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There is evidence in support of the use of azathioprine in steroid
dependent ulcerative colitis patients, confirming the steroid
sparing effect of azathioprine

T
he use of azathioprine or 6-mercap-
topurine for maintaining remission
in Crohn’s disease patients who are

steroid dependent or resistant is unequi-
vocally supported by evidence from
randomised controlled clinical trials.
The same, however, cannot be said for
the use of immunomodulator therapy in
ulcerative colitis (UC). Trials are scanty,
small in size, conflicting in results, and
clinical practice is dominated by support
from low quality evidence from open
series reports. In addition, outcome
measures used in different trials vary
considerably, and the tools used to
assess clinical disease activity are
numerous and diverse.
In the first randomised controlled

trial, conducted way back in 1974 by
Jewell and Truelove,1 a two by three
stratification was used. Inpatients or
outpatients with active UC were strati-
fied into first attack, short history (less
than five years), and long history (more
than five years). The acute episode was
treated with corticosteroids, either
20 mg oral prednisolone plus steroid
enemas for outpatients or 40 mg pred-
nisolone 21-phosphate with rectal hydro-
cortisone for inpatients. Azathioprine
was added immediately at a dose of
2.5 mg/kg. In the first 40 patients, the
azathioprine dose was reduced after three
months to 1.5–2.0 mg/kg whereas in the
next 40 patients the dose was maintained
at 2.5 mg/kg throughout the trial period
of one year. It was not surprising that
azathioprine was of no value in induction
of remission as the end point was at one
month after commencement of
azathioprine. As maintenance therapy,
azathioprine lacked value in patients
being treated for the first attack of UC.
Although therewas a trend towards some
benefit in patients with established UC
who had relapsed, this was not statisti-
cally significant. As the numbers were
small, type II error was quite possible.
Nevertheless, it was concluded that
azathioprine was less valuable as a
maintenance therapy than sulphasala-
zine.

Subsequently, several other studies
have been performed which, unfortu-
nately, have not necessarily clarified the
situation. In a small, double blind,
randomised, controlled trial in 20 ster-
oid naı̈ve active UC patients for three
months, azathioprine 2.5 mg/kg was,
however, as effective as sulphasalazine
65 mg/kg in controlling disease.2 In a
randomised controlled trial comparing
azathioprine 2.0–2.5 mg/kg (24
patients) with placebo (20 patients)
added to conventional corticosteroid
therapy, clinical disease activity scores
in the two groups showed no significant
difference at three or six months
although azathioprine did exert a ster-
oid sparing effect.3 A small open rando-
mised study from India on 25 active UC
patients treated with 1 mg/kg steroids,
azathioprine, or sulphasalazine mainte-
nance was associated with similar
relapse rates over an 18 month therapy
period.4 Therefore, these studies did not
provide entirely convincing evidence of
benefit of maintenance therapy with
azathioprine in UC, although none of
the studies recruited steroid dependent
or resistant UC patients, a more relevant
clinical indication. In the first double
blind randomised controlled trial in
steroid dependent UC patients, treat-
ment with azathioprine 1.5 mg/kg
(n=16) was compared with placebo
(n=14) for six months. No sympto-
matic or proctoscopic differences were
observed between the two groups
although steroid dose was lower in the
azathioprine group at study termination
compared with the placebo group.5 The
dose of azathioprine in this study was
low compared with the currently
accepted optimal dose and type II error
cannot be excluded.
Things began to clarify with the

publication of a pivotal study that
established the use of azathioprine in
UC. This trial took the form of a double
blind placebo controlled trial of with-
drawal or continuation of azathioprine
and was conducted in the UK.6 Patients
with UC on azathioprine for at least six

