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INTRODUCTION World Journal of Gastroenterology is an international, open-access, peet-reviewed, and multi-
disciplinary weekly journal that serves gastroenterologists and hepatologists. The biggest
advantage of the open access model is that it provides free, full-text articles in PDF and other
formats for experts and the public without registration, which eliminates the obstacle that
traditional journals possess and usually delays the speed of the propagation and communication
of scientific research results. The open access model has been proven to be a true approach that
may achieve the ultimate goal of the journals, i.e. the maximization of the values of the readers,
the authors and the society.

Maximization of the value of the readers can be comprehended in two ways. First, the journal
publishes articles that can be directly read or downloaded free of charge at any time, which attracts
more readers. Second, the readers can apply the knowledge in clinical practice without delay after
reading and understanding the information in their fields. In addition, the readers are encouraged
to propose new ideas based on those of the authors, or to provide viewpoints that are different
from those of the authors. Such discussions or debates among different schools of thought will

definitely boost advancements and developments in the fields. Maximization of the value of

the authors refers to the fact that these journals provide a platform that promotes the speed of

propagation and communication to a maximum extent. This is also what the authors really need.

Maximization of the value of the society refers to the maximal extent of the social influences and

impacts produced by the high quality original articles published in the journal. This is also the main

purpose of many journals around the world.
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Abstract

Gastric carcinoids (GCs), which originate from gastric
enterochromaffin-like (ECL) mucosal cells and account
for 2.4% of all carcinoids, are found increasingly in
the course of upper gastrointestinal tract endoscopy.
Current nosography includes those occurring in chronic
conditions with hypergastrinemia, as the type 1
associated with chronic atrophic gastritis, and the
type 2 associated with Zollinger-Ellison syndrome in
multiple endocrine neoplasia type 1, and type 3, which
is unrelated to hypergastrinemia and is frequently
malignant, with distant metastases. The optimal clinical
approach to GCs remains to be elucidated, depending
upon type, size and number of carcinoids. While
there is agreement concerning the treatment of type
3 carcinoids, for types 1 and 2, current possibilities
include simple surveillance, endoscopic polypectomy,
surgical excision, associated or not with surgical
antrectomy, or total gastrectomy. Moreover, the recent
introduction of somatostatin analogues represents a
therapeutic option of possibly outstanding relevance.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

The term gastric carcinoid (GC) describes inadequately
the pathological continuum of a wide spectrum
of distinct neoplasms that arise from gastric
enterochromaffin-like (ECL) cells. Carcinoid tumors
represent a variety of significantly diverse lesions, which
are distinct from adenocarcinomas in their etiology,
biological behavior and prognosis. Over the past 5 years,
a marked increase in reports addressing GCs has been
evident!". These tumors are also known by theitr modetn
term of gastric neuroendocrine tumors, although the
term carcinoid is still commonly used. This review
focuses on the biology, diagnosis and treatment of GCs.

EPIDEMIOLOGY

GC tumors that arise from ECL cells have long been
considered as rare lesions, and account for less than 2%
of all carcinoids tumors and less than 1% of all stomach
neoplasms!'?l. However, recent reviews have indicated
that the incidence of GCs may be on the risel*?. In fact,
a recent analysis¥! of the National Cancer Institute’s
(NCI) Surveillance, Epidemiology, and End Results
(SEER) database by Modlin ef a/ found that, from 1992
to 1999, GCs comprised 8.7% of all gastrointestinal
carcinoid tumors. Also, during the petiod 1950-1999, a
total of 562 GCs were recorded in the NCI databases,
but from 2000 to 2004, in the SEER database, 1043
new GCs have been reported, which comprises 11.7%
of all gastrointestinal carcinoid tumors!. On the other
hand, a major decline in incidence and mortality of
gastric adenocarcinomas has been described over several
decades®l. The male:female ratio for GCs is about 1:2,
with 64% of carcinoids found in women, whereas males
are almost twice as likely to develop non-carcinoid
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Type 1 Type 2 Type 3
Percentage (%) 70-85 5-10 15-25
Tumor characteristics Often small, multiple, polypoid, Often small, multiple, ~ Single, > 1-2 cm, polypoid
multicentric polypoid, multicentric ~and often ulcerated
Mean age at diagnosis (yr) 63 50 55
Gender Females > males Females = males Males > females
Associated conditions Chronic atrophic gastritis type A~ ZES/MEN1 Sporadic
Serum gastrin levels Increased Increased Normal
PH of gastric juice Increased Low Normal
Ki-67 (%) Usually <2 Usually <2 Usually > 2
Metastases (%) 2-5 <10 >50

gastric-cancer (ratio male:female 1.71)F.

The reasons for the recent marked increase in GCs
are unknown, although the wide use of screening
upper endoscopy, the routine habit to obtain biopsies
in the course of upper gastrointestinal endoscopy, the
application of specific immunohistological identification
techniques, and a greater clinical focus on the subject
may contribute to increased detection of GCsP’l. On
the other hand, our knowledge on the biological basis
of these tumors, as well as on the complex interplay
between genetic and environmental factors that
ultimately results in GC development, are still partial.
Hypergastrinemia represents a necessary condition
for the development of type 1 and type 2 GCs, even
if not sufficient™'". The widespread use of proton
pump inhibitors can also induce gastric achlorhydria,
thus contributing to hypergastrinemial"'?, even if it is
not clear that it has a real association with an increased
risk of GCs. On the other hand, the importance of
genetic and molecular background remains to be
elucidated. Loss of heterozygosity at the multiple
endocrine neoplasia type 1 (MEN-1) gene locus 11q13
has been found in all type 2 tumors that are associated
with Zollinger-Ellison syndrome/MEN-1, but also
in 17%-73% of type 1, and in 25%-50% of type 3
GCs, although these tumors do no develop in MEN-1
patients!". A role for the apoptosis-inhibiting protein
BCL-2 has also been proposed, with the hypothesis that
the anti-apoptotic activity of BCL-2 may contribute
to the development of carcinoid tumors by extending
the exposure of hyperplastic ECL cells to other so-far-
unknown oncogenic factors!". Mcl-1 protein expression
also increased specifically in human hypergastrinemia-
associated type 1 GC tumors. Gastrin-induced mcl-1
expression may therefore be an important mechanism
that contributes toward type 1 GC development™.

CLASSIFICATION

GCs are endocrine tumors of the gastric mucosa that
originate from ECL cells!"»'*!¢?l, These tumots are
classified into three distinct types (Table 1).

Type 1 (GC-1) includes the vast majority (70%-85%)
of GCs and is closely linked to chronic atrophic gastritis
type A, characterized by decrease acidity, resultant
hypergastrinemia and subsequent ECL cell hyperplasia.

The spectrum of ECL cell lesions includes hyperplasia
(simple, linear and micronodular), dysplasia, and
eventually, carcinoids”'l. The lesions ate located in the
gastric fundus and body and are multicentric, polypoid,
small, limited to the mucosa or submucosa, without
angioinvasion, well-differentiated, and tend to display
benign behavior. It is more frequent in females.

Type 2 (GC-2) accounts for 5%-10% of GCs, is
associated with ZES and occurs almost exclusively in
the context of MEN-1. MEN-1/ZES patients usually
have small duodenal or pancreatic gastrinomas causing
hypergastrinemia and subsequent ECL proliferation. The
increased incidence of GC-2 in patients with MEN-1
(13%-37%), who display loss of heterozygosity at the
MEN-1 gene locus, versus patients with sporadic ZES
(0%-2%), supports the genetic role in the pathogenesis
of GCs. Type 2 GCs are usually multiple and small, and
have low-grade malignancy, although up to 35% of cases
are metastatic at presentation. Unlike GC-1, GC-2 is
equally frequent in male and female patients®?.

Type 1 and type 2 GCs are both associated with
hypergastrinemia. In the first case, hypergastrinemia
is secondary to hypo/achlorhydria caused by the
destruction of gastric parietal cells. In the second case, it
is caused by the presence of a primary gastrinoma that,
on the contrary, causes hyperchlorhydria. Therefore pH
of gastric juice and blood test are useful to discriminate
the presence of pernicious anemia by ZES/MENT.
Pernicious anemia is characterized by increased gastric
juice pH, low vitamin B12 and presence anti-parietal
cells and/or anti intrinsic factor antibodies. The presence
of ZES/MENI is characterized by low gastric juice
pH or better by a basal acid output = 15 mEq/h. This
condition can be investigated by testing a full evaluation
of pituitary and parathyroid function, in addition to
genetic analysis.

Type 3 (GC-3) represents 15%-25% of GCs, is
not related to hypergastrinemia, is characterized by a
far more aggressive course, and presents with lymph
node and distant metastases in more than 50% of
cases. Lesions are typically solitary, larger than 1-2 cm,
ulcerated and deeply invasive. They are usually located
in the gastric fundus and body, but may occur also
in the antrum. This type of GC is more frequent in
males!"*'#1"18 Unlike GC-1 and GC-2, GC-3 may be
associated with an atypical carcinoid syndrome that
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Well-differentiated tumor-carcinoid

Benign behavior: confined to mucosa-submucosa, non-angioinvasive, < 1 cm in size, non-functioning
ECL cell tumor of corpus-fundus associated with hypergastrinemia and chronic atrophic gastritits (CAG) or MEN1

syndrome
Serotonin-producing tumor
Gastrin-producing tumor

Uncertain behavior: confined to mucosa-submucosa, > 1 cm in size, or angioinvasive

ECL cell tumor with CAG or MEN1 syndrome or sporadic
Serotonin-producing tumor
Gastrin-producing tumor

Well-differentiated endocrine carcinoma-malignant carcinoid

Low-grade malignant, deeply invasive (muscularis propria or beyond), or with metastasis

Nonfunctioning

ECL cell carcinoid, usually sporadic, rarely in CAG or MEN1 syndrome

Serotonin-producing tumor
Gastrin-producing tumor

Functioning
ECL cell carcinoid with atypical carcinoid syndrome
Serotonin-producing carcinoid with syndrome
Gastrin-producing carcinoma-malignant gastrinoma

ACTH-producing carcinoma with Cushing syndrome

Poorly differentiate endocrine carcinoma-small cell carcinoma, high grade malignant, usually non-functioning, occasionally

with Cushing syndrome

Primary tumor

Depth of invasion Size
T1 Up to and including muscularis propria <3cm
T2 Beyond muscularis propria <3cm
T3 Up to and including muscularis propria >3 cm
Beyond muscularis propria >3 cm
Lymph node
NO No lymph node metastasis
N1 Regional lymph node metastasis
Distant metastasis
MO No distant metastasis
M1 Distant metastasis
Disease stage T N M
I T1 Any N MO
I T2 NO MO
T3 NO MO
Jiig T2 N1 MO
v T3 N1 MO
Any T Any N M1

presents with itching, bronchospasm and cutaneous
flushing, thought to be mediated by histamine released
from ECL cells".

Also, type 4 GCs (GC-4) have been described!”.
This type of tumor is not derived from ECL cells, but
from other endocrine cells of the stomach, such as
those producing serotonin or gastrin. These tumors may
have a very aggressive course and may be located in the
gastric fundus, body or antrum.

According to the WHO classification®™, type 1 GCs
are well-differentiated endocrine tumors with a benign
ot, more rarely, an uncertain behavior. Type 2 GCs are
usually well-differentiated endocrine tumors, but may
also be well-differentiated endoctine carcinomas with
angioinvasion, invasion of muscularis propria, and

metastases at regional lymph nodes, or less frequently
at distant sites. Also, occasionally poorly differentiated
endocrine carcinomas have been found in patients with
ZES/MEN-1. Type 3 CGs may be well-differentiated
endocrine tumors or carcinomas, but usually are
poorly differentiated endocrine carcinomas with high
mitosis rates and Ki-67 values, and regional and distant
metastases (Table 2). Moteover, recently, a tumor-node-
metastasis (TNM) staging, and a grading system, based
on the proliferative status (mitotic count and Ki-67
index) have been suggested for GCs!”! (Table 3), but

remain to be validated in clinical practice.

DIAGNOSIS

Diagnosis is currently made during upper gastrointestinal
endoscopy performed for a variety of clinical reasons,
such as abdominal pain, gastrointestinal bleeding,
anemia and dyspepsia. The diagnostic accuracy and the
correct characterization of GCs necessitate extensive
sampling from both the antrum (two samples) and body-
fundus (four samples), in addition to biopsies/removal
of the largest polyps. Proliferation rate and degree of
dysplasia of gastric endocrine cells may often be difficult
to identify with standard histopathological procedures.
Histochemistry with chromogranin A (CgA) and
synaptophysin assessment is of relevance in identifying
hyperplasia, dysplasia and malignant transformation
of ECL cells?**2 Also, immunohistochemical
determination of the proliferative index Ki-67 and
evaluation of the mitotic index, by counting number of
mitosis per 10 high-power fields, are mandatory®, with
a negative prognostic meaning when Ki-67 is > 2% and
mitotic index is > 2.

Endoscopy and sampling for histology are currently
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considered sufficient when faced with small type 1 and
type 2 GCs, reserving endoscopic ultrasound (EUS) for
tumors > 1 cm in size?. EUS can give information about
the location and depth of lesions and local spread, or even
highlight the primary gastrinoma in GC-2. EUS can also
allow fine-needle aspiration of submucosal lesions.
Computed tomography, magnetic resonance imaging
and somatostatin receptor scintigraphy are required for
larger tumors, those shown to be invasive by EUS, and
type 3 GC, in order to detect distant metastases?. The
minimal biochemical tests in GC patients include serum
gastrin and CgA levels, the most important generic
marker for neuroendocrine tumots, with evaluation of
gastric juice pH. These tests should be performed at
diagnosis. Moreover, determination of CgA could be of

relevance in the coutse of follow-upt?'*7.,

PROGNOSIS

GCs are usually considered as largely benign in
prognosis, even if it depends on the type of GC tumor
and the extent of the disease. Prognosis ranges from an
indolent course for type 1 GCs to the wotst one for type
3 GCs.

Rappel and colleagues™ reported an overall survival
rate of 78% in 110 patients with GCs, with the highest
rate (100%), when aged-corrected, in the 88 patients with
GC-1. Therefore, the authors concluded that patients
with GC-1 tumors have a life expectancy comparable
to that of the general population. Type 2 GCs have a
similar outcome to type 1 GCs, although their overall
survival is closely related to the course of the associated
gastrinoma, with a 5-year survival of 62%-75%.
Type 3 GCs have the worst prognosis and are typically
associated with an overall 5-year survival of < 50%".
On the other hand, in an update of the SEER database
study by Modlin e a/, the 5-year survival rate was 63%
for all GCs, 21.2% for metastatic disease, and only
69.1% in the subset of patients with localized lesions.
Morteover, a cumulative analysis of GCs in the SEER
database from 1992 to 1999 has indicated that distant
metastases or regional spread were evident in 10%-30%
of cases at the time of diagnosis, thus suggesting that
the widespread opinion regarding the benign behavior
of GC tumors should be revised.

A further frustrating finding is represented by the
lack in the last 30 years of changes in mean overall
survival for patients with GCs, as well as for those with
other gastroenteropancreatic neuroendoctine tumors®™,
despite the increased proportion of patients diagnosed
at an carlier stage of the disease. However, it should
be noted that many variables, other than types of GC,
can affect the overall prognosis, such as age, gender,
ethnicity, tumor size, depth of invasion, lymph node
involvement, distant metastasis, degree of differentiation,
and histological subtype.

MANAGEMENT
The clinical approach to GCs is largely dependent upon

Gastric lesions

‘ Histochemistry with chromogranin A ‘

GCs

[
Type 3 (GC-3)
Sporadic

I 1
Type 1 (GC-1) Type 2 (GC-2)
Hypo/achlorhydria ZES
Chronic atrophic gastritis MEN I

Elevated gastrinemia CgA *

Normal gastrin

CgA t ‘ : ‘
<1icm'l|l” 1cm > 6 lesions
< 6 polyps Involving
Not involving muscularis
Surgery muscularis propria’ propria
Chemotherapy" I I
Endoscopic Local surgery
resection (Antrectomy
in type 1)
[

]
‘ Endoscopic surveillance at 12 mo ‘

‘ Recurrence’ ‘
Local Antrectomy
Gastrectom
excision (in type 1) Y

Figure 1 Management flow chart of GCs according to ENETS guidelines™.

'Consider SSAs.

the type and size of lesions (Figure 1). Management of
type 3 GC is fairly clear and comparable to that used for
gastric adenocarcinomas, which includes partial or total
gastrectomy with extended lymph node resection!"*'>'¢!
in the absence of visceral metastases, ot systemic
chemotherapy if surgery is not feasible, even if, so far,
the results are not very encouraging. The questionable
efficacy of conventional cytotoxic chemotherapy
has prompted investigation of novel therapeutic
approaches for patients with advanced carcinoid.
These include the use of targeted radiotherapy, as well
as regimens incorporating inhibitors of angiogenesis
(e.g. bevacizumab) and small molecule tyrosine kinase
inhibitors (e.g. sunitinib). The treatment of metastatic
liver disease includes hepatic resection, embolization
of the hepatic artery, radiofrequency ablation and
cryoablation”!l.

We consider the more controversial management
of types 1 and 2 GCs, which are characterized by more
benign biological behavior. In GC-1, a conservative
approach based on endoscopic resection seems to be
the treatment of choice when the size (< 1 cm) and
the number (< 3-5) of the tumors render it feasible!".
However, recently the European Neuroendocrine
Tumor Society (ENETS) Consensus Guidelines®”
have suggested that annual surveillance is appropriate
when dealing with patients with type 1 GC of less than
10 mm in size. This practical approach is supported by
some reports®*¥ that suggest that the above careful
endoscopic follow-up represents a reasonable and safe
option in selected patients. However, further studies
including a more consistent number of patients and
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with an adequately long follow-up are necessary to
support this statement. In fact, despite their usually
benign biological and clinical course, type 1 GCs can
sometimes exhibit a not entirely negligible mortality
rate, as deducible from seties with long follow-up!. In
case of tumors > 10 mm and with up to six polyps not
involving the muscularis propria at EUS examination,
endoscopic resection remains the reference approach?’.
In the presence of deep gastric parietal wall invasion
and positive margins following endoscopic mucosal
resection, surgical resection of the tumor should be
cartied out?. Once again, it should be noted that, with
these tumors often being multiple and recurrent, antral
resection, aimed at avoiding chronic ECL cell stimulation
by ongoing hypergastrinemia, is recommended,
which is effective in 80% of type 1 tumorsP"**36l
Moreover, in the case of malignant transformation or
recurrence despite local surgical resection, partial or
total gastrectomy with lymph node dissection should be
petformed, as suggested by current guidelines®.

