer membrane. QONTRAST® is a suite of software applications for image
analysis designed to extract and present, in alternative representation, bright-
ness information that is already contained within the images. FibroScan® is a
sonography-based non-invasive and rapid bedside method for the diagnosis
and quantification of hepatic fibrosis (by measuring liver stiffness).

Peer review

This is a clinical study which evaluated the findings of contrast-enhanced US
and Fibroscan in patients with NAFLD and control. The authors found some dif-
ferences of the hepatic hemodynamics and liver stiffness among control NAFL
and NASH.

REFERENCES

1 Bellentani S, Scaglioni F, Marino M, Bedogni G. Epidemi-
ology of non-alcoholic fatty liver disease. Dig Dis 2010; 28:
155-161 [PMID: 20460905 DOI: 10.1159/000282080]

2 Torres DM, Harrison SA. Diagnosis and therapy of nonal-
coholic steatohepatitis. Gastroenterology 2008; 134: 1682-1698
[PMID: 18471547 DOI: 10.1053 /j.gastro.2008.02.077]

3 Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM,

Raishidenge ~ WJH | www.wjgnet.com

502

10

11

12

13

14

15

16

17

Cusi K, Charlton M, Sanyal AJ. The diagnosis and manage-
ment of non-alcoholic fatty liver disease: practice Guideline
by the American Association for the Study of Liver Diseases,
American College of Gastroenterology, and the Ameri-
can Gastroenterological Association. Hepatology 2012; 55:
2005-2023 [PMID: 22488764 DOI: 10.1002/ hep.25762]

Yilmaz Y. Review article: is non-alcoholic fatty liver disease
a spectrum, or are steatosis and non-alcoholic steatohepatitis
distinct conditions? Aliment Pharmacol Ther 2012; 36: 815-823
[PMID: 22966992]

Friedman SL. Mechanisms of hepatic fibrogenesis. Gastroen-
terology 2008; 134: 1655-1669 [PMID: 18471545 DOI: 10.1053/
j.gastro.2008.03.003]

Vernon G, Baranova A, Younossi ZM. Systematic review:
the epidemiology and natural history of non-alcoholic fatty
liver disease and non-alcoholic steatohepatitis in adults. Ali-
ment Pharmacol Ther 2011; 34: 274-285 [PMID: 21623852 DOI:
10.1111/j.1365-2036.2011.04724.x]

Farrell GC, Teoh NC, McCuskey RS. Hepatic microcircula-
tion in fatty liver disease. Anat Rec (Hoboken) 2008; 291:
684-692 [PMID: 18484615 DOI: 10.1002/ ar.20715]

Bernatik T, Strobel D, Hahn EG, Becker D. Doppler mea-
surements: a surrogate marker of liver fibrosis? Eur | Gas-
troenterol Hepatol 2002; 14: 383-387 [PMID: 11943950 DOI:
10.1097/00042737-200204000-00008]

Greis C. Technology overview: SonoVue (Bracco, Milan).
Eur Radiol 2004; 14 Suppl 8: P11-P15 [PMID: 15700328 DOI:
10.1007/ s10406-004-0076-3]

Quaia E. Assessment of tissue perfusion by contrast-en-
hanced ultrasound. Eur Radiol 2011; 21: 604-615 [PMID:
20927527 DOI: 10.1007/s00330-010-1965-6]

Yoneda M, Yoneda M, Mawatari H, Fujita K, Endo H, lida
H, Nozaki Y, Yonemitsu K, Higurashi T, Takahashi H, Ko-
bayashi N, Kirikoshi H, Abe Y, Inamori M, Kubota K, Saito
S, Tamano M, Hiraishi H, Maeyama S, Yamaguchi N, Togo
S, Nakajima A. Noninvasive assessment of liver fibrosis by
measurement of stiffness in patients with nonalcoholic fatty
liver disease (NAFLD). Dig Liver Dis 2008; 40: 371-378 [PMID:
18083083 DOI: 10.1016/j.d1d.2007.10.019]

Friedrich-Rust M, Nierhoff ], Lupsor M, Sporea I, Fierbinte-
anu-Braticevici C, Strobel D, Takahashi H, Yoneda M, Suda
T, Zeuzem S, Herrmann E. Performance of Acoustic Radia-
tion Force Impulse imaging for the staging of liver fibrosis: a
pooled meta-analysis. ] Viral Hepat 2012; 19: €212-e219 [PMID:
22239521 DOI: 10.1111/j.1365-2893.2011.01537.x]

Yoneda M, Suzuki K, Kato S, Fujita K, Nozaki Y, Hosono
K, Saito S, Nakajima A. Nonalcoholic fatty liver disease:
US-based acoustic radiation force impulse elastography.
Radiology 2010; 256: 640-647 [PMID: 20529989 DOI: 10.1148/
radiol.10091662]

Yin M, Talwalkar JA, Glaser KJ, Manduca A, Grimm RC,
Rossman PJ, Fidler JL, Ehman RL. Assessment of hepatic
fibrosis with magnetic resonance elastography. Clin Gastro-
enterol Hepatol 2007; 5: 1207-1213.e2 [PMID: 17916548 DOI:
10.1016/j.cgh.2007.06.012]

Mori M, Fujii H, Ogawa T, Kobayashi S, Iwai S, Morikawa
H, Enomoto M, Tamori A, Sawada A, Takeda S, Kawada N.
Close correlation of liver stiffness with collagen deposition
and presence of myofibroblasts in non-alcoholic fatty liver
disease. Hepatol Res 2011; 41: 897-903 [PMID: 21682831 DOI:
10.1111/j.1872-034X.2011.00842.x]

Barzin G, Merat S, Nokhbeh-Zaeem H, Saniee P, Pedramnia
S, Mostashfi Habibabadi A, Nasseri-Moghaddam S. Oral
Nitrate Reductase Activity Is Not Associated with Develop-
ment of Non-Alcoholic Fatty Liver Disease (NAFLD) and
Non-Alcoholic Steatohepatitis (NASH): A Pilot Study. Middle
East ] Dig Dis 2014; 6: 23-27 [PMID: 24829701]

Ridolfi F, Abbattista T, Busilacchi P, Brunelli E. Contrast-
enhanced ultrasound evaluation of hepatic microvascular

July 27,2014 | Volume 6 | Issue 7 |



18

19

20

21

JRaishideng®

changes in liver diseases. World | Gastroenterol 2012; 18:
5225-5230 [PMID: 23066317 DOI: 10.3748 / wjg.v18.i37.5225]
Francque S, Laleman W, Verbeke L, Van Steenkiste C,
Casteleyn C, Kwanten W, Van Dyck C, D'"Hondt M, Ramon
A, Vermeulen W, De Winter B, Van Marck E, Van Marck V,
Pelckmans P, Michielsen P. Increased intrahepatic resistance
in severe steatosis: endothelial dysfunction, vasoconstrictor
overproduction and altered microvascular architecture. Lab
Invest 2012; 92: 1428-1439 [PMID: 22890552 DOI: 10.1038/1a-
binvest.2012.103]

Pasarin M, La Mura V, Gracia-Sancho ], Garcia-Calder6 H,
Rodriguez-Vilarrupla A, Garcia-Pagan JC, Bosch J, Abraldes
JG. Sinusoidal endothelial dysfunction precedes inflamma-
tion and fibrosis in a model of NAFLD. PLoS One 2012; 7:
€32785 [PMID: 22509248 DOI: 10.1371/journal.pone.0032785]
Lin LW, Duan X]J, Wang XY, Xue ES, He YM, Gao SD, Yu
LY. Color Doppler velocity profile and contrast-enhanced ul-
trasonography in assessment of liver cirrhosis. Hepatobiliary
Pancreat Dis Int 2008; 7: 34-39 [PMID: 18234636]

Wong VW, Vergniol J, Wong GL, Foucher J, Chan HL, Le
Bail B, Choi PC, Kowo M, Chan AW, Merrouche W, Sung
J]J, de Lédinghen V. Diagnosis of fibrosis and cirrhosis us-
ing liver stiffness measurement in nonalcoholic fatty liver
disease. Hepatology 2010; 51: 454-462 [PMID: 20101745 DOI:
10.1002/hep.23312]

WJH | www.wjgnet.com

Cocciolillo S et a/. CEUS and fibroscan in NAFLD and NASH

503

22

23

24

25

Joseph AE, Saverymuttu SH, al-Sam S, Cook MG, Maxwell
JD. Comparison of liver histology with ultrasonography in
assessing diffuse parenchymal liver disease. Clin Radiol 1991;
43: 26-31 [PMID: 1999069 DOI: 10.1016/S0009-9260(05)80350
2]

Fishbein M, Castro F, Cheruku S, Jain S, Webb B, Gleason
T, Stevens WR. Hepatic MRI for fat quantitation: its relation-
ship to fat morphology, diagnosis, and ultrasound. | Clin
Gastroenterol 2005; 39: 619-625 [PMID: 16000931 DOI: 10.1097
/00004836-200508000-00012]

Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancati FL,
Guallar E, Clark JM. Diagnostic accuracy and reliability of
ultrasonography for the detection of fatty liver: a meta-anal-
ysis. Hepatology 2011; 54: 1082-1090 [PMID: 21618575 DOI:
10.1002/ hep.24452]

Piscaglia F, Nolsge C, Dietrich CF, Cosgrove DO, Gilja OH,
Bachmann Nielsen M, Albrecht T, Barozzi L, Bertolotto M,
Catalano O, Claudon M, Clevert DA, Correas JM, D’Onofrio
M, Drudi FM, Eyding ], Giovannini M, Hocke M, Ignee A,
Jung EM, Klauser AS, Lassau N, Leen E, Mathis G, Saftoiu A,
Seidel G, Sidhu PS, ter Haar G, Timmerman D, Weskott HP.
The EFSUMB Guidelines and Recommendations on the Clin-
ical Practice of Contrast Enhanced Ultrasound (CEUS): up-
date 2011 on non-hepatic applications. Ultraschall Med 2012;
33: 33-59 [PMID: 21874631 DOI: 10.1055/s-0031-1281676]

P- Reviewer: Maruyama H, Nagarajan P, Videla LA
S- Editor: Ji FF  L- Editor: A E- Editor: Liu SQ

July 27,2014 | Volume 6 | Issue 7 |



w\J

World Journal of
Hepatology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254 /wijh.v6.i7.504

World ] Hepatol 2014 July 27; 6(7): 504-512
ISSN 1948-5182 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Clinical outcomes of compensated and decompensated

cirrhosis: A long term study

Dimitrios N Samonakis, Mairi Koulentaki, Constantina Coucoutsi, Aikaterini Augoustaki, Chryssavgi Baritaki,
Emmanuel Digenakis, Nikolaos Papiamonis, Maria Fragaki, Erminia Matrella, Maria Tzardi, Elias A Kouroumalis

Dimitrios N Samonakis, Mairi Koulentaki, Constantina Cou-
coutsi, Aikaterini Augoustaki, Chryssavgi Baritaki, Emman-
uel Digenakis, Nikolaos Papiamonis, Maria Fragaki, Erminia
Matrella, Elias A Kouroumalis, Department of Gastroenterology
and Hepatology, University Hospital of Heraklion, Heraklion
71110, Crete, Greece

Maria Tzardi, Department of Histopathology, University Hospi-
tal of Heraklion, Heraklion 71110, Crete, Greece

Author contributions: Samonakis DN wrote the manuscript, did
the statistics and was responsible for patient management; Kou-
lentaki M contributed to data base design, patient management
and paper corrections; Coucoutsi C, Augustaki A and Baritaki C
kept data base and patient management; Digenakis E, Papiamonis
N and Fragaki M contributed to patient management and data
base update, patient survival follow up; Matrella E contributed
to long term patient management and outpatient clinic details;
Tzardi M diagnosed all liver biopsies; Kouroumalis EA contrib-
uted to the study design, patient managment, contributed to the
manuscript, had overall responsibility for the study.
Correspondence to: Dr. Dimitrios N Samonakis, Depart-
ment of Gastroenterology and Hepatology, University Hospital of
Heraklion, Buidling A-4" Floor, Voutes, Herklion 71110, Crete,
Greece. dsamonakis@gmail.com

Telephone: +30-2810-392356 Fax: +30-2810-542085
Received: December 27, 2013 Revised: May 16, 2014
Accepted: June 10, 2014

Published online: July 27, 2014

Abstract

AIM: To study these characteristics and prognostic
patterns in a Greek patient population.

METHODS: We analyzed a large cohort of cirrhotic
patients referred to the department of Gastroenterol-
ogy and Hepatology and the outpatient clinics of this
tertiary hospital, between 1991 and 2008. We included
patients with established cirrhosis, either compensated
or decompensated, and further decompensation epi-
sodes were registered. A data base was maintained
and updated prospectively throughout the study period.
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We analyzed differences in cirrhosis aetiology, time to
and mode of decompensation, hepatocellular carcinoma
(HCC) occurrence and ultimately patient survival.

RESULTS: Five hundreds and twenty-two patients
with median age 67 (range, 29-91) years and average
follow up 9 years-10 mo (range, 1-206 mo) were stud-
ied. Commonest aetiology was hepatitis C virus (HCV,
41%) followed by alcohol (31%). The median survival
time in compensated cirrhotics was 115 mo (95%CI:
95-133), whereas in decompensated patients was 55
mo (95%CI: 36-75). HCV patients survived longer while
HBV patients had over twice the risk of death of HCV
patients. The median time to decompensation was 65
mo (95%CI: 51-79), with alcoholics having the highest
risk (RR = 2.1 vs HCV patients). Hepatitis B virus (HBV)
patients had the highest risk of HCC, alcoholics the low-
est. Leading causes of death: liver failure, hepatorenal
syndrome, sepsis and HCC progression.

CONCLUSION: Cirrhosis aetiology and decompensa-
tion at presentation were predictors of survival. Alco-
holics had the highest decompensation risk, HBV cir-
rhotics the highest risk of HCC and HCV cirrhotics the
highest decompensation-free time.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Survival, Decompensation; Hepatocellular
carcinoma; Bleeding; Ascites

Core tip: Hepatitis C was the most common cause in
our cirrhotics and many hepatitis C virus patients were
aged and demonstrated a long, mild course. Alcoholic
and non alcoholic steatohepatitis cirrhosis is becoming
a significant problem. Ascites was the commonest type
of decompensation. Survival in compensated cirrhotics
was at least double that of decompensated patients.
Variceal bleeding was more frequent in alcoholics; nev-
ertheless it was unexpectedly related to better survival
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than decompensation with ascites or encephalopathy.
This was attributed to the improvements in the man-
agement of variceal bleeding together with the impor-
tance of abstinence from alcohol after the episode was
successfully treated. Hepatocellular carcinoma patients
with a history of hepatitis B virus had the highest risk
of mortality.

Samonakis DN, Koulentaki M, Coucoutsi C, Augoustaki A,
Baritaki C, Digenakis E, Papiamonis N, Fragaki M, Matrella
E, Tzardi M, Kouroumalis EA. Clinical outcomes of compen-
sated and decompensated cirrhosis: A long term study. World J
Hepatol 2014; 6(7): 504-512 Available from: URL: http://www.
wjgnet.com/1948-5182/full/v6/i7/504.htm DOI: http://dx.doi.
org/10.4254/wjh.v6.i7.504

INTRODUCTION

Cirrhosis and its complications represent the end in the
spectrum of chronic liver diseases, irrespective of aetiol-
ogy. The natural history of cirrhosis is classically charac-
terised by an asymptomatic phase termed compensated
cirrhosis, followed by the development of complications
from portal hypertension and/or liver dysfunction,
termed decompensated cirrhosis. The transition has
been estimated to occur at a rate of 5%-7% per year. In
recent years this process has been proposed as a series
of critical steps that if unchecked, culminate in hepatic
decompensationm.