months and in remission for at least two
months were recruited. The one year
relapse rate was 36% for patients con-
tinuing azathioprine (n=33), signifi-
cantly less than 59% for those on
placebo (n=34). Mean azathioprine
dose was 100 mg/day and most patients
were also on aminosalicylates. This
study established that, in patients main-
tained on azathioprine for a mean
duration of approximately just over
one and half years, withdrawal of
azathioprine leads to increased relapses
compared with continuation of the
drug. This study therefore is relevant to
a selected group of patients who have
poorly controlled UC, who have a good
response to azathioprine, and who
tolerate it well. This study prompted
the more widespread use of azathioprine
in poorly controlled UC. However,
although this study provides indirect
evidence of the benefit of azathioprine
maintenance in UC, it does not provide
direct evidence of the benefit of
azathioprine in inducing and maintain-
ing poorly controlled UC patients in
remission.
Retrospective or open label analysis

has suggested response rates of 84%7

and 63%8 as well as remission rates of
65%9 and 69%10 from single tertiary care
centres although the definitions of
response and remission have been
inconsistent. In the largest retrospective
series analysis from Oxford encompass-
ing 30 years of experience, overall
remission rate was 58% in UC patients
(n=346), and duration of azathioprine
treatment did not affect relapse rates
after discontinuation of therapy.11

Retrospective series analysis has also
confirmed decreased steroid require-
ment and clinical relapses in the three
years after commencement of azathio-
prine compared with two years prior to
azathioprine.12

Two recent studies have provided
further evidence in favour of the use of
azathioprine in UC. In a Spanish study
published last year, 34 patients with
UC receiving prednisolone were rando-
mised on a 2:2:1 basis to 1.5 mg/kg of
6-mercaptopurine, 15 mg/week ofmetho-
trexate, or 3 gm/day of 5-aminosalicylic
acid.13 All patients who achieved remis-
sion over a 30 week treatment period
continued into the maintenance phase of
the study for 76 weeks. Induction of
remission was significantly superior in
the azathioprine group comparedwith the
5-aminosalicylic acid group (78.6% v
25%). Maintenance of remission in those
who achieved remission was 63.6% in the
azathioprine group compared with none
in the 5-aminosalicylic acid group.
Methotrexate was inferior to azathioprine
in both induction and maintenance of
remission.
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In a further study from Milan reported
in this issue of Gut by Ardizzone
and colleagues,14 72 patients with active
steroid dependent UC were rando-
mised (investigator-blind) to azathioprine
2 mg/kg/day or 5-aminosalicylic acid
3.2 g/day for a six month period (see page
47). Clinical and endoscopic remission
with discontinuation of steroids was
achieved in 53% of azathioprine treated
patients compared with 21% of 5-amino-
salicylic acid treated patients (intention to
treat analysis: odds ratio 4.78 (95%
confidence interval 1.57–14.5).
Definition of steroid dependence was
standardised and all patients were on
the same dose of prednisolone 40 mg/day
at study entry. This study provides the
best evidence for the efficacy of azathio-
prine in steroid dependent patients. In
addition, the steroid sparing effect of
azathioprine in UC was confirmed.
In UC, use of immunomodulator ther-

apy has not been backed up by good
randomised controlled trial evidence
(table 1). The controlled trial evidence in
favour of using methotrexate is poor.13 15

Retrospective series and audit experience
of using methotrexate in UC suggests
evidence of moderate efficacy.16 17 The
Milan trial reported in this issue of Gut14

provides support for the use of azathio-
prine in steroid dependent UC patients.
However, in severely ill UC patients
refractory to steroids, azathioprine is
likely to be too slow to be of benefit in
preventing colectomy. In this scenario,
ciclosporin may be used to spare colect-
omy, but a recent Cochrane Database
systematic review concluded that there is
limited evidence that ciclosporin is more
effective than standard therapy alone for
severe UC.18 The rapid response is the
main attraction for the short term use of
ciclosporin but long term benefits are
unclear and the potential toxicity profile
formidable. Addition of azathioprine to
ciclosporin may reduce the propensity for
early relapses, at the cost of increasing
toxicity,19 20 but over seven years 58% of
such patients may come to colectomy.21