Overall, despite a generally benign prognosis, the
recommended approach in selected subgroups of
GC-1 patients appears disproportionately aggressive,
and the long-term benefits of antrectomy are still
uncertain?¥. Indeed, in some cases, the tumors may
become autonomous and no longer gastrin-dependent,
and therefore, continue to grow after antrectomy. An
octreotide suppression test has been proposed®” to
predict the beneficial outcome from antrectomy, by
measuring histidine decarboxylase (HDC) mRNA in the
pre- and post-treatment biopsy specimens. In fact, HDC
is the enzyme that catalyzes the synthesis of histamine
from histidine in ECL cells, a process that is gastrin
dependent. A marked decrease in HDC mRNA after
octreotide administration indicates that the tumor is still
likely to be gastrin dependent.

In extreme situations, i.e., when the biological
behavior of the tumor is well defined and definitely
benign or malignant, the current guidelines are clear
and unambiguous. Conversely, they are less clear for
GCs with uncertain behavior, which show atypical
characteristics, such as elevated Ki-67, or submucosal
invasion, even if they are smaller than 1 cm. Moreover
in this situation, according to current guidelines,
only endoscopic follow-up is indicated, therefore,
information about deep invasion and margin infiltration
is not available. At present, relevant controversies and
doubts remain in these particular subgroups of patients.
It should be stressed that the overall approach is based
mainly on the tumor size, but this parameter may not
represent the only prognostic factor. Recent studies*
have suggested that proliferation indexes such as
Ki-67 are of relevance, but the current best aggregate
indicators of prognosis and malighancy seem to be
the evidence of invasive growth and the presence of
regional or distant metastases (TNM staging system)®.
At present, however, the criteria to delineate the degree
of malignancy remain unclear, and the histological
analysis often fails to define precisely the likelihood of
aggressive or metastatic potential.

Over the last few years, somatostatin analogues
(SSAs) have been used in the treatment of patients
with either GC-1 or GC-2"*] based on their capability
to inhibit gastrin release from the antral G cells, thus
reducing ECL cell hyperplasia. However, biotherapy
is not currently recommended in patients with type
1 and 2 tumors, except in the rare patients with
functioning tumors, and in type 2 patients if indicated
for an underlying disease (i.e., other endocrine tumors).
Preliminary reports*! have shown that SSAs have some
beneficial effects, for example, by reducing the size and
number of carcinoids tumors after 6 mo of treatment.
Moreover, the treatment with long-acting SSAs given at
monthly intervals for a period of at least 6 mo produces
significant suppression in gastrin and CgA levels™.
Overall, however, the best schedule of treatment remains
to be defined.

The management of type 2 GC has to be approached
in the context of the MEN-1 syndrome that is present
in these patients. As for type 1 GC, endoscopic
treatment can be an option, whereas gastric surgery
should be performed only in highly selected patients,
particularly if the histological examination shows the
features of poorly differentiated endocrine tumors. The
treatment of type 2 GCs is further complicated by the
controversies regarding the treatment of gastrinoma
in MEN-1. Currently, no definitive evidence exists
that surgery decreases the mortality in MEN-1 or the
likelihood that clinically important metastases will
develop. Then, the question of whether or not to
recommend duodenal-pancreatic surgery in patients
with MEN-1 who have pharmacologically controllable
ZES and no other clinically evident hormonal excess
syndrome is a difficult one. In these cases, the SSA
octreotide has been demonstrated to be effective at
reducing tumor growth!*.

CONCLUSION

A lot of controversies still exist about the optimal
treatment of GC tumors. In fact, endoscopic follow-
up could have some risk and is expensive, which leads
to further examinations. On the other hand, a more
aggressive approach, based on endoscopic or surgical
resection may represent over-treatment, with possible
unnecessary side effects and high costs. Treatment with
long-acting SSAs may therefore represent an alternative
option that, even if expensive, seems to be both
efficient and safe. Based on the current lack of validated
recommendations™*****1 SSAs should probably be
reserved for tumors with atypical characteristics or for
multiple small tumors, when surgery is not feasible or
judged excessive, and when iterative endoscopic removal
1s too fastidious or impractical.
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Abstract

In liver, the most intensively studied transmembrane
and intracellular signal transduction pathways are
the Janus kinase signal transduction pathway, the
mitogen-activated protein kinases signal transduction
pathway, the transforming growth factor B signal
transduction pathway, the tumor necrosis factor
o signal transduction pathway and the recently
discovered sphingolipid signal transduction pathway.
All of them are activated by many different cytokines
and growth factors. They regulate specific cell
mechanisms such as hepatocytes proliferation,
growth, differentiation, adhesion, apoptosis, and
synthesis and degradation of the extracellular matrix.
The replication cycle of hepatitis C virus (HCV) is
intracellular and requires signal transduction to
the nucleus to regulate transcription of its genes.
Moreover, HCV itself, by its structural and non-
structural proteins, could influence the activity of the
second signal messengers. Thus, the inhibition of the
transmembrane and intracellular signal transduction
pathways could be a new therapeutic target in
chronic hepatitis C treatment.
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INTRODUCTION

Hepatitis C virus (HCV) was discovered by Choo ez al'.
in 1989. HCV is included in the Flaviviridae family
within the distinct genus of Hepacivirus®. According
World Health Organization (WHO) data, there are
currently about 170 million HCV-infected persons
wotldwide, which is approximately 3% of the human
population. In Poland, the number of chronic HCV-
infected persons is estimated to be 750000, which is
about 1.4 % of the general population®. In the natural
history of HCV infection, there is an 80% risk of
chronic infection, as well as the high possibility of severe
complications such as liver cirrhosis or hepatocellular
cancer (HCC).

The main target cell for HCV infection is
the hepatocyte, however the virus also infects B
lymphocytes and affects other immune system
components. The HCV replication cycle is intracellular
and requires activation of many transmembrane and
intracellular signal transduction pathways, which are
mainly activated by cytokines such as tumor necrosis
factor o (TNF-a), interleukins (IL-4, IL-6, 1L-12 or
IL.-13), interferons, mitogens hepatocyte growth factor
(HGF), epidermal growth factor (EGF) or transforming
growth factor o (TGF-a) and growth inhibitors
(T'GF-B and activine).

TRANSMEMBRANE AND
INTRACELLULAR SIGNAL
TRANSDUCTION PATHWAYS

Janus kinase (JAK) signal transduction pathway

The JAK signal transduction pathway is activated
by more than fifty different cytokines and growth
factors. This intracellular pathway operates not only
in hepatocytes but also in immune, hematopoietic and
neural system cells. After extracellular ligand-receptor
interaction, receptor multimerization and the activation
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STAT protein  Activating factor Activation effect

Antiviral response, inflammation and hepatocyte damage development, apoptosis stimu-

IL-6 and its family, IL-10, IL-22, EGF, HCV  Participates in antiviral IFN-a effect, direct cytoprotective and anti-inflammatory influence

Probably plays a critical role in hepatocytes damage during hepatic ischemia/reperfusion

injury and in Th1 differentiation

Regulates the genes expression essential for hepatocytes metabolism, growth and differen-

STAT 1 IFN-o./B (type I INF) IFN-y (type I INF)
lation
STAT 2 INF-o./B i INF-1 Antiviral response
STAT 3
proteins on hepatocytes
STAT 4 IL-12
STAT 5 Growth factors
tiation
STAT6 IL-4, IL-12 and IL-13

Participates in Th2 lymphocytes response during viral hepatitis and decreases hepatocytes

damage during hepatic ischemia/reperfusion injury

of JAK1, JAK2, JAK3 and tyrosine kinase 2 (Tyk2) is
observed. The receptor-kinase complex phosphorylates
cytoplasmic SH-2-containing transcription factors: signal
transducers and activators of transcription (STAT)
1, 2, 3, 4, 5, 6. Activated STATs present two main
functions: signal and transcriptional by forming homo-
and heterodimers, which translocate to the nucleus to
influence transcription. STATSs are specifically inhibited
by protein inhibitors of activated STAT (PIAS)¥ and
by suppressor of cytokine signaling (SOCS) through
negative feedback control (Figure 1A). SOCS proteins
include SOCS 1, 2, 3 and cytokine-induced Src
homology 2 protein (CIS), which bind to JAK kinase
inhibiting its enzymatic activity?.

STATSs perform different, often opposing functions
in the liver. STAT1 is mainly activated by IFN
type I IFN-o./B) and IFN type I (IFN-y). Its essential
function in liver is the participation in antiviral immune
defense, as well as in the development of inflammation
and apoptosis. IFN-o/p and IFN-A are ligands for
STAT2, whose major function is antiviral defense.
Membrane the IFN-a./B receptor IFNAR) is a complex
of two subunits: IFNAR1 and IFNAR2. IFNAR2 presents
three diverse forms: full-length IFNAR2c is responsible
for signal transduction and transcription process, whereas
short form IFNAR2Db and soluble form IFNAR2a
inhibit these processes!”. The complex IFN-a/p -
IFNAR activates JAK1 and Tyk2 kinases. IFN-y takes
effect by IFN-y receptor (IFNGR): IFNGR1 and
IFNGR2. STAT3 function is especially regulated by 11.-6
and its family members such as cardiotrophin-1 (CT-1),
oncostatin M (OSM), IL-11, leukemia inhibitory factor
(LIF) or ciliary neurotrophic factor (CNTF), by 1L-10,
1L-22, EGF and HCV proteins. STAT3 participates in the
acute phase response, stimulates hepatocytes regeneration
and regulates lipid and carbohydrate metabolism in the
liver!. Moreover STAT3 is one of the main anti-HCV-
defense elements that acts by increasing the IFN-o
antiviral effect and by its direct cytoprotective and anti-
inflammatory influence on hepatocytes®. I1.-6 and its
related cytokines bind gp130 receptor protein, which plays
a key role in liver regeneration.

Furthermore, Li e a/ confirmed that gp130 activity
1s independent of the activities of other kinases, such as
MAKRP. The ligand-gp130 complex activates JAK1, JAK2
and Tyk2. Recently, the influence of HCV infection on

STAT1-3 factors was demonstrated. HCV structural
proteins C, E2 and non-structural protein NS5A were
shown to reduce the number of membrane receptors
(IFNART1 and IFNAR2c) blocking STAT1-3 activation
by IFN-o.. STAT1-3 are also inactivated by ethanol and
increased level of TNF-a, IL-1f and I1.-10"\. As a result,
viral replication, as well as inflammation and fibrosis
in the liver, is augmented and has a negative effect on
IFN-a treatment response among patients with severe
liver damage. However, HCV does not affect IFN-y
function, and in consequence, STAT1 activation"".
Moreover, Sun and Gao showed that IFN-y produced by
NK cells inhibits hepatocytes regeneration during HCV
infection™. STAT4 is the least known transcription
factor. STAT4 has been shown to be activated by
IL-12 and to play a critical role in hepatocytes damage
during hepatic ischemia/repetfusion injury and in Thl
differentiation"”. STATS5 is mainly activated by growth
factors and regulates the expression of genes encoding
cytochrome P450, HGF and insulin growth factor 1
(IGF1), which are essential for hepatocytes metabolism,
growth and differentiation. STATG is regulated by
IL-4, IL-12 and IL-13. These factors participate in Th2
lymphocytes response during viral hepatitis and reduce
hepatocytes damage during hepatic ischemia/reperfusion
injury. A summary of STATS activation and function are
shown in Table 1.

MAPK signal transduction pathway

EGF, HGF and TGF-a bind with membrane
receptors having intrinsic tyrosine kinase enzymatic
activity. Ligand-receptor complex multimerization and
autophosphorylation are then observed. Ras proteins and
GTP create a transient complex activating RAF kinases
and MAPK kinases (MKK), which can activate MAPK
by dual phosphorylation of threonine and tyrosine.
Activated MAPK phosphorylates transcription factors
such as cAMP response element-binding (CREB) and
Ets-related transcription factor 1 (ELK-1). The MAPK
signal transduction pathway is evolutionarily one of the
oldest signal transduction pathways in eukaryotic cells.
It contains three different signal tracts: the extracellular
regulated protein kinase (ERK, p42/44 MAPK) tract,
the stress activated protein kinase (SAPK, p38 MAPK,
p38-RK or p38) tract, and the c-Jun-NH2-terminal
kinase (JNK, p64/54 SAPK) tract (Figure 1B). All of
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these pathways regulate processes such as cell growth,
differentiation, maturation, proliferation and apoptosis. In
mammalian cells every single pathway is activated by two
MKK: JNK by MKK4 and MKK?7, ERK by MKK1 and
MKK2, and SAPK by MKK3 and MKKG6. This dual role
of MKK in the activation of the JNK, ERK and SAPK
signal transduction pathways is still uncleat™. It has been
shown that ERK play a key role in the regeneration of the
majority of eukaryotic cells. However the role of SAPK,
especially in hepatocytes regeneration, is as yet undefined.
Physiologically, the activity of JNK in the liver is
minimal but increases during liver regeneration, probably
associated with high hepatic TNF-o levels!'.

TGF-(3 signal transduction pathway

TGF-B is cytokine family member that plays a key role
in the processes of cell growth, differentiation, adhesion,
apoptosis, and synthesis and degradation of the
extracellular matrix. In the liver, during HCV infection,
TGF-B is responsible for hepatocytes regeneration
and fibrosis, and for epithelial cells proliferation and
differentiation. TGF-B1 serum concentration in patients
with chronic liver diseases, including chronic HCV
infection, is higher the more severe the liver failure is,
confirming the association between this cytokine and
hepatic fibrosis!"?. Concurtently, in patients with chronic
hepatitis C, TGF-B1 serum concentration dectreases and
normalizes after successful antiviral therapy!'.

The TGF-B membrane receptor consists of two
subunits having intrinsic serine/threonine kinase
enzymatic activity: the type I receptor (TPR-1) and
the type II receptor (TPR-1II). After binding of the
ligand to TPR-1I, TPR- I is phosphorylated in the GS
domain containing many glycine and serine amino acids.
Activated TPR- T influences receptor-specific R-Smad
proteins (Smads) and common-partner Smad (Co-
Smad). SMADs are a class of proteins that modulate
the activity of transforming growth factor beta ligands.
Newly created complexes translocate to the nucleus and
stimulate transcription and apoptosis!'”! (Figure 1C).
During liver regeneration, elevated TGF-P concentration
is observed, though it does not give rise to an increase
of hepatocytes apoptosis, which is probably linked with
parallel augmentation of the concentrations of Smads:
Ski and SnoN, and other antiapoptotic proteins such
as Bcl-2 and Bel-X in hepatocytes!™®. HCV, through
the NS5A protein, inhibits TGF-P signal transduction
pathway activity. NS5A reacts directly with TBR- I
using the region between amino acids 148 and 237. As a
result, Smads phosphorylation, complex creation and its
migration to the nucleus are blocked. In contrast, NS5B
protein has no inhibitory effect on TPR- 1. TGF-B
pathway inhibition can be the result not only of HCV
infection, but also of other viruses such as hepatitis B
virus (HBV), adenoviruses and HPV. This effect can be
due to the direct interaction between the X protein and
Smad4 (HBV), interaction between the E1 protein and
R-Smad (adenoviruses) or through the inhibitory effect
of the E7 protein on R-Smad and Co-Smad complex
formation in the nucleus (HPV)I"L

TNF-o signal transduction pathway

TNF-a is produced by macrophages, monocytes,
mast cells and NK cells. TNF-a is one of the main
mediators of the antiviral inflammatory response, which
enhances lymphocytes proliferation and differentiation,
acute phase proteins production and cell apoptosis.
Two essential TNF-a. membrane receptors are known:
TNF-R1 (CD120a, TNF-55r or p55) and TNF-R2
(CD120b or p75). TNF-R1 plays a key role in the liver
due to its presence not only in hepatocytes membrane
but also in Kupffer cells and hepatic sinusoidal
endothelial cells. TNF-R1 consists of three domains:
extracellular, transmembrane and intracellular (known
as the death domain (DD). Activated TNF-R1 binds, vz
the DD, to an adaptor protein TNIFR-associated protein
with death domain (TRADD), which afterwards activates
Fas associated death domain (FADD) proteins, TNF-
associated factor-2 (TRAF-2) and receptor-interacting
protein (RIP). All of these proteins influence different
signal transduction pathways. FADD activates caspases
8 and 10 leading to Death-Inducing Signaling Complex
(DISC) formation, which regulates apoptosis™, whereas
TRAF-2 and RIP activate two tracts taking part in the
anti-apoptotic effect of TINF-au: IkB kinase (IKK) and
nuclear factor kappa-light-chain-enhancer of activated
B cells (NFxB factor), as well as JNK and ERK from
MAPK signal transduction pathway™! (Figure 1D).
NFkB is a transcription factor comprising two subunits:
p50 having a molecular weight of 50 kDa and p65
(also known as RelA, v-rel reticuloendotheliosis viral
oncogene homolog A or nuclear factor of kappa
light polypeptide gene enhancer in B-cells 3) having
a molecular weight of 65 kDa. The RelA subunit is
mainly responsible for the anti-apoptotic function
of NFkB. In the cytoplasm, NFkB, with inhibitor
proteins IkBa or IkBf (IKK), creates the inactive form.
TRAF-2/RIP activates IKK, which phosphorylates IxB
leading to its subsequent degradation in proteasomes.
Activated NFxB translocates to the nucleus where
it binds with DNA through a zinc finger motif and
stimulates transcription of genes encoding cytokines,
acute phase proteins, immunoglobulins and adhesion
factors®. TNF-a linked with TNF-R1 leads, depending
on activated cellular proteins, to cell proliferation or
apoptosis. Kato ef a/* showed that HCV cote protein
C and, to a lesser degree, NS4B protein, influence
cell proliferation and production of proinflammatory
cytokines such as IL-1, IL-2, IL-3, IL-6, IL-8, IL-12,
TNF-o and INF-f stimulating three diverse pathways
through NFkB, activator protein-1 (AP-1) and serum
response element (SRE). AP-1 is a complex of homo- or
heterodimers encoded by c-jun and c-fos family genes.
Moreover, AP-1 stimulates proliferation dependent on
growth factors, oncogenes and inflammatory peptides.
SRE regulates the promoters of immediate early
(IE) genes such as c-fos and PIP92. MAPK cascade
activation phosphorylates Elk-1 factor binding with SRE
and serum response factor (SRF)PY. The thus created
complexes affect transcription of genes taking part in
cell proliferation.
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Figure 1 Signal transduction pathway. A: Janus kinase (JAK); B: Mitogen-activated protein kinase (MAPK); C: Transforming growth factor-B (TGF-); D: Tumor necro-
sis factor o, (TNF-a); E: Sphingolipid. +: Activation; P: Phosphorylation; STAT: Signal transducers and activators of transcription; STATs: Activated STAT, PIAS: Proteins
inhibitor of activated STAT; SOCS: Suppressor of cytokine signaling; RAS: Small GTP-binding protein; PKC: Protein kinase C; PAK: P21-activated kinase; RAF: Serine/
threonine kinase; MKK: Mitogen-activated protein kinase kinase; ERK: Extracellular signal-regulated protein kinase; SAPK: Stress activated protein kinase; JNK: C-Jun-
NH2-terminal kinase; TGFR T and II: Membrane receptors of TGF-f3; SMAD: Class of proteins that modulate the activity of transforming growth factor  ligands; TNF-R1:
Membrane receptor of TNF-o; DD: Death domain; TRADD: TNFR associated protein with death domain; FADD: Fas associated death domain; TRAF 1/2: TNF-associated
factor-2; RID:Receptor-interacting protein; NF«B: Transcription factor; NSD: TNF-R1 domain activating neutral sphingomyelinase; FAN: TNF-R1 adaptor protein; A-SMase:
Acid sphingomyelinase; N-SMase: Neutral sphingomyelinase; SM: Sphingomyelin; CER: Ceramide; C1P: Ceramide-1-phosphate; CDases: Ceramidases; SFO: Sphingo-
sine; S1P: Sphingosine-1-phosphate; ROS: Reactive oxygen species; CAPK: Ceramide-activated kinase.