Chronic infection with hepatitis B virus (HBV) and
hepatitis C virus (HCV), represents the commonest cause
of cirrhosis worldwide™. Nevertheless, hepatitis C often
has indolent course for a long period of time™* with a
median time from infection to cirrhosis of 30 years; sev-
eral confounding factors have been associated with dis-
ease progressionw. Despite higher risk for decompensa-
tion in HCV infection, cirrhosis presents earlier in HBV
patients[s]. Longitudinal studies of patients with chronic
hepatitis B have shown a 5 year cumulative incidence of
developing cirrhosis 8%-20% with a 5 year survival in
compensated cirrhosis 85% and 15%-35% in decompen-
sated cirrhosis”. Various factors are related with progres-
sion in HBV infection, but clearly its course is modified
by antiviral therapy and HBV DNA suppression'™. Sus-
tained response to anti-HCV treatment also significantly
determines patients’ outcome regarding decompensation,
liver failure, death or orthotopic liver transplantation and
decreases does not completely eliminate the HCC risk"”.

Hepatocellular carcinoma (HCC) is a major compli-
cation of viral cirrhosis, both compensated and decom-
pensated, and a major cause of death”. HCC incidence
appears to be increasing wotldwide!"” and several clinico-
pathological variables have been identified as predictors
for outcome'"'”. The annual incidence of HBV related
HCC ranges from 2%-5%". Two other very common
causes of chronic liver disease and subsequent complica-
tions are non alcoholic steatohepatitis (INASH) and alco-
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holic liver disease, which especially in western countries
are becoming significant public health issues!™".

The purpose of this study was to evaluate-in a region
of southern Greece-a cohort of patients with either
compensated or decompensated cirrhosis at presentation;
to identify the time to and mode of decompensation,
investigate the occurrence of HCC and assess the impact

of all the aforementioned on patient survival.

MATERIALS AND METHODS
Study design

The study was performed in a tertiary hospital which is
the reference centre for the island of Crete, in the south
of Greece. The population of 800000 is largely homoge-
nous. The few non-Greek patients are mostly from East-
ern BEurope and the Balkans. The study conformed to the
principles of declaration of Helsinki and was approved
by the ethics committee of the University Hospital of
Heraklion. The participants in the study provided verbal
consent; for those patients with hepatic encephalopathy,
consent was given by relatives. Written informed consent
was provided from those undergoing interventional pro-
cedures (ie., liver biopsies, endoscopies and abdominal
paracentesis).

We included patients with a diagnosis of cirrhosis
who were seen as outpatients in the liver clinic or were
hospitalized, mostly for chronic liver disease complica-
tions. Starting date of the study was January 1991 and
their data were registered in a data base until June 2008.
During the long period of this study, many patients that
fulfilled the criteria were included and were therefore fol-
lowed up prospectively. In that sense the study is both
prospective and retrospective.

All patients with established cirrhosis were included.
Diagnosis was based on liver biopsy (all patients with
compensated cirrhosis) and/or clinical evidence of de-
compensation combined with endoscopic and radiological
findings. We excluded from the study (1) paediatric liver
disease; (2) patients with primary biliary cirthosis (PBC);
(3) autoimmune hepatitis (AIH) cirrhosis; and (4) 12 pa-
tients who did not wish to participate in the study. PBC
patients have a discrete clinical course and our experience
has been reported elsewhere!”. ATH patients are few in
Crete (less than 20 patients have been diagnosed during
the study period) and all but one run a good course under
treatment. Thus AIH as a separate group for cirrhosis ae-

tiology was excluded due to small numbers.

The diagnosis of decompensated cirrhosis was based
on the presence of any of the following: ascites, vari-
ceal bleeding or encephalopathy. The classification as
compensated cirrhosis precluded any past history of the
above criteria. The diagnosis of liver failure was made
when one or more of the following were observed in
decompensated cirrhotics: Hepato-renal syndrome type
2/type 1, progressively worsening liver biochemistry with
prolongation of international normalized ratio and/or
deepening jaundice (frequently due to sepsis), severely
worsening encephalopathy, or liver failure in the context
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of massive infiltration from tumout.

All patients with HBV related cirrhosis had received
standard antivirals, initially lamivudine/adefovir and later
either entecavir or tenofovir. Antiviral treatment started
at the time of initial diagnosis of chronic HBV infection
and continued after the diagnosis of cirrhosis until death
ot end of follow up.

No patient with decompensated hepatitis C related
cirrhosis received antiviral treatment with the standard
regimen. The number of compensated HCV cirrhotics in
this population on treatment with interferon and ribavirin
was too small to draw conclusions. HCV decompensated
cirrhotics received only supportive treatment as indicated
(diuretics, antibiotics, varices ligation, repeated paracen-
tesis and terlipressin). Approximately half of HCV cir-
rhotics had no antiviral treatment prior to their cirrhosis
diagnosis due to either old age, side effects or unavailabil-
ity of treatment. In any case antivirals were discontinued
on diagnosis of cirrhosis according to the guidelines at
a certain time period. A 30% of alcoholics discontinued
alcohol consumption.

A careful evaluation was performed to document any
episode of decompensation at scheduled outpatient Hep-
atology clinic visits or at hospitalization for any reason.
For patients who had not attended the outpatient clinic
for three months after their previous visit, information
regarding the outcome was obtained by telephone inter-
views with patients or relatives.

Liver biopsies were taken using ultrasound guidance
and were initially performed with Menghini needles, later
substituted by Tru-cut needles; few biopsies were done
intraoperatively or transjugularly. All patients with bleed-
ing were scoped within 24 h to diagnose and treat portal
hypertensive bleeding. Ascites and encephalopathy were
diagnosed according to standard criteria; all patients with
ascites on presentation and according to clinical suspicion
underwent abdominal paracentesis to check for sponta-
neous bacterial peritonitis ever since this was internation-
ally accepted practice. Screening for HCC was performed
every 6 mo with ultrasound (US) and a-fetoprotein, and
during the last 3 years of the study contrast-enhanced
US was used. HCC was diagnosed either histologically or
according to European association of the study of the
liver/ American association of the study if the liver crite-
ria ever since these were published“é’m.

Viral hepatitis markers were detected by Abbott Elisa
immunoassays and viral load was measured quantitatively
using polymerase chain reaction test wherever appropri-
ate since the method was available. Alcohol misuse (de-
fined as exceeding 40 g of ethanol daily in male-20 g daily
in female patients) was identified after interviewing the
patient during hospitalisation or in the outpatient alco-
holic clinic, as well from information provided by social
services. The study included patients with a diagnosis
of alcoholic cirrhosis who were either active drinkers or
were abstainers at evaluation. Three distinct end points
were considered: decompensation, death (or liver trans-
plantation) and HCC. Few patients received a transplant
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due to the late development of liver transplantation ser-
vices in the country. NASH related cirrhosis and crypto-
genic cirrhosis were evaluated as a single group.

Statistical analysis

Univariate comparisons of patient characteristics be-
tween the aetiological groups were undertaken using the
chi-squared test and one-way ANOVA according to the
type of characteristic. Bonferroni post-hoc comparisons
were made when the ANOVA compatison was found to
be statistically significant.

The median follow-up time was calculated using
the reverse Kaplan Meier estimator!. Kaplan-Meier
estimates of survival curves were constructed for both
overall survival and decompensation-free survival. Me-
dian survival times were compared using the log-rank
test. Both univariate and multivariate Cox’s proportional
hazards models were used to estimate hazard ratios (rela-
tive risks). A significance level of 5% was chosen for all
hypothesis tests. SPSS version 17 was used throughout.

RESULTS

A total of 522 patients were included in the study. The
majority of these patients had compensated cirrhosis on
presentation (# = 360, 69%). One hundred and eighty
five patients developed decompensation during follow
up (35.4% of the entire cohort and 51.3% of the initially
compensated cirthotics) and there were 231 deaths (44%)
over the follow-up period. Median follow-up was 9 years
10 mo, and ranged from 1 mo to just over 17 years. There
were 183 patients with a minimum follow up of 5 years
in the entire cohort.

Seventy eight patients (15%) were lost to follow up.
The distribution of cirthosis causes in those lost to fol-
low up was found to be similar to those remaining in
the study (# = 444). Leading causes of death were: liver
failure which resulted in 55 deaths (23.8%) hepatorenal
syndrome (7 = 50, 21.6%), sepsis (# = 25, 10.8%), mas-
sive portal hypertensive bleeding (# = 15, 6.5%). These
were followed by HCC progression, extrahepatic cancer,
cardiovascular events, and other causes. In 21 patients
(9%) who died the cause was not verified.

Characteristics of the patient cohort are presented in
Table 1. Mean patient age was 67 (range 29 to 91) years.
The most common cause of cirrhosis was hepatitis C
(41%, 215 patients), followed by alcoholic liver disease
(31%, 162 patients). The age distribution within each
etiologic group is summarized in Figure 1.

The mean age of the alcoholic liver disease (ALD) pa-
tients was 62 (SD * 12) years, of HBV patients 67 (SD *
10) years, of HBV + ALD patients 56 (SD £ 15) years, of
HCV patients 71 (SD £ 9) years, HCV + ALD patients
65 (SD * 11) years, of NASH/cryptogenic patients 70 (SD
T 13) years. Average patient age differed to a statistically
significant extent between groups (P < 0.0001). Post-hoc
pairwise comparisons indicated that HCV and NASH/
cryptogenic patients were older on average than ALD or
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Table 1 Patients' cohort characteristics

n (%)
Number of patients 522
Male 342 (66)
Female 180 (34)
Cirrhosis aetiology
HCV 180 (34)
HCV/ALD 35 (7)
HBV 67 (13)
HBV/ALD 15 (3)
ALD 162 (31)
NASH/ other 63 (12)
HCC 88 (17)
Patients alive 213 (41)
Patients died 231 (44)
Lost to follow up 78 (15)
Initially compensated 358 (69)
Initially decompensated 164 (31)
Decompensated during Follow Up 185 (35)
Initial episode of decompensation
Ascites 256 (73)
Variceal bleed 37 (11)
Encephalopathy 10 (3)
More than 1 22 (6)
Not known 24 (7)

HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HBV: Hepatitis B
virus; ALD: Alcoholic liver disease; NASH: Non alcoholic steatohepatitis.

HBV/ALD patients (P < 0.0001 in all cases). HBV/ALD
patients were also younger, on average, than patients with
HBYV alone (P = 0.035). There have been only 5 patients
with HDV co-infection, three of them with HBV/HDV/
HCV with a history of intravenous drug use. Six patients
had co infection HBV/HCV. Due to the small number no
separate analysis for the viral co infections was performed.

The median survival time of those presenting with
compensated cirrhosis was 115 (95%CI: 95-135) mo
whereas decompensated patients had a median survival
of 55 (95%CI: 36-75) mo. Kaplan-Meier survival curves
also indicated a worse overall prognosis for patients pre-
senting with decompensated cirrhosis (Figure 2) (P <
0.0001).

Survival was also strongly influenced by cirrhosis
actiology: Kaplan-Meier survival curves are presented
according to etiologic group in Figure 3, in which HBV
patients (90% e-antigen negative) appear to have the
worst overall survival (P = 0.004). Using univariate Cox
regression analysis, HBV patients were found to have just
over twice the risk of death of HCV patients (RR = 2.1,
P < 0.0001) whilst the NASH/cryptogenic group had a
RR of 1.6 (P = 0.042) compared to the HCV group.

At presentation, both cirrhosis aetiology and decom-
pensation remained significant predictors of survival (P
values 0.007 and < 0.0001 respectively) after adjusting
for age (P = 0.633) and sex (P = 0.505) in a multivariable
model. The RR was 2.6 for patients that were decompen-
sated at diagnosis (95%CI: 1.9-3.6) compared to compen-
sated patients. Patients with HBV had RR = 1.8 (95%CI:
1.2-2.7, P = 0.005) compared to HCV patients but none
of the other groups had a statistically significantly elevat-
ed risk compared to HCV patients (all P values > 0.1).
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Figure 1 Patients’ age in the different etiologies of cirrhosis. HBV: Hepati-
tis B virus; HCV: Hepatitis C virus.
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Figure 3 Survival curves according to the etiology of cirrhosis. HBV:
Hepatitis B virus; HCV: Hepatitis C virus.

The median time to decompensation was 65 mo
(95%CI: 51-79 mo) and varied according to aetiol-
ogy. Kaplan-Meier curves are presented by etiologic
group in Figure 4 (P = 0.003). The highest median
decompensation-free time was seen in the HCV patient
group (median 105, 95%CI: 60-150 mo), the lowest in
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Figure 4 Risk for decompensation according to the etiology of cirrhosis.
HBV: Hepatitis B virus; HCV: Hepatitis C virus.

the NASH/cryptogenic (median 58, 95%CI: 48-68) and
HBV groups (median 57, 95%CI: 35-79 mo). Aetiol-
ogy remained a statistically significant predictor of risk
of decompensation in a multivariable Cox model (P =
0.020), adjusting for age (P = 0.611) and sex (P = 0.878).
Patients with alcoholic aetiology had the highest risk of
decompensation compared to those with HCV (RR =
2.1, 95%CI: 1.3-3.2).

The most frequent type of decompensation was pre-
sentation of ascites (73%, 256 patients) while 6% (22
patients) had more than one complication on the same
date, 15 having both ascites and encephalopathy. The lat-
ter group of patient had high mortality (64%, 14 patients
out of 22, died during follow-up). Variceal bleeding was
diagnosed in 37 patients. The leading actiology in patients
with variceal bleeding was ALD (51%, 19 patients), fol-
lowed by NASH/crypto (27%, 10 patients) and then
HCV (19%, 7 patients).

From the Kaplan-Meier curve it appears that patients
who decompensated with variceal bleeding had the best
overall survival, followed by those decompensating with
ascites whilst the worst outcomes were evident in the
group presenting with more than one complication (Fig-
ure 5). The corresponding log rank test indicated, how-
ever that the differences in sutvival were not statistically
significant (P = 0.354).

HCC was diagnosed in 10 patients at the time of first
presentation, whilst 78 patients developed HCC over the
follow-up period. The mean time to the development of
HCC in the entire cohort was 164 mo (95%CI: 156-172
mo). The incidence of HCC during the follow-up petiod
was associated with cirrhosis aetiology (P = 0.003), even
after adjusting for age and sex in a multivariable model (P
= 0.027); the only pairwise statistically significant com-
patison was ALD compared to HBV, with ALD patients
having an HCC risk of 0.3 times that of those with HBV
aetiology (95%CI: 0.15-0.60, P = 0.001). In addition, fe-
male cirrhotics had an HCC risk 0.38 times that of men
(95%CI: 0.20-0.71). Age was not statistically significant (P

WJH | www.wjgnet.com

JBaishideng®

Type of decompensation

— Ascites

"""" Variceal bleed
Encephalopathy

"""" More than one
Not known

Survival probability

0.0 I I I I I I I I

0 24 48 72 96 120 144 168 192

t/mo

Figure 5 Survival in relation to the type of decompensation.

= 0.205). Cirrhosis aetiology was a borderline statistically
significant predictor of survival after the diagnosis of
HCC (P = 0.064) after adjusting for age (P = 0.494) and
sex (P = 0.159).

DISCUSSION

In this homogenous cohort of patients with extended
follow up from a single centre we studied the clinical
course of cirrhosis and analyzed it according to the aeti-
ology. The most common aetiology in this southern re-
gion of Greece was hepatitis C, in keeping with previous
publications from the island and mainland™”*". In our
cohort alcoholic was the second most common cause of
cirthosis and this cause has displayed an increasing trend
over recent years.