The early experience with infliximab is
very promising with respect to avoiding
colectomy.22

The Milan controlled study has pro-
vided much needed evidence in support
of the use of azathioprine in steroid
dependent UC patients and showed
that this strategy is better than using
3.2 g/day of 5-aminosalicylic acid. This
is important as previous evidence sup-
porting such use from randomised con-
trolled trials was limited. Whether using
higher doses of 5-aminosalicylic acid in
such patients might increase efficacy
significantly is unclear at present but
would appear unlikely. The evidence
supporting the efficacy of methotrexate
in UC either for inducing or maintaining
remission also remains unconvincing. In
steroid resistant patients the options are
more limited, especially in severe dis-
ease, as azathioprine is too slow in its
onset of effect. Ciclosporin, especially in
a 2 mg/kg dose to limit toxicity, may be
an option,23 although infliximab may
turn out to be a more attractive ther-
apy.22 Both of these therapies may
require concurrent use of azathioprine
or 6-mercaptopurine. Leucocyte apheresis
is emerging as a further option in need of

Table 1 Summary of studies of azathioprine/6-mercaptopurine in ulcerative colitis

Author (No of patients) Results Comments

Randomised, blind, placebo controlled trials
Jewell1 (n = 80) AZA of no benefit in acute flare compared with placebo

(standard steroid course given to all)
Some maintenance benefit in preventing relapse
in established disease noted.

Caprilli2 (n = 20) No significant difference between sulphasalazine and AZA in
active colitis

3 month study. Improvement in symptoms and
histology with both drugs.

Rosenberg5 (30) No clinical or mucosal improvement with AZA after 6 months
compared with placebo in chronic UC

Dose 1.5 mg/kg. Steroid sparing effect noted.

Kirk3 (n = 44) Significant improvement in chronic UC in AZA group at 3 and
6 months

Steroid sparing effect noted. No difference in
clinical activity scores between AZA and
placebo

Hawthorne6 (79) Relapse at 1 year 36% (AZA) compared with 59% for placebo Placebo controlled withdrawal study following
remission in chronic UC.

Ardizzone14 (n = 72) Remission at 6 months was 53% for AZA and 21% for
5-aminosalicylic acid

All patients on 40 mg prednisolone at study
entry. Steroid sparing effect confirmed.
However, investigator blind only. Not double
dummy.

Randomised open label studies
Paoluzi10 (42) 69% complete remission of steroid dependant/resistant UC at

6 months
Methotrexate used if intolerant to AZA.
Methotrexate relapse rate found to be less than
AZA.

Sood4 (25) Relapse rate of AZA comparable with sulphasalazine group in
the maintenance of remission in severe acute newly diagnosed
UC (standard steroid course given to all)

Trend towards earlier treatment failure in AZA
group.

Mate-Jimenez13

(72 (34 UC/39 CD))
For steroid dependant UC remission rate was 79% for AZA
(p,0.05), 58% for methotrexate (NS) compared with 25% for
5ASA.

Only comparison of AZA with methotrexate in
UC.

Retrospective/case series
Adler8 (81) 63% remission response rate with 6MP in refractory UC In 48% steroids were eliminated for a mean

period of 19 months.
George9 (105) 65% achieved complete and 24% partial clinical remission

with 6MP
Discontinuation of 6MP resulted in a higher
relapse rate compared with those continuing
6MP.

Fernandez-Banares19 (10) 10% relapse rate with AZA as maintenance over mean of
16 months in this series

AZA used as maintenance therapy following
intravenous ciclosporin in severe acute UC.

Ardizzone12 (56) 69% steroid resistant/dependant UC in remission and off
steroids at 3 years with AZA

AZA response associated with steroid
reduction/elimination, reduced colectomy, and
reduced relapse rates.