Sphingolipid signal transduction pathway

Initially sphingolipids were demonstrated to be major
components of eukaryotic plasma membranes and
mediators of cell-to-cell interactions. Since 1989, many

studies have shown that sphingolipids are also the essential
second messengers in transmembrane and intracellular
signal transduction. This new pathway was called the
sphingolipid signal transduction pathway®!. Generally,
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it mediates specific cell reactions such as proliferation,
growth arrest, differentiation, apoptosis and calcium
homeostasis. It is activated by many proapoptotic and
promitotic factors, such as cytokines TNFa and IL-1, Fas
(Apo-1, CD95) receptor agonists, CD-40, CD-28, CD-5,
DR-5, lymphocyte function-associated antigen-1 (LFA-1),
CD-32 (FcyRII), CD-20, hormones (progesterone),
vitamin D3, protein kinase C inhibitors, growth factors
[platelet-derived growth factor (PDGF), epidermal growth
factor (EGF), and nerve growth factor (NGF)], infection
(by P. aeruginosa, S. aureus, N. gonorrhoeae, Sindbis virns and
Rbinovirn), y radiation, UV and chemotherapeutics (such as
doxorubicine and cisplatin)P?. The final effect of pathway
activation (cell survival or death) depends on the inductive
factor and the balance between the intracellular levels of
its main components: ceramide (Cet) and sphingosine-1-
phosphate (S1P). This balance is known as “the Cer/S1P
rtheostat”.

The most intensively studied second messenger of
sphingolipid signal transduction pathway is ceramide,
which is highly antiproliferative (Figure 1E). Firstly, Cer
activates c-Jun kinase (JNK), stress activated protein
kinases (SAPK), cathepsin D, methionine adenosyl
transferase 1A (MAT1A) and caspase 3, which are
responsible for destruction of the cytoskeleton, nuclear
and plasma membranes”’. Secondly, Cer stimulates the
mitochondria to release reactive oxygen species (ROS) and
cytochrome c, activating the apoptotic proteases?. Finally,
Cer decreases, by dephosphorylation, the intracellular
level of anti-apoptotic proteins of the Bcl-2 family and
the activity of anti-apoptotic enzymes like kinases that
depend on the intracellular Ca®" levels [protein kinase
C, (PKC), PKCa and PKCPa/Akt]. Paradoxically, Cer
synthesized from the hydrolysis of sphingomyelin (SM)
by neutral sphingomyelinases (NSMases), enhances the
activity of the ceramide activated protein kinase (CAPK)
and afterwards the serine/threonine kinase Raf and Akt,
extracellular signal-regulated protein kinases (ERK 1/2)
and the mitogen-activated protein kinase (MAPK). All
these kinases stimulate the proliferation process®. Cer
regulates the cell growth processes through its influence
on PKC, kinase suppressor of Ras (KSR), Raf-1, MAPK
and ceramide-activated protein phosphatase (CAPP),
controlling the protein phosphatases PP1 and PP2. Cer
also take a part in plasma membrane reorganization,
facilitating transmembrane proapoptotic signal
transduction and modulating the autophagocytosisP’.
Autophagocytosis relies on degradation of damaged, dead
or used cell structures to prolong cell life. Cer inhibits
autophagocytosis by stimulating apoptosis®®".

A further second messenger of sphingolipid signal
transduction pathway is sphingosine (SFO). SFO is
synthesized from the hydrolysis of Cer by ceramidases
(CDases). SFO has a key role in apoptosis by stimulating
ROS production in mitochondria and activation of
caspase 3, 7 and 8P?. Additionally, sphingosine inhibits
Akt, resulting in the augmentation of the cellular
effects of cytochrome ¢ and caspase 3P, Moreover,
SFO ditrectly blocks DNA synthesis, methylation and
replication. SFO also reduces the activity of protein
kinases such as PKC, calmodulin-dependent protein

kinase and insulin receptor kinase. The PKC inhibition
proceeds in two parallel ways: directly and indirectly by
decreasing the level of intracellular diacylglycerol (DAG)
and Ca*" ions. The PKC inhibition leads to disturbances
of nuclear proteins phosphorylation (RNA polymerase,
topoisomerase I, histones and mattix proteins®). Some
studies underline the proliferative character of SFO. It
seems that low cellular concentrations of SFO stimulate
cell proliferation and DNA synthesis, whereas the high
concentrations stimulate apoptosis.

Sphingosine-1-phosphate (S1P), synthesized from
SFO, has a potent anti-apoptotic character. An increase in
the intracellular level of S1P can activate cell proliferation
and its passing from Gy phase to S phase, augment the
general number of cells resting in S phase, shorten the
time needed for cell division, enhance survival rate of cells
subjected to proapoptotic factors, mobilize calcium ions
from intracellular compartments, influence cytoskeletal
architecture and the processes of cell migration and
adhesion. S1P modulates cell functions in two different
ways: as an intracellular messenger and as a ligand of
G protein-coupled receptors, known as endothelial
differentiation genes (Edg) - Edg-1, -3, -5, -6 and -8,

Cer may be phosphorylated by ceramide kinase
to ceramide-1-phosphate (C1P), which can be
dephosphorylated back to ceramide by C1P phosphatase.
Similatly to S1P, C1P promotes cell proliferation.

Recently, some studies have shown that the inhibition
of sphingolipid metabolism can be a new therapeutic
target for HCV infection?”.

CONCLUSION

All phases of HCV replication cycle are intracellular and
consequently require signal transduction to the host cell
nucleus to regulate transcription of viral genes. Although
the pathogenesis of transmembrane and intracellular
signal transduction duting HCV infection is still unclear, it
has been shown that HCV could influence activity of the
second signal messengers. This mechanism can regulate
specific cell mechanisms such as hepatocytes proliferation,
growth, differentiation, adhesion, apoptosis, and synthesis
and degradation of the extracellular matrix, leading to
severe complications of chronic HCV infection such
as liver cirrhosis or hepatocellular cancer. For instance
HCV, through the NS5A protein, inhibits the TGF-,
signal transduction pathway activity and through the
cote protein C and, to a lesser degree, the NS4B protein,
influences production of proinflammatory cytokines
such as TNF-a.. Accordingly, it seems that the inhibition
of the activity of the intracellular messengers and
pathways could be a new therapeutic target for chronic
hepatitis C treatment, leading not only to overall HCV
elimination from hepatocytes and from other extrahepatic
components, but also to decrease the possibility of
developing chronic hepatitis C complications. Moreover,
the discovery of the role of the JAK signal transduction
pathway as the principal signaling pathway for IFN-a
opens new research options for a better understanding
of IFN-a resistance. HCV structural proteins C and E2
and non-structural protein NS5A have been shown to
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reduce the number of membrane receptors IFNARI
and IFNAR2c blocking STAT1-3 activation by IFN-a.
As a result, viral replication, as well as inflammation and

fibrosis in the liver, are augmented and has a negative
effect on IFN-0, treatment response among patients with
severe liver damage. Therefore, a better understanding

of these signaling defects might lead to new therapeutic
strategies, making IFN-a therapy more effective in a
larger percentage of patients with chronic hepatitis C

infection.
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Abstract

Chronic hepatitis B and C together with alcoholic and
non-alcoholic fatty liver diseases represent the major
causes of progressive liver disease that can eventually
evolve into cirrhosis and its end-stage complications,
including decompensation, bleeding and liver cancer.
Formation and accumulation of fibrosis in the liver
is the common pathway that leads to an evolutive
liver disease. Precise definition of liver fibrosis stage
is essential for management of the patient in clinical
practice since the presence of bridging fibrosis
represents a strong indication for antiviral therapy for
chronic viral hepatitis, while cirrhosis requires a specific
follow-up including screening for esophageal varices
and hepatocellular carcinoma. Liver biopsy has always
represented the standard of reference for assessment
of hepatic fibrosis but it has some limitations being
invasive, costly and prone to sampling errors. Recently,
blood markers and instrumental methods have been
proposed for the non-invasive assessment of liver
fibrosis. However, there are still some doubts as to their
implementation in clinical practice and a real consensus
on how and when to use them is not still available. This
is due to an unsatisfactory accuracy for some of them,
and to an incomplete validation for others. Some studies
suggest that performance of non-invasive methods
for liver fibrosis assessment may increase when they
are combined. Combination algorithms of non-invasive
methods for assessing liver fibrosis may represent

a rational and reliable approach to implement non-
invasive assessment of liver fibrosis in clinical practice
and to reduce rather than abolish liver biopsies.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Chronic liver diseases (CLDs) represent a major cause of
morbidity and mortality worldwide. The major etiologies
are chronic infection with hepatitis B (HBV) and C
(HCV) viruses, and alcoholic and non-alcoholic fatty
liver disease. Chronic hepatitis B and C are the leading
causes of cirrhosis and of hepatocellular carcinoma
(HCC) worldwide. Approximately 400 million people are
chronically infected with HBV and 25%-40% of them die
of cirrhosis and of its end-stage complicationsm. HBV
is the most important carcinogen after tobacco and the
incidence of HCC is 300000 cases per year”. Chronic
hepatitis C is a major health concern with around 200
million individuals affected worldwide, with a greater
prevalence in Western countries”™. Natural history studies
indicate that advanced fibrosis and cirrhosis develop in
about 20%-40% of patients with chronic viral hepatitisH’S].
Alcoholic liver disease (ALD) is one of the leading
causes of end-stage CLD. It is well established that only
a minotity of heavy drinkers, estimated at between 10%
and 30%, will ever develop advanced ALD and that the
risk increases with cumulative alcohol intake!™”. Non-
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alcoholic fatty liver disease (NAFLD) has become the
most common cause of chronic liver disease and impaired
liver function in industrialized countries, where 10%-23%
of the adult population is estimated to be affected™. The
disease has a spectrum ranging from fatty liver alone to
non-alcoholic steatohepatitis (NASH), and progressive
steatofibrosis. Many cases of cryptogenic cirrhosis
may be end-stage forms of NASH™. Hepatic steatosis
is currently considered a manifestation of metabolic

11,12 . . P
L2 \which is defined as an association of at

syndrome
least 3 of the following disturbances: insulin resistance,
central obesity, arterial hypertension, and dyslipidemia,
whether hypertriglyceridemia or low HDL-cholesterol
levels. Only a percentage of individuals with liver steatosis
progress to more advanced stages of the disease®"".
The pathogenesis of NAFLD and the reasons why
some patients with fatty liver develop NASH and have
progressive liver disease are not entirely understood. The
most widely supported theory implicates insulin resistance
as the key mechanism in NAFLD, leading to hepatic
steatosis, and perhaps also to NASH. Obesity, type 2
diabetes, hyperlipidemia and other conditions associated
with insulin resistance are generally present in patients with
NAFLD"", A “two-hit” hypothesis has been proposed,
involving the accumulation of fat in the liver (“first hit”),
together with a “second hit” that produces oxidative stress.
Hepatic steatosis has been recognised as the first of two
hits in the pathogenesis of NASH, since the presence of
oxidizable fat within the liver is enough to trigger lipid
peroxidation””. However, many patients with fatty liver
do not progress to steatohepatitis. Potential second hits
for the evolution towards NASH include all mechanisms
contributing to the development of inflammation and
fibrosis. The presumed factors initiating second hits
are oxidative stress and subsequent lipid peroxidation,
proinflammatory cytokines (principally tumour necrosis
factor alpha), and hormones derived from adipose tissue
(adipocytokines)"'”. The progtession of liver disease in
CLDs presents with a common histopathological pathway
which is the formation and accumulation of fibrosis
leading to the development of progressive distortion of
the hepatic architecture that is the hallmark of evolution
to cirrhosis. Liver fibrosis is the result of chronic injury
and it appears to play a direct role in the pathogenesis of
hepatocellular dysfunction and portal hypertensionm’lsj.
Development of fibrosis is a progressive process starting
from minimal fibrosis limited to the portal tracts, followed
by more extensive fibrosis with septa expanding into the
liver parenchyma, which can form bridges between two
portal tracts or portal tracts and central veins, eventually
ending in complete cirrhotic nodules. In patients with
CLDs precise definition of the hepatic fibrosis stage is of
paramount importance to evaluate the prognosis and the
follow-up of the hepatic disease and to decide the need for
antiviral therapy in HBV and HCV chronic infections. In
CLDs liver biopsy has always been the gold standard for
evaluating presence, type and stage of liver fibrosis and to
characterize necroinflammation. This procedure, however,
presents some limitations since it is invasive, costly and
difficult to standardize. Recently, there has been increasing

Description METAVIR (F) Ishak (S)
No fibrosis 0 0
Portal fibrosis without septa 1 1-2
Portal fibrosis with few septa 2 3
Septal fibrosis without cirrhosis 3 4
Cirrhosis 4 5-6

Portal fibrosis is a stellate enlargement of portal tracts without any
bridging fibrosis on the biopsy sample. Few septa means at least one
fibrous septum on the core biopsy. Theoretically, a fibrous septum is a
bridge of connective tissue between two portal tracts, a portal tract and
a centrolobular vein, or between two centrolobular veins. Septal fibrosis
means that the liver biopsy is crossed by several septa; the transition
between F2 and F3 by METAVIR or S3 and S4 by Ishak begins when there
are more fibrous septa than portal tracts without septa on the biopsy.
Cirrhosis means that liver tissue is mutilated by nodular fibrosis that
delineates hepatocytes nodules.

interest in non-invasive assessment of liver fibrosis by
using surrogate markers measurable in the peripheral
blood or by using instrumental devices, but some concerns
about their large-scale clinical use have been raised, based
on their performance and validation. This article aims to
review the current status of the literature regarding non-
invasive assessment of liver fibrosis in CLDs, considering
its limitations and advantages. Finally, decisional algorithms
to be applied to the most validated and reliable methods in
clinical practice are here proposed.

HISTOLOGICAL SYSTEMS TO STAGE
LIVER FIBROSIS

Several semiquantitative scoring systems have been
proposed to stage fibrosis and to grade necroinflammation
in the liver. The Ishak’s system is a revised version of the
older histological activity index"*"". Tt describes grading
and staging as two separate items and liver fibrosis is
classified as absent (0), mild (1-2), moderate (3-4) and
severe/citrhosis (5-6). This classification system is mainly
applied to hepatitis B and C. The METAVIR scoring
system for staging has been frequently used in recent
times particularly for chronic hepatitis C (Table H,
Brunt classification of fibrosis assessment is generally
used for NASH and it includes five stages: stage 0, no
fibrosis; stage 1, zone 3 perisinusoidal or pericellular
fibrosis, focally or extensively present; stage 2, zone
3 perisinusoidal or pericellular fibrosis with focal or
extensive periportal fibrosis; stage 3, zone 3 perisinusoidal
or pericellular fibrosis and portal fibrosis with focal or
extensive bridging fibrosis; stage 4, cirthosis'”. All these
scoting systems have some limits, being semiquantitative,
not linear and prone to intra- and inter-observer variation
and to sampling variability.

LIVER BIOPSY: IS IT A GOLD OR A

SILVER STANDARD?
Liver biopsy has long been the gold standard for staging of
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Length (mm) Portal tracts (n°) Ref.
PROS CONS 15 5 [28,29]
Staging of liver fibrosis Invasiveness (pain, bleeding) 20 il [zﬂl
Grade of necroinflammation Cost (hospitalization) 25 NA [3;]
Steatosis (common in hepatitis C) Sampling errors Bigger is better NA &

Iron overload (common in hepatitis C) Possibly refused by patient,
concern of physician

Static data, no information on
fibrogenesis

Comorbidities (autoimmunity
stigmates)

liver fibrosis in CLDs. Liver biopsy has the advantage of
obtaining direct information not only about fibrosis, but
also about many useful parameters, such as inflammation,
necrosis, steatosis, iron or copper deposits. Furthermore,
it allows the identification of suspected or unexpected
cofactors and comorbidities. However, biopsy is associated
with potential morbidity and mortality and has several
limitations (Table 2). A single liver biopsy provides
static data but with no information on fibrogenesis and
fibrolysis that characterise the dynamic processes related to
extracellular matrix (ECM) metabolism. Moreover, many
recent studies clearly indicate that liver biopsy is prone
to sampling errors and may underestimate the amount
of liver fibrosis. Cirrhosis could be missed on a single
blind percutaneous liver biopsy in 10%-30% of cases”"".
When three different liver samples were analyzed, the
percentage of correct diagnoses increased from 80% to
100%™, In more recent times, Regev ¢t al” have shown
that samples obtained from the right and left lobes of
the liver duting laparoscopy give different fibrosis staging
in one third of cases, with a concordance rate of more
than 90% between two experienced pathologists. Other
studies have analyzed agreement/disagreement among
pathologists. Although the use of more standardized
scoring systems, such as those of the Ishak’s, METAVIR’s
and Brunt’s classifications, has improved the inter-observer
and intra-observer variability, there are still several factors
that may significantly influence the reliability of a liver
biopsy. The size of the liver sample is very important,
especially if we consider that a hepatic sample of 15 mm
length represents 1/50000 of the whole parenchyma.
Colloredo ef al* have carefully analyzed the impact of
the sample size on a correct staging of liver fibrosis in
patients with hepatitis C. By reducing progressively the
dimensions of the same liver biopsy, they reported that
the smaller was the sample analyzed, the milder was the
diagnosis made by the pathologist in relation to the stage
of fibrosis. Other studies have reported that the type and
the size of needle used are also important. The Tru-Cut
needle was found to be superior to the Menghini needle,
particularly for the diagnosis of more advanced fibrosis™
The use of a thicker needle ameliorates the accuracy of the
diagnosis but also implies an increased risk of bleeding and
perforation for the patient. Interestingly, Rousselet e o/’
reported that the degree of expetience of the pathologist,
as indicated by longer duration of practice or belonging to
an academic setting, may have an outstanding impact on
the diagnostic interpretation of liver biopsy, even higher

NA: Not available.

than that determined by the one related to sample size.
Another shortcoming of liver biopsy is its cost. A cost-
benefit analysis showed that in the US the cost of a liver
biopsy is 1032 USD and it could rise to 2745 USD when

. . 2
complications occur””.