Hepatitis C patients were, on average, older followed
by the NASH/cryptogenic group, with HBV cirrhotics
tending to be diagnosed at a younger age in this study.
The older age in the HCV cohort could be expected as
HCV infection is asymptomatic in the majority of pa-
tients with slow progression over decades, until cirrhosis
is established”. Alcohol abuse in HCV infected patients
is a well recognised negative prognostic factor and ex-
plains the younger average age of this group compared
to the HCV group. Even in the younger HBV cirrhotics,
however, alcohol abuse significantly lowered the age of
cirrhosis diagnosis. In our study, age appeared to influ-
ence the survival after decompensation while comorbidi-
ties like cardiovascular diseases or diabetes had significant
effect in those with NASH related cirrhosis.

NASH is an increasingly recognised cause of cirrho-
sis, delineating a significant percentage of cryptogenic
cases'". Although the adult obesity epidemic has not
been yet evident in Greece, most of the NASH cirrhot-
ics were identified recently and many of these cases were
linked to diabetes mellitus. Their relatively small number
in out study is obviously due to the usually long period
until cirrhosis develops. This picture is expected to
change over the next decade. In our department in a sur-
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vey of 2000 liver biopsies, NAFLD/NASH comptised
22.5% of the biopsies between the years 2003-2006, as
compared to 5% between the years 1990-1995"".

The majority of patients were diagnosed with com-
pensated cirrhosis, but a considerable number decom-
pensated during follow up. Patients who presented with
compensated cirrhosis had a significantly better survival
than those presenting with decompensated cirrhosis.
A recent interesting study from the United Kingdom
showed that survival of cirrhosis is significantly higher in
patients diagnosed and followed in an ambulatory setting
than those with first diagnosis in the occasion of a hospi-
tal admission™. In this study actiology affected prognosis
in young patients to a greater extent than in older ones.

In our cohort, those with HCV actiology remained
compensated for a longer period of time on average,
with alcoholics having the highest risk for decompensa-
tion. These data ate similar to those of other studies of
Grecek cirrhotic patients (as reported by Giannousis ez
al™) as well as to those from a cohort of 4537 cirrhotics
from a general practice data base in the United Kingdom.
In the later study, alcoholic actiology had higher rate of
decompensation compared to others during the first year
after diagnosis; nevertheless this difference was not evi-
dent following the first yearm.

Ascites was the most common type of presentation
in decompensated cirrhosis while patients with mul-
tiple presentations (ze., combination of ascites, variceal
bleeding, and encephalopathy) had the worst prognosis.
In a study on acute-on-chronic liver failure (ACLF) by
Morteau e al™ ascites was a tisk factor for development
ACLF because it is an independent predictor of kidney
failure following bacterial infections. Benvegnu s al”
reported (using a large cohort of viral cirrhosis, mainly
HCV related, cirrhosis patients) that the most frequent
complication was HCC, followed by ascites which is also
the experience published by Sangiovanni ez al™ | in an ele-
gant natural history study of 214 HCV patients. A recent
paperm showed that the HCC incidence was significantly
higher among HCV patients with varices compared to
those without.

In the present study, alcoholics had significantly more
episodes of variceal bleeding. Unexpectedly patients who
decompensated with variceal bleeding displayed a better
survival compared to other presentations of decompen-
sation. This may be attributed to the large number of
alcoholics in this group of decompensated patients, in
whom abstinence may have effectively influenced the
prognosis. Moreover the established approach in variceal
bleeding which includes a combination of pharmacologic
and early endoscopic therapy may also be responsible for
improved survival displayed in these patients””. Primary
and secondary prophylaxis might also account for the de-
creased incidence of variceal bleeding observed in the re-
cent years as compared to episodes seen in the first years
of the study.

Our cohort’s average survival was almost similar in
compensated cirrhotics (10 years) and slightly better in
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decompensated (4.5 years) to the survival reported in the
seminal natural history paper by D’Amico ez al™, The
somewhat better survival in our decompensated group
could be due to our study being more recent (with docu-
mented improvements in the medical and endoscopic
management of these patients), and also due to the de-
velopment of alcohol services in our department and
the course of HCV patients with the longest survival.
Fattovich ez a/” in a previous classical study also reported
a long survival in a cohort of 384 HCV cirthotics™,
It should be stressed that survival in HCV cirrhosis was
better compared to HBV cirrhotics despite the fact that
HCYV cirrhotics received only symptomatic and support-
ive treatment while practically the vast majority HBV
patients received antiviral treatment.

The lowest survival rates were found in the HBV
group. This might be related to the increased incidence
of HCC in this group and to the fact that more than 90%
of our HBV patients had HBeAg negative chronic hepa-
titis. Indeed the incidence of cirrhosis and its subsequent
complications are much more frequent in HBeAg nega-
tive than in HBeAg positive HBV infected patients, both
in Europe and in Asia'”. Moreover, we have included
patients from the first era of the antiviral therapy when
treatment for HBV aetiology was not as effective as treat-
ments now available. This, together with the development
of lamivudine resistance in a percentage of the HBV
patients (data under preparation) as well as with the cor-
relation with HCC all contributed to the uneven outcome
of these patients. The poor outcomes for the combined
aetiology, HBV plus alcohol group, is no surprise as alco-
hol can worsen the natural course of viral hepatitis at any

Alcoholic cirrhotics despite their higher decompensa-
tion risk had a relatively high overall survival rates and
this can again be explained by the fact that a proportion
of these patients successfully discontinued or reduced
their alcohol intake. Thirty percent of the whole cohort
of patients with alcoholic aetiology became abstinent,
mostly by attending the alcohol services at the hospital.
Similar to our findings, the study by Toshikuni ez al™
reported that survival of HCV cirrhotics was similar to
survival of alcoholic cirrhotics, with the same risk for de-
compensation and mortality. A study in Danish patientsm
showed that alcoholic cirrhotics had high prevalence of
complications at the time of diagnosis and these were
predictors of 1-year mortality. In this series ascites was
also the most frequent type of decompensation, while
there was also high risk of variceal bleeding or encepha-
lopathy. As in our series, more than one complication was
assoclated with worse prognosis.

HCC development was observed mostly in HCV and
HBYV cirrhosis, and NASH had the smallest incidence.
The risk was highest in HBV cirrhosis and lowest in
those with alcoholic aetiology. Similarly, Fattovich ez al'
reported that in the absence of HBV or HCV infection,
HCC incidence is lower in alcoholic cirrhotics and these
data were confirmed by a retrospective study from Japan.
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However recent data confirm that heavy alcohol con-
sumption significantly increases the risk of HCC in HBV-
related cirrhotics®™.

Survival after HCC development was marginally re-
lated to the aetiology in our group of patients in keeping
with the data by Trevisani ¢ /. However, the develop-
ment of HCC was a catastrophic event in the natural
course of the disease®. The poor survival of the HCC
group was also influenced by the fact that many of these
patients were referred from district hospitals after the
diagnosis of large tumours, not amenable to radical treat-
ments (resection or transplantation). This, together with
a heterogeneous approach to HCC screening amongst
the referring hospitals obviously affected both the actual
incidence and the outcome. Treatment of these patients
has been reported in the randomized trial with sc octreo-
tide™ or im long acting somatostatin analoguespﬂ. The
remaining few patients underwent chemoembolization
and have been reported elsewhere (Samonakis ez /™"
submitted). Only 3 patients were transplanted due to the
recent development of transplant services in the country,
where even today there is only one liver transplant centre
with a rather limited activity.

The causes of death in this cohort of cirrhotic pa-
tients were mostly related to complications of liver disease
and/or HCC rather than the presence of comorbidities.
This in keeping with most published experience in natural
history studies™. An exception to this was the NASH-
cryptogenic group where death from cardiovascular com-
plications was frequent (data not shown). It is increasingly
recognised that cardiovascular diseases may seriously con-
tribute to the mortality of cirrhosis, contraty to previously
thoughts that liver cirrhosis is protective for coronary
artery disease”™

This study has several limitations. Due to the origi-
nal design it has a retrospective and a prospective arm.
Moreover some patients were lost to follow up after a
successful management of an acute episode, so data on
survival or cause of death are missing for this population.
We could not provide an analysis in relation to the model
end-stage liver disease (MELD) score as it was introduced
after 2002. A recent publicationm showed that aetiology
of cirthosis has an impact on 1-year survival predicted by
the MELD score. The study findings are further limited
by a long accrual petiod. Standard survival analysis meth-
ods, such as those applied in the present study, are valid
under the assumption that the probabilities of death are
stable with respect to absolute time.

In conclusion, in this cohort of patients with a long
follow up we found that cirrhosis aetiology and decom-
pensation were predictors of survival at presentation.
Alcoholics had the highest risk of decompensation and
HBYV cirrhotics were at the highest risk of develop-
ing HCC. On average HCV cirrhotics had the highest
decompensation-free time. The improvement in the man-
agement of cirrhosis complications, recent advances in
the treatment of viral hepatitis and the development of
specialized services for alcoholic liver disease could affect
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the development of complications and ultimately patient
survival.
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COMMENTS

Background

Cirrhosis and its complications represent the end in the spectrum of chronic
liver diseases, irrespective of aetiology. Its natural history is typically character-
ised by an asymptomatic phase termed compensated cirrhosis, followed by the
development of complications from portal hypertension and/or liver dysfunction,
termed decompensated cirrhosis. Cirrhotics have diverse presentation and
prognosis according to stage, aetiology and geographic region.

Research frontiers

The research objective was to study disease progression in the authors’ cohort
of compensated and decompensated cirrhotics; to identify the time to and mode
of decompensation, to assess the occurrence of hepatocellular carcinoma and
the ultimate impact of cirrhosis on patient survival.

Innovations and breakthroughs

Previous studies from various parts of the world have presented local experi-
ence. This is the largest study in their country, both with respect to the study
population and the follow up period. It reflects various critical issues on the
epidemiology, natural history and survival of this large cohort of cirrhotics.

Applications

The study provides insight on the natural course of common causes of liver
cirrhosis, denotes the increasing problem of alcoholic liver disease, whereas
provides useful information on the importance of aetiology in prognosis.

Terminology

Cirrhosis arises as a result of different mechanisms of liver injury and repre-
sents a common denominator to various aetiologies; it represents an increasing
cause of liver morbidity and mortality. Chronic infection with hepatitis B and C
virus, represent the commonest cause of cirrhosis. Hepatocellular carcinoma is
a primary neoplasm that frequently develops on a cirrhatic liver.

Peer review

The article of Samonakis et al entitled “Natural history study of compensated
and decompensated cirrhosis: a long term single centre study” is a retrospec-
tive study aimed to reporting the characteristics and evolution of a wide cohort
of cirrhotic patients in Greece. The article is of interest in clinical practice, the
methodology is appropriate and the size of the population is big enough to sup-
port the conclusions that authors have drawn in this comprehensive work.
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Abstract

AIM: To assess a protocol for treating patients with
multiple synchronous colonic cancer liver metastases,
which are unresectable in one stage.

METHODS: Patients enrolled in the “liver first” proto-
col presented with colon-only (not rectal) cancer and
multiple synchronous hepatic metastases (type II or
IT). All patients showed good performance status (ECOG
PS 0-1) and were treated with curative intent. Complete
oncologic staging including positron emission tomogra-
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phy-computed tomography was performed in order to
rule out extrahepatic disease. If bowel obstruction was
imminent, an intraluminal colonic stent was placed en-
doscopically. Subsequently, all patients received stan-
dardised neo-adjuvant chemotherapy, that is, FOLFOX
or XELOX regimens combined with an antiangiogenic
agent (bevacizumab or cetuximab). Provided that a
response to chemotherapy was observed, patients un-
derwent either one or two hepatectomies with or with-
out portal vein embolization followed by the indicated
colectomy. Further chemotherapy was administered
after each procedure. Re-staging was performed after
each chemotherapeutic treatment. Disease progression
at any stage resulted in discontinuation of the protocol
and conversion to palliative disease management.

RESULTS: Prospectively recorded data from 11 con-
secutive patients (8 men) were analysed for this study.
Their mean age at the time of their first assessment
was 65.7 (SD £ 15.3) years. Six (54.6%) patients
presented with type Il metastatic disease. The mini-
mum and maximum follow-up periods were 7.3 and
39.6 mo, respectively. The mean overall survival of all
patients was 16.5 (95%CI: 10.0-23.2) mo. A colonic
stent had to be placed in 5 (45.5%) patients due to
the onset of an intraluminal obstruction. Four (36.4%)
patients succeeded in completing all planned surgi-
cal operations. Their mean overall survival was 27.2
(95%CI: 15.1-39.3) mo and the mean disease-free
survival was 7.7 (95%CI: 3.0-12.5) mo. Patients, who
were obliged to shift to palliative treatment due to dis-
ease progression, had a mean overall survival of 10.5
(95%CI: 8.6-12.4) mo. None of these patients under-
went palliative colectomy. No postoperative mortality
was recorded.

CONCLUSION: The implementation of a structured
“liver first” approach protocol for the treatment of pa-
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tients with extensive, liver-limited colon cancer meta-
static disease may be beneficial.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Clinical protocols; Colectomy; Colon cancer;
Hepatectomy; Liver neoplasm

Core tip: Complete tumour burden resection remains
the only possible curative therapy for liver-limited colon
cancer metastatic disease. However, there are different
approaches regarding treatment of the primary tumour
and its hepatic metastases, if the latter are synchro-
nous and unresectable with one surgical procedure.
For this subgroup of patients, a “liver first” approach
protocol is introduced in order to assess standardised
treatment as well as to prevent overtreatment in cases
of undetected extra-hepatic metastatic dissemination or
disease progression.

Kardassis D, Ntinas A, Miliaras D, Kofokotsios A, Papazisis K,
Vrochides D. Patients with multiple synchronous colonic cancer
hepatic metastases benefit from enrolment in a “liver first” ap-
proach protocol. World J Hepatol 2014; 6(7): 513-519 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v6/i7/513.
htm DOI: http://dx.doi.org/10.4254/wjh.v6.i7.513

INTRODUCTION

Approximately every second patient who suffers from
colorectal cancer (CRC) will at some point be diagnosed
with either synchronous or metachronous metastatic
disease™”. Liver is the most frequently affected organ.
Resection of the complete tumour load has long been
accepted as the only therapeutic option that results in
improved long-term survival or even cure®!, During the
past decade a significant prolongation of overall survival
and an increase in survival rates has been reported. This
development is based on the improvement of systemic
chemotherapy and introduction of antiangiogenic agents,
but also on the utilisation of advanced surgical strategies
and equipment'®.,

Wheteas in metachronous resectable disease, the tim-
ing of necessary operative procedures seems obvious,
various approaches are currently being implemented if
resectable (or potentially resectable) hepatic metastases,
with no evidence of extrahepatic disease, are detected at
the time of the primary tumour diagnosis'”. The “classic”
approach consists of targeting the primary tumour first,
followed by chemotherapy and resection of the hepatic
metastases' . This strategy remains essential, if diagnosis
of the disease coincides with an existing acute lower gas-
trointestinal bleeding or significant bowel obstruction.
The “simultaneous” approach includes resection of the
primary tumour as well as any hepatic metastases in one
stage. This option is often preferred, especially in experi-
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enced centres, when a minor hepatectomy is sufficient in
clearing the existing tumour load". Finally, the “reverse”
strategy has been introduced in recent years'*'", In this
approach, liver specific procedures such as portal vein
embolization and hepatectomies come first, followed
by colectomy. All operative procedures take place either
after chemotherapy alone or after combination with
radiotherapy, when the diagnosis is rectal cancer. The ra-
tionale behind this strategy is that patients with multiple
hepatic metastases are more likely to become incurable
by not timely confronting the extensive liver metastatic
disease.