Khan7

(111 (53 UC/58 CD))
Clinical improvement in 84% of IBD patients at 1 year with AZA,
68% of whom were off steroids

Relatively low dose of AZA 1.5 mg/kg.

Fraser11

(626 (346 UC/242 CD/4 indeterminate))
58% remission rate with AZA for UC Relapse rate similar for UC and CD patients.

AZA, azathioprine; 6MP, 6-mercaptopurine; UC, ulcerative colitis; CD, Crohn’s disease; IBD, inflammatory bowel disease.
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randomised controlled trial evidence. On
current evidence, bolstered by the Milan
results, the place of azathioprine in the
UC management algorithm is probably
similar to that in Crohn’s disease,
although the quality of evidence in the
latter is still better. Colectomy is
curative of the disease in the former,
although often associated with somewhat
frequent bowel movements, pouchitis,
reduction of fertility in females, and
(infrequently) may result in a permanent
stoma.
With the rapid emergence of new

therapies in inflammatory bowel dis-
ease, it is heartening to see evidence for
conventional therapies being consoli-
dated, as designing correct management
algorithms will depend entirely on the
quality of available data. The old adage
of ‘‘out with the old and in with the
new!’’ should therefore be replaced with
‘‘consider the new but don’t forget the
old (therapies)’’.

Gut 2006;55:6–8.
doi: 10.1136/gut.2005.074401
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Survival in colorectal cancer: impact of
body mass and exercise
N R Hall
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Is there a relationship between exercise and body composition
prior to a diagnosis of colorectal cancer and survival afterwards?

O
besity and lack of physical exer-
cise are on the ascendant—not
only in their own right1 but as

targets of health policy. Recent discus-
sions at the G8 summit and the ‘‘Make
Poverty History’’ campaign have high-
lighted the growing inequalities of
affluence worldwide and have made us
feel embarrassed by our glutton and
sloth. The government is now trying to
tackle the problem at its roots, focusing

on ‘‘healthy’’ school meals and promot-
ing exercise with the hope that fit and
lean children will grow up to be
healthier adults.2 The decision to host
the 2012 Olympics in London will be a
further fillip for this policy.
There are now multiple studies which

demonstrate an association between
obesity, exercise, and colorectal cancer
incidence and mortality.3–6 It has been
estimated that overweight and obesity

could account for 14% of male and 20%
of female cancer deaths in the USA.3 But
getting a clear message from these
studies can be difficult. Some papers
report different associations for men
versus women or for colon versus rectal
cancer or for different measurements of
overweight/obesity. It is reasonable to
suppose that these types of risk factors
might affect both sexes and parts of the
colorectum in similar ways, although
perhaps not to the same degree. So, do
conflicting results reflect a true lack of
association or are we missing the point
by measuring the wrong parameters?
Although the end points, such as cancer
incidence and mortality, are simple to
record accurately, measuring obesity
and physical activity can be very diffi-
cult. There are no surrogate markers
that can be easily measured in a blood
test, for example. Weight, height, body
mass index (BMI), waist circumference,
hip circumference, waist to hip ratio, per
cent body fat, adipose mass, and non-
adipose mass are some of the more
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regularly measured indicators of obesity.
But which is the most important or
useful?
Simple obesity, such as that measured

by BMI, may not be the most useful
indicator of risk, but measurements of
hip circumference (an indicator of gen-
eral obesity) versus waist circumference
and waist to hip ratio (indicators of
central abdominal obesity) may be more
useful. In the field of cardiovascular
disease for example, blood pressure has
been found to correlate closely with
waist to hip ratio, independently of
BMI,7 and in the Framingham study
central obesity was a better predictor of
coronary artery disease than general
obesity.8 In another study, a high BMI
in adolescence was found to increase the
subsequent risk of mortality from cancer
in general, but this association was not
found for colorectal cancer9; as dis-
cussed below, concerning another study,
this does not necessarily mean that
obesity is not relevant—if measures of
abdominal obesity had been obtained, it
is possible that they might have shown a
correlation. Even harder to quantify
than obesity is physical activity—how
much, how often, how strenuous, and
how sustained over a period of life
might all be relevant. Research into
these and other epidemiological factors
rely almost entirely on massive cohorts
of persons volunteering information
about their lifestyle over many years.
Weight and exercise are connected

