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Abstract
Misconceptions are common in the care of patients 
with inflammatory bowel disease (IBD). In this paper, 
we state the most commonly found misconceptions in 
clinical practice and deal with the use of 5-aminosali-
cylates and thiopurines, to review the related scientific 
evidence, and make appropriate recommendations. 
Prevention of errors needs knowledge to avoid making 
such errors through ignorance. However, the amount 
of knowledge is increasing so quickly that one new 
danger is an overabundance of information. IBD is a 
model of a very complex disease and our goal with this 
review is to summarize the key evidence for the most 
common daily clinical problems. With regard to the use 
of 5-aminosalicylates, the best practice may to be con-
sider abandoning the use of these drugs in patients with 
small bowel Crohn’ s disease. The combined approach 
with oral plus topical 5-aminosalicylates should be the 
first-line therapy in patients with active ulcerative colitis; 
once-daily treatment should be offered as a first choice 
regimen due to its better compliance and higher efficacy. 

With regard to thiopurines, they seem to be as effective 
in ulcerative colitis as in Crohn’ s disease. Underdosing 
of thiopurines is a form of undertreatment. Thiopurines 
should probably be continued indefinitely because their 
withdrawal is associated with a high risk of relapse. Mer-
captopurine is a safe alternative in patients with digestive 
intolerance or hepatotoxicity due to azathioprine. Finally, 
thiopurine methyltransferase (TPMT) screening cannot 
substitute for regular monitoring because the majority of 
cases of myelotoxicity are not TPMT-related.

© 2011 Baishideng. All rights reserved.

Key words: Crohn’ s disease; Ulcerative colitis; Inflam-
matory bowel disease; Aminosalicylates; Steroids; Aza-
thioprine; Mercaptopurine; Misconceptions
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Gisbert JP, Chaparro M, Gomollón F. Common misconceptions 
about 5-aminosalicylates and thiopurines in inflammatory bowel 
disease. World J Gastroenterol 2011; 17(30): 3467-3478  Avail-
able from: URL: http://www.wjgnet.com/1007-9327/full/v17/
i30/3467.htm  DOI: http://dx.doi.org/10.3748/wjg.v17.i30.3467

INTRODUCTION
Daily clinical practice requires constant decision mak-
ing, and each is open to possible errors[1-6]. Misconcep-
tions are very common in clinical practice, but can be 
prevented[1-5]. More than 10 years ago, the Institute of  
Medicine issued its groundbreaking report, “To err is 
human: building a safer health system”, which revealed 
that approximately 100 000 Americans die each year 
from preventable errors in hospitals[7]. The publication 
fundamentally changed the debate about health care 
quality in the United States and reconfigured how we 
think about the quality of  care; attracted great interest 
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among payers and employers for improvement of  care 
and patient safety; and produced substantial increases 
in research support[2]. In fact, safety issues have been a 
key factor in many human activities during the past few 
decades, and it is shocking how late the general culture 
of  safety is reaching the health-care business. As recently 
summarized in a must-read book[8], “to get things right” 
can be a complex task but an indispensable one.

It has been pointed out that variation itself  is a natural 
consequence of  medicine being as much art as science, 
and thus some basal level of  variation is to be expected[9]. 
However, in many instances, the current process of  care 
exceeds the expected levels of  natural variation, and at 
times may be extreme to the point of  possibly indicating 
suboptimal overall care[9]. Medical advances have gener-
ated an increase in scientific literature and have made 
decision making more complex. From a scientific point 
of  view, evidence-based medicine provides various highly 
useful tools for patient treatment, including clinical guide-
lines or consensus documents. However, frequent digres-
sions from evidence-based recommendations and pub-
lished guidelines exist, despite the wide dissemination of  
practice guidelines, which denotes poor quality of  care[9-12].

When faced with the same set of  facts, healthcare pro-
viders often make different diagnoses, employ different 
tests, and prescribe different therapies[9,13]. Wide practice 
variations might have several explanations, including the 
need for more evidence to determine the best course of  
action; the possibility that multiple approaches might be 
equally effective for a clinical scenario; or the need for 
existing evidence to be more effectively consolidated into 
guidelines and disseminated into practice[12]. Despite the 
wide dissemination of  practice guidelines, clinical path-
ways and utilization review protocols, extreme variation 
continues to exist throughout all fields of  medicine[9-11]. 
Within the field of  gastroenterology, inflammatory bowel 
disease (IBD) is likely to generate diversions from clini-
cal guidelines and extreme variations in the process of  
care[12,14-16]. There are at least three factors that establish 
IBD as a target for variation[9]: (1) the diagnosis of  IBD 
is often uncertain, and this diagnostic uncertainty may 
lead to a potentially arbitrary sequence of  diagnostic test-
ing with various modalities; (2) the presentation of  IBD 
is heterogeneous, and the multiple presentations of  IBD 
mandate different diagnostic and therapeutic approaches; 
and (3) the treatments for IBD are themselves varied, and 
new treatments are always being developed and dissemi-
nated. It has been emphasized that demonstration of  sig-
nificant variations in the process of  care in IBD indicates 
a need to disseminate better the available information in 
this area. Furthermore, identifying specific factors that 
predict extremes in resource utilization and clinical prac-
tice may allow for improved targeting of  areas where doc-
tor knowledge or education is inadequate[9].

Although experts and community providers are in 
general consensus about diagnostic decision making in 
Crohn' s disease, extreme variation exists both between 
and within groups for key therapeutic decisions in this 
disease[9]. When the standard of  outpatient care provided 

has been evaluated, it has been demonstrated that the 
specialist IBD clinic provides better care than the non-
specialist general gastroenterology clinics; even in the 
specialist clinic, however, the care of  a relevant minority 
of  patients does not fulfill certain criteria[17]. Some authors 
have performed a vignette survey to measure variations 
in decision making in areas of  controversy dealing with 
ulcerative colitis, and have concluded that community 
gastroenterologists and ulcerative colitis experts vary dra-
matically in their approach to many areas of  uncertainty, 
which suggests that current practice patterns are highly 
disparate and focus attention on specific areas of  discon-
nect that should be further investigated[12]. Finally, a recent 
study has aimed to determine whether patients referred 
for a second opinion were receiving therapy in accordance 
with practice guidelines; it was concluded that patients 
with IBD often do not receive optimal medical therapy[18].

Our aim was to review several common misconcep-
tions in the management of  IBD. We focus on ambulatory 
patients who have predominantly mild or moderate dis-
ease treated with 5-aminosalicylates (5-ASAs) and thiopu-
rines; the two most widely used drugs in IBD. Although 
decision making in the outpatient setting appears to be 
less difficult than in hospital situations, the reality of  every 
day care makes human errors even more possible in out-
patients. Thus, in the clinical setting, decisions need to be 
made immediately, with the pressure of  limited time, and 
the understanding that an enormous variety of  possible 
clinical situations exist. The approach taken in this paper 
is to state the most commonly found misconceptions in 
clinical practice, to review the related scientific evidence, 
and finally propose appropriate recommendations.

5-AMINOSALICYLATES
Aminosalicylates are the undisputed first-line option for 
treating and maintaining remission in ulcerative coli-
tis[19-24]. Furthermore, they may have chemopreventive 
properties against colorectal cancer[25]. However, the role 
that these drugs may play in the management of  Crohn’ s 
disease has been controversial.

5-ASA drugs are as effective for the treatment of Crohn’ s 
disease as for ulcerative colitis
Initially published trials have shown that oral aminosalicy-
lates are effective treatment for active ileal, ileocolic, or 
colonic Crohn’ s disease[26,27]. Sulfasalazine 3-6 g/d is ef-
fective in patients with colonic, but not in those with small 
bowel disease[28,29]. Asacol is effective in ileocolic or colon-
ic disease[30] and Pentasa has been reported to be effective 
for ileitis, ileocolitis and colitis[31]. As a consequence, me-
salazine has become a popular treatment for mild Crohn’ s  
disease. However, more recently, a meta-analysis of  the 
three placebo-controlled trials of  Pentasa 4 g/d for ac-
tive Crohn’ s disease for 16 wk in a total of  615 patients, 
showed a mean reduction of  the Crohn’s disease activity 
index (CDAI) of  63 points, compared to 45 points for 
placebo (that is, a difference of  only 18 points)[32]. 

Although this confirmed that a time-dependent de-

3468 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com



layed release formulation of  mesalazine, Pentasa 4 g/d, 
is superior to placebo, the clinical significance of  the 
reduction in CDAI is debatable because in individual tri-
als, a 70- to 100-point decrease generally is required to 
establish clinical efficacy[32]. From these data, an alterna-
tive conclusion seems to be more plausible; namely, that 
Pentasa is ineffective for the treatment of  symptomatic 
Crohn’ s disease[33]. Thus, at this stage, mesalazine should 
be considered clinically no more effective than placebo 
for active ileal or colonic Crohn’ s disease[33]. Accordingly, 
the European Crohn’ s and Colitis Organization (ECCO) 
have concluded, “the benefit of  mesalazine is limited”[26,27]. 
Therapeutic agents now exist that offer safe and highly 
effective alternatives to 5-ASA for the treatment of  mild-
to-moderate Crohn’ s disease[34]. Specifically, in ileal or 
ileocolonic disease, budesonide provides the benefits of  
prednisone with less systemic side effects[35].

When faced with the same set of  facts, healthcare pro-
viders often make different diagnoses, employ different tests, 
and prescribe disparate therapies. Esrailian et al[9] have con-
structed a survey with five vignettes to elicit provider be-
liefs regarding the appropriateness of  therapies in Crohn’ 
s disease. The authors measured agreement between com-
munity gastroenterologists and Crohn’ s disease experts 
(the latter following, theoretically, more closely practice 
guidelines recommendations), and measured variation 
within each group. In the management of  a patient with 
newly diagnosed Crohn’ s disease, 75% of  community 
providers endorsed the use of  5-ASA products, whereas 
less than half  of  experts (44%) employed 5-ASA thera-
pies.

In summary, in the setting of  modest efficacy and 
more potent alternatives, the best practice may be to 
consider abandoning the use of  5-ASA in patients with 
small bowel Crohn’ s disease, until the appropriate patient 
population where these drugs may theoretically be effec-
tive is better delineated[33,34].

The combination of oral and topical 5-ASA treatment is 
not necessary, as each treatment on its own is similarly 
effective
Pharmacokinetic studies have demonstrated that, when 
given per os, the active moiety of  mesalazine is delivered 
mainly to the distal ileum and proximal large bowel, thus 
ensuring a higher mucosal drug concentration in the 
right than in the left colon, with only negligible amounts 
of  the drug reaching the rectal mucosa[36,37]. The increase 
in the oral dosage further increases the mucosal concen-
tration in the proximal colonic segments, but does not 
significantly modify distal drug distribution[38]. Converse-
ly, topical mesalazine administration assures considerable 
drug availability in the recto-sigmoid sites and, to a lower 
extent in the descending colon[39-41]. Therefore, it ap-
pears that, to increase mucosal mesalazine concentration 
in ulcerative colitis patients, along the entire length of  
their large bowel, besides oral dosage, topical treatment 
should be given[42].

As David Sachar has accurately emphasized, a form of  
undertreatment is overlooking the benefits of  topical for-

mulations[16]. The advantages of  the combination of  oral 
and topical aminosalicylates have been demonstrated for 
both inducing ulcerative colitis remission and for main-
taining it. For treatment of  an acute flare of  the disease, 
on one hand, an already considered classic trial on patients 
with distal colitis has shown that combined therapy works 
more rapidly and effectively compared to oral or topical 
therapy alone[43]. Accordingly, the ECCO states that “left-
sided active ulcerative colitis of  mild-moderate severity 
should initially be treated with topical aminosalicylates 
combined with oral mesalazine. Mesalazine alone is also 
effective, but less effective than combination therapy”[44]. 
The beneficial effect of  the combined regimen has also 
been confirmed in extensive colitis by Marteau et al[45]. 
Furthermore, patient-reported health-related quality of  
life in data collected from this study was investigated, and 
it was concluded that combined oral plus topical mesala-
zine treatment significantly improved this important pa-
rameter in patients with active ulcerative colitis[46].

On the other hand, there have been several random-
ized controlled trials comparing combination treatment, 
including oral mesalazine plus intermittent mesalazine 
enema, to oral mesalazine alone for maintaining remis-
sion[42,47-49], and success rates have been higher in pa-
tients receiving the combination regimen. Furthermore, 
combined oral and topical 5-ASA therapy also appear to 
have a favorable cost-effectiveness ratio in pharmaco-
economic analyses[47,48].

Although most authors have claimed that patients 
find long-term rectal treatment acceptable, a postal sur-
vey of  British patients has shown that 80% preferred 
oral treatment alone[50]. Therefore, this form of  combi-
nation treatment (with the aim of  maintaining remission) 
could be appropriate and may be reserved for patients 
with a high probability of  suffering relapse, because it 
has been demonstrated that the continuous use of  topi-
cal mesalazine, associated with a high oral dosage, signif-
icantly improves the clinical course of  ulcerative colitis 
in patients at high risk of  relapse[42]. Thus, adding rectal 
therapy is a treatment option for patients who have re-
lapsed on oral 5-ASA alone[44]. 

In summary, owing to the superiority of  the combined 
approach - oral plus topical 5-ASA - it should be used 
as first-line treatment in patients with ulcerative colitis; 
mainly in those with predominant rectal syndrome[51].

Total 5-ASA dose should be divided at least twice daily, 
because a single daily dose is less effective
Oral 5-ASA is an established treatment for ulcerative 
colitis and the current standard of  care for most patients 
requiring long-term maintenance treatment throughout 
their lives[52]. However, adherence rates - particularly in 
patients in remission - may be as low as 40% outside of  
the clinical trial setting[53]. It is now becoming relevant to 
find tools that improve patient adherence to treatment[54], 
as it has been found that multiple dosing is a predictor 
of  non-compliance in IBD[55] and is related to a signifi-
cantly increased risk of  ulcerative colitis flare-ups[56]. 

Formulations to deliver 5-ASA to the disease activity 
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site, both orally and topically, have been often inconve-
nient and have classically required multiple daily dosing[57]. 
Such regimens can interfere with normal life and reduce 
the overall quality of  life, with a negative impact on treat-
ment adherence and poorer long-term outcomes[52]. Thus, 
ulcerative colitis patients cite treatment regimen complex-
ity, tablet quantity and dose frequency as key negative in-
fluencers of  adherence[52,57].

Pharmacokinetic studies in healthy volunteers have 
suggested that once-daily dosing may be an effective 
option in patients with ulcerative colitis. Hussain et al[58] 
have shown that serum, urinary, fecal, and rectal tissue 
concentrations are similar for once and three times daily 
mesalamine dosing regimens. Also, in a recent study, 4 g 
oral ethylcellulose-coated mesalamine given once daily 
was bioequivalent to a twice-daily regimen after single or 
repeated administration[59].

A new oral delayed-release formulation of  mesala-
zine utilizing Multi Matrix System (MMX) technology 
was recently approved[60,61]. It is a high-dose (1.2 g/tab-
let), delayed-release form. Several studies with MMX 
have shown that mesalamine can be administered once-
daily[62-64]. What is most important is that not only the 
new once-daily mesalazine formulations, but also older 
forms of  5-ASA may be administered in a single daily 
dose; apparently with adequate effects.

Response to 5-ASA is better correlated with tissue 
concentrations and best predicted by concentrations of  
the drug within the lumen of  the colon. Some authors 
have used computer simulation to predict colonic 5-ASA 
levels after Asacol administration[65]. An Asacol dosage 
of  800 mg, three times daily, was compared to 2400 mg 
given once daily. The predicted maximum and average 
5-ASA concentrations in the total colon and individual 
colonic segments differed by < 10% between dosing 
regimens. This model supports once-daily administration 
of  5-ASA as standard treatment for ulcerative colitis.

In a initial pilot clinical study, patients were random-
ized to receive either once daily or conventional (twice or 
three times daily) mesalazine for maintenance of  remis-
sion in ulcerative colitis[66]. After 6 mo, patients in the 
once-daily arm appeared more satisfied with their regimen 
and consumed more medication than those in the con-
ventional arm (90% vs 76%). More recently, preliminary 
results from a randomized trial have confirmed these en-
couraging results[67]. 

Data for the administration of  a single daily dose of  
5-ASA are available for both the induction and mainte-
nance of  remission of  ulcerative colitis. On one hand, 
some authors have determined the therapeutic equiva-
lence and safety of  once-daily vs three times daily dosing 
of  a total daily dose of  3 g Salofalk granules in patients 
with active ulcerative colitis[68]. On the other hand, other 
authors have confirmed this equivalence for patients 
with quiescent ulcerative colitis[69]. The results of  the 
first long-term efficacy trial of  maintenance therapy (with 
Pentasa as the 5-ASA) showed that 71% of  patients re-
ceiving a single daily dose of  2 g mesalazine remained in 

remission, as compared to 59% of  those taking 1 g twice 
daily; the differences being statistically significant[69]. Pa-
tients with ulcerative colitis given 5-ASA once daily had 
better remission rates, acceptability, and self-reported ad-
herence to therapy compared with patients given 5-ASA 
twice daily. Another study was conducted to determine 
the efficacy and safety of  once-daily dosing of  delayed 
release mesalamine (Asacol) compared with twice-daily 
dosing for maintaining remission in ulcerative colitis 
patients, and demonstrated equivalent results with both 
regimens[70].

The totality of  these data suggests that the success 
of  once-daily dosing for all of  these compounds may 
be due to the pharmacodynamic properties of  5-ASA, 
and may not depend on the specific characteristics of  
the formulation determining drug delivery[70]. In other 
words, given comparable efficacy between once-daily and 
divided dosing regimes for the treatment of  ulcerative 
colitis with mesalazine MMX, and also with other 5-ASA 
formulations, the effect is likely to be generic rather than 
compound specific[44].

In summary, once-daily treatment should be offered as 
a first-choice regimen to ulcerative colitis patients. Indeed, 
the availability of  treatments that can be taken once daily 
allows increased flexibility to tailor therapy according to 
patient preference and lifestyle, and may also have the 
potential to enhance compliance[69]. In fact, improved ef-
ficacy with once-daily dosing seems to be at least partly 
related to improved compliance[69]. These results and 
subsequent recommendations reinforce the principle that 
continued medication consumption, rather than actual 
drug regimen, is important in preventing disease relapse[67]. 
Also, that adherence, rather than medication regimen, ap-
pear to be important in disease outcome, mainly in the 
long term[67].

AZATHIOPRINE AND MERCAPTOPURINE
Thiopurine drugs azathioprine and mercaptopurine have 
been shown to be effective at inducing and maintain-
ing remission in IBD[71,72]. These drugs are becoming 
increasingly popular, and their use is, at present, being 
considered at earlier phases of  the disease than before.

Correct dose of azathioprine for Crohn’ s disease is 1-2 mg/
kg, because higher doses are not more effective and are 
associated with increased adverse effects
The choice of  azathioprine and mercaptopurine dose is 
generally based on the patient’s weight, with the inten-
tion to achieve the highest therapeutic efficacy and, at the 
same time, to reduce the incidence of  adverse effects[73-75]. 
Based on reported clinical trials, the most effective doses 
appear to be azathioprine 2.0-3.0 mg/kg and mercapto-
purine 1.0-1.5 mg/kg, although there has not yet been a 
head-to-head comparison at various dose levels or a com-
parative trial evaluating the efficacy of  mercaptopurine 
versus azathioprine in patients with IBD[76].

A meta-analysis has been performed to evaluate the 
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efficacy of  these agents for the maintenance of  remis-
sion of  quiescent Crohn’ s disease[77]. The pooled analy-
sis for maintaining remission was stratified by the dose 
of  azathioprine. When the maintenance therapy data 
were analyzed for the effect of  azathioprine dose (1.0-2.5 
mg/kg per day), the odds ratio (OR) for response in-
creased from 1.20 (95% CI: 0.60-2.41) at 1.0 mg/kg per 
day to 3.01 (95% CI: 1.66-5.45) at 2.0 mg/kg per day, 
and to 4.13 (95% CI: 1.59-10.71) at 2.5 mg/kg per day. 
Thus, a common error is to step up the treatment strate-
gy, giving up on thiopurine drugs (for example changing 
from these drugs to anti-tumor necrosis factor (TNF)α, 
before being absolutely sure that they have been admin-
istered at correct, maximal doses[16]. 

In summary, a form of  undertreatment with thio-
purines is underdosing[16]. The habit of  automatically 
administering mercaptopurine or azathioprine at fixed 
doses of  50 mg/d should have been long abandoned, 
as higher doses of  azathioprine (2.5 mg/kg per day) are 
more effective than lower doses (1.0 or 2.0 mg/kg per 
day) for treating Crohn’ s disease.

Azathioprine and mercaptopurine are ineffective in ul-
cerative colitis (or, at best, much less effective than in 
Crohn’ s disease)
Thiopurine drugs are the gold-standard treatment for 
steroid-dependent Crohn’ s disease, because these drugs 
have been shown to be effective both at inducing and 
mainly, maintaining remission of  the disease[71,72]. In ad-
dition, a clear steroid-sparing effect in active or quiescent 
Crohn’ s disease has been observed with azathioprine/
mercaptopurine therapy[71,72]. However, debate exists 
regarding whether thiopurine therapy is as effective in 
ulcerative colitis as it is in Crohn’ s disease[78]. There have 
been surprisingly few randomized controlled trials, most 
of  which were performed several decades ago and suf-
fered from small sample sizes, used inadequate dosing 
of  azathioprine, had ambiguous endpoints, and other 
methodological limitations[79].

Some meta-analyses have evaluated the efficacy of  
azathioprine/mercaptopurine in patients with ulcerative 
colitis[80-82]. The first one[80], which included studies up 
to the year 2003, identified only four clinical trials, and 
the pooled OR of  the response to azathioprine therapy 
compared with placebo for the maintenance of  remis-
sion was 2.26 (95% CI: 1.27-4.01). In the second meta-
analysis[81], the literature search was performed up to the 
year 2006, and azathioprine was also shown to be supe-
rior for the maintenance of  remission compared to pla-
cebo. Finally, the results of  the most recent meta-analysis 
comparing azathioprine/mercaptopurine vs placebo or 
5-ASA for the maintenance of  remission in ulcerative 
colitis[82] has been published in 2009, and included six 
studies[83-88]. A therapeutic benefit of  azathioprine, both 
overall (OR: 2.56; 95% CI: 1.51-4.34) and, particularly, 
when azathioprine was compared with placebo (OR: 2.59; 
95% CI: 1.26-5.3), was demonstrated[82]. The number 
needed to treat (NNT) to prevent one recurrence with 

azathioprine/mercaptopurine, when compared with pla-
cebo, was only five (which compares favorably with the 
NNT of  seven reported with azathioprine in Crohn’ s 
disease[71]). These favorable results were confirmed when 
the experience from the non-controlled studies were re-
viewed: when these drugs were evaluated for the mainte-
nance of  remission of  ulcerative colitis, the efficacy rate 
was as high as 76%[82].

A clinically meaningful steroid-sparing effect is 
achieved by thiopurine treatment, not only in Crohn’ s dis-
ease patients but also in ulcerative colitis[89-92]. The number 
of  cumulative hospitalizations significantly decreases dur-
ing azathioprine treatment, both in Crohn’ s disease and in 
ulcerative colitis patients[92,93]. Furthermore, the cumulative 
number of  surgical interventions in patients treated with 
azathioprine/mercaptopurine has been reported to also be 
significantly lower after starting thiopurine treatment than 
before[92]. Finally, some authors have evaluated mortality 
by IBD medication, and have found that use of  immu-
nomodulators (mainly azathioprine and mercaptopurine) 
were associated with 50% decreased mortality in ulcerative 
colitis[94].

Few studies have directly compared thiopurine therapy 
efficacy between ulcerative colitis and Crohn’ s disease. 
Kull et al[95] have compared the 6-mo efficacy of  azathio-
prine in patients with both diseases, and found that clinical 
remission rates were slightly higher for ulcerative colitis 
than for Crohn’ s disease (77% vs 70%); furthermore, 
complete corticosteroid weaning was obtained significantly 
more often in ulcerative colitis than in Crohn’ s disease 
patients (59% vs 30%). Verhave et al[96] have concluded that 
patients with ulcerative colitis treated with azathioprine 
respond similarly to their Crohn’ s disease counterparts. 
Moreover, they have determined that the beneficial effect 
occurs 1 mo sooner in ulcerative colitis patients than in 
Crohn’ s disease patients. Fraser et al[97] have shown that 
azathioprine was more likely to achieve remission in pa-
tients with ulcerative colitis than Crohn’ s disease (58% 
vs 45%), but was equally effective for the maintenance of  
remission. This study is also worth mentioning because of  
the long mean follow-up of  patients, which provides valu-
able information to the clinician. In the study by Bastida et 
al[98], the beneficial effect of  azathioprine was independent 
of  the type of  IBD. Finally, Gisbert et al[92] have found in 
a recent prospective study that azathioprine was similarly 
effective for Crohn’ s disease and ulcerative colitis patients 
(49% vs 42%). Furthermore, azathioprine treatment result-
ed in a similar reduction in the number of  hospitalizations 
and surgical procedures in both diseases[92]. 

In summary, it may be concluded that azathioprine 
and mercaptopurine seem to be at least as effective in 
ulcerative colitis as in Crohn’ s disease patients.

Withdrawal of azathioprine should be recommended 
after several years if the patient is in remission
A form of  undertreating with antimetabolites is sus-
pending or discontinuing them too soon. Although aza-
thioprine and mercaptopurine are effective for maintain-
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ing remission in Crohn’ s disease[99], no safe number of  
years has been determined after which these medications 
can be withdrawn without risk of  relapse[16]. 

With the acceptance that Crohn’ s disease is a chron-
ic illness that needs long-term chronic therapy and the 
adoption of  more aggressive goals of  therapy (steroid-
free remission, avoidance of  surgery, and even mucosal 
healing), continuing an effective maintenance therapy 
is increasingly advised[100]. However, given the small but 
finite risk of  significant adverse effects, coupled with 
the need for long-term therapy in patients who are often 
young and otherwise healthy, stopping immunomodula-
tors in a patient in remission remains appealing[100,101].

The ECCO states that “for patients in remission on 
azathioprine as maintenance treatment, cessation may be 
considered after four years of  ”remission”[26,27]. It is also 
stated that “benefit and risks of  continuing azathioprine 
should be discussed with individual patients”[27]. How-
ever, there has been no consensus about the duration of  
the treatment once remission has been obtained.

A retrospective study published in 1996 has sug-
gested that withdrawal of  azathioprine might be possible 
in patients who have been in complete remission without 
steroids for longer than 3.5 years, because the 2-year 
relapse rate seems similar whether the treatment is con-
tinued or stopped after this time[102]. This uncontrolled 
observation on a small subset of  patients required con-
firmation by a prospective controlled trial. Therefore, Le-
mann et al[101] subsequently performed a multicenter, ran-
domized, double-blind, noninferiority withdrawal trial. 
Patients who were in clinical remission on azathioprine 
for > 42 mo were randomized to continue azathioprine 
or to receive an equivalent placebo for 18 mo. Kaplan-
Meier estimates of  the relapse rate at 18 mo were 8% 
and 21%, respectively. Therefore, this study shows that 
azathioprine withdrawal is not equivalent to continued 
therapy with azathioprine for maintenance of  remission 
in patients with Crohn’ s disease who have been in remis-
sion on azathioprine for > 3.5 years. Consequently, the 
authors have concluded that azathioprine maintenance 
therapy should be continued beyond 3.5 years[101].

More recently, a cohort study of  66 patients in pro-
longed remission while being treated with azathioprine 
who stopped azathioprine, during or at the end of  the 
aforementioned randomized controlled trial, underwent 
long-term follow-up evaluation[103]. The cumulative prob-
abilities of  relapse at 1, 3 and 5 years were 14%, 53%, 
and as high as 63%, respectively. In other words, two 
thirds of  subjects still relapsed by 5 years when taken 
off  azathioprine. This suggests that in many patients 
with Crohn’ s disease, azathioprine withdrawal is not a 
feasible alternative, even after years of  control, because 
it is associated with a high risk of  relapse, whatever the 
duration of  remission under this treatment[100]. 

In addition, two retrospective surveys have reported 
relapse rates after azathioprine or mercaptopurine with-
drawal of  66%[97] and 85%[104], respectively, at 3 years. An-
other study[105] has reported the outcome of  29 patients in 

remission under continuous treatment with azathioprine 
for 2 years or more, randomized for continuation or with-
drawal of  azathioprine. At 1 year after randomization, the 
remission rate in each group was 85% and 47%, respec-
tively (P < 0.05). 

Discussion regarding the duration of  an effective 
azathioprine treatment mainly concerns two points: (1) 
the magnitude of  the relapse risk after stopping the drug; 
and (2) the toxicity of  prolonged treatment[101]. As with 
all other agents, there will be some cost in relation to po-
tential adverse events, including rare cases of  infections 
and neoplasia that are probably related to the level of  im-
munosuppression[106]. When the overall risks and benefits 
of  prolonged maintenance therapy with azathioprine are 
balanced, it is likely that most clinicians and patients will 
accept the small, as yet unquantified, risk of  a lymphoid 
malignancy, and the small risk of  opportunistic infections, 
to prevent the ongoing morbidity and impact on quality 
of  life that are related to the chronic symptomatic activity 
of  Crohn’ s disease[106].

In conclusion, even after a long duration of  clinical 
remission under azathioprine, withdrawal of  this drug 
is associated with a high risk of  relapse. Therefore, as in 
transplanted patients, azathioprine maintenance therapy 
should probably be continued indefinitely in patients with 
Crohn’ s disease once remission has been achieved[103,107].

In IBD patients who develop azathioprine digestive 
intolerance, thiopurine drugs should be definitively 
withdrawn
Azathioprine intolerance remains an important clinical 
problem in patients with IBD, which leads to withdrawal 
of  therapy in up to 30% of  patients[73]. In particular, its 
use is limited due to digestive intolerance in 10%-15% 
of  patients[73]. This often mandates treatment with meth-
otrexate, an alternative second-line immunosuppressive 
therapy in patients with Crohn’s disease, or more recent-
ly, anti-TNF therapy. For patients with ulcerative colitis, 
colectomy may be precipitated in some individuals by 
azathioprine intolerance. 

However, it has been suggested that the thiopurine 
drugs azathioprine and mercaptopurine could be inter-
changeable. Thus, an alternative strategy for azathioprine 
intolerance (mainly due to nausea or vomiting) is treat-
ment with mercaptopurine (or vice versa). Several case 
series have addressed this question and have shown that 
mercaptopurine is tolerated in > 50% of  azathioprine-
intolerant patients (range: 47%-73%)[108-113].

In summary, treatment with mercaptopurine is a safe 
alternative in patients with IBD and previous digestive 
intolerance of  azathioprine. Given the mild character 
of  these symptoms, these patients may be cautiously 
switched to mercaptopurine (or vice versa) before being 
considered for other therapy or surgery[76].

Systematic blood controls may be avoided if thiopurine 
methyltransferase phenotype/genotype is normal
Azathioprine and mercaptopurine are inactive compounds 
that must be metabolized to 6-thioguanine nucleotides 
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(6-TGNs) to exert their cytotoxic and immunosuppressive 
properties. Thiopurine methyltransferase (TPMT) metab-
olizes mercaptopurine into inactive 6-methylmercaptopu-
rine[114]. Therefore, reduction in TPMT activity predispos-
es to bone marrow suppression because of  preferential 
metabolism of  mercaptopurine to 6-TGN[115]. Quantifica-
tion of  TPMT activity has been considered a promising 
area, because it may identify unique metabolic profiles in 
patients at high risk of  adverse reactions prior to drug 
exposure[115]. Thus, high concentrations of  6-TGN are 
detected in patients with low activity of  TPMT, while low 
concentrations of  these metabolites are found in patients 
with high TPMT activity, although not all studies have 
demonstrated this inverse correlation[116-120].

Several studies have reported a correlation between 
TPMT phenotype/genotype and the risk of  myelotoxic-
ity[115]. Homozygous patients for the low TPMT activity 
allele have an increased risk of  suffering severe myelotox-
icity due to excessive accumulation of  6-TGN[115]. It has 
been reported that the probability of  having a complete 
TPMT deficiency or being homozygous for this enzyme 
is > 6 times higher among patients who have had a 
myelosuppression episode, when compared with those 
patients with good tolerance to thiopurine drugs[121]. Fur-
thermore, other authors have even found an incidence 
of  myelotoxicity of  up to 100% in patients who are ho-
mozygous for the low activity allele[122]. However, some 
authors have reported that TPMT genotype/phenotype 
does not predict myelotoxicity in IBD patients treated 
with thiopurine drugs[123-132]. In this respect, a recent study 
has prospectively evaluated whether the choice of  azathi-
oprine or mercaptopurine dose based on TPMT activity 
prevents myelotoxicity in IBD patients. Among the four 
patients with myelotoxicity, one had intermediate basal 
TPMT levels, and three even had high levels, but no pa-
tient had low levels[133]. Finally, several studies have dem-
onstrated that TPMT deficiency phenotype or genotype 
explains a variable proportion of  myelotoxicity cases, but 
in no way explains all episodes of  bone marrow suppres-
sion[116-122,125,128,129,134-142].

In summary, the majority of  cases of  leukopenia are 
not TPMT-related and therefore TPMT screening can 
never be viewed as a substitute for the current practice of  
regular monitoring of  white blood cell counts. For this 
reason, it may be concluded that several factors (e.g., en-
vironmental and pharmacological) not related to TPMT 
activity may be responsible for azathioprine myelotoxicity, 
and systematic blood controls (complete blood count; 
mainly leukocyte count) should be done in these patients 
despite the function of  this enzyme being normal.

Azathioprine should always be stopped and non-thio-
purine therapy used instead if liver abnormalities are 
detected
Acute hepatocellular and cholestatic hepatitis have both 
been described during thiopurine therapy[143,144]. A small 
percentage of  patients present with slight elevation of  
liver tests that do not have clinical implications, and ab-

normalities in liver tests return to normal during follow-
up, which indicates that it is not always necessary to adjust 
immunomodulator dose. For example, abnormal liver 
tests resolved spontaneously while continuing on mer-
captopurine in four out of  five patients in the study by 
George et al[145], and in three out of  four patients in the 
study by Markowitz et al[146]. 

When abnormalities in liver tests are more marked, 
but without associated jaundice, the dose of  azathio-
prine/mercaptopurine may be reduced by 50%. It is 
probably not necessary to withdraw azathioprine or mer-
captopurine completely, but frequent clinical and analyti-
cal controls should be strictly performed after reducing 
its dose. With this strategy, liver tests frequently normal-
ize, and the initial azathioprine/mercaptopurine dose 
may be cautiously prescribed again[147,148].

A recent long-term follow-up study aimed to assess 
the incidence of  azathioprine/mercaptopurine-induced 
liver injury in 786 patients with IBD (138 of  whom re-
ceived azathioprine/mercaptopurine)[149]. Among azathio-
prine/mercaptopurine-treated patients, the incidence 
of  abnormal liver tests [liver tests between N (upper 
limit of  the normal range) and 2 N] and hepatotoxicity 
(liver tests > 2 N) was, respectively, 7.1% and 2.6% per 
patient-year. In most patients, liver tests spontaneously 
normalized despite maintaining thiopurine treatment. 
These drugs were withdrawn due to hepatotoxicity (liver 
tests > 5 N, and lack of  decrease despite 50% dose re-
duction) in only 3.6% of  the patients, and all of  them 
showed normalized liver tests.

If  liver tests do not return to normal values with 
tapering of  thiopurines, it has been recommended that 
therapy should be withdrawn. However, if  azathioprine 
was initially prescribed, another possibility is to use mer-
captopurine instead. Lopez-Sanroman et al[150] did so in 
4/5 patients, and achieved complete resolution of  liver 
test alterations in all patients. This finding is consistent 
with another smaller study in which seven out of  eight 
patients with hepatotoxicity during azathioprine treatment 
tolerated mercaptopurine, and only one patient had hepa-
totoxicity again with mercaptopurine[151]. In this same way, 
in the study by Hindorf  et al[111] 71% of  patients with hep-
atotoxicity during azathioprine treatment subsequently tol-
erated mercaptopurine and only two of  the patients had a 
recurrence of  hepatotoxicity with mercaptopurine. Finally, 
Bermejo et al[152] have assessed tolerance to mercaptopu-
rine in 31 patients with previous azathioprine-related liver 
injury; in 87% of  patients, mercaptopurine was tolerated 
without further liver injury; and among these, 77% toler-
ated full mercaptopurine doses. 

Nevertheless, it should be noted that in unusual 
cases, thiopurines may induce severe cholestatic jaundice 
that, in contrast to acute hepatocellular hepatitis that is 
generally associated with azathioprine/mercaptopurine, 
may not regress but even progress despite thiopurine 
withdrawal[153]. Therefore, these drugs should be com-
pletely withdrawn, and not only tapered, in patients who 
present with clinically significant jaundice during thiopu-
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rine treatment[144].
In summary, most of  the cases of  thiopurine-induced 

hepatotoxicity in IBD patients are mild, and liver test 
abnormalities spontaneously returned to normal values 
despite maintenance of  azathioprine/mercaptopurine; 
therapy withdrawal is necessary in < 5% of  patients. 
However, when liver test abnormalities are more marked, 
the dose of  azathioprine/mercaptopurine may be reduced 
by 50%. Finally, administration of  mercaptopurine is a 
good alternative in patients with azathioprine-related liver 
injury before thiopurines are definitely withdrawn.

CONCLUSION
Misconceptions are common in medical practice in gen-
eral and, in particular, in the health care of  IBD patients. 
Many of  these misconceptions are related to the use of  
5-ASAs and thiopurines, the two most widely used drugs 
in IBD. A proportion of  medical errors directly affects 
patient safety and causes accidental deaths, but the vast 
majority of  them are effectiveness errors. However, we 
must not focus all our attention on prevention of  safety 
errors while forgetting effectiveness ones. Prevention of  
errors needs knowledge to avoid errors being caused by 
ignorance. In fact, throughout history the main reason for 
medical errors has simply been ignorance[8]. However, at 
present, the amount of  knowledge has increased so quick-
ly that one new danger is overabundance of  information. 
IBD is a model of  a very complex problem, and our goal 
with this review is to summarize the key evidence for the 
most common daily clinical problems faced by physicians 
and patients.

With regard to the use of  5-ASAs, the best practice 
may to be consider abandoning the use of  these drugs in 
patients with small bowel Crohn’ s disease. The combined 
approach with oral plus topical 5-ASAs should be the first-
line therapy in patients with active ulcerative colitis, be-
cause this is more effective than monotherapy; once-daily 
treatment should be offered as a first-choice regimen due 
to its better compliance and higher efficacy. With regard to 
thiopurine therapy, it seems to be as effective in ulcerative 
colitis as in Crohn’ s disease. Underdosing with thiopurines 
is a form of  undertreatment with these drugs. Thiopu-
rine treatment should probably be continued indefinitely 
because its withdrawal is associated with a high risk of  re-
lapse. Mercaptopurine is a safe alternative in patients with 
digestive intolerance or hepatotoxicity due to azathioprine. 
Finally, TPMT screening cannot substitute for regular 
monitoring because the majority of  cases of  myelotoxicity 
are not TPMT-related.
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Abstract
AIM: To assess the impact of guidelines for albumin 
prescription in an academic hospital, which is a referral 
center for liver diseases.

METHODS: Although randomized trials and guidelines 
support albumin administration for some complications 
of cirrhosis, the high cost of albumin greatly limits its 
use in clinical practice. In 2003, a multidisciplinary panel 
at Sant’Orsola-Malpighi University Hospital (Bologna, 
Italy) used a literature-based consensus method to list 
all the acute and chronic conditions for which albumin is 
indicated as first- or second-line treatment. Indications 
in hepatology included prevention of post-paracentesis 
circulatory dysfunction and renal failure induced by 
spontaneous bacterial peritonitis, and treatment of hep-
atorenal syndrome and refractory ascites. Although still 
debated, albumin administration in refractory ascites is 
accepted by the Italian health care system. We analyzed 

albumin prescription and related costs before and after 
implementation of the new guidelines.

RESULTS: While albumin consumption and costs dou-
bled from 1998 to 2002, they dropped 20% after 2003, 
and remained stable for the following 6 years. Complica-
tions of cirrhosis, namely refractory ascites and paracen-
tesis, represented the predominant indications, followed 
by major surgery, shock, enteric diseases, and plasma-
pheresis. Albumin consumption increased significantly af-
ter guideline implementation in the liver units, whereas it 
declined elsewhere in the hospital. Lastly, extra-protocol 
albumin prescription was estimated as < 10%. 

CONCLUSION: Albumin administration in cirrhosis ac-
cording to international guidelines does not increase 
total hospital albumin consumption if its use in settings 
without evidence of efficacy is avoided.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
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plasma protein content in healthy individuals, and gener-
ates about 70% of  plasma oncotic pressure. The fairly el-
evated albumin concentration in extracellular fluids and its 
strong negative charge, which attract sodium, make albu-
min the main modulator of  fluid distribution throughout 
body compartments. In addition, albumin carries many 
other biological properties, with implications for drug 
metabolism, free radical detoxification, inflammatory re-
sponse, vascular integrity, and coagulation[1,2].

Human albumin is widely employed in clinical practice, 
but its administration is often inappropriate. This is largely 
due to a common belief  in its efficacy, whereas many in-
dications are still under debate or have been disproved by 
evidence-based medicine. Indeed, the high cost, the theoreti-
cal risk of  viral disease transmission, and the availability of  
cheaper alternatives should be carefully weighed in a cost/
effectiveness analysis of  albumin prescription. Thus, it is not 
surprising that several clinical and economic studies have 
been performed to establish recommendations and guide-
lines for albumin prescription, but controversy persists[3-9].

At present, it is generally accepted that the administra-
tion of  non-protein colloids and crystalloids represents the 
first-line treatment of  resuscitation, while the use of  albumin 
in critically ill patients should be reserved for specific condi-
tions[10-15]. Albumin administration is not recommended to 
correct hypoalbuminemia per se (i.e. not associated with hypo-
volemia) or for nutritional intervention[6,7,9,16], but this is often 
disregarded in clinical practice. Albumin is also prescribed in 
certain conditions and diseases, such as kernicterus, plasma-
pheresis, and graft-vs-host disease[9], even though these indi-
cations are not supported by definite evidence.