Important criteria for choosing the appropriate thera-
peutic plan are patient’s performance status, primary
tumour location, disease extent, available diagnostic and
therapeutic tools and methods, as well as the centre’s
medical and surgical team experience. Due to the com-
plexity of the disease, the patient population is hetero-
genic. In addition, conclusions regarding best possible
management are based on retrospective series of patients
suffering from CRC and liver metastases' . Therefore,
treatment of those patients is routinely based on patient
and centre specific (“individually tailored”) approaches
rather than generally accepted guidelines.

For this study, a subgroup of CRC patients was
defined, that is, patients who had been diagnosed with
stage IV colonic (not rectal) cancer and presented with
multiple, bilobar, synchronous, liver-only metastases, that
were either potentially resectable after more than one
procedure (type II) or initially unresectable, but possibly
resectable after tumour downsizing (type "™, These
patients were enrolled in a prospective “liver first” ap-
proach protocol which included staging, certain oncolog-
ic therapy and surgical therapeutic steps. The aim of the
study was to assess the implementation of this algorithm,
especially in terms of applicability and safety.

MATERIALS AND METHODS
Ethics

This study was conducted in a tertiary care private hos-
pital according to the guidelines of the Declaration of
Helsinki of the World Medical Association"”. The hos-
pital’s ethics committee approved the study protocol.
Written informed consent was obtained from all patients.
Their enrolment was discussed during and approved by
the hospital’s weekly tumour board. All patients were
treated with curative intent.

Definitions

Nomenclature regarding the extent of hepatic resections
is that endorsed by the International Hepato-Pancreato-
Biliary Association"”. Decisions on resectability were
taken by the hepato-pancreato-biliary surgeons of our
centre based on the recommendations made on the Con-
sensus Conferences on the Multidisciplinary Treatment
of Colorectal Cancer Metastases' ™. Postoperative com-
plications are reported according to the Dindo-Clavien
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Patients

Inclusion criteria for patients enrolled in the “liver first”
protocol included the diagnosis of colon-only (not rectal)
cancer and synchronous, multiple, bilobar, liver metasta-
ses (type II or 1), age = 18 years, no previous disease-
specific therapeutic management and Eastern Coopera-
tive Oncology Group (ECOG) performance status grade
0 or 1. Patients who were diagnosed with extrahepatic
disease were excluded.

Study protocol

The protocol was performed within the scope of an
intent-to-treat study. Initially, a complete oncologic stag-
ing, that is clinical examination, blood tests, liver function
tests, tumour marker determination, coloscopy, primary
tumour histology, abdominal and thoracic cross-sectional
imaging, positron emission tomography-computed to-
mography (PET-CT), was performed. In the case of an
imminent bowel obstruction, an intraluminal colonic
stent was placed by endoscopy (Figure 1). All patients
then received standardised neo-adjuvant chemotherapy
including an antiangiogenic agent. In the case of post-
chemotherapy disease response, patients underwent
either portal vein embolization, in order to achieve an
increase in the future liver remnant, or/and one or two
hepatectomies. If indicated, radiofrequency ablation or
microwave ablation was performed intraoperatively. In
between, (sandwich) chemotherapy was administered.
This particular protocol phase was called “liver mold-
ing”. If the disease remained stable, a PET-CT scan was
performed in order to assess the neoplasm’s response to
chemotherapy. Following the “liver molding” phase, che-
motherapy and re-staging was repeated. Only in the case
of absence of extrahepatic disease at this stage, patients
underwent the indicated colectomy. Adjuvant chemo-
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therapy regimens were administered. On the other hand,
disease progression at any stage of the protocol resulted
in its discontinuation and conversion to palliative disease
management.

Chemotherapy

First-line chemotherapy comprised of 5-fluorouracil, leu-
covorin, and oxaliplatin (FOLFOX4), or capecitabine and
oxaliplatin (XELOX) combined with a vascular endo-
thelial growth factor inhibitor (bevacizumab). In second-
line chemotherapy, oxaliplatin was replaced by irinotecan
and/or bevacizumab was replaced by an epidermal
growth factor receptor inhibitor (panitumumab), the lat-
ter was administered if patients had non-mutated disease
(KRAS wild-type).

Statistical analysis

Continuous and categorical variables were recorded and
analysed with descriptive statistics. Survival analysis was
performed by the use of Kaplan-Meier curves. Statisti-
cal analysis was performed by means of the IBM SPSS
Statistics Package, version 19.9 (SPSS Inc., Chicago, IL,
United States).

RESULTS

For this study, prospectively collected data were analysed.
Between July, 2010 and October, 2011 eleven consecu-
tive patients (eight men) who met the inclusion criteria
were enrolled in the “liver first” protocol. Demographic
and clinical characteristics at the time of their first as-
sessment are displayed in Table 1. Patients’ mean age was
65.7 (SD £ 15.3) years. Seven patients (63.6%) presented
with the primary tumour located in the sigmoid colon.
Five patients (45.5%) presented with type II metastatic
disease. Six patients (54.6%) presented with type I
metastatic disease. The number of hepatic metastases
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Table 1 Patients’ first assessment demographic and clinical

characteristics

Patients Gender Age Primary Metastatic Colonic
(yr) colonic type obstruction >
tumour location (liver-limited) stent placement
1 Male 67 Sigmoid I -
2 Male 75 Sigmoid I -
3 Female 37 Sigmoid | -
4 Male 79 Sigmoid it v
5 Male 79  Descending it v
6 Male 40 Sigmoid it v
7 Female 75 Sigmoid I -
8 Male 59  Descending i -
9 Female 78  Descending it v
10 Male 59 Sigmoid il v
11 Male 75 Ascending I -

ranged between seven and more than thirty, while their
size ranged between 2 cm and 16 cm. A colonic stent
was placed in five patients (45.5%) before the start of
neo-adjuvant therapy due to an imminent intraluminal
obstruction. Four patients (36.4%), all presenting with
type II metastatic disease at the time of first assessment,
completed all scheduled surgical procedures and cor-
respondingly the entire protocol. They underwent two
or three operations (mean: 2.75), including the indicated
colectomy as the last operative step. Pathology con-
firmed negative margins (R0) of all resected specimens.
One out of five “type Il patients (20.0%) suffered dis-
ease progression before reaching the time point of the
planned hepatectomy. In only one out of six “type I~
patients (16.7%) the neoplasm was able to be converted
to “type II” following neo-adjuvant chemotherapy. No
palliative colectomy was necessary for the seven patients
who had to be allocated to palliative therapy due to dis-
ease progression (Table 2).

The minimum and maximum follow-up periods were
7.3 mo and 39.6 mo, respectively. The mean overall surviv-
al of all patients was 16.5 (95%CI: 10.0-23.2) mo. Patients
who were able to complete the “liver first” protocol had
a mean disease-free survival of 7.7 (95%CI: 3.0-12.5) mo
and a mean overall survival of 27.2 (95%CI: 15.1-39.3)
mo. On the contrary, patients, who were obliged to shift
to palliative treatment due to disease progression during
the period of their enrolment did not became free of dis-
ease at any time point and had a mean overall survival of
10.5 (95%CI: 8.6-12.4) mo (Table 2).

With regard to severe complications associated with
chemotherapy, one patient suffered from upper gastro-
intestinal bleeding after receiving the FOLFOX and be-
vacizumab regimen. Two severe postoperative complica-
tions (Grade III) were documented. One patient suffered
an anastomotic site bleeding following sigmoidectomy,
which was confirmed and treated by endoscopy and
blood transfusions, and one patient suffered a bile leak-
age following hepatectomy, requiring percutaneous drain-
age. Furthermore, no postoperative (90-d) mortality was
recorded.
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DISCUSSION

Patients presenting with metastatic CRC represent a
large, but significantly heterogeneous population as dis-
tinctions can be made based on primary tumour location,
extension of metastatic spread and diagnosis time point
of metastases (synchronous s metachronous). Currently,
complete neoplasm resection is regarded as the only cu-
rative therapeutic option for those patients[zm. Despite
broadening resectability criteria in recent years, only a
selected group (20%-30%) will be candidates for curative
resection"). Historically, the first step of implementing
therapeutic treatment was to resect the primary colorectal
tumour and subsequently target hepatic metastases (“clas-
sic” approach). Due to improvements in both chemother-
apy and surgical techniques, simultaneous resection of
primary and liver-limited secondary disease (“‘combined”
approach) ot the prioritised resection of liver metastases

(“reverse” approach) are being performed in experienced
[22,23]

centres

For this study, we selected a patient cohort as ho-
mogenous as possible. To be more specific, we included
patients with synchronous liver-only metastatic disease
that was diagnosed at the same time as the primary tu-
mour and was either resectable in more than one stage
or potentially resectable after successful downsizing.
We excluded patients with rectal cancer because of the
“interference” of radiotherapy treatment phases with
the specific protocol steps. We also excluded patients
who had to be treated with the “classic” approach, for
example patients with ileus secondary to complete bowel
obstruction. In addition, patients who could be treated
with the “combined” approach, for example due to the
presence of a solitary liver metastasis, were also excluded.
Finally, we excluded patients with potentially resectable
extrahepatic neoplasm dissemination.

In theory, the proposed “liver first” protocol may take
advantage of the fact that neo-adjuvant chemotherapy in
CRC patients provides an assessment of tumour biolo-
g}le4J. Its effectiveness influences future therapeutic strat-
egies because it may downsize the existing tumour load,
so that initially unresectable metastases may become re-
sectable™. Adding biological agents reportedly increases
oncologic response and resectability rate””. On the other
hand, this approach helps to avoid unnecessary operative
procedures, and thus potential complications and delay
in chemotherapy administration in patients whose neo-
plasm’s biology is not favourable.

Upfront colectomy in the treatment of CRC with
synchronous hepatic metastases in the context of the cu-
rative or even palliative setting became controversial the
last few years. Even though some authors conclude that
upfront colectomy is beneficial in terms of overall surviv-
al, this standpoint has been challenged because the rate
of primary-related complications seems low, even when
using modern antiangiogenic therapy” ™. In our small
cohort of patients, we did not encounter any primary-
related complications. Whenever a bowel obstruction
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Table 2 Patients’ operative treatment and oncologic characteristics

Patients Metastatic type Hepatectomy 1 Hepatectomy 2 Colectomy Disease-free Overall
(liver-limited) Survival period (mo)
1 I RE and wedge and RFA-MWA = v 8.23 39.57
2 I Right Left lateral and RFA-MWA v 2.20 1417
3 il - - - - 13.97
4 m - - - - 7.33
5 il - - - - 13.37
6 I Laparoscopic left lateral Right v 15.27 39.17
7 1 Left lateral Right v 5.27 15.57
8 il - - - - 9.43
9 I Laparoscopic left lateral - - - 7.80
10 m - - - - 11.5
11 I - - - - 10.1

RE: Right extended; RFA: Radiofrequency ablation; MWA: Microwave ablation.

was imminent, a stent placement prevented acute surgery
and enabled the protocol enrolment for each patient. In
fact, one of five patients who received a colonic stent
completed all planned operations and thus, the stent was
resected with the colectomy specimen.

In spite of meticulous and repeated staging, three
out of four patients (75.0%), who completed the “liver
first” protocol and became disease-free, were finally diag-
nosed with recurrence (mean disease-free survival of 7.7
mo). This trend coincides with several large retrospec-
tive series” . A recent study suggests that pathologic
characteristics of the primary colorectal tumour are more
prognostic than relevant metastatic features™

A significant limitation of this study is the absence of
a control group with matched diagnosis for comparing
the “reverse” with the “classic” approach. Another im-
portant limitation is that the number of patients enrolled
in the applied protocol is small.

The main goal of this work was to examine the fea-
sibility and safety of realising a prospective “liver first”
approach protocol-to our knowledge, it is the first one -
for patients with liver-limited metastatic colon cancer. It
focuses on a specific subgroup, namely patients with syn-
chronous, multiple, bilobar hepatic metastases that are re-
sectable after several interventions or disease downsizing,
Treatment for these patients is usually “individually tai-
lored” since the criterion of metastatic load resectability
and the availability of therapeutic options may differ sig-
nificantly among medical teams. Even though the num-
ber of patients is low, a noticeable trend can be observed,
that is, patients who showed disease progtression during
the various steps of this algorithm had a worse outcome
than those patients who succeeded in completing the
protocol and became disease free, even for a short period
of time. Furthermore, patients with disease progression
avoided at least one operation (colectomy) without devel-
oping primary-related complications that needed surgical
intervention.

In conclusion, the implementation of a structured
“liver first” approach protocol for the treatment of pa-
tients with extensive, liver-limited colon cancer metastatic
disease is feasible, safe, and may be beneficial. The appli-
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cation of such a protocol requires strict multidisciplinary
decision-making process and therapeutic management.
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Abstract

AIM: To study the safety and efficacy of pegylated in-
terferon alfa-2b, indigenously developed in India, plus
ribavirin in treatment of hepatitis C virus (HCV).

METHODS: One-hundred HCV patients were enrolled
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in an open-label, multicenter trial. Patients were treated
with pegylated interferon alfa-2b 1.5 pg/kg per week
subcutaneously plus oral ribavirin 800 mg/d for patients
with genotypes 2 and 3 for 24 wk. The same dose of
peginterferon plus weight-based ribavirin (800 mg/d for
< 65 kg; 1000 mg/d for > 65-85 kg; 1200 mg/d for >
85-105 kg; 1400 mg/d for > 105 kg body weight) was
administered for 48 wk for patients with genotypes 1
and 4. Serological and biochemical responses of pa-
tients were assessed.

RESULTS: Eighty-two patients (35 in genotypes 1 and
4 and 47 in 2 and 3), completed the study. In genotype
1, 25.9% of patients achieved rapid virologic response
(RVR): while the figures were 74.1% for early virologic
response (EVR) and 44.4% for sustained virologic re-
sponse (SVR). For genotypes 2 and 3, all patients bar
one belonged to genotype 3, and of those, 71.4%,
87.5%, and 64.3% achieved RVR, EVR, and SVR, re-
spectively. In genotype 4, 58.8%, 88.2%, and 52.9%
of patients achieved RVR, EVR, and SVR, respectively.
The majority of patients attained normal levels of ala-
nine aminotransferase by 4-12 wk of therapy. Most
patients showed a good tolerance for the treatment,
although mild-to-moderate adverse events were exhib-
ited; only two patients discontinued the study medica-
tion due to serious adverse events (SAEs). Eleven SAEs
were observed in nine patients; however, only four
SAEs were related to study medication.

CONCLUSION: Peginterferon alfa-2b, which was de-
veloped in India, in combination with ribavirin, is a safe
and effective drug in the treatment of HCV.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In a multicenter study, the safety and efficacy
of pegylated interferon alfa-2b, indigenously developed
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in India, plus ribavirin was evaluated on 100 hepatitis
C virus (HCV) patients with genotypes 1, 2, 3, and 4.
Eighty-two patients completed the study. Most patients
had mild-to-moderate adverse events, although 11
serious adverse events were reported in 9 patients.
However, only 4 of these were related to study medica-
tion. The percentage of serologic response (rapid viro-
logic response, early virologic response, and sustained
virologic response rates) of patients was similar to that
reported in published studies. In conclusion, peginter-
feron alfa-2b, developed in India, is a safe and cost-
effective drug in the treatment of Indian patients with
HCV infection.