and it is likely that for both there will be
some shared mechanisms underlying
their effects despite some of the differ-
ences in findings of epidemiological
studies. One unifying hypothesis relates
to insulin and regulation of energy
metabolism. Diabetes and HbA1c con-
centrations are associated with
increased risk of colorectal cancer10 11

and the role of insulin and its associated
growth factors and binding proteins
have been implicated in colorectal car-
cinogenesis.12 Recent analysis of two
large American cohorts of health sector
workers where detailed dietary and
physical activity assessments had been
made revealed a correlation between
high glycaemic load, and fructose and
sucrose ingestion to colorectal cancer
risk in men but not in women.13 Taking
this one step further, Slattery et al
investigated whether polymorphisms in
genes known to be involved in insulin
related functions affected risk.14

Although they did not find an associa-
tion, it is inevitable that genetic differ-
ences between individuals will be found
that can explain the interaction between
diet, exercise, obesity, and cancer sus-
ceptibility.
The paper by Haydon and colleagues15

in this issue of Gut is based on a large

cohort study in the Australian state of
Victoria—the Melbourne Collaborative
Cohort Study (MCCS)—which has fol-
lowed nearly 42 000 people recruited in
1990–1994 (see page 62). A previous
report from this group demonstrated an
association between central adiposity
(waist circumference and waist to hip
ratio) and risk of colon cancer in men.16

Interestingly, after adjustment for fat
free mass and waist to hip ratio, BMI
was no longer found to be a risk factor.
The current study takes a new slant on
the topic and examines the relationship
between exercise and body composition
prior to the diagnosis of colorectal
cancer and survival afterwards. The
parameters measured were recorded at
the subjects’ entry into the study which
was a median of 5.3 years prior to
colorectal cancer diagnosis. As concerns
obesity, BMI showed no correlation
with survival; however there were sig-
nificant relationships between both
smaller waist circumference and lower
per cent body fat with prolonged survi-
val. Exercise, too, showed a positive
effect, mainly confined to stage II and
III tumours. The effects held true even
after correcting for other confounding
factors such as age, sex, tumour stage,
or diagnosis soon after enrolment.
If confirmed by other studies, these

results tell us something quite new, that
one’s state of health, even years before a
serious diagnosis such as cancer, can
alter its prognosis. What is remarkable
is that a single baseline measurement
can demonstrate such a significant
effect. For physical activity, the authors
classified ‘‘exercisers’’ as those who said
that they took any exercise at least once
a week over the preceding six months,
even if it did not make them sweat or
feel out of breath. Even this crude
categorisation seems to be predictive of
prognosis. No further information about
exercise or body composition was col-
lected at the time of diagnosis or after-
wards, and one might imagine that a
measurement closer to diagnosis would
be even more strongly predictive.
Interestingly, the benefits of leanness
and activity seemed to impact mainly on
the cancer related deaths in the affected
individuals, as mortality from other
causes was not reduced. This is surpris-
ing as one would expect a ‘‘healthier’’
individual to have lower mortality from
other causes too, especially cardiovascu-
lar events.
The findings of this study are not

completely clear cut. Exercise showed
no correlation with survival in those
with very early or metastatic disease,
and the beneficial effects were seen
mainly in proximal colon cancers. The
effects of central adiposity were most
significant for distal tumours and were

independent of tumour stage.
Epidemiologists involved in such studies
are acutely aware of potential confound-
ing factors that might lead to a false
assumption that association of variables
is causal. For example, could exercisers
or lean individuals somehow be report-
ing their cancers at an earlier stage and
so only appear to have a better prog-
nosis? There is at least some evidence
that this is probably not so.17