Hepatology is a setting where the use of  albumin is par-
ticularly common, since this treatment is currently employed 
to treat or prevent severe complications of  cirrhosis. Indeed, 
randomized studies have shown that it is effective in prevent-
ing circulatory dysfunction after large-volume paracentesis[17] 
and renal failure induced by spontaneous bacterial peritoni-
tis[18], and to treat hepatorenal syndrome in association with 
vasoconstrictors[19-21]. Although the recommendations on the 
use of  albumin in cirrhosis have been endorsed by the Inter-
national Ascites Club and other international scientific societ-
ies[22-26], albumin is not widely administered in clinical practice, 
even in specialized centers, mainly because of  its high cost.

With the aim of  rationalizing albumin prescription and 
reducing health care costs, clinical practice guidelines were 
devised in 2003, and subsequently implemented at the S 
Orsola-Malpighi University Hospital in Bologna, Italy, a 
third-level referral centre for many diseases, including liver 
cirrhosis and transplantation. 

We here report the annual albumin consumption and 
costs comparing the 5 years before (January 1998-June 2003) 
with the 6 years after (July 2003-December 2008) implemen-
tation of  the guidelines. We also analyze the indications for 
albumin, adherence to the protocol, and the distribution of  
albumin prescription among specialties in 2008.

MATERIALS AND METHODS
Protocol drafting
In the first half  of  2003, clinical practice guidelines for the 

appropriate prescription of  albumin were devised at the 
Sant’Orsola-Malpighi University Hospital of  Bologna, It-
aly, using a systematic, literature-based consensus method. 
Briefly, a panel of  experts from various disciplines (internal 
medicine, anesthesia, surgery, gastroenterology, nephrol-
ogy, hematology, public health, and pharmacy) reviewed 
the available clinical literature and drew up draft guidelines 
which were submitted to a second panel of  physicians 
from the same scientific areas, but not involved in the writ-
ing of  the first draft. Then a consensus was reached by the 
two working groups and a final version was approved and 
distributed among the physicians employed at the hospital. 
Since July 2003, the in-hospital prescription of  albumin 
has been regulated according to the recommendations re-
ported in Table 1. Schematically, they list a series of  acute 
and chronic clinical conditions for which albumin adminis-
tration is indicated as a first- or second-line treatment or is 
not indicated at all. The level of  scientific evidence and the 
strength of  the recommendation are also reported accord-
ing to the criteria summarized in Table 2. The guidelines 
were updated in 2007, but only minor changes were made 
regarding specific and limited indications. 

Data collection
Since the protocol was implemented, each order of  albu-
min has been filled in by the prescribing physician using a 
specific form listing the amount requested, the diagnosis 
and the indication for albumin use, and the unit of  the 
prescribing physician. All the data regarding in-hospital 
use of  albumin are collected in a database at the hospital 
pharmacy service and a quarterly report on albumin pre-
scription is sent by mail to all physicians. 

Statistical analysis
Trends of  albumin consumption before and after imple-
mentation of  the clinical practice guidelines were analyzed 
using the Pearson correlation test. P < 0.05 were con-
sidered statistically significant. Data were analyzed using 
Graph PAD 4.0 software. 

RESULTS
Consumption data
Albumin consumption and costs were monitored at the 
S Orsola-Malpighi University Hospital from 1998. The 
number of  albumin vials (50 mL containing 10 g albumin, 
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Table 1  Levels of evidence and strength of recommendation

Levels of evidence 
1 Randomized clinical trials and/or meta-analyses
2 Single randomized clinical trail
3 Prospective observational studies
4 Retrospective studies
5 Cross-sectional surveys and descriptive studies
6 Opinion of experts in guidelines or consensus

Strength of recommendations
A Strong (levels of evidence 1 and 2)
B Relatively strong (levels of evidence 3, 4 and 5)
C Weak (level of evidence 6)



concentration 20%) and the related expenditure more than 
doubled from 1998 to 2002 (Figures 1, 2). The implemen-
tation of  recommendations in July 2003 yielded a rapid 
15%-20% reduction in albumin use (Figure 1), which 
was associated with a similar fall in albumin cost both ex-
pressed in absolute terms (Figure 2) or as percentage of  
the global pharmaceutical expenditure (Figure 3). Thereaf-
ter, albumin consumption and related costs remained sub-
stantially stable during the following 6 years (Figures 1-3). 

The data for the 2003 represent the sum of  two periods 
with different prescription modalities (before and after 
guidelines implementation). The cost of  each albumin vial 
paid for by our hospital remained stable throughout the 
study period.

Finally, as shown in Figure 4, the trend analysis of  
albumin consumption clearly indicates that its time-
dependent increase was interrupted by the implementa-
tion of  the recommendations, supporting their efficacy 
in regulating in-hospital albumin prescription. 
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Table 2  Practical recommendations for the prescription of albumin at the S Orsola-Malpighi University Hospital, Bologna, Italy

Acute diseases First-line treatment Second-line treatment

Hypovolemic shock [1, A] Colloid/crystalloid solutions Human albumin if:
   Sodium intake restriction
   Hypersensitivity to colloids or crystalloids
   Lack of response to combined use of colloids and crystalloids

Major surgery [6, C]
(1) Cardiovascular surgery Colloid/crystalloid solutions Human albumin if: 

   Lack of response to combined use of colloids and crystalloids
(2) Other surgery                         As for hypovolemic shock As for hypovolemic shock

Burns [6, C] Colloid/crystalloid solutions Human albumin plus crystalloid solutions if:
   Lack of response to colloid or crystalloid solutions alone
   Severe burns (> 50% body surface) 

Chronic diseases First-line treatment Second-line treatment

Cirrhosis Human albumin
(1) Paracentesis [1, A] 8 g/L of removed ascites if paracentesis > 4 L 
(2) Spontaneous bacterial 
peritonitis [1, A]

1.5 g/kg at diagnosis and 1 g/kg on third day + antibi-
otic therapy

(3) Hepatorenal syndrome 
[1, A] 

1 g/kg at diagnosis followed by 20-40 g/d + vasocon-
strictors 

(4) Ascites [1, A] Diuretic treatment Human albumin if: Ascites resistant to diuretics
Plasmapheresis [6, C] Human albumin if plasma changes > 20 mL/kg per week
Protein wasting enteropathy/
malnutrition

Enteral or parenteral nutrition Human albumin only if:
   severe diarrhea (> 2 L/d)
   albuminemia < 2 g/dL
   clinical hypovolemia 

Albumin is not recommended for cerebral ischemia (3, B), wound-healing (6, C), chronic pancreatitis (6, C), nephritic syndrome (6, C). Albumin is also 
provided for the following specific procedures: pulmonary endarterectomy, molecular adsorbent recirculating system (MARS), immunomagnetic selection 
system (CLINIMACS).

50 000

40 000

30 000

20 000

10 000

0

Al
bu

m
in

 v
ia

ls

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

Year

Figure 1  Annual consumption of albumin vials (50 mL, 20%) at the S Orsola-
Malpighi University Hospital, Bologna, Italy. The black arrow indicates when 
the practical guidelines for in-hospital albumin prescription were implemented in 
July 2003.
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Figure 2  Global annual cost of albumin use at the S Orsola-Malpighi Uni-
versity Hospital, Bologna, Italy. The black arrow indicates when the practical 
guidelines for in-hospital albumin prescription were implemented in July 2003.
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Prescription analysis 
As the annual breakdown of  albumin prescriptions among 
the major indications did not change significantly in the 
period 2003-2008, we present only the prescription analy-
sis performed on the data for 2008 (Figure 4). Complica-
tions of  cirrhosis represent the predominant indication 
for albumin use, accounting for 52% of  vials utilized and 
36% of  patients treated. Major surgery was the second 
commonest indication for albumin use. Taking into ac-
count that liver transplantation and hepatic resection 
constitute approximately 30% of  these surgical cases, it 
is evident that liver diseases represent the setting where 
the majority of  albumin was prescribed. Other relatively 
common indications were shock not responsive to crystal-
loid/colloids in intensive care units (ICUs), bowel diseases 
associated with malnutrition, and plasmapheresis (Table 3). 

The mean number of  albumin vials per patient and 
the related cost were higher in patients with cirrhosis 
than in those presenting other indications, with the two 
expected exceptions being plasmapheresis and albu-
min dialysis with the molecular adsorbent recirculating 
system (MARS) (Table 3). Finally, the use of  albumin 
outside protocol indications occurred only in about 10% 
of  cases and mainly in patients with edematous and/or 
anasarcatic states (Table 3).

Ascites not responding to diuretic treatment rep-
resented the major indication for albumin prescription 
in patients with liver cirrhosis, and the high number of  
albumin vials per patient likely reflected the prolonged 
length of  treatment. Repeated procedures also resulted 
in increased albumin consumption in patients after large-
volume paracentesis to prevent post-paracentesis circula-
tory dysfunction (Table 4). 

Although it appears that hypoalbuminemia was the 
major indication before guideline implementation (data 
not shown), we could not perform an accurate compari-
son between the two 5-year periods of  prescription since 
the data were not systematically collected before 2003. 

In an attempt to overcome this limitation of  the study, 
we analyzed albumin consumption after grouping all the 
units into three main categories: hepatological medical 
and surgical units, i.e. units representing referral centers 
for liver diseases, non-hepatological medical and surgi-
cal units, and ICUs. While the proportion of  albumin 
consumption remained stable over the years in the ICU, 
the increase observed in the “hepatological” units after 
guideline implementation was mirrored by a parallel de-
crease in the “non-hepatological” units (Figure 5). 

DISCUSSION
Albumin utilization remains highly controversial in a va-
riety of  clinical settings in terms of  indications, efficacy, 
and cost-benefit ratio. Over the last 10-15 years, specific 
conditions for which albumin administration is indicated 
have been defined, and liver disease possibly represents 
a field where this has been most clearly and convincingly 
demonstrated. However, besides inappropriate prescrib-
ing, the high cost of  albumin infusion is the main issue 
leading health authorities and hospital administrators to 
restrict its use, and this has often prevented the wide-
spread application of  indications emerging from interna-
tional guidelines in hepatology. 
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Figure 3  Annual cost of albumin use at the S Orsola-Malpighi University 
Hospital, Bologna, Italy, expressed as a percentage of the total pharmaceu-
tical expenditure. The black arrow indicates when the practical guidelines for in-
hospital albumin prescription were implemented in July 2003.
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Figure 4  Top panel. Trend in albumin consumption at the S Orsola-Malpighi 
University Hospital, Bologna, Italy before implementation of the practical guide-
lines for albumin prescription. Albumin consumption is expressed per semester 
from January 1, 1998 to June 30, 2003. Data are analyzed using the Pearson 
correlation. Bottom panel. Trend in albumin consumption at the S. Orsola-
Malpighi University Hospital, Bologna, Italy after implementation of the practical 
guidelines for albumin prescription. Albumin consumption is expressed per 
semester from July 1, 2003 to December 31, 2008. Data are analyzed using the 
Pearson correlation.
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The present study clearly shows that in a general hos-
pital the recommendations for the use of  albumin in 
patients with cirrhosis can be followed without increasing 
the global pharmaceutical costs, despite the large amounts 
of  albumin required. This can be achieved by implement-
ing rational albumin prescription guidelines, thereby 
avoiding its futile administration in settings where there is 
a lack of  clinical evidence of  efficacy. The clinical practice 
guidelines devised by our hospital to regulate albumin 
prescription used a literature-based consensus method 
and adopted all the recognized indications for albumin 
administration in hepatology, such as prevention of  post-
paracentesis circulatory dysfunction, prevention of  renal 
impairment in patients with spontaneous bacterial perito-
nitis, and treatment of  hepatorenal syndrome in associa-
tion with vasoconstrictors. These guidelines managed to 
curb the incremental trend of  albumin consumption and 

related costs recorded in previous years. In our view, these 
results are particularly important given the characteristics 
of  our hospital, that acts both as an academic third-level 
and primary referral centre, hosts a program for liver 
transplantation, and where several medical and surgical 
units are devoted to the management of  chronic liver 
diseases. Not surprisingly, the prevention or treatment of  
complications of  cirrhosis was the commonest reason for 
prescribing albumin in our institution, and albumin use in 
this setting increased after our in-hospital clinical practice 
guidelines were implemented. 

Refractory ascites was the most common specific indi-
cation for albumin infusion, and the high number of  vials 
given to each patient likely reflects the need for sustained 
albumin administration in these cases. This finding merits 
some comment as the use of  albumin to treat cirrhotic 
ascites is controversial with a lack of  clear evidence in its 
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Table 3  Distribution of albumin consumption and cost among clinical indications in 2008

Vials (number)(%) Cost (euros) Patients (number)(%) Vials/patients (number) Cost/patient (euros)

Cirrhosis 19 871 (52)   534.532 807 (36.3) 24.6 662
Major surgery      6196 (16.2)   166.982 495 (22.2) 12.5 337
Shock      5069 (13.3)   136.558 447 (20) 11.3 305
Enteric disease    2982 (7.8)     80.215 146 (6.5) 20.4 549
Plasmapheresis    2333 (6.1)     62.757 54 (2.4) 43.2 1162
Mars      196 (0.5)       5.272 6 (0.2) 32.6 878
Others1      201 (0.5) 5353.000 149 (6.7) 7.1 260
Extra-protocol    1240 (3.7)     33.418 119 (5.3) 10.5 281

1Others: Clinimacs system, neonatal jaundice, pediatric cardio-pulmonary bypass.

Table 4  Distribution of albumin consumption and cost among the clinical indications for cirrhosis in 2008

Vials (number)(%) Cost (euros) Patients (number)(%) Vials/patients (number) Cost/patient (euros)

Ascites    12.540 (63.3) 337.976 453 (56.4)    27.7 746
Paracentesis      4.564 (23.1) 122.988 222 (27.6)    20.6 554
Hepatorenal syndrome      2.340 (11.8)   63.070 106 (13.2)    22.0 595
Spontaneous bacterial peritonitis  367.000 (1.8)     9.880 22 (2.7)    14.0 380

Figure 5  Distribution of the annual consumption of albumin vials (50 mL, 20%) among various Units of the S Orsola-Malpighi University Hospital, Bolo-
gna, Italy, grouped into three main categories: hepatological medical and surgical units, i.e. units representing a referral centre for liver diseases, non-
hepatological medical and surgical units, and intensive care units. The black arrow indicates when the practical guidelines for in-hospital albumin prescription 
were implemented in July 2003.
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favor. Despite this debate, the Italian Drug Agency (AIFA) 
permits albumin reimbursement by the National Health 
Service in patients with refractory ascites based on the 
results of  two Italian studies[27,28]. First, the Albumin Del-
phi Study, designed to gain a consensus among Italian 
physicians, showed that 80% of  hepatologists agree that 
albumin treatment shortens the length of  hospitalization, 
enhances the response to diuretics, lowers the relapse rate 
of  ascites when given at home, and also improves patient 
general condition and well-being[26]. Second, a controlled 
clinical trial in 126 patients with decompensated cirrho-
sis reported that treatment with diuretics plus albumin 
favored the disappearance of  ascites, shortened the hos-
pital stay, and reduced the rate of  ascites recurrence and 
readmission to hospital due to ascites compared with 
diuretics alone[27]. More recently, the same research group 
showed that long-term albumin administration increased 
patient survival and reduced the risk of  ascites recur-
rence in patients with first-onset ascites followed for a 
median of  7 years[28]. No other controlled clinical trials 
have so far been performed to evaluate the effectiveness 
of  prolonged albumin administration in the treatment 
of  cirrhotic ascites. Thus, the lack of  confirmatory mul-
ticenter randomized studies together with the high cost 
of  albumin infusion explains why albumin is not usually 
included among the therapeutic options for difficult-to-
treat ascites in countries other than Italy. For instance, the 
most recent international guidelines for the management 
of  adult patients with ascites due to cirrhosis[25,29] do not 
even mention albumin as a possible therapeutic tool for 
either responsive or refractory ascites. 

In the last 15 years, large randomized trials and meta-
analyses have focused on the use of  human albumin 
in the setting of  critically ill patients, the clinical field 
where international guidelines for albumin prescription 
were first established. These studies showed that beside 
being cheaper, non-protein colloids and crystalloids are 
equally or even more effective than albumin for fluid 
resuscitation and blood volume expansion in patients 
with hypovolemic shock and critical illnesses, represent-
ing the first-line treatment in these cases. Thus, albumin 
should only be administered in the presence of  contra-
indications to the use of  colloids and/or crystalloids 
or specific conditions, such as the need for salt intake 
restriction[10-15]. Interestingly, the implementation of  
our in-hospital guidelines has not produced significant 
changes in albumin prescription by physicians working 
in ICUs, probably because they were already accustomed 
to established international guidelines, despite the ongo-
ing dispute on the matter. 

As global albumin consumption at our hospital de-
clined by 15%-20%, the greatest saving occurred in non-
hepatological medical and surgical units where hypoalbu-
minemia per se was probably the main reason for prescrib-
ing albumin before implementation of  our in-hospital 
guidelines, despite the lack of  scientific evidence support-
ing albumin administration to correct plasma albumin 
concentration and/or improve nutritional status[6,7,9,16].

Our hospital guidelines, like other local recommenda-
tions[3-9], also authorize albumin prescribing for specific 

procedures and clinical situations. These niche indica-
tions differ among guidelines and reflect the particular 
settings of  highly specialized centers, such as university 
hospitals. Although these indications only affect a small 
number of  patients, the albumin consumption per pa-
tient can be very high, as in the MARS procedure[30], or 
the treatment of  orphan diseases, such as intestinal lym-
phangiectasia.

Several aspects of  our study must be addressed for a 
correct evaluation of  the results. The recommendations 
for albumin prescription in our hospital were devised us-
ing a systematic, literature-based consensus method, but 
not all of  them were supported by solid scientific evidence 
derived from large randomized clinical trials, meta-anal-
yses of  trials or universally accepted guidelines. Despite 
this limitation, implementation of  the protocol clearly in-
terrupted the incremental trend in albumin consumption 
and related expenditure seen in previous years. Of  course, 
most physicians must strictly adhere to the guidelines in 
order to control and, possibly, curb albumin consumption. 
Several ad hoc strategies were adopted: (1) involvement of  
experts from many disciplines in drafting the consensus 
document; (2) use of  an albumin order form restating the 
recommendations at the time of  prescription, a measure 
known to enhance compliance[31]; and (3) regular informa-
tion sent to every physician in a quarterly report on in-
hospital albumin prescription. Such a policy achieved a 
formal adherence to the protocol in approximately 85% 
of  prescriptions. This figure, however, relied on the as-
sumption that data reported on the order form correctly 
describe the patient’s clinical status, because this concor-
dance was not monitored on a regular basis. Finally, our 
study cannot provide any information on the impact of  
the recommendations on the patients’ clinical outcomes 
and global hospital costs. This was beyond the scope of  
the present analysis and can only be determined by pro-
spective studies designed to assess the cost/benefit ratio 
of  albumin treatment for each specific disease.

In conclusion, this study indicates that prescribing al-
bumin according to the current guidelines in hepatology 
does not increase total albumin consumption or costs in 
a hospital acting as both an academic third-level and pri-
mary referral center. This result can be achieved provided 
that albumin prescription is strictly regulated by practical 
recommendations designed to avoid ineffective albumin 
infusion in settings without scientific evidence of  effi-
cacy. The present data may promote the appropriateness 
of  albumin prescription, particularly in clinical settings 
where the use of  albumin is dogmatically limited rather 
than regulated on the basis of  current scientific evidence. 
In this sense, our results may foster the acceptance of  in-
ternationally endorsed indications for the use of  albumin 
in hepatology by health authorities and hospital adminis-
trations.

COMMENTS
Background
Human albumin is widely employed in clinical practice, but its administration is 
often inappropriate. This is largely due to a common belief in its efficacy, whereas 
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many indications are still under debate or have been disproved by evidence-
based medicine. In the field of hepatology, albumin is currently used to treat or 
prevent severe complications of cirrhosis. Although the recommendations on the 
use of albumin in cirrhosis have been endorsed by the International Ascites Club 
and other international scientific societies, albumin is not widely administered in 
clinical practice, even in specialized centers, mainly because of its high cost.
Research frontiers
As albumin utilization remains highly controversial in a variety of clinical settings in 
terms of indications, efficacy, and cost-benefit ratio, the implementation of practi-
cal recommendations and guidelines, based on solid scientific evidence, appears 
to be a necessary step to rationalize the use of this expensive hemoderivate.
Innovations and breakthroughs
The present study clearly showed that in an academic general hospital, the 
adherence to the international scientific guidelines for the use of albumin in pa-
tients with cirrhosis does not increase the global pharmaceutical costs, despite 
the large amounts of albumin required. This can be achieved by implementing 
rational albumin prescription guidelines, thereby avoiding its futile administra-
tion in settings that lack scientific evidence of efficacy.
Applications 
The present data may promote the appropriateness of albumin prescription, 
particularly in clinical settings where the use of albumin is limited rather than 
regulated on the basis of current scientific evidence. The results may foster 
the acceptance of internationally endorsed indications for the use of albumin 
in hepatology by health authorities and hospital administrations. However, this 
study suffers an important limitation as the effects of the recommendations 
on the patients’ clinical outcomes and global hospital costs could not be de-
termined in the present investigation and only prospective studies specifically 
designed for this purpose will be able to provide the real cost-effectiveness of 
treatment for each specific disease.
Peer review
This study shed more light on the continued dilemma of consumption and costs 
of albumin administration particularly in patients with liver disease.
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Abstract
AIM: To investigate the effects of integrin-linked kinase 
(ILK) on gastric cancer cells both in  vitro  and in  vivo . 

METHODS: ILK small interfering RNA (siRNA) was 
transfected into human gastric cancer BGC-823 cells 
and ILK expression was monitored by real-time quan-
titative polymerase chain reaction, Western blotting 
analysis and immunocytochemistry. Cell attachment, 
proliferation, invasion, microfilament dynamics and the 
secretion of vascular endothelial growth factor (VEGF) 
were also measured. Gastric cancer cells treated with 
ILK siRNA were subcutaneously transplanted into nude 
mice and tumor growth was assessed. 

RESULTS: Both ILK mRNA and protein levels were 
significantly down-regulated by ILK siRNA in human 
gastric cancer cells. This significantly inhibited cell at-
tachment, proliferation and invasion. The knockdown of 

ILK also disturbed F-actin assembly and reduced VEGF 
secretion in conditioned medium by 40% (P  < 0.05). 
Four weeks after injection of ILK siRNA-transfected 
gastric cancer cells into nude mice, tumor volume and 
weight were significantly reduced compared with that 
of tumors induced by cells treated with non-silencing 
siRNA or by untreated cells (P  < 0.05). 

CONCLUSION: Targeting ILK with siRNA suppresses 
the growth of gastric cancer cells both in  vitro  and  
in  vivo . ILK plays an important role in gastric cancer 
progression. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is one of  the most commonly diagnosed 
malignant tumors, and is also one of  the most frequent 
causes of  cancer mortality worldwide[1]. Its incidence 
is highest in Japan, China, Eastern Europe and Latin 
America. In 2002, 934 000 new cases were diagnosed, 
making it the fourth most common cancer, causing ap-
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proximately 700 000 deaths[2]. The 5-year survival rate of  
gastric cancer is poor, being approximately 20%, even in 
patients treated with surgical resection, chemotherapy, 
radiotherapy and other approaches. However, in Japan, 
according to a systematic screening program, this figure 
reached 60%[3-5]. Therefore, an understanding of  the 
molecular mechanisms involved in gastric cancer forma-
tion and progression, and the identification of  specific 
targets for gene therapy should be helpful in developing 
more effective strategies. Integrin-linked kinase (ILK) is 
an ankyrin repeat-containing serine/threonine protein 
kinase[6] that interacts with the cytoplasmic domain of β1 
and β3 integrins[7] and regulates integrin dependent func-
tions. It mediates a diversity of  cell functions by coupling 
integrins and growth factors to cascades of  downstream 
signaling events. ILK is a downstream substrate of  phos-
phoinositide 3-kinase, and is an important upstream 
kinase for the regulation of  protein kinase B (PKB/Akt) 
and glycogen synthase kinase 3 (GSK-3)[8,9]. ILK is now 
recognized to play an important role in linking extracel-
lular signaling to the regulation of  survival, cell cycle 
progression, migration, and invasion. The expression and 
activity of  ILK are increased in a range of  tumors, and 
small-molecule inhibitors of  ILK activity have been iden-
tified and shown to inhibit tumor growth, invasion and 
angiogenesis[10-12], although certain tumors have decreased 
or no ILK expression. In gastric cancer, there is no ILK 
expression in non-neoplastic gastric epithelia, while the 
number of  cells expressing ILK increased to 69% in 
neoplastic gastric epithelia, which was associated with 
tumor cell invasion and nodal metastasis[13]. To further 
investigate the role of  ILK in gastric cancer progression 
and to determine if  ILK can be used as a therapeutic tar-
get, we specifically knocked down ILK expression using 
small interfering RNA (siRNA) in gastric cancer cell line, 
BGC-823. We also analyzed these cancer cells’ spontane-
ous attachment, proliferation, invasion and cell morphol-
ogy in vitro and their tumor growth in vivo.

MATERIALS AND METHODS
Cell culture and reagents
Human gastric cancer cell line, BGC-823, was obtained 
from the Institute of  Geriatrics, Ministry of  Health (Bei-
jing, China), and was cultured in RPMI-1640 medium 
(Gibco BRL, Grand Island, United States) supplemented 
with 10% heat-inactivated fetal bovine serum (FBS, Gib-
co) in a 5% CO2 humidified atmosphere at 37 ℃. HiPer-
Fect Transfection Reagent was purchased from Qiagen 
(Hilden, Germany). A First-Strand cDNA Synthesis kit 
and SYBR-green real-time polymerase chain reaction 
(PCR) Mastermix were purchased from Toyobo (Osaka, 
Japan). For Western blotting analysis, an anti-ILK anti-
body, purchased from Abcam (Cambridge, United King-
dom) was used at a dilution of  1:2000, and an HRP-goat 
anti-rabbit secondary antibody obtained from Rockland 
Immunochemicals (Gilbertsville, PA, United States) was 
used at a dilution of  1:3000. For immunocytochemistry, 

the ILK antibody was used at a dilution of  1:1000, and a 
goat anti-rabbit TRITC conjugated antibody was used at 
a dilution of  1:400. Anti-β-actin-HRP antibody was ob-
tained from Santa Cruz Biotechnology (Santa Cruz, CA, 
United States), and SuperSignal West Pico Chemilumines-
cent Substrate was purchased from Pierce (Rockford, IL, 
United States). Matrigel was obtained from BD Bioscienc-
es (Bedford, MA, United States), while Alexa Fluor 488 
phalloidin was purchased from Molecular Probes (Invitro-
gen, Carlsbad, CA, United States). All other reagents were 
purchased from Sigma (St. Louis, MO, United States).

siRNA and transfection assays
The ILK-specific (GenBank accession No. NM004517) 
siRNAs (ILK siRNA, forward: 5'-GAAUCUCAACC-
GUAUUCCATT-3' ;  reverse:  5 '-UGGAAUACG-
GUUGAGAUUCTG-3') were chemically synthesized 
by Qiagen. BGC-823 cells were transfected with siRNA 
using HiPer-Fect Transfection Reagent according to the 
manufacturer’s instructions. Briefly, the original stock 
of  siRNA was suspended in siRNA suspension buffer 
provided by the manufacturer. The resulting suspension 
was aliquoted in a required amount for each experiment 
and stored at -20 ℃ until use. On the day of  transfection, 
cells were seeded in plates at the recommended density 
according to the manufacturer’s instructions. The siRNA 
was then gently introduced onto the cells by mixing with 
the required amount of  HiPer-Fect Transfection Reagent 
as recommended by the manufacturer. In our study, the 
final concentration of  siRNA was 10 nmol/L. Non-
silencing siRNA (NS siRNA, forward: 5'-UUCUCC-
GAACGUGUCACGUTT-3'; reverse: 5'-ACGUGA-
CACGUUCGGAGAATT-3')-treated cells were used to 
control any effects of  the transfection reagent and the 
non-specific siRNA effects. The in vitro assays described 
here were performed 48 h after transfection. Chemically 
modified siRNAs used in animal models were synthesized 
by Qiagen according to the sequences described above.

Real-time quantitative RT-PCR
Isolation of  total RNA was performed using Trizol solu-
tion according to the manufacturer’s protocol. Reverse 
transcription was then performed using 100 ng RNA and 
the First-Strand cDNA Synthesis kit. Real-time quantita-
tive PCR analysis was performed with the DNA Engine 
Opticon 2 System (Bio-Rad, Richmond, CA, United 
States) using the SYBR® green Real-time PCR Master-
mix. We used the following primers: for ILK, forward 
5'-TTTGCAGTGCTTCTGTGGGAA-3' and reverse 
5'-CTACTTGTCCTGCATCTTCTC-3'; for GAPDH, 
forward 5'-GAAGGTGAAGGTCGGAGTC-3' and re-
verse 5'-GAAGATGGTGATGGGATTTC-3'. After ini-
tial denaturation at 95 ℃ for 3 min, reactions were cycled 
40 times. Each cycle consisted of  denaturation at 95 ℃ 
for 15 s, primer annealing at 60 ℃ for 15 s and primer 
extension at 72 ℃ for 45 s[14,15]. Results were collected 
and analyzed using MJ Opticon Monitor Analysis soft-
ware (Bio-Rad). The quantity data of  mRNA input was 
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controlled by measuring the reference gene, GAPDH. 
Experiments were performed in triplicate and repeated 
three times.

Western blotting analysis
Cells were washed with ice-cold phosphate buffered sa-
line (PBS), and whole-cell extracts were prepared using 
cell lysis buffer [20 mmol/L Tris (pH 7.5), 0.1% Triton 
X, 0.5% deoxycholate, 1 mmol/L phenylmethylsulfonyl 
fluoride, 10 μg/mL aprotinin and 10 μg/mL leupeptin] 
and cleared by centrifugation at 12 000 × g at 4 ℃. Total 
protein concentration was measured using the bicincho-
ninic acid assay with bovine serum albumin (BSA) as a 
standard. Equal amounts of  protein were loaded and ana-
lyzed by immunoblotting. Enhanced chemiluminescence 
detection was performed in accordance with the manu-
facturer’s instructions[16,17]. The ILK signal was quantified 
using BandScan software version 5.1 (Glyko, Novato, 
Calif., United States) and normalized to that of  β-actin. 
Experiments were performed in triplicate and repeated 3 
times.

Immunocytochemistry
Immunocytochemical assays were performed as previ-
ously described[18]. Briefly, cells were grown on fibronectin 
coated coverslips, washed in PBS, and fixed for 15 min 
in 4% paraformaldehyde. Cell monolayers were permea-
bilized in 0.1% Triton X-100, washed, and blocked in 
10% normal goat serum. Cells were incubated with the 
anti-ILK antibody overnight at 4 ℃. Cells were then 
washed and incubated with fluorescently labeled second-
ary antibodies for 1 h at room temperature in the dark. 
Cells were washed and coverslips were mounted using 
Kaiser’s glycerin gelatin (Merck, Darmstadt, Germany). 
Fluorescence signals were visualized and acquired using 
an epifluorescence microscope (Leica, Heidelberg, Ger-
many) with appropriate excitation and emission filters 
under 40 × magnification. Pictures of  observed fields 
were recorded digitally. Experiments were performed in 
triplicate and repeated three times.

Cell attachment assay
Plates of  96 wells were coated with 1.25 mg/mL fibro-
nectin in 100 mL PBS overnight at 4 ℃. The plates were 
blocked with 2.5 mg/mL BSA for 2 h in DMEM at 37 ℃. 
Transfected cells were trypsinized and 1.5 × 104 cells 
were seeded in each well for 1 h at 37 ℃. Cells were then 
washed twice with PBS and the unattached cells were dis-
carded. After the washing step, the number of  attached 
cells was determined by the MTT assay in accordance 
with the manufacturer’s instructions. Absorbance was 
measured using an enzyme-linked immunosorbent assay 
(ELISA) plate reader at 570 nm[19]. Experiments were 
performed in triplicate and repeated three times.

Cell proliferation assay
Cell proliferation was assessed using the MTT assay[20]. 

Gastric cancer BGC-823 cells were plated at 5 × 103 cells/
well in 96-well plates in RPMI-1640 medium containing 
10% FBS. After 24 h, the culture medium was replaced 
by fresh medium containing ILK siRNA or non-silencing 
siRNA. Six duplicate wells were set up for each group. 
Untreated cells served as control. After 4, 24, 48 or 72 h  
of  incubation, 20 μL MTT (5 g/L, Sigma) was added to 
each well and incubation continued for 4 h. Cells were 
collected by centrifugation at 1000 × g for 5 min at room 
temperature. The reaction was stopped by the addition of  
150 μL dimethyl sulfoxide. The absorbance of  samples 
was measured at 570 nm. Each assay was performed in 
triplicate and repeated three times. Cell proliferation inhibi-
tion rate [proliferation inhibition rate = (1-A570 experiment 
group/A570 control group) × 100%] was plotted vs time.

Cell invasion assay
Polycarbonate membranes (8.0 μm pore size) of  the 
upper compartment of  24-well Transwell culture cham-
bers were coated with 18 μL of  5 mg/mL Matrigel (BD 
Biosciences) in serum-free medium. Cells (5 × 104) sus-
pended in 250 μL of  serum-free medium were applied 
on the upper compartment, and the lower compartment 
was filled with 750 μL of  DMEM containing 10% fetal 
bovine serum. After incubation for 24 h, cells were fixed 
with 10% trichloroacetic acid at 4 ℃ for 1 h. Non-invad-
ed cells on the upper surface of  the filter were removed 
carefully with a cotton swab. Invading cells on the lower 
side of  the filter were stained with 0.5% crystal violet for 
2 h and the stained filters were photographed. The crystal 
violet dye retained on the filters was extracted with 30% 
acetic acid and cell invasion was measured by reading the 
absorbance at 590 nm[19]. Each assay was performed in 
triplicate and repeated three times.

Immunofluorescence analysis of microfilaments
Microfilament organization of  RF/6A cells was assessed 
by a modification of  an immunofluorescence protocol 
using rhodamine-phalloidin[21]. After transfection, cells 
were trypsinized and seeded onto coverslips for 6 h at 
37 ℃ in 5% CO2. Following this, the medium was aspi-
rated, and adherent cells were fixed with 4% paraformal-
dehyde in PBS for 20 min. After they had been washed 
with PBS (pH 7.4) 3 times, cells were permeabilized with 
0.1% Triton X-100 for 20 min and blocked with 1% 
BSA in PBS for 5 min. Cells were then incubated with 
rhodamine-phalloidin (200 U/mL) for 30 min and di-
amidinophenylindole (0.1 μg/mL) for 1 min in the dark. 
PBS was used as the base of  all solutions and interven-
ing rinses, and incubations were performed at room 
temperature. After mounting (Kaiser’s glycerin gelatin; 
Merck, Darmstadt, Germany), slides were examined un-
der an epifluorescence microscope (Leica, Heidelberg, 
Germany) with appropriate excitation and emission 
filters under a magnification × 40. Pictures of  observed 
fields were recorded digitally. Experiments were per-
formed in triplicate and repeated 3 times.
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Enzyme-linked immunosorbent assay
siRNA-transfected cells were seeded in 6-well plates 
(3 × 105 cells/well) and incubated at 37 ℃. After 24 h, the 
cell culture supernatant was harvested, and cell counts 
were made after trypsinization. After collection, the medi-
um was spun at 800 × g for 3 min at 4 ℃ to remove cellu-
lar debris[17]. The supernatants were frozen and stored at 
-80 ℃ until use. The levels of  vascular endothelial growth 
factor (VEGF) were measured in culture medium samples 
with a VEGF ELISA kit according to the manufacturer’s  
instructions. Experiments were performed in triplicate 
and repeated 3 times.

Tumor growth in nude mice
An equal number (1 × 107) of  BGC-823 cells transfected 
with ILK siRNA, non-silencing siRNA, or untreated cells 
was harvested 48 h after transfection, washed twice with 
1 × PBS, and resuspended in 0.2 mL of  saline. Three 
groups (each group with 5 mice) of  4-6 wk old male 
BALB/c nude mice (Institute of  Zoology, Chinese Acad-
emy of  Sciences) were housed in a specific pathogen-
free environment at the Animal Laboratory, then given 
subcutaneous injections with either untransfected cells, 
cells transfected with non-silencing siRNA, or cells trans-
fected with ILK siRNA. The mice were monitored every 
3 d for tumor formation. The date at which a palpable 
tumor first arose and the volume of  the tumor (V = L × 
W2 × π/6) were recorded[22]. At week 4 after injection of  
the cells, the mice were killed and the weights of  tumors 
were recorded. The animal experiments performed on 
nude mice were approved by the Animal Ethics Commit-
tee of  Peking University.

Statistical evaluation
Statistical analysis was performed using SPSS software (SPSS 
V 14.0; SPSS). All results were expressed as mean ± SD. To 
determine the significance of  differences, ANOVA was 
performed. Differences with P < 0.05 were considered 
statistically significant.

RESULTS
SiRNA down-regulation of ILK expression in gastric 
cancer cells 
Expression of  ILK was significantly suppressed in gastric 
cancer BGC-823 cells transfected with ILK siRNA. The 
suppression of  ILK occurred within 24 h after transfec-
tion and lasted a week. ILK siRNA caused a reduction of  
ILK mRNA of  more than 85% after 48 h (88.2% ± 9.3% 
inhibition, P < 0.01) (Figure 1A), and a reduction of  ILK 
protein of  more than 85% after 48 h (86.8% ± 8.2% 
inhibition, P < 0.01) (Figure 1B) compared with non-
silencing siRNA. Down-regulation of  ILK expression in 
BGC-823 cells was further confirmed by immunocyto-
chemistry (Figure 2): the fluorescence intensity represent-
ing the expression of  ILK in untreated or non-silencing 
siRNA-treated cells was very strong, but that in ILK 
siRNA-transfected cells was barely detectable. Control 

cells also showed a higher degree of  cell spreading when 
compared with the ILK-knockdown cells.

ILK regulates cell attachment, proliferation and invasion 
in gastric cancer cells
We investigated the role of  ILK in attachment of  gastric 
cancer cells. In the cell attachment assay, we found that 
down-regulation of  ILK lowered the ability of  cells to at-
tach to fibronectin compared with the non-silencing siR-
NA group (P < 0.01, Figure 3). The non-silencing siRNA 
and untreated groups had no significant difference in cell 
attachment ability (P > 0.05).

MTT assay was performed to observe whether down-
regulation of  ILK had an inhibitory effect on BGC-823 
cell proliferation. We found that treatment of  BGC-823 
cells with ILK siRNA was associated with a time-depen-
dent inhibition of  cell proliferation, whereas no significant 
inhibitory effect was observed in cells treated with non-
silencing siRNA (Figure 4).

Next, we investigated the role of  ILK in the in-
vasion of  gastric cancer cells. We found that down-
regulation of  ILK reduced the ability of  cells to invade 
through Matrigel-coated Boyden chambers to 10.7% 
± 1.5% of  that achieved by the non-silencing siRNA 
group (P < 0.01, Figure 5). The non-silencing siRNA and 
untreated groups had no significant difference in cell in-
vasion ability (P > 0.05).

ILK regulates microfilament dynamics in gastric cancer 
cells
In the microfilament dynamics assay, ILK siRNA-trans-
fected gastric cancer cells displayed different patterns of  
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Figure 1  Effects of siRNA on integrin-linked kinase expression in gastric 
cancer cells. Integrin-linked kinase expression levels were analyzed by (A) 
real-time polymerase chain reaction and (B) Western blot analysis at different 
time points after incubation. Data are the mean ± SD. aP < 0.05 vs control. Non-
silencing siRNA is set to 100%.
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F-actin assembly and cell morphologies compared with 
the non-silencing siRNA group (Figure 6). F-actin assem-
bly in the ILK siRNA group was significantly disturbed. 
There was less lamellipodia and filopodia formation in 
ILK-knockdown cells. However, cells in the non-silencing 
siRNA group displayed a well-organized actin skeleton 
with fibers extending throughout the cytoplasm into the 
cell membrane. Non-silencing siRNA-treated cells also 
showed a higher degree of  cell spreading compared with 
the ILK siRNA-treated cells.

ILK regulates VEGF secretion from gastric cancer cells
VEGF plays an important role in tumor angiogenesis. 
To explore whether down-regulation of  ILK can reduce 
VEGF activity in BGC-823 cells, we examined the levels 

of  VEGF secreted into the culture medium by ELISA. 
We found that ILK knockdown led to a decrease in the 
level of  VEGF secreted into the culture medium. As 
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Figure 2  Immunocytochemical assays for integrin-linked kinase in gastric 
cancer cells. The fluorescence intensity represents the expression of integrin-
linked kinase (ILK) in gastric cancer cells. A: Untransfected cells (Untreated); 
B: Non-silencing siRNA-transfected cells (Non-silencing siRNA); C: ILK siRNA-
transfected cells (ILK siRNA). Experiments were repeated three times.
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Figure 3  Effects of integrin-linked kinase on attachment of gastric cancer 
cells. Cell attachment was assessed after 1 h incubation and subsequent MTT 
test. Data are mean ± SD of three independent experiments (bP < 0.01 vs con-
trol). Non-silencing siRNA is set to 100%. ILK: Integrin-linked kinase.
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Figure 4  Effects of integrin-linked kinase on proliferation of gastric can-
cer cells. Gastric cancer BGC-823 cells were treated with integrin-linked kinase 
siRNA or non-silencing siRNA. Six duplicate wells were set up for each sample. 
After 4, 24, 48 or 72 h incubation, 20 μL MTT (5 g/L) was added to each well. 
Data are the mean ± SD of three independent experiments. Cell proliferation is 
plotted against time.
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Figure 5  Effects of integrin-linked kinase on invasion of gastric cancer cells. 
Cell invasion was assessed 24 h after incubation in Matrigel coated transwell cul-
ture cambers. Data are the mean ± SD of three independent experiments (bP < 0.01 
vs control). Non-silencing siRNA is set to 100%. ILK: Integrin-linked kinase.
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shown in Figure 7, the level of  VEGF in the culture me-
dium was decreased by 40% compared with non-silenc-
ing siRNA treated cells (P < 0.05). In contrast, there was 
no significant difference in the level of  VEGF secretion 
between the non-silencing siRNA treated and untreated 
cells (P > 0.05).