Rao PN, Koshy A, Philip J, Premaletha N, Varghese J, Narayana-
samy K, Mohindra S, Pai NV, Agarwal MK, Konar A, Vora HB.
Pegylated interferon alfa-2b plus ribavirin for treatment of chron-
ic hepatitis C. World J Hepatol 2014; 6(7): 520-526 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v6/i7/520.
htm DOTI: http://dx.doi.org/10.4254/wjh.v6.17.520

INTRODUCTION

According to the World Health Organization’s estimates,
over 170 million people (3% of the wotld’s population)
are infected with chronic hepatitis C virus (HCV) world-
wide!". Each year, about five million people are newly
infected, and more than 350000 people, despite availabil-
ity of treatment, die from HCV-related complications'”.
Hepeatitis is an emerging infection in India, with a paucity
of large scale prevalence studies on hepatitis C in the
general population. The reported prevalence rates also
vary widely (range 0.09% to 7.89%)". However, regard-
less of prevalence rates, the burden of HCV infection in
India is expected to be high with a population over 1.2
billion; as a result, its treatment modalities, as well as suc-
cess rates, demand attention.

The HCV genotype plays a significant role in thera-
peutic guidelines, since HCV genotypes 1 and 4 are more
resistant to treatment compared to HCV genotypes 2 and
3. Yet, irrespective of genotype, pegylated interferon, in
combination with ribavirin, is considered the gold stan-
dard in the treatment of chronic HCV infection™”. Cur-
rently, both pegylated interferon alfa-2a and pegylated
alfa-2b are available in India. These drugs are exorbitantly
priced and ate not easily accessible to the majority of In-
dian patients. In view of this, Virchow Biotech developed
pegylated interferon alfa-2b from Escherichia coli by using
recombinant DNA technology, and priced it competitive-
ly. The aim of the present study is to evaluate the safety
and efficacy of pegylated interferon alfa-2b in chronic
hepatitis C patients.

MATERIALS AND METHODS

Patient selection
Male and female patients aged 18-65 years-old (both
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years inclusive) that attended the outpatient department
of 12 hospitals were screened. 100 consecutive patients
were enrolled if they had chronic hepatitis C infection
as per the following criteria: presence of HCV RNA and
petsistent elevation of serum alanine aminotransferase
(ALT) levels 1.5 times gteater than normal (N < 40 IU/L);
compensated liver disease at the time of baseline visit as
defined by Child-Pugh class A; hemoglobin = 9 g/dL
(females), = 10 g/dL (males); platelet count = 75 X 10’/
L; neutrophil count = 1.5 X 10°/1; and thyroid stimulat-
ing hormone within normal limits (0.35-5.50 mIU/mL).
Only treatment niive patients were included in the study.
Patients were excluded if they had evidence of other liver
diseases such as hepatitis A virus, hepatitis B virus, alfa-2
antitrypsin deficiency, Wilson’s disease, primary biliary
cirrhosis, autoimmune liver disease, or hemochromatosis.
Other criteria for exclusion were: chronic alcoholism;
history of drug abuse; immune suppression associated
with organ transplantation; history of hypersensitivity
to interferon or its diluents; significant psychiatric dis-
ease, especially depression; severe cardiovascular disease;
patients with co-infection of human immunodeficiency
virus infection; and pregnant and lactating women. Study
procedures were explained to each participant and writ-
ten informed consent was obtained before enrolment
into the study.

Study design

This is an open-label, multicenter study that was con-
ducted, with the approval of the Drugs Controller
General of India, at 12 centers across eight Indian cit-
ies between March 2010 and March 2013. The study,
conducted in accordance with principles under the 1964
Declaration of Helsinki and later revisions, was initi-
ated after obtaining approval of the study protocol from
the institutional ethical committee at respective centers.
This trial was registered in Clinical Trial Registry India
(CTRI/2011/000028).

Treatment regimen

Treatment consisted of the administration of peginter-
feron alfa-2b (manufactured by Virchow Biotech Private
Ltd, Hyderabad, India) 1.5 pg/kg per week subcutane-
ously, in combination with tibavitin 800 mg/d orally, for
patients with genotypes 2 and 3 for 24 wk. The same
dose of peginterferon was administered in combination
with weight-based tibavirin (800 mg/d for < 65 kg; 1000
mg/d for > 65-85 kg; 1200 mg/d for > 85-105 kg; 1400
mg/d for > 105 kg body weight) for 48 wk for patents
with genotypes 1 and 4.

Dose modification/discontinuation

Ribavirin dose was reduced to half if hemoglobin level
was < 10 g/dL; treatment was discontinued if hemoglo-
bin level was < 8.5 g/dL. Pegintetferon dose was reduced
to half in patients with white blood cells (WBC) < 1.5 X
10°/1,, neutrophils < 0.75 X 10°/1, ot platelet count <
50 x 10”/L. Peginterferon treatment was discontinued in
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Table 1 Baseline characteristics of patients with genotypes 1,

Jand 4

Parameter Genotype 1 Genotype 3 Genotype 4
(n = 27) =56 m=17)
Age (yr) 419+13.2 41.7 +£10.9 46.3+9.3
Weight (kg) 60.5 £12.0 63.3+11.5 63.7 £10.8
Male number (%)* 19 (703%)  11(19.7%) 11 (64.7%)
Hemoglobin (g/dL) 141+1.6 13.8+19 142+1.2
White blood cell count 6682 +1682 7086 +1886 7201 + 1886
(10°/1)
Neutrophils (%) 584 +84 56.0 £11.8 53.3+8.0
Platelet count (103/ L) 200 + 80 199 +78 170 £ 50
Alanine Aminotransferase 88.1 £41 127.7£874 1049+61.1
(U/L)
HCV RNA logw IU/mL 55+1.2 54+1.1 55+0.9

'Includes one patient with genotype 2; *Value in percentage. HCV: Hepati-
tis C virus.

patients with WBC < 1.0 x 10”/L, neutrophils < 0.5 X
10°/L, or platelet count < 25 X 10°/L.

Assessment of efficacy

The primary efficacy endpoint was the percentage of pa-
tients with sustained virologic response (SVR), defined as
undetectable serum HCV RNA 24 wk after cessation of
therapy. Secondary efficacy endpoints were: rapid virolog-
ic response (RVR), defined as undetectable serum HCV
RNA at week 4; early virologic response (EVR), defined
as undetectable serum HCV RNA or 2-logio reduction in
HCV RNA from the baseline at week 12; end of treat-
ment virologic response (ETVR), defined as undetectable
serum HCV RNA at weeks 24 and 48'; with normaliza-
tion of ALT at weeks 12, 24, 48', and 24 after cessation
of therapy (‘only for patients with genotypes 1 and 4).
Data on non-responders, relapse, and breakthrough were
also collected'”. Non-responders were defined as those
who failed to clear HCV RNA from serum after 24 wk
of therapy. Relapse was defined as undetectable HCV
RNA at the end of treatment, followed by the reappear-
ance of HCV RNA during follow-up. Breakthrough was
defined as undetectable HCV RNA during treatment,
followed by the appearance of HCV RNA, despite con-
tinued treatment.

Blood samples were obtained for serologic tests for
quantitative HCV RNA by polymerase chain reaction
(PCR) at baseline and at weeks 4, 12, 24, and 48 for geno-
types 2 and 3; while for genotypes 1 and 4 this was at
baseline and at weeks 4, 12, 24, 48, and 72. Cobas Tagman
HCV test (Roche), using the real-time PCR method with
a lower detection limit of < 25 IU/ml., was employed for
quantification of HCV RNA in serum. A linear array de-
tection kit from Roche was used in HCV genotyping.

Assessment of safety

Vitals (respiratory rate, pulse rate, body temperature, and
blood pressure), hematology (complete blood picture,
hemoglobin, and platelet count), and ALT levels were
measured at each visit. Biochemical parameters (serum
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lactate dehydrogenase, creatinine, potassium, and phos-
phorus) were also measured at specified screening visits;
weeks 4, 12, 24, and 48 for genotypes 2 and 3, and weeks
4,12, 24, 48, and 72 for genotypes 1 and 4. Patients were
monitored for adverse events (AE) and medication com-
pliance throughout the duration of study. Adverse events
were graded as mild, moderate, or severe. Treatment
was suspended or modified according to the severity of
adverse events. The dosage of peginterferon alfa-2b, riba-
vitin, or combination of the two was again increased to
the original level after the resolution of adverse events.
Serious adverse events (SAEs) were documented and
communicated to the institutional ethics committee and
Drugs Controller General of India.

Sample size

Various trials conducted on patients with genotypes 1 and
4 or 2 and 3 have reported around 40%-80% SVR, which
reflects the efficacy of peginterferon alfa-2b in the treat-
ment of HCV'*". In our eatlier pilot study conducted
on 25 patients with HCV infection, a SVR of 60% was
observed. Considering the 60% efficacy, 95%CI, 80%
power, and 15% error with a 15% dropout rate with two
tailed ~test, the calculated sample size was 100 patients.

Statistical analysis

Values were expressed as mean (SD). Since an open-label
study design was adopted, efficacy assessment basically
relied upon desctiptive statistics rather than inferential
analysis. Intention-to-treat (ITT) analysis was carried
out on the population that included all patients who met
the eligibility criteria and had received at least one dose
of the investigational drug during the study period. Per
protocol analysis was also carried out, which included pa-
tients who completed the stipulated study period.

Safety parameters, such as vital signs and laboratory
findings including hematology and biochemical param-
eters, were analyzed by repeated measure analysis of
variance. Two-sided P-values were reported, with those
less than 0.05 being considered statistically significant. All
analyses were performed using IBM SPSS version 19.0
for Windows.

RESULTS

Patients’ characteristics

A total of 100 consecutive patients with chronic hepatitis
C who met the inclusion/exclusion criteria were enrolled
into the study. Among them, 27 pertained to genotype
1, 17 for genotype 4, only one for genotype 2, and 55
for genotype 3. Since there was only one patient with
genotype 2, the results presented on genotypes 2 and 3
basically represent only those of genotype 3. The demo-
graphic and baseline characteristics of the 100 enrolled
patients are presented in Table 1. At baseline, values
of hematological and biochemical investigations were
within normal limits except for liver function tests such
as serum ALT, aspartate aminotransferase, and alkaline
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Genotypes 1 Genotype 3* Genotype 4
(n=27) (n = 56) (n=17)
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Figure 1 Disposition of patients. "Includes one patient with genotype 2.
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Figure 2 Mean alanine aminotransferase levels during the study period in
patients with different genotypes. 'Includes one patient with genotype 2. ALT:
Alanine aminotransferase.

phosphatase. Barring serum ALT levels, other demo-
graphic, hematological, and biochemical parameters, in-
cluding HCV RNA levels, were not significantly different
between genotypes 1, 3, and 4. The mean ALT levels in
genotype 3 patients were significantly higher (P < 0.02)
than those in genotype 1; but these were similar to those
of genotype 4.

Figure 1 shows the flow of patients through the study.
Among the 100 patients, 82 completed the study. Eigh-
teen patients did not complete the study for the following
reasons: lost to follow-up (8), withdrew (0), discontinued
due to SAE (2), and discontinued therapy due to non-
response by the investigator (2). Treatment compliance
was monitored by maintaining a patient dairy. During
the study period, the mean daily intake of ribavirin was
14.3 + 1.84 mg/kg body weight in genotypes 1 and 4 and
12.84 + 2.29 mg/kg body weight in genotype 3.

Treatment response
Overall, 57%, 84%, 72%, and 57% of enrolled patients
achieved RVR, EVR, ETVR, and SVR, respectively.
Results on virologic response of genotypes 1, 3, and 4,
evaluated by ITT and per protocol analysis, are presented
in Tables 2 and 3, respectively.

Data on the percentage of patients with normalization
of ALT at weeks 4, 12, and 24 of treatment, at the end
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Table 2 Percentage of patients who responded in terms of
rapid virologic response, early virologic response, end of the

treatment virologic response, and sustained virologic response
in genotypes 1, 3 and 4 by intention-to-treat analysis

Parameter Genotype 1 Genotype 3' Genotype 4
(n = 27) (n = 56) (n=17)
RVR 25.9% 71.4% 58.8%
EVR 74.1% 87.5% 88.2%
ETVR 59.2% 78.6% 70.5%
SVR 44.4% 64.3% 52.9%

"Includes one patient with genotype 2. RVR: Rapid virologic response;
EVR: Early virologic response; SVR: Sustained virologic response; ETVR:
End of treatment virologic response.

Table 3 Percentage of patients who responded in terms of
rapid virologic response, early virologic response, end of

treatment virologic response, and sustained virologic response
in genotypes 1, 3 and 4 by per protocol analysis

Parameter Genotype 1 Genotype 3' Genotype 4
(n/N) (n/N) (n/N)
RVR 25.9% (7/27) 74.1% (40/54) 58.8% (10/17)
EVR 74.1% (20/27) 100% (49/49) 88.2% (15/17)
ETVR 84.2% (16/19)  89.8% (44/49) 75.0% (12/16)
SVR 60.0% (12/20)  76.6% (36/47) 60.0% (9/15)

'Includes one patient with genotype 2; n: Number of responding patients;
N: Total number of patients studied; RVR: Rapid virologic response; EVR:
Early virologic response; SVR: Sustained virologic response; ETVR: End of
treatment virologic response.

Table 4 Percentage of patients with normalization of alanine

aminotransferase levels during different study periods n (%)

Weeks Genotype 1 Genotype 3' Genotype 4
(n = 27) (n = 56) (n=17)
4 16 (59.2) 27 (48.2) 8 (47.0)
12 17 (62.9) 29 (51.7) 8 (47.0)
24 17 (62.9) 35 (62.5) 9 (52.9)
48 17 (62.9) 40 (71.4) 11 (64.7)
72 17 (62.9) = 12 (70.6)

'Includes one patient with genotype 2.

of treatment (week 48 in genotypes 1 and 4, and week
24 in genotypes 2 and 3), and at 24 wk after cessation of
therapy are presented in Table 4. In general, the majority
of patients, irrespective of their genotype, attained normal
levels of ALT by 4 to 12 wk of therapy and the effect was
sustained even during follow-up. Mean ALT levels during
different study periods are presented in Figure 2.

Side-effects

The majority of patients tolerated the scheduled treat-
ment with peginterferon and ribavirin, though with the
usual known adverse events with these drugs. Adverse
events were analyzed for safety of peginterferon alfa-2b
and presented in Table 5. Ninety-one patients reported
328 adverse events; 95 events by genotype 1 patients, 68
events by genotype 4 patients, and 165 events in geno-
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Table 5 Patients with adverse events

Adverse event n (%) of patients

Genotype 1 Genotype 3' Genotype 4

(n=27) (n=56) n=17)
Injection-site reactions 9 (33.3) 16 (28.6) 7 (41.2)
Flu-like symptoms 24 (88.8) 49 (87.5) 14 (82.3)
Tiredness 4 (14.8) 5(8.9) 2(11.7)
Weight loss 1(3.7) 3 (5.4) 1(5.8)
Chest discomfort 1(3.7) 2 (3.6) 2(11.7)
Arthralgia 3 (11.1) 0 (0) 1(5.8)
Alopecia 2(7.4) 10 (17.9) 3 (17.6)
Anorexia 2(7.4) 7 (12.5) 3 (17.6)
Nausea 3 (11.1) 8 (14.3) 3 (17.6)
Vomiting 2(7.4) 3(54) 0
Dyspepsia 1(3.7) 3(54) 2 (11.7)
Gastritis 1(3.7) 0 (0) 0
Mucous stool 1(3.7) 0 (0) 0
Diarrhea 1(3.7) 4(7.1) 1(5.8)
Melena 1(3.7) 6(10.7) 0
Ascites 1(3.7) 0 (0) 0
Thrombocytopenia 2(7.4) 5(8.9) 1(5.8)
Anemia 9(33.3) 13 (23.2) 6 (35.3)
Neutropenia 12 (44.4) 15 (26.8) 8 (47.0)
Anxiety 1(3.7) 3(5.4) 1(5.8)
Depression 2(7.4) 4(7.1) 3 (17.6)
Insomnia 1(3.7) 1(1.8) 2(11.7)
Hypothyroidism 2(7.4) 2(3.6) 2(11.7)
Giddiness 1(3.7) 1(1.8) 2 (11.7)
Dry throat 1(3.7) 1(1.8) 0(0)
Cough 2(74) 2(3.6) 2(11.7)
Sinusitis 1(3.7) 0(0) 0(0)
Bleeding gums 2(7.4) 1(1.8) 0(0)
Palpitation 1(3.7) 0(0) 0(0)
Pruritus 0(0) 0(0) 1(5.8)
Yellow-colored sputum 0(0) 0(0) 1(5.8)
Urinary tract infection 13.7) 0(0) 0(0)
Death 0(0) 1(1.8) 0(0)
No. of patients reporting AEs 24 (88.8) 49 (87.5) 14 (82.3)
Discontinued due to SAEs 0(0) 2(3.6) 0(0)
Temporary discontinuation 4 (14.8) 3(5.4) 3 (17.6)
of therapy
Temporary dose reduction 11 (40.7) 16 (29.6) 5(29.4)

'Includes one patient with genotype 2. SAE: Serious adverse event.

type 3 patients. Administration of peginterferon alfa-
2b resulted in common mild-to-moderate AEs, which
included flu-like symptoms, nausea, and loss of appetite.
None of the patients permanently stopped treatment due
to adverse events, with the exception of two patients who
discontinued due to SAEs. Ribavirin was temporarily
discontinued due to anemia in ten patients. Twenty-four
patients required ribavirin dose reduction, four needed
peginterferon alfa-2b dose reduction, and four required
both ribavirin and peginterferon alfa-2b dose reduction
for management of anemia and thrombocytopenia. Nine
patients reported 11 SAEs, which were all relieved with
relevant therapy aside from one patient who died. Among
the 11 SAEs, four were related to the study medication
and the remaining seven, including the case of death,
were unrelated to it.