What are the implications of this
study? Firstly, we must encourage more
studies into the effects of body composi-
tion and exercise on cancer, and ensure
that they examine not just BMI but
measurements of central abdominal
obesity, in particular waist circumfer-
ence or waist to hip ratio. If proven,
there should be an even greater impetus
in favour of weight reduction and
physical activity, which we already
know are good for us. Secondly, we
need to understand how and why body
composition and exercise affect cancer
risk. This will require more basic
research into the genetics of obesity
and metabolism, the cellular effects of
exercise, and its effects on tumour
initiation, progression, and metastasis.
More difficult is the next step which is
interventional research: can we prove
that alteration in body composition and/
or taking more exercise can really
benefit individuals and change their
risk status? Would a programme of
weight reduction and exercise in those
just diagnosed with colorectal cancer
benefit them or is it already too late?18

There is some evidence, at least in
women with colon cancer undergoing
chemotherapy, that a high BMI worsens
mortality (although interestingly possi-
bly lowers the risk of chemotherapy
toxicity) in patients with stage II and III
cancer19 although this does not rule out
the effect predating the surgery. In other
words, loosing weight after surgery
might be of benefit. There is also hope
that exercise after diagnosis of colorectal
cancer might improve survival and
decrease recurrence.20

In summary, physical activity and
excess body mass seem to affect colo-
rectal cancer (among many other benign
and malignant conditions) in its differ-
ent stages of development. Increasing
adiposity and inactivity predispose to
the development of cancer in the first
place; they may adversely affect mor-
bidity and mortality from surgery; and
we now find from the study published
in this issue of Gut that they predispose
to a worse prognosis after diagnosis.
There is a least some expectation that
long term health and fitness pro-
grammes might reap benefits not only
in terms of reducing colorectal cancer
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incidence but in prolonging survival
even if bowel cancer does occur.

Gut 2006;55:8–10.
doi: 10.1136/gut.2005.074419
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Combined whole body positron emission tomography/computed
tomography (PET/CT) examination may be beneficial for staging
in patients with colorectal cancer

‘‘THE BEST OF BOTH WORLDS’’
(STAR TREK-THE NEXT
GENERATION, SEASON 3,
EPISODE 26, STARDATE 43989.1)
Computed tomography (CT) colonogra-
phy is a recently introduced technique
which is being investigated for several
indications. Its role as a screening tool
for polyp detection is still controversial.1–7

Most studies show that the method has a
sensitivity of .90% in detecting color-
ectal polyps of 10 mm or more in size.
However, the influence of the scanner or
visualisation hardware and software is
not clear.8 9 Additionally, the learning
curve for image interpretation is an
important quality and cost factor for
CT based colonography.1 Despite these
concerns, the use of CT or magnetic
resonance imaging (MRI) based colono-
graphy in patients with incomplete colo-
noscopy is becoming a more and more

accepted examination method in experi-
enced clinical centres.10 11 The major
downside of sectional radiological ima-
ging such as CT and MRI is the lack of
specific functional data. The only func-
tional information in CT and standard
MR imaging is contrast media uptake,
which is a rather unspecific feature. On
the other hand, functional imaging
methods such as [18F]-fluoro-2-deoxy-
D-glucose-positron emission tomogra-
phy (FDG-PET) are particularly accurate
in staging primary and recurrent colo-
rectal cancer, but suffer from inferior
anatomical resolution.12–14 Consequently,
it appears very appealing to integrate
FDG-PET imaging into a high resolution
multislice CT examination to have the
best of both worlds in one comprehen-
sive data set.15–18

In this issue of Gut, Veit and collea-
gues19 present a feasibility study applying

a whole body PET/CT protocol with
additional preparation and distension of
the colon, resulting in