ILK is important for gastric cancer growth in vivo
To further investigate the role of  ILK in gastric cancer 

tumorigenesis, equal numbers (1 × 107) of  BGC-823 cells 
transfected with ILK siRNA, non-silencing siRNA, or 
untreated cells were subcutaneously injected into nude 
mice. The growth of  tumors was measured every 3 d. 
Four weeks after injection of  the cells, mice were sacri-
ficed and the weights of  tumors were recorded. As shown 
in Figure 8, cells with down-regulation of  ILK produced 
significantly smaller tumors in nude mice compared with 
untreated cells and cells treated with non-silencing siRNA 
(volume: 2.19 g ± 0.58 g vs 6.52 g ± 1.42 g, 6.68 g ± 1.40 g, 
P < 0.05; weight: 1.0 cm3 ± 0.2 cm3 vs 2.5 cm3 ± 0.4 cm3, 
2.6 cm3 ± 0.4 cm3, P < 0.05, respectively) indicating that 
targeting ILK by siRNA may exert a strong anti-tumor 
effect on BGC-823 cells in vivo. All the tumors were ana-
lyzed by H&E staining and were verified to have similar 
cell morphologies that were consistent with gastric cancer.

DISCUSSION
Gastric cancer is a life-threatening disease with a high 
mortality worldwide, especially in Asia. Therefore, it is 
important to understand the molecular mechanisms of  
gastric cancer progression to discover useful targets to 
treat advanced gastric cancer. Previous findings showed 
that ILK has an increased expression and an association 
with tumor cell invasion and nodal metastasis in gastric 
cancer[13]. We, therefore, investigated whether ILK was 
important in different processes involved in gastric can-
cer progression, including cell attachment, growth, inva-
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Figure 6  Effects of integrin-linked kinase on microfilament dynamics of gastric cancer cells. Microfilament organization was assessed by immunofluorescence 
analysis with rhodamine-phalloidin. A, B: Non-silencing siRNA-transfected cells displayed an elaborate network of precisely organized F-actin filaments and a high 
degree of cell spreading; C, D: The F-actin filament architecture became significantly disturbed with less lamellipodia and filopodia formation in integrin-linked kinase 
knockdown cells compared with control cells. Experiments were repeated three times.
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Figure 7  Effects of integrin-linked kinase on vascular endothelial growth 
factor secretion by gastric cancer cells. After transfection, the culture me-
dium was harvested and cell counting was performed. Vascular endothelial 
growth factor (VEGF) released into the culture supernatant was measured by 
enzyme-linked immunosorbent assay. Data are the mean ± SD of three inde-
pendent experiments (aP < 0.05 vs control). Non-silencing siRNA cells are set 
to 100%. ILK: Integrin-linked kinase.
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sion, microfilament dynamics, angiogenesis and tumor 
growth in vivo by targeted siRNA knockdown of  ILK. 

Although RNA interference mediated by siRNAs is a 
powerful technology allowing the silencing of  mamma-
lian genes with high specificity and potency, non-specific 
effects both at the messenger RNA and protein levels 
can result from siRNA mediated mechanisms, and may 
represent one of  the limitations of  this technology[23]. 
Therefore, we used non-silencing siRNA-transfected 
cells to control these non-specific effects. We observed 
significant differences between the ILK-specific siRNA 

treated group and the non-silencing siRNA treated group 
in all assays. However, some studies indicated that the 
inhibition effect of  synthetic siRNA may only last a 
short time. Therefore, following tumorigenesis, ILK ex-
pression may be released from RNAi inhibition in tumor 
tissues. Thus, to get a more stable inhibitory effect, we 
used a long-acting siRNA whose stability was improved 
by chemical modification. The expression of  ILK was 
inhibited for about 7 d by this technique[24]. We observed 
that the suppression of  ILK lasted a week and reached a 
peak 48 h after transfection. Thereafter, the expression 
of  ILK gradually recovered, because of  the remaining 
instability of  the ILK siRNA.

We first showed that ILK is important for gastric 
cancer cells to attach to fibronectin-coated plates. Upon 
engagement with the extra cellular matrix (ECM), numer-
ous signaling proteins are recruited to the adhesion sites, 
where cell-matrix contact is established[25]. Fibronectin is 
one of  the major components in the ECM that connect 
cells through the extracellular domain of  integrins. Here, 
we demonstrate that ILK plays a central role in the trans-
duction of  signals when gastric cancer cells engage in 
ECM-regulated cell attachment. The mechanism of  how 
ILK regulates the dynamic rearrangement of  cell-matrix 
adhesions and cell spreading is not well understood. 
Some scholars have suggested that ILK regulates cell-
matrix adhesion dynamics through Rac-1[26]. In addition, 
inhibition of  PI3K-dependent ILK activity in PTEN-null 
PC3 prostate cancer cells disrupted the localization of  
ILK/α-parvin/paxillin complex to focal adhesions, lead-
ing to decreased cell adhesion and migration[27]. However, 
others found that knock-down of  human ILK by siRNA 
increased cell adhesion in diverse gastric carcinoma 
cell variants, including SNU16, integrin-α5-expressing 
SNU16, and integrin-α5-expressing SNU620 cells[28]. It 
appears that the correlation between ILK expression and 
cell adhesion is very sophisticated, and may depend on 
cell types and the signaling contexts. The epigenetic con-
trol of  ILK expression and adhesion properties of  gastric 
carcinoma cells appear to affect each other, through a 
bidirectional regulatory linkage[28]. 

Inhibition of  ILK kinase activity by an ILK inhibi-
tor is known to impede cell attachment and filamentous 
actin organization[27]. ILK over-expression induced the 
distribution of  actin filaments onto the cell membrane to 
form cell motility structures[29]. We found that formation 
of  the actin cytoskeleton and motility structures, which 
are important for the early events in cell spreading and 
migration, were severely affected in ILK knockdown 
gastric cancer cells. ILK may modulate cell spreading, mi-
gration and cytoskeletal organization by activating PAK-
interactive exchange factor (PIX, also known as ARH-
GEF6), a guanine-nucleotide exchange factor for Rac1 
and Cdc42[28], and by activating cofilin through an inter-
action with phosphorylated Scr[30]. This study suggests 
that targeting ILK seems to be linked with microfilament 
assembly, resulting in a decreased ability of  the gastric 
cancer cells to attach, spread and migrate. 

Tumor cell proliferation is another important event 
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Figure 8  Integrin-linked kinase siRNA inhibits the growth of gastric can-
cer xenografts in nude mice. BGC-823 cells were treated with integrin-linked 
kinase (ILK) siRNA or non-silencing siRNA or left untreated. Equal numbers of 
cells (1 × 107) were injected 48 h later subcutaneously into the armpit of five 
nude mice in each group. Tumor formation was scored every 3 d. At week 4 
after injection, the mice were killed and tumor weight recorded. A: images of tu-
mors excised from the nude mice; B: estimated tumor volume of non-silencing 
siRNA, untreated or siRNA ILK tumors; C: estimated tumor weights of non-
silencing siRNA, untreated or siRNA ILK tumors (aP < 0.05 vs control).
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in tumor progression. Knockdown of  ILK using siRNA 
inhibited the proliferation of  gastric cancer cells and 
impaired the growth of  gastric cancer xenografts in vivo. 
ILK over-expression or constitutive activation leads to 
the stimulation of  cell-cycle progression, and inhibition 
of  ILK activity in some cancer cells results in inhibition 
of  cyclin D1 expression and G1/S cell-cycle arrest[31-33]. 
ILK-mediated phosphorylation and consequent inhibi-
tion of  the activity of  GSK-3 may regulate several path-
ways, leading to stimulation if  cyclin D1 expression. In-
hibition of  GSK-3 activity leads to activation of  the AP1 
transcription factor, cyclic-AMP-responsive-element-
binding protein, and the β-catenin/TCF transcription 
factor[32,34,35], both of  which can stimulate the expression 
of  cyclin D1 and promote cell proliferation.

We also found that ILK is important for gastric 
cancer cell invasion; knockdown of  ILK using siRNA 
inhibited gastric cancer cell invasion. Increased ILK ex-
pression was shown to stimulate the expression and ac-
tivity of  the matrix metallopeptidase 9 (MMP9), through 
activation of  the AP1 transcription factor[36]. Inhibition 
of  ILK activity in highly invasive human glioblastoma 
cells, resulted in substantial inhibition of  invasion into 
matrigel, and pharmacological inhibition of  MMP9 activ-
ity also inhibited invasion[36], demonstrating that ILK can 
promote invasion through up-regulation and activation 
of  MMP9. In gastric cancer, the T allele of  the 1562 C/T 
polymorphism in the MMP9 gene is associated with an 
invasive tumor phenotype[37] and elevated plasma MMP-9 
correlates significantly with lymph node metastasis, 
lymphatic invasion, venous invasion and poor survival 
rates[38]. Therefore, it is reasonable to predict that down-
regulating ILK and then inhibiting MMP9 hold promise 
for the treatment of  gastric cancer.

Tumor angiogenesis is promoted by the expression 
and secretion of  VEGF from tumor cells, which then 
binds to the VEGF receptor on the nearby endothelial 
cells, stimulating their survival, proliferation and migra-
tion, which are events required for the formation of  
new blood vessels. We observed that silencing ILK with 
siRNA significantly reduced VEGF secretion from gas-
tric cancer cells. What is the mechanism by which ILK 
regulates VEGF? ILK has been reported to be essential 
for the regulation of  hypoxia inducible factor (HIF)-1α 
expression, and for the consequent production of  VEGF 
in a PKB/Akt- and mTOR/FRAP-dependent manner[10]. 
And HIF-1α is a major transcriptional activator of  the 
VEGF gene[39]. A model has been proposed to explain 
this regulation[10]: phosphorylation of  serine 473 of  Akt/
PKB by activated ILK results in the full activation of  
PKB/Akt, which promotes the phosphorylation of  ser-
ine 2448 of  mTOR/FRAP. This activates mTOR/FRAP, 
which raises the levels of  HIF-1α protein translation. 
HIF-1α protein combines with HIF-1β to form an active 
transcription factor. This heterodimer binds to the VEGF 
promoter and activates VEGF transcription, translation, 
and secretion. VEGF binds to its receptor on the nearby 
endothelial cells and stimulates ILK activity. Furthermore, 

down-regulation of  VEGF expression with siRNA not 
only impaired tube formation, but also inhibited the syn-
thesis of  multiple angiogenic proteins, such as angiogenin, 
interleukin (IL)-6, IL-8, transforming growth factor β1 
and monocyte chemoattractant protein 1[40]. Collectively, 
these studies demonstrate a crucial role of  ILK in the 
regulation of  vascular morphogenesis, and indicate that 
ILK should be considered as a promising target for anti-
angiogenic therapy.

In summary, our results indicate that knockdown of  
ILK with siRNA is able to inhibit not only gastric cancer 
cell attachment, proliferation, invasion and tumor angio-
genesis in vitro, but also tumor growth in vivo. These find-
ings also suggest that ILK could be a valid therapeutic 
target in gastric cancer.
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Abstract
AIM: To assess feasibility, tolerability and efficacy of 
gemcitabine-based chemotherapy in patients ≥ 75 
years old with advanced pancreatic cancer.

METHODS: All consecutive patients ≥ 75 years old 
with advanced pancreatic adenocarcinoma were in-
cluded in this retrospective study. Necessary criteria to 
receive chemotherapy were: performance status 0-2, 
adequate biological parameters and no serious comor-
bidities. Other patients received best supportive care 
(BSC).

RESULTS: Thirty-eight patients (53% women, median 
age 78 years, range 75-84) with pancreatic cancer 
(metastatic: n  = 20, locally advanced: n = 18) were 
studied. Among them, 30 (79%) were able to receive 

chemotherapy [median number: 9 infusions (1-45)]. 
Six patients (23%) had at least one episode of grade 
3 neutropenia and one patient developed a grade 3 
hemolytic-uremic syndrome. No toxic death occurred. 
Three patients (11%) had a partial tumor response, 13 
(46%) had a stable disease and 12 (43%) had a tumor 
progression. Median survival was 9.1 mo (metastatic: 
6.9 mo, locally advanced: 11.4 mo).

CONCLUSION: Tolerance and efficacy of gemcitabine-
based chemotherapy is acceptable in elderly patients 
in good condition, with similar results to younger pa-
tients.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Although pancreatic cancer (PC) only accounts for 2% 
of  all cancers, it is the fourth leading cause of  cancer 
death in the United States (US)[1]. Prognosis is very poor, 
with an estimated incidence of  33 000 per year in the US 
and a similar death incidence rate[1]. Median survival in 
patients with advanced PC who receive the best support-
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ive care (BSC) is only three to four months. Chemother-
apy with gemcitabine has been considered the standard 
treatment of  non-resectable PC since the study by Burris 
et al[2]; it slightly improves both survival and clinical re-
sponse and is acceptably tolerated. Several drugs have 
been tested in combination with gemcitabine but with 
disappointing results. The only combination that showed 
a slight but significant increase in survival was erlotinib 
and gemcitabine in a study by Moore et al[3]. 

PC usually occurs in elderly patients. In the US, the 
incidence rate adjusted by age and for 100 000 is of  64.2 
over 65 years old and of  3.7 under 65 years old[4]. In 
France 37.1% of  PC cases occur in patients ≥ 75 years 
old[5]. Survival rates in this subgroup of  patients seem 
to be shorter than in younger patients[4]. Physicians may 
hesitate to offer intravenous chemotherapy because of  
frequent comorbidities and short estimated survival; in 
addition, the motivation of  elderly patients for this type 
of  treatment should be carefully assessed. Nevertheless, 
it has clearly been shown that elderly patients are under-
represented in cancer trials[6,7]. The efficacy and tolerance 
of  chemotherapy in elderly patients with colorectal can-
cer has been shown in previous studies[8-12]. Most phase 
Ⅲ studies of  chemotherapy for PC include results of, 
but do not specifically analyze, the subset of  patients 
≥ 70-75 years old[2,13-15]. Results by Maréchal et al[16] in 
a pooled analysis of  patients ≥ 70 years old who were 
included in seven prospective phase 2 or phase 3 studies 
testing various gemcitabine-based first line combina-
tions, suggest that chemotherapy is feasible in the elderly 
as well as in younger patients with PC. Likewise, Locher 
et al[17] supported the use of  gemcitabine in another study 
in elderly patients.

The aim of  this retrospective monocentric study was 
to assess feasibility, tolerance and efficacy of  gemcitab-
ine-based palliative chemotherapy in patients ≥ 75 years 
old treated for PC.

MATERIALS AND METHODS
Selection of patients
All patients with digestive cancer in our hospital are dis-
cussed at the weekly multidisciplinary oncological com-
mittee meeting, even if  they are only able to receive best 
supportive care on first intention. For the current study, 
all patients with pathologically-proven advanced adeno-
carcinoma of  the exocrine pancreas who were ≥ 75 
years old and listed in our database were considered. Pa-
tients with adenocarcinoma of  the ampulla or the biliary 
tract were excluded. Overall, 40 patients were included 
for this retrospective analysis. Among them, 2 patients 
were excluded as they received gemcitabine in another 
institution (West Indies) and thus follow-up was not 
possible. Finally, 38 consecutive patients fulfilling these 
criteria and who were treated in our hospital between 
March 2000 and June 2006 were retrospectively studied. 
After clinical and imaging assessment, tumors were clas-
sified as locally advanced (stage Ⅲ) or metastatic (stage 

Ⅳ) according to the UICC classification (UICC). 
Criteria required to propose chemotherapy were an 

Eastern Cooperative Oncology Group (ECOG) per-
formance status of  0 to 2 and no serious comorbidities. 
Before starting chemotherapy, pain and biliary obstruc-
tion had to be controlled and adequate biological param-
eters (i.e., neutrophil count > 1500/mL, platelet count 
> 100 000/mL, serum creatinine < 1.5 × the upper limit 
of  normal value (ULN), alkaline phosphatase < 5 × 
ULN, and bilirubin < 1.5 × ULN) were required. If  one 
of  these criteria was not fulfilled, BSC was decided.

Treatment
Chemotherapy included gemcitabine as a single agent ac-
cording to the Burris regimen (gemcitabine 1000 mg/m² 
as a 30-min infusion weekly for 7 out of  8 wk and then 
for 3 out of  4 wk)[2] or combined with oxaliplatin accord-
ing to the GemOx regimen (gemcitabine 1000 mg/m² as 
a 100-min infusion on day 1 and oxaliplatin 100 mg/m² as 
a 2-h infusion on day 2 every 2 wk)[18]. 

Patients who received at least one infusion of  che-
motherapy were placed in the “chemotherapy group”. 
All the other patients received BSC. 

Chemotherapy was stopped if  there was an unac-
ceptable/life-threatening adverse event, if  performance 
status worsened (i.e., ECOG ≥ 3) and/or if  tumor 
progression occurred according to imaging results. The 
type of  chemotherapy, the number of  infusions and the 
reason why chemotherapy was not administered or was 
stopped were analysed.

Safety and efficacy evaluation
Baseline assessment included medical history, physical 
examination with an evaluation of  clinical symptoms, 
and biological analyses (blood cell count, serum cre-
atinine, bilirubin, ASAT, ALAT, alkaline phosphatase). 
During the treatment period, blood tests, toxicity evalu-
ation and a physical examination were performed before 
each infusion.

Toxicity was graded according to the National Cancer 
Institute Common Toxicity Criteria (NCI-CTC) version 2. 
Chemotherapy was delayed if  the grade of  toxicity ≥2; 
the dose of  gemcitabine was reduced by 20% if  the toxic-
ity grade was ≥ 3. 

Tumor response was assessed by computed tomogra-
phy scan at three month intervals according to RECIST 
(Response Evaluation Criteria In Solid Tumors)[19]. Eval-
uation procedures were performed ahead of  schedule if  
the patient’s general condition worsened or severe toxic-
ity occurred. Overall survival (OS) was calculated from 
the day of  diagnosis of  non-resectable PC to the date of  
death. This study was proposed after the agreement of  
our institution review board.

Statistical analysis
Qualitative data are expressed as numbers and percent-
ages. Quantitative data are expressed as median (range). 
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Metastatic Locally advanced

Number of patients treated 
by gemcitabine-based 
chemotherapy (%)

             15 (50%)           15 (50%)

Number of patients with 
BSC on first intention

              5             3

   -staff decision  ECOG ≥ 2               3             2
   -others reasons               2

        (Septicaemia,
 pulmonary embolism

            1
 (Duodenal stenosis 
and deep venous 
     thrombosis)

Median number of infusions 
(range)1

          n = 18          n = 7
          (1-45)          (2-13)

Metastatic Locally advanced

Number of patients (%)                  20 (53)          18 (47)
Median age (range)                  78 (75-84)          78 (75-84)
Gender (M/F)                    8/12          10/8
Site of metastases
   -liver                  15            0
   -other1                  10            0

Survival was determined by the Kaplan-Meier method.

RESULTS
General characteristics
Twenty women and 18 men were studied. Median age 
was 78 years old (75-84). Tumors were metastatic in 20 
patients (including tumor relapse after surgical resection 
in five patients) and locally advanced in 18 patients. Me-
dian follow up was 7 mo (1-44) (Table 1). Thirty of  the 
38 patients (79%) received gemcitabine-based chemo-
therapy (single agent: n = 28, combined with oxaliplatin: 
n = 2) with a median of  9 infusions (1-45). Twenty-
four patients (83%) completed at least 2 mo of  chemo-
therapy (i.e., 7 infusions). The relative dose-intensity of  
gemcitabine was 83%. Chemotherapy was stopped due 
to tumor progression (n = 21), toxicity (n = 1) or fatigue 
(n = 4); it was replaced by chemoradiotherapy (n = 2) 
in patients with controlled disease. The eight remaining 
patients did not receive chemotherapy due to exclusion 
criteria (n = 5) or a life-threatening medical event that 
occurred after the decision to treat but before the begin-
ning of  the treatment (n = 3) (Table 2).

Safety evaluation
Tolerance data were available in 26 of  30 patients. Six 
patients (23%) had at least one episode of  grade 3 hema-

tological toxicity (neutropenia). One patient developed 
grade 3 hemolytic-uremic syndrome, so gemcitabine was 
discontinued. No grade 4 toxicity or toxic deaths oc-
curred. 

Tumor response rate
Response rate was available in 28 of  30 patients. During 
the first assessment (at 3 mo), 3 patients (11%) had par-
tial tumor response (PR), disease was stable in 13 (46%) 
(SD) and 12 (43%) had tumor progression (PD). For 
14/15 patients with metastatic PC, 1 PR (7%), 4 SD (29%) 
and 9 PD (64%) were observed.

Second line treatment included chemotherapy in four 
patients with progressive disease (GemOx after gemcit-
abine alone: n = 3, and Folfiri after GemOx: n = 1), and 
chemoradiotherapy was proposed in two 75-year old 
patients with locally advanced tumors who were in very 
good condition with controlled tumors after 3 mo of  
chemotherapy. The latter treatment involved irradiation 
of  50.4 Gy with a continuous infusion (200 mg/m²) of  
5-fluorouracile as a radiosensitizer based on the results 
of  a previous study[20]. 

Overall survival
Median survival of  all patients (n = 38) was 8.9 mo and 
the one-year survival rate was 33.2%. Median survival of  
the 8 patients who received BSC was 2.95 mo. In patients 
receiving chemotherapy, median survival was 9.1 mo; this 
was 6.9 mo in patients with metastatic cancer and 11.4 
mo in patients with locally advanced cancer; the 1-year 
survival rate was 40.6% and 44%, respectively.

Overall survival in patients treated with gemcitabine-
based chemotherapy according to disease stage is pre-
sented in Figure 1.

DISCUSSION
Although a direct comparison was not performed, this 
monocentric retrospective study suggests that the safety 
and efficacy of  gemcitabine-based chemotherapy in 
elderly patients is similar to that in younger patients. 
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Table 1  Characteristics of the 38 patients and their pancre-
atic cancers

1Lung, peritoneum, lymph nodes.

Table 2  Characteristics of treatment in the 38 patients ac-
cording to the stage of pancreatic cancer

1Data available for 28 patients.

LA: n  = 15 pts

M: n  = 15 pts

1.0

0.8

0.6

0.4

0.2

0.0
0             6             12            18            24            30

%

months

Figure 1  Overall survival of treated patients according to disease stage. 
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Most eligible patients (79%) received a median of  9 
infusions of  chemotherapy. Safety was acceptable with 
grade 3 neutropenia in 23% of  patients (with no grade 
4), and one case of  grade 3 hemolytic-uremic syndrome 
requiring treatment discontinuation. There were no 
toxic deaths. These safety results are similar to those in 
randomised studies including younger patients which 
report neutropenia as the most frequent type of  toxic-
ity with gemcitabine (grade 3-4 toxicities from 9% to 
27.6%)[2,3,13-15,18].

In our study, disease control was obtained in 57% of  
patients (PR: 11% and SD: 46%) who received chemo-
therapy, which compares favourably to other published 
randomised studies (41.2% to 52.8%)[2,3,13,21]. The objec-
tive response rates in these studies, which include pa-
tients with both locally advanced and metastatic cancers, 
was 7.1% to 17.3%[3,14,15,18]. The survival rate in our study 
was 9.1 mo in patients who received chemotherapy; this 
was 6.9 mo in patients in the metastatic subgroup and 
11.4 mo in the locally advanced subgroup. The 1-year 
survival rate of  patients with metastatic and locally ad-
vanced disease who received chemotherapy was 40.6% 
and 44%, respectively. In the randomised series with 
younger patients, median survival rates in the gemcitab-
ine arm were 5.6 and 7.2 mo, respectively[2,3,13-15,18,21].

These results should be cautiously interpreted since 
methodological biases are inevitable in such a retrospec-
tive study. In addition, it was conducted in a tertiary care 
institution, thus our population should not entirely re-
flect the “true life” practice for elderly patients with PC. 
Likewise, our study does not allow distinguishing of  the 
potential influence of  performance status (i.e., 0-1 vs 2) 
on both treatment safety and efficacy.

One retrospective phase Ⅱ trial analysed the impact 
of  age (< or ≥ 65 years) on the efficacy and tolerance 
to gemcitabine in advanced non-small cell lung cancers. 
Hematological, non-hematological toxicities and dose 
reductions, or the mean number of  cycles were similar in 
both age groups[22].

A recent study by Locher et al[17] reported 39 patients 
≥ 70 years old with PC treated by a fixed-dose rate of  
gemcitabine[23]. The authors showed a good efficacy of  this 
treatment with a clinical benefit observed in 20%, a tumor 
response rate in 10% and a stabilization of  the disease in 
33% of  patients. The median survival was 10 mo and the 
time to progression was 7 mo. Grade 3-4 neutropenia 
and alopecia occurred in respectively 38% and 18%. 
These side-effects were higher than in others trials prob-
ably due to the fixed dose rate of  gemcitabine[2,3,13-15,18-23]. 
Maréchal et al[16] analyzed 42 patients > 70 years old 
pooled from seven prospective studies evaluating gem-
citabine-based chemotherapy and compared them to 57 
younger patients. Two thirds of  the elderly patients re-
ceived gemcitabine alone and one third received gemcit-
abine-based combinations (mainly gemcitabine-oxalipla-
tin). The median overall survival (220 d vs 240 d), time to 
progression (104 d vs 119 d), response rate (4.8% vs 8.9%) 
and clinical benefit (57.1% vs 59.6%) were similar in eld-

erly and non-elderly patients. Tolerance to chemotherapy 
was acceptable in the elderly group despite a dose reduc-
tion or delay in therapy in 62%, a higher figure than that 
observed in our study. As in our study, neutropenia was 
the most common cause of  grade 3-4 toxicity. Grade 
3-4 neutropenia, anaemia and peripheral neuropathy oc-
curred more often in the elderly group than in younger 
patients (30.9% vs 8.8%, 14.3% vs 8.8% and 4.8% vs 0%, 
respectively). Age was not an independent prognostic 
factor in multivariate analysis of  the whole population. 
Multivariate analysis identified ASAT and Karnofsky 
index as independent prognostic factors in the elderly 
group[16].

A Japanese study specifically reported results in 25 pa-
tients ≥ 70 years old receiving gemcitabine 800-1000 mg/m² 
compared to 43 patients receiving BSC. Patients receiv-
ing chemotherapy had a more favourable prognosis and 
acceptable tolerance[24]. Another retrospective study by 
Nakachi et al[25], presented in abstract form at the ASCO 
GI meeting in 2007, suggested that gemcitabine was 
effective and well tolerated in selected elderly patients. 
Thirty-seven patients ≥ 75 years old were compared 
to 137 younger patients. Grade 3-4 neutropenia (18.9% 
vs 19 %) and tumor response rates (8.1% vs 4.3%) were 
similar. In contrast, median overall survival was better in 
the elderly group (8 mo vs 5.6 mo, P = 0.009). 

Recently, the promising schema FOLFIRINOX 
(5-fluorouracil, irinotecan and oxaliplatin) was shown to 
be superior to gemcitabine in terms of  tumor response 
and overall survival[26]. However, patients treated in this 
study were less than 75 years-old and in very good con-
dition (PS 0-1). Moreover, significant toxicity was seen 
[45.7% of  patients experienced a significant (grade 3-4) 
hematological toxicity with 5.4% of  febrile neutropenia] 
that could be problematic in elderly patients[26]. Further 
studies are warranted in latter patients using such drugs.

In conclusion, gemcitabine chemotherapy seems 
to be effective and safe in elderly patients with PC in 
good condition. The risk/benefit ratio of  this treatment 
should be discussed in a multidisciplinary context and 
these patients should actively participate in therapeutic 
decisions. Prospective studies of  this specific subgroup 
of  patients with PC are needed.
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COMMENTS
Background
Pancreatic cancer is a severe disease that is often treated using systemic 
chemotherapy as it is non-resectable in up to 80% of patients at the time of 
diagnosis. Significant rates of patients with this disease are older than 75 years. 
However, most phase Ⅲ studies of chemotherapy for pancreatic cancer include 
elderly patients, but they do not provide a specific analysis of patients ≥ 70-75 
years old. Thus, this specific population is strongly underrepresented in thera-
peutic trials for digestive cancers and thus guidelines for clinical practice are 
lacking. In this paper, the results suggest that elderly patients with pancreatic 
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cancer, when they are in acceptable condition, could receive gemcitabine-based 
chemotherapy which is safe and seems to be as efficient as in younger patients.
Research frontiers
Tumor response rates, toxicity and duration of tumor control were specifically 
analyzed in a homogeneous population of 38 elderly patients with pancreatic 
cancer treated in one center.
Innovations and breakthroughs
This is a homogeneous study of consecutive patients treated by an experi-
enced team in digestive cancers, particularly pancreatic cancer. The authors 
have shown that toxicity of gemcitabine was manageable, and tumor control 
and overall survival were encouraging, as they appear to be similar to that of 
younger patients. The authors hope it will encourage physicians to evaluate and 
consider chemotherapy in such patients.
Applications
It is time to pave the way of chemotherapy in elderly patients with pancreatic 
cancer knowing that a significant subset of them may benefit of these treat-
ments. In the future, patients should be better selected for the treatments using 
molecular markers (i.e., hENT-1 expression and gemcitabine).
Terminology
A locally advanced pancreatic cancer is a tumor involving the arterial axis (celiac 
trunk, mesenteric artery) and thus is non-resectable despite there being no 
detectable metastases. This form of cancer should be distinguished from meta-
static tumors as the prognosis is different (slightly better, and some patients 
can return to surgical treatment in cases of good tumor response after chemo-
therapy), and thus separate analyses are needed.
Peer review
This is an article describing gemcitabine in elderly patients with advanced pan-
creatic cancer.

REFERENCES
1 Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. Cancer 

statistics, 2009. CA Cancer J Clin 2009; 59: 225-249
2 Burris HA, Moore MJ, Andersen J, Green MR, Rothenberg 

ML, Modiano MR, Cripps MC, Portenoy RK, Storniolo AM, 
Tarassoff P, Nelson R, Dorr FA, Stephens CD, Von Hoff 
DD. Improvements in survival and clinical benefit with 
gemcitabine as first-line therapy for patients with advanced 
pancreas cancer: a randomized trial. J Clin Oncol 1997; 15: 
2403-2413

3 Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, Gall-
inger S, Au HJ, Murawa P, Walde D, Wolff RA, Campos D, 
Lim R, Ding K, Clark G, Voskoglou-Nomikos T, Ptasynski 
M, Parulekar W. Erlotinib plus gemcitabine compared with 
gemcitabine alone in patients with advanced pancreatic can-
cer: a phase III trial of the National Cancer Institute of Can-
ada Clinical Trials Group. J Clin Oncol 2007; 25: 1960-1966

4 SEER Cancer Statistics Review, 1975-2005. In: Ries LAG, 
Melbert D, Krapcho M, Stinchcomb DG, Howlader N, 
Horner MJ, Mariotto A, Miller BA, Feuer EJ, Altekruse SF, 
Lewis DR, Clegg L, Eisner MP, Reichman M, Edwards BK, 
editors. National Cancer Institute. Bethesda, MD. Available 
from: URL:  http://seer.cancer.gov/csr/1975_2005/

5 Belot A, Grosclaude P, Bossard N, Jougla E, Benhamou 
E, Delafosse P, Guizard AV, Molinié F, Danzon A, Bara 
S, Bouvier AM, Trétarre B, Binder-Foucard F, Colonna M, 
Daubisse L, Hédelin G, Launoy G, Le Stang N, Maynadié M, 
Monnereau A, Troussard X, Faivre J, Collignon A, Janoray 
I, Arveux P, Buemi A, Raverdy N, Schvartz C, Bovet M, 
Chérié-Challine L, Estève J, Remontet L, Velten M. Cancer 
incidence and mortality in France over the period 1980-2005. 
Rev Epidemiol Sante Publique 2008; 56: 159-175

6 Hutchins LF, Unger JM, Crowley JJ, Coltman CA, Albain 
KS. Underrepresentation of patients 65 years of age or older 
in cancer-treatment trials. N Engl J Med 1999; 341: 2061-2067  

7 Yee KW, Pater JL, Pho L, Zee B, Siu LL. Enrollment of older 
patients in cancer treatment trials in Canada: why is age a 
barrier? J Clin Oncol 2003; 21: 1618-1623

8 Aparicio T, Desramé J, Lecomte T, Mitry E, Belloc J, Etien-
ney I, Montembault S, Vayre L, Locher C, Ezenfis J, Artru 
P, Mabro M, Dominguez S. Oxaliplatin- or irinotecan-based 
chemotherapy for metastatic colorectal cancer in the elderly. 
Br J Cancer 2003; 89: 1439-1444

9 Aparicio T, Mitry E, Sa Cunha A, Girard L. [Management of 
colorectal cancer of elderly patients]. Gastroenterol Clin Biol 
2005; 29: 1014-1023

10 Goldberg RM, Tabah-Fisch I, Bleiberg H, de Gramont A, 
Tournigand C, Andre T, Rothenberg ML, Green E, Sargent 
DJ. Pooled analysis of safety and efficacy of oxaliplatin 
plus fluorouracil/leucovorin administered bimonthly in 
elderly patients with colorectal cancer. J Clin Oncol 2006; 24: 
4085-4091

11 Magné N, François E, Broisin L, Guardiola E, Ramaïoli A, 
Ferrero JM, Namer M. Palliative 5-fluorouracil-based chemo-
therapy for advanced colorectal cancer in the elderly: results 
of a 10-year experience. Am J Clin Oncol 2002; 25: 126-130

12 Popescu RA, Norman A, Ross PJ, Parikh B, Cunningham D. 
Adjuvant or palliative chemotherapy for colorectal cancer in 
patients 70 years or older. J Clin Oncol 1999; 17: 2412-2418

13 Colucci G, Labianca R, Di Costanzo F, Gebbia V, Cartenì G, 
Massidda B, Dapretto E, Manzione L, Piazza E, Sannicolò 
M, Ciaparrone M, Cavanna L, Giuliani F, Maiello E, Testa 
A, Pederzoli P, Falconi M, Gallo C, Di Maio M, Perrone F. 
Randomized phase III trial of gemcitabine plus cisplatin 
compared with single-agent gemcitabine as first-line treat-
ment of patients with advanced pancreatic cancer: the GIP-1 
study. J Clin Oncol 2010; 28: 1645-1651

14 Cunningham D, Chau I, Stocken DD, Valle JW, Smith D, 
Steward W, Harper PG, Dunn J, Tudur-Smith C, West J, 
Falk S, Crellin A, Adab F, Thompson J, Leonard P, Ostrows-
ki J, Eatock M, Scheithauer W, Herrmann R, Neoptolemos 
JP. Phase III randomized comparison of gemcitabine versus 
gemcitabine plus capecitabine in patients with advanced 
pancreatic cancer. J Clin Oncol 2009; 27: 5513-5518

15 Herrmann R, Bodoky G, Ruhstaller T, Glimelius B, Bajetta 
E, Schüller J, Saletti P, Bauer J, Figer A, Pestalozzi B, Köhne 
CH, Mingrone W, Stemmer SM, Tàmas K, Kornek GV, 
Koeberle D, Cina S, Bernhard J, Dietrich D, Scheithauer W. 
Gemcitabine plus capecitabine compared with gemcitabine 
alone in advanced pancreatic cancer: a randomized, multi-
center, phase III trial of the Swiss Group for Clinical Cancer 
Research and the Central European Cooperative Oncology 
Group. J Clin Oncol 2007; 25: 2212-2217

16 Maréchal R, Demols A, Gay F, de Maertelaer V, Arvanitaki M, 
Hendlisz A, Van Laethem JL. Tolerance and efficacy of gem-
citabine and gemcitabine-based regimens in elderly patients 
with advanced pancreatic cancer. Pancreas 2008; 36: e16-e21

17 Locher C, Fabre-Guillevin E, Brunetti F, Auroux J, Delchier 
JC, Piedbois P, Zelek L. Fixed-dose rate gemcitabine in el-
derly patients with advanced pancreatic cancer: an observa-
tional study. Crit Rev Oncol Hematol 2008; 68: 178-182

18 Louvet C, Labianca R, Hammel P, Lledo G, Zampino MG, 
André T, Zaniboni A, Ducreux M, Aitini E, Taïeb J, Faroux 
R, Lepere C, de Gramont A. Gemcitabine in combination 
with oxaliplatin compared with gemcitabine alone in lo-
cally advanced or metastatic pancreatic cancer: results of a 
GERCOR and GISCAD phase III trial. J Clin Oncol 2005; 23: 
3509-3516

19 Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan 
RS, Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom 
AT, Christian MC, Gwyther SG. New guidelines to evaluate 
the response to treatment in solid tumors. European Orga-
nization for Research and Treatment of Cancer, National 
Cancer Institute of the United States, National Cancer Insti-
tute of Canada. J Natl Cancer Inst 2000; 92: 205-216

20 Huguet F, André T, Hammel P, Artru P, Balosso J, Selle F, 
Deniaud-Alexandre E, Ruszniewski P, Touboul E, Labianca 
R, de Gramont A, Louvet C. Impact of chemoradiotherapy 

3501 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Hentic O et al . Gemcitabine in elderly patients with pancreatic cancer



after disease control with chemotherapy in locally advanced 
pancreatic adenocarcinoma in GERCOR phase II and III 
studies. J Clin Oncol 2007; 25: 326-331

21 Heinemann V, Quietzsch D, Gieseler F, Gonnermann M, 
Schönekäs H, Rost A, Neuhaus H, Haag C, Clemens M, 
Heinrich B, Vehling-Kaiser U, Fuchs M, Fleckenstein D, 
Gesierich W, Uthgenannt D, Einsele H, Holstege A, Hinke 
A, Schalhorn A, Wilkowski R. Randomized phase III trial 
of gemcitabine plus cisplatin compared with gemcitabine 
alone in advanced pancreatic cancer. J Clin Oncol 2006; 24: 
3946-3952

22 Shepherd FA, Abratt RP, Anderson H, Gatzemeier U, An-
glin G, Iglesias J. Gemcitabine in the treatment of elderly 
patients with advanced non-small cell lung cancer. Semin 
Oncol 1997;24(Suppl 7):50-55

23 Tempero M, Plunkett W, Ruiz Van Haperen V, Hainsworth 
J, Hochster H, Lenzi R, Abbruzzese J. Randomized phase II 

comparison of dose-intense gemcitabine: thirty-minute infu-
sion and fixed dose rate infusion in patients with pancreatic 
adenocarcinoma. J Clin Oncol 2003; 21: 3402-3408

24 Hanada K, Hino F, Amano H, Fukuda T, Kuroda Y. Cur-
rent treatment strategies for pancreatic cancer in the elderly. 
Drugs Aging 2006; 23: 403-410

25 Nakachi K, Furuse J, Ishii H, Suzuki E, Shimizu S, Yoshino 
M. Tolerability and efficacy of standard chemotherapy with 
gemcitabine for elderly patients with advanced pancreatic 
cancer. Gastrointest Cancer Res 2007; 1: 73

26 Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R, 
Bécouarn Y, Adenis A, Raoul JL, Gourgou-Bourgade S, de la 
Fouchardière C, Bennouna J, Bachet JB, Khemissa-Akouz F, 
Péré-Vergé D, Delbaldo C, Assenat E, Chauffert B, Michel P, 
Montoto-Grillot C, Ducreux M. FOLFIRINOX versus gem-
citabine for metastatic pancreatic cancer. N Engl J Med 2011; 
364: 1817-1825

S- Editor  Sun H    L- Editor  Rutherford A    E- Editor  Zhang DN

3502 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Hentic O et al . Gemcitabine in elderly patients with pancreatic cancer



 BRIEF ARTICLE

Diagnostic efficacy of gadoxetic acid-enhanced MRI for 
hepatocellular carcinoma and dysplastic nodule

Kazuhiro Saito, Fuminori Moriyasu, Katsutoshi Sugimoto, Ryota Nishio, Toru Saguchi, Toshitaka Nagao, 
Junichi Taira, Soichi Akata, Koichi Tokuuy�Koichi Tokuuy�

Kazuhiro Saito, Ryota Nishio, Toru Saguchi, Soichi Akata, 
Koichi Tokuuy�, Department of Radiology, Tokyo Medical 
University, 160-0023 Tokyo, Japan
Fuminori Moriyasu, Katsutoshi Sugimoto, Junichi Taira, 
Department of Gastroenterology and Hepatology, Tokyo Medi-
cal University, 160-0023 Tokyo, Japan
Toshitaka Nagao, Department of Diagnostic Pathology, Tokyo 
Medical University, 160-0023 Tokyo, Japan
Author contributions: Saito K, Moriyasu F and Sugimoto K 
designed the research; Nishio R, Saguchi T, Nagao T and Taira 
J performed research; Saito K analyzed the data; and Saito K 
wrote the paper. Akata S and Tokuuye K gave final approval of 
the version to be published. 
Corr�spond�nc� to: Dr. Kazuhiro Saito, Department of Radi-
ology, Tokyo Medical University, 160-0023 Tokyo, 
Japan. saito-k@tokyo-med.ac.jp
T�l�phon�: +81-3-33426111  Fax: +81-3-33486314
R�c�iv�d: August 31, 2010    R�vis�d: March �, 2011March �, 2011  
Acc�pt�d: March 14, 2011
Publish�d onlin�: August 14, 2011 

Abstract
AIM: To �valuat� th� r�lationship b�tw��n th� signal 
int�nsity of h�patobiliary phas� imag�s on gadox�tic 
acid-�nhanc�d magn�tic r�sonanc� imaging (MRI) and 
histological grad�.

METHODS: Fifty-nin� pati�nts with 82 h�patoc�llular 
l�sions w�r� �valuat�d r�trosp�ctiv�ly. H�patobiliary 
phas� imag�s on gadox�tic acid-�nhanc�d MRI w�r� 
classified into 3 groups: low, iso or high. Angiography-
assisted computed tomography (CT) findings were also 
classified into 3 groups: CT during arterial portography, 
and CT h�patic art�riography: A: iso, iso or low�� �:: iso, iso or low�� �: iso, iso or low�� �:�� �: �:: 
slightly low, iso or low�� and C: low, high. �� corr�lat�d�� and C: low, high. �� corr�lat�d and C: low, high. �� corr�lat�dand C: low, high. �� corr�lat�dC: low, high. �� corr�lat�d: low, high. �� corr�lat�d low, high. �� corr�lat�d 
angiography-assisted CT, hepatobiliary phase findings 
during gadox�tic acid-�nhanc�d MRI and histological 
grades. Furthermore, correlations between MRI find-
ings and histological grad� for �ach h�modynamic pat-
t�rn w�r� p�rform�d. Corr�lations among radiological 

and pathological findings w�r� statistically �valuat�d 
using th� chi-squar� t�st and Fish�r’ s �xact t�st.