DISCUSSION

Infection with HCV is one of the most important medi-
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cal and public health problems worldwide in view of its
life-threatening complications, including hepatocellular
carcinoma, cirrhosis, and liver failure®™". The goal of
therapy in chronic HCV infection is to achieve SVR and
thereby prevent long-term complications. Despite the
promising role of new antiviral therapies[“], the use of
pegylated-interferon alfa combined with ribavirin contin-
ues, to date, to be the standard care of treatment in HCV
infection.

Since genotype constitutes one of the important de-
terminants of the course and outcome of therapy, 24 or
48 wk combination therapy with peginterferon alfa and
ribavirin has been recommended for genotypes 2 and 3
and genotypes 1 and 4 patients, respectively%ﬂ. The pres-
ent open-label, multicenter study using standard-of-care
therapy was undertaken to establish that the safety and
efficacy of peginterferon alfa-2b is comparable to the
results of historical controls in the treatment of chronic
HCV infection.

One-hundred eligible patients with chronic HCV
infection were enrolled, with the majority (55%) having
HCV genotype 3 which is in accordance with the pub-
lished prevalence studies conducted in India*"!. There
was only one patient with genotype 2, which is rare
among Indians, and thus it should be noted that the re-
ported combined results of patients with genotypes 2 and
3, in fact, only reflects those of genotype 3. Anticipating
15% attrition, 100 patients were enrolled. However, there
was instead an 18% dropout, and as a result, 82 patients
completed the specified study petiod of therapy.

Since the dose and duration of therapy were differ-
ent, the data on outcome measurements were analyzed
separately for genotypes 1 and 4 and for genotypes 2 and
3. The SVR (44.4%) observed in the present study for
genotype 1 is comparable with those of reported stud-
ies"". In genotypes 2 and 3, 64.3% of patients achieved
SVR, which fits with the conformity figure results report-
ed by Manns ¢ al'”. The rates of SVR in treatment naive
genotype 2 patients were reported to be 86.5%"Y, which
is higher than that of genotype 3. Since our genotype 2
and 3 patients, except for one, belonged to genotype 3, a
lower SVR (64.3%) was observed in the present study. In
genotype 4, 52.9% patients achieved SVR, which is com-
parable with values from published studies”*". Apart
from genotype, baseline viral load has been shown to be
one of the determinants of SVR®. However, pethaps
due to the small number of patients covered in the pres-
ent study, our stratified statistical analysis showed that
baseline viral load had no impact on SVR.

In view of the cost factor and incidence of adverse
events with peginterferon use during long-duration treat-
ment, individualized treatment, based on the results of
RVR and EVR, has been emphasized. In this respect, the
presence of RVR is highly predictive of ultimate SVR
with a full treatment course of 48 wk in genotype 1 pa-
tients™. In the current study, all genotype 1 patients (#
= 7) who achieved RVR also attained SVR; while a study
reported a SVR rate of 86.8% in patients with RVR".
In genotype 4 patients, 80% with RVR attained SVR,
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whereas the published study reported 86%™). Similatly,
among the genotype 3 patients who had RVR, 83.3% at-
tained SVR, which is similar (83.7%) to that reported in
the literature™. This further confirms the utility of RVR
in predicting SVR.

Among the patients who attained EVR, 10 (76.9%)
in genotype 1 and 9 (75%) in genotype 4 achieved SVR.
In patients with genotypes 2 and 3, the percentage with
EVR attaining SVR was 100%. This is in line with the
literature™, which shows that patients with genotype 3
who fail to achieve EVR also fail to achieve SVR. Since
the duration of treatment for genotypes 2 and 3 is only
24 wk, it has been reported that EVR testing is not cost-
effective in these parjents[zs]. This indicates that utility of
RVR is higher than EVR in the prediction of SVR.

Overall, 16 patients had relapse; 5 (31.2%) patients in
genotype 1, 8 (18.2%) patients in genotypes 2 and 3, and
3 (25%) patients in genotype 4. Among the 100 patients,
5 were non-responders to the study treatment; 1 (3.7%)
patient in genotype 1; 2 (3.6%) patients in genotypes 2
and 3, and 2 (11.7%) in genotype 4. In addition 4 patients
had breakthrough during the treatment; 2 (7.4%) patients
in genotype 1; 1 (1.8%) patient in genotype 3, and 1 (5.8%)
patient in genotype 4.

Biochemical response of peginterferon alfa-2b was
assessed by the percentage of patients attaining normal-
ization of ALT levels. Overall, the majority of patients
(51%) had normalization of ALT levels as eatly as week 4.
This denotes that peginterferon is very effective in pro-
ducing a biochemical response in patients with chronic
hepatitis C.

The treatment was well-tolerated in the majority of
patients, though with the common side-effects usually at-
tributed with interferon or ribavirin. In 32% of patients,
temporary dose modifications in peginterferon (4%),
ribavirin (24%), or both (4%), and temporary discon-
tinuation of therapy in 10% of patients, were required.
Though 11 SAEs were observed in 9 patients, only 4
were related to study medication, with such SAEs also
being reported in earlier studies***",

The limitations of the study are that it is a single arm
study and the results on the outcome measures were
compared with those of historical controls. Earlier stud-
ies on Indian patients with HCV infection were conduct-
ed using peginterferon alfa-2b in two studies-one study
was carried out on 103 patients, but only on genotype 3
patientle5]; the other study, despite covering all four geno-
types, had only 16 patients™. We are not aware of any
study conducted with an adequately powered sample of
Indian patients with HCV infection following the global
guidelines on peginterferon plus ribavirin*"?".

Therefore, despite the limitation of a lack of com-
parator, our results on serological responses such as RVR,
EVR, ETVR, and SVR provide valuable information on
the safety and efficacy of peginterferon alfa-2b, in combi-
nation with ribavirin, in the treatment of Indian patients
with chronic HCV infection. Currently, Virchow Biotech-
developed peginterferon alfa-2b is marketed in India and
other emerging countries at a very competitive rate. In
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view of the relatively low incidence of the adverse events
and improved virologic and biochemical response, the
results of the study show that peginterferon alfa-2b, in
combination with ribavirin, is a safe and cost-effective
drug in the treatment of chronic hepatitis C.

COMMENTS

Background

Hepatitis C virus (HCV) infection is a major cause of chronic liver disease in In-
dia, with a high morbidity and mortality due to its complications. Pegylated inter-
feron, in combination with ribavirin, is the standard recommended treatment for
chronic hepatitis C. One of the reasons for this could be due to its cost factor,
with another being that studies evaluating the safety and efficacy of these drugs
in India are limited. Therefore, an attempt is being made to evaluate the efficacy
of peginterferon alfa-2b, a drug locally developed in India, in combination with
ribavirin.

Research frontiers

This prospective study presents results on the efficacy, in terms of virologic
response, of indigenously-developed peginterferon alfa-2b plus ribavirin in
Indian patients with different genotypes of chronic hepatitis C. Adverse events
observed with this combination are also reported.

Innovations and breakthroughs

There have been a few prior studies on Indian patients with HCV infection us-
ing peginterferon alfa-2b. However, these were limited to a small number of
patients or confined to one genotype.

Applications

This study demonstrates that virologic response of peginterferon alfa-2b and
ribavirin, when given as per global guidelines in Indian patients with different
types of chronic hepatitis C, is similar to that of historical controls.
Terminology

Success rate of treatment is assessed based on sustained virologic response,
which is defined as undetectable HCV RNA in blood 24 wk after cessation of
therapy.

Peer review

This is a straightforward clinical control study.
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CASE REPORT

Acute fatty liver of pregnancy associated with severe acute
pancreatitis: A case report

Cassio Vieira de Oliveira, Alecsandro Moreira, Julio P Baima, Leticia de C Franzoni, Talles B Lima, Fabio da
S Yamashiro, Kunie Yabuki Rabelo Coelho, Ligia Y Sassaki, Carlos Antonio Caramori, Fernando G Romeiro,
Giovanni F Silva
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fatty liver of pregnancy and severe acute pancreatitis
were diagnosed. Acute fatty liver of pregnancy is rarely
associated with severe acute pancreatitis, which can
complicate the diagnosis. The possible mechanisms in-
volved in this association and the current therapies are
discussed, focusing on the relevant aspects to improve
Abstract the management of similar cases.
Acute fatty liver of pregnancy is a rare disease that
affects women in the third trimester of pregnancy.
Although infrequent, the disease can cause maternal de Oliveira CV, Moreira A, Baima JP, Franzoni LC, Lima TB,
mortality. The diagnosis is not always clear until the Yamashiro FS, Coelho KYR, Sassaki LY, Caramori CA, Ro-
pregnancy is terminated, and significant complica- meiro FG, Silva GF. Acute fatty liver of pregnancy associated
tions, such as acute pancreatitis, can occur. Pancreatic with severe acute pancreatitis: A case report. World J Hepa-
involvement typically only occurs in severe cases after tol 2014; 6(7): 527-531 Available from: URL: http://www.
the development of hepatic and renal impairment. To wijgnet.com/1948-5182/full/v6/i7/527.htm DOI: http://dx.doi.
date, little knowledge is available regarding how the org/10.4254/wjh.v6.i7.527
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INTRODUCTION

Acute fatty liver of pregnancy (AFLP) is a disorder
unique to pregnancy that is characterized by microve-
sicular fatty infiltration of hepatocytesm. AFLP was first
described in 1940 and was initially considered fatal”.
However, carly diagnosis has dramatically improved the
prognosis and maternal mortality; therefore, maternal
mortality is currently the exception rather than the rule!”.
AFLP typically occurs in the third quarter of pregnancy,
but it is not always diagnosed prior to delivery, as was the
case described herein.

The most common initial symptoms are anorexia,

nausea, vomiting, abdominal pain, and jaundice. A condi-
tion that must be excluded is hemolytic anemia elevated
liver function and low platelet count syndrome (HELLP)
syndrome, which is characterized by hemolysis, elevated
liver enzymes, and low platelet count. AFLP and HELLP
syndrome can occur together in some overlapping cases,
making the diagnosis more difficult. However, the signs
of liver failure, such as hypoglycemia and hepatic enceph-
alopathy, are suggestive of AFLP. Additionally, HELLP
syndrome is likely to occur in patients with hypertension,
whereas AFLP often occurs in the absence of hyperten-
sion. The differential diagnosis of these two diseases
was evaluated in a recent study, which indicated that the
incorporation of antithrombin activity less than 65% into
the diagnostic criteria for AFLP may facilitate prompt

diagnosis of this disease.

CASE REPORT

A previously healthy 26-year-old woman at a gestational
age of 27 wk and 6 d was referred to our hospital due to a
diagnostic hypothesis of acute appendicitis. She was com-
plaining of diffuse abdominal pain, nausea, and vomiting
during the week. During her physical exam, she was pale
and prostrated with mild tachycatdia (108 beats/min) and
normal blood pressure (110/70 mmHg). No signs of
acute appendicitis were noted, but she displayed a potent
and diffuse abdominal pain. Cardiotocography revealed
signs of fetal distress, so an emergency cesarean section
was performed. During the surgery, the possibility of ap-
pendicitis was eliminated. Because the newborn displayed
bradycardia and an absence of heartbeats at delivery, he
was submitted to initial resuscitation protocols and sent
to the intensive care unit (ICU). Laboratory tests on the
mother revealed leukocytosis, anemia, and hepatic and re-
nal impairment, but no significant proteinuria was found
(Table 1).

Abdominal ultrasonography revealed only pancreatic
edema without signs of biliary obstruction. After the
delivery, abdominal computed tomography (CT), upper
gastrointestinal endoscopy, and biochemical tests were
performed. The endoscopy was performed exclusively
to investigate the possibility of peptic ulcer or other gas-
troduodenal diseases, but no pathological findings were
found. The CT showed only pancreatic edema without
peripancreatic collections (Figure 1). Given that the amy-
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Table 1 Main laboratory tests demonstrating the deve-

lopment of liver and pancreatic

Blood tests Admission 48 h after Hospital 1 yr after
admission discharge discharge
Hemoglobin (g/dL) 9.8 11.2 - -
Leukocyte count (mm’) 24000 21500 - -
Glucose (mg/dL) 586 71 91 76
Alkaline phosphatase (U/L) 532 392 248 -
g-GTP (U/L) 282 325 234 -
Calcium (mg/dL) 8.4 7.7 - -
Amylase (U/L) 460 642 - 59
LDH (U/L) 938 977 - -
ALT (U/L) 202 112 34 15
AST (U/L) 343 179 38 17
TB (mg/dL) 4.0 4.9 0.6 0.5
Creatinine (mg/dL) 2.6 3.3 0.7 0.8
Urea (mg/dL) 78 85 20 28
INR 213 2.78 1.16 0.98
Proteinuria 0.06 g/ 0.03 g/ - -
24h 24h

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TB: Total
bilirubin; LDH: Lactate dehydrogenase; INR: International normalized ratio;
g-GTP: Gamma-glutamyl transpeptidase.

Figure 1 Abdominal computed tomography scan showing diffuse pancre-
atic edema.

lase increase was greater than sixfold higher than the nor-
mal upper limit and that pancreatic edema was confirmed
by ultrasonography and CT exams, the presence of pan-
creatitis was conclusive. According to the Ranson criteria,
the patient had a severe disease that achieved 4 points at
admission based on the leukocyte count, aspartate ami-
notransferase, glycemia, and lactate dehydrogenase values
(Table 1). Additionally, she had acute renal failure and
achieved 14 points according to the APACHE 1I criteria,
which corresponds to an estimated 18.6% risk of hospi-
tal death.