LIVER BIOPSY: CONSENSUS AMONG
PATHOLOGISTS?

Pathologists have tried to define the features (including
length and number of complete portal tracts) of an
adequate liver biopsy sample able to reduce the risk of
misclassification of liver fibrosis (Table 3). Some authors
would suggest that an adequate liver biopsy sample should
contain more than 5 portal tracts and be at least 15 mm
in length[zs’zgl. Other studies reported a higher threshold
for optimized accuracy. Guido and Rugge have produced
a critical review of the literature concerning the use of
liver biopsy in chronic viral hepatitism. They suggest
that liver biopsy is very often flawed by unacceptable
methodological limits and that a biopsy sample of
20 mm or more containing at least 11 complete portal
tracts should be considered reliable for adequate grading
and staging. Other authors have recommended even
bigger samples, up to 25 mm in lengthm. Scheuer has
recently concluded that “bigger is better”?,

LIVER BIOPSY: CONSENSUS AMONG
CLINICIANS?

The pathologist’s need for obtaining a liver sample of
adequate size is in contrast with the patient’s need for a
procedure causing limited pain and risks. Liver biopsy
may in fact be a risky procedure for some patients,
particularly for those with more advanced liver fibrosis.
Indeed, one third of patients experience pain at the time
of the procedure, and the proportion of 0.3%-0.6% of
cases presents with serious adverse events like bleeding
and even death in decompensated cirrhosis™. A French
survey which interviewed 1177 general practitioners
concluded that liver biopsy may be refused by up to
59% of patients with hepatitis C and that 22% of the
physicians share the same concern for the invasiveness
of the procedure™. On this topic, a survey assessing the
consensus among Italian hepatologists on when and how
to take a liver biopsy in chronic hepatitis C showed great
divergence in the management of the same subgroup of
patients”. A nationwide survey about assessment of liver
fibrosis in hepatitis C among French hepatologist showed
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that liver biopsy was still systematically performed by
only 4% of respondents. Guidelines for the clinical use
of non-invasive methods for assessment of liver fibrosis

were required by 95% of the respondents™.

THE IDEAL NON-INVASIVE METHOD FOR
LIVER FIBROSIS

In view of all the shortcomings regarding liver biopsy, in
the last decade clinical investigators have been searching
for non-invasive methods for accurate information about
liver fibrogenesis activity and fibrosis stage in patients with
CLDs. Fibrosis is a structural change in the liver that ac-
companies chronic injury; fibrogenesis refers to the pro-
duction of ECM. Fibrogenesis increases in response to
injury and is essential to tissue repait. The key step in the
pathophysiology of liver fibrogenesis is the balance be-
tween ECM deposition and removal. An excess of ECM
produced after injury stimulates fibrolysis which is medi-
ated by several specific matrix metalloproteinases (MMPs).
The hepatic stellate cells (HSCs) are the major source of
ECM". Guidelines and Recommendations indicate that
staging of liver fibrosis is the most important parameter
for the definition of prognosis and for the subsequent
management of the patient with CLD""™, Natural history
studies indicate that, if only an insignificant rate of pa-
tients without fibrosis will develop cirrhosis in the follow-
ing 5 years, this percentage goes up to 20% for cases with
portal fibrosis and to more than 40% for cases with septal
fibrosis”™”. Moreover, the decision whether to start an an-
tiviral therapy in cases of chronic viral hepatitis is highly
influenced by the staging of liver fibrosis, since treatments
are usually long, costly and cause side effects. Identifica-
tion of patients with cirrhosis is essential to start screening
for end-stage liver complications, including esophageal
varices (OV) and HCC. International guidelines have de-
fined two stages of liver fibrosis that significantly modify
the management of the patients in clinical practice™™™: (1)
Significant fibrosis, defined as a liver fibrosis stage (F) = 2
according to METAVIR for hepatitis C or (S) = 2 accord-
ing to Ishak for hepatitis B. Significant fibrosis is a defini-
tive indication to start antiviral therapy in chronic hepa-
titis B and in chronic hepatitis C due to difficult-to-treat
genotypes (HCV-1 and HCV-4). For patients infected with
HCV genotype 2 or 3 histological definition is not neces-
sary except for those cases with relative contraindications,
not motivated or elderly age. The recent Italian Guidelines
on the management of chronic hepatitis B have underlined
the importance of the stage of liver fibrosis not only in
deciding who to treat, but also in deciding the first choice
treatment: interferon for mild-moderate fibrosis and
nucleoside/nucleotide analogues for cirrhosis, especially
if decompensated[38‘. (2) Hepatic cirrhosis, defined as liver
fibrosis stage of (F) 4 by METAVIR and of (S) 6 by Ishak.
Cirrhosis, even when fully compensated and still clinically
occult, requires a different and more specific management
than simple chronic hepatitis, including screening for OV
with annual gastroscopy and for HCC with ultrasound and
alpha-fetoprotein every 6 mo.

Reliable (high diagnostic accuracy)

Widely available (simple, least expensive)

Providing information on both fibrosis stage and fibrogenesis activity
Validated by large-scale studies

Validated by independent studies (different authors from the
proposing study)

Validated in various etiologies of CLDs (HCV, HBV, ALD, NAFLD)
Identifying clinically important fibrosis stages (significant fibrosis and
cirrhosis)

CLDs: Chronic liver diseases; ALD: Alcoholic liver disease; NAFLD: Non-
alcoholic fatty liver disease.

The ideal marker test would be able to accurately
stage disease and also be sensitive to changes in fibrosis
induced by the natural course of disease progression
or by therapy (Table 4). Non-invasive methods for
detecting liver fibrosis may be divided in two main
groups: markers measured in peripheral blood, which
could be single parameters or panels combining more
parameters, and a technical device that measures the liver
stiffness through transient elastography (fibroscan).

SERUM NON-INVASIVE MARKERS OF
LIVER FIBROSIS

Among the proposed markers in the literature, some are
directly linked to the modifications in ECM turnover
occurring during fibrogenesis, the so-called “direct
markers”, while others reflect alterations in hepatic
function but do not directly reflect ECM metabolism, the
so-called “indirect markers”"™"”. The direct markers of
liver fibrosis include several glycoproteins (hyaluronan,
laminin, human cartilage glycoprotein 39), the collagens
family (procollagen IIl, type IV collagen), the collagenases
and their inhibitors and a number of cytokines connected
with the fibrogenetic process (TGF-f1, TNF-a). These
markers have a pathophysiologic rationale since they
may be an expression of either deposition or removal of
ECM, thus giving information on its metabolism. They
may potentially be used not only to stage liver fibrosis,
but also to assess the speed of liver fibrogenesis with the
most relevant prognostic value, and also to estimate and
monitor the efficacy of and the response to antifibrotic
drugs. A limitation to the clinical use of direct markers
of liver fibrosis is that they are not routinely available in
all hospital settings. The indirect markers of liver fibrosis
are biochemical parameters that are measurable in the
peripheral blood. They are an indirect expression of
liver damage and have a statistical association with liver
fibrosis stage. While direct markers of liver fibrosis reflect
the process of fibrogenesis, indirect markers satisfy the
request for a simple and easy-to-perform marker. Both
direct and indirect markers for liver fibrosis may be single
or a combination of parameters (Tables 5 and 6). Most
of them have been proposed and validated in chronic
hepatitis C. Table 7 describes the accuracy of various
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Direct markers Indirect markers

Hyaluronic acid Platelet count

Laminin AST, ALT
Procollagen III yGT

Type IV Collagen y-globulins
Metalloproteinases Albumin

Inhibitors of metalloproteinases Prothrombin time

serum non-invasive markers for liver fibrosis as reported
in the literature. The performance of non-invasive
markers is usually expressed as sensitivity, specificity,
positive and negative predictive values (PPV, NPV),
accuracy, and compared area under the receiving operating
charactetistic curve (AUROC).

Hyaluronic acid has been extensively studied in hepa-
titis C while few studies are available in other etiologies.
Overall, a rather good accuracy of this marker in the dif-
ferent CLDs has been reported for detection of signifi-
cant fibrosis, with an AUROC ranging from a minimum
of 0.82 to a very good 0.92* In a study conducted in
326 patients, the AUROC was 0.86 and the specificity was
95% for significant fibrosis while the AUROC was 0.92
and the specificity was 89.4% for cirrhosis when a cut off
level of 110 pg/L was used™. However, another cohort
study with more than 400 cases has reported an AUROC
of only 0.73 for significant fibrosis™. In the same study,
cirrhosis could be excluded with excellent NPV and sen-
sitivity (100%) and with excellent AUROC (0.97) using
a cut off level of 50 pg/L. Similar tesults wete teported
in another study of 486 patients in which hyaluronic acid
levels < 60 pg/L excluded cirthosis with 99% NPV™. In
ALD the petformance of hyaluronic acid for significant
fibrosis varied signiﬁcantlym’%] while the marker showed
very good performance for cirrhosis, with an AUROC of
0.93" The results of a study conducted in 79 patients
with NAFLD were also encouraging, since hyaluronic acid
had 2 0.92 AUROC value for cirthosis'™’, On the basis of
its good accuracy, especially for exclusion of cirrhosis, hy-
aluronic acid has also been used in panels combining other
serum non-invasive markers for liver fibrosis. Recently it
has been proposed in combination with AST-to-platelet
ratio index (APRI) in hepatitis B. In this study, a combina-
tion of APRI > 1.5 and of hyaluronic acid > 300 ng/mL
had 98.9% specificity and 93.7% PPV’ Laminin is an-
other component of ECM that has been studied as a non-
invasive marker. Serum levels of laminin have been used
by several authors as a non-invasive parameter to assess
liver fibrosis in ALD patients as well as in those presenting
with viral hepatitis and hemochromatosis™”. This determi-
nation, however, was progressively discontinued as it did
not demonstrate supetiority to those of other components
of the ECM such as hyaluronic acid. It showed 77% accu-
racy for detection of significant fibrosis in hepatitis C in a
detailed study on 243 patients with CLD™. With regard to
NAFLD, however, the use of laminin serum levels could
be further investigated since a single report, which inves-
tigated liver fibrosis in 30 overweight patients, showed a
rather good accuracy (87%)"". Among the collagens, type

IV collagen has been investigated as surrogate marker of
liver fibrosis. Type IV collagen has been studied in hepatitis
C and a good petformance for significant fibrosis has been
reported (AUC = 0.83)"". Murawaki ¢/ a/™ have compared
the diagnostic performance of type IV collagen with that
of hyaluronic acid in hepatitis C and reported the superi-
ority of the latter marker. The role of type IV collagen has
also been investigated in 112 patients with NAFLD and its
performance has been compared with hyaluronic acid®™.
The results showed a better diagnostic accuracy for type
IV collagen (0.828 »s 0.797 AUROC, respectively). Metal-
loproteinases (MMPs) and their inhibitors (tissue inhibitors
of metalloproteinases, TIMPs) have also been proposed as
surrogate markers of liver fibrosis. Those reported to have
some clinical impact include MMP-2 and TIMP-1 ™. Boek-
er et al™ reported a very high performance of MMP-2
in detecting cirrhosis (0.97 AUROC). Unfortunately, it
has been difficult to obtain good standardization of the
method for routine clinical use. Some authors proposed
panels of direct non-invasive markers with the aim of in-
creasing the accuracy of the single parameters. Fibrometer
combines age, platelets, prothrombin index, AST, o-2-
macroglobulin, hyaluronan and urea. In a few studies, the
AUROC for significant fibrosis has been reported as 0.89
in hepatitis C, raising to an excellent 0.943 in patients with
NAFLD". Patel ¢z al”” proposed fibrospect which com-
bines hyaluronic acid, TIMP-1 and q-2-macroglobulin. It
showed an AUC 0.832 for METAVIR stages F2-F4 fibro-
sis with PPV and NPV of 74.3% and 75.8%, respectively.
Another model, named Hepascore, combines bilirubin,
yGT, hyaluronan, a-2-macroglobulin, age, and sex, and
showed in hepatitis C and ALD a quite good performance
for diagnosis of significant fibrosis, ranging from 0.78 to
0.85, and excellent performance for cirrhosis, ranging from
0.89 to 0.92°* Unfortunately, for both these combina-
tion panels large-scale, independent validation studies are
lacking, The European Liver Fibrosis (ELF) study group
proposed a panel of markers combining age, hyaluronan,
type Il collagen and TIMP-1. In a cohort study of more
than one thousand patients with a variety of CLDs the
panel detected moderate or advanced fibrosis (Scheuer
stages 3, 4) with a 0.77 to 0.94 AUROC in hepatitis C and
ALD, respectively™. The panel has also been recently
validated in 196 patients with NAFLD, with 0.90 AUROC
for detection of severe fibrosis, that could increase to
0.98 when the original panel was combined with simple
markers, Similar results in terms of accuracy have been
recently obtained in 112 consecutive pediatric patients with
NAFLD".

AST-to-ALT ratio (AAR) was one of the first non-
invasive markers proposed. It is easily available and with-
out any cost but it showed a highly variable performance
in the studies conducted on HCV patients: sensitivity was
between 31.5% and 81.3%, specificity was between 55.3%
and 97% and accuracy ranged from 60%-83.6%>,
Another concern about this test may be that it does not
identify significant fibrosis but only cirrhosis. In a pro-
spective study, we have also validated AAR in 110 patients
with chronic hepatitis B and we obtained 78.9% accuracy
for the diagnosis of cirthosis'®”. AST-to-platelet ratio in-
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Marker Description Settings in which validation exists Ref.
AST/ALT  AST to ALT ratio HCV, HBV 57172
APRI AST to platelets ratio index HCV, HBV, HIV/HCV [64-67,72.75-80]
Forns' index Age, BMI, yGT, cholesterol HCV, HBV, HIV/HCV [67,69,72,75]
Fibrotest Age, gender, a-2-macroglobulin, yGT, haptoglobin, apolipoprotein A1, total bilirubin HCV, HBV, ALD, NAFLD, HIV/HCV 772765
ELF Age, hyaluronic acid, type Il procollagen, TIMP1 HCV, ALD, NAFLD 2]
Hepascore  Bilirubin, yGT, hyaluronic acid, a-2-macroglobulin, age, sex HCV (B
Lokindex  AST, ALT, platelets, INR HCV G
Fibroindex  AST, platelets, g-globulins HCV 71,721
Fibrometer ~ Age, AST, platelets, hyaluronan, INR, a-2-macroglobulin, urea HCV 155,361
Fibrospect  a-2-macroglobulin, hyaluronan, TIMP1 HCV (]
Fib-4 Age, AST, ALT, platelets HCV, HBV, HIV/HCV 173-75]

APRI: AST-to platelet ratio index; ELF: European liver fibrosis study group.

Serum marker Significant fibrosis Cirrhosis Ref.
Hyaluronic acid 0.73-0.92 0.85-0.97 140-47]
Laminin 0.82 NA 148,49]
Type IV collagen 0.83 NA [51:53]
MMP-2 0.59 0.97 541
TIMP-1 0.71 0.90 541
ELF 0.77-0.94 NA [6062]
AAR NA 0.51-0.83 [63-65,71,72]
Forns” index 0.75-0.86 NA 167,687072]
APRI 0.69-0.88 0.61-0.94 [15,64-67,72,76-80]
Fibrotest 0.74-0.87 0.71-0.87 [15,65,67,72,76-80]
Fibroindex 0.74-0.83 NA 171,72]
Fibrometer 0.89-0.96 NA 155,56
Fibrospect 0.83 NA 157]
Fib-4 0.79-0.85 0.80-0.91 [73-75]
Hepascore 0.82-0.85 0.90-0.94 158,59)

AUROC: Area under the receiving operating characteristic curve; MMP-2:
Metalloproteinase 2; TIMP-1: Tissue inhibitor of metalloproteinases 1; ELF:
European liver fibrosis study group; AAR: AST-to-ALT ratio; APRI: AST-
to-platelet ratio index.

dex (APRI) is a simple and cheap ratio between AST and
platelets, easily available in the clinical practice. It classifies
both significant fibrosis and cirrhosis but around 50% of
the cases result as unclassified. APRI performance is vari-
able among the studies on hepatitis C: sensitivity ranges
between 41% and 91%, specificity between 47% and 95%
and accuracy between 60% and 82.7% for significant fi-
brosis; for cirrhosis, sensitivity ranges between 38.4% and
65.8%, specificity between 86.7% and 93% and accuracy
between 60% and 88.4%'"***. We have also validated
APRI in hepatitis B, obtaining 76.1% accuracy for the di-
agnosis of significant fibrosis and 79.2% for the diagnosis
of cirrhosis™. Most recently, APRI has been modified
into Lok index by adding alanine aminotrasferase (ALT)
and international normalized ratio (INR), with further
improvement of the diagnostic accuracy, particularly for
cirrhosis'.

Forns’ index is a simple panel resulting from the com-
bination of age, yGT, cholesterol and platelets. It does
not give any information about cirrhosis, but only about

significant fibrosis. Around half of the cases cannot be
classified. In hepatitis C, the accuracy reported in vari-
ous studies was vatiable (between 50% and 85%)""". We
have also validated Forns’ index in hepatitis B, obtaining
64.8% accuracy for the diagnosis of significant fibrosis .
It has been suggested that Forns’ index might be less ac-
curate in patients with HCV genotype 3 which is associ-
ated with very low cholesterol levels. However, this has
not been confirmed by other data®””. In a study performed
on 3690 patients with chronic hepatitis C, a combination
panel derived from platelets, AST, and y-globulin named
Fibroindex showed 0.83 AUROC in predicting significant
fibrosis”". However, following validation studies it showed
a lower performancem. Another combination of simple
matkers named Fib-4 was recently proposed and it uses
platelets, ALT, AST and age. It showed good performance
for detection of severe fibrosis (0.85 AUROC) and even
better for the diagnosis of cirrhosis (0.91 AUROC) in
chronic hepatitis C™. The performance of the panel was
also evaluated in a cohort of patients with chronic hepa-
titis B, with similar accuracy for diagnosis of significant
fibrosis (0.81 AUROC)"™. The validity of Fib-4 as a non-
invasive marker for liver fibrosis has also been investigated
in patients with HCV/HIV coinfection and the reported
accuracy was 0.79 for significant fibrosis and 0.80 for cit-
thosis”™. Fibrotest is a patented test that combines yGT,
total bilirubin, haptoglobin, a-2-macroglobulin, apoli-
poprotein A1, age and gender”., To date, it is the most
validated non-invasive method for liver fibrosis in various
etiologies: HCV, HBV, ALD, NAFLD and HIV/HCV
coinfected. Between 2001 and 2008 more than 60 scien-
tific studies have investigated fibrotest and 20 of them
are independent with respect to the group that have com-
mercialized the test. Overall, independent studies have in-
vestigated fibrotest in more than 3000 patients with CLD,
mostly hepatitis C. The accuracy reported ranges from
70%-85%">"". Fibrotest has been applied to hepatitis B
patients and the accuracy reported varies between 83.3%
and 87.3% for significant fibrosis and between 86.1% and
94.4% for the diagnosis of cirthosis®”. In HIV/HCV
coinfected patients AUROC was 0.85 for significant fibro-
sis and 0.87 for cirrhosis'™. Fibrotest was also validated in
ALD, with excellent results, especially for cirrhosis (0.84
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AUROC for significant fibrosis and 0.95 AUROC for cir-
rhosis)m]. Fibrotest was also applied in 170 patients with
NAFLD and the AUROC for significant fibrosis was
0.86™". These results in HIV/HCV coinfected, ALD and
NAFLD cases need, however, further confirmation from
independent groups. Some conditions may alter the result
of fibrotest, including Gilbert syndrome and hemolysis.
In these cases the clinician should be cautious in the in-
terpretation of the result and the test should be repeated.
Overall, among the vatious serum markers proposed in the
literature, APRI and fibrotest are the most validated in all
etiologies, and also validated in many independent studies.

TRANSIENT ELASTOGRAPHY
(FIBROSCAN)

Apart from serum markers, another method for non-
invasive assessment of liver fibrosis is the measurement
of liver stiffness”™. Transient elastography is measured
through a device that is called fibroscan (Echosens,
Paris) which is composed of an ultrasound transducer
probe mounted on the axis of a vibrator. Vibrations of
mild amplitude and low frequency are transmitted by the
transducer, inducing an elastic shear wave that propagates
through the underlying tissues. Pulse-echo ultrasound
acquisition is used to follow the propagation of the shear
wave and to measure its velocity, which is directly related
to tissue stiffness: the stiffer the tissue, the faster the shear
wave propagates. Transient elastography measures liver
stiffness in a volume that is approximately a cylinder 1 cm
wide and 4 cm long, between 2.5 cm and 6.5 cm below
the skin surface. This volume is at least 100 times bigger
than a biopsy sample. Fibroscan examination is painless,
rapid (less than 5 min) and easy to perform at the bedside
ot in the outpatient clinic. The examination is performed
on a non-fasting patient lying flat on his/her back,
with the right arm tucked behind the head. The probe
transducer is placed on the skin, between the rib bones
at the level of the right lobe of the liver where biopsy
would be performed. The operator performs 10 valid
acquisitions and then the software of fibroscan calculates
the median value. The software itself determines whether
each measurement is successful or not. Results are
expressed in kilo-Pascals (kPa). Liver stiffness values range
from 2.5-75 kPa. The results are immediately available
and are operator—independent{sz]. The exam can be done
after a short learning curve (about 100 examinations).
The validity of a fibroscan result should be based on two
important parameters: (1) the interquartile range (IQR),
which reflects the variability of the validated measures,
and should not exceed 30% of the median value; (2) the
success rate, that is the percentage of valid measurement,
should be at least 60%. Despite the exam being relatively
easy to perform, the clinical interpretation of results
should always be in the hands of an expert clinician
who should have at his disposal all clinical information
regarding the patient. The result of the fibroscan is given
according to cut-off values expressed in kPa: according
to the various studies, presence of significant fibrosis is

Ref. Etiology Accuracy for = F2  Accuracy for F4
5 HCV 88 99
(=1 HCV 83 95
(84] HCV 79 95
(8e] HCV 80 9%
71 HCV NA 95
(861 HBV 87 88
(5] HBV 90 9

defined by a cutoff value of 7.1 to 8.7, and cirrhosis is
diagnosed by a cutoff value of 12.5 to 14.5"% 1n various
studies, the accuracy of fibroscan results were similar to
that of serum non-invasive markers for the diagnosis of
significant fibrosis, sometimes with inadequate figures
(< 80%). On the other hand, fibroscan showed excellent
performance for the diagnosis of cirrhosis (Table 8)™.
Liver stiffness measurements can be difficult in obese
patients or in those with narrow intercostal space and
impossible in patients with ascites”®. Failure rates range
between 2.4% and 9.4% in the different studies” *>*.
Factors associated with inter- and intra-observator
variability were BMI > 25, high grade hepatic steatosis
and mild fibrosis (FO-F1 by METAVIR)*. A single report
suggested that transaminase flares during chronic HBV
infection may alter the result of fibroscan because of high
flogosis and recruitment of inflammatory cells into the
liver parenchyrna[gﬂ. Interestingly, a report suggested that
acute viral hepatitis increases liver stiffness measured by
fibroscan, thus the authors recommend that the extent
of necroinflammatory activity needs to be carefully
considered in future studies, particularly in patients
with absent or low-stage liver fibrosis”™. Non-invasive
assessment of liver fibrosis with fibroscan has also
been applied to ALD with 0.91 AUROC for significant
fibrosis and 0.92 for cirthosis”". Table 9 summarizes the
main limitations of fibroscan. A recent meta-analysis
concluded that for the diagnosis of significant fibrosis,
transient elastography cannot be used sufficiently in
clinical practice. Inclusion of transient elastography in
an algorithm with a combination of non-invasive serum
markers may be considered”. Transient elastography
can be used in clinical practice as an excellent tool for the
confirmation of cirrhosis when other clinical signs and
examinations are non-decisive.

COMBINATION ALGORITHMS AND
IMPLEMENTATION OF NON-INVASIVE
METHODS FOR LIVER FIBROSIS IN
CLINICAL PRACTICE

The accuracy of most non-invasive methods for liver
fibrosis showed variability among different studies and is
still considered inadequate to substitute for liver biopsy
and for implementation of non-invasive markers for

. 2 .. . [152993 .
liver fibrosis in clinical practlce[ 3229 Some preliminary
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Difficult to perform in obese patients (5% rate failure)

Inter-observer and intra-observer variability influenced by liver steatosis
Influence of ALT flares (HBV reactivation)

Lower performance for diagnosis of significant fibrosis

studies suggested that accuracy of non-invasive methods
may improve when they are combined in diagnostic
algorithms. We have recently proposed an approach that
combines APRI and fibrotest sequentially with the aim
of increasing the diagnostic accuracy'”’. 'This is a rational
approach for the use of non-invasive markers for liver
fibrosis in clinical practice. Indeed, these markers are used
when they present with adequate accuracy, while liver
biopsy is used only in those patients in which non-invasive
markers showed inadequate accuracy. This approach has
been named SAFE (Sequential Algorithms for Fibrosis
Evaluation) biopsy and its aim is to reduce the number
of liver biopsies that are necessary to correctly stage liver
fibrosis and to minimize misclassified cases. Through
stepwise modeling, two algorithms were developed
with the aim of correctly classifying the two stages of
liver fibrosis that are clinically significant: (1) significant
fibrosis, (2) cirrhosis. The modeling of the algorithms
was aimed at achieving > 90% accuracy and minimizing
misclassified cases. In the model APRI has been used as
first line test since it is cheap and simple, fibrotest has
been used as second line test since it is costly and more
complex. Liver biopsy has been used only as third line test
in those cases in which the two non-invasive markers did
not show adequate accuracy and/or in unclassified cases
(only for APRI) (Figures 1 and 2). The modeling of the
stepwise algorithms was based on the predictive values
of the single markers. In the algorithm for significant
fibrosis (Figure 1), 0.5 cut-off of APRI had low NPV to
exclude significant fibrosis, while 1.5 cut-off showed high
PPV to diagnose significant fibrosis. Similarly, 0.49 cut-
off of fibrotest showed high PPV to diagnose significant
fibrosis, whereas values less than 0.48 could not accurately
exclude significant fibrosis. In the algorithm for cirrhosis
(Figure 2), 1 cut-off for APRI showed high NPV to
exclude cirrhosis, while 2 cut-off did not show sufficient
PPV to diagnose cirrhosis. Similarly, 0.48 and 0.75 cut-offs
of fibrotest showed good NPV and PPV, respectively, for
cirrhosis, while intermediate values could not give accurate

diagnosis.

IMPLEMENTATION OF SAFE BIOPSY IN

CLINICAL PRACTICE

In clinical practice, SAFE biopsy can provide the
following responses: (1) Presence of significant fibrosis,
then indication to administer antiviral therapy; (2)
Presence of liver cirrhosis, then indication to specific
follow-up with abdominal ultrasound, a-fetoprotein and
gastroscopy; (3) absence of cirrhosis; (4) liver biopsy
needed to correctly stage hepatic fibrosis.

The main concept of SAFE biopsy is that liver biopsy

/\

‘ < 0.5 (low NPV) ‘ ‘ 0.5-1.5 (unclassified) ‘ ‘ > 1.5 (high PPV) ‘

Fibrotest

‘ < 0.48 (low NPV) ‘ ‘ > 0.49 (high PPV) ‘

! }

Liver biopsy needed ‘

Significant fibrosis present
No need for liver biopsy

Figure 1 The SAFE-biopsy algorithm for significant fibrosis (= F2 by
METAVIR). The figure reports the cut-offs used for APRI and Fibrotest in the
decisional tree.

< 1 (high NPV) 1-2 (unclassified) > 2 (low PPV)

‘ Fibrotest

‘ 0.49-0.74 (low NPV) ‘ ‘ = 0.75 (high PPV) ‘

< 0.48 (high NPV)

‘ Liver biopsy needed ‘

Cirrhosis absent
No need for liver biopsy

Cirrhosis present
No need for liver biopsy

Figure 2 The SAFE-biopsy algorithm for cirrhosis (F4 by METAVIR). The
figure reports the cut-offs used for APRI and Fibrotest in the decisional tree.

cannot be completely avoided but can be markedly re-
duced and limited to those cases in which serum markers
for liver fibrosis do not show enough accuracy. Indeed,
SAFE biopsy may avoid the diagnostic funnel represented
by liver biopsy and it may stimulate general practitioners
and patients to perform the initial screening for CLD.
With this approach, liver biopsy and non-invasive markers
for liver fibrosis ate not antagonists, but they are agonists
towards the common goal of correctly classifying liver fi-
brosis. SAFE biopsy has been recently validated in a mul-
ticentre, international study on serum non-invasive mark-
ers for liver fibrosis. This study, named SAFE protocol
protocol, has enrolled more than 2500 cases of patients
with CLLD in whom APRI and fibrotest wete available and
liver histology was used as reference standard. The centers
involved were from Italy, US, France and Romania. To
date, this is the largest independent study on non-invasive
methods for liver fibrosis. We have recently presented
the results on 2035 cases with hepatitis C and they have
confirmed high accuracy and high number of saved liver
biopsies”™ (Table 10). The results of an interim analysis
conducted on 210 HBV patients also showed high ac-
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Significant fibrosis Cirrhosis
Sensitivity (%) 100 92.7
Specificity (%) 77 90.4
Accuracy (%) 90 93
AUROC 0.9 0.92
Saved biopsies (%) 47 82

SAFE: Sequential algorithms for fibrosis evaluation; AUROC: Area under
the receiving operating characteristic curve.

curacy (> 90%) of SAFE biopsy algorithms for both
significant fibrosis and cirrhosis, with a percentage of
saved liver biopsies ranging from 45%-82%. We have also
compared in 1013 HCV cases the performance of SAFE
biopsy with another two algorithms combining non-in-
vasive markers for liver fibrosis that were then proposed:
Fibropaca algorithm, based on concordance of Forns’
index, APRI and fibrotest; Leroy algorithm, based on con-
cordance of APRI and fibrotest” " (Table 11). Fibropaca
algorithm and SAFE biopsy showed a similar accuracy
but the latter saved more liver biopsies and allowed us to
perform a minor number of non-invasive markers, with a
consequent saving in terms of costs. The main advantages
of SAFE biopsy include a larger first level screening of
liver fibrosis, higher patient compliance and lower screen-
ing costs. In some specific settings, SAFE biopsy may
show even more efficient results when compared with the
diagnostic funnel represented by liver biopsy alone.

ALGORITHMS FOR IMPLEMENTATION IN
CLINICAL PRACTICE

Castera et al*” have recently proposed an algorithm
which combines fibrotest and fibroscan with the aim
of increasing the accuracy of the single non-invasive
methods in hepatitis C. This algorithm results in an
increased accuracy, especially for the diagnosis of sig-
nificant fibrosis. A recent collaborative study was aimed
at comparing the algorithm combining fibroscan and
fibrotest (named Bordeaux algorithm) and SAFE biopsy
in 302 patients with hepatitis C™ (Table 12). The results
showed that the Bordeaux algorithm saved more liver
biopsies for diagnosis of significant fibrosis, although
both algorithms saved a similar number of overall liver
biopsies, and Bordeaux algorithm showed a higher
overall accuracy for diagnosis of cirrhosis. On the other
hand, Bordeaux algorithm uses fibrotest and fibroscan
in all patients, while SAFE biopsy uses fibrotest in a sub-
group of patients that are not well classified by APRI,
which has virtually no cost. The two algorithms could
be used for large scale screening of liver fibrosis and
the choice of the algorithm may be based on the local
availability of the non-invasive methods. Interestingly,
the use of either fibroscan or fibrotest has been recently
recommended in France by the Haute Autorité de Santé
for the first line assessment of liver fibrosis in patients
with hepatitis C without comorbidities™. Figure 3A and

SAFE biopsy for Fibropaca algorithm Leroy algorithm

diagnosis of for diagnosis of  for diagnosis of

=F2 F4 = F2 F4 = F2
APRI needed 100 100 100 100 100
Forns needed 0 0 100 0 0
Fibrotest needed 417 576 100 100 100
Sensitivity 100 818 855 72.7 89.6
Specificity 782 924 89.9 96.7 97.8
Accuracy 90 912 876 94 93.5
Saved biopsies 43.8 79.1 51.7 76.2 29.2

= F2: Significant fibrosis; F4: Cirrhosis; APRI: AST-to-platelet ratio index.

Bordeaux algorithm SAFE biopsy
= F2 F4 = F2 F4
APRI needed 0 0 100 100
Fibrotest needed 100 100 43.7 61.9
Fibroscan needed 100 100 0 0
Accuracy 91 93 94 87
Biopsies saved 71.9 78.8 483 74.8

B show a rational proposal for the use of non-invasive
methods for liver fibrosis in clinical practice, based on
the local availability of the different methods and on
their performances. A combination approach for clinical
use has also been proposed by others”™. Non-invasive
methods for liver fibrosis and combination algorithms
may be of paramount importance for the monitoring of
progression of liver disease. Indeed, if it is acceptable to
perform a liver biopsy at time 0, it is inconceivable how-
ever to perform a liver biopsy every year to monitor liver
fibrosis progression, while this is feasible with non-inva-
sive methods for liver fibrosis. According to local avail-
ability of the methods and attainment of non-invasive
markers by the clinician, two different approaches may
be used: (1) to fix the value with combined use of biopsy
and non-invasive markers at time 0 and then monitor-
ing with non-invasive markers; (2) to use non-invasive
markers and then petform a liver biopsy when clinically
necessary (Figure 4A and B).

MONITORING OF EFFICACY OF
ANTIVIRAL THERAPIES

Apart from the diagnosis of liver fibrosis stage, few re-
cent studies have focused on the possible use of non-
invasive methods for liver fibrosis in the monitoring of
antiviral therapies. Indeed, especially in hepatitis B, anti-
viral therapies may be long-term, such as treatments with
nucleoside/nucleotide analogues, and the clinician may
want to know not only the biochemical or virological re-
sponse, but also and more appropriately the histological
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If you have a fibroscan

‘ Fibroscan (HCV ! HBV ?) ‘

No cirrhosis
(no confounding factors !)

Cirrhosis
(no confounding factors !)

OK (I take it !)

‘ Add fibrotest (or APRI) ‘

.

If you do not have a fibroscan

Concordant

I

OK (I take it 1)

‘ SAFE biopsy (HCV | HBV ?) ‘

N

Significant fibrosis or cirrhosis (no confounding factors !) ‘ ‘ Others

! !

Figure 3 Diagnostic algorithms for implementation of non-invasive
methods for liver fibrosis in clinical practice based on the local availability
of the most validated methods.

response. Initial reports have shown that both fibrotest
and fibroscan values change significantly during and
after antiviral therapy in both hepatitis C and Bl
Indeed, a significant improvement in fibrotest and fi-
broscan value has been reported in patients who achieve
sustained virological response (SVR) »s those without
SVR, and in some cases this was also maintained for
12 mo after therapylw”. This may mean that there is a
regression of liver fibrosis with antiviral treatment but
further prospective, large-scale studies are needed.

MONITORING OF LIVER DISEASE
COMPLICATIONS

A very attractive application of non-invasive methods
for liver fibrosis may be the monitoring of liver disease
complications to predict clinical events in compensated
cirrhosis. Preliminary results suggest that liver stiffness
values in cirrhotic patients may increase as liver disease is
more advanced. In a retrospective study of 711 patients
with CLD (95 with histologically-proven cirrhosis), liver
stiffness values significantly correlated not only with the
Child-Pugh score but also with clinical parameters (past
history of bleeding varices or ascites, HCC), biochemical
parameters (platelets, INR, factor V, albumin and
bilirubin) and others (2-3 grade OV, splenomegaly on
sonography, nodular surface, heterogeneous parenchyma)
of liver disease severitylw. Cut-off values of 27.5,
37.5, 49.1, 53.7 and 62.7 kPa had > 90% NPV for the
presence of grade 2-3 OV, Child-Pugh scores B or C,
past history of ascites, HCC and esophageal bleeding,

] Monitor by
Time 0 stage - —

non-invasive markers

HIH

Combination of non invasive
markers (fix the value)

Combination of non invasive

markers
- - Monitor by Biopsy or
Time O fix the value | - — —————> treatment
/ non-invasive markers when increased

Biopsy or treatment

Figure 4 Perspectives for the use of non-invasive markers for long term
monitoring of chronic liver diseases.

respectively. More recently, Vizzuti ez al'™ reported a
rather high sensitivity (90%) of fibroscan for prediction
of OV with 17.6 kPa cut-off. Other preliminary studies
have suggested that some non-invasive matkers for liver
fibrosis could predict the presence of OV. Sanyal e a/""
reported high NPV for excluding grade 2-3 varices when
platelets were > 150000/ mm’. Giannini e# /" reported
a good sensitivity (91.5%) with an overall accuracy of
86% for diagnosis of OV with a 909 cut-off of platelet
count to spleen diameter ratio. A recent multicenter,
international study was aimed at investigating in 510
consecutive cirthotic patients the role of 7 simple non-
invasive markers for liver fibrosis in predicting the
presence of OV of any grade and of grade 2-3 OV'"",
The markers analyzed were platelets, AAR, Lok index,
APRI, Forns’ index, Fib-4, Fibroindex. Presence of
grade 2-3 OV could be excluded with > 96% NPV by
a specific cut-off of Lok index (1.5). None of the tests
were able to predict the presence of grade 2-3 OV due
to low PPV. A combination of Lok index (cutoff 0.9)
and Forns’ index (8.5) could predict the presence of
OV of any grade with 88% PPV, 83% accuracy and 0.82
AUC. The conclusion was that, even if simple non-
invasive markers for liver fibrosis cannot be a substitute
for endoscopy for OV screening, they may be used
to stratify cirrhotics by risk. In a recent prospective
study of 298 patients with chronic hepatitis C, the
performance of fibroscan, fibrotest and simple serum
markers for detection of cirrhosis and its complications
have been assessed""”. The authors concluded that
fibroscan is the most accurate method for diagnosis of
cirrhosis but it cannot replace endoscopy for screening
of OV. These preliminary findings are promising but
need to be confirmed in long-term prospective follow-
up studies.

Several recent studies have reported a correlation
between liver stiffness values and portal hypertension,
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assessed by measurement of hepatic venous pressure
gradient (HVPG) which is considered the gold standard for
the diagnosis and staging of portal hypertension[m’mwm].
Cattion ef al™ reported a close direct correlation between
liver stiffness values and HVPG in 124 HCV-infected
liver transplant recipients. More recently, Vizzutti et al'™
reported similar results in 61 patients with HCV-related
severe CLD (METAVIR F3-F4). Other authors have

failed to find similar results" ",

THE FUTURE: GENETICS FOR THE
IDENTIFICATION OF PATIENTS WITH
CHRONIC LIVER DISEASES AT RISK OF
PROGRESSION

The identification of patients at high risk of developing
progressive liver disease on the basis of genetic
profile may be extremely useful in the future. A recent
collaborative study used seven genetic variants to identify
patients with hepatitis C at risk for developing cirrhosis,
based on the analysis of paired liver biopsies. A cirrhosis
risk score (CRS) was calculated on the basis of seven
single nucleotide polymorphisms and the patient’s
gendermz]. In this case, increasing CRS was associated
with fibrosis progression in HCV patients presenting with
no liver fibrosis. CRS genetic signature could potentially
be a useful prognostic indicator of those patients with
HCYV infection most likely to develop fibrosis progression
and/or cirrhosis.

HIGHLIGHTS

Staging of liver fibrosis is essential in clinical practice for
the management of patients with CLDs. Nowadays liver
biopsy can no longer be considered the exclusive tool
for the diagnosis of liver fibrosis since the available data
support a rational use of the most validated non-invasive
methods for liver fibrosis and especially of their com-
bination algorithms. This is particulatly true for chronic
hepatitis C, where an adequate validation of some non-
invasive methods for liver fibrosis exists. Non-invasive
methods for liver fibrosis, when combined, may reduce
by 50%-80% the number of liver biopsies needed for
correctly classifying hepatic fibrosis. However, liver bi-
opsy cannot be completely avoided but should be used
in those cases in which non-invasive methods show poor
accuracy. In clinical practice, the choice of the non-
invasive method and, especially, of the combination al-
gorithms may depend on their performance and on local
availability. Further studies, especially in chronic hepatitis
B, ALD and NAFLD, are needed to better assess perfor-
mance of non-invasive markers in these settings and to
develop rational algorithms for implementing non-inva-
sive assessment of liver fibrosis. Future studies should
also focus on non-invasive monitoring of antiviral treat-
ment efficacy and cirrhosis complications, and genetic
studies for precocious identification of patients who are
at high risk of developing end-stage liver diseases.
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Abstract

Stomach cancer is still the fourth most common
cancer; thus, it remains an important public health
burden worldwide, especially in developing countries.
The remarkable geographic variations in the rates of
stomach cancer indicate that dietary factors, including
a range of food groups to which salt and/or nitrates
have been added, may affect stomach cancer risk.
In this paper, we review the results from ecologic,
case-control and cohort studies on the relationship
between salt or salted foods and stomach cancer risk.
The majority of ecological studies indicated that the
average salt intake in each population was closely
correlated with gastric cancer mortality. Most case-
control studies showed similar results, indicating
a moderate to high increase in risk for the highest
level of salt or salted food consumption. The overall
results from cohort studies are not totally consistent,
but are suggestive of a moderate direct association.
Since salt intake has been correlated with Helicobacter
pyilori (H pylori) infection, it is possible that these two
factors may synergize to promote the development
of stomach cancer. Additionally, salt may also cause
stomach cancer through directly damaging gastric
mucus, improving temporary epithelial proliferation
and the incidence of endogenous mutations, and
inducing hypergastrinemia that leads to eventual
parietal cell loss and progression to gastric cancer.
Based on the considerable evidence from ecological,

case-control and cohort studies worldwide and the
mechanistic plausibility, limitation on salt and salted
food consumption is a practical strategy for preventing
gastric cancer.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

Stomach cancer is the fourth most common cancer
and is the third leading cause of cancer death
worldwide. The estimated number of stomach
cancer cases worldwide was 933900 in 2002, with two-
thirds occurring in developing countries”. Tremendous
variation in both incidence and mortality rates exists
across geographic regions, with > 10-fold differences
observed between low-risk and high-risk areas!.
Although stomach cancer incidence rates have been
decreasing slowly over recent decades in China, it
was estimated that there were 0.4 million new cases
diagnosed and 0.3 million deaths from this malignancy
in 2005F. Thetefore, this disease remains an important
public health burden throughout the world, especially in
developing counties including China.

Several risk factors for stomach cancer have been
identified, including Helicobacter pylori (H pylori) infection,
salt-preserved foods, dietary nitrite, smoking, alcohol,
obesity, radiation, and family history®”. Researchers also
found that the incidence rates of stomach cancer varied
across different geographic regions and this variation
may be associated with genetic, lifestyle or environmental
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factors, including diet™. Salt intake was first reported as a
possible risk factor for stomach cancer in 1959 In some
early studies, using refrigerators for food storage, which
may be an indicator of less salted food consumption or
decreased salt intake, was found to be correlated with a
teduction in stomach cancer rates'"l, leading researchers
to hypothesize that salt intake may play a role in the
development of stomach cancer. A Japanese ecological
study suggested a nearly linear correlation between the
cumulative mortality rate of stomach cancer and the
median 24 h urine salt excretion level'*", Experimental
studies*"l, including rodent models, have also suggested
that salt may play an important role in the etiology of
stomach cancer. Based on the available experimental
and epidemiological data, a report from World Health
Otganization (WHO)/Food and Agticulture Organization
(FAO) Expert Consultation in 2003 concluded that “salt-
preserved foods and salt probably increase the risk of
stomach cancer”!%,

The purpose of this paper was to review the current
literature on salt consumption and the risk of stomach
cancer. We obtained the relevant papers and identified
our literature search through PubMed from SCI papers.
All cohort papers were selected with cohort size more
than 2000; case-control papers were filtered out with
case sample size around or more than 100. At the end,
we summarized the evidence from epidemiological
petspectives regarding salt intake and stomach cancer risk.

EPIDEMIOLOGICAL STUDIES OF SALT
AND STOMACH CANCER RISK

When evaluating epidemiologic studies on the
relationship between salt or salted food consumption
and stomach cancer risk, it is essential to consider
the diversity of salted foods. Some studies analyzed
overall dietary salt intake, whereas others evaluated
stomach cancer risk associated with salt intake in vatious
categories, such as table salt or salted fish.

Ecologic studies

Several ecologic studies reported positive associations
between different indicators of salt consumption and
stomach cancer mortality at the population level!'?!l.
In an ecologic study of 24 countries, median urinary
sodium levels, ascertained on randomly selected samples
from each country, were significantly correlated with
stomach cancer mortality (» = 0.70 in men; 0.74 in
women) (both P < 0.001)". Another study evaluated
correlations between both salt intake and 24 h urinary
sodium excretion and stomach cancer mortality among
men in four geographic regions of Japan, and reported
a strong correlation between stomach cancer mortality
and salt excretion, but not with dietary salt intake'l.
An ecologic study of stomach cancer mortality in 65
Chinese counties observed significant, yet modest,
correlations for intake of salt-preserved vegetables
(r=0.26 in men and 0.36 in women)!"¥. A Japanese study
administered a 38-item food frequency questionnaire
to a sample of 634 men and the wives of 373 of these

men from five districts in Japan. The rank correlation
coefficient between gastric cancer mortality and pickled
vegetable consumption was 0.36"". In a similar study
of 207 Japanese men and the wives of 165 of the men,
average daily sodium consumption, estimated using a
3 d weighed food record, was correlated with stomach
cancer mortality rates (partial rank = 0.45)P",

In summary, the majority of ecological studies
indicated that the average salt intake in each population
was closely correlated with gastric cancer mortality.
However, employing dietary assessment methods in
these studies has some limitations, such as variation of
the questionnaire validity in different population, and
use of the same composition table calculating salt intake
in diverse dietary cultures. One validated questionnaire
used by one population may not be appropriate or valid
for another population; thus in population based studies,
dietary estimates may not be highly accurate and the
association between dietary factors and disease may be
much compromised. Applying the same composition
table to calculate the same food in different dietary
culture may cause bias, since the same food in different
areas may have different salt content. For example,
the regional average salt content of miso in 39 regions
of 20 prefectures across Japan ranged from 9.1% to
18.2%. Furthermore, as with all ecologic studies, dict
and stomach cancer were neither measured nor analyzed
on the individual level. Rather, the diets of sampled
individuals were used to represent entire populations
or geographic regions. Thus, misclassification is an
obvious concern. Furthermore, associations observed
at the population level cannot be assumed to hold at the
individual level, and causality cannot be inferred from
this type of study.

Case-control studies
Forty two case-control studies on salt consumption
in relation to stomach cancer are presented in
Table 12 Of these, twenty two studied overall salt,
table salt or sodium®“* twelve estimated salted/dried
fish and/or salted fish gut or cod roel*?#-34
investigated salted ot pickled vegetables™****% three
focused on salty snacks®*"*¥ and twelve studied salted
foods in generall2303252.545864]
Among the sixteen studies that estimated overall
dietary salt or sodium intake, eight in Puerto Rico,
Spain, Korea, Italy, Mexico, China (two) and USA have
shown strong statistically significant increases in risk
(OR = 1.5-5.0 for the highest intake levels)P*3123436.43],
Seven of them reported statistically non-significant
OR of 1.1 to 1.5 for consumption in the upper half of
overall salt or sodium intakeP**"*>*#1 and the remaining
study reported no association™!. Six of the studies
specifically examined the use of table salt, with three
studies (in Belgium, England, and Poland) reporting
statistically significant increases in risk with OR = 1.6,
1.8, 6.2, respectivelyP®***l Two other studies each
reported statistically non-significant odds ratios of 1.5
for consumption of the upper half of the table salt
intake distribution®*"; the remaining study reported no

, six
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Author and year No. of No. of Factors evaluated Exposure levels and OR (95% CI)'
cases controls
SALT AND SODIUM INTAKE
Modan et al, 1974: Israel™ 166 429 Salt No association
Risch et al, 1985: Canada'® 246 246 Salt No association
You et al, 1988: China™’ 564 1131 Salt (per capita household) < 13 kg/yr, < 19 kg/yr, < 20 kg/yr, > 20 kg/yr
1.0,1.2,1.1,1.1 (0.8-1.4); NS
Negri et al, 1990: Italy[zﬂ 526 1223 Salt Low, intermediate, salty
1.0,1.3,1.2(0.8-1.7); NS
Wu-Willians ef al, 1990: USA®! 137 male 137 Add salt Rarely, often, always
1.0,1.4,1.2 (Na); NS
Nazario et al, 1993: Puerto 136 151 Salt < 6.979 g/wk; 6.98-18.66 g/ wk; 18.67-43.26 g/ wk;
Rico™ > 43.27 g/wk
1.0,2.9,4.5,5.0 (2.1-12.0); P < 0.05
Ramon et al, 1993: Spain®™ 117 234 Salt Quartiles 1 through 4
1.0,1.2,1.8,2.1 (1.2-7.1); P for trend < 0.01
Lee et al, 1995: Korea®™ 213 213 Salt Tertile 3 vs 1
3.7 (1.1-12.5); P < 0.05
La Vecchia c et al, 1997: Italym] 746 2053 Salt Low, intermediate or high
1.0,1.5 (1.0-2.2); P < 0.05
Ye et al, 1998: China®™ 272 544 Salt 0.25 kg/m; > 0.25 kg/m
1.0, 1.3 (1.0-1.6); NS
Lépez-Carrillo ef al, 1999: 220 752 Salt Never, sometimes (adding salt after tasting the food)
Mexico™ Positive association; P < 0.05
Liu et al, 2001: China® 189 189 Heavy salt Low to high half
1.0,2.0 (1.3-3.2); P < 0.05
Machida-Montani et al, 2004: 122 235 Salt Tertiles 1 through 3
Japan™ 1.0,1.3,1.5 (0.6-3.7); NS
Qiu et al, 2004: China™ 103 133 Salt Positive association; P < 0.05
La Vecchia et al, 1987: Ttaly™ 206 474 Table salt Tertile 3 vs 1
1.5 (Na); NS
Tuyns et al, 1988: Belgiumm] 293 2851 Table salt Never, sometimes, always
1.0,1.0, 1.8 (1.2-2.8); P < 0.05
Buiatti et al, 1989: Italy®™ 1016 1159 Table salt Seldom, always
1.5 (1.3-1.9); NS
Coggon et al, 1989: England"” 95 190 Table salt Low to high half
1.0, 6.2 (2.0-18.9); P < 0.05
Boeing et al, 1991: Germany™!! 143 579 Table salt No association
Boeing et al, 1991: Poland™*” 741 741 Table salt Low to high half
1.0, 1.6 (1.2-2.3); P < 0.05
Graham et al, 1990: USA™! Sodium intake < 73.2 g/mo; 73.2-98.8 g/mo; < 98.9-127.3 g/mo;
>127.3 g/mo
186 male 181 1.0,1.8,2.6,3.1 (1.7-5.8); P for trend = 0.001
< 66.9; 67.0-88.5; > 88.5
107 female 104 1.0, 1.8, 4.7 (2.3-9.6); P for trend = 0.0001
Harrison et al, 1997: USA® 132 Sodium intake Low to high half

SALTY FOODS
Salted fish
Haenszel et al, 1972: Japan

[45]

[46]

Haenszel et al, 1976: Japan’
Tajima et al, 1985: Japan'”’!
You et al, 1988: China™'

Buiatti et al, 1989: Italyml

Kato et al, 1990: ]apan“s]

[49]

Gonzélez et al, 1991: Spain

Palli et al, 1992: Italy™

60 intestinal
31 diffuse

220

783

93

564

1016

289 male

138 female

354

440

1566

186

1131

1159

1247

1767

354

1159

Salted/dried fish

Salted/dried fish
Salted/dried fish
Sated fish

Salted/dried fish

Salted/dried fish
Salted fish gut, cod roe
Salted/dried fish
Salted fish gut, cod roe
Salted fish

Salted/dried fish

www.wjgnet.com

1.0,1.3 (0.8-1.9); NS
1.0,1.4 (0.9-2.1); NS

None, use both, 2 times/mo; 3-5 times/ mo;
6 times/ mo

1.0,2.0,1.5,2.5, 2.6 (Na); P <0.05

None; < 4 times/mo; 4-9 times/mo; = 10 times/ mo
1.0,1.1, 1.1, 1.2 (Na); NS

Low to high half

1.0, 2.6 (Na); P <0.01

< 05kg/yr, < 1kg/yr,>1kg/yr

1.0,1.0, 1.4 (0.8-1.5); NS

Tertile 3 vs 1

1.4 (Na); P for trend = 0.001

< 2-3 times/wk; = 2-3 times/wk
1.0,1.2 (0.9-1.7); NS

1.0,1.5 (1.1-2.1); P < 0.05

1.0, 0.7 (0.5-1.0); NS

1.0, 0.5 (0.3-1.0); NS

Low to high half

1.0, 1.5 (0.9-2.6); NS

Tertile 3 vs 1
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Hansson et al, 1993: Sweden™!

Kim et al, 2002: Korea™
Cai et al, 2003: China™!

Strumylaite et al, 2006:
Lithuania®™

Salted vegetable

You et al, 1988: China™!

Ye et al, 1998: China"™
Kim et al, 2002: Korea"™

Xibin et al, 2002: China®”

Cai et al, 2003: China'™

Strumylaite ef al, 2006:

Lithuania®™

Salted snacks
Boeing et al, 1991: Germany'

41]

Ward et al, 1999: Mexico®™
Chen et al, 2002: Nebraska™’

Salted foods in general
Hu et al, 1988: China™

[59]

Kono et al, 1988: Japan

[60]

Demirer et al, 1990: Turkey’

[61]

Hoshiyama ef al,1992: Japan

29]

Ramon et al, 1993: Spain

Ji et al, 1998: China'®

Lee et al, 1995: Korea®”!

Ye et al, 1998: China"™?
Kim ef al, 2002: Korea™

De Stefani et al, 2004:

Uruguay™®!

Campos et al, 2006: Colombia™!