RESULTS: There was a significant correlation between 
histological grad� and h�modynamic patt�rn (P  < 0.05). 
There was a significant correlation between histological 
grad� and signal int�nsity in th� h�patobiliary phas� 
(P  < 0.05) in group A lesions. There was no significant 
corr�lation b�tw��n histological grad� and signal in-
t�nsity in th� h�patobiliary phas� in group � or C l�-
sions (P > 0.05).

CONCLUSION: Signal int�nsity in th� h�patobiliary 
phas� corr�lat�d with histological grad� in th� l�sions 
that maintained portal blood flow, but did not correlate 
in l�sions that show�d d�cr�as�d or d�f�ctiv� portal 
blood flow.

© 2011 �aishid�ng. All rights r�s�rv�d.
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INTRODUCTION
Early detection of  hepatocellular carcinoma (HCC) is im-
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portant in establishing an effective therapeutic strategy[1]. 
Early stage HCC does not have a hypervascular nature, 
and the lesions maintain portal blood flow[2,3]. Intranodu-
lar portal blood flow can only be evaluated by computed 
tomography (CT) during arterial portography (CTAP), 
and the absence or decrease of  portal blood flow in the 
nodule can show that the lesion is malignant[4]. However, 
dysplastic nodules and some well-differentiated HCC 
lesions maintain portal blood flow, making differential di-
agnoses difficult[5]. Gadolinium-ethoxybenzyl diethylene-
triaminepentaacetic acid (gadoxetic acid, Primovist®; Bay-
er-Schering, Osaka, Japan) is a liver-specific contrast me-
dium which is taken into hepatocytes and excreted into 
bile; therefore a T1 shortening effect in liver parenchyma 
is obtained. The hepatobiliary phase begins 1.5 min after 
injection of  the contrast medium and continues for 2 h, 
and the peak liver signal intensity is obtained 20 min af-
ter injection of  contrast medium[6]. In the hepatobiliary 
phase, the tumor does not have normal functioning he-
patocytes and is hypointense in most cases[7]. However, 
several investigators reported that some HCC can be iso 
or hyperintense regardless of  overt HCC[8,9]. Gadoxetic 
acid-enhanced magnetic resonance imaging (MRI) yields 
a high tumor detection rate[10] and can detect lesions that 
maintain portal blood flow using angiography-assisted 
CT[11]. Therefore, gadoxetic acid-enhanced MRI can po-
tentially distinguish the histological grade of  hepatocel-
lular lesions. We evaluated the relationships among angi-
ography-assisted CT, hepatobiliary phase findings during 
gadoxetic acid-enhanced MRI and histological grades, 
and evaluated the diagnostic efficacy of  gadoxetic acid 
for HCC and dysplastic nodule.

MATERIALS AND METHODS 
Subjects 
This retrospective study was approved by the Institution-
al Review Board, and the need for written informed con-
sent was waived. Between January 2008 and June 2009, 
460 patients received gadoxetic acid-enhanced MRI. 
Among them, patients satisfying all of  the following cri-
teria were enrolled; �1) gadoxetic acid-enhanced MRI had(1) gadoxetic acid-enhanced MRI had1) gadoxetic acid-enhanced MRI had 
been performed; (2) angiography-assisted CT had been(2) angiography-assisted CT had been2) angiography-assisted CT had been 
performed; ��) the duration between gadoxetic acid-��) the duration between gadoxetic acid-�) the duration between gadoxetic acid-
enhanced and angiography-assisted CT was less than 60 d; 
and �4) their lesions had been pathologically confirmed.�4) their lesions had been pathologically confirmed.4) their lesions had been pathologically confirmed. 
Patients in whom liver parenchymal enhancement was 
poor or absent due to severe portal hypertension or 
tumor invasion to the main portal vein were excluded. 
The subjects therefore consisted of  59 patients (37 
men, 22 women), with 82 nodules. The mean age of  the 
patients was 69 years �range �7-90 years). There were 8 
patients with hepatitis B, �6 with hepatitis C, 4 alcoholic 
patients, 2 non-alcoholic patients with steatohepatitis, 1 
with primary biliary cirrhosis and 8 cryptogenic patients. 
Six lesions were pathologically confirmed by operation. 
The other lesions were confirmed by ultrasound-guided 
biopsy �SSA-790A, Aplio XG; Toshiba Medical Systems 
Corp., Otawara, Japan). Biopsy specimens from the le-

sion and non-tumor area were obtained with a 20-gauge 
US-guided fine needle biopsy. Contrast medium �Sonazoid, 
Daiichi Sankyo, Tokyo, Japan) was used for obscure le-
sions on ultrasound. All lesions were detected on plain 
or contrast-enhanced ultrasound. The longest axis of  the 
lesions was 5-66 mm �mean ± SD, 17.4 mm ± 9.5 mm). 
The longest dimension in 16 lesions was ≤ 10 mm, 2110 mm, 21 
were ≥10 mm, and 45 were > 15 mm. The long axis was 
measured on MRI.

Imaging 
Angiography-assisted CT was performed with an angi-
ography-combined 16 detector row CT system �Advantx 
ACT, GE Medical Systems, Milwaukee, WI). Immediately 
after injecting prostaglandin E2 (Liple®; Mitsubishi Ta-
nabe Pharma, Osaka, Japan) through a catheter, 76 mL of  
contrast material �Iomeprol �50 mgI/mL; Eisai, Tokyo, 
Japan), which was diluted twice with physiological saline, 
was injected at a rate of  2 mL/s. CTAP was obtained 
�0 s after beginning the injection of  contrast material 
through a catheter in the superior mesenteric artery. 
The parameters for CT acquisition were: table speed, 
1�.7 mm/0.5 s; collimation, 10 mm; and reconstruction, 
5 mm. CT hepatic arteriography �CTHA) was obtained 
6 s after the injection of  contrast material through a 
catheter in the common hepatic or proper hepatic artery. 
In cases of  hepatic artery bifurcation variation, the cath-
eter was first inserted into the right and then the left he-
patic artery, or vice versa. A total of  10-�0 mL of  contrast 
material �Iomeprol �50 mgI/mL) was injected at a rate 
of  0.8-1.5 mL/s. CTHA was obtained in � phases. Im-
mediately after finishing the first phase, the second phase 
was obtained, and the third phase was obtained 2 min af-
ter beginning the injection of  contrast material.

MR images were obtained using a 1.5 T superconduc-
tive MRI system (Avanto; Siemens, Erlangen, Germany). 
T1 weighted images �T1WI) included in-phase and 
opposed-phase images. The T1WI parameters (in-phase 
and opposed-phase) were: TR/TE, 120/4.76, 2.�8 ms; 
flip angle, 75°; 1 averaging; matrix, 256 × 140; parallel 
acquisition technique �PAT) factor 2 with generalized 
autocalibration partially parallel acquisition (GRAPPA) 
algorithm; slice thickness, 6 mm; slice gap, 1.2 mm; and 
acquisition time, 1� s. The T2WI parameters were: TR/TE, 
�600/99 ms; flip angle, 150°; echo train length, 29; matrix, 
256 × 75�%); slice thickness, 6 mm; 1 averaging; PAT fac-
tor 2 with GRAPPA algorithm; and acquisition time, 14 s. 
T2WI was performed while subjects held their breath. 2 
or � mL/s of  gadoxetic acid �0.025 μmol/kg) was injected 
via the antecubital vein followed by 20 or 40 mL of  physi-
ological saline. The dynamic study included the arterial 
phase, portal phase, and 4 min after injecting the contrast 
material. A 3-dimensional (3-D) volumetric interpolated 
breath-hold examination ��D-VIBE) was used with the 
dynamic study. The �D-VIBE parameters were : TR/TE, 
4.28/1.78 ms; flip angle, 15°; matrix, 256 × 85 �%); PAT 
factor, 2; slice thickness, � mm; and acquisition time, 20 s. 
The monitoring scan technique �Care Bolus method) was 
used to obtain the optimal arterial phase. The hepato-

3504 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com



biliary phase was obtained with �D-VIBE 20 min after 
injecting the contrast material.

Evaluation
A radiologist with 18 years of  experience, whose spe-
cialty was interventional radiology, and a physician with 
8 years of  experience, whose specialty was liver imaging, 

evaluated the angiography-assisted CT by consensus. The 
findings of  angiography-assisted CT were classified into 
3 groups based on a previous report[12]: A, isodensity on 
CTAP and isodensity or low density on CTHA; B, slightly 
low density on CTAP and isodensity or low density on 
CTHA; and C, low density on CTAP and high density on 
CTHA (Figures 1-3). Partial hypodensity on CTAP and 
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Figure 1  A 69-year-old man with moderately differentiated hepatocellular carcinoma. A: Computed tomography (CT) hepatic arteriography shows hypodensity; 
B: CT during arterial portography shows isodensity; C: Lesion clearly shows hypointensity in the hepatobiliary phase during gadoxetic acid-enhanced magnetic reso-
nance imaging (arrow).

A B C

Figure 2  A 72-year-old man with well differentiated hepatocellular carcinoma. A: Computed tomography (CT) hepatic arteriography shows faint hypodensity; B: 
CT during arterial portography shows faint hypodensity; C: The lesion clearly shows hypointensity in the hepatobiliary phase on gadoxetic acid-enhanced magnetic 
resonance imaging (arrow).

A B C

Figure 3  An 80-year-old man with poorly differentiated (black arrow) and well differentiated hepatocellular carcinoma (white arrow). A: Poorly differentiated 
hepatocellular carcinoma shows hypervascularity on computed tomography (CT) hepatic arteriography; B: Hypodensity on CT during arterial portography; C: Hypoin-
tensity in hepatobiliary phase on gadoxetic acid-enhanced magnetic resonance imaging (MRI). The lesion is not visible on CT hepatic arteriography (A) or on CT dur-
ing arterial portography (B) and shows hyperintensity in the hepatobiliary phase on gadoxetic acid-enhanced MRI.

A B C
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partial high density on CTHA were included in group C.
Two radiologists with 18 and 8 years of  experience 

respectively, whose specialty was abdominal diagnostic 
radiology, evaluated MRI by consensus. Lesion signal 
intensity in the hepatobiliary phase during gadoxetic 
acid-enhanced MRI compared with the surrounding 
liver parenchyma was classified as either hypointensity, 
isointensity, or hyperintensity (Figures 3, 4). The same 
evaluation was performed for T1WI and T2WI.

We correlated angiography-assisted CT, hepatobiliary 
phase findings during gadoxetic acid-enhanced MRI and 
histological grades. Furthermore, correlations between 
MRI findings and histological grade for each hemody-
namic pattern were performed. The signal intensities of  
T1WI and T2WI also correlated with the signal intensi-
ties of  the hepatobiliary phase.

Correlations among radiological and pathological 
findings were statistically evaluated using the chi-square 
test and Fisher’s exact test. P < 0.05 was considered sta-
tistically significant. Statistical analysis was performed 
using SPSS version 16.0 �SPSS Inc., Chicago, IL, United 
States) for Windows. 

RESULTS
Correlation of histological grade and hemodynamic 
pattern 
Twenty-six, 12 and 44 lesions were classified into hemody-
namic pattern types A, B and C, respectively. Type A includ-
ed 2 dysplastic nodules, 16 well, 7 moderately and 1 poorly 
differentiated HCC. Type B included 1 dysplastic nodule, 8 
well and � moderately differentiated HCC. Type C included 
8 well, 26 moderately and 10 poorly differentiated HCC.

There was a significant correlation between histologi-
cal grade and hemodynamic pattern (P < 0.05). Well-
differentiated HCC showed hemodynamic patterns of  
types A and B with significantly high frequency, and that 
of  type C with significantly less frequency. Moderately 
differentiated HCC showed the hemodynamic pattern 
of  type A significantly less frequently, and that of  type 
C with significantly high frequency. Poorly differentiated 
HCC showed the hemodynamic pattern of  type C with 
significantly high frequency �Table 1). (Table 1).(Table 1).

Correlations between histological grade and signal 
intensity in the hepatobiliary phase
There was a significant correlation between histologi-
cal grade and signal intensity in the hepatobiliary phase 
(P < 0.05). Dysplastic nodules showed isointensity with 
significantly high frequency and hypointensity with sig-
nificantly less frequency. Moderately differentiated HCC 
showed significantly less isointensity frequency (Table 2).

Correlation between histological grade and signal 
intensity in the hepatobiliary phase in each 
hemodynamic pattern
Type A lesions:: There was a significant correlation be-
tween histological grade and signal intensity in the hepa-
tobiliary phase (P < 0.05). Dysplastic nodules showed 
isointensity with significantly high frequency and lower 
hypointensity (Table 3). (Table 3).(Table 3).

Type B and C lesions:: There was no significant cor-
relation between histological grade and signal intensity 
in the hepatobiliary phase in either hemodynamic pat-
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A B

Figure 4  A 70-year-old woman with dysplastic nodule (arrow). A: The lesion shows hyperintensity on T1 weighted images; B: Isointensity in hepatobiliary phase 
on gadoxetic acid-enhanced magnetic resonance imaging.

Hemodynamic pattern Total

   A   B   C

Histological 
grade

DN    2   1    0   3
Well   162    82     81 32
Mod.     71   3   262 36
Poor    1   0   102 11

   Total  26 12  44 82

Table 1  Correlation of histological grade and hemodynamic 
pattern

Hemodynamic patterns; A: Isodensity on computed tomography (CT) 
during arterial portography (CTAP) and isodensity or low density on 
CT hepatic arteriography (CTHA); B: Slightly low density on CTAP and 
isodensity or low density on CTHA; C: Low density on CTAP and high 
density on CTHA.DN: Dysplastic nodule; Well: Well differentiated hepa-
tocellular carcinoma (HCC); Mod: Moderately differentiated HCC; Poor: 
Poorly differentiated HCC. 1Significantly lower frequency; 2Significantly 
higher frequency.
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Hepatobiliary phase Total 

Hyperintensity Isointensity Hypointensity

T1WI Hyperintensity 1   5b  21a 27
In-phase Isointensity 0 0 27 27

Hypointensity 1 0 27 28
T1WI
Opposed
phase

Hyperintensity 1 2 17 20
Isointensity 0 3 23 26

Hypointensity 1 0 35 36
T2WI Hyperintensity 1 1 42 44

Isointensity 0 4 27 31
Hypointensity 1 0   6   7

Hepatobiliary phase Total

Hyperintensity Isointensity Hypointensity

Histological 
grade

DN 0 0   0   0
Well 0 2   6   8
Mod. 1 0 25 26
Poor 0 0 10 10

   Total 1 2 41 44

tern (P > 0.05) (Tables 4, 5).

Correlation between signal intensity on pre-contrast 
T1WI, T2WI and hepatobiliary phase 
There was a significant correlation between the signal 
intensity of  the T1-weighted in-phase image and that of  
the hepatobiliary phase (P < 0.05). The all isointense le-
sions in the hepatobiliary phase showed hyperintensity 
on T1-weighted in-phase imaging with significantly high 
frequency. The hyperintense lesions on T1-weighted 
in-phase imaging showed significantly less frequent hy-
pointensity in the hepatobiliary phase. There were no 
significant correlations between the signal intensity of  
T1-weighted opposed-phase imaging and T2WI, or that 
of  the hepatobiliary phase (P > 0.05) �Table 6). (Table 6).(Table 6). 

DISCUSSION
According to previous angiography-assisted CT stud-
ies, it is still unclear whether lesions that maintain portal 
blood flow are dysplastic nodules[13] or well-differentiat-
ed HCC[5,14]. In the present study, the lesions that main-
tained portal blood flow included dysplastic nodules 
and various types of  differentiated HCC. Furthermore, 
well-differentiated HCC had a significantly high rate of  
maintenance of  portal blood flow. A similar result was 
previously reported[14], indicating the presence of  a high-
grade malignant lesion within a small lesion that main-
tained portal blood flow.

Small HCC up to 1.5 cm in diameter and with an 
indistinct margin are called early HCC, and their ma-
lignant potential is relatively low[2,3,15,16]. The lesions are 
characterized by a high prevalence of  maintained portal 
blood flow, infrequent intrahepatic metastasis or portal 
invasion, and generally consist of  well-differentiated 
HCC. This entity is hard to detect and distinguish from 
dysplastic nodules because of  the similarity of  radio-
logical findings[5,14,17,18], but it is clinically important to 
distinguish between these two entities. In the present 
study, isointense lesions in the hepatobiliary phase were 
dysplastic nodules or well differentiated HCC. Further-
more, among lesions maintaining portal blood flow, all 
isointense lesions were dysplastic nodules. However, 
hypointense lesions all appeared malignant. This finding 
may indicate that hypointense lesions, in which portal 
blood flow is maintained, are hepatocellular carcinoma. 
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Table 5  Histological grade and signal intensity in the hepato-
biliary phase in lesions which lacked portal blood flow

Table 6  Correlation of signal intensity on pre-contrast T1WI, 
T2WI and hepatobiliary phase

Hepatobiliary phase Total

Hyperintensity Isointensity Hypointensity

Histological 
grade

DN 0   2b    0a    2
Well 1 0 15  16
Mod. 0 0   7    7
Poor 0 0   1    1

   Total 1 2 23  26

Table 3  Histological grade and signal intensity in the hepato-
biliary phase in lesions which maintained portal blood flow

DN: Dysplastic nodule; Well: Well differentiated hepatocellular carcinoma 
(HCC); Mod: Moderately differentiated HCC; Poor: Poorly differentiated 
HCC. aSignificantly lower frequency, P < 0.05; bSignificantly higher fre-
quency, P < 0.05.

Hepatobiliary phase Total

Isointensity Hypointensity

Histological 
grade

DN 0   1    1
Well 1   7    8
Mod. 0   3    3
Poor 0   0    0

   Total 1 11  12

Table 4  Histological grade and signal intensity in the hepato-
biliary phase in lesions with decreased portal blood flow

DN: Dysplastic nodule; Well: Well differentiated hepatocellular carcinoma 
(HCC); Mod: Moderately differentiated HCC; Poor: Poorly differentiated 
HCC.

DN: Dysplastic nodule; Well: Well differentiated hepatocellular carcinoma 
(HCC); Mod: Moderately differentiated HCC; Poor: Poorly differentiated 
HCC.

aSignificantly lower frequency, P < 0.05; bSignificantly higher frequency, P < 0.05.
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Hepatobiliary phase Total

Hyper. Iso. Hypo.

Histological 
grade

DN 0  22    11   3
Well 1 3 28 32
Mod. 1  01 35 36
Poor 0 0 11 11

   Total 2 5 75 82

Table 2  Correlation between histological grade and signal 
intensity in the hepatobiliary phase

DN: Dysplastic nodule; Well: Well differentiated hepatocellular carcinoma 
(HCC); Mod: Moderately differentiated HCC; Poor: Poorly differentiated 
HCC. Hyper: Hyperintensity; Iso: Isointensity; Hypo: Hypointensity. 1Sig-
nificantly lower frequency; 2Significantly higher frequency.



Therefore, a combination of  angiography-assisted CT 
and gadoxetic acid-enhanced MRI should improve the 
accuracy of  the diagnosis of  hepatocellular lesions. 

In the present study, signal intensity in the hepatobili-
ary phase significantly correlated with histological grade. 
Dysplastic nodules showed isointensity with significantly 
high frequency. However, some well differentiated HCC 
also showed isointensity. In the present study, some hy-
pervascular well differentiated HCC showed isointensity 
while portal blood flow-maintained well differentiated 
HCC, with less malignant potential, showed hypointensi-
ty. In general, distinguishing between dysplastic nodules 
and well differentiated HCC in which portal blood flow 
is maintained is difficult. Dysplastic nodules appeared as 
hypo- or iso-vascular[5,19,20]. Therefore the evaluation of  
tumor vascularity is important in distinguishing dysplas-
tic nodules and hypervascular well differentiated HCC. 
The arterial phase is identifiable on gadoxetic acid, and 
we consider that elucidating the optimal arterial phase 
for imaging is essential. 

Some HCC showed hyperintensity in the hepatobili-
ary phase. This finding has been reported previously and 
appeared in well or moderately differentiated HCC[8,11]. 
Narita et al[8] reported that uptake of  gadoxetic acid in 
HCC was determined by expression of  the organic an-
ion transporter 1B3 (OATP1B3). Therefore the degree 
of  expression of  OATP1B� may influence signal inten-
sity in HCC. This is partly because isointense lesions ap-
peared in the hepatobiliary phase. Therefore, we specu-
lated that one of  the reasons why isointense lesions in 
the hepatobiliary phase appeared was due to the expres-
sion of  OATP1B�, and the pathological appearance was 
extremely similar to the surrounding liver parenchyma. 

All isointense lesions in the hepatobiliary phase were 
detected on MRI and showed hyperintensity in T1-
weighted in-phase images in the present study. Pre-
contrast MRI sequencing has been reported to be able to 
detect dysplastic nodules and well differentiated HCC[21]. 
However, dysplastic nodules and well differentiated 
HCC frequently show hyperintensity[22,23] on T1WI, and 
the present study emphasized the significance of  T1-
weighted in-phase images to detect these lesions.

The present study has several limitations. Most nod-
ules were diagnosed by biopsy, and therefore, the clas-
sification of  the histological grade of  differentiation was 
judged using only the biopsied part of  the lesions. Sec-
ond, it is difficult to differentiate dysplastic nodules from 
early HCC using biopsy[3] and there were few dysplastic 
nodules in the present study. Therefore further study is 
required. 

In conclusion, signal intensity in the hepatobiliary 
phase on gadoxetic acid-enhanced MRI was correlated 
with histological grade in the lesions that maintained por-
tal blood flow, but did not correlate in the lesions with 
decreased or no portal blood flow. These findings suggest 
that lesions in which portal blood flow is maintained, and 
which appear hypointense in the hepatobiliary phase on 
gadoxetic acid-enhanced MRI, are most likely to be HCC. 
These results indicate that gadoxetic acid-enhanced MRI 

can potentially be a powerful observation tool for HCC. 
These early-stage malignant lesions should be more easily 
detected, and enable appropriate work-up. This in turn 
should lead to improved clinical results of  treatment.
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Abstract
AIM: To evaluate the treatment options for nephrotox-
icity due to cisplatin combination chemotherapy. 

METHODS: We retrospectively reviewed patients who 
had received cisplatin combination chemotherapy for 
gastric cancer between January 2002 and December 
2008. We investigated patients who had shown acute 
renal failure (ARF), and examined their clinical charac-
teristics, laboratory data, use of preventive measures, 
treatment cycles, the amount of cisplatin administered, 
recovery period, subsequent treatments, and renal sta-
tus between the recovered and unrecovered groups.

RESULTS: Forty-one of the 552 patients had serum cre-
atinine (SCR) levels greater than 1.5 mg/dL. We found 
that pre-ARF SCR, ARF SCR, and ARF glomerular filtration 
rates were significantly associated with renal status post-
ARF between the two groups (P = 0.008, 0.026, 0.026, 
respectively). On the receiver operating characteristic 
curve of these values, a 1.75 mg/dL ARF SCR value had 
87.5% sensitivity and  84.8% specificity (P = 0.011).

CONCLUSION: Cessation or reduction of chemothe-
rapy should be considered for patients who have an 
elevation of SCR levels during cisplatin combination 
chemotherapy.

© 2011 Baishideng. All rights reserved.
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ties; Nephrotoxicity
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INTRODUCTION
Cisplatin is one of  the most commonly used antineo-
plastic agents for the treatment of  solid tumors[1,2]. It is 
generally used in combination with fluorouracil, docetax-
el, paclitaxel, capecitabine or irinotecan for the treatment 
of  gastric cancer[3]. However, cisplatin can induce severe 
side-effects such as bone-marrow suppression, gastroin-
testinal toxicity, nephrotoxicity, ototoxicity, and neuropa-
thy. Of  these, nephrotoxicity is the major side effect and 
main obstacle in the therapeutic use of  cisplatin[1,4]. 

Many studies have attempted to determine the patho-
genesis of  nephrotoxicity caused by cisplatin in order to 
prevent and reduce patient symptoms. However, preven-
tion cannot be achieved by the traditional manner of  
decreasing drug dosage, performing specific hydration 
procedures, and actively screening for renal abnormali-
ties[5,6]. In fact, there are currently no unified recom-
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mendations for the treatment of  nephrotoxicity. In this 
study, patients who displayed nephrotoxicity induced by 
a cisplatin combination regimen for gastric cancer were 
retrospectively reviewed. The aim of  this study was to 
determine the appropriate therapeutic steps when neph-
rotoxicity occurs due to cisplatin combination chemo-
therapy.

MATERIALS AND METHODS
Patient population
We retrospectively examined 552 patients who were di-
agnosed with gastric cancer, and who received cisplatin 
combination chemotherapy between January 2002 and 
December 2008 at the Kosin University Gospel Hospital. 
Of  these patients, 41 who developed nephrotoxicity in-
duced by cisplatin combination chemotherapy were cho-
sen for further analysis; a serum creatinine (SCR) level of  
1.5 mg/dL was used as the threshold for nephrotoxicity. 
Patients were excluded if  they had renal disease, hydrone-
phrosis, severe dehydration, SCR > 1.5 mg/dL before the 
administration of  cisplatin, or lack of  follow-up care.  

Division of patients into recovered and unrecovered 
groups 
Forty-one patients were reviewed in terms of  gender, age, 
body surface area (BSA), combined chemotherapy drugs, 
stage of  gastric cancer, hemoglobin levels, hematocrit, 
total protein, albumin, electrolytes, blood urea nitrogen, 
SCR, glomerular filtration rate (GFR), magnesium, phos-
phate and calcium levels, use of  mannitol, furosemide 
and amifostine, amount of  hydration, dose of  cispla-
tin/cycle × BSA, cumulative dose of  cisplatin/BSA, 
recovery period, and course of  acute renal failure (ARF). 
Laboratory data were checked immediately before the ad-
ministration of  chemotherapy drugs; SCR levels greater 
than 1.5 mg/dL were used as pre-ARF laboratory data. 
Laboratory data were also collected at peak SCR values 
after SCR levels increased to greater than 1.5 mg/dL at 
the time of  ARF. Patients were divided into two groups 
(recovered and unrecovered) according to their post-
ARF renal status. The recovered patients were those 
whose SCRs decreased to less than 1.5 mg/dL after ARF; 
the unrecovered patients were those whose SCRs were 
maintained at levels greater than 1.5 mg/dL after ARF. 
The two groups were compared in terms of  the above-
mentioned characteristics, before and after collection of  
the ARF laboratory data, use of  protective measures, dose 
of  cisplatin, recovery period, and the course of  recovery. 
With these results, the predictive values for post-ARF 
renal status were examined. Also, in each group, the rela-
tionship between treatment and subsequent renal status 
in response to treatment was examined. The treatments 
were then divided into the categories of  stop, reduce and 
continue. The subsequent renal status in response to these 
treatments was divided into the normal, recovered and 
unrecovered groups. Normal patients were those whose 
SCRs did not increase to levels greater than 1.5 mg/dL; 

definition of  the recovered and the unrecovered groups 
is the same as previously noted. Data collection ceased in 
June, 2009.

Statistical analysis
Statistical analysis was performed using SPSS Statistics 
17.0 for Windows. We collected the laboratory data, 
which were checked immediately before the SCR in-
creased to > 1.5 mg/dL, for use as the pre-ARF labora-
tory data. Laboratory data were also checked at peak 
SCR values after levels increased to > 1.5 mg/dL at the 
time of  ARF. The data on administration of  the antican-
cer drug were reported in number and percentage with 
some overlap. Other data were reported as mean and 
standard deviation, and compared using the unpaired 
Student’s t test. The predictive value of  the post-ARF 
renal status was examined by receiver operating charac-
teristic (ROC) analysis. The χ2 test was used to examine 
the relationship between treatment and subsequent renal 
status in response to treatment. P values less than 0.05 
were considered statistically significant.  

RESULTS
Patient characteristics 
Five hundred and fifty-two patients were diagnosed with 
gastric cancer and received cisplatin combination che-
motherapy between January 2002 and December 2008. 
The patients received several different cisplatin combina-
tion drugs, including 5-flourouracil (5-FU) in 193 patients 
(34.96%), docetaxel in 113 (20.47%), TS-1 in 86 (15.58%), 
paclitaxel in 71 (12.86%), capecitabine in 30 (5.43%), 
irinotecan in 29 (5.25%), mitomycin in 23 (4.17%), and 
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Gender M 36
F   5

Age 58.36 ± 10.54
BSA1 1.677 ± 0.141
Operation None   3

RSG c BⅠ 15
RSG c BⅡ   5
RSG c R-Y   7
RTG c R-Y   5

Pal2   6
Stage ⅠA   1

ⅠB   5
Ⅱ   5

ⅢA   9
ⅢB   2

                      Ⅳ 19
Combination drug 5-FU3 18

Docetaxel 10
  5-FU3 + MMC4   5

Paclitaxel   3
TS-1   2

Irinotecan   2
Capecitabine   1

1Body surface area; 2Palliative operation including gastrojejuno bypass, 
open and closure; 35-flourouracil; 4Mitomycin.

Table 1  Characteristics of 41 patients who developed neph-
rotoxicity induced by cisplatin combination chemotherapy



others in 4 patients (0.72%), with some overlap. In our 
investigation, 5-FU was the most frequently used antican-
cer drug in combination with cisplatin for gastric cancer 
chemotherapy. Table 1 lists the characteristics of  the 41 
patients who had an SCR > 1.5 mg/dL after receiving 
cisplatin combination chemotherapy for gastric cancer. 
There were 36 males and 5 females, with an average age 
of  58.36 years, and an average BSA of  1.677. 5-FU made 
up the largest proportion of  the combined drug regi-
mens (18 patients, 43.9%), and there were more stage Ⅳ 
patients than any other stage classification (19 patients, 
46.3%). 

The chemotherapy cycle during which nephrotoxicity 
occurred
Of  41 patients, nephrotoxicity occurred more frequently 
during the 3rd-4th cycle (16 patients), and 7 patients expe-
rienced nephrotoxicity during the 1st-2nd cycle. The most 
common cumulative dose of  cisplatin/BSA at which 
nephrotoxicity occurred was 200-300 mg, while the sec-
ond most common cumulative dose was 300-400 mg, and 
these were correlated with the greatest number of  cycles 

and the dose of  cisplatin/cycle × BSA (Figures 1, 2). 

The recovery period for nephrotoxicity induced by 
cisplatin combination chemotherapy 
The average length of  recovery time among the patients 
was 15 d, and was less than 7 d for 27 patients, 8-14 d 
for 1 patient, 15-30 d for 2 patients, and more than 30 d 
for 3 patients. These results showed that approximately 
70% of  recovered patients reached this state within 2 wk.

Comparison between recovered and unrecovered patients
Patients were divided into two groups based on their 
post-ARF renal status: the recovered patients and the 
unrecovered patients. The average age of  patients in the 
unrecovered group (51.88 ± 6.01) was lower than that 
of  the recovered group (59.94 ± 10.86), with a P value 
(P = 0.051) near 0.05. In the analysis of  the laboratory 
data (Tables 2, 3), the pre-ARF SCR, ARF SCR, and ARF 
GFR were significantly associated with the renal status 
post-ARF (P = 0.008, 0.026, 0.026, respectively). The 
ROC curve was constructed using these values (Figure 3). 
On the ROC curve, an ARF SCR value of  1.75 mg/dL 
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Figure 1  The term during which nephrotoxicity occurred due to cisplatin 
combination chemotherapy.
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Figure 2  The cumulative dose of cisplatin/body surface area at which 
nephrotoxicity occurred due to cisplatin combination chemotherapy.

   Renal status of post-ARF P  value3

Variable   Normal range     Unit   Recovered (n  = 33)     Unrecovered (n  = 8)

Hb   14.0–16.7        g/dL   10.33 ± 1.28 (n  = 33)     9.75 ± 0.95 (n  = 8) 0.238
HT   14.7–50.7     %   29.88 ± 3.33 (n  = 33)   28.56 ± 2.78 (n  = 8) 0.307

Protein   6.3–8.3        g/dL   6.792 ± 0.69 (n  = 26)   6.429 ± 0.39 (n  = 7) 0.191
Albumin   3.5–5.0        g/dL     3.97 ± 0.54 (n  = 26)     3.87 ± 0.38 (n  = 7) 0.657

BUN     5–23     mg/dL   18.07 ± 5.35 (n  = 33)   15.63 ± 4.03 (n  = 8) 0.236
SCR   0.3-1.5     mg/dL     1.17 ± 0.20 (n = 33)     1.38 ± 0.13 (n  = 8) 0.008
GFR   120-130       mL/min     68.03 ± 13.31 (n  = 33)   59.13 ± 6.64 (n  = 8) 0.076
Na   136–150 meg/L 139.24 ± 3.19 (n  = 33) 140.13 ± 4.09 (n  = 8) 0.510
Cl     98–110 meg/L 105.31 ± 4.42 (n  = 24) 105.57 ± 3.65 (n  = 7) 0.887
K   3.5–5.3 meg/L   4.49 ± 0.46 (n  = 8)     4.66 ± 0.65 (n  = 8) 0.284
P   3.0–4.5     mg/dL     3.97 ± 0.81 (n  = 20)     3.93 ± 1.16 (n  = 6) 0.940

Mg   1.6–2.6     mg/dL     2.08 ± 0.26 (n  = 24)      2.03 ± 0.29 (n  = 7 ) 0.635
Ca    8.0-10.0     mg/dL     9.15 ± 0.53 (n  = 24)     8.86 ± 0.30 (n  = 7) 0.170

Table 2  Pre-acute renal failure (ARF) laboratory data1 corresponding to renal status post-ARF2 

1Pre-acute renal failure (ARF) Laboratory data were checked immediately before the administration of the chemotherapy drug that caused the serum creati-
nine (SCR) to increase to > 1.5 mg/dL. 2We divided 41 patients into two groups; the recovered group included patients whose SCRs had decreased below 
1.5 mg/dL after ARF, the unrecovered group included patients whose SCRs remained greater than 1.5 mg/dL. 3Unpaired Student’s t–test. BUN: Blood urea 
nitrogen; GFR: Glomerular filtration rate. 
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showed 87.5% sensitivity and 84.8% specificity. The use 
of  amifostine, mannitol, and furosemide was not signifi-
cantly different between the two groups (P = 0.203, P = 
0.587, P = 0.542, respectively), as nearly all the patients 
who were followed-up, received a routine formula of  
hydration and diuretics. The time during which nephro-
toxicity occurred and the cumulative dose of  cisplatin in 
each group was assessed and compared (Table 4). The 
time during which nephrotoxicity occurred was greater 
in the unrecovered group than in the recovered group 
(6.63 cycles ± 2.62 cycles vs 4.24 cycles ± 2.09 cycles, 
respectively, P = 0.009), and the cumulative dose of  cis-
platin/BSA was also significantly greater in the unrecov-
ered group compared to the recovered group (497.75 ± 
222.61 vs 302.85 ± 152.73, respectively, P = 0.005). 

Relationship between treatment and renal status after 
ARF
In the recovered group, the relationship between treat-
ment and renal status following ARF was examined. 
Table 5 shows that more recovered patients were present 
in the group that stopped therapy; their SCRs returned 
to normal. Meanwhile, there were more unrecovered pa-
tients in the group that continued treatment; their SCRs 
remained above 1.5 mg/dL. The relationship between 
treatment and renal status was significant (P = 0.011). 
Seven normal and recovered patients stopped treatment, 
including two patients who changed their chemotherapy 
regimens, two patients who ceased chemotherapy due 
to metastasis to other organs, two patients who ceased 
chemotherapy due to poor quality of  life (weight loss, 
anorexia), and one patient who terminated cisplatin in 
their combination regimen.

The relationship between subsequent treatment and 
renal status was also examined in unrecovered patients, 
but it was not statistically significant (Table 6). Two 
patients stopped receiving cisplatin combination che-
motherapy and were switched to another regimen. As a 
result, their SCRs returned to values less than 1.5 mg/dL 
after 150 and 181 d, respectively. 
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Renal status post-ARF P  value3

Variable    Normal range      Unit   Recovered (n  = 33)   Unrecovered (n  = 8)
Hb  14.0–16.7        g/dL   10.28 ± 1.62 (n  = 31) 10.238 ± 1.30 (n  = 8) 0.941
HT  14.7–50.7    %   29.52 ± 4.70 (n  = 32)   29.93 ± 3.41 (n  = 8) 0.820

Protein  6.3–8.3        g/dL     6.72 ± 0.78 (n  = 24)     7.00 ± 0.95 (n  = 3) 0.564
Albumin  3.5–5.0        g/dL     3.95 ± 0.61 (n  = 24)     4.03 ± 0.65 (n  = 3) 0.818

BUN    5–23     mg/dL     23.78 ± 13.60 (n  = 33)     23.0 ± 4.87 (n  = 8) 0.876
SCR  0.3-1.5     mg/dL     1.75 ± 0.48 (n  = 33)     2.21 ± 0.61 (n  = 8) 0.026
GFR  120-130       mL/min   43.30 ± 7.81 (n  = 33)     36.0 ± 8.98 (n  = 8) 0.026
Na 136–150 meg/L 136.60 ± 4.36 (n  = 32) 137.63 ± 2.72 (n  = 8) 0.529
Cl    98–110 meg/L 101.49 ± 6.59 (n  = 24)   99.50 ± 2.65 (n  = 4) 0.564
K  3.5–5.3 meg/L     4.22 ± 0.93 (n  = 32)     4.46 ± 0.60 (n  = 8) 0.491
P 3.0–4.5     mg/dL     4.13 ± 0.87 (n  = 18)     3.93 ± 0.43 (n  = 4) 0.659

Mg  1.6–2.6     mg/dL     1.83 ± 0.42 (n  = 22)   1.833 ± 0.47 (n  = 3) 0.995
Ca   8.0-10.0     mg/dL     9.06 ± 0.51 (n  = 23)     9.40 ± 0.80 (n  = 4) 0.269

Table 3  Acute renal failure (ARF) laboratory data1 corresponding to renal status post-ARF2

1Laboratory data were checked at the time at which the value of serum creatinine (SCR) was highest after increasing the SCR > 1.5 mg/dL. 2We divided 41 
patients into two groups; recovered consisted of patients whose SCRs had decreased below 1.5 mg/dL after acute renal failure, unrecovered consisted of 
patients whose SCRs remained greater than 1.5 mg/dL. 3Unpaired Student’s t–test. BUN: Blood urea nitrogen; GFR: Glomerular filtration rate. 

Renal status post-ARF P  value3

Recovered1 (n = 33) Unrecovered2 (n = 8)
The cycle nephro-
toxicity occurred

4.24 ± 2.09 6.63 ± 2.62 0.009

The cumulative 
dose of cisplatin/
BSA, mg

302.85 ± 152.73 497.75 ± 222.61 0.005

Table 4  Comparison between the cycle during which neph-
rotoxicity occurred and the amount of accumulated cisplatin 
according to renal status post-acute renal failure (ARF)

1Recovered were patients whose serum creatinine (SCR)s had decreased 
below 1.5 mg/dL after acute renal failure. 2Unrecovered were patients 
whose SCRs remained greater than 1.5 mg/dL. 3Unpaired Student’s t–test.
ARF: Acute renal failure; BSA: Body surface area.
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Figure 3  Receiver operating characteristic curves of pre acute renal failure
serum creatinines and acute renal failure glomerular filtration rate. 1Pre-
acute renal failure serum creatinine (Pre-ARF SCRs) were checked immedi-
ately before the administration of the chemotherapy drug that caused the SCR 
to increase to > 1.5 mg/dL; 2ARF SCRs were checked at the time at which the 
value of SCR was highest after increasing the SCR > 1.5 mg/dL; 3ARF glomeru-
lar filtration rate (GFRs) were checked at the time at which the value of SCR was 
highest after increasing the SCR > 1.5 mg/dL.
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DISCUSSION
Nephrotoxicity induced by cisplatin
Cisplatin is the single most active antitumor agent in 
the treatment of  solid tumors, including gastric cancer. 
Nevertheless, the use of  cisplatin has been restricted 
because of  its side effects, especially nephrotoxicity[1,2]. 
It has been reported that approximately 25% of  patients 
who received a single dose of  cisplatin developed re-
versible azotemia[7]. In addition, irreversible renal failure 
can occur when large doses are administered, or with 
repeated cycles of  treatment[8]. In this study, the inci-
dence of  nephrotoxicity due to cisplatin combination 
chemotherapy was 7.43% (41/552). Since patients who 
had an SCR > 1.5 mg/dL as a measure of  nephrotoxic-
ity were selected, these results probably underestimated 
the incidence of  nephrotoxicity. In this study, 5-FU was 
the most frequently used anticancer drug combined with 
cisplatin for gastric cancer chemotherapy; the 5-FU/cis-
platin regimen is also the most traditional adjuvant che-
motherapy for gastric cancer in South Korea.

Criteria for nephrotoxicity
Nephrotoxicity is evaluated by GFR and creatinine clear-
ance values using the Modification of  Diet in Renal Dis-
ease (MDRD) formula or the Cockcroft and Gault for-
mula, as well as SCR values[9-11]. Only SCR was used for 
the selection of  patients with nephrotoxicity, although the 
use of  a single cutoff  to define an elevated SCR is not 
appropriate[12,13]. The National Kidney Foundation (NKF) 
recommended that clinicians should not use serum 
creatinine concentration as the sole means of  assessing 
the level of  kidney function[14]. The Renal Insufficiency 
and Cancer Medications study group suggested that re-
nal function should be evaluated in all cancer patients, 
including those with normal SCR levels, using either 
the Cockcroft-Gault formula or the MDRD formula[15]. 
In this context, the definition of  nephrotoxicity in this 
study as > 1.5 mg/dL is a limitation. In 41 patients, the 
averages of  the pre-nephrotoxic ARF SCR and GFR using 
MDRD were 1.21 mg/dL ± 0.20 mg/dL and 66.29 mg/
dL ± 12.74 mL/min, respectively. Thus, their renal status 
prior to ARF was already stage 2 according to the clinical 

guidelines published by the Working Group of  the NKF. 
However, in the case of  ARF or acute renal injury (AKI), 
SCR can be used as a criterion for the definition of  ARF 
or AKI[13,14]. RIFLE and AKIN defined an increase in 
SCR > 1.5 fold from baseline as a risk or stage 1[16,17]. In 
this methodology, the SCR can be used as one of  the pre-
dictive values for renal status after a nephrotoxic event. 