The patient developed somnolence and exhibited a
progressive decrease in her level of consciousness. Tra-
cheal intubation and mechanical ventilation were needed,
so she was transferred to the ICU. At this time, the blood
glucose remained normal, but she had abdominal disten-
sion and decreased bowel sounds. Then, the diagnostic
hypotheses changed to acute liver failure, severe acute
pancreatitis, and renal failure. Suddenly, she presented re-
current episodes of hypoglycemia, even with continuous
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Figure 2 Histopathological analysis of the liver biopsy according to three
stains. A: Hematoxylin-eosin staining reveals canalicular cholestasis, hepato-
cellular ballooning, and microgoticular steatosis; B: Masson staining demon-
strates microgoticular steatosis and perivenular and pericellular fibrosis; C: Oil
red staining shows the microdroplets of fat clearly stained in red.

dextrose infusion and parenteral nutrition. In response to
these new symptoms, AFLP became the major diagnostic
hypothesis. Serum factor V was normal, so a percutane-
ous liver biopsy was performed.

The liver biopsy analysis showed centrilobular micro-
goticular steatosis, ballooning degeneration, and reticular
collapse. The Masson staining showed areas of reticular
thickening and intralobular collapse. The “red oil” stain
was positive in focal areas, yielding the diagnosis of
AFLP (Figure 2).

Seven days following the delivery, she exhibited a clear
improvement in consciousness level and liver function
tests. She was discharged on postoperative day 24 and
returned to the hospital 4 mo later without neurological
sequelae. Additionally, laboratory tests and abdominal CT
were normal. Despite the problems during the birth, her
child exhibited normal development.

DISCUSSION

AFLP is a rare condition that affects approximately 1 in
7000 to 1 in 20000 births"™. AFLP is more common in
women with multiple pregnancies and, possibly, in under-
weight women. However, this case of AFLP occurred in
a primiparous, normal-weight woman but not delivering
twins.

Approximately half of AFLP patients display signs
of preeclampsia at the beginning of or at some time dut-
ing the course of the disease". Extrahepatic complica-
tions may occur, which can be life—threatening[m’“]. The
patients rarely develop pancreatitis, which can be severe.
Similar to the case described herein, pancreatitis is typi-
cally noticed only after the development of hepatic and
renal dysfunction”. In this case, the patient had AFLP
with severe acute pancreatitis, an association that is rarely
documented in the literature. The acute renal failure was
a complication of the pancreatitis, so it was treated only
by supportive measurements and the delivery, thereby
confirming that it was a consequence of the underlying
disease. No renal replacement therapy was needed. The
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liver function tests demonstrated severe hepatic impair-
ment, which was the cause of the jaundice. Therefore,
even in the presence of severe pancreatitis, liver disease
remained the major disease.

Women with AFLP have impaired liver function with
increased bilirubin and transaminase levels and leukocyte
counts, which are typically higher than those observed in
a normal pregnancy. The platelet count can be reduced
with or without additional signs of disseminated intravas-
cular coagulation in association with a significant reduc-
tion of antithrombin IM"". Severely affected patients also
have elevated serum ammonia, prolonged prothrombin
times, and hypoglycemia caused by liver failure. Acute
renal failure and hyperuricemia are often present' . How-
ever, in the case presented, the recurrent episodes of
hypoglycemia, even with appropriate correction, were the
main diagnostic clue.

The association between AFLP and inherited defects
in the mitochondrial beta-oxidation of fatty acids, espe-
cially the impairment of long-chain 3-hydroxyacyl-CoA
dehydrogenase (LCHAD), suggests that some affected
women and fetuses have an inherited enzyme deficiency
in beta-oxidation that predisposes the mother to this dis-
order™"". LCHAD catalyzes the third step of the beta-
oxidation of fatty acids in the mitochondrion (the forma-
tion of 3-ketoacyl-CoA from 3-hydroxyacyl-CoA). The
accumulation of long-chain metabolites of 3-hydroxyacyl
produced by the fetus or placenta is toxic to the liver and
can serve as the cause of the liver disease. The role of the
pathogenesis of LCHAD in AFLP has been illustrated in
various studies**",

The mechanism by which pancreatitis may develop
as a complication of fatty liver of pregnancy is not well
understood because this association is rare. Our hypoth-
esis is that the accumulation of long-chain metabolites
of 3-hydroxyacyl is toxic to the liver and the pancreatic
tissue. Thus, the pancreas could be affected when an in-
creased concentration of these metabolites is present, as
occurs in cases of severe hepatic disease. This hypothesis
serves as a reasonable explanation for the pancreatic im-
pairment displayed in this case of hepatic failure.

The diagnosis of LCHAD deficiency in newborns
can save lives; therefore, all women with AFLP and their
children should be administered a molecular test for
LCHAD, which should at least evaluate the most com-
mon mutation, namely, G1528C*"*. In the present case,
it was not possible to perform this type of test because it
was not available.

The clinical diagnosis of AFLP is typically performed
according to the definition, presentation, and laboratory-
compatible image results. The liver imaging is primarily
used to exclude other diagnoses, such as hepatic infarc-
tion and hematoma®”. Various authors reported steatosis
on ultrasound or CT, but these tests are only useful for
performing comparative analyses[24’25]. The AFLP diagno-
sis can only be made through a liver biopsy showing mi-
crovesicular fatty infiltration in hepatocytes. The fat drop-
lets are centrally distributed around the cellular nuclei,
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giving the cytoplasm a foamy aspect and typically sparing
the cells around the portal tract”. A special staining (oil
red) must be used to confirm the diagnosis in patients
without obvious vacuolation™\. As the liver biopsy is
invasive, it is not always performed. Liver biopsy should
be performed with caution during pregnancy and be re-
served for cases where the diagnosis remains unclear.

A specific treatment is not available for AFLP. The
primary treatment is delivery, which typically occurs on
an emergency basis after maternal stabilization vz the in-
fusion of glucose and reversal of the coagulation distur-
bances. Because hypoglycemia is common and dangerous,
glucose levels should be monitored until liver function
normalizes'. Tt is typically necessary to treat hypoglyce-
mia with the continuous infusion of a 10% glucose solu-
tion. Some patients with severe hypoglycemia may require
additional bolus administrations of 50% glucose'”.

The liver function tests typically begin to normalize
after delivery; however, after the first few days, a tran-
sient worsening of renal and hepatic function may be
observed, followed by a definite improvement. In severe
cases, particularly when the diagnosis is delayed, more
days of illness can be observed, requiring supportive
treatment in an ICU. Mechanical ventilation, dialysis,
parenteral nutrition, or surgery to treat bleeding during
cesarean delivery may be needed. Even the most severely
ill patients can recover without liver disease sequelaem.
However, substantial morbidity and even maternal mor-
tality may occur”. Some reports have also described pa-
tients who required liver transplantation, which is rarely
needed when a diagnosis and pregnancy termination

20,30 R
20 A case series of five

were achieved in sufficient time
patients indicated good recovery after plasma exchange
and renal replacement therapy, showing that the accumu-
lation of long-chain metabolites of 3-hydroxyacyl is most
likely the major cause of the liver disease. The authors
suggested that these therapies are safe and effective; thus,
they should be used immediately at the onset of hepatic
encephalopathy and/or tenal failure in AFLP patientsm
None of the patients treated by plasma exchange and re-
nal replacement therapy developed pancreatitis, indicating
that our pancreatic toxicity hypothesis may be correct.
Of note, AFLP can recur in subsequent pregnan-
cies despite negative LCHAD mutation screening re-
sults™>"* P However, the exact risk of recurrence is
unknown. Affected women should be advised of this
possibility, and a maternal-fetal medicine specialist should
closely monitor subsequent pregnancies. Given that the
initial symptoms of AFLP can be atypical, the diagnosis
can be easily misidentified, leading to multiple organ dys-
functions. Once the diagnosis is confirmed, it is important
to be vigilant to avoid serious complications, such as pan-
creatitis, renal failure, and hypoglycemia, as described here.
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COMMENTS

Case characteristics

A previously healthy 26-year-old woman with a gestational age of 27 wk and 6 d
presented with diffuse abdominal pain associated with hepatic and renal failure.
Clinical diagnosis

Diffuse abdominal pain and vomiting.

Differential diagnosis

Hemolytic anemia elevated liver function and low platelet count syndrome syn-
drome.

Laboratory diagnosis

Amylase: 642 U/L; glucose: 586 mg/dL; alanine aminotransferase: 202 UIL;
aspartate aminotransferase: 343 U/L; total bilirubin: 4.0 mg/dL; creatinine: 2.6
mg/dL; urea: 78 mg/dL; international normalized ratio: 2.13.

Imaging diagnosis

Pancreatic edema was confirmed by ultrasonography and computed tomography.
Pathological diagnosis

The liver biopsy results were compatible with acute fatty liver of pregnancy
(AFLP).

Treatment

Pregnancy interruption and supportive measures.

Related reports

AFLP rarely presents with severe acute pancreatitis.

Experiences and lessons

Because the early symptoms of AFLP can be uncharacteristic, the disease can
be misdiagnosed. It is important to be vigilant to make the correct diagnosis of
AFLP and identify complications, such as pancreatitis.

Peer review

This article describes a rare case with acute fatty liver disease complicated with
acute pancreatitis. This is an interesting case report.
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Abstract

There are several conditions that can lead to portal vein
thrombosis (PVT), including including infection, malig-
nancies, and coagulation disorders. Anew condition of
interest is protein C and S deficiencies, associated with
hypercoagulation and recurrent venous thromboem-
bolism. We report the case of a non-cirrhotic 63-year-
old male diagnosed with acute superior mesenteric vein
thrombosis and PVT and combined deficiencies in pro-
teins C and S, recanalized by short-term low molecular
heparin plus oral warfarin therapy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Abdominal pain, diarrhea, rectal bleeding, ab-
dominal distention, ascites, anorexia, fever, lactacido-
sis, sepsis, and splenomegaly are common features of
acute portal vein thrombosis (PVT). Etiological factors
in non-cirrhotic PVT patients are prothrombotic states
and local factors, although more than one factor is of-
ten identified. Our patient, a 63-year-old man, without
personal or familial history of venous thromboembolism
developed portal and mesenteric vein thrombosis after
an acute gastrointestinal infection by Escherichia coli.
Clinicians need to be aware of this potential complica-
tion in patients with persistent abdominal pain and as-
cites after abdominal infections.

Rodriguez-Leal GA, Moran S, Corona-Cedillo R, Brom-Val-
ladares R. Portal vein thrombosis with protein C-S deficiency
in a non-cirrhotic patient. World J Hepatol 2014; 6(7): 532-537
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v6/i7/532.htm DOIL: http://dx.doi.org/10.4254/wjh.v6.i7.532

INTRODUCTION

Portal vein thrombosis (PVT) is defined as complete
or partial obstruction of blood flow in the portal vein,
associated with a thrombus in the vasal lumen"!. The
first case of PVT was reported in 1868 by Balfour and
Stewart, in a patient showing splenomegaly, ascites, and
variceal dilatation”. PVT is rare in the general popula-
tion having been reported with mean age-standarized
incidence and prevalence rates of 0.7 and 3.7 per 100000
inhabitants, respectivelym. However among patients with
cirrhosis, these rates jump to between 4.4%-15%, and
cause about 5%-10% of overall cases of portal hyper-
tension'”. Some 22%-70% of patients without cirrhosis
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demonstrate prothrombotic states and local factors are
present in 10%-50%"" although more than one factor is
often identified”. PVT also shows different clinical pre-
sentations in acute »s chronic onset patients and collateral
circulation, both its development and extent. Intestinal
congestion and ischemia, with abdominal pain, diarrhea,
rectal bleeding, abdominal distention, nausea, vomiting,
anorexia, fever, lactacidosis, sepsis, and splenomegaly
are common in acute PVT. More difficult to diagnose,
chronic PVT can be completely asymptomatic, or present
splenomegaly, pancytopenia, varices, and, on rare occa-
sion, ascites".

PVT is classified into four categories: (1) thrombosis
confined to the portal vein beyond the confluence of the
splenic and superior mesenteric vein (SMV); (2) extension
of thrombus into the SMV, but with patent mesenteric
vessels; (3) diffuse thrombosis of splanchnic venous sys-
tem, but with large collaterals; and (4) extensive splanch-
nic venous thrombosis, but with only fine collaterals.
Currently this anatomical classification is mainly used
to determine operability, but it may also have etiological
and prognostic relevance, since patients with thrombus
interference with mesenteric vasculature risk bowel in-
farction and have a lower risk of variceal bleeding than
those with isolated PVT. In all cases, patients with PVT
should be tested for an underlying thrombophilic condi-
tion'”. Hereditary thrombophilias known to predispose
for PVT include mutations of the prothrombin, or factor
V, genes, and deficiency of one of the natural antico-
agulant proteins C, S, or antithrombin. Fisher ¢z a/” in a
study with twenty-nine adult patients with portal hyper-
tension caused by PVT, found that 18 patients (62%0) had
deficiencies in one or more of the natural anticoagulant
proteins, and six had combined deficiency of all three
proteins. Of these, eight cases (28%) had combined C
and S protein deficiency, nine (31%) had C protein and
antithrombin deficiency, seven (24%) showed protein S
and antithrombin deficiency, and six cases (21%),as men-
tioned, had combined deficiency of all three proteins.
Due to increased use and improvement of non-invasive
imaging techniques in diagnostic evaluation of abdominal
pain, acute portomesenteric venous obstruction is an in-

creasingly recognized disorder!"**,

CASE REPORT

The patient was a 63-year-old man with glaucoma treated

with timolol and latanoprost. He had undergone a resec-
tion of thyrogloid cyst 50 years previously. There was
no personal history of venous thromboembolism and
familial history was unrevealed. No abdominal trauma
was reported. The patient had developed an acute gastro-
intestinal infection by Escherichia coli three months before
admission, and received treatment with ciprofloxacin.
Since that infection, he had felt intermittent mesogastric
abdominal pain after meals, nausea and diarrhea, that
increased in frequency 2 wk before admission, when he
also noted increased abdominal girdle and peripheral ede-
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ma. He did not note mucus or blood in feces. On admis-
sion, the patient had a fever 39 C and blood pressure of
100/70 mmHg. He was alert and oriented without signs
of encephalopathy. His bowel sounds were hypoactive
and minimal epimesogastric tenderness was present with
no rebound tenderness. He had non-tense ascites and
edema in the lower extremities. Heart, lungs, throat and
skin were unremarkable. Laboratory studies showed a
hematocrit of 42.2%, mean corpuscular volume of 87
fI., and a sedimentation rate of 51%, white cell count of
6.8/mm’, neutrophils 65.6%, lymphocytes 19.0%, mono-
cytes 15.1%, eosinophils 0.3%, platelet count 271/ mm’,
prothrombin time 10.6 s, 97.6%, international normal-
ized ratio (INR) 0.96. Serum chemistry values and urine
test were normal. Liver function test showed: albumin 3.3
g/dL; total bilirubin 1.94 mg/dL; alanine aminotransfer-
ase 51 U/L; aspartate aminotransferase 40 U/L; alkaline
phosphatase was 96 (32-91 U/L); lactic dehydrogenase
was 251 U/L (98-192 U/L); g-glutamyl transpeptidase
was 139 U/L (7-50 U/L). Amylase 44 U/L, Lipase 23
U/L. Viral B and C antibodies wete negative. Tumoral
markers CA-19-9, ACE, alkaline phosphatae (AFP) were
negative. His antiphospholipid antibodies and cardiolipin
antibodies were negative. A thrombophilia workup, not
including screening for JAK2V617F mutation, revealed
normal homocysteine blood levels; C-reactive protein
levels was 216.5 (0-7.4 mg/L); D-dimer was 5770 (0-199
ng/mL); fibrinogen levels was 443 (177-410 mg/dL); low
levels and little activity of the protein C antigen [protein
C antigen level, 39%; protein C activity, 54% (normal
70%-140%)] and protein S antigen [protein S antigen
level, 59%; protein C activity, 30% (normal 65%-140%0)]
were found; antithrombin Il levels were 89% (normal
75%-125%). Factor V Leiden mutation was homozygote.
His father was dead and his mother and sister neglected
screening. Hematological, urine, ascites fluid and pharyn-
geal cultures were negative. Upper endoscopy revealed
mild portal hypertensive gastropathy without gastric and
esophageal varices. Ultrasonography of the abdomen
showed that the portal vein could not be identified in the
porta hepatis, which was occupied by several abnormal
tubular structures suggestive of cavernous transforma-
tion (Figure 1A). The computed tomography scan of the
abdomen showed cavernous transformation following
PVT. The portal venous thrombus extended from the
superior mesenteric vein (Figure 2). A transient elastog-
raphy (IT'E) (Fibroscan) was abnormal with stiffness 7.4
kPa. We treated the patient with low molecular weight
heparin (enoxaparine, 1 mg/kg) during the first week and
chronic anticoagulation therapy (warfarin 2.5 mg/d, INR
2-3) to date. A new Doppler ultrasound, five months af-
ter admission, improved his portal flow with complete re-
canalization and without ascites (Figure 1B). The patient
is asymptomatic three years after hospital discharge.