Strumylaite et al, 2006:

Lithuania'®

68 cardia
855 others
338

136

381

379

564

272

136

210

381

379

143

220

124

241

139

100

294

117

1124

213

272

136

240

368

379

669

136
222

1137

1131
544
136

630

222

1137

579
752

449

241
2852

100
294 (general
population)
202 (hospital

control)

234

1451

213

544
136
960
431

1137

Salted fish

Salted fish
Salty fish

Salted fish

Sated vegetables
Salted vegetables

Salted vegetables

Pickled or salted vegetables

Preference for a high salt vegetables

Pickled vegetables

1.7 (0.9-3.1); NS

1.5 (1.2-1.8); NS

None, < 0.9 times/mo; < 3 times/mo; < 7
times/mo; < 11 times/mo

1.0, 1.0, 0.9, 0.9, 1.3 (0.8-2.1); NS (adolescence)

None, < 0.9 times/mo; < 3 times/mo; < 7 times/mo
1.0, 1.0, 0.8, 0.8 (0.5-1.3); NS (20 yr prior to interview)
Tertiles 1 through 3

1.0, 0.8, 0.8 (0.4-1.6); NS

< times/mo, < 3 times/wk, = 3 times/wk

1.0, 1.0, 5.5 (1.4-19.5); NS

Almost do not use, 1-3 times/ mo

1.0, 0.7 (0.5-0.9); P for trend = 0.002

< daily, daily

1.0,1.1 (0.7-1.8); NS
<2kg/yr;>2kg/yr

1.0,1.4 (1.1-1.8); P < 0.05

Tertiles 1 through 3

1.0,0.9, 1.5 (0.8-2.9); NS

Low to high half

1.0,4.0 (1.6-9.8); P < 0.05

1.0,2.6 (1.6-4.3); P < 0.05

< times/M, < 3 times/w, = 3 times/wk
1.0, 1.3, 1.8 (1.0-3.0); P for trend = 0.038

Pickled vegetables with salt and oil Almost do not use, 1-3 times/mo, = 1-2 times/wk
Pickled vegetables with salt and 1.0, 0.6, 0.8 (0.6-2.1); NS

vinegar
Salted mushrooms

Pretzels, salty snacks
Salty snacks

Salty snacks

Salted and fermented soya paste
Salty foods
Salted foods

Salty foods

Pickled foods

Salted foods

Salted side dishes

Salted fermented sea foods
Salty foods
Salted meat
Salting meals before tasting

Salted meat

Almost do not use, 1-3 times/mo, = 1-2 times/wk
1.0,0.7, 0.8 (0.6-1.0); NS

1-3 times/mo, = 1-2 times/wk

1.0, 1.6 (1.1-2.4); NS

Tertiles 1 through 3

1.0,0.7,1.5 (1.0-2.2); NS

Never, < 2, > 2 times/mo

1.0,1.3,1.8 (1.2-2.8); P for trend = 0.008
Quartiles 1 through 4

1.0,1.4,1.2,0.7 (0.3-1.6);NS

<2kg/yr;>2kg/yr

1.0, 1.5 (1.0-2.2); NS

None or 1-3 times/mo; 1-3 times/ mo; once/do more
1.0, 0.8, 1.4 (Na): NS

Less than once or twice/wk; once or twice/wk vs
1.0, 3.8 (2.1-6.9); P < 0.001

No, moderate, yes

1.0,1.7,2.3 (1.5-3.4); P < 0.01

1.0,1.3,1.1 (0.7-1.9); NS
Quartiles 1 through 4
1.0,1.2,2.1, 3.7 (Na); P for trend < 0.01

Occasionally, sometimes, frequently
1.0,1.4,1.7 (1.3-2.4); P for trend = 0.001
Tertile 3 vs 1

45 (2.5-8.0); P <0.05

<15kg/yr;>15kg/yr

1.0, 1.6 (1.2-2.0); P < 0.01

Tertiles 1 through 3

1.0,1.1,0.9 (0.4-1.8); NS

Tertiles 1 through 3

1.0, 1.3, 2.0 (1.4-2.9); P for trend = 0.0003

No, yes

1.0, 3.5 (1.6-7.3); P for trend = 0.001

Almost do not use, 1-3 times/mo, = 1-2 times/wk
1.0, 1.5, 3.0 (2.2-4.0); P for trend < 0.001

'OR, Odds ratio; CI: Confidence interval; Na: No association.
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Author and yr Size of cohort No. of Length of Factors evaluated Exposure levels and RR (95% CI)'
cases follow-up (yr)
Salt
Nomura et al, 1990: 7990 male 150 4 Table salt/shoyu Never-seldom, after tasting, always
USA®! 1.0,1.4, 1.0 (0.6-1.6); NS
van den Brandt et al, 120852 282 6.3 Dietary salt Quintiles 1 through 5
2003: Netherlands'*” 1.0,1.5,1.0,1.5,1.2 (0.8-1.8); NS
Table salt Never, seldom, sometimes, often/very often
1.0,1.1,0.7,0.9 (0.6-1.4); NS
Tsugane et al, 2004: 12 Salt Quintiles 1 through 5
Japan'”’ 18684 358 Male: 1.0, 1.7, 2.0, 2.3, 2.2 (1.5-3.4); P for trend < 0.001
20381 128 Female:1.0, 0.9, 1.0, 0.6, 1.3 (0.8-2.3); NS
Shikata et al, 2006: 2476 93 14 Dietary salt <10.0,10.0-12.9, 13.0-15.9, < 16.0 1.0, 2.1, 1.9,
Japan™ 2.7 (1.4-5.2); P for trend = 0.01
Sjodahl et al, 2008: 73133 313 18 Dietary salt Low to high half
Sweden'”! 1.0, 1.0 (0.7-1.4); NS
Salty foods
Kneller et al, 1991: 17633 male 75 20 Salted fish Never, <1, =1
USA”! 1.0,1.0, 1.9 (1.0-3.6); NS
Galanis et al, 1998: 11907 108 14.8 (average) Dried or salted fish None, 1 or more times/wk
USA™ High-salt foods 1.0,1.0 (0.6-1.7); NS
None, 1-3 times/wk, 4 or more times/wk
1.0,1.0,1.1, (0.7-1.8); NS
Ngoan et al, 2002: 13000 116 10 Salted food Low, median, high
Japan™ 1.0,1.0, 1.4 (0.6-3.2); NS
Kim et al, 2004: ]apanlm 400 10 Salted food Quartiles 1 through 4
20300 (traditional type) Male:1.0, 2.0, 2.5, 2.9 (1.8-4.7); P for trend < 0.0001
21812 Female: 1.0,1.7, 1.3, 2.4 (1.3-4.4); P for trend = 0.007
Tokui et al, 2005: Japan" 110792 12 Preference for salty food  No, a little, somewhat, much, very much
574 Male: 1.0, 0.9, 1.1, 1.1, 1.4 (0.7-2.8); NS
285 Female: 1.0, 1.6, 1.8, 1.5, 1.9 (0.6-5.8); NS
Dried or salty fish None, 1-2/mo, 1-2/wk, 3-4/wk, 1+/d
574 Male: 1.0, 0.9, 0.9, 0.9, 1.1 (0.7-1.8); NS
285 Female:1.0, 0.6, 0.7, 0.7, 0.9 (0.5-1.6); NS
Kurosawa et al, 2006: 8035 76 11 Salted food Low, intermediate, high
Japan”™ 1.0,4.0, 5.4 (1.8-16.3); P for trend < 0.01
'RR: Relative risk.
association!!, general®07232345864 Nine of them obsetved a moderate

Of the twelve studies that estimated salted fish
intake, four found strong statistically significant
increases in risk (OR = 1.4-5.5 for the highest intake
454741 One Japanese study reported a statistically
significant increase in risk for high consumption of

levels)!

salted fish gut and cod roe in males, but not females,
and no significant association for salted/dtied fish for
both genders!*®l. Seven other studies reported statistically
non-significant correlations™*¢**’; the remaining study
reported a statistically significant inverse association with
odds ratios of 0.7 for consumption in the upper half of
the salted fish intake distribution®",

Six studies in Table 1 examined salted vegetables; of
these, three reported statistically significant increases in
risk with higher intakes of salted vegetablesP>**", the
remaining three studies in China, Korea and Lithuania
showed no relationship to stomach cancer risk?>>%.
Additionally, three studies reported on salted snacks. Of
them, only one study in Mexico reported a statistically
significant relationship to stomach cancet?, with the
other two reporting no substantial associations™'".
Twelve studies examined consumption of salted

soya paste, salted side dishes and salty foods in

increase in risk with higher consumption (OR =
1.6-4.5)2032346064 " the remaining three reported no
associationP»3>%,

In summary, many case-control studies found similar
results, indicating a moderate to high increase in risk
for the highest level of salt or salted food consumption.
Given the large number of studies that reported
data on salt, sodium and salty foods consumption,
some inconsistent results were to be expected. The
inconsistencies may be due, at least in part, to the
retrospective assessment of salt exposure, which
might have changed after the diagnosis of stomach
cancer. Furthermore, the degree to which each of
these measures reflects total salt intake varies, and it is
therefore not surprising that results would vary.

Cohort studies

Eleven cohort studies, investigating salt or salted food
consumption and stomach cancer risk in the US, Japan,
Sweden, and the Netherlands have produced inconsistent
results (Table 2)*7l. When viewed separately in the
Table, the results were inconsistent for both salt intake
and intake of salty foods. Four Japanese studies reported
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statistically significant associations (range of RR =
2.2-5.4 for the highest intake level)**"I including one
study that reported significantly elevated risks in both
men and women after 10 years follow up of 20300 men
and 21812 women!™. Another study, conducted in rural
Japan with 8035 subjects and 76 stomach cancer deaths,
reported a significantly elevated relative risk for the most
frequent intake of highly salted foods compared with
the least frequent intake (RR = 5.4; 1.8-16.3; P for trend
< 0.01)L In a study that examined 18684 men and
20381 women and included 486 histologically confirmed
stomach cancer cases (358 men and 128 women),
there was a dose-dependent association between salt
consumption and stomach cancer risk in men (P for
trend < 0.001), but not in women (P for trend = 0.48)1"L,
Shikata ez a/* categotized 2476 subjects into fout groups
according to daily salt intake. After 14 years of follow-
up, the age- and sex-adjusted incidence was significantly
higher in the second to fourth groups than in the first
group (RR = 2.4, 95% CI: 1.2-4.7; RR = 2.1, 95%
CI: 1.0-4.3; RR = 3.0, 95% CI: 1.5-5.8, respectively).
With the exception of these positive findings, the
remaining seven cohort studies showed no substantial
sl0666972741 Tt is perhaps noteworthy that four
studies with statistically significant positive results were

association

conducted in Japan, which may be related to a potentially
higher range of salt intake in that country.

In summary, some cohort studies suggest that a
higher intake of salt or of salted food, as estimated by
validated food frequency questionnaires, may be directly
associated (or at least indirectly linked) with subsequent
development of stomach cancer. Although the overall
results from cohort studies are not totally consistent,
they are suggestive of a moderate direct association.

EVIDENCE ON INTERACTIONS BETWEEN
SALT OR SALTED FOODS AND
HELICOBACTER PYLORI INFECTION

Even though H pylori infection is the strongest risk
factor for stomach cancer, it cannot completely explain
the worldwide distribution of this disease. It is very
important to evaluate the potential joint effects of
H pylori infection and other factors, including salt intake,
in stomach cancer carcinogenesis.

Few epidemiological studies have investigated
H pylori infection in relation to salt consumption. In an
international ecologic study”, statistically significant
correlations between national H pylori infection rates
and national salt excretion levels were found in older
(age 50-64) men and women (r = 0.73 and r = 0.83,
respectively) and in younger (age 20-34) men (r =
0.73), but not in younger women (r = 0.52). A cross-
sectional study of 634 Japanese menl”! reported that
daily consumption of miso soup was associated with
the prevalence of H pylori (OR = 1.60, P< 0.05).
Similarly, increasing consumption of pickled vegetables
was associated with increased H pylori infection risk

(OR = 1.90 for the highest level, P for trend = 0.02).

Despite limitations inherent in these types of studies,
they can nevertheless provide information on potential
associations between salted foods and H pylori infection
in humans, which may be evaluated more fully in case-
control and cohort studies.

Three previous epidemiological studies have
examined the potential synergistic relationship
between salt consumption and H pylori infection in the
development of stomach cancer; however, the results
are inconsistentP>*¥. A case-control study in Japan
analyzing the independent and joint effects of diet
and H pylori infection found that subjects with H pylori
infection and with high salt intake (OR = 14.2) had a
higher odds ratio compared with subjects with H pylori
infection and low salt intake (OR = 9.7) (reference
group was no H pylori infection and low salt intake),
but there was not a statistically significant interaction
between the two risk factors™. A Korean case-control
study investigating the role of salt and H pylori infection
in stomach cancer found that subjects with H pylori
infection and high salt consumption had a 10-fold risk
of early stomach cancer compared with subjects without
H pylori infection and with a low salt consumption
(P = 0.047)1". These two case-control studies have some
limitations, including issues of possible recall bias and
misclassification. For example, both H pylori and salt
intake were assessed after the development of stomach
cancer. Advancing stomach cancer can combine with
the loss of infection characterized by a fall in circulating
anti-H pylori antibodies and changes in salt exposure (or
in recollection of dietary exposures prior to the onset
of disease). Only one cohort study, conducted in Japan,
evaluated the potential interaction between diet and
H pylori, and found that the positive association between
increased salt intake and gastric cancer was statistically
significant among subjects with H pylori infection
only. The relative risks were similar, however, and the
authors note that findings for dietary salt were most
pronounced in subjects who had both H pylori infection
and atrophic gastritis. The three studies discussed above
have relatively small sample sizes, ranging from 69 to
122 stomach cancer cases, and thus the estimation
of relative risk is imprecise and results should be
interpreted cautiously, especially in the analyses of effect
modification (interaction). Finally, the tendency of
case-control studies to show stronger associations than
cohort studies suggests the possibility that some degree
of recall bias and/or selection bias may have influenced
the results of the former.

Critical issues in interpreting salt consumption with
stomach cancer risk

Most epidemiological data suggest an association
between salt intake and the development of stomach
cancer. When interpreting these data, several issues must
be considered.

Assessment of salt intake is difficult and prone
to some potential biases. Many commonly used
dietary assessment methods, such as food frequency
questionnaires and diet records, have reported only
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moderate reproducibility in epidemiological studies,
and thus some misclassification of dietary intake is
inevitable[™,
salt intake, given its nearly ubiquitous addition to most
processed foods. In addition, use of different salt
assessment methods may lead to different conclusions.
For example, both 24 h urinary excretion and 3 d
dietary record methods for salt intake estimation were

This may be particularly true of total

used in one Japanese ecologic study. Only urinary salt
excretion level showed a strong correlation with stomach
cancer mortality, while dietary salt was weakly and non-
significantly cortrelated®. Although 24 h urine collection
may be an optimal method in estimating routine salt
intake, it is impracticable for a large-scale population
study, especially a cohort study with long-term follow-
up.

Another critical issue in interpreting salt consumption
in relation to stomach cancer risk is the variation in the
salt consumption levels across the population. To date,
there is no standard method for salt intake categorization,
and several studies have reasonably compared categories,
such as quintiles for the application in the specific study
population. Because average salt intake varies across
different populations, salt consumption levels considered
“high” in one study might be considered “low” in
another study. For example, in a study conducted in
Japan, subjects reporting once per week consumption
of salted food were in the lowest exposure category™;
in contrast, the subjects in a Turkish study reporting
once per week were classified into the highest exposure
level (defined as =1-2 times/week)). Finally, in some
studies™, salted food levels were calculated from the
sum of the scores of foods belonging to the food items
(pickled vegetable + foods deep-boiled in soy sauce),
making it impossible to compare effects at similar levels
of consumption across studies.

Because of the complexity of diets, the traditional
approach with a single nutrient may potentially be
confounded by the interactions between food components
that are likely to be interactive or synergistic®l. It is
possible that the increased risks in stomach cancer could
be due to compounds other than salt in foods that were
produced duting the presetvation processP?. In East Asia,
salted foods and sauces are also high in NOs, a chemical
carcinogen, which may ecither be added to the foods or
synergize from amino acids during fermentation. Nitrite
and salt may work at an catly stage® in a synergistic
fashion on stomach cancer carcinogenesis!'” that might
cause the strong associations between highly salted foods
and gastric cancet®”. Howevert, nitrite was not cleatly
related with stomach cancer risk® and its function may be
influenced by other factors. For example, when lower salt
intake was combined with higher NO; intake, stomach
cancer mortality rates tended to be lower!". However, this
might be explained by a higher intake of fresh fruits and
vegetables, which are the major source of nitrate and also
protect against cancet™¥,

Moreover, it may be difficult to separate the effects
of salt from other nutrients that may contribute to
stomach cancer risk. The absence of adjustment for

confounding factors (such as age, sex, smoking and
dietary habit) can hamper the statistical estimation
causing over- or underestimation of the real association
between salt or salted food and stomach cancer. In
Tables 1 and 2, few studies have controlled for dietary
factors in their analyses of salt consumption, which
makes it difficult to compare the different studies
according to the dietary variables adjusted in the analysis.
However, the study results that were adjusted by a wide
range of potentially confounding variables, such as age,
sex, H pylori infection, atrophic gastritis, medical history
of peptic ulcer, family history of cancer, body mass
index, diabetes, total cholesterol, physical activity, alcohol
intake, smoking habit and other dietary factors®,
showed no difference from the crude results. Studies
with adjustment for some or most of the above potential

6687271 showed no systematically

confounding factors!®
apparent differences from the studies with adjustment

for a few or several confounderts.

BIOLOGICAL MECHANISMS

Several mechanisms by which salt intake may increase
stomach cancer risk have been postulated, although
to date there has been no consistent conclusion. High
dietary salt intake may potentiate the colonization of
H pylor#®, a known tisk factor for stomach cancet,
through the increase of surface mucous cell mucin
and decrease of gland mucous cell mucin®™!. At the
molecular level, high dietary salt intake may potentiate
CagA (H pylori gene) expression and enhance the ability
of CagA to translocate into gastric epithelial cells and
enhance the ability of H pylori to alter gastric epithelial
cell function!™!. Another explanation for the potential
effect of high salt intake in gastric carcinogenesis is
that high dietary salt intake helps to change the mucous
viscosity protecting the stomach, potentiate exposure
to carcinogens such as N-nitroso compounds, and
lead to cell death®. In addition, high salt intake can
cause damage to, and inflammatory responses of, the
gastric epithelium!, which may increase epithelial cell
proliferation as part of the repair process and increase
the probability of endogenous mutations® . One
mechanism of high salt action in gastric carcinogenesis
has been considered to induce hypergastrinemia in
H pylori-infected gerbils®. Gastrin itself may mediate
epithelial cell growth in H pylori-colonized mucosa®! and
chronic hypergastrinemia can synergize with Helicobacter
infection and lead to eventual parietal cell loss and
progtession to gastric cancet”.

ANIMAL STUDIES OF SALT AND
STOMACH CANCER

Most published animal studies focus on the relationship
between gastric cancer and several important suspected
carcinogens, salt, H pylori, N-methyl-N-nitro-N-
nitrosoguanidine (MNNG), and 4-nitroquinoline-1-
oxide (NQO). In general, salt alone has no apparent
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effect on the development of gastric carcinogenesis, but
administration of salt in rats induced a concentration-
dependent damage of surface mucous cell layer, and also
increased replicative DNA synthesis®. Interestingly,
a synergistic effect was observed when salt and other
risk factors (H pylori, MNNG, NQO) were analyzed
simultaneously. This conclusion was derived in animal
experiments addressing gastric carcinogenesis from
both the molecular level and tumor progression. At
the molecular level, a high salt diet was associated
with an elevation of anti-H pylori antibody titers,
serum gastrin levels, and inflammatory cell infiltration
in a dose dependent model in Mongolian gerbils
infected with H pylori®. Similatly, in H pylori infected
gerbils, a high-salt diet significantly up-regulated the
expression of cyclooxygenase-2 (COX-2), and nitric
oxide synthase (iNOS)P’; the number of colony-
forming units was also significantly higher. Dietary
sodium chloride also produced a reduction in cell yield,
and an increase in S-phase cell numbers that are the
most susceptible to mutagenesis, which may possibly
increase tumor incidencel”. Several studies examined
gastric tumor progression in mice infected with
H pylori and administered with a high-salt diet, and all
of these studies consistently demonstrate that a high-
salt diet enhances the effects of H pylori infection, and
consequently promotes the development of stomach
cancers®*. Additionally, a high-salt diet significantly
increased gastric tumor incidence in those mice pre-
treated with MNNG!' or MNUPY, suggesting that salt
and chemical carcinogens also exert a synergistic effect
in the development of gastric carcinogenesis.

CONCLUSION

Most published epidemiological studies provide positive
evidence for an association between salt or salted food
consumption and stomach cancer risk, which was
also supported by experimental studies!"**?*1. The
limitations of salt assessment in epidemiological studies
may have attenuated the true effect of salt intake on
stomach cancer risk, or even biased the results away
from the null, in the reviewed ecological, case-control,
and cohort studies. Ideally, dietary modification of
salt intake, as well as eradication of H pylori infection,
is a promising strategy for gastric cancer prevention
throughout the world, especially in developing counties.
However, the former strategy is more practical than the
latter according to previous epidemiological studies.
Future studies that address the association with salt and
other dietary factors and the interactions between these
factors in different aspects, e.g, molecular level, may help
to shed light on the etiology of stomach cancer.
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Abstract

AIM: To evaluate the feasibility and utility of confocal
laser endomicroscopy (CLE) in the description of
normal gastrointestinal (GI) mucosa and in the
diagnosis of GI disorders in children, in comparison to
histology.

METHODS: Forty-four patients (19 female) median
age 10.9 years (range 0.7-16.6 years) with suspected
or known GI pathology underwent esophago-gastro-
duodenoscopy (OGD) (7 = 36) and/or ileocolonoscopy
(IC) (n = 31) with CLE using sodium fluorescein and
acriflavine as contrast agents. Histological sections
were compared with same site confocal images by two
experienced pediatric and GI histopathologists and
endoscopists, respectively.

RESULTS: Duodenum and ileum were intubated in all
but one patient undergoing OGD and IC. The median
procedure time was 16.4 min (range 7-25 min) for
OGD and 27.9 min (range 15-45 min) for IC. A total

of 4798 confocal images were compared with 153
biopsies from the upper GI tract from 36 procedures,
and 4661 confocal images were compared with 188
biopsies from the ileocolon from 31 procedures.
Confocal images were comparable to conventional
histology both in normal and in pathological conditions
such as esophagitis, Helicobacter pylori gastritis,
celiac disease, inflammatory bowel disease, colonic
heterotopia, and graft versus host disease.

CONCLUSION: CLE offers the prospect of targeting
biopsies to abnormal mucosa, thereby increasing
diagnostic yield, reducing the number of biopsies,
decreasing the burden on the histopathological
services, and reducing costs.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Modern endoscopy has recently seen the development
of technological advances with the aim of increasing and
optimizing diagnostic yield from the procedure. These
have included video and magnification endoscopes!™.
Greater surface definition has been achieved with
chromo-endoscopy, and recently, narrow-band imaging
has allowed greater definition of vascular architecture™*.
However 7n vivo sub-surface pathology remained
obscure to the endoscopist until the advent of confocal
endomicroscopy, which affords magnification up to
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1000 X, and with sequentially deeper images from the
epithelial surface to approximately 250 um below the
surface. This allows histological assessment of the 7 vivo
gastrointestinal (GI) mucosal structure at the cellular
>4, In addition, this technique
avoids crush artefacts from the grasp biopsy forceps and

and subcellular levell

changes from histopathological processing.

The diagnosis of upper GI disorders in children
depends to a great extent on endoscopy and subsequent
histology of biopsy specimens!l. Pathology such as
gastroesophageal teflux disease (GERD)®', cosinophilic
esophagitis (EE)!'"""; Helicobacter pylori (H pylori)
gastritis!>', and celiac disease (CD)!"'%, in conjunction
with various other investigative modalities have, as pivotal
to their diagnosis, histological confirmation. Similarly,
pediatric ileocolonic conditions such as inflammatory
bowel disease IBD)!'"'¥, familial adenomatous polyposis
(FAP), graft versus host discase (GVHD)™?, and allergic
colitis™'*? necessitate a tissue diagnosis.

The aims of this study were to evaluate the feasibility
and utility of confocal laser endomicroscopy (CLE)
in the description of confocal features of normal GI
mucosa and in the diagnosis of GI disorders in children.

MATERIALS AND METHODS

Patients

Forty-four patients with a potential diagnosis of GI
pathology that required upper GI endoscopy and/or
ileocolonoscopy as part of the clinical management
were enrolled in the study. Written informed consent
was obtained from parents and, where age and
competency were appropriate, from each patient, before
the examination. The study protocols were reviewed
and approved by South Sheffield Regional Ethics
Committee. Patient exclusion criteria were as follows:
inability to give signed informed consent; age > 18
years; previous documented adverse reaction/allergy
to sodium fluorescein or acriflavine hydrochloride; and
non-cortectable coagulopathy (PT > 14 s/platelet count
< 90000). The study was conducted between December
2005 and July 2007 at Sheffield Children’s Hospital NHS
Foundation Trust.

Indications for upper GI endoscopy alone included:
children with suspected GERD; Barrett’s esophagus;
suspected peptic ulcer disease; suspected celiac
disease based on raised anti-endomysial and tissue
transglutaminase antibodies; and non-specific recurrent
upper abdominal pain. Indications for ileocolonoscopy
included: chronic diarrhea; presence of fecal blood;
recurrent abdominal pain; weight loss; mutation of the
APC gene; colonic heterotopia; and suspected GVHD.

Forty-four patients (19 female) with a median age of
10.9 years (range 0.7-16.6 years), and a median weight
of 41.5 kg (range 8-97 kg) with suspected or known GI
pathology were enrolled.

Patients undergoing ileocolonoscopy were admitted
the previous day and had bowel preparation as for
standard ileocolonoscopy. Patients undergoing upper GI
endoscopy were admitted on the day of the procedure.

All procedures occurred under general anesthesia, as
is normal practice in our institution for pediatric GI
endoscopy.

CLE
CLE involves the use of a highly miniaturized confocal
microscope that has been incorporated into the distal
tip of a flexible endoscope to allow 7 vive microscopic
examination of the gut mucosa. The confocal
microscope uses a single optical fiber to deliver 488 nm
laser light to the distal tip of the endoscope, where it
is focused to a single diffraction-limited point within
the tissue. The laser light excites fluorescent molecules
within the tissue. Fluorescent light emanating from the
specific point of focus is collected into the same optical
fiber of the confocal microscope and delivered to the
photodetector. Light emanating from outside the focally
illuminated spot is not focused into the optical fiber
and therefore, is geometrically rejected from detection.
The focused point of laser light is scanned in a raster
pattern across the field of view, and the intensity of
the fluorescent signal returning to the detector from
successive points is measured (12-bit digitization) to
produce two-dimensional images that are en face to the
tissue surface. By moving the microscope optics within
the confocal microscope, the operator can dynamically
adjust the imaging depth to allow microscopic imaging at
and below the surface of the mucosa; hence each image
is an optical section representing one focal plane within
the specimen!, and collection of multiple optical
sections at successive depths results in true volumetric
sampling of the tissue. As a three-dimensional volume is
thus sampled, this can be thought of as a virtual biopsy.
The Pentax EC3870CILK endoscope has a 5-mm
diameter miniaturized confocal microscope integrated
into the distal tip of the endoscope. The diameter of
the distal tip and insertion tube of the endoscope is
12.8 mm. In addition to the integrated confocal
microscope, the distal tip also contains a color CCD
camera which enables simultaneous confocal microscopy
with standard video-endoscopy, air and water jet nozzles,
two light guides, a 2.8-mm working channel, and an
auxiliary water jet channel. During CLE, the laser delivers
an excitation wavelength of 488 nm at a maximum laser
output of 1 mW to the tissue (typically 300-700 uW).
Confocal images can then be collected at either 1024
X 1024 pixels (0.8 frames/s) or 1024 X 512 pixels (1.6
frames/s). The optical sections have a 475 um X 475
pm field of view, with a lateral resolution of 0.7 pum,
axial resolution of 7.0 pm, and an imaging depth (z axis)
range of 0-250 um below the tissue surface, in 4-pum
steps. The imaging depth below the tissue surface can be
dynamically controlled by the operator. CLE magnifies
images 1000-fold.

Contrast agents

Fluorescein sodium (FS) 10% and acriflavine
hydrochloride (AH) 0.05% were used as contrast
agents. IS is highly water-soluble and, on intravenous
administration, rapidly diffuses in seconds from the
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capillaries into the extra-vascular tissue. FS, when
exposed to light of wavelength 465-490 nm (blue),
emits light at longer wavelengths (520-650 nm, with
the peak emission in the 520-530 nm green-yellow
region). This enables visualization of microvessels,
cells and connective tissue. However FS is not enriched
in the nuclei of intestinal epithelial cells, and hence, the
nuclei are not readily visible in the confocal images. To
circumvent this limitation, AH (0.05%) is used topically
to enrich the superficial nuclei and to a lesser extent the
cytoplasm.

CLE was performed by a single experienced
endoscopist (MT), who had completed the Mainz CLE
training program prior to patient recruitment, using the
confocal laser endomicroscope (EC3870CILK; Pentax,
Tokyo, Japan). Ten to twenty milligrams Buscopan
(hyoscine-N-butyl-bromide; Boehringer, Ingelheim,
Germany) was given intravenously to limit peristaltic
artefacts. Following duodenal or ileal intubation, 0.05-0.1
mL/kg of 10% FS was administered intravenously and
flushed adequately with normal saline. AH (0.05%) was
applied to the mucosa using a spray catheter at all sites
undergoing confocal imaging,

CLE image acquisition was performed by placing the
tip of the colonoscope in direct contact with the target
tissue site. Using gentle suction to stabilize the mucosa,
image acquisition and focal plane z-axis scanning
depth was then actuated using two discrete hand-piece
control buttons. Confocal images were sequentially
obtained from a third part of the duodenum, gastric
antrum and body, and distal and proximal esophagus
in the upper GI tract, and ileum, cecum, ascending,
transverse, descending and sigmoid colon, and rectum
in the ileocolon region. Confocal images were acquired
simultaneously with ongoing video endoscopic imaging.
Same site mucosal specimens were obtained using
standard biopsy forceps. The biopsy specimens were
fixed in buffered formalin solution, embedded in paraffin
wax, and serial sections were obtained and stained with
hematoxylin and eosin (HE). The histological specimens
from each site were compared with same-site confocal
images jointly by the endoscopists and two experienced

pediatric and GI histopathologists (MC, CE).

RESULTS

Twenty-three patients underwent both upper GI and
ileocolonoscopy, while 13 had upper GI endoscopy and
eight had ileocolonoscopy alone. The youngest patient
8 mo of age, with suspected GVHD, had proctoscopy
alone. The duodenum at upper GI endoscopy and the
terminal ileum at ileocolonoscopy were intubated in all
patients, except for one who weighed 10 kg, in whom
the pylorus and ileocecal valve were both too narrow to
accept the confocal endomicroscope. The youngest and
smallest patient to have full successful examinations up
to a third part of the duodenum and terminal ileum was
18 mo old and weighed 11 kg The procedure time was
7-25 min (median 16.4 min) for upper GI endoscopy,
and 15-45 min (median 27.9 min) for ileocolonoscopy.

A total of 153 pinch biopsies were taken from the upper
GI tract from 36 procedures and 188 from the ileocolon
from 31 procedures.

No complications or adverse effects occurred, except
on one occasion when precipitation was observed in the
peripheral venous line when fluorescein was injected
immediately after neostigmine.

Upper Gl tract

Thirty-six patients underwent upper GI endoscopy.
The duodenum was intubated in all patients except
one. A total of 4798 confocal images were obtained,
which included 2010 from the duodenum, 1616 from
the stomach and 1172 from the esophagus, and were
compared with 153 biopsies.

On confocal imaging, the duodenal villi had a long,
slender and finger-like appearance (Figure 1A) similar
to that in histological specimens (Figure 1C). The
single layer of brush border columnar epithelial cells
interspersed with intraepithelial lymphocytes and goblet
cells was cleatly visible. Crypts were not normally visible
except in the presence of villous atrophy.

The gastric pits or foveolae appeared as invaginations
on the surface epithelium (Figure 1B and D). Each
confocal image showed several evenly spaced such pits
lined by columnar epithelium. The center of the pits
appeared dark.

The esophagus was lined by non-keratinized
squamous epithelium with polygonal epithelial cells.
The nuclei of the epithelial cells were highlighted clearly
following topical administration of acriflavine (Figure 1C
and F). Furthermore, the capillary loops in the papillae
were visible in deeper planes following subsurface
optical sectioning, and surface to capillary distance could
be measured as each level was deeper by 4 um. This
allowed assessment of GERD-like histopathology, given
that papillary height was increased and epithelial surface
to papillary tip (i.e. where capillary loops appeared on
confocal endomicroscopy) distance was thereby shorter.

Lower Gl tract

A total of 31 patients underwent ileocolonoscopy. Two
patients had only proctoscopy, while total ileocolonoscopy
was performed in the rest, with the terminal ileum
intubated in all but one patient, who weighed 10 kg, A
total of 4661 confocal images, which included 945 from
the terminal ileum, 2919 from the colon and 797 from the
rectum, were compared with 184 biopsies.

The confocal appearance of the normal ileum and
colon in adults has been desctibed previously™.. The villi
in the terminal ileum appeared similar to those in the
duodenum. Colonic architecture on confocal imaging
showed numerous evenly distributed crypts lined by
columnar-shaped enterocytes (Figure 2A and B). The
luminal openings of the crypts appeared as black holes
in the horizontal axis. The mucin-containing goblet
cells were readily identified and appeared dark. At
deeper planes, the vessel architecture had a hexagonal,
honeycomb pattern, which represented a network of
capillaries that outlined the stroma surrounding the
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Figure 1 Comparison of confocal images with conventional histological images of the upper Gl tract. A: Confocal image delineating the fine slender fingerlike
projections of the duodenal villi; B: Confocal image showing gastric pits; C: Confocal image of non-keratinized squamous epithelium of the esophagus; D: Histological
image of duodenum; E: Histological image of gastric antrum; F: Histological image of esophagus.

Figure 2 Comparison of confocal images with conventional histological
images of the lower Gl tract. A: Confocal image of normal colonic mucosa
showing regularly spaced crypts; B: Comparative histological image.

luminal openings of the crypts. Individual red cells were
also visible as black dots in the lumen of the capillaries.

Confocal imaging in Gl pathology

Upper GI pathology: Two patients had histologically
proven esophagitis. At CLE, capillary loops were visible
at about 24 and 44 um below the surface epithelial layer,
which indicated the presence of papillac. In comparison,
capillary loops were seen at a median of 72 um (range
48-100 um) from the surface of the esophageal mucosa
in those without histologically proven esophagitis.

One patient with suspected H pylori upon
endomicroscopy of the gastric antrum showed multiple
focal lesions that resembled focal accumulation
of H pylori, which was subsequently confirmed by
Campylobacter-like organism test and histology. These
lesions were demonstrated both on the surface of the
epithelium and deeper in the crypt lumen.

Four patients had a histological diagnosis of celiac
disease (Figure 3A and C). Three patients had Marsh
type 3b with marked villous atrophy, increased intra-
epithelial lymphocytes and crypt hyperplasia. CLE
features (Figure 3B) in these patients were as follows: (1)
increased basal width of villi; (2) gross distortion of the
cellular architecture of the villous epithelium with loss
of the honeycomb pattern; (3) damaged villous border;
(4) “sticky” villi with inter-villous bridging; and (5) in-
folding of villi. One patient had total villous atrophy.
Confocal imaging revealed absence of villi with crypt
hyperplasia (Figure 3D).

Lower GI pathology: Seven patients had a histological
diagnosis of IBD, including three patients each with
ulcerative colitis and Crohn’s disease, and one with

www.wjgnet.com



2218  ISSN 1007-9327  CN 14-1219/R

World J Gastroenterol

May 14, 2009 Volume 15 Number 18

Figure 3 Comparison of confocal with conventional histology in celiac
disease. A: Histological image of celiac disease, Marsh type 3b; B: Compara-
tive confocal image; C: Histological image of celiac disease, Marsh type 3c; D:
Comparative confocal image.

Figure 4 Comparison of confocal with conventional histology in ulcer-
ative colitis. A: Histologic image in Ulcerative colitis; B: Comparative confocal
image showing bifid crypt (arrow), crypt destruction (arrow head), tortous ves-
sels (double arrows).

indeterminate colitis. Features of IBD seen on confocal
imaging included bifid crypts, crypt distortion and
destruction, crypt abscess/ctyptitis goblet cell depletion
and inflammatory cell infiltration, enlarged tortuous
vessel architecture (Figure 4B), and comparable to
histology (Figure 4A).

Other lower GI pathologies: Two patients
with suspected GVHD following bone marrow
transplantation underwent proctoscopy. Apoptotic
nuclei were visualized during confocal imaging. This was
confirmed on histology of biopsy specimens. A rare case
of colonic heterotopia that presented with persistent
diarrhea and had large tracts of abnormal looking
mucosa on endoscopy, showed squamous, gastric and
small-intestinal mucosal features on confocal imaging,
Histology confirmed the presence of aberrant mucosa.

DISCUSSION

A definitive diagnosis of GI disorders in children usually
requires GI endoscopy and histology of biopsy tissue.

Technological innovations have led to the development of

chromo-endoscopy, for which dyes such as methylene blue
and indigo carmine are used to aid localization of lesions,
and magnifying endoscopy has enabled visualization of
surface structures at approximately X 100 magnification.
In adults, several studies have validated these techniques in
differentiating neoplastic from non-neoplastic lesions),
diagnosis of neoplastic lesions in flat and depressed
lesions in the colorectum, and in cancer surveillance in
patients with long-standing ulcerative colitis™**". Confocal
endomicroscopy is a newly developed tool that enables
surface and subsurface imaging of living cells in the mucosa
during ongoing endoscopy. It offers the combination of
video endoscopy and confocal endomicroscopy, which
uniquely provides 7z vivo histology and what might be
termed a virtual biopsy™™. The confocal endomicroscopy
i