The purpose of  this study was not to detect and eva-
luate renal toxicity due to cisplatin. Rather, this study 
was focused on choosing the appropriate next step af-
ter nephrotoxicity occurs due to cisplatin combination 
chemotherapy. Our data showed that the pre-ARF SCR, 
ARF SCR, and ARF GFR values were significantly as-
sociated with renal status post-ARF (P = 0.008, 0.026, 
0.026, respectively). When the ROC curves of  these val-
ues were assessed, an ARF SCR of  1.75 mg/dL showed 
87.5% sensitivity and 84.8% specificity (Figure 3). This 
indicated that if  a patient with nephrotoxicity experienc-
es an SCR > 1.75 mg/dL, then that patient’s renal status 
can progress to severe renal failure. Thus, an ARF SCR 
value of  1.75 mg/dL can be considered as a predictive 
measure for renal status post-ARF.

The mechanism of nephrotoxicity
Cisplatin accumulates in the kidneys, and the nephro-
toxic effect of  cisplatin is proportional to the amount 
of  drug accumulated[3,5,18]. It is known that cisplatin ac-
cumulates in the mitochondrial DNA more than in the 
nucleus or other organelles[2,6]. In a rodent study, the 
mitochondrial DNA decreased by up to 63% 3–4 d after 
cisplatin injection[19,20]. Thus, repetitive cisplatin admin-
istration lowers the GFR in a dose-related manner[2,21]. 
In this respect, the dose-related toxicity of  cisplatin cor-
related with the results from this study in terms of  the 
number of  cycles before nephrotoxicity occurred. More-
over, the cumulative dose of  cisplatin/BSA was greater 
in the unrecovered group compared to the recovered 
group (Table 4), suggesting that the earlier nephrotoxic-
ity occurs and the lower the cumulative dose of  cisplatin 
combination chemotherapy, the more quickly the patient 
will recover (Table 4).

Figures 1 and 2 show that most of  the nephrotoxic-
ity occurred in the 3rd-4th cycles of  treatment, and the 
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Subsequent renal status P  value4

Subsequent
treatment

Normal1 Recovered2 Unrecovered3 Total
Stop   5   2 0   7

Reduce   2   4 0   6
Continue   5   8 7 20

Total 12 14 7 33
0.011

Table 5  Subsequent renal status corresponding to subsequent 
treatment in the recovered group

1Normal were patients whose serum creatinine (SCR)s had not increased 
greater than 1.5 mg/dL after subsequent treatment. 2Recovered were pa-
tients whose SCRs had decreased below 1.5 mg/dL after acute renal failure. 
3Unrecovered were patients whose SCRs remained greater than 1.5 mg/dL. 
4Linear by linear association.

Subsequent renal status P  value4

Subsequent
treatment

Normal1 Recovered2 Unrecovered3 Total
Stop 0 2 2 4

Reduce 0 0 3 3
Continue 0 0 1 1

Total 0 2 6 8
0.170

Table 6  Subsequent renal status corresponding to subsequent 
treatment in the unrecovered group

1Normal were patients whose serum creatinine (SCR)s had not increased 
greater than 1.5 mg/dL after subsequent treatment. 2Recovered were pa-
tients whose SCRs had decreased below 1.5 mg/dL after acute renal failure. 
3Unrecovered were patients whose SCRs remained greater than 1.5 mg/dL. 
4Linear by linear association.
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most common cumulative dose of  cisplatin/BSA was 
200-300 mg. However, in seven patients, nephrotoxic-
ity occurred in the 1st-2nd cycle. Thus, it appears that the 
threshold of  nephrotoxicity varies according to the indi-
vidual. Furthermore, renal function should be evaluated, 
and chemotherapy must be carefully considered before 
administering cisplatin combination chemotherapy[15,22]. 

Subsequent chemotherapy and renal status
Upon analysis of  the relationship between chemother-
apy and renal status in the recovery group, it was found 
that continuing chemotherapy imparts an increased 
risk of  severe renal failure, compared to ceasing treat-
ment or decreasing the dosage of  cisplatin combination 
chemotherapy (Table 5, P = 0.011). In the unrecovered 
group, all of  the cases in which chemotherapy was not 
stopped remained unrecovered according to their renal 
status. There were only two patients who stopped receiv-
ing cisplatin combination chemotherapy and began an-
other regimen. Their SCRs returned to values less than 
1.5 mg/dL, although their recovery took a long time; 
150 and 181 d, respectively. Therefore, if  a nephrotoxic 
patient’s SCR is > 1.5 mg/dL, chemotherapy should be 
stopped, the drug dosage should be reduced, or the regi-
men should be changed. 

Other side effects of cisplatin
A common complication resulting from cisplatin treat-
ment is electrolyte wasting, or hypomagnesemia[23,24]. The 
laboratory data of  all the patients in this study were not 
checked routinely as this was not a prospective study. 
However, hyponatremia, hypokalemia, hypocalcemia, 
and hypomagnesemia were found in some patients (Ta-
bles 2, 3). Electrolyte imbalances are common in these 
types of  patients, but are not severe[18]. Severe electrolyte 
imbalance can induce ototoxicity and neurotoxicity, or it 
can aggravate nephrotoxicity. Such conditions should be 
corrected by supplementation[18,25,26]. 

Protective measures
The most commonly used protective measure against 
renal toxicity is to establish solute diuresis[18,27]. Nearly all 
of  the patients received a routine formula of  hydration 
and diuretics which included hydrations of  1-2 L before 
and after administration of  chemotherapy, diuretics after 
hydration, and sometimes amifostine. Despite the many 
recent physiopathological advances in the understand-
ing of  the mechanism of  anticancer drug nephrotoxic-
ity, especially that of  cisplatin, prevention still relies on 
decreases in drug dosage, hydration measures, and active 
screening for renal abnormalities as part of  the usual 
pre-therapeutic biological work-up in patients treated 
with anticancer drugs[6,18]. The European Society of  
Clinical Pharmacy Special Interest Group on Cancer 
Care suggested that hydration should be maintained for 
at least 3 d after the chemotherapy course, and by Ⅳ or 
oral route when feasible[6]. However, there are no specific 
recommendations or convincing data on the renal pro-

tective effect of  cisplatin administration in fractionated 
doses[28]. 

Combined nephrotoxic drugs 
In this study, the nephrotoxicity of  combined anticancer 
drugs was not considered. Mitomycin is known to have 
renal toxicity. In fact, it has been reported that the onset 
of  renal insufficiency induced by mitomycin administra-
tion occurs after an average time of  10-11 mo[29]. How-
ever, since the kidney is not a major route of  mitomycin 
excretion, it is not suggested that the dose be adjusted in 
patients with renal insufficiency[29]. Paclitaxel and irinote-
can are also known to cause potential nephrotoxicity, but 
the need for dosage adjustment has not been confirmed. 
A comparative prospective study of  renal toxicity in-
duced by combined drugs is needed[29,30]. This study has 
several limitations. Nevertheless, we believe that this issue 
is important and worthy of  further prospective studies. 
    The author reviewed patients who were diagnosed with 
gastric cancer, who received cisplatin combination chemo-
therapy, and who displayed nephrotoxicity. The results show 
that the patients who experienced a SCR > 1.75 mg/dL 
after receiving cisplatin combination chemotherapy had a 
greater risk of  chronic renal failure than did patients with a 
SCR < 1.75 mg/dL. Secondly, in subsequent chemotherapy 
regimens in patients who experienced SCR > 1.5 mg/dL, 
the patients who continued cisplatin combination che-
motherapy had a greater tendency to experience severe 
chronic renal disease. Therefore, these results suggest 
that when a patient experiences a SCR > 1.5 mg/dL after 
receiving cisplatin combination chemotherapy, the che-
motherapy should be stopped, reduced, or the regimen 
should be changed, and when a patient experiences a 
SCR > 1.75 mg/dL after receiving cisplatin combination 
chemotherapy, the chemotherapy should be stopped or 
changed. More prospective and comparative studies are 
needed on this subject.

COMMENTS
Background 
Cisplatin is one of the most commonly used drugs in the chemotherapy of solid 
tumors. The major adverse effect of cisplatin is nephrotoxicity, with an incidence 
of up to 25%. Cisplatin accumulates in the kidneys, and the nephrotoxic effect 
of cisplatin is proportional to the accumulated drug dose. It is known that cispla-
tin accumulates in the mitochondrial DNA more than it does in the nucleus or 
other organelles. Thus, repeated cisplatin administration lowers the glomerular 
filtration rate (GFR) in a dose-related manner. The aim of this study was to 
determine the appropriate therapeutic steps when nephrotoxicity occurs due to 
cisplatin combination chemotherapy in gastric cancer.
Research frontiers
Nephrotoxicity is evaluated by the GFR and creatinine clearance (CrCl) using 
the Modification of Diet in Renal Disease formula or the Cockcroft and Gault 
formula, and not only by serum creatinine (SCR). However, in the case of acute 
renal failure (ARF) or acute renal injury (AKI), SCR can be used as a criterion 
for the definition of ARF or AKI. The authors suggest that the SCR can be used 
as one of the predictive values for renal status after a nephrotoxic event. The 
purpose of this study was not to detect and evaluate the renal toxicity of cis-
platin. This study focused on choosing the next step after nephrotoxicity due to 
cisplatin combination chemotherapy.
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Innovations and breakthroughs
Forty-one out of 552 patients, who received cisplatin combination chemo-
therapy, had SCR levels greater than 1.5 mg/dL. These patients were divided 
into two groups according to post-ARF renal status, the recovered patients and 
unrecovered patients. The two groups were compared in terms of the above-
mentioned characteristics, before and after ARF laboratory data, use of protec-
tive measures, dose of cisplatin, recovery period, and the course of recovery. 
With these results, the predictive values for the post-ARF renal status were 
examined. The authors found that pre-AFR SCR, ARF SCR, and ARF GFR 
were significantly associated with renal status post-ARF in the two groups 
(P = 0.008, 0.026, 0.026, respectively). In the receiver operating characteristic 
curve of these values, a 1.75 mg/dL ARF SCR value showed 87.5% sensitivity 
and 84.8% specificity. This indicated that if a patient with nephrotoxicity expe-
rienced an SCR > 1.75 mg/dL, then the patient’s renal status can progress to 
severe renal failure. Thus, an ARF SCR value of 1.75 mg/dL can be considered 
as a predictive value for renal status post-ARF. In addition, in each group, the 
relationship between subsequent treatment and renal status in response to 
treatment was examined. In the recovered group, the relationship between 
subsequent treatment and renal status following ARF was determined. The 
results showed that more recovered patients were present in the group who 
stopped therapy; their SCRs had returned to normal. Meanwhile, in patients 
who continued treatment, more unrecovered patients whose SCRs were main-
tained above 1.5 mg/dL were present. The relationship showed a significant 
difference (P = 0.011). Therefore, if a nephrotoxic patient’s SCR is > 1.5 mg/dL, 
chemotherapy should be stopped, the drug dosage should be reduced, or the 
regimen should be changed.
Applications 
In cisplatin combination chemotherapy in gastric cancer patients, when a 
patient has experienced a SCR level greater than 1.5 mg/dL, cessation or 
reduction of chemotherapy should be considered. Furthermore, when a patient 
experiences a SCR greater than 1.75 mg/dL, chemotherapy should be stopped 
or changed.
Terminology
The recovered patients consisted of those whose SCRs had decreased to less 
than 1.5 mg/dL after ARF. The unrecovered patients consisted of those whose 
SCRs were maintained at greater than 1.5 mg/dL. Subsequent treatment is the 
next chemotherapy regimen after cisplatin-induced nephrotoxicity, which was 
divided into stop, reduce and continue. Subsequent renal status is the renal 
status (recovered or unrecovered) corresponding to subsequent treatment.  
Peer review
Despite the many recent physiopathological advances in the understanding of 
the mechanism of anticancer drug nephrotoxicity, especially that of cisplatin, pre-
vention still relies on a drug dosage decrease, hydration measures, and active 
screening for renal abnormalities as part of the usual pre-therapeutic biological 
work-up in patients treated with anticancer drugs. In addition, there are no spe-
cific recommendations or convincing data about the renal protective effect of the 
administration of cisplatin and the subsequent step of nephrotoxicity. 

REFERENCES

of Clinical Pharmacy Special Interest Group on Cancer Care. 
Cancer Chemother Pharmacol 2008; 61: 903-909 

7 Kovach JS, Moertel CG, Schutt AJ, Reitemeier RG, Hahn 
RG. Phase II study of cis-diamminedichloroplatinum 
(NSC-119875) in advanced carcinoma of the large bowel. 
Cancer Chemother Rep 1973; 57: 357-359  

8 Higby DJ, Wallace HJ, Holland JF. Cis-diamminedichloro-
platinum (NSC-119875): a phase I study. Cancer Chemother 
Rep 1973; 57: 459-463 

9 Kuan Y, Hossain M, Surman J, El Nahas AM, Haylor J. GFR 
prediction using the MDRD and Cockcroft and Gault equa-
tions in patients with end-stage renal disease. Nephrol Dial 
Transplant 2005; 20: 2394-2401 

10 Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. 
A more accurate method to estimate glomerular filtration 
rate from serum creatinine: a new prediction equation. Mod-
ification of Diet in Renal Disease Study Group. Ann Intern 
Med 1999; 130: 461-470  

11 Cockcroft DW, Gault MH. Prediction of creatinine clearance 
from serum creatinine. Nephron 1976; 16: 31-41 

12 Jones CA, McQuillan GM, Kusek JW, Eberhardt MS, Her-
man WH, Coresh J, Salive M, Jones CP, Agodoa LY. Serum 
creatinine levels in the US population: third National Health 
and Nutrition Examination Survey. Am J Kidney Dis 1998; 32: 
992-999 

13 Buitrago F, Calvo JI, Gómez-Jiménez C, Cañón L, Robles 
NR, Angulo E. Comparison and agreement of the Cockcroft-
Gault and MDRD equations to estimate glomerular filtration 
rate in diagnosis of occult chronic kidney disease. Nefrologia 
2008; 28: 301-310 

14 Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, 
Hogg RJ, Perrone RD, Lau J, Eknoyan G. National Kidney 
Foundation practice guidelines for chronic kidney disease: 
evaluation, classification, and stratification. Ann Intern Med 
2003; 139: 137-147 

15 Launay-Vacher V, Oudard S, Janus N, Gligorov J, Pourrat X, 
Rixe O, Morere JF, Beuzeboc P, Deray G. Prevalence of Renal 
Insufficiency in cancer patients and implications for antican-
cer drug management: the renal insufficiency and anticancer 
medications (IRMA) study. Cancer 2007; 110: 1376-1384 

16 Ricci Z, Cruz D, Ronco C. The RIFLE criteria and mortality 
in acute kidney injury: A systematic review. Kidney Int 2008; 
73: 538-546 

17 Bagshaw SM, George C, Bellomo R. A comparison of the 
RIFLE and AKIN criteria for acute kidney injury in critically 
ill patients. Nephrol Dial Transplant 2008; 23: 1569-1574  

18 Arany I, Safirstein RL. Cisplatin nephrotoxicity. Semin 
Nephrol 2003; 23: 460-464  

19 Maniccia-Bozzo E, Espiritu MB, Singh G. Differential effects 
of cisplatin on mouse hepatic and renal mitochondrial DNA. 
Mol Cell Biochem 1990; 94: 83-88 

20 Salazar I, Tarrago-Litvak L, Gil L, Litvak S. The effect of 
benzo[a]pyrene on DNA synthesis and DNA polymerase 
activity of rat liver mitochondria. FEBS Lett 1982; 138: 45-49  

21 Aass N, Fosså SD, Aas M, Lindegaard MW. Renal function 
related to different treatment modalities for malignant germ 
cell tumours. Br J Cancer 1990; 62: 842-846  

22 Schetz M, Dasta J, Goldstein S, Golper T. Drug-induced 
acute kidney injury. Curr Opin Crit Care 2005; 11: 555-565  

23 Grau JJ, Estapé J, Cuchi MA, Fírvida JL, Blanch JL, Ascaso C. 
Calcium supplementation and ototoxicity in patients receiv-
ing cisplatin. Br J Clin Pharmacol 1996; 42: 233-235 

24 Blachley JD, Hill JB. Renal and electrolyte disturbances as-
sociated with cisplatin. Ann Intern Med 1981; 95: 628-632  

25 Uozumi J, Koikawa Y, Yasumasu T, Tokuda N, Kumazawa J. 
The protective effect of methylprednisolone against cisplat-
in-induced nephrotoxicity in patients with urothelial tumors. 
Int J Urol 1996; 3: 343-347  

26 Laurell G, Jungnelius U. High-dose cisplatin treatment: 
hearing loss and plasma concentrations. Laryngoscope 1990; 

3516 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

1 Safirstein R, Winston J, Goldstein M, Moel D, Dikman S, 
Guttenplan J. Cisplatin nephrotoxicity. Am J Kidney Dis 1986; 
8: 356-367 

2 Cornelison TL, Reed E. Nephrotoxicity and hydration man-
agement for cisplatin, carboplatin, and ormaplatin. Gynecol 
Oncol 1993; 50: 147-158  

3 Taguchi T, Nazneen A, Abid MR, Razzaque MS. Cisplatin-
associated nephrotoxicity and pathological events. Contrib 
Nephrol 2005; 148: 107-121 

4 Srivastava RC, Farookh A, Ahmad N, Misra M, Hasan SK, 
Husain MM. Reduction of cis-platinum induced nephrotox-
icity by zinc histidine complex : the possible implication of 
nitric oxide. Biochem Mol Biol Int 1995; 36: 855-862 

5 Finley RS, Fortner CL, Grove WR. Cisplatin nephrotoxicity: 
a summary of preventative interventions. Drug Intell Clin 
Pharm 1985; 19: 362-367 

6 Launay-Vacher V, Rey JB, Isnard-Bagnis C, Deray G, 
Daouphars M. Prevention of cisplatin nephrotoxicity: state 
of the art and recommendations from the European Society 

Moon HH et al . Prediction of nephrotoxicity in cisplatin chemotherapy



100: 724-734  
27 Heidemann HT, Gerkens JF, Jackson EK, Branch RA. At-

tenuation of cisplatinum-induced nephrotoxicity in the rat 
by high salt diet, furosemide and acetazolamide. Naunyn 
Schmiedebergs Arch Pharmacol 1985; 329: 201-205  

28 Litterst CL, LeRoy AF, Guarino AM. Disposition and distri-
bution of platinum following parenteral administration of 
cis-dichlorodiammineplatinum(II) to animals. Cancer Treat 
Rep 1979; 63: 1485-1492 

29 Lichtman SM, Wildiers H, Launay-Vacher V, Steer C, Chat-
elut E, Aapro M. International Society of Geriatric Oncology 
(SIOG) recommendations for the adjustment of dosing in 
elderly cancer patients with renal insufficiency. Eur J Cancer 
2007; 43: 14-34

30 Merouani A, Davidson SA, Schrier RW. Increased nephro-
toxicity of combination taxol and cisplatin chemotherapy 
in gynecologic cancers as compared to cisplatin alone. Am J 
Nephrol 1997; 17: 53-58  

S- Editor  Sun H    L- Editor  Webster JR    E- Editor Zhang L

3517 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Moon HH et al . Prediction of nephrotoxicity in cisplatin chemotherapy



Stomach cancer screening and preventive behaviors in 
relatives of gastric cancer patients

Jung Min Kang, Dong Wook Shin, Young Min Kwon, Sang Min Park, Min Sun Park, Jin Ho Park, Ki Young Son, 
Be Long Cho

Jung Min Kang, Dong Wook Shin, Young Min Kwon, Sang 
Min Park, Min Sun Park, Jin Ho Park, Ki Young Son, Be 
Long Cho, Department of Family Medicine, Seoul National 
University Hospital, 101 Daehangno, Jongno-Gu, 110-744 Seoul, 
South Korea
Author contributions: Kang JM was the main author; Shin 
DW designed the study and edited the manuscript; Kang JM, 
Shin DW and Kwon YM contributed to the data analysis and 
manuscript preparation; Park SM, Park MS, Park JH and Son KY 
provided support in the analysis of data and reviewed the manu-
script; Cho BL supervised the whole research.
Supported by The research program was funded by the National 
Health Insurance Corporation
Correspondence to: Be Long Cho, MD, PhD, Department of 
Family Medicine, Seoul National University Hospital, 101 Dae-
hangno, Jongno-Gu, 110-744 Seoul, South Korea. belong@snu.ac.kr
Telephone: +82-2-20722195    Fax: +82-2-7663276
Received: September 25, 2010  Revised: February 15, 2011
Accepted: February 22, 2011
Published online: August 14, 2011

Abstract
AIM: To investigate gastric cancer screening and pre-
ventive behaviors among the relatives of patients with 
gastric cancer [i.e., gastric cancer relatives (GCRs)].

METHODS: We examined the Korean National Health 
and Nutrition Examination Survey 2005 (KNHANES Ⅲ) 
database and compared the gastric cancer screening 
and preventive behaviors of GCRs (n  = 261) with those 
of non-GCRs (n  = 454) and controls without a family 
history of cancer (n  = 2842).

RESULTS: The GCRs were more likely to undergo 
gastric cancer screening compared with the control 
group (39.2% vs  32.3%, adjusted odds ratio: 1.43, CI: 
1.05-1.95), although the absolute screening rate was 
low. Dietary patterns and smoking rates did not differ 
significantly between the groups, and a high propor-

tion of GCRs reported inappropriate dietary habits (i.e., 
approximately 95% consumed excessive sodium, 30% 
were deficient in vitamin C, and 85% were deficient in 
dietary fiber).

CONCLUSION: The gastric cancer screening and 
preventive behaviors of GCRs have yet to be improved. 
To increase awareness among GCRs, systematic family 
education programs should be implemented.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Gastric cancer is the most common cancer, and the third 
leading cause of  death from cancer, in Korea[1]. It is also 
the fourth most prevalent cancer in the world[2], although 
recent trends show stabilization of  incidence rates and a 
continued decrease in cancer death rates[3]. 

Prevention of  gastric cancer can be broadly divided 
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into primary and secondary prevention. Primary preven-
tion is essentially behavioral modification, which seeks to 
control the etiological agents of  gastric cancer[4]. Several 
modifiable risk factors contribute to the development of  
gastric cancer. Infection with Helicobacter pylori (H. pylori) 
is a well-established risk factor[5], and the potential of  
preventing gastric cancer by eradicating H. pylori infec-
tion has been emphasized in the recent studies[6,7]. Salt 
intake levels of  at least 10 g/d (4000 mg Na) significantly 
increase the risk of  gastric cancer[8]. Fresh fruits and 
vegetables contain sufficient amounts of  vitamin C and 
dietary fiber, which strongly reduce the risk of  gastric 
cancer[4,9]. A previous study found that subjects in the 
bottom third of  the distribution of  vitamin C intake had 
a 2.5-fold higher risk of  developing gastric cancer[10]. Ad-
ditionally, there is a significant dose-dependent relation-
ship between smoking and gastric cancer[11]. 

Secondary prevention relies on early detection, which 
can be achieved through regular cancer screenings[12]. This 
form of  prevention is a priority in Korea, which has one 
of  the highest incidence rates of  stomach cancer in the 
world. The Korean National Cancer Screening Program 
(KNCSP) recommends that individuals aged 40 years or 
older undergo biennial gastric cancer screening (Table 1). 
Although the effect of  mass screening remains controver-
sial, it may help by identifying cancer at an early stage[13,14]. 
According to a study in Korea, the proportion of  early 
gastric cancer (EGC) was 96% in a repeated screening 
group and 71% in an infrequent screening group, among 
patients with newly diagnosed gastric cancer[15]. The 5-year 
survival rate of  EGC is greater than 90%[16].

A positive family history of  gastric cancer is one of  
the most important factors, increasing the risk of  devel-
oping the disease by three-fold[17,18]. There is evidence 
that there may be a synergistic interaction between family 
history and H. pylori infection in the development of  gas-
tric cancer[18]. In addition, patients with a family history 
tend to have larger or more deeply infiltrated tumors[15]. 
As many risk factors of  gastric cancer are modifiable, it 
is meaningful to investigate gastric cancer screening and 
preventive behaviors among high risk groups, such as the 
relatives of  patients with gastric cancer [i.e. gastric cancer 
relatives (GCRs)] such that early detection and preven-
tion can be achieved. The main purpose of  this study is 
to investigate the current status of  gastric cancer screen-
ing and preventive behaviors in GCRs.

MATERIALS AND METHODS
Study design
We performed a cross-sectional study of  Koreans (n = 
3557) who were at least 40 years old, with the aim of  
investigating the gastric cancer screening rates and pre-
ventive behaviors of  GCRs compared with those of  the 
general population. To differentiate the impact of  family 
history of  gastric cancer from that of  other cancers, we 
studied subjects with a family history of  cancer other 

than gastric cancer [i.e., non-GCRs (NGCRs)] and sub-
jects without a family history of  any cancer (controls).

Data source
We analyzed data from the 2005 Korea National Health 
and Nutrition Examination Survey (KNHANES Ⅲ), 
which was conducted by the Korea Centers for Disease 
Control to evaluate the health and nutrition status of  
the Korean population. The KNHANES Ⅲ categorized 
the nation into 600 regions at the first stage, selecting 20 
households from each region at the second stage. Data 
collected from the samples were adjusted to represent the 
entire population of  Korea. The questionnaire consisted 
of  four parts: a health interview survey, a health behavior 
survey, a health examination survey, and a nutrition sur-
vey. Information about family histories of  cancer were 
obtained from the health examination survey, cancer 
screening behaviors and smoking behaviors were assessed 
using the health behavior survey, and 1 d food intake (i.e. 
for the last 24 h prior to the survey) was evaluated using 
the nutrition survey.

Study subjects
The completion rate of  the health examination survey in 
KNHANES Ⅲ was 70.2%. Of  the 7597 subjects who 
responded to the health examination survey, we excluded 
respondents under the age of  40 years (n = 4008), former 
and current patients with stomach cancer (n = 23), and 
those who did not complete questions about their family 
history (n = 9). Data from the remaining 3557 respon-
dents were analyzed (Figure 1). The following questions 
from the health examination survey supplement were 
used to categorize the subjects into three groups: (1) “Has 
your father, mother, brother or sister ever been clinically 
diagnosed with any form of  cancer?” (responses included 
“yes” or “no”) and (2) “If  you responded ‘yes’, write the 
type of  the cancer.” These questions were asked three 
times to identify exactly which family member, if  any, had 
a history of  cancer. According to the answers, respon-
dents were categorized into the following three groups: (1) 
GCRs; (2) NGCRs; and (3) controls. We defined “cancer 
family history” as subjects whose parents or siblings had 
a history of  cancer. 

We compared the screening patterns for other com-
mon cancers (i.e., breast, cervical, and colon cancers) with 
those of  gastric cancer. We excluded subjects with a his-
tory of  breast, cervical, or colon cancer, respectively. Only 
females were included in the analysis of  breast and cervi-
cal cancer. Only subjects 50 years and older were included 
in the analysis of  colon cancer. 

Variables
Factors known or thought to affect gastric cancer screen-
ing behavior were used as covariates, including socioeco-
nomic factors (e.g., sex, age, education level, marital sta-
tus, and income), health-related behaviors (e.g., smoking 
and alcohol consumption), and psychological factors (e.g., 
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self-reported health status)[19].
Gastric cancer screening behaviors were assessed via 

the question, “When was the last time you were screened 
for gastric cancer (i.e., gastroscopy or upper gastroin-
testinal series)?” Responses included, “Less than 1 year 
ago”, “1 year to 2 years ago”, “More than 2 years ago” 
and “Never”. In accordance with the KNCSP guidelines, 
we distinguished screened and unscreened subjects based 
on whether they had undergone gastric cancer screen-
ing within the previous 2 years, and whether they had 
received a mammography or ultrasonography for breast 
cancer, a pap smear for cervical cancer, or a colonoscopy 
or barium enema for colon cancer within the past 2, 2, or 
5 years, respectively (Table 1). 

The 1 d intakes of  sodium, vitamin C, and dietary 
fiber were calculated using the subjects’ responses to the 
interviewer-administered 24-h dietary recall, a tool that 
has been used in American surveys because of  the accu-
rate and complete self-reported information that it pro-

vides[20]. In our analyses, sodium, vitamin C, and dietary 
fiber were dichotomized according to current dietary rec-
ommendations, with a maximum recommended sodium 
intake of  2000 mg[21], a minimum recommended vitamin 
C intake of  60 mg[22], and a minimum recommended di-
etary fiber intake of  20 g[23].

Statistical analysis
The STATA program (version 10.0) was used to analyze 
the data. The chi-squared test was used to analyze the gen-
eral characteristics, cancer screening, and preventive be-
haviors of  each group. Adjusted means and adjusted rates 
of  each group were analyzed via analysis of  covariance, 
after adjustment for age, sex, education, marital status, 
smoking status, alcohol consumption, income, and self-
reported health status. Crude odds ratios were analyzed 
via simple logistic regression, while adjusted odds ratios 
(aORs) were analyzed via multiple logistic regression, after 
adjustment for factors that affect gastric cancer screen-
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Selected household members for health 
examination survey (n  = 10 816)

Health examination survey of KNHANES Ⅲ 
respondents (n  = 7597)

Eligible subjects (n  = 3566)

Respondents of cancer family history, 
age ≥ 40 yr (n  = 3557)

Gastric cancer relatives (n  = 261)

Excluded
   Non-respondents of cancer family history (9 excluded)

Excluded
   Age < 40 yr (4008 excluded)
   Former gastric cancer patients (23 excluded)

Survey completion rate: 70.2%

Control (n  = 2842)

Non-gastric cancer relatives (n  = 454)

Family history of cancer (-)

Family history of gastric cancer (-)
(+)

Figure 1  Selection of gastric cancer relatives and controls.

Table 1  The national cancer screening program in Korea

Cancer Target population Frequency Test or procedure Co-payment1 (US $)

Stomach 40 and over (adults) Every 2 yr Endoscopy or Upper Gastrointestinal Series 7
Colorectal 50 and over (adults)  Every 1 yr2 Fecal Occult Blood Test3    0.5
Breast   40 and over (women) Every 2 yr Mammography and Clinical breast exam    3.5
Cervix   30 and over (women) Every 2 yr Pap smear 0

1Co-payments only applied to people with a higher income (i.e. upper 50%), and account for 20% of the total price. No co-payment is applied to the low-
income population (i.e., lower 50%). There is no co-payment for cervical cancer screening regardless of income level; 2Colorectal screening is provided every 
2 years to most of the target population, with the exception of low-income people or manual laborers; 3Colonoscopy or barium enema are performed if the 
fecal occult blood test is positive.
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ing behaviors, as mentioned above. Association analysis 
weights were used to minimize selection bias.

RESULTS
Characteristics of subjects
The socioeconomic environment, health behaviors, and 
psychological factors of  the subjects are shown in Table 2.  
Of  the 3557 subjects in the study population, 715 had a 
family history of  cancer and 261 had a family history of  
gastric cancer. The factors listed in Table 2 were used as 
variables in subsequent multivariate logistic regression 
analyses.

Gastric cancer screening behavior 
Our analysis of  gastric cancer screening rates revealed 
that GCRs were significantly more likely than the con-
trol group to undergo gastric cancer screening (39.2% 

vs 32.3%, aOR: 1.43, CI: 1.05-1.95). The gastric cancer 
screening rate of  NGCRs was not significantly different 
from that of  the control group (37.2% vs 32.3%, aOR: 
1.08, CI: 0.83-1.41) (Table 3).

The rate of  gastric cancer screening was higher among 
younger than older GCRs (42.4% vs 31.0%), and higher 
among younger GCRs than among controls (aOR 1.53 vs 
1.08) Similarly, GCRs with a high income were screened 
more often than were GCRs with middle or low incomes 
(68.4% vs 41.8% and 17.0%, respectively), or controls (aOR: 
2.70 vs 1.56 and 0.70, respectively). Gastric cancer screen-
ing did not vary according to education level (Table 4). 

Other cancer screening behaviors 
The prevalence rates of  cancer screening were slightly 
higher in GCRs and NGCRs compared with control 
subjects, although these differences were not consistently 
significant. Female NGCRs were more likely to undergo 
breast cancer screening (40.8% vs 29.6%, aOR: 1.42, CI: 
1.02-2.00) and cervical cancer screening (53.9% vs 39.9%, 
aOR: 1.51, CI: 1.04-2.20) when compared with controls. 
Female GCRs were slightly more likely to undergo breast 
cancer screening compared with the control group (40.9% 
vs 29.6%, aOR: 1.40, CI: 0.95-2.08), although this differ-
ence was insignificant. The groups did not differ with 
regards to colon cancer screening. 

Gastric cancer preventive behaviors
Gastric cancer preventive behaviors were similar among 
the three groups (Table 5). Sodium consumption was 
elevated in all three groups. The proportion of  individu-
als with excessive sodium intake (i.e. more than 2000 mg 
per day) was more than 90% in all three groups, even in 
GCRs (94.6%). There was a tendency toward higher in-
take of  vitamin C in GCRs and NGCRs compared with 
the control group [mean ± SE (mg): 110.0 ± 6.2 and 
114.1 ± 4.9 vs 98.5 ± 1.6, respectively], but this difference 
was not statistically significant after adjustment. Approxi-
mately 30% of  the subjects in each groups consumed less 
than 60 mg vitamin C per day. The average consumption 
of  dietary fiber was not significantly different among the 
groups. The proportion of  individuals with a deficient 
intake of  dietary fiber (< 20 g/d) was approximately 85% 
in all three groups. The current smoking rate was similar 
in the three groups.

DISCUSSION
To our knowledge, this is the first study of  gastric cancer 
screening and preventive behaviors among GCRs. The 
strengths of  this study are the use of  a nationally repre-
sentative sample and the inclusion of  three comparison 
groups to more clearly reveal relationships. Our findings 
suggest that GCRs undergo gastric cancer screening more 
often than others, although the gastric cancer screening 
rate among GCRs was still relatively low (39.2%). The 
rates of  breast cancer, cervical cancer, and colon cancer 
screening were not significantly higher in GCRs than in the 
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Table 2  Characteristics of gastric cancer relatives and con-
trols n  (%)

Controls 
(n  = 2842)

Non-gastric 
cancer 

relatives 
(n  = 454)

Gastric 
cancer 

relatives 
(n  = 261)

P 1

Sex
   Male 1258 (44.3) 190 (41.9) 105 (40.2)    0.321
   Female 1584 (55.7) 264 (58.2) 156 (59.8)
Age (yr)
   40-49 1024 (36.0) 211 (46.5) 104 (39.9) < 0.001
   50-59   710 (25.0) 118 (26.0)   85 (32.6)
   60-69   665 (23.4)   85 (18.7)   51 (19.5)
   ≥ 70   443 (15.6) 40 (8.8) 21 (8.1)
Education
   Elementary 1136 (40.0) 116 (25.6)   79 (30.3) < 0.001
   Middle to high 
   school

1271 (44.7) 246 (54.2) 146 (55.9)

   University and 
   higher

  435 (15.3)   92 (20.3)   36 (13.8)

Marital status
   Married 2188 (77.0) 387 (85.4) 211 (80.8) < 0.001
   Single   653 (23.0)   66 (14.6)   50 (19.2)
Smoking status
   Non-smoker 1588 (57.3) 260 (59.8) 152 (59.6)    0.657
   Ex-smoker   582 (21.0)   86 (19.8)   45 (17.7)
   Current smoker   602 (21.7)   89 (20.5)   58 (22.8)
Alcohol drinking
   None 1524 (55.0) 241 (55.4) 145 (56.9)    0.841
   More than once 
   a month

1248 (45.0) 194 (44.6) 110 (43.1)

Income (US $/mo)2

   < 1000   801 (28.2)   87 (19.2)   48 (18.4) < 0.001
   1000-5000 1825 (64.2) 315 (69.4) 192 (73.6)
   ≥ 5000 216 (7.6)   52 (11.5) 21 (8.1)
Self-reported health status
   Good   873 (30.8) 149 (33.0)   82 (31.7)    0.502
   Intermediate 1017 (35.9) 171 (37.8)   96 (37.1)
   Bad   946 (33.4) 132 (29.2)   81 (31.3)
Stress
   Low 1822 (65.7) 294 (67.6) 168 (65.9)    0.703
   Moderate   770 (27.8) 120 (27.6)   73 (28.6)
   High 180 (6.5) 21 (4.8) 14 (5.5)

1P values were calculated by using a c2 test; 21 US $ = 1000 won.
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control group. The dietary patterns and smoking behaviors 
of  GCRs were similar to those of  the other two groups.

The finding that GCRs undergo more frequent gas-

tric cancer screening is consistent with previous reports 
for other cancers. Female relatives of  patients with breast 
cancer are more likely to undergo mammogram screen-
ing than are females without a family history of  breast 
cancer[24]. Similarly, men with a family history of  pros-
tate cancer are more likely to undergo prostate cancer 
screening. These findings suggest that a family history of  
cancer creates a greater sense of  vulnerability and is an 
important factor in the decision to undergo screening[25]. 
Nonetheless, the screening rates for cancers other than 
gastric cancer were not different from those of  the con-
trols, suggesting that gastric cancer screening behaviors 
in GCRs is incidental and opportunistic, and not neces-
sarily the result of  a formal, systematic training on the 
importance of  cancer screening in general. In addition, it 
is supposed that GCRs are motivated to undergo gastric 
cancer screening because of  worries about possible can-
cer development rather than recognition of  the benefits 
of  screening. This hypothesis is also explained by the fact 
that individuals’ awareness of  the benefits of  screening, 
which is thought to be the result of  educational cam-
paigns, was no higher in GCRs than in the control group 
(63.9% vs 64.4%, Table 6). The diagnosis of  cancer in 
a first-degree relative may spur a person into action, as 
suggested by the Health Belief  Model[26], which might 
explain the increased rate of  gastric cancer screening in 
GCRs. 

 More importantly, the absolute screening rate in 
GCRs was only 39.2%, indicating that more than half  
of  the GCRs had not yet undergone regular gastric 
screening. Endoscopic mass screening for gastric cancer 
is effective in identifying cancer at an early stage and is 
cost-effective, especially in moderate- to high-risk popu-
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Table 3  Prevalence of cancer screening n  (%)

Controls 
(n  = 2842)

Non-gastric cancer 
relatives (n  = 454)

Gastric cancer relatives 
(n  = 261)

Stomach cancer screening (within 2 yr)
   Crude rate 894 (32.3) 162 (37.2) 100 (39.2)
   Adjusted rate (%, 95% CI)2 32.2 (30.5, 34.0) 35.2 (30.8, 39.8) 38.1 (32.3, 44.2)
   Crude OR (95% CI) 1 (referent) 1.16 (0.89, 1.50)  1.47 (1.08, 2.00)a

   Adjusted OR (95% CI)1 1 (referent) 1.08 (0.83, 1.41)  1.43 (1.05, 1.95)a

Breast cancer screening (within 2 yr)
   Crude rate 456 (29.6) 102 (40.8)   61 (40.9)
   Adjusted rate (%, 95% CI)2 28.9 (26.7, 31.4) 36.5 (30.7, 42.8) 38.5 (31.0, 46.7)
   Crude OR (95% CI) 1 (referent)  1.68 (1.21, 2.33)a  1.53 (1.05, 2.23)a

   Adjusted OR (95% CI)1 1 (referent)  1.42 (1.02, 2.00)a 1.40 (0.95, 2.08)
Cervical cancer screening (within 2 yr)
   Crude rate 596 (39.9) 133 (53.9)   71 (47.7)
   Adjusted rate (%, 95% CI)2 39.1 (36.5, 41.8) 47.3 (40.7, 54.1) 43.2 (35.1, 51.7)
   Crude OR (95% CI) 1 (referent)  1.90 (1.35, 2.68)a 1.33 (0.90, 1.97)
   Adjusted OR (95% CI)1 1 (referent)  1.51 (1.04, 2.20)a 1.14 (0.76, 1.71)
Colon cancer screening (within 5 yr)
   Crude rate 309 (17.5)   55 (23.6)   33 (21.4)
   Adjusted rate (%, 95% CI)2 17.2 (15.4, 19.0) 22.6 (17.7, 28.5) 20.2 (14.6, 27.3)
   Crude OR (95% CI) 1 (referent) 1.17 (0.78, 1.74) 1.48 (0.85, 2.56)
   Adjusted OR (95% CI)1 1 (referent) 1.10 (0.73, 1.67) 1.41 (0.83, 2.41)

aP < 0.05. 1Calculated via multiple logistic regression and adjusted for age, sex, education, marital status, smoking, 
alcohol consumption, income, and self-reported health status; 2Calculated via analysis of covariance adjusted for age, sex, 
education, marital status, smoking, alcohol consumption, income, and self-reported health status. OR: Odds ratio.

Table 4  Gastric cancer screening prevalence by education 
level, age and income subgroups

Controls 
(n  = 2842)

Non-gastric 
cancer relatives 

(n  = 454)

Gastric 
cancer relatives 

(n = 261)

Education level
   Elementary
      n (%) 322 (29.2)   37 (32.5)    27 (35.1)
      aOR (95% CI)1 1 (referent) 0.93 (0.57, 1.51) 1.59 (0.85, 2.96)
   Middle and higher
      n (%) 572 (34.3) 125 (38.9) 73 (41)
      aOR (95% CI)1 1 (referent) 1.13 (0.82, 1.55) 1.36 (0.97, 1.92)
Age group (yr)
   40-59
      n (%) 585 (34.5) 118 (37.7)    78 (42.4)
      aOR (95% CI)1 1 (referent) 1.11 (0.82, 1.49)  1.53 (1.07, 2.17)a

   ≥ 60
      n (%) 309 (28.8)   44 (36.1) 22 (31)
      aOR (95% CI)1 1 (referent) 0.99 (0.57, 1.69) 1.08 (0.59, 1.98)
Income (US $/mo)
   < 1000
      n (%) 214 (27.1)   22 (26.2)   8 (17)
      aOR (95% CI)1 1 (referent) 0.86 (0.47, 1.57) 0.70 (0.28, 1.77)
   1000-5000
      n (%) 580 (32.8) 113 (37.7)    79 (41.8)
      aOR (95% CI)1 1 (referent) 1.16 (0.84, 1.60)  1.56 (1.10, 2.21)a

   ≥ 5000
      n (%) 100 (47.4)   27 (53.0)    13 (68.4)
      aOR (95% CI)1 1 (referent) 1.02 (0.46, 2.26) 2.70 (0.82, 8.88)

aP < 0.05. 1Adjusted odds ratios (aOR) were calculated via multiple logistic 
regression.
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lations[14,27]. In Korea, gastric cancer screening is provided 
as a part of  the national cancer screening program, with 
virtually no economic barrier (Table 1). Therefore, the 
gastric cancer screening rate should theoretically be high, 
even in the general population, and GCRs should under-
go at least biennial screening, barring a contraindication. 
Proper educational programs are needed to emphasize 
the benefits of  screening to GCRs, especially those who 
are older and earn a lower income. 

Although GCRs underwent gastric cancer screen-
ing more often than other people, their dietary habits 
and smoking behaviors were not significantly different 
from those of  the control group. Many members of  the 
GCR group had inappropriate dietary habits, with 94.6% 
consuming excessive sodium, 29.9% deficient in vitamin 
C, and 86.2% deficient in dietary fiber. This finding was 
consistent with a previous study of  breast cancer relatives, 
which found that female relatives were more likely to 
undertake medical actions but not lifestyle preventive be-
haviors[28]. However, another study suggested that relatives 
were motivated to change their consumption of  fruits, 
vegetables, and fat once they understood that their behav-

ior could increase their risk of  cancer[29]. It is possible that 
a large proportion of  the subjects did not completely un-
derstand the extent to which unhealthy behaviors increase 
the risk of  gastric cancer. Healthy lifestyle changes are 
most successful when individuals believe that the changes 
will reduce their risk of  adverse conditions[30]. For exam-
ple, perceived vulnerability was a primary motivator for ef-
forts to quit smoking among family members of  lung can-
cer patients[31]. These findings suggest that GCRs should 
be made aware of  the elevated risk of  gastric cancer due 
to unhealthy behaviors. However, a survey has shown that 
the general Korean public did not clearly understand the 
risk factors for gastric cancer[32]. Therefore, family educa-
tion programs should be developed to ensure that GCRs 
are aware of  the risk factors for gastric cancer and the 
importance of  regular screening and preventive behaviors. 
As the cancer diagnosis and treatment provide a teachable 
moment for family members as well as the patients them-
selves[26,31], hospital-based education programs involving 
both patients and family members could be considered as 
a potential method to deliver educational messages about 
gastric cancer screening and other preventive behaviors to 
them. In a similar example, a family-based health educa-
tion and counseling intervention program was effective 
in changing health behaviors of  children with a family 
history of  cardiovascular diseases[33]. Another promis-
ing method of  intervention is clinical treatment that is 
combined with computerized family-history tools, such as 
Family Healthware[34], which provides tailored preventive 
health messages focused on health behaviors and screen-
ing, not only for patients, but also for their doctors to of-
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Table 5  Gastric cancer-preventive behaviors

    Controls (n  = 2842)  Non-gastric cancer relatives (n  = 454) Gastric cancer relatives (n  = 261)

Crude Adjusted Crude Adjusted Crude Adjusted 

Na (mg)
   Mean intake (SE)2 5582 (66) 5602 (64)   5574 (166)   5522 (162)   5516 (213)   5483 (212)
   P value 0.86     0.99 0.76     0.50
 High sodium intake (> 2000 mg) 
   Rate, n (%)2    2625 (92.4)    93.8      429 (94.5) 94.9      247 (94.6) 95.1
   Odds ratio1 1 (referent) 1 (referent)  1.67 (1.04, 2.67)a 1.56 (0.95, 2.57) 1.34 (0.71, 2.54) 1.17 (0.61, 2.26)
Vitamin C (mg)
   Mean intake (SE)2   98.5 (1.6) 100.0 (1.6) 114.1 (4.9) 109.7 (4.1) 110.0 (6.2) 107.2 (5.4)
   P value  0.03a     0.15 0.07     0.19
 Low vitamin C intake (< 60 mg) 
   Rate, n (%)2      922 (32.4)    30.7      129 (28.4) 30.5        78 (29.9) 30.8
   Odds ratio1 1 (referent) 1 (referent) 0.79 (0.59, 1.06) 0.91 (0.67, 1.23) 0.79 (0.55, 1.13) 0.89 (0.62, 1.28)
Dietary fiber (g)
   Mean intake (SE)2     8.0 (0.1)     8.0 (0.1)     8.4 (0.2)     8.3 (0.2)     8.3 (0.3)     8.3 (0.3)
   P-value 0.20      0.30 0.08     0.14
 Low fiber intake (< 20 g) 
   Rate, n (%)2    2447 (86.1) 87      383 (84.4) 86.9      225 (86.2) 87.4
   Odds ratio1 1 (referent) 1 (referent) 0.86 (0.44, 1.66) 0.86 (0.44, 1.68) 1.17 (0.50, 2.72) 1.20 (0.50, 2.85)
Current smoking status
   Rate, n (%)2      602 (21.7)    12.9        89 (20.5) 13.2        58 (22.8) 15.4
   Odds ratio1 1 (referent) 1 (referent) 0.95 (0.69, 1.29) 1.04 (0.73, 1.47) 1.10 (0.78, 1.55) 1.18 (0.76, 1.83)

aP < 0.05. 1Adjusted odds ratios were calculated via multiple logistic regression and adjusted for age, sex, education, marital status, smoking, alcohol 
consumption, income, and self-reported health status; 2Adjusted means and adjusted rates were calculated via analysis of covariance adjusted for age, sex, 
education, marital status, smoking, alcohol consumption, income, and self-reported health status.

Table 6  Perception of the benefits of screening n  (%)

Controls 
(n  = 2842)

Non-gastric 
cancer relatives 

(n  = 454)

Gastric cancer 
relatives 

(n  = 261)

Beneficial 1783 (64.4) 292 (67.1) 163 (63.9)
Not beneficial   292 (10.5)   47 (10.8)   36 (14.1)
Have never received   696 (25.1)   96 (22.1)   56 (22.0)
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fer appropriate recommendations.
This study had several limitations. First, we were un-

able to assess the prevalence of  H. pylori existence in 
the subjects because of  the retrospective nature of  the 
study. H. pylori eradication is recommended for patients 
who are first degree relatives of  patients with gastric can-
cer[6,7,35]. Second, the survey did not assess whether the 
subjects were aware of  the causes of  gastric cancer or the 
recommended biennial gastric cancer screening. Third, 
the statistical significance may have been limited by the 
relatively small number of  GCRs. Fourth, as the design 
of  this study is cross-sectional, we have no information 
regarding the gastric screening adherence at follow-up. 
Thus, further research is needed to determine how many 
subjects actually continue to undergo a 2-year screening 
procedure. Fifth, only 70.2% of  the selected household 
members responded to the health examination survey. 
Therefore, it cannot be excluded that the other 29.8% of  
the household members who did not participate in the 
survey were less interested in health. As a result, preven-
tive behaviors could be even worse than the findings of  
this study. Finally, the survey was based on self-reported 
data, which can potentially increase the risk of  inaccuracy. 
However, the validity of  self-reported cancer screen-
ing histories and interviewer-administered 24-h dietary 
recall have been shown to be accurate and reliable[20,36], 
although few studies have examined the validity of  self-
reported upper endoscopy history, which is still used in 
national surveys.

In conclusion, GCRs were found to be more likely 
to undergo gastric cancer screening compared with the 
control group. However, this behavior may be incidental, 
opportunistic, and motivated by concern rather than a 
true recognition of  the benefits of  screening by system-
atic education. The overall gastric cancer screening rate 
was relatively low in GCRs. The GCRs did not differ 
from controls with regards to the 1 d intake of  sodium, 
vitamin C, and dietary fiber and a high proportion of  
GCRs reported inappropriate dietary habits. In addition, 
the smoking rate was similar in GCRs and controls. To 
promote awareness about gastric cancer screening and 
prevention in GCRs, family education programs should 
be developed and implemented in a systematic manner.
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Abstract
AIM: To evaluate virological response to adefovir (ADV) 
monotherapy and emergence of ADV-resistant muta-
tions in lamivudine (LAM)-resistant chronic hepatitis B 
patients.

METHODS: Seventy-seven patients with documented 
LAM resistance who were treated with 10 mg/d ADV 
for > 96 wk were analyzed for ADV resistance. 

RESULTS: At week 48 and 96, eight (10%) and 14 
(18%) of 77 LAM-resistant patients developed the 
ADV-resistant strain (rtA181V/T and/or rtN236T muta-
tions), respectively. Hepatitis B virus (HBV) DNA levels 
during therapy were significantly higher in patients 
who developed ADV resistance than in those who did 
not. Incidence of ADV resistance at week 96 was 11%, 

8% and 6% among patients with complete virological 
response (HBV DNA level < 60 IU/mL); 0%, 5% and 
19% among patients with partial virological response 
(HBV DNA level ≥ 60 to 2000 IU/mL); and 32%, 34% 
and 33% among patients with inadequate virological 
response (HBV DNA levels > 2000 IU/mL) at week 12, 
week 24 and week 48, respectively. HBV DNA levels 
> 2000 IU/mL at week 24 showed best performance 
characteristics in predicting ADV resistance.

CONCLUSION: Development of ADV resistance muta-
tions was associated with HBV DNA levels, which could 
identify patients with LAM resistance who are likely to 
respond to ADV monotherapy. 

© 2011 Baishideng. All rights reserved.

Key words: Hepatitis B virus; Viral DNA; Adefovir; La-
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INTRODUCTION
Lamivudine (LAM) has been the most popular antiviral 
agent for the treatment of  chronic hepatitis B for many 
years, but its efficacy is hampered by the high incidence 
of  drug resistance[1]. Adefovir dipivoxil (ADV) is a 
nucleotide analog that exhibits activity against wild-type 
and LAM-resistant hepatitis B virus (HBV)[2-4]. Early 
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studies have demonstrated potent viral suppression of  
LAM-resistant HBV by either switching to or adding 
ADV to LAM[5]. However, ADV-resistant strains have 
been reported after either switching to or adding ADV 
in patients with LAM resistance, and several recent clini-
cal studies have found that combined LAM with ADV 
is associated with improvements in virological response 
and lower rates of  ADV resistance than sequential ADV 
monotherapy[6-8]. Thus, recent guidelines suggest add-
ing ADV to LAM as a better approach than sequential 
monotherapy for patients with LAM resistance[9-12].

Although ADV add-on therapy represents a new 
paradigm that is highly effective at restoring viral sup-
pression and preventing the emergence of  resistance 
in patients with LAM resistance[13], the higher cost of  
add-on therapy may allow ADV monotherapy to retain 
its role in selected patients, particularly in developing 
countries[14]. In clinical practice, some patients with LAM 
resistance do respond to ADV monotherapy[15]. Identi-
fication of  patients who may be sufficiently treated with 
ADV monotherapy alone may reduce medical costs in 
areas where resources are limited.

HBV DNA levels on treatment may help select pa-
tients who are likely to respond to ADV monotherapy. 
Maintenance of  undetectable HBV DNA levels during 
treatment with nucleoside/nucleotide analogs has been 
suggested as a desirable endpoint[10]. Recently proposed 
“on-treatment strategy” for patients receiving oral nucleo-
side/nucleotide therapy is also based on HBV DNA lev-
els[16]. On-treatment monitoring strategies are based on the 
nature of  virological response during treatment, and HBV 
DNA levels during treatment may be a valuable predictor 
of  treatment response to ADV monotherapy.

The aim of  this study was to establish whether HBV 
DNA levels during treatment are associated with the 
emergence of  genotypic ADV resistance. We studied 
HBV DNA levels at weeks 12, 24 and 48 after the start 
of  ADV monotherapy among LAM-resistant patients 
who had received ADV monotherapy for > 96 wk and as-
sessed genotypic resistance to ADV at weeks 48 and 96.

MATERIALS AND METHODS
Patients
Data were collected retrospectively from 85 LAM-
resistant chronic hepatitis B patients who started ADV 
monotherapy between March 2004 and May 2006, and 
maintained ADV monotherapy for at least 96 wk at the 
Samsung Medical Center, Seoul, Korea. All 85 patients 
were treated with LAM for chronic HBV infection and 
experienced virological breakthrough (VB), which was 
defined as an increase in the level of  HBV DNA of  at 
least 1 log10 IU/mL from the lowest point during treat-
ment. Serum samples were collected every 3 mo during 
treatment and kept at -80℃ until mutation analyses were 
performed. Eight patients were excluded from analyses 
for the following reasons: (1) serum samples were not 
available for six patients; and (2) an ADV-resistant strain 

(rtA181V/T) was present at baseline in two patients. 
Finally, a total of  77 patients were included in this study. 
This study was approved by the Institutional Review 
Board at Samsung Medical Center. 

Blood tests 
Routine biochemical tests were performed by standard 
procedures every 12 wk during therapy. Hepatitis B 
surface antigen, hepatitis B e antigen (HBeAg), and 
hepatitis B e antibody were tested by electrochemilu-
minescence immunoassay (Elecsys; Roche Diagnostics, 
Indianapolis, IN, USA). LAM resistance was tested with 
direct sequencing (ABI 3130 Genetic Analyzer; Applied 
Biosystems, Foster City, CA, United States).

HBV DNA assay 
HBV DNA was quantified using the COBAS TaqMan 
HBV test (detection limit of  12 IU/mL, Roche Molecular 
Systems, Branchburg, NJ, USA) at the onset of  ADV treat-
ment (baseline), and at weeks 12, 24 and 48 using stored se-
rum samples. Virological response was defined as complete 
virological response (CVR, HBV DNA level < 60 IU/mL); 
partial virological response (PVR, HBV DNA levels ≥ 60 
to 2000 IU/mL); and inadequate virological response (IVR, 
HBV DNA levels > 2000 IU/mL)[13]. VB was defined as an 
increase in the level of  HBV DNA of  at least 1 log10 IU/
mL from the lowest point during treatment[13].

Detection of ADV resistance 
Genotype resistance to ADV was determined at baseline 
and at weeks 48 and 96 by direct sequencing after ampli-
fication of  polymerase chain reaction (PCR) products. 
To detect mutations, PCR amplification was performed 
using the following primers: external primers were 
RTF (5’-tat gtt gcc cgt ttg tcc tc-3’, position 460-479) 
and RTR (5’-tga cat act ttc caa tca ata gg-3’, position 
970-992); internal primers were RTNF (5’-aaa acc ttc gga 
cgg aaa ct-3’, position 574-593) and RTNR (5’-tgc ggt 
aaa gta ccc caa ct-3’, position 895-914). The PCR-ampli-
fied DNA was purified by using a QIAquick PCR purifi-
cation kit (QIAGEN, Hilden, Germany). Purified DNA 
was treated with an ABI Prism BigDye Terminator v3.1 
Cycle Sequencing kit (Applied Biosystems). The prim-
ers used for direct sequencing were RTNS and RTNR. 
DNA sequencing was performed in both directions by 
an Applied Biosystems 3130 Genetic Analyzer (Applied 
Biosystems). In this study, ADV resistance was defined 
as the presence of  mutations that confer resistance to 
ADV, which were rtN236T and/or rtA181V/T[17,18].

Statistical analysis
Differences between patient groups were tested using 
t tests or Mann-Whitney U tests, as appropriate, for 
numeric variables, and χ2 tests or Fisher’s exact tests, as 
appropriate, for categorical variables. For statistical anal-
ysis, HBV DNA levels < 12 IU/mL were considered to 
be 12 IU/mL. Sensitivity, specificity, positive predictive 
value, and negative predictive value of  HBV DNA levels 
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HBV DNA level Patient 
number

ADV resistance at 
week 48 n (%)

ADV resistance at 
week 96 n (%)

Week 12a

   < 60 IU/mL 18   2 (11)    2 (11)
   ≥ 60 to < 2000 IU/mL 21 0 (0)  0 (0)
   > 2000 IU/mL 38   6 (16)  12 (32)
Week 24b

   < 60 IU/mL 26 2 (8)  2 (8)
   ≥ 60 to < 2000 IU/mL 19 1 (5)  1 (5)
   > 2000 IU/mL 32   5 (16)  11 (34)
Week 48c

   < 60 IU/mL 34 2 (6) 2 (6)
   ≥ 60 to < 2000 IU/mL 16 0 (0)   3 (19)
   > 2000 IU/mL 27   6 (22)   9 (33)

HBV DNA level ADV resistance 
at week 96 
(n  = 14)

No ADV resistance 
at week 96 
(n  = 63)

P  value

Baseline 
(log10 IU/mL, mean ± SD)

7.1 ± 0.7 6.8 ± 1.0 0.245

Month 3 
(log10 IU/mL, mean ± SD)

4.2 ± 1.6 3.1 ± 1.6 0.027

Month 6
(log10 IU/mL, mean ± SD)

4.1 ± 1.4 2.7 ± 1.6 0.002

Month 12 
(log10 IU/mL, mean ± SD)

3.9 ± 1.3 2.4 ± 1.5 0.002

Variables Week 48 Week 96
rtA181T 5 5
rtA181V 2 5
rtA181V + rtN236T 1 2
rtA181T + rtN236T 0 2
Total n (%)        8 (10)       14 (18)

Variables

No. of patients 77
Age (yr, mean ± SD) 49.3 ± 11.7
Female: Male (n, % male) 18: 59 (77%)
HBeAg positive (n, % positive) 21: 56 (73%)
ALT (U/L, median, range)          119 (25–926)
AST (U/L, median, range)            77 (30–483)
Albumin (g/dL, median, range) 4.0 (2.6–4.6)
Total bilirubin (mg/dL, median, range) 1.0 (0.3–4.0)
Prothrombin time (INR, median, range) 1.1 (0.9–1.7)
Baseline creatinine level (mg/dL, mean ± SD) 0.90 ± 0.13
Creatinine level at weeks 96 (mg/dL, mean ± SD) 0.94 ± 0.16
LAM resistance mutation profile (n, %)
   rtM204Ⅰ ± rtL180M 48 (62%)
   rtM204Ⅴ ± rtL180M 29 (38%)

were calculated for the prediction of  genotypic resistance 
to ADV at week 96. Receiver operator curve (ROC) 
analysis was performed to compare the performance of  
HBV DNA levels at each time points. Statistical analysis 
was conducted using PASW Statistics 17.0 (SPSS, Inc., 
Chicago, IL, United States) and P < 0.05 was considered 
significant.

RESULTS
Genotypic ADV resistance at weeks 48 and 96
Baseline characteristics of  enrolled patients are shown 

in Table 1. At week 48, 8 (10%) of  77 LAM-resistant 
patients had developed the rtA181V/T and/or rtN236T 
mutations. At week 96, 14 (18%) of  77 LAM-resistant 
patients had developed rtA181V/T and/or rtN236T 
mutations (Table 2). 

HBV DNA levels on treatment and emergence of ADV 
resistance
HBV DNA levels during treatment were significantly 
lower in patients who did not develop ADV resistance 
than in those who did, while pretreatment HBV DNA 
levels were not significantly different (Table 3). The 
degree of  reduction of  HBV DNA level was also sig-
nificantly greater among patients who developed ADV 
resistance (Figure 1). There was a significant difference 
in the incidence of  ADV resistance at week 96 according 
to HBV DNA levels at week 12 (P = 0.007), at week 24 
(P = 0.008), and at week 48 (P = 0.022) (Table 4). Only 
8% and 6% of  patients with CVR at weeks 24 and 48 
developed ADV resistance at week 96, whereas, > 30% 
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Table 1  Baseline characteristics of patients

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: 
International normalized ratio; LAM: Lamivudine.

Table 2  Patterns of ADV-resistant mutations at weeks 48 
and 96 after ADV monotherapy in LAM-resistant patients

Table 3  HBV DNA levels during ADV monotherapy ac-
cording to emergence of ADV-resistant mutations in LAM-
resistant patients

Table 4  Incidence of ADV resistance according to HBV DNA 
levels

aP value; week 48 = 0.162, week 96 = 0.007. bP value; week 48 = 0.431, week 
96 = 0.008. cP value; week 48 = 0.036, week 96 = 0.022. ADV: Adefovir dip-
ivoxil; HBV: Hepatitis B virus.
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Figure 1  Hepatitis B virus DNA levels after adefovir monotherapy. There 
were significant differences in the degree of Hepatitis B virus (HBV) DNA reduc-
tion between patients who developed adefovir resistance and those who did not 
(P value; aweek 12 = 0.027, bweek 24 = 0.002, cweek 48 = 0.002).

LAM: Lamivudine; ADV: Adefovir dipivoxil; rtA181V/T and/or rtN236T: 
ADV-resistant strain. 

LAM: Lamivudine; ADV: Adefovir dipivoxil; HBV: Hepatitis B virus.
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Variables Adefovir resistance Sensitivity 
(%, 95% CI)

Specificity Positive predictive value Negative predictive value

n  (%) (%, 95% CI) (%, 95% CI) (%, 95% CI)

HBV DNA level ≥ 60 IU/mL at 
Week 12 (n = 59)

12 (20) 85 (56–97) 25 (15–38) 20 (11–33) 89 (63-98)

HBV DNA level > 2,000 IU/mL 
at Week 12 (n = 38)

12 (32) 85 (56–97) 58 (45–70) 31 (18–48) 84 (81–99)

HBV DNA level ≥ 60 IU/mL at 
Week 24 (n = 51)

12 (24) 85 (56–97) 38 (26-51) 23 (13–38) 92 (73–98)

HBV DNA level > 2000 IU/mL 
at Week 24 (n = 32)

11 (34) 78 (48–94) 66 (53–77) 34 (19–53) 93 (80–98)

HBV DNA level ≥ 60 IU/mL at 
Week 48 (n = 43)

12 (28) 85 (56–97) 51 (38–63) 28 (16–44) 72 (56–84)

HBV DNA level > 2000 IU/mL 
at Week 48 (n = 27)

9 (33) 64 (35–86) 71 (58–81) 33 (17–53) 90 (77–96)

of  patients with IVR at weeks 12, 24 and 48 developed 
ADV resistance at week 96.

The HBV DNA levels at weeks 12, 24 and 48 were 
tested for sensitivity, specificity, positive predictive value 
and negative predictive value for the prediction of  ADV 
resistance at week 96 (Table 5). ROC curve analysis showed 
that the area under the curve in predicting ADV resistance 
was lowest at HBV DNA level ≥ 60 IU/mL at week 12 
(area = 0.556, P = 0.51) and highest at HBV DNA level > 
2000 IU/mL at week 24 (area = 0.726, P = 0.008).

DISCUSSION
In this study, we found that on-treatment serum HBV 
DNA levels were associated with genotypic ADV resis-
tance. Patients who developed ADV resistance showed 
higher HBV DNA levels at weeks 12, 24 and 48 after 
the start of  ADV monotherapy. The incidence of  ADV 
resistance was lowest among patients with CVR, and 
highest among patients with IVR (Table 4). These data 
suggest that risk of  ADV resistance is low among pa-
tients who achieve CVR at weeks 12, 24 and 48 after 
ADV monotherapy, and they may continue ADV mono-
therapy. IVR at weeks 12, 24 and 48 was associated with 
development of  ADV resistance, and ADV monothera-
py should not be continued. Patients with PVR at weeks 
12 and 24 showed low incidence of  ADV resistance, and 
may continue ADV monotherapy with careful follow-
up, but patients with PVR at weeks 48 may not continue 
ADV monotherapy because of  significant risk of  ADV 
resistance at week 96. The best predictor of  ADV resis-
tance was IVR at week 24 (Table 5).

The findings of  this study are in line with the recently 
proposed “on-treatment strategy” for patients receiving 
oral nucleoside/nucleotide therapy[13]. Keeffe et al[13] have 
suggested that management strategies should be changed 
for patients with IVR response at week 24. Shin et al[19] 
also have described the importance of  HBV DNA levels 
on treatment among patients with LAM resistance who 
received ADV monotherapy. They have reported that 
patients who had HBV DNA levels < 200 IU/mL at 

week 48 were unlikely to develop VB and genotype mu-
tations. Chen et al[20] have reported that ADV resistance 
was associated with higher HBV DNA levels and lower 
HBV DNA reduction during the first 6 mo of  ADV 
treatment, compared to patients who did not develop 
ADV resistance. Gallego et al[21] also have shown that ini-
tial virological response (reduction ≥ 4 log10 IU/mL) in 
HBV DNA at 6 mo is an important factor for predicting 
treatment outcome. These studies, as well as the present 
study, suggest that HBV DNA level during treatment is a 
valuable parameter for making early decisions regarding 
the continuation of  ADV monotherapy or switching to 
another therapy in patients who show LAM resistance[19].

For patients with LAM resistance, adding ADV is 
a better approach than switching to ADV, as has been 
demonstrated by several studies[6-12]. However, because 
of  the higher cost of  add-on therapy, in areas with limit-
ed resources, ADV monotherapy may still be considered. 
If  so, these data suggest that ADV monotherapy may be 
tried for up to 24 wk, depending on virological response. 
Patients who show favorable virological response may 
continue ADV monotherapy. 

The cumulative probability of  ADV resistance in our 
series was 10% and 18% at weeks 48 and 96, respective-
ly. However, in this study, only patients who maintained 
ADV monotherapy for at least 96 wk were enrolled, 
which indicates that patients who were good responders 
to ADV were preferentially selected for the study. Thus, 
the incidence of  ADV resistance in this study does not 
reflect true genotypic resistance rates among LAM-re-
sistant patients who received ADV monotherapy. We in-
cluded patients only for those who had received at least 
96 wk of  ADV monotherapy, because the aim of  this 
study was to determine which patients could continue 
ADV monotherapy.

In conclusion, the results of  this study demonstrate 
the importance of  HBV DNA levels during treatment as 
an indicator of  future ADV resistance. The development 
of  ADV-resistant mutations was closely associated with 
HBV DNA levels during therapy. The risk of  develop-
ing ADV-resistant mutations in patients who experi-
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Table 5  Virological response in predicting ADV resistance at week 96

ADV: Adefovir dipivoxil; HBV: Hepatitis B virus.
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enced IVR at week 24 was high. These findings suggest 
that ADV monotherapy is a viable alternative for LAM-
resistant patients with good on-treatment virological 
response, in areas with limited resources. 
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Abstract
AIM: To investigate the histological origin of pseudo-
myxoma peritonei (PMP) in Chinese women. 

METHODS: The clinical and pathological data were 
reviewed for 35 women with PMP, and specimens of 
the peritoneal, appendiceal and ovarian lesions of each 
patient were examined using the PV-6000 immunohisto-
chemistry method. Antibodies included cytokeratin (CK)7, 
CK20, mucin (MUC)-1, MUC-2, carbohydrate antigen 
(CA)-125, estrogen receptor (ER), and progesterone re-
ceptor (PR). 

RESULTS: Abundant colloidal mucinous tumors were 
observed in the peritoneum in all 35 cases. Thirty-one 
patients had a history of appendectomy, 28 of whom 
had mucinous lesions. There was one patient with ap-
pendicitis, one whose appendix showed no apparent 
pathological changes, and one with unknown surgical 
pathology. Ovarian mucinous tumors were found in 24 
patients. The tumors were bilateral in 13 patients, on the 
right-side in nine, and on the left side in two. Twenty pa-
tients had combined appendiceal and ovarian lesions; 16 
of whom had undergone initial surgery for appendiceal 
lesions. Four patients had undergone initial surgery for 
ovarian lesions, and relapse occurred in these patients 
at 1, 11, 32 and 85 mo after initial surgery. Appendi-

ceal mucinous tumors were found in each of these four 
patients. Thirty-three of the 35 patients showed peri-
toneal lesions that were positive for CK20 and MUC-2, 
but negative for CK7, MUC-1, CA125, ER and PR. The 
expression patterns in the appendix and the ovary were 
similar to those of the peritoneal lesions. In one of the 
remaining two cases, CK20, CK7 and MUC-2 were posi-
tive, and MUC-1, CA125, ER and PR were negative. The 
ovaries were not resected. The appendix of one patient 
was removed at another hospital, and no specimen was 
evaluated. In the other case, the appendix appeared to 
be normal during surgery, and was not resected. Perito-
neal and ovarian lesions were negative for CK20, MUC-2, 
CK7, MUC-1, CA125, ER and PR. 

CONCLUSION: Most PMP originated from the appen-
dix. Among women with PMP, the ovarian tumors were 
implanted rather than primary. For patients with PMP, 
appendectomy should be performed routinely. The ova-
ries, especially the right ovaries should be explored.

© 2011 Baishideng. All rights reserved.
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first described in association with a mucinous tumor of  
the ovary in 1884[1]. It is characterized by dissemination 
of  voluminous jelly-like mucus on the peritoneal surface. 
Benign or malignant epithelial cells may be found in the 
mucinous deposit. Its etiology and pathological origin are 
not yet fully understood to date. It is reported in the lit-
erature that PMP often originates from the appendix[2-10]; 
however, a third to a half  of  PMP cases are accompanied 
by ovarian mucinous tumors in women. It has been con-
troversial over the years whether the ovarian lesions in 
patients with PMP are primary or metastatic or implanted 
from the appendix. Most studies have indicated that PMP 
associated with ruptured mucinous lesions originates from 
the appendix. However, some authors consider that PMP 
originates from the ovaries[1,11-14].  

Cytokeratin (CK)7 is a specific marker of  primary 
ovarian epithelial tumor, which is rarely expressed in epi-
thelial cells of  the gastrointestinal tract[4,6]. CK20 is mainly 
expressed in the epithelium of  the gastrointestinal tract[4,6]. 
Mucin (MUC)2 is a specific marker of  goblet cells in 
the gastrointestinal tract[4,6]. MUC1 is often expressed in 
epithelial tumors of  the breast and female reproductive 
system[6]. Carbohydrate antigen (CA)125 is a membrane 
surface glycoprotein that is associated with ovarian cancer 
cells, which is expressed in the epithelium in most cases 
of  ovarian cancer[6]. In female patients, different levels of  
estrogen receptor (ER) and progesterone receptor (PR) 
expression are present in most primary ovarian epithelial 
tumors.  

We reviewed 35 cases of  PMP diagnosed at out hospi-
tal since the establishment of  our hospital, and collected 
the clinical and pathological data of  all the female patients. 
We carried out immunohistochemical studies to explore 
the causes and pathological origin of  PMP in women, and 
to provide guidance for clinical diagnosis and treatment of  
PMP. To the best of  our knowledge, this is the first large 
sample study on the origin of  PMP in Chinese women.

MATERIALS AND METHODS
Clinical data 
Our hospital treated 83 patients with PMP from 1962 
to January 2010, including 38 women (45.8%) and 45 
men (54.2%). Three of  the 38 women with PMP did not 
undergo tumor resection or cytoreductive surgery, and 
underwent pathological examination only via puncture or 
biopsy, and were therefore, excluded from analysis. The 
clinical data for the remaining 35 female patients were re-
viewed, including age of  onset, main symptoms and physi-
cal signs, imaging findings, intraoperative findings, surgical 
approach, pathological diagnosis, postoperative adjuvant 
therapy, recurrence, number of  surgical procedures, and 
survival. The survival rate of  patients was analyzed using 
the Kaplan-Meier method. 
 
Methods 
Pathological sections were obtained from all patients to the 
best of  our ability, and all pathological sections obtained 

were reviewed. For each patient, tissue blocks of  lesions 
of  the peritoneum, appendix, and ovary were selected for 
immunohistochemical staining. Three-micrometer sections 
of  the paraffin-embedded tissue were deparaffinized, rehy-
drated in a graded series of  alcohol and microwave-treated 
for 10 min in a citrate buffer (pH 6.0). Endogenous perox-
idase activity was blocked using 0.3% hydrogen peroxide. 
The tissues were processed in an automatic immunohis-
tochemical staining machine using the standard protocols 
(Lab Vision Autostainer; Lab Vision Co., Fremont, CA, 
USA) with DAKO Real™ EnVision™ Detection System 
(K5007, DAKO). We used the the following primary anti-
bodies: CK7 (clone OV.TL-12/30, Dako; dilution 1:15 000), 
CK20 (clone Ks20.8, Dako; dilution 1:2000), MUC-1 
(clone Ma 695, Novocastra; dilution 1:200) , MUC-2  (clone 
ccp58, Novocastra; dilution 1:100), CA125 (clone OC125, 
Dako; dilution 1:500), ER (clone 6F11, Novocastra; dilu-
tion 1:100), and PR (clone 16, Novocastra; dilution 1:200). 
All antibodies were incubated for 1 h at room temperature. 
The sections were visualized with 3-3′-diaminobenzidine 
and tissues were counterstained with Mayer’s hematoxylin. 
We used colon mucinous carcinoma tissue as a positive 
control for MUC2 and CK20, ovarian mucinous carcino-
ma tissue as positive control for MUC1, CA125 and CK7, 
and endometrial carcinoma tissue as a positive control for 
ER and PR. The same tissues without labeling by primary 
antibody were used as negative controls. Reactions were in-
terpreted as positive, based on the presence of  cytoplasmic 
staining for MUC2, CK7 and CK20 or cytoplasmic and 
membranous staining for MUC1 and CA125. For descrip-
tive purposes, the staining was scored semi-quantitatively 
based on the percentage of  positive cells: 1, negative; 2, < 
10%; 3, 10-50%; and 4, > 50%. For comparative purposes, 
scores of  2-4 were considered to be positive.

RESULTS
Clinical characteristics
The 35 female patients were 24-76 years of  age, with a 
mean age of  52.5 years. Most patients complained of  
abdominal distension and abdominal pain, and physical 
examination showed abdominal distension with ascites. 

During surgery, a large volume of  jelly-like mucous 
substances was seen in the abdomen. Multiple mucous 
lesions could be observed on the surface of  the perito-
neum and visceral organs. Thirty-one patients (88.6%) 
underwent appendectomy. A space-occupying lesion of  
the gallbladder was seen in one patient, whose appendix 
was not resected because intraoperative exploration of  
the appendix did not show any obvious abnormalities. 
The remaining three patients did not have a history of  
appendectomy, and the appendix was not explored dur-
ing surgery. 

Twenty-seven patients underwent ovarian resection, 
and mucinous ovarian tumors were observed in 24. In 
the remaining eight patients, no obvious abnormalities of  
the ovaries were observed during surgery, and the ovaries 
were not resected. 
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Lesions of  the appendix and ovary were present in 20 
patients (57.1%); 16 of  whom underwent initial surgery 
for appendiceal lesions and four for ovarian lesions. None 
of  these four patients underwent appendectomy, and the 
appendix was not explored during surgery. However, mu-
cinous tumors recurred 1, 11, 32 and 85 mo after initial 
surgery, respectively, and appendiceal mucinous tumors 
were found in them. The other four patients with ovarian 
mucinous tumors did not undergo appendectomy, and 
the appendix was not explored during surgery in three 
patients, and a space-occupying lesion of  the gallbladder 
was present in the remaining patient. The ovary was nega-
tive for tumor in 10 patients with appendiceal mucinous 
tumors. 

Twenty-five patients (71.43%) underwent at least two 
surgical procedures, and all 35 patients received varying 
degrees of  abdominal and systemic chemotherapy after 
surgery. Eleven patients died during follow-up (survival 
was 3-312 mo); five patients were lost to follow-up after 
2-12 mo; and 19 patients survived with tumors (3-129 mo). 
 
Pathological characteristics
In all the patients, the intra-abdominal masses consisted of  
multiple nodules or grape-like masses; most of  which had 
a smooth and shiny surface. Upon sectioning, the nodules 
were full of  a jelly-like mucous substance (Figure 1). Micro-

scopically, some mucous glandular structures were float-
ing in a large number of  mucous lakes, whose epithelium 
showed varying degrees of  differentiation; mostly highly 
differentiated (Figure 2). Part of  the epithelium was 
poorly differentiated. Mucinous tumors or tumor-like le-
sions were observed in 28 of  31 patients who underwent 
appendectomy (Figure 3A). Among the three patients 
who underwent surgery at other hospitals, the surgical 
pathology result was a chronic inflammatory mass of  
the appendix in one patient, no significant changes of  
the appendix in one patient, and unclear in the remain-
ing  patient. Ovarian mucinous tumors were found in 24 
of  the 27 patients who underwent resection of  the ovary 
(Figure 3B). The tumors were bilateral in 13 cases, on 
the right side in nine, and on the left side in two (Table 1). 
The morphological changes in lesions of  the appendix 
and ovary were similar to those of  the peritoneal lesions. 

Immunohistochemistry results
CK20 and MUC-2 were positive in 33 of  the 35 patients 
with peritoneal lesions (94.3%) (Figure 4A), but CK7, 
MUC-1 and CA125 were negative. The staining results 
of  the appendix and/or ovaries (Figure 4B and C) were 
consistent with those of  peritoneal lesions. In one patient, 
peritoneal tumors expressed CK20, CK7 and MUC-2, but 
not MUC-1 and CA125. That patient underwent appen-
dectomy at another hospital, and no specimen was exam-
ined. No ovarian tumors were seen during surgery; conse-
quently, the ovaries were not resected. The peritoneal and 
ovarian lesions were negative for CK20, MUC-2, CK7, 
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Figure 1  Upon sectioning, the peritoneal lesions were full of a jelly-like mu-
cous substance.

Figure 2  Microscopically, some mucous glandular structures were floating 
in a large number of mucous lakes (HE stain, × 200).

Figure 3  Mucinous tumors were observed in the appendix (A) (HE stain, ×
100) and ovary (B) (HE stain, × 100).

A

B
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MUC-1 and CA125 in one patient with a space-occupying 
lesion of  the gallbladder. Additionally, ER and PR status 
was examined in the peritoneal, appendiceal, and ovarian 
lesions of  the 24 patients with ovarian mucinous lesions, 
and the results were negative.
  
Survival
The survival of  patients ranged between 2 and 312 mo. 
The average survival of  patients was 47 mo, as calculated 
using the Kaplan-Meier survival curve. The 3-, 5- and 
10-year survival was 54.3%, 23.8% and 13.6%, respec-
tively (Figure 5). 

DISCUSSION
PMP is a rare disease with a large volume of  extensively 
implanted gelatinous mucous substance on the surface 
of  the peritoneum or omentum majus[1,2]. The jelly-like 
substance is called pseudo-mucin, whose chemical prop-
erties are different from those of  the mucous proteins. 
PMP was first discovered by Werth[1] in 1884, and its in-
cidence is approximately 2/10 000 in all the patients who 
are undergoing laparotomy. This disease, with a mean 
age of  60 years (range: 30-88 years) and a male:female 
ratio 1:3.4, is characterized by unrelenting pain of  gradual 
onset, abdominal distension, and mucous ascites in litera-
tures. Ultimately, the tumor may occupy the majority of  

the abdominal cavity and “jelly belly” syndrome may oc-
cur. Definitive clinical diagnosis is very difficult to make, 
and almost all cases are diagnosed with assistance of  lapa-
rotomy. Detection of  jelly-like ascites through abdominal 
puncture has high diagnostic value for this disease. Our 
patients with PMP were 24-76 years of  age, (mean age, 
52.5 years), and the female:male ratio was 1:1.2.

The causes of  PMP have remained controversial for 
many years. It has been reported that the primary tumor 
of  PMP is present in many organs, of  which the most 
common are the appendix and ovaries, followed by the 
Fallopian tube, pancreas, and intestine. The primary foci 
are hard to detect in some cases[2,3]. Most patients with 
PMP either suffer from appendiceal mucinous diseases 
(including cystadenoma and cystadenocarcinoma) or have 
a history of  recent appendectomy[4-10]. In women, PMP 
may be accompanied by ovarian mucinous tumors, which 
often occur bilaterally. If  the tumor occurs unilaterally, 
it more often affects the right ovary[9,10]. Clinically, about 
a third to a half  of  women with PMP have concurrent 
ovarian and appendiceal mucinous tumors. 

Our hospital has treated 83 cases of  PMP (45 men 
and 38 women) since the establishment of  our hospital. 
The number of  male patients was greater than female 
patients, which is different from that reported in the lit-
erature. Thirty-one of  the 35 female patients in our study 
underwent appendectomy, and appendiceal mucinous tu-
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Figure 4  Mucin-2 was positive in peritoneal (A) (× 200),  appendiceal (B) (× 100) and ovarian (C) (× 100) lesions.

A B C

Table 1  Pathological findings in 35 women with pseudomyxoma peritonei

            Ovary (n )   Other organs       Total (n ) 

Bilateral Right-side  Left-side NSC UR 

 Appendix (n)     Mucocele   1 0 0 0 0 No   1
MA   3 5 1 0 3 No 12
MAC   4 3 1 3 4 No 15
Appendicitis   1 0 0 0 0 No   1
UP   1 0 0 0 0 No   1
NSC   0 0 0 0 1 No   1
UR   1 0 0 0 0 Gallbladder   1
UDS   2 1 0 0 0 No   3

Total (n) 13 9 2 3 8 35

MA: Mucinous adenoma; MAC: Mucinous adenocarcinoma; UP: Unknown pathology; NSC: No significant changes; UR: Unresected; UDS: Unexplored 
during surgery.
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mors were seen in 28 of  these. Three patients underwent 
surgery at other hospitals, and the pathological results 
of  two were obtained. The pathological results of  the 
remaining patient were unknown. For the two patients 
with pathological results, the pathological diagnosis was 
chronic inflammatory mass of  the appendix in one pa-
tient, and no significant change in the appendix in the 
other. The remaining four patients did not have a history 
of  appendectomy, and in three of  them, the appendix was 
not explored during cytoreductive surgery for peritoneal 
tumor.  

Twenty-four of  the 35 patients had ovarian mucinous 
lesions, which were bilateral in 13 cases, on the right side 
in nine, and on the left side in two. Concurrent appendi-
ceal and ovarian lesions occurred in 20 cases. It is con-
troversial whether the ovarian lesions in these patients 
were primary or secondary to the appendiceal lesions.  

In recent years, the techniques of  immunohistochem-
istry and molecular biology have become more sophis-
ticated, and have greatly enhanced our ability to identify 
the origin of  this disease. In 1991, Young et al[5] analyzed 
22 cases of  ovarian mucinous tumors and PMP-induced 
appendiceal mucinous tumors. Their results showed 
that PMP and ovarian lesions both originated from the 
appendix. Subsequently, Ferreira[6] and Ronnett[7] have 
made the same observation. Using immunohistochemi-
cal methods, Dong et al[10] in China have analyzed CK7, 
CK20 and CA125 expression in peritoneal, ovarian and 
appendiceal tumors in women with PMP. These investi-
gators drew the same conclusion. Szych et al[8] have ana-
lyzed the k-ras mutations and chromosome 18q, 17p, 5q 
and 6q alleles in patients with PMP. Their results support 
the conclusion that the ovarian lesions originate from 
the appendix in patients with PMP. 

It has been reported in the literature that CK7 is a spe-
cific marker of  primary ovarian epithelial tumors, which is 
rarely expressed in gastrointestinal epithelial cells[4,6]; how-
ever, our experience has shown that CK7 is not specific 
enough, and sometimes CK7 is positive in typical gastro-
intestinal adenocarcinoma. CK20 is mainly expressed in 
the epithelial cells of  the gastrointestinal tract[4,6], but it 
can also be positive in intestinal-type ovarian mucinous 
tumors. MUC2 is a highly specific marker of  intestinal 
goblet cells[4,6]. MUC1 is often expressed in epithelial 
tumors of  the breast and female reproductive systems[6], 
but it is negative in epithelial cells of  the gastrointestinal 
tract. CA125 is a surface membrane glycoprotein that is 
associated with ovarian cancer cells, which is positive in 
epithelial cells of  most ovarian cancers[6]. In women, dif-
ferent levels of  ER and PR expression are present in most 
of  the primary ovarian epithelial tumors. Application of  
the aforementioned antibodies in the detection of  tissue 
antigens is helpful in differentiating whether the tumor 
originates in the appendix or the ovaries. 

Thirty-three of  the 35 patients in our study had 
CK20- and MUC-2-positive peritoneal lesions, but CK7, 
MUC-1, CA125, ER and PR were negative. The expres-
sion pattern of  the appendix and the ovary was similar 
to that of  the peritoneal lesions. In one of  the remaining 
two cases, CK20, CK7 and MUC-2 were positive, and 
MUC-1, CA125, ER and PR were negative. The ovaries 
were not resected because there were no abnormal intra-
operative findings. This patient’s appendix was removed 
at another hospital, and no specimen was examined. In 
the other case, the appendix appeared to be normal dur-
ing surgery and was not resected. Peritoneal and ovarian 
lesions were negative for CK20, MUC-2, CK7, MUC-1, 
CA125, ER and PR. The above results suggest that PMP 
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Figure 5  Survival of 35 women with pseudomyxoma peritonei.
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and ovarian lesions were implanted and metastatic ap-
pendiceal tumors in 34 of  the 35 cases.

It has been reported in the literature that the appendix 
can be normal in patients with PMP and ovarian muci-
nous tumors[11]. Lee et al[11] have studied 196 patients with 
borderline ovarian mucinous tumors; of  whom, only 11 
had PMP. These investigators stated that the apparent 
absence of  appendiceal lesions could have been explained 
by a variety of  circumstances, but that the appendix was 
not truly normal. First, the appendix may have been left 
unresected because the surgeon might have observed a 
normal-appearing appendix during surgery. Second, even 
if  the appendix was resected, the sample collection might 
not have been sufficient and complete. Finally, even if  a 
sufficient sample was collected, tiny foci of  ruptured wall 
might have been missed due to failure to cut serial sec-
tions. In cases with apparent absence of  appendiceal le-
sions, we believe that lesions may have been missed. 

In our study, concurrent appendiceal and ovarian le-
sions occurred in 20 patients, of  which, 16 underwent 
initial surgery for appendiceal lesions, and four for ovar-
ian tumors. Abdominal recurrence occurred at 1-85 mo 
after surgery, and lesions of  appendiceal mucinous tumors 
were found in all four patients. For one patient who un-
derwent surgery that involved the right ovary, the surgeon 
explored the appendix during surgery, but the appendix 
was not resected because no obvious abnormalities were 
observed by the naked eye. Mucinous tumors were found 
throughout the abdominal cavity in that patient at 39 mo 
after surgery, and the resected appendix was confirmed to 
contain mucinous cystadenoma. 

PMP caused by pancreatic mucinous tumor occasion-
ally has been reported in the literature[15]. In our study, bi-
lateral ovarian mucinous tumors were seen in one patient, 
accompanied by a space-occupying lesion of  the gallblad-
der. The gallbladder was not resected due to the difficulty 
of  the surgery. Immunohistochemical studies of  the peri-
toneal and ovarian lesions showed that CK20, MUC-2, 
CK7, MUC-1, CA125, ER and PR were negative, which 
suggested that the ovarian tumor might be metastatic. In 
the literature, mucinous tumors of  the gallbladder have 
not been reported to cause PMP, and this needs further 
study. 
 
Treatment and prognosis of PMP 
Treatment for PMP is complete resection of  the tumors, 
supplemented by intraperitoneal and systemic chemo-
therapy. The disease often relapses, and recurrence occurs 
in 60%-76% of  patients after surgery. Multiple surgical 
resections are often required, and sometimes > 20 opera-
tions are performed. Extent and invasiveness of  PMP 
are the important causes of  post-surgical recurrence. Al-
though this disease may progress slowly, it is often fatal. 
The reported median survival was 5.9 years, and the 3-, 
5- and 10-year survival was 81.1%-83%, 50.0%-81%, and 
18.2%-32%, respectively. Common causes of  death are 
systemic infection secondary to wound infection, bowel 
obstruction, hernia, and pleural pseudomyxoma caused by 

tumor passing through the diaphragm. Twenty-five of  the 
35 patients in our study underwent two or more opera-
tions, and 11 patients died. The 5- and 10-year survival 
was 23.8% and 13.6%, respectively, which was lower than 
the survival reported in the literature. Therefore, we sug-
gest close follow-up of  patients with a diagnosis of  PMP; 
especially those patients whose appendix has not been 
resected or explored during the initial surgery.

In summary, we believe that PMP often originates in 
the appendix, and that mucinous ovarian lesions are im-
planted or metastatic appendiceal tumors. Therefore, ap-
pendectomy should be performed routinely for patients in 
whom PMP is considered during laparotomy. The pathol-
ogist should carefully examine the gross specimen of  the 
appendix, and collect as many tissue blocks as possible. 
Serial sections should be made for suspicious tissue blocks 
in order to search for small lesions. Additionally, because 
the incidence of  ovarian involvement with implanted 
tumor is high in women with PMP, adnexa should be ex-
plored bilaterally during surgery; especially the right-side 
adnexa. Patients with PMP should be followed up closely; 
especially those whose appendix has not been resected or 
explored during initial surgery.

COMMENTS
Background
Pseudomyxoma peritonei (PMP) is a rare disease that is characterized by 
dissemination of voluminous jelly-like mucus on the peritoneal surface. Its etiol-
ogy and pathological origin are not yet fully understood. It has been reported 
that PMP often originates from the appendix; however, a third to a half of PMP 
cases are accompanied by ovarian mucinous tumors in women. 
Research frontiers
It has been controversial over the years whether the ovarian lesions in patients 
with PMP are primary or metastatic or implanted from the appendix. Most 
studies have indicated that PMP associated with ruptured mucinous lesions 
originates from the appendix. However, some authors consider that PMP origi-
nates from the ovaries. In this study, the authors demonstrated that most PMP 
in Chinese women originated from the appendix, and the ovarian tumors were 
implanted but not primary.
Innovations and breakthroughs
Recent reports have highlighted the origin of PMP in women. Unfortunately, few 
reports have observed the origin of PMP in Chinese women, and most of them 
were case reports or small studies. To the best of our knowledge, this study is 
the first large sample study on the origin of PMP in Chinese women. 
Applications 
By understanding the appendiceal origin of PMP in women, appendectomy 
should be performed routinely for patients in whom PMP is considered during 
laparotomy. The pathologist should carefully examine the gross specimen of the 
appendix, and collect as many tissue blocks as possible. Serial sections should 
be made for suspicious tissue blocks in order to search for small lesions. Ad-
ditionally, because the incidence of ovarian involvement with implanted tumor 
is high in women with PMP, the adnexae should be explored bilaterally during 
surgery, especially the right-side adnexa. 
Terminology
PMP is a disease with a large volume of extensively implanted gelatinous 
mucous substance on the surface of the peritoneum. The term comes from the 
jelly-like substance, whose chemical properties are different from those of the 
mucous proteins, and called pseudo-mucin. 
Peer review
This study considers the investigation of the histological origin of PMP in Chi-
nese women, using immunohistochemical methods for detection of several 
mucin and tumor markers. The authors found that most PMP originated from 
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the appendix, and among women, the PMP was predominately originated from 
implanted ovarian tumors. The study was set up correctly. The aim of the study 
was fulfilled. The figures give a good overview of the results. The methods used 
and the results are not described sufficiently well.
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Abstract
AIM: To investigate the efficacy and safety of propofol 
sedation for endoscopic retrograde cholangiopancrea-
tography (ERCP). 

METHODS: Databases including PubMed, Embase, 
and the Cochrane Central Register of Controlled Trials 
updated as of October 2010 were searched. Main out-
come measures were ERCP procedure duration, recov-
ery time, incidence of hypotension and hypoxia.

RESULTS: Six trials with a total of 663 patients were 
included. The pooled mean difference in ERCP pro-
cedure duration between the propofol and traditional 
sedative agents was -8.05 (95% CI: -16.74 to 0.63), 
with no significant difference between the groups. The 

pooled mean difference in the recovery time was -18.69 
(95% CI: -25.44 to -11.93), which showed a significant 
reduction with use of propofol sedation. Compared with 
traditional sedative agents, the pooled OR with propofol 
sedation for ERCP causing hypotension or hypoxia was 
1.69 (95% CI: 0.82-3.50) and 0.90 (95% CI: 0.55-1.49), 
respectively, which indicated no significant difference 
between the groups.

CONCLUSION: Propofol sedation during ERCP leads 
to shorter recovery time without an increase of cardio-
pulmonary side effects. Propofol sedation can provide 
adequate sedation during ERCP.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP),  
the most complex gastrointestinal procedure since its in-
troduction in 1968[1], is a highly effective tool to diagnose 
or treat a variety of  biliopancreatic diseases. It is generally 
recognized that ERCP is a lengthy and potentially un-
comfortable procedure that should be performed under 
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at least conscious sedation[2]. Over the past two decades, 
propofol, a short-acting agent with rapid metabolism 
in vivo has been used frequently worldwide as a sedative 
agent for standard endoscopic procedures[3]. However, 
propofol may lead to deep sedation or even dangerous 
adverse events that require cardiopulmonary support[4]. 
Previous studies and several meta-analyses[5,6] have 
demonstrated that, compared with the traditional seda-
tive agents, propofol sedation is associated with a lower 
risk of  complications in gastrointestinal endoscopy. To 
date, several studies have compared the effectiveness 
of  propofol with conventional sedation during ERCP. 
However, the results of  individual studies have been 
inconclusive. Thus, we propose that pooling all avail-
able studies together systematically may provide a better 
understanding of  the procedure. Here, we performed 
a meta-analysis to assess the safety and efficacy of  pro-
pofol sedation for ERCP, including all randomized con-
trolled trials (RCTs).

MATERIALS AND METHODS
Searching strategy
Related articles in all languages were identified and select-
ed by searching multiple electronic databases including 
PubMed, Embase, and the Cochrane Central Register of  
Controlled Trials updated to October 2010, and all bibli-
ographies were identified in the reference lists to identify 
eligible studies. Due to the relatively small number of  
articles in this field, we did not use an automated RCT fil-
ter in the searching strategy. Key words including ERCP, 
propofol and diprivan, were used to identify as many ar-
ticles as possible. Internet search engines, Google Scholar 
and Yahoo, were also searched with relevant keywords. 
Major proceedings of  international meetings were hand-
searched.

Inclusion and exclusion criteria
The primary objective of  this meta-analysis was to de-
termine the safety and efficacy of  propofol sedation 
for ERCP by comparing with traditional sedative agents 
such as meperidine, midazolam, scopolamine, and/or 
pentazocine. Only RCTs in adult patients aged > 18 years 
who underwent ERCP, published as full articles or meet-
ing abstracts in peer-reviewed journals were considered. 
Studies were included if  they provided the sedation-relat-
ed outcomes: patient monitoring and complications (i.e., 
hypoxia or hypotension), procedure-related outcomes 
(i.e., ERCP duration, sedation and recovery time). All the 
studies that used propofol plus other agents simultane-
ously in the same group were excluded. We also excluded 
studies that could not provide actual frequencies of  the 
complications rather than percentages of  complications 
or percentage decline in complications.

Data extraction and validity assessment
Two authors (Bo LL and Bai Y) selected the studies, ex-
tracted the data, and assessed study quality using a prede-

signed form. This process resulted in high inter-observer 
agreement (K = 0.86). Disagreement was resolved by 
consensus or discussion with the third author (Deng 
XM). Extracted information includes study design, inter-
ventions, outcomes, and adverse effects. When necessary, 
authors were contacted for data not reported or not fully 
clarified in the original article.

Included studies were assessed for methodological 
quality on a scale validated by Jadad et al[7] and scored 
from 0 to 5: randomization (0-2 points), blinding (0-2 
points), and full accounting of  all patients (0-1 point); 
a higher score indicating better quality. All the included 
studies had a score of  at least 1 because randomization 
was a requirement for inclusion.

Statistical analysis
All statistical analysis was performed using Review Man-
ager (RevMan version 5.0), the Cochrane Collaboration’s  
software for preparing and maintaining Cochrane system-
atic reviews. Meta-analysis was performed using fixed-
effect or random-effect methods, depending on the 
absence or presence of  significant heterogeneity. We used 
the χ2 test to assess heterogeneity between trials and the 
I2 statistic to assess the extent of  inconsistency. P < 0.10 
was defined as significant heterogeneity. Results were ex-
pressed as OR or mean difference with 95% CI. P < 0.05 
was considered statistically significant. Potential publica-
tion bias was examined by funnel plot.

RESULTS
Selected RCTs
Figure 1 shows the process of  study selection. Our ini-
tial searching strategy yielded 139 citations in Embase, 
PubMed, and Cochrane library (updated to October 12, 
2010), of  which 117 were excluded on the basis of  the ti-
tle or abstract. Of  the remaining 22 articles, we excluded 
one study that was not randomized, nine unrelated to the 
study aims, and six having used some other agents plus 
propofol in the same group or in the control.

Finally, six RCTs[8-13], with a total of  663 subjects, 
331 who received propofol, and 332 who received tradi-
tional agents for sedation, fulfilled our inclusion criteria. 
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Potentially relevant studies
identified and screened
for retrieval (n  = 139)

Studies retrieved for more 
detailed evaluation 
(n  = 22)

Studies excluded (n  = 117):
54 reviews, 17 editorials, 12 case reports, 
28 non-randomized trials, 6 duplicate

Studies excluded (n  = 16):
1 non-randomized trial, 
9 unrelated to the study aims, 
6 used propofol plus other agentsRCTs included in the 

meta-analysis (n  = 6)

Figure 1  Flow diagram of included and excluded trials.



Among them, three trials were reported from Germany[8-10] 

(Riphaus, 2005 #30), one from China[11], one from Israel[12], 
and one from Thailand[13]. All eligible articles were report-
ed in the form of  full-text articles. 

Characteristics of the selected studies 
The characteristics of  the six included studies are sum-
marized in Table 1. The median number of  enrolled pa-
tients was 107 (range, 32-197). The indication for ERCP 
in these trials was generally biliary diseases. All of  them 
were randomized controlled single-center trials. Four of  
them[8,10,12,13] reported the method of  randomization with 
a Jadad score of  ≥ 3, which suggested a good study de-
sign or high quality of  report. 

Meta-analysis results
Procedure time: The duration of  ERCP procedure be-
tween propofol and control groups was measured in three 
studies. Although all of  them showed a trend towards du-
ration reduction in the propofol group, the pooled mean 
difference between the propofol and control groups was 
-8.05 (95% CI: -16.74 to 0.63), which suggested a statisti-

cally non-significant difference between the two groups. 
The χ2 and I2 were 6.76 (P < 0.10) and 70%, which indi-
cated heterogeneity among the studies (Figure 2).

Recovery time: Five studies with 583 patients reported 
recovery time. All of  them found a shorter mean re-
covery time using propofol with pooled weighted mean 
difference (WMD) of  -18.69 (95% CI: -25.44 to -11.93), 
which indicated a statistically significant difference be-
tween the two groups. The χ2 and I2 were 46.9 (P < 0.10) 
and 91%, which suggested heterogeneity among the stud-
ies. Sensitivity analysis omitting two studies[11,12] with a 
high risk of  bias did not alter the findings, pooled WMD 
-11.61 (95% CI: -15.45 to -7.78) (Figure 3).

Complications: The complications of  hypotension and 
hypoxia were recorded in most of  the studies. However, 
amnesia was recorded in only three studies. Systolic 
blood pressure < 75% of  baseline and heart rate < 75% 
of  baseline were recorded in only two studies. Due to 
the limited number of  studies, and different criteria for 
amnesia recognition, only hypotension and hypoxia were 
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Table 1  Characteristics of studies included in the meta-analysis

Included 
studies

Country Administrator Procedure Sedation Sample 
size

Hypoxia 
(SaO2 < 
90%)

Hypotension 
(SBP < 

90 mmHg)

Procedure 
duration 
(min)

Recovery 
time (min)

Jadad 
score

Chen et al[11], 
2005

China ICU physician ERCP Propofol 35   2 7 49.22 ± 24.51   5.20 ± 1.94 2
Meperidine + 
scopolamine

35   3 0 69.59 ± 25.16   63.94 ± 78.02

Jung et al[10], 
2000

Germany Anesthesiologist ERCP Propofol 40 1 2
Midazolam 40 0

Kongkam 
et al[13], 2008

Thailand ACLS trained 
gastroenterologist

ERCP Propofol 67 15 6 39.79 ± 32.49 17.24 ± 5.99 5
Meperidine + 

midazolam
67 21 6 41.82 ± 21.85   34.25 ± 16.06

Krugliak 
et al[12], 2000

Israel Anesthesiologist ERCP Propofol 15 13.1 ± 5.8 5
Midazolam 17   58.4 ± 29.4

Riphaus 
et al[8], 2005

Germany ICU physician ERCP Propofol 75   8 6 22 ± 7 5
Meperidine + 

midazolam
75   7 4 31 ± 8

Wehrmann 
et al[9], 1999

Germany Physician 
unspecified 

ERCP Propofol 99 11 7 27 ± 16 19 ± 8 4
Midazolam + 
pentazocine

98   8 2 32 ± 14 29 ± 8

SBP: Systolic blood pressure; ERCP: Endoscopic retrograde cholangiopancreatography.

Study or subgroup Propofol TS Weight 

(%)

Mean difference 

IV, Random, 95% CI

Mean difference 

IV, Random, 95% CImean SD Total mean SD Total

Chen et al [11], 2005 49.22 24.51   35 69.59 25.16   35   25.8 -20.37 (-32.01, -8.73)

Kongkam et al [13], 2008 39.79 32.49   67 41.82 21.85   67   30.9 -2.03 (-11.41, 7.35)

Wehrmann et al [9], 1999    27  16   99  32  14   98   43.3 -5.00 (-9.20, -0.80)

Total (95% CI) 201 200 100.0 -8.05 (-16.74, 0.63)

Heterogeneity: t2 = 40.76, χ2 = 6.76, df  = 2 (P  = 0.03), I 2 = 70%

Test for overall effect: Z  = 1.82 (P  = 0.07) -100         -50            0            50           100
  Favours experimental      Favours control

Figure 2  Forest plot of meta-analysis of propofol vs traditional sedative agents in endoscopic retrograde cholangiopancreatography procedure duration. 
IV: Inverse variance; TS: Traditional sedation.
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eligible for inclusion in the present meta-analysis. 
Of  the four studies, the OR of  hypotension in three 

studies was in favor of  traditional agents, with one show-
ing no difference. The meta-analysis demonstrated that 
hypotension occurred in 4.29% of  controls (12/280) vs 
7.12% (20/281) of  the propofol group. Compared with 
traditional agents for sedation, the pooled OR of  devel-
oping hypotension using propofol was 1.69 (95% CI: 
0.82-3.50), which indicated no statistically significant dif-
ference between the two groups (Figure 4).

In evaluating the OR between propofol and traditional 
sedation agents causing hypoxia, two studies favored pro-

pofol, whereas two studies favored traditional sedation 
agents. The meta-analysis demonstrated that hypoxia oc-
curred in 14.19% of  controls (39/275) vs 13.04% (36/276) 
of  the propofol group. Overall, the pooled OR of  devel-
oping hypoxia using propofol was 0.90 (95% CI: 0.55-1.49), 
which suggested no statistically significant difference be-
tween the two groups (Figure 5).

Publication bias: Funnel plot analysis was conducted 
using the occurrence of  hypotension as the index. The 
graphical funnel plot of  the five studies appeared to be 
asymmetrical (Figure 6).
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Study or subgroup Propofol TS Weight 

(%)

Mean difference 

IV, Random, 95% CI

Mean difference 

IV, Random, 95% CImean SD Total mean SD Total

Chen et al [11], 2005     5.2 1.94   35 63.94 78.02   35     5.5   -58.74 (-84.60, -32.88)

Kongkam et al [13], 2008     17.24 5.99   67 34.25 16.06   67   26.1   -17.01 (-21.11, -12.91)

Krugliak et al [12], 2000   13.1   5.8   15  58.4  29.4   17   12.6   -45.30 (-59.58, -31.02)

Riphaus et al [8], 2005 22   7   75  31    8   75   27.8   -9.00 (-11.41, -6.59)

Wehrmann et al [9], 1999 19   8   99  29    8   98   28.0 -10.00 (-12.23, -7.77)

Total (95% CI) 291 292 100.0   -18.69 (-25.44, -11.93)

Heterogeneity: t2 = 41.16, χ2 = 46.90, df  = 4 (P  < 0.00001), I 2 = 91%

Test for overall effect: Z  = 5.42 (P  < 0.00001) -100         -50            0            50           100
  Favours experimental      Favours control

Figure 3  Forest plot of meta-analysis of propofol vs traditional sedative agents in endoscopic retrograde cholangiopancreatography recovery time. IV: 
Inverse variance; TS: Traditional sedation.

Study or subgroup Propofol TS Weight 

(%)

Odds ratio 

M-H, Fixed, 95% CI

Odds ratio 

M-H, Fixed, 95% CIEvents Total Events Total

Kongkam et al [13], 2008   6   67   6   67   47.5 1.00 (0.31, 3.27)

Riphaus et al [8], 2005   6   75   4   75   32.0 1.54 (0.42, 5.71)

Wehrmann et al [9], 1999   7   99   2   98   16.3   3.65 (0.74, 18.04)

Jung et al [10], 2000   1   40   0   40     4.2   3.08 (0.12, 77.80)

Total (95% CI) 281 280 100.0 1.69 (0.82, 3.50)

Total events 20 12

Heterogeneity: χ2 = 1.80, df  = 3 (P  = 0.62), I 2 = 0%

Test for overall effect: Z  = 1.42 (P  = 0.16)
0.002            0.1        1        10               500
  Favours experimental      Favours control

Figure 4  Forest plot of meta-analysis of propofol vs traditional sedative agents in occurrence of hypotension during endoscopic retrograde cholangiopan-
creatography. M-H: Mantel-Haenszel; TS: Traditional sedation.

Study or subgroup Propofol TS Weight 

(%)

Odds ratio 

M-H, Fixed, 95% CI

Odds ratio 

M-H, Fixed, 95% CIEvents Total Events Total

Chen et al [11], 2005   2   35   3   35     8.7 0.65 (0.10, 4.13)

Kongkam et al [13], 2008 15   67 21   67   50.1 0.63 (0.29, 1.37)

Riphaus et al [8], 2005   8   75   7   75   19.2 1.16 (0.40, 3.38)

Wehrmann et al [9], 1999 11   99   8   98   22.0 1.41 (0.54, 3.66)

Total (95% CI) 276 275 100.0 0.90 (0.55, 1.49)

Total events 36 39

Heterogeneity: χ2 = 1.98, df  = 3 (P  = 0.58), I 2 = 0%

Test for overall effect: Z  = 0.39 (P  = 0.69)
0.01         0.1            1            10           100
  Favours experimental      Favours control

Figure 5  Forest plot of meta-analysis of propofol vs traditional sedative agents in occurrence of hypoxia during endoscopic retrograde cholangiopancrea-
tography. M-H: Mantel-Haenszel; TS: Traditional sedation.
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DISCUSSION
By summarizing the current best evidence, this meta-
analysis conclusively revealed that there are clear benefits 
of  propofol sedation during ERCP regarding the recov-
ery time, without an increase in hypotension and hypoxia 
occurrence. 

Propofol is widely used to induce and maintain anes-
thesia. It is also used to induce moderate to deep sedation 
for other procedures, and its advantages include rapid on-
set, rapid recovery time, and absence of  nausea or vomit-
ing[14]. During the past decade, with the growing interest 
in sedation for gastrointestinal endoscopy worldwide, 
the use of  propofol sedation during endoscopy has been 
increased[15]. In a previous meta-analysis[6], propofol seda-
tion for colonoscopy was associated with significantly 
fewer adverse effects. Our present meta-analysis of  pro-
pofol in ERCP indicated that propofol was not inferior 
to traditional sedation agents.

Our present meta-analysis showed that the recovery 
time with propofol sedation was significantly reduced 
when compared with that with traditional sedation. We 
also confirmed that the incidence of  hypotension and 
hypoxia during ERCP with propofol sedation was com-
parable to traditional sedation. It has been reported that 
propofol for sedation during colonoscopy for generally 
healthy individuals can lead to a faster recovery time with-
out an increase in side effects[6]. Our results in ERCP also 
found a significant reduction in recovery time. Qadeer  
et al[6] also concluded that propofol is not inferior to 
other agents when used for ERCP/endoscopic ultra-
sound sedation (EUS) in terms of  complications of  hy-
poxia and hypotension. However, their meta-analysis of  
propofol sedation in ERCP included only three studies; 
since then, three new RCTs have been published[8,11,13]. 
Estimation based on the three trials, involving only 304 
patients, was underpowered to detect the risk of  hypoxia 
or hypotension. Several differences should also be highly 
noted. First, our present meta-analysis focused specifical-
ly on ERCP, whereas the previous meta-analysis focused 
on colonoscopy. Second, the procedure duration and re-
covery time were compared in the present meta-analysis, 

whereas the previous analysis only estimated the risk of  
hypoxia and hypotension caused by propofol sedation 
during ERCP/EUS.

Guidelines and a position statement[16] published joint-
ly by four American gastroenterology and hepatology so-
cieties regarding non-anesthesiologist administration of  
propofol for gastrointestinal endoscopy state that, non-
anesthesiologist administration of  propofol is more cost-
effective than standard sedation with benzodiazepines 
and opioids. Propofol has the potential to induce general 
anesthesia, and there is no pharmacological antagonist 
to reverse its effect. Although propofol sedation appears 
to be a promising strategy during ERCP, its side effects 
should never be underestimated. With respect to its po-
tential side effects, the administrator should be aware of  
the risk of  hypotension and respiratory depression[4]. Fur-
ther studies with standardized end-points are also needed 
to compare propofol administration by anesthesiologists 
to that by non-anesthesiologists.

The objectives of  a meta-analysis include increasing 
power to detect an overall therapeutic effect by estimat-
ing the degree of  benefit associated with a particular 
study treatment[17]. In the case of  propofol sedation dur-
ing ERCP, the current meta-analysis pooled all available 
data from published RCTs, which substantially reduced 
the type Ⅱ error. However, the present meta-analysis also 
has several limitations that need to be taken into account 
in interpreting the results.

First, this meta-analysis is a study-level but not an 
individual patient-level meta-analysis. It is known that 
study-level analysis can lead to biased assessments, and 
use of  aggregated summary values has some limitations 
for explaining the heterogeneity[18]. Second, the admin-
istrator of  propofol sedation was not the same in all the 
included studies: two studies by anesthesiologists[10,12], 
two by ICU physicians[8,11], one by ACLS trained gastro-
enterologists[13], and one by an unspecified physician[9]. 
This may be considered as a source of  heterogeneity. 
However, due to the limited number of  included studies 
and differently recorded data, subgroup analysis was not 
carried out. Third, we originally intended to analyze other 
complications (e.g., arrhythmias, antegrade amnesia, and 
apnea), assessment of  the procedure by the patients (i.e. 
satisfaction, pain or discomfort), and assessment of  the 
procedure by physicians (i.e., satisfaction with sedation 
and patient cooperation). However, due to the limited 
number of  studies that reported relevant outcomes, and 
the different methods in reporting outcomes, it was not 
appropriate to combine them together for the present 
meta-analysis. It should be emphasized that future studies 
should take into a comprehensive consideration of  uni-
form outcome reporting.

A high incidence of  hypotension was noticed among 
all original studies except one[13]. Although the present 
meta-analysis found no significant statistical difference 
between two sedative agents, there was a trend toward a 
higher incidence of  hypotension with propofol sedation. 
This result may have been caused by the relatively small 
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Figure 6  Funnel plot of trials of propofol sedation during endoscopic ret-
rograde cholangiopancreatography. OR: Odds ratio.
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numbers included in each study, leading to a high pos-
sibility of  type Ⅱ error, which could weaken the conclu-
sions. Further studies with a large number of  patients are 
warranted to clarify the safety of  propofol sedation dur-
ing ERCP. 

In conclusion, propofol sedation during ERCP can 
lead to a shorter recovery time without an increase of  
cardiopulmonary side effects. Propofol sedation seems to 
be an effective method for providing adequate sedation 
during ERCP. 
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Abstract
AIM: To investigate and review the contrast-enhanced 
multiple-phase computed tomography (CEMP CT) and 
magnetic resonance imaging (MRI) findings in patients 
with pathologically confirmed hepatic epithelioid he-
mangioendothelioma (HEHE).

METHODS: Findings from imaging examinations in 
8 patients (5 women and 3 men) with pathologically 
confirmed HEHE were retrospectively reviewed (CT 
images obtained from 7 patients and MR images ob-
tained from 6 patients). The age of presentation varied 
from 27 years to 60 years (average age 39.8 years).

RESULTS: There were two types of HEHE: multifocal 
type (n  = 7) and diffuse type (n  = 1). In the multi-
focal-type cases, there were 74 lesions on CT and 
28 lesions on MRI with 7 lesions found with diffusion 
weighted imaging; 18 (24.3%) of 74 lesions on plain 

CT and 26 (92.9%) of 28 lesions on pre-contrast MRI 
showed the target sign. On CEMP CT, 28 (37.8%) 
of 74 lesions appeared with the target sign and a 
progressive-enhancement rim and 9 (12.2%) of 74 le-
sions displayed progressive enhancement, maintaining 
a state of persistent enhancement. On CEMP MRI, 27 
(96.4%) of 28 lesions appeared with the target sign 
with a progressive-enhancement rim and 28 (100%) 
of 28 lesions displayed progressive-enhancement, 
maintaining a state of persistent enhancement. In the 
diffuse-type cases, an enlarged liver was observed with 
a large nodule appearing with persistent enhancement 
on CEMP CT and MRI. 

CONCLUSION: The most important imaging features 
of HEHE are the target sign and/or progressive en-
hancement with persistent enhancement on CEMP CT 
and MRI. MRI is advantageous over CT in displaying 
these imaging features.
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a rare vascular tumor in adults with a variable but often 
long clinical course, which is intermediate between hem-
angioma and angiosarcoma in clinical biological behav-
ior[1]. This tumor is histologically characterized by an epi-
thelial appearance and endothelial nature in tumor cells[1]. 
Clinical, imaging and pathologic diagnosis of  HEHE is 
difficult[2-4], however, its correct diagnosis is very impor-
tant because long-term survival (5-10 years) of  HEHE 
is possible[5]. Treatment modalities include hepatic resec-
tion, orthotopic liver transplantation (even in cases with 
known metastases), radiotherapy, chemotherapy and use 
of  interferon alpha-2[3,6]. 

No more than 200 cases of  HEHE have been re-
ported since its first description[1-19] and most of  them 
were of  sporadic cases and small case series[1,2,8,10,12-15]. 
The contrast-enhanced multiple-phase computed to-
mography (CEMP CT) and magnetic resonance imaging 
(MRI) findings of  HEHE have not been well addressed. 
In this paper, we highlight the predominant imaging 
features of  this type of  tumor, focusing on the target 
sign and/or progressive enhancement with persistent 
enhancement on CEMP CT and MRI, which have not 
been extensively described previously in the English-
language literature, to the best of  our knowledge. 

MATERIALS AND METHODS
Subjects 
CT (n = 7), MRI (n = 6), clinical (n = 8) and pathological 
(n = 8) features of  8 cases of  HEHE were retrospec-
tively reviewed at our institution from 2004 to 2009. 
This study was approved by the Institutional Research 
and Ethics Board of  our institution. Among the 8 cases, 
there were 3 males and 5 females, with ages ranging 
from 27 to 57 years (mean, 39.8 years). The duration of  
symptoms ranged from 10 d to 2 years. 

The clinical signs and symptoms included epigastric 
pain (n = 2), discomfort (n = 3), weight loss (n = 3), 
weakness (n = 2), hepatomegaly (n = 5), splenomegaly 
(n = 4) and ascites (n = 1). Two patients without any 
complaints were incidentally found by a routine physi-
cal examination. One of  8 cases was accompanied by 
lung epithelioid hemangioendothelioma. Laboratory 
tests showed abnormal liver function in two cases, with 
mild elevation of  serum bilirubin, alkaline phosphatase 
and aspartate aminotransferase levels. HBsAg was posi-
tive in two patients. Tumor marker levels, including 
α-fetoprotein, carcinoembryonic antigen (CEA) and 
cancer antigen 19-9, were negative in all patients except 
for an increased level of  CEA in one patient.

Radiological examination
CT imaging was performed in seven patients using Sie-
mens Somatom Sensation 16-row CT scanners with 
5-mm axial sections from the dome of  the diaphragm 
to the last plane of  the liver. All patients were examined 
in a fasting state with plain scanning at first, and then 
non-ionic contrast medium (Omnipaque 300 g/L, GE 

Healthcare, USA) 80 mL per bolus injection was given 
via antecubital vein for enhanced scanning. Images were 
obtained separately at the arterial phase (25-35 s after in-
jection), portal venous phase (65-75 s after injection) and 
equilibrium phase (100-110 s after injection).

MR scanning was performed using a 1.5 T or 3.0 T 
magnet (Signa, GE Healthcare, USA) with an eight-
channel torso-array coil. Axial T1-weighted images 
(T1WI) and T2-weighted images (T2WI) were obtained 
from all six patients, and additional contrast-enhanced 
T1WI (Omniscan, GE Healthcare, USA, 0.1 mmol/kg 
body weight) images were obtained from four patients. 
Dynamic breath-hold T1WI acquisitions were obtained at 
15-27 s, 40-52 s, 70-82 s and 130-142 s after contrast en-
hancement. The imaging parameters for T1WI and T2WI 
were as follows: repetition time/echo time (TR/TE) of  
205/3.2 ms and 6000/102.5 ms. The matrix was 256 × 
256, the standard field-of-view was 400 mm and slice 
thickness was 4.0 mm with no interslice gap. Additional 
diffusion weighted single-shot echo-planar imaging was 
performed in two patients using the following param-
eters: TR/TE = 1300/52.5 ms, 7-8 mm thickness, water 
selective excitation for fat suppression, matrix size = 
128 × 128, field of  view = 36 cm × 36 cm, number of  
excitations = 6.0, slice thickness/gap = 5 mm/1.0 mm, 
20 axial slices, scan time = 2 min 24 s, b value = 0 and 
600 s/mm2, under breath-hold.

Image analysis
All CT and MR images were reviewed separately by two 
radiologists who were blinded to the identity of  the pa-
tient and clinical outcome. Discordance between the two 
was resolved by consensus. 

Pathological examination
Histologic specimens of  HEHE were obtained by per-
cutaneous needle biopsy in five patients and by explor-
atory laparotomy and nodule biopsy in three patients. 
HEHE was diagnosed on the basis of  light microscopic 
examinations of  histologic specimens. HE staining and 
immunohistochemical staining for at least one endotheli-
al marker, i.e., factor Ⅷ-related antigen, CD34, or CD31, 
were performed on all tumors to confirm the endothelial 
origin[2,8]. All HEHE specimen analyses were confirmed 
by an experienced pathologist for diagnostic accuracy.

RESULTS
Imaging findings
There were two types of  HEHE in the 8 cases of  our 
study: multifocal type (n = 7) and diffuse type (n = 1). 
In the 7 multifocal type cases, a total of  74 lesions were 
found with CT, 28 lesions with MRI and 7 with diffusion 
weighted imaging (DWI). Eighteen (24.3%) of  74 le-
sions on plain CT showed a low density with peripheral 
isodensity (Figure 1A), which looked like a “target” with 
an inner low density/intensity and a peripheral hyper-
density/intensity or isodensity/intensity (target sign). 
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On CEMP CT images, 28 (37.8%) of  74 lesions show-
ed peripheral ring-like enhancement in the arterial phase 
with even stronger enhancement in the portal venous and 
equilibrium phases, appearing as a target sign with a pro-
gressive-enhancement rim (Figures 1B, C). Nine (12.2%) 
of  74 lesions displayed progressive enhancement, with 8 
(10.8%) lesions showing progressive enhancement in the 
center and 1 (1.4%) lesion showing lamellar progressive 
enhancement on CEMP CT, maintaining the state of  
persistent enhancement. 

Twenty-six (92.9%) of  28 lesions showed hypointen-
sity relative to normal liver parenchyma with peripheral 
faint hyperintensity on T1WI (Figure 2A) and hyperin-
tensity with peripheral hypointensity and an area of  evi-
dent hyperintensity in the center on T2WI (Figure 2B), 
appearing as the target sign. Six (85.7%) of  7 lesions 
showed hyperintensity with a peripheral hypointense rim 
on DWI (Figure 2C) and 1 (14.3%) showed lamellar hy-
perintensity on DWI.

On CEMP MRI, 27 (96.4%) of  28 lesions displayed 
peripheral ring-like enhancement in the arterial phase, 
and even stronger enhancement in the portal venous 
and equilibrium phases, appearing as a target sign with a 
progressive-enhancement rim; 28 (100%) of  28 lesions 
displayed progressive-enhancement in the arterial, portal 
venous and equilibrium phases and became isointense to 
liver parenchyma in the delayed phase, with 27 (96.4%) 
lesions showing progressive enhancement in the center 
of  the target (Figures 2D-G, Figures 3A-E) and 1 (3.6%) 
lesion showing lamellar progressive enhancement on 
CEMP MRI (Figures 3F-J), maintaining the state of  per-
sistent enhancement. 

One diffuse case manifested an enlarged liver with 
a large nodule appearing slightly hyperdense relative to 
normal liver parenchyma on plain CT (Figure 4A), isoin-
tensity on T1WI (Figure 4E) and hypointensity on T2WI 
(Figure 4F), with slight enhancement in the arterial phase 
(Figure 4B), evident enhancement in the portal venous 
phase (Figures 4C and G) and isodense/intense in the 
equilibrium phase (Figures 4D and H), which manifested 
persistent enhancement on CEMP CT and MRI, associ-
ated with splenomegaly and ascites (Figure 4F). All the 

imaging features are summarized in Table 1.

Pathologic results
All tumors were consistent with a diagnosis of  HEHE 
on pathological review. Grossly, the tumors were solid, 
firm and hyperemic in the outer portions. Histologically, 
the tumors were composed of  dendritic and epithelioid 
cells. Signet ring–like structures appeared in the tumor 
cells with intracytoplasmic lumina, occasionally contain-
ing red blood cells (Figure 5). The tumors consisted of  
large amounts of  mucinous and dense stroma in the 
center and rich cellular zones in the periphery. Immu-
nohistochemically, tumors were positive for factor Ⅷ
-related antigen in 3 patients (Figure 6A), CD34 in 5 
patients (Figure 6B) and CD31 in 4 patients (Figure 6C). 
Tumors were negative for epithelial markers (cytokeratin 
and CEA). 

DISCUSSION
HEHE is a rare tumor of  vascular origin, first defined 
as a specific entity by Weiss and Enzinger in 1982[5]. Be-
cause of  the prolonged course and nonspecific clinical 
manifestations, the age of  the patients varies greatly at 
the time of  HEHE detection by biopsy or imaging stud-
ies. The incidence of  this neoplasm is higher in females 
than in males (a female to male ratio of  3:2), with a peak 
incidence occurring between 30 and 40 years of  age[2]. 
Most patients survive 5-10 years after diagnosis[4]. This 
study covered 5 females and 3 males and their average 
age was 39.8 years, which was comparable with other re-
ports in the literature.

Clinical manifestation is variable, with most show-
ing nonspecific symptoms such as right upper quadrant 
pain and weight loss. Physical examination findings are 
uncommon but may include hepatomegaly, a palpable 
mass, or jaundice. Some patients present with hemoperi-
toneum[20] and Budd-Chiari syndrome due to hepatic 
vein invasion[9]; others present with incidental findings[2]. 
Liver function tests reveal mild abnormalities in most 
patients. Tumor marker levels are negative apart from el-
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Figure 1  Multifocal hepatic epithelioid hemangioendothelioma in a 27-year-old male. (A) Unenhanced axial computed tomography scan of liver shows multiple 
discrete masses, which are round with a low density and peripheral iso-density. (B-C) Partial lesions show peripheral ring-like enhancement in the arterial phase (B) 
with even stronger enhancement in the portal venous phase (C).
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evated CEA levels in a small number of  patients, which 
is in conformity with our series. No risk factors or spe-
cific causes of  HEHE were identified. Two patients in 
our study were HBsAg positive, which is similar to the 
rate reported in a few studies[10]. However, more cases 
are needed to clarify the relationship between HBV in-
fection and the occurrence of  HEHE.

Pathologically, there are three types of  growth pat-
terns in the gross appearance of  HEHE: multiple nod-

ules, diffuse nodules and a single mass[3,8,11]. Histological-
ly, the tumors are composed of  dendritic and epithelioid 
cells. Immunohistochemically, tumors are positive for 
factor Ⅷ-related antigen, CD34 or CD31, demonstrat-
ing the endothelial origin of  these tumors[2,8]. Two types 
of  HEHE were found in our cases, i.e., multifocal and 
diffuse, and the immunohistochemical results of  our 
series were consistent with other observations. HEHE 
may have been present in some patients with pulmonary 
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Figure 2  Multifocal 
hepatic epithelioid he-
mangioendothelioma 
in a 48-year-old female. 
Precontrast axial mag-
netic resonance imaging 
scan of the liver shows 
multiple lesions of low 
signal intensity with 
peripheral faint hyper-
intensity on T1WI (A), 
high signal intensity with 
peripheral hypointensity 
and an area of evident 
hyperintensity in the 
center of one lesion on 
T2WI (B), and hyperin-
tensity with peripheral 
hypointensity on diffusion 
weighted imaging (C). 
Lesions show peripheral 
ring-like enhancement 
in the arterial phase (D), 
and heterogeneously 
progressive reinforce-
m e n t  i n  t h e  p o r t a l 
venous phase (E), equi-
librium phase (F) and it 
approaches isointensity 
to liver parenchyma in 
the delayed phase (G). 
There is an association 
with an area of unen-
hanced necrosis in the 
center, which looks like a 
conspicuous “target” with 
an inner low intensity, in-
between high intensity 
and outer lower intensity 
layers.

E F

G
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Figure 3  Multifocal hepatic 
epithelioid hemangioendo-
thelioma in a 60-year-old 
man.  Contrast-enhanced 
mult iple-phase magnetic 
resonance imaging shows a 
progressive-enhancement 
target sign in the lesions in 
segment Ⅵ of the liver (A-E) 
and lamellar lesions with pro-
gressive enhancement in the 
left lobe of the liver (F-J).
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EHE or soft tissue EHE, but was considered meta-
static[5,21-23]. In our series, there was one case of  HEHE 
associated with pulmonary EHE.

A few radiological findings in HEHE have been 
described[1,2,8,10,12-15], however, CEMP CT and MRI find-
ings have not been well addressed. According to the 
literature on multifocal-pattern HEHE[1,2,8,12,13], plain CT 
usually shows multiple discrete low-attenuation lesions 
and extensive confluent masses. Contrast-enhanced CT 

findings include marginal enhancement during the arte-
rial phase[12], becoming isodense to liver parenchyma 
on contrast-enhanced scans[8], and a halo or target pat-
tern of  enhancement with larger lesions[1,13]. Lin et al[10] 
found that about 38 (48.1%) of  79 lesions showed the 
“halo” sign on contrast-enhanced CT. We had similar 
findings with CT, but 24.3% of  the lesions showed the 
target sign on plain CT, 37.8% lesions showed the target 
sign with a progressive-enhancement rim and 12.2% le-
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Figure 4  Diffuse hepatic epi-
thelioid hemangioendothelioma 
in a 48-year-old woman. Plain 
computed tomography and mag-
netic resonance imaging mani-
fests an obviously enlarged liver 
with a large nodule (black arrow) 
appearing slightly hyperdense rel-
ative to normal liver parenchyma 
(A), isointense on T1WI (E) and 
hypointense on T2WI (F), with 
slight enhancement in the arterial 
phase (B), evident enhancement 
in the portal venous phase (C and 
G) and iso-density/intensity in the 
equilibrium phase (D and H), as-
sociated with splenomegaly and 
ascites (F).
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sions displayed progressive enhancement on CEMP CT, 
maintaining the state of  persistent enhancement. The 
CT findings in our cases were not compatible with other 
reports in the literature.

According to the literature on multifocal pattern 
HEHE[1,2,8,12,13], precontrast MR imaging revealed hy-
pointense lesions relative to normal liver parenchyma 
on unenhanced T1-weighted images, heterogeneously 
increased signal intensity on T2-weighted images and 
hyperintensity with peripheral hypointensity on DWI[7,8]. 
Some lesions have a peripheral halo or a target-type 
enhancement pattern on enhanced MR imaging, with 
occasional observation of  a thin peripheral hypointense 
rim[2,8,12]. Lin et al[10] found that 9 (23.1%) of  39 lesions 
presented the characteristic “halo” sign on contrast-en-
hanced MRI. In our series, we had similar findings with 
precontrast MRI and DWI, but 92.9% of  the lesions 
showed the target sign on precontrast MRI and 14.3% 
of  the lesions showed lamellar hyperintensity on DWI, 
which is in contrast to the previous literature. In our se-
ries, 96.4% of  the lesions appeared with the target sign 
and a progressive-enhancement rim and 100% of  the 
lesions displayed progressive-enhancement, maintaining 
the state of  persistent enhancement. The MRI findings 
in our cases were not compatible with the previous lit-
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Cases Sex Age
(yr)

Total 
lesions 

(n )

Plain CT findings of HEHE Pre-enhanced MRI of HEHE CEMP imaging findings of 
HEHE

Radiological findings 
of extra-hepatic 

lesionsLesions of
target sign
with peri-

pheral prog-
ressive enhan
-cement (n)

Lesions of 
central or la-
mellar prog-

ressive enhan-
cement (n)

Case 1
multifocal-
type
 (Figure 1)

Male 27 42 All discrete, peripheral, low-
attenuation lesions with 1 

coalescence and 13 target sign 

No MRI obtained 42 0 No extra-hepatic 
lesions

Case 2
multifocal-
type

Female 30 14 All discrete, peripheral, low-
attenuation lesions with 1 

coalescence and 5 target sign

All lesions showing hypointense 
on T1WI and  hyperintense on 

T2WI with 14 target sign

3 (CT), 14 
(MRI)

3 (CT), 14 
(MRI)

No extra-hepatic 
lesions

Case 3
multifocal-
type

Female 28 2 All discrete, peripheral, low-
attenuation lesions 

No MRI obtained 2 (CT), 2 
(MRI)

2 (CT), 2 
(MRI)

No extra-hepatic 
lesions

Case 4
multifocal-
type

Female 53 4 All discrete, peripheral, low-
attenuation lesions

No MRI obtained 4 (CT) 0 No extra-hepatic 
lesions

Case 5
multifocal-
type
(Figure 2)

Female 48 10 All discrete, peripheral, low-
attenuation lesions with 1 

coalescence

All lesions showing hypointense 
on T1WI and  hyperintense on 
T2WI with 10 target sign, and 

5 hyperintense with peripheral 
hypointense on DWI 

10 (CT), 10 
(MRI) 

4 (CT), 10 
(MRI)

No extra-hepatic 
lesions 

Case 6
multifocal-
type

Female 56 2 All discrete, peripheral, low-
attenuation lesions, with com-
pensatory hypertrophy in the 

left lobe of liver

No MRI obtained 0 2 (CT) Pleural effusion in 
both sides

Case 7
multifocal-
type
(Figure 3)

Male 60 2 No CT obtained Two lesions showing hy-
pointense on T1WI and  

hyperintense on T2WI, and 1 
hyperintense with peripheral 

hypointense on DWI

1 (MRI) 2 (MRI) No extra-hepatic 
lesions 

Case 8
diffuse –
type
(Figure 4)

Female 48 Dif-
fuse

Diffuse hepatomegaly with a 
slightly hyperdense nodule 

Diffuse hepatomegaly with a 
nodule appearing isointense 

on T1WI  and hypointense on 
T2WI

Diffuse hepatomegaly with 
a nodule appearing persis-

tent enhancement

Splenomegaly and 
ascites

Table 1  Radiological findings of hepatic epithelioid hemangioendothelioma (HEHE)

HEHE: Hepatic epithelioid hemangioendothelioma; CEMP: Contrast-enhanced multiple-phases; n : Number; CT: Computed tomography; MRI: Magnetic 
resonance imaging; DWI: Diffusion weighted imaging.

Figure 5  Photomicrography shows epithelioid cells with intracytoplasmic 
lumina, occasionally containing red blood cells, appearing as signet ring–
like structures (hematoxylin and eosin, HE × 200). 
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erature. The MRI features of  progressive reinforcement 
on CEMP MRI have not been reported previously ac-
cording to our literature search. 

It could be considered that the distinctive image ap-
pearance of  the tumor is correlated with the pathologic 
characteristics in many ways. Histologically, the tumors 
consisted of  large amounts of  mucinous and dense stro-
ma in the center and rich cellular zones in the periphery. 
These findings might account for the central low density 
and peripheral isodensity on plain CT images, hypoin-
tensity with peripheral faint hyperintensity on T1WI and 
hyperintensity with peripheral hypointensity on T2WI 
and DWI. The actively proliferating, increased cellular 
periphery of  the nodules may account for the periph-
eral progressive-enhancement target sign on CEMP CT. 
The tumor also produced a fibrous myxoid stroma that 
was most dense in the center of  the nodules, which may 
attribute to the heterogeneously progressive reinforce-
ment on CEMP MRI. Tumor infiltration and occlusion 
of  hepatic sinusoids and small vessels caused a narrow 
avascular zone between the tumor nodules and liver pa-
renchyma. This may be the reason for the halo appear-
ance on CT or MRI. 

According to the reported studies on diffuse-pattern 
HEHE, a multifocal nodular pattern of  infiltration is 
usually considered as the early stage of  a diffuse pat-
tern[1,8,13]. Local lesions may increase in size and coalesce, 
thus forming the diffuse pattern. The diffuse lesions 
contain many lowly attenuating, round or irregular spots, 
which may be associated with calcified foci and dilated 
bile ducts in the lesions. The lesions were slightly en-
hanced on dynamic CT scans and became iso-attenuated 
to non-tumorous liver on subsequent scans, but spots 

of  lower attenuation remained inside or showed marked 
contrast enhancement during and after intra-arterial con-
trast material injection and disappeared within 1 min after 
the contrast material injection. In our series, the diffuse 
case was also associated with splenomegaly and ascites, 
but had different imaging findings manifesting an obvi-
ously enlarged liver with a large nodule. The manifesta-
tion of  diffuse-pattern HEHE appearing as an obviously 
enlarged liver was only reported by Lorber et al[11]. Nec-
ropsy showed that the liver was grossly enlarged without 
cirrhosis, and contained a very discrete red area (0.2-2.5 
cm in diameter). However, according to our search, the 
MRI findings of  diffuse-pattern HEHE with a large 
nodule and the imaging feature of  a large nodule mani-
festing persistent enhancement on CEMP CT and MRI 
have not been reported previously.

Because the histologic specimens of  this diffuse-pat-
tern HEHE were obtained by percutaneous needle bi-
opsy of  many sites in the liver, but not with exploratory 
laparotomy, it is hard to analyze the correlation between 
the imaging findings of  the large nodule in a diffuse 
case with the pathologic findings. We suppose that the 
large nodule in the diffuse case might consist of  large 
amounts of  tumor cells, manifesting persistent enhance-
ment on CEMP CT and MRI, and the nodule appearing 
slightly hyper-dense on plain CT, isointense on T1WI 
and hypointense on T2WI might correlate with hemor-
rhage in the nodule.

According to the isolated case report literature of  
single-pattern HEHE, it only accounted for about 18%[3]. 
Jeong et al[14] and Hsieh et al[15] found that the single le-
sion is usually ovoid, with a low density and calcification 
in segment 7 of  the liver in the pre-contrast phase of  
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Figure 6  Immunohisto-
chemical staining shows 
that the tumor cells are 
positive for factor Ⅷ-re-
lated antigen (A), CD34 (B) 
and CD31 (C) (× 250).
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liver dynamic CT. The mass exhibited central enhance-
ment in the arterial phase, heterogeneous peripheral 
enhancement in the portal phase, and then peripheral 
enhancement was washed out in the delayed phase, or 
with central enhancement in the delayed phase on CT. 
According to these reports, the single nodular pattern 
of  HEHE typically preferentially involved the right lobe 
of  the liver, and the pattern of  contrast enhancement 
was different and more studies are needed in the future. 
To our regret, there was no single-pattern HEHE in our 
cases.

For differential diagnosis, the most important imag-
ing features of  a target sign and progressive enhance-
ment could differentiate HEHE from intrahepatic 
multiple metastatic tumors, cavernous hemangioma and 
primary hepatic angiosarcoma. 

In conclusion, MRI is more advantageous over CT 
in displaying the imaging features of  a target sign and 
progressive enhancement. Although the incidence of  
HEHE is low and the diagnosis can only be confirmed 
by pathological examination, it should be considered in 
the differential diagnosis list of  intrahepatic nodules ap-
pearing with a target sign and/or progressive enhance-
ment with persistent enhancement on CEMP CT and 
MRI, which demonstrates a vasoformative nature, espe-
cially in multiple lesions in middle-aged women. 

COMMENTS
Background
Hepatic epithelioid hemangioendothelioma (HEHE) is a rare vascular tumor. 
Clinical assessment, imaging and pathologic diagnosis of HEHE is difficult, 
however, its correct diagnosis is very important because long-term survival of 
HEHE is possible. 
Research frontiers
No more than 200 cases of HEHE have been reported since its first description. 
The contrast-enhanced multiple-phase computed tomography (CEMP CT) and 
magnetic resonance imaging (MRI) findings of HEHE have not been well ad-
dressed. In this study, the authors highlight the predominant imaging features of 
this tumor, which have not been described previously in the English-language 
literature. 
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sign and/or progressive enhancement with persistent enhancement in CEMP 
CT and MRI of HEHE. MRI is advantageous over CT in displaying these imag-
ing features. Furthermore, the authors described a diffuse-type HEHE, mani-
festing diffuse hepatomegaly with a slightly hyperdense nodule appearing with 
persistent enhancement on CEMP CT and MRI. 
Applications
By demonstrating imaging features of HEHE on CEMP CT and MRI, this study 
may represent a future strategy for correct diagnosis of HEHE and therapeutic 
intervention in the treatment of HEHE.
Terminology
A target sign is an image that looks like a “target” with inner density/intensity 
and peripheral hyper-density/intensity or iso-density/intensity. On CEMP CT and 
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Peer review
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features of HEHE may be a target sign and/or progressive enhancement with 
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in displaying these imaging features. The results are interesting and may repre-
sent the imaging features in HEHE.
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Abstract
Hepatectomy is an effective surgical treatment for mul-
tiple bilobar liver metastases from colon cancer; how-
ever, one of the primary obstacles to completing surgi-
cal resection for these cases is an insufficient volume 
of the future remnant liver, which may cause postop-
erative liver failure. To induce atrophy of the unilateral 
lobe and hypertrophy of the future remnant liver, pro-
cedures to occlude the portal vein have been conven-
tionally used prior to major hepatectomy. We report 
a case of a 50-year-old woman in whom two-stage 
hepatectomy was performed in combination with intra-
operative ligation of the portal vein and the bile duct of 
the right hepatic lobe. This procedure was designed to 
promote the atrophic effect on the right hepatic lobe 
more effectively than the conventional technique, and 
to the best of our knowledge, it was used for the first 
time in the present case. Despite successful induction 
of liver volume shift as well as the following procedure, 
the patient died of subsequent liver failure after de-
veloping recurrent tumors. We discuss the first case in 
which simultaneous ligation of the portal vein and the 
biliary system was successfully applied as part of the 
first step of two-stage hepatectomy.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Hepatectomy has been established as an effective treat-
ment method for liver metastases from colon cancer, but 
there are some limits to this procedure when indicated 
in cases of  synchronous multiple bilobar liver metasta-
ses. One of  the reasons that limit resectability for these 
cases is an insufficient volume of  the future remnant 
liver, which poses a risk of  postoperative liver failure. 
To address this concern and improve the resectability, 
ligation or embolization of  the portal vein is used in 
clinical settings. In addition, according to several animal 
experiments, ligation of  the bile duct effectively induces 
atrophy of  the ipsilateral liver.

For the present case of  synchronous multiple bilobar 
liver metastases from cecal cancer, we first performed a 
right hemicolectomy and a segment 3 resection combined 
with microwave coagulation therapy (MCT) of  the meta-
static tumors situated in the left hepatic lobe, together with 
simultaneous ligation of  the right portal vein and right-
sided bile duct. Second, we performed an extended right 
hepatic lobectomy. Here, we discuss the effectiveness of  
intraoperative simultaneous ligation of  the unilateral portal 
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vein and bile duct applied to two-stage hepatectomy, as a 
therapeutic strategy for multiple bilobar liver metastases.

CASE REPORT
A 50-year-old woman began to have back pain and nausea 
around December 2004 and was referred to our hospital. 
Her liver was palpable at three finger widths below the 
right costal arch. The palpebral conjunctiva was anemic 
but bulbar conjunctiva was not icteric. Blood tests sug-
gested that she had anemia (hemoglobin and hematocrit 
levels were 9.7 g/dL and 30.7%, respectively) and liver 
dysfunction (lactate dehydrogenase, aspartate aminotrans-
ferase, alanine aminotransferase, and alkaline phospha-
tase were 1295 IU/L, 49 IU/L, 47 IU/L and 595 IU/L, 
respectively). The serum levels of  carcinoembryonic 
antigen (CEA) and carbohydrate antigen (CA) 19-9 were 
22 120 ng/mL and 16 354 U/mL, respectively (Table 1). 
Barium enema showed a filling defect in the cecum. The 
results of  biopsy indicated moderately differentiated ade-
nocarcinoma (Figure 1). Contrast-enhanced computer to-
mography (CT) of  the abdomen revealed many metastatic 
nodules with 2-6 cm diameter in the right hepatic lobe 
and three nodules with 3-3.5 cm diameter in the left he-
patic lobe. A preoperative volume rate of  the right hepatic 
lobe was 56.3% (Figure 2). There were no other metasta-

ses. Before implementation of  two-stage hepatectomy, 
preoperative chemotherapy (TS-1: tegafur, gimeracil, 
and oteracil) was initiated at a starting dose of  80 mg/d. 
Four weeks later, the liver metastases shrank markedly 
and the serum levels of  CEA and CA 19-9 decreased to 
12 680 ng/dL and 8640 U/mL, respectively.

Written informed consent was obtained from the pa-
tient and her family prior to the new surgical procedure. 
In March 2005, a right hemicolectomy was performed. 
At the same time, the metastatic tumor in segment 3 
was resected, and the metastatic tumors in segments 2 
and 4 were coagulated using MCT (90 W, 60 s). Further-
more, the right bile duct and right branch of  the portal 
vein were ligated simultaneously (Figure 3). Intraopera-
tive cholangiography was performed after ligation to 
confirm complete occlusion of  the right bile duct and 
no constriction of  the contralateral bile duct. Contrast-
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Table 1  Laboratory findings on admission

Laboratory finding Values

Leukocytes                           8300/μL
Hemoglobin                           9.7 g/dL
Hematocrit                           30.70%
Platelets                       408 000/μL
Alkaline phosphatase                        595 IU/L
Lactate dehydrogenase                      1295 IU/L
Aspartate aminotransferase 49 IU/L
Alanine aminotransferase 47 IU/L
Total-bilirubin 0.4 mg/dL
Direct-bilirubin 0.1 mg/dL
CEA                    22 120 ng/dL
CA 19-9                      16 354 U/mL

CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen.

Figure 1  Barium enema findings. A filling defect caused by a tumor in the 
cecum was observed.

Figure 2  Preoperative findings from contrast-enhanced computer tomogra-
phy of the abdomen. Multiple metastatic nodules with 2-6 cm diameter were ob-
served in the right hepatic lobe and three nodules measuring 3-3.5 cm diameter in 
the left hepatic lobe. A preoperative volume rate of the right hepatic lobe was 56.3%.



enhanced CT of  the abdomen performed at 1 wk after 
surgery showed coagulated areas in the left hepatic lobe 
and dilation of  the right bile duct. Ligation of  the right 
branch of  the portal vein resulted in a complementary 
increase in the right hepatic arterial blood flow. The 
volume rate of  the right hepatic lobe was 55.0%, which 
was similar to the preoperative rate (Figure 4). However, 
abdominal CT performed at 1 mo after surgery showed 
that the volume rate of  the right hepatic lobe decreased 
to 44.3%, along with compensatory hypertrophy of  the 
left hepatic lobe. This liver volume shift was approxi-
mately 12% from the right to the left lobe. No viable 
tumors were observed in the left hepatic lobe (Figure 5).

An extended right hepatic lobectomy was performed 
in May 2005. There were 10 nodules with 1-4 cm di-
ameter in the right hepatic lobe. The resection was per-
formed using a suture of  the right bile duct and the right 
branch of  the portal vein. The weight of  the resected 
specimen was 555 g (Figure 6). There was no complica-
tion in the postoperative course. However, in October 
2005, two recurrent nodules with 3.2 cm and 1.8 cm 
diameter were found in the remaining liver. She did not 
accept repeat resection, therefore, percutaneous radio-
frequency ablation was performed.

In November 2005, the biweekly administration of  
oxaliplatin (80 mg), levofolinate calcium (125 mg), and 
5-fluorouracil (1250 mg) was started, leading to some 
improvement for a while; specifically, a decrease in the 
serum levels of  CEA and CA 19-9 to 36.3 ng/dL and 
96 U/mL, respectively. Nevertheless, further recurrence 
was observed in the remaining liver. At 1 year and 8 mo 
after the initial operation, the patient developed liver 
failure and died (Figure 7). There was no other distant 
metastasis.

DISCUSSION
Liver metastasis occurs in 40%-70% of  patients with 
colon cancer, and 15%-30% of  these patients develop 
multiple liver metastases in both lobes[1]. However, in 

comparison to other cancers, we can expect long-term 
survival by using a combined therapy of  resection and 
chemotherapy. In particular, hepatectomy is widely used 
as the most effective surgical treatment, and the 5-year 
survival rate after a curative resection is 24%-44%[2]. Even 
for multiple liver metastases in both lobes previously 
considered unresectable, complete resection is feasible in 
some cases by adopting preoperative portal vein emboli-
zation in addition to chemotherapy. In 2004, Jaeck et al[3] 

reported a method called two-stage hepatectomy; ap-
plicable to cases of  multiple bilobar liver metastases. In 
the first stage of  the operation, they conducted a partial 
hepatic resection or ablation for the unilateral lobe, and 
at the same time embolized the portal vein in order to 
induce hypertrophy of  the future remnant lobe. In the 
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MCT Partial resection

MCT

Bile duct

Portal vein

Hepatic artery

Intraoperative ligation of the right bile duct
and the right branch of the portal vein

Figure 3  Initial operation scheme. Right hemicolectomy was performed. At 
the same time, the metastatic tumor in segment 3 was resected and the meta-
static tumors in segments 2 and 4 were coagulated using MCT (90 W, 60 s). 
Furthermore, the right bile duct and right branch of the portal vein were ligated 
simultaneously. MCT: Microwave coagulation therapy.

Figure 4  Findings from contrast-enhanced computer tomography of the 
abdomen at 1 wk after surgery. Two coagulated areas in the left hepatic lobe 
and dilation of the right bile duct were observed. Ligation of the right branch of 
the portal vein resulted in a complementary increase in the right hepatic arterial 
blood flow. The volume rate of the right hepatic lobe was 55.0%, which was 
similar to the preoperative rate.
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second stage of  the operation, hepatic lobectomy was 
performed in the atrophic lobe. They reported that the 
1-year survival rate was 70% and the 3-year survival rate 
was 54.4%[3]. Moreover, for two-stage hepatectomy con-
ducted by Togo et al[4], the 1-year survival rate was 90% 
and the 3-year survival rate was 45%. The treatment 
strategy includes combined therapy of  systemic chemo-
therapy, arterial infusion therapy and ablation therapy. 
Such a multidisciplinary therapy allows resection of  mar-
ginal or so-called unresectable tumors and contributes to 
improvement in the prognosis.

Ligation of  the portal vein of  the unilateral lobe is 
well-known to induce atrophy of  the unilateral hepatic 
lobe and hypertrophy of  the future remnant liver. Honjo 
et al[5] clinically applied this technique to a case of  liver 
metastasis in 1961. Such a method was adopted for cases 

of  major resection initially considered to have a high 
risk of  postoperative liver failure based on preoperative 
prognosis[6-9]. Reportedly, at 3-4 mo after occlusion of  
the right portal vein, 9.5%-14.5% of  the liver volume 
was transferred from the right to the left lobe[10]. In ad-
dition, according to a literature review of  animal experi-
ments, in 1920, Rous et al[11] reported that atrophy of  
the ligated lobe and hypertrophy of  the future remnant 
lobe were induced in mice after bile duct ligation. Sub-
sequently, Tanaka et al[12] have reported that the atrophic 
rate was enhanced after portal vein embolization in a 
rabbit that had undergone bile duct ligation. It was also 
pointed out that occlusion of  the bile duct and portal 
vein could reduce biligenesis and occurrence of  compli-
cations[12].

We applied these findings to the initial surgery in the 
present case and used simultaneous ligation of  the bile 
duct and portal vein, with an aim of  promoting an atro-
phic effect in the right hepatic lobe. As a result, 12.0% 
of  the liver volume was transferred from the right to the 
left hepatic lobe at 1 mo after ligation, and the amount of  
this volume shift could reverse the primary unresectablity. 
The possible explanation that we consider for the benefit 
of  our simultaneous ligation strategy is that it can over-
come several factors that may diminish the atrophic effect 
of  the conventional technique. The bile duct not being 
ligated may allow the portal blood flow to remain, due to 
backflow from the hepatic vein and the use of  an arterio-
portal shunt. In our clinical experience of  four cases in 
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Figure 5  Findings from contrast-enhanced computer tomography of the 
abdomen at 1 mo after surgery. The volume rate of the right hepatic lobe de-
creased to 44.3% and the volume of left hepatic lobe underwent compensatory 
hypertrophy. This liver volume shift was approximately 12% from the right to the 
left lobe. There were no viable tumors in the left hepatic lobe.

A

B

Figure 6  Intraoperative findings from the secondary operation. A: There 
were 10 nodules with 1-4 cm diameter in the right hepatic lobe; B: Resection 
was performed using the suture of the right bile duct and the right branch of the 
portal vein.
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which the right portal vein alone was ligated, the volume 
shift at 1 mo after the procedure was only 5.4% ± 1.6% 
(Tables 2, 3), which suggests that ligation of  the bile 
duct made a substantial contribution to inducing atrophy 
of  the ipsilateral liver in the present case.

Regarding the limitations of  our simultaneous liga-
tion strategy, it should be noted that this technique 
should be performed with careful consideration of  the 
risks of  obstructive cholangitis and involution of  the 
contralateral bile duct. Intraoperative cholangiography 
may help avoid these occurrences. With respect to the 
risks of  the aforementioned complications, the safety of  
our procedure remains to be confirmed in a future study.

To the best of  our knowledge, there has not been 
any reported case in which simultaneous ligation of  the 
portal vein and bile duct has been used in two-stage hep-

atectomy. There was no postoperative biliary tract infec-
tion in our patient. Unfortunately, the patient developed 
further recurrent tumors after hepatectomy and died of  
subsequent liver failure. Yet, it can be concluded that the 
simultaneous ligation strategy could be used to acceler-
ate atrophy of  the hemiliver to be resected, and thereby 
provide us with a further possibility of  addressing the 
primary unresectability of  metastatic bilobar liver tumors.
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Table 2  Atrophy achieved in our previous four PVL cases

Case No. Age Sex Primary disease
Case 1 55 years Female Multiple liver metastasis
Case 2 61 years Male Multiple liver metastasis
Case 3 61 years Male Hepatocellular carcinoma
Case 4 58 years Male Hepatocellular carcinoma

PVL: Portal vein ligation; RHL: Right hepatic lobe.
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Table 3  Atrophy achieved in our previous four PVL cases

Case No. Preoperative volume
 rate of RHL

The volume 
rate of RHL 1 mo after PVL

Case 1 74.80% 68.50%
Case 2 68.30% 62.50%
Case 3 58.60% 55.50%
Case 4 58.90% 52.40%

PVL: Portal vein ligation; RHL: Right hepatic lobe.
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Abstract
Pancreatic fistula is a quite rare complication in patients 
who undergo living donor liver transplantation (LDLT). 
However, in the cases that show pancreatic fistula, the 
limited volume of the graft and the resultant inadequate 
liver function may complicate the management of the 
fistula. As a result, the pancreatic fistula may result in 
the death of the patient. We present 2 cases in which 

endoscopic treatment was effective against pancreatic 
fistulas that developed after LDLT. In case 1, a 61-year-
old woman underwent LDLT for primary biliary cirrhosis. 
Because of a portal venous thrombus caused by a spl-
enorenal shunt, the patient underwent portal vein recon-
struction, and a splenorenal shunt was ligated on post-
operative day (POD) 7. The main pancreatic duct was 
injured during the manipulation to achieve hemostasis, 
thereby necessitating open drainage. However, discharge 
of pancreatic fluid continued even after POD 300. Endo-
scopic naso-pancreatic drainage (ENPD) was performed, 
and this procedure resulted in a remarkable decrease in 
drain output. The refractory pancreatic fistula healed on 
day 40 after ENPD. In case 2, a 58-year-old man under-
went LDLT for cirrhosis caused by the hepatitis C virus. 
When the portal vein was exposed during thrombectomy, 
the pancreatic head was injured, which led to the forma-
tion of a pancreatic fistula. Conservative therapy was 
ineffective; therefore, ENPD was performed. The pancre-
atic fistula healed on day 38 after ENPD. The findings in 
these 2 cases show that endoscopic drainage of the main 
pancreatic duct is a less invasive and effective treatment 
for pancreatic fistulas that develop after LDLT.
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INTRODUCTION
The incidence of  complications associated with living 
donor liver transplantation (LDLT) is known to be greater 
than that associated with deceased donor liver transplanta-
tion (DDLT)[1-4]. In the patients who undergo LDLT, the 
incidence of  complications, including mild complications, 
during the perioperative period can be as high as 82.8%. 
In particular, the rate of  development of  biliary complica-
tions after LDLT is twice that after DDLT[1]. Moreover, 
patients who undergo LDLT often have inadequate liver 
function because of  the limited volume of  the graft. 
Therefore, the management of  complications is very dif-
ficult, and the mortality rate in critical cases is high. 

Compared to other abdominal surgery, pancreatic 
fistula is a quite rare complication after LDLT[1-5], but it 
is theoretically possible because LDLT involves surgery 
in the area surrounding the portal vein, the pancreas, and 
the spleen. Pancreatic fistula causes hemorrhage, abscess, 
etc., and may result in the death of  the patient[6-8]. Only 1 
previous study has reported 2 cases of  leakage of  pancre-
atic fluid after liver transplantation. In those cases, leakage 
of  a mixture of  pancreatic fluid and bile was observed 
at the anastomosis site of  the bile duct after DDLT[9]. 
However, there is no clear consensus on the management 
of  pancreatic fistula after liver transplantation. Generally, 
conservative therapy is the first line of  treatment, and sur-
gery is performed only when the patient does not respond 
to conservative therapy[6-8]. Recently, however, endoscopic 
treatment has attracted more attention because it is less 
invasive than surgical treatment. We present 2 cases in 
which endoscopic treatment was effective against refrac-
tory pancreatic fistulas that developed after LDLT.

CASE REPORT
Case 1
A 61-year-old woman underwent LDLT for primary bili-
ary cirrhosis; the graft was obtained from the left liver 
lobe of  her son. Abdominal computed tomography (CT) 
performed on postoperative day (POD) 7 revealed a portal 
vein thrombus; therefore, urgent exploratory laparotomy 
was performed. The thrombus was believed to have been 
induced by reduced portal blood flow, which was caused by 
splenorenal steal by an artificial shunt. After removing the 
thrombus, portal vein reconstruction was performed by us-
ing the right external iliac vein, and this procedure was fol-
lowed by splenectomy. To increase the portal blood flow, a 
splenorenal shunt was ligated. The main pancreatic duct on 
the dorsal side of  the pancreas was injured at the time of  
hemostatic manipulation; however, this injury was not iden-
tified immediately. CT performed on POD 13 revealed a 
hematoma at the lower edge of  the pancreas. CT on POD 
21 revealed that the hematoma under the pancreas had de-
creased in size (Figure 1). The amylase level of  the drainage 
fluid was 22 690 IU/L; therefore, the hematoma at the infe-
rior edge of  the pancreas was considered to have ruptured 
because of  a pancreatic leak. Another CT examination 
revealed fluid collection in the mesentery on the ventral 
side of  the upper pole of  the left kidney; therefore, open 

drainage was performed. To this end, a drain was placed at 
the tail of  the pancreas and administration of  octreotide 
was started. However, the leakage of  pancreatic fluid from 
the drain did not stop. After several days, the patient’s gen-
eral status stabilized, but surgical treatment for pancreatic 
fistula was still unsafe because of  inadequate liver function. 
Therefore, the patient was discharged on POD 128 with 
the drain in place and was followed up. The patient was in 
a stable state at discharge. However, on POD 318, she was 
readmitted to our department because of  fever. Examina-
tions revealed that the drain at the tail of  the pancreas had 
deviated and that the patient had developed liver necrosis, 
supposedly because of  contact with the drain. On POD 
320, we repositioned the drain by using a fluoroscope. A 
contrast test performed at that time revealed that the main 
pancreatic duct was completely disrupted (Figure 2). The 
patient was diagnosed with refractory pancreatic fistula, 
and an endoscopic naso-pancreatic drainage (ENPD) tube 
was inserted to the proximal side of  the leakage on POD 
331 (Figure 3); this procedure resulted in a remarkable de-
crease in drain output (Figures 4 and 5). The ENPD tube 
was removed on POD 368, and the drains at the tail of  
the pancreas were removed on POD 371. The patient was 
discharged on POD 375 without abnormal fluid collection 
around the pancreas (Figure 6). The patient is well without 
the recurrence of  pancreatic fistula up to this time.

Case 2
A 58-year-old man underwent LDLT for cirrhosis C; the 
graft was obtained from the right liver lobe of  his daugh-
ter. Because the portal vein was occluded by a thrombus, 
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Figure 1  Computed tomography performed on postoperative day 13 
showing fluid collection (circle) at the lower edge of the pancreas. The 
hematoma was considered to be ruptured.

Figure 2  Pancreatographic examination of the drain at the tail of the pan-
creas (Drain) in case 1 reveals the disrupted (arrow) main pancreatic duct 
with flow of contrast into the duodenum. MPD: Main pancreatic duct.

Drain

MPD

Duodenum



the portal and splenic veins were stripped off  from the 
surrounding tissue and were exposed in order to remove 
the thrombus. However, the upper edge of  the pancreatic 
head was injured during this process. The amylase level 
measured at the upper edge of  the pancreatic drain was 
high on POD 1; therefore, the patient received octreotide 

on POD 2. On POD 5, the patient showed high fever and 
acute peritonitis. Therefore, an emergency exploratory lap-
arotomy was performed. Because fluid collection was ob-
served around the pancreas, drains were placed at both the 
right and left edges of  the pancreas. On POD 21, the total 
output from the drain was 460 mL/d, and the amylase lev-
el of  the drainage fluid was 166 700 IU/L. The patient was 
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Figure 4  Upper chart shows the body temperature and serum C-reactive protein level. Lower one shows daily output of the endoscopic naso-pancreatic 
drainage tube and the drain at the tail of the pancreas (Tail) in case 1. The patient had an episode of fever caused by the occlusion of the endoscopic naso-pancreatic 
drainage (ENPD) tube. After the tube was replaced, the pancreatic fistula healed completely. BT: Body temperature; CRP: C-reactive protein; POD: Postoperative day.

Figure 5  Contrast examination from the drain at the tail of the pancreas 
(Drain) in case 1 on postoperative day 363 reveals the closure of fistula. 
ENPD: Endoscopic naso-pancreatic drainage.
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Figure 6  Computed tomography performed 2 d after removal of the drain 
in case 1 showing no fluid collection around the pancreas.
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Figure 3  A radiograph showing postprocedure endoscopic naso-pancre-
atic drainage in case 1. Excellent drainage of the pancreatic duct is noted. 
ENPD: Endoscopic naso-pancreatic drainage.
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diagnosed with high-output pancreatic fistula, and ENPD 
was performed on POD 22 (Figure 7). The drain output 
decreased very rapidly (Figure 8); therefore, the patient was 
allowed to consume solid foods on POD 49, and octreo-
tide administration was stopped on POD 50. The ENPD 
tube was removed on POD 65, and the drains placed at 
the right and left edges of  the pancreas were removed on 
POD 68 and POD 70, respectively. The patient was dis-

charged on POD 100 without abnormal fluid collection 
around the pancreas (Figure 9). The patient is well and 
receiving regular out-patient treatment and is showing no 
recurrence of  pancreatic fistula.

DISCUSSION
Pancreatic fistula is primarily treated by conservative ther-
apy, which includes rapid total infusion or enteral nutrition 
along with administration of  octreotide. The recovery rate 
after conservative therapy ranges from 44% to 85%[6-8]; 
thus, a number of  cases are not resolved by conserva-
tive treatment. Surgical treatment has been performed in 
such cases. However, surgical treatment is highly invasive 
and may lead to various complications. Further, surgi-
cal treatment is associated with high mortality rates, with 
the mortality rate being as high as 23%-67% in the cases 
showing early peritonitis after the operation[9]. Endoscopic 
drainage of  the main pancreatic duct via the ampulla of  
Vater, which was first reported in 1991[10], has drawn 
considerable attention. Boerma et al[11] (2006) reported an 
excellent recovery rate (87%) after endoscopic treatment 
of  15 cases of  pancreatic fistula. In addition, other studies 
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Figure 9  Computed tomography performed 14 d after removal of the 
drains in case 2 showing no fluid collection around the pancreas.

Figure 8  Upper chart shows the body temperature and serum C-reactive protein level. Lower one shows daily output of endoscopic naso-pancreatic drainage 
(ENPD) tube and the drains at both the edges of the pancreas (Right and Left) in case 2. The pancreatic fistula healed completely on post-ENPD day 38. BT: Body 
temperature; CRP: C-reactive protein; POD: Postoperative day.
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Figure 7  A radiograph showing postprocedure endoscopic naso-pancreatic 
drainage in case 2. The image shows drains placed at both the right and left edges 
of the pancreas (Right and Left) and endoscopic naso-pancreatic drainage (ENPD).



have reported recovery rates of  about 58%-100% in the 
cases of  pancreatic fistulas that do not respond to con-
servative therapy and involve endoscopic treatment[12-20]. 
To date, only 1 death caused by acute pancreatitis has 
been reported. However, since this death may also have 
been caused by inadequate drainage, a direct relationship 
between the death and endoscopic treatment could not 
be confirmed[13]. Unlike LDLT, endoscopic treatment for 
pancreatic fistula allows greater accessibility to the ampulla 
of  Vater. Further, endoscopic treatment is less invasive 
than surgical treatment; therefore, it can easily replace con-
servative therapy if  sufficient drainage is achieved. Thus, 
patients who undergo endoscopic treatment for pancre-
atic fistula can be expected to make an early recovery. Ir-
respective of  their merits and demerits, both ENPD and 
endoscopic pancreatic stenting (EPS) have been referred 
to in the reports. ENPD causes a sense of  discomfort in 
the pharynx; however, this technique enables easy diagno-
sis of  occlusion and dropout because it allows monitoring 
of  the pancreatic fluid. In contrast, in EPS the diagnosis 
of  occlusion and dropout is difficult; however, this tech-
nique causes no sense of  discomfort in the pharynx. We 
selected ENPD to enable safe monitoring of  2 channels 
of  drainage: the endoscopic retrograde pancreatic drain as 
well as the intraperitoneal drain. In case 1, the drain tube 
had to be replaced because of  the fever caused by occlu-
sion; therefore, the choice of  ENPD was considered to 
be reasonable. The patient in case 1 could have recovered 
earlier if  the endoscopic treatment for pancreatic fistula 
had been initiated earlier. In each case, the patient recov-
ered within approximately 40 d after ENPD. Further, the 
treatment had no influence on the patients’ general status. 
Endoscopic treatment is considered to be safe for treating 
pancreatic fistulas that develop after LDLT. New endo-
scopic techniques, such as ultrasonography (US)-guided 
drainage, have also been used to treat refractory cases that 
do not respond to drainage via the ampulla of  Vater; how-
ever, only few reports have described these techniques. 
These new techniques may also be less invasive than surgi-
cal treatment[21,22].

In conclusion, we described 2 cases of  pancreatic fis-
tula after LDLT that were not responsive to conservative 
therapy. In each case, the patient recovered within approx-
imately 40 d after ENPD. Thus, endoscopic treatment for 
pancreatic fistula after LDLT should be adopted because 
of  its high recovery rate and low invasiveness.
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For articles of  these sections, original articles and brief  arti-
cles, the main text should be structured into the following sec-
tions: INTRODUCTION, MATERIALS AND METHODS, 
RESULTS and DISCUSSION, and should include appropri-
ate Figures and Tables. Data should be presented in the main 
text or in Figures and Tables, but not in both. The main text 
format of  these sections, editorial, topic highlight, case report, 
letters to the editors, can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clear-
ly in the main text. Provide a brief  title for each figure on a sep-
arate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should be 
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used rather than magnification factors, with the length of  
the bar defined in the legend rather than on the bar itself. 
File names should identify the figure and panel. Avoid layer-
ing type directly over shaded or textured areas. Please use 
uniform legends for the same subjects. For example: Figure 1 
Pathological changes in atrophic gastritis after treatment. A:...; 
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish 
high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and men-
tioned clearly in the main text. Provide a brief  title for each 
table. Detailed legends should not be included under tables, 
but rather added into the text where applicable. The informa-
tion should complement, but not duplicate the text. Use one 
horizontal line under the title, a second under column heads, 
and a third below the Table, above any footnotes. Vertical and 
italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. 
aP < 0.05, bP < 0.01 should be noted (P > 0.05 should not be 
noted). If  there are other series of  P values, cP < 0.05 and dP 
< 0.01 are used. A third series of  P values can be expressed as 
eP < 0.05 and fP < 0.01. Other notes in tables or under illustra-
tions should be expressed as 1F, 2F, 3F; or sometimes as other 
symbols with a superscript (Arabic numerals) in the upper left 
corner. In a multi-curve illustration, each curve should be la-
beled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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