DISCUSSION

In recent years, PVT has increasingly been diagnosed by
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Table 1 Hypercoagulable etiologies

Thrombophilic disorders

Local factors

Inherited disorders Acquired disorders
Myeloproliferative disorders
Malignancy
Antiphospholipid syndrome
Anticardiolipin antibody
Paroxysmal nocturnal hemoglobinuria
Hyperhomocystein-emia
Oral contraception pills
Pregnancy / post-partum

Factor V Leyden mutation
Prothrombin mutation
Antithrombin Il

Protein C deficiency
Protein S deficiency

Inflammatory Related to surgery
Cirrhosis Post liver transplant
Sepsis Splenectomy
Pancreatitis/ cholecystitis Colectomy
Diverticulitis Umbilical vein catheterization
Appendicitis Portocaval shunting

Peptic ulcer disease
Inflammatory bowel disease
Blunt abdominal trauma

V PORTA

Figure 1 Doppler ultrasound. A: Liver Doppler ultrasound. The image shows the thrombus in the portal vein; B: Doppler ultrasound, performed 4 mo after discharge,
revealed that the portal vein thrombi had disappeared and a smooth bloodstream was observed in the portal vein.

Figure 2 Coronal reconstruction of contrast-enhanced computed tomogra-
phy image with arrows indicating portal venous thrombosis and evidence
of cavernous transformation.

wide use of ultrasound-Doppler equipment. When cir-
rhosis is not present, the lifetime risk of getting PVT in
the general population is reported to be 1%*”. Currently
recognized etiologies can be divided into 2 categories:
thrombophilic disorders and thromboses thought to be
caused from local factors (Table 1).

Protein C is a thrombin-dependent anticoagulant en-
zyme known to deactivate coagulation cofactors V and
VIa and to stimulate ﬁbrinolysis“oj. Protein C deficiency,
often inherited as an autosomal dominant trait, is a risk
factor for venous thrombosis.

The prevalence of protein C deficiency, as indicated
solely by plasma level, is 1 in 200-500 persons in the gen-
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eral population. However, this number is unreliable as
many affected individuals remain asymptomatic through-
out their lives. However, protein C deficiency is present
in approximately 2%-5% patients presenting VTE. Severe
homozygous or compound heterozygous protein C defi-
ciency is found in 1 in 500000-750000 live births. Protein
S deficiency occurs in 1.35% of the patients with venous
thrombosis.

There is evidence to suggest that thrombosis in unusual
sites, such as cerebral sinus venous thrombosis, mesentetic
vein thrombosis, PVT, and suprahepatic vein thrombosis
(Budd-Chiari syndrome), in young individuals is associated
with inherited thrombophilia.

Liver function impairment, which can be a result of
PVT, cannot account for the low C and S protein levels
in our patient, as the levels of other function tests and
indirect markers of liver fibrosis (TE) were abnormal.

It is not known whether the unexplained bout of ab-
dominal pain and diarrhea which occurred three months
before our patient, was due to thrombosis, to a resolutive
episode of intestinal ischaemia secondary to mesenteric
vein thrombosis, or to an unrelated illness, although ab-
dominal pain, diarrhea, abdominal distention, nausea,
anorexia, and fever are common in acute PVT!Y.

In Mexico, Majluf-Cruz ez " studied 36 patients
who had thrombosis-related portal hypertension and
found an incidence of 30% of protein C deficiency,
whereas 9% had protein S deficiency in patients with
primary thrombophilia"?. Similarly in Mexican patients
with non-cirrhotic PVT, 31% had protein C deficiency'.
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Table 2 Proposed mechanism for reduction in concentrations

of procoagulant and anticoagulant proteins in patients with
portal vein thrombosis

Hereditary or acquired thrombophilia

Reduced hepatic blood flow

Reduced synthesis

Portal hypertension

Portosystemic shunting

Clearance or consumption

Portal pyaemia or other local inflammatory disease

Portal vein thrombosis

Reduced levels of procoagulant and anticoagulant proteins

However, a French study has found a high number of
patients with non-cirthotic PVT showed Protein S defi-
ciency"" and in a study from United Kingdom, protein
S deficiency was found in 38% of patients with pvT™,
Other cases have also reported C and S protein deficien-
cies in patients with idiopathic portal hypertension ac-
companied by PVT', Valla ez al™, argue that C and
S protein deficiencies do not explain the majority of
idiopathic portal thrombosis. Nevertheless, we agree with
others that measurements of C and S proteins should be
performed in patients with portal thrombosis when no
overt cause is located. However, since a low number of
cases of PVT may be due to underlying hereditary anti-
coagulant protein deficiency, this can only be confirmed
by careful investigation of background of family mem-
bers, preferably including both parents. When studies
of the parents is not feasible, another possibility might
be screening siblings, which could be used for both di-
agnostic and counseling purposes. Lastly, the recent use
of gene sequencing in the elucidation of anticoagulant
protein gene mutations may now allow determination of
whether such anticoagulant deficiencies in PVT are truly
primary or not'*. Some possible mechanisms for reduc-
tion in concentrations of procoagulant and anticoagulant
proteins in patients with PVT are shown in Table 2.
Visualization of abnormalities associated with PVT is
crucial to diagnosis and appropriate intervention. Cavern-
ous transformation of the portal vein occurs in one-third
of patients after PVT. An ultrasonographically diagnostic
triad would consist of: (1) failure of visualization of the
extra-hepatic portal vein; (2) demonstration of high-level
echoes in the region of the porta hepatis (the “diamond
sign”); and (3) visualization of multiple serpiginous vascu-
lar channels around the portal vein", Dynamic contrast-
enhanced computed tomography (CT) is the best means
of diagnosing PVT and evaluating possible causative
diseases. The findings of PVT in a dynamic CT include:
filling defect partially or totally occluding the vessel lu-
men and rim enhancement of the vessel wall™. Signs and
symptoms of PVT may be subtle or nonspecific and are
secondary to the underlying illness. On the other hand,
presence of a well-developed cavernoma usually indicates
an old thrombosis. A previous PVT, however, can be as-
sociated with a recently superimposed thrombus, which is
then responsible for the acute manifestations which lead
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to imaging studies. An abdominal magnetic resonance
imaging may prove more useful than Doppler ultra-
sound in identifying venous collateral development and
cavernoma®'. An important step in PVT is to disclose
malignancy. We only performed some tumoral markers
(CA-19-9, ACE, AFP), but screening for JAK2V617F in
order to discard myeloproliferative neoplasms and posi-
tron emission tomography-scan were not performed. TE
is a non-invasive technique to assess liver fibrosis, which
assesses liver fibrosis by calculating the velocity of a low-
frequency transient shear wave produced by a mechanical
probe that is placed directly on the skin of the patient.
Liver stiffness is expressed in kPa. The method is easy to
learn (the procedure can be performed by a technical as-
sistant), and results are immediately available. One meta-
analysis evaluating the predictive performance of TE in
patients with chronic liver disease suggests the optimal
cut-off value for the diagnosis of significant fibrosis is
7.65 kPa and for cirrhosis 13.01 kPa™. In our patient,
stiffness of 7.4 kPa was highly predictive for significant
fibrosis (F = 2). There is no data on the use of TE in
PVT, but this method may be useful to determine liver
fibrosis in these patients. Complications during follow-
up frequently include: esophageal and gastric varices,
portal hypertensive gastropathy and bleeding. Portal hy-
pertensive gastropathy is reported to be 44% in patients
without cancer and cirrhosis, as was the case with our
patientm]. Therefore, it would be wise to screen all PVT
patients endoscopically. Although spontaneous resolu-
tion of PVT has been reported in the literature, a spe-
cific therapeutic management strategy is necessary. The
goal of treatment is similar in acute and chronic PVT,
and includes correction of causal factors, prevention of
thrombosis extension and achievement of portal vein pa-
tency. Currently, anticoagulant therapy is the best way to
obtain portal vein recanalization; however, its application
is not universally accepted. No controlled trial has been
performed on the use of anticoagulants in acute PVTH,
After 6 mo of therapy, complete recanalization has been
reported in about 50% of patients, with good outcomes
in mesenteric vein involvement, and very few complica-
tions. What is certain is that, in acute PVT onset, the
sooner the treatment is given, the better the prognosis;
the rate of recanalization is about 69% if anticoagulation
is begun within the first week after diagnosis, while it falls
to 25% when begun in the second week™. Thrombolytic
therapy may also be effective, but efficacy is significantly
lower and mortality increases compared to conserva-
tive treatment””, Surgical thrombectomy is usually not
recommended. Other approaches, such as transyugular
intrahepatic portosystemic shunt, should be reserved for
liver transplant patients developing acute PVT or as an
alternative when anticoagulation fails'”. In non-cirrhotic
and non-neoplastic patients, PVT has shown promising
results with overall survival at 1 year and 5 years of 92%
and 76% respecdvely[3’23’27’28].

In conclusion, our case shows that PVT can be pro-
voked by C and S protein deficiency and that the PVT
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can be recanalized by short-term low molecular heparin
plus oral warfarin therapy. Although the evidence is not
definitive, existing literature supports the idea that the
risk-benefit ratio favors anticoagulation in chronic non-
cirthotic PVT.

COMMENTS

Case characteristics

Upon admission the patient felt intermittent colicky abdominal pain and non-
bloody diarrhea after meals with increased abdominal girdle and peripheral
edema at physical examination.

Clinical diagnosis

The patient presented with non-tense ascites and imaging evidence of portal
vein thrombosis (PVT) on a background of non-liver disease.

Differential diagnosis

Differential diagnosis was performed between inherited vs acquired disorders of
coagulation in PVT using ultrasound Doppler, dynamic computed tomography
(CT) and specific laboratory tests.

Laboratory diagnosis

A thrombophilia workup, not including screening for JAK2V617F mutation,
revealed normal homocysteine blood levels; C-reactive protein levels were
216.5 (0-7.4 mg/L); D-dimer was 5770 (0-199 ng/mL); fibrinogen levels was
443 (177-410 mg/dL); low levels and little activity of the protein C antigen
[protein C antigen level, 39%; protein C activity, 54% (normal 70%-140%)] and
protein S antigen [protein S antigen level, 59%; protein C activity, 30% (normal
65%-140%)] and homozygote factor V Leiden mutation was found; abnormal
liver function tests (albumin 3.3 g/dL; total bilirubin 1.94 mg/dL; alanine ami-
notransferase 51 U/L (31-45 U/L); alkaline phosphatase 96 (32-91 U/L); lactic
dehydrogenase 251 U/L (98-192 U/L); g-glutamyl transpeptidase 139 U/L (7-50
U/L) were found; antithrombin 1II levels, viral B and C antibodies ,CA-19-9,
ACE, alkaline phosphatae, antiphospholipid antibodies and cardiolipin antibod-
ies were normal or negative.

Imaging diagnosis

Liver Doppler ultrasound showed a thrombus in the portal vein that was cor-
roborated by CT image indicating portal venous thrombosis and evidence of
cavernous transformation.

Pathologic diagnosis

Histologic examination was not indicated.

Treatment

The patient was treated with low molecular weight heparin (enoxaparine, 1 mg/kg)
during the first week and chronic anticoagulation therapy (warfarin 2.5 mg/d, INR
2-3) to date.

Experiences and lessons

Even if Doppler ultrasound or abdominal CT play a key role in the diagnosis of
PVT, the protocol to find the etiology of the thrombosis may be complex.

Peer review

This manuscript is interesting and presents a remarkable presentation about
diagnosis and management of PVT associated with C and S protein deficiency
in a non-cirrhotic patient.
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publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Abstract

There are unstructured abstracts (no less than 200 words) and struc-
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manuscript. Abstracts of original contributions should be struc-
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Aim in the form of “To investigate/study/...”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
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to illustrate how they were obtained, eg., 6.92 £ 3.86 »s 3.61 £ 1.67,
P <0.001), and CONCLUSION (no mote than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Core tip

Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both.

Hllustrations
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the main text. Provide a brief title for each figure on a separate page.
Detailed legends should not be provided under the figutres. This part
should be added into the text where the figures are applicable. Keep-
ing all elements compiled is necessary in line-art image. Scale bars
should be used rather than magnification factors, with the length of
the bar defined in the legend rather than on the bar itself. File names
should identify the figure and panel. Avoid layering type directly over
shaded or textured areas. Please use uniform legends for the same
subjects. For example: Figure 1 Pathological changes in atrophic gas-
tritis after treatment. A: ...; B: .; C: s D: o Er LG Fr s GoLlete Teis
our principle to publish high resolution-figures for the E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ¢#., and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one hotizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P < 0.05,
"P < 0.01 should be noted (P > 0.05 should not be noted). If there
are other seties of P values, °P < 0.05 and P < 0.01 are used. A third
seties of P values can be expressed as P < 0.05 and P < 0.01. Other
notes in tables or under illustrations should be expressed as 'E, °E,
’F; or sometimes as other symbols with a superscript (Arabic numer-
als) in the upper left corner. In a multi-curve illustration, each curve
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Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
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2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI:10.1046/
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Issue with no volume
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section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900 DOI:10.10
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No volume or issue
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Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March of
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Conference proceedings
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Statistical data

Write as mean * SD or mean *+ SE.

Statistical expression

Express 7 test as 7 (in italics), I test as I (in italics), chi square test as
y’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (in italics), and probability as P (in

italics).
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Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h,
blood glucose concentration, ¢ (glucose) 6.4 £ 2.1 mmol/L; blood
CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ef. Arabic
numerals such as 23, 243, 641 should be read 23243641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1948-5182/
g info_20100107115140.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli ete.

Examples for paper writing
All types of articles’ writing style and requirement will be found in the
link: http:/ /www.wjgnet.com/esps/NavigationInfo.aspxrid=15

RESUBMISSION OF THE REVISED
MANUSCRIPTS

Authors must revise their manuscript carefully according to the
revision policies of BPG. The revised version, along with the
signed copyright transfer agreement, responses to the reviewers,
and English language Grade A certificate (for non-native speakers
of English), should be submitted to the online system zia the link

WJH | www.wjgnet.com

JBaishideng®

Instructions to authors

contained in the e-mail sent by the editor. If you have any questions
about the revision, please send e-mail to esps@wignet.com.

Language evaluation

The language of a manuscript will be graded before it is sent for re-
vision. (1) Grade A: priority publishing; (2) Grade B: minor language
polishing; (3) Grade C: a great deal of language polishing needed;
and (4) Grade D: rejected. Revised articles should reach Grade A.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-5182/¢_info_20100107114726.htm.

Responses to reviewers

Please tevise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/1948-5182/
g_info_20100107114601.htm.
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of the approval document and serial number of the foundation.
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time the manuscript is published online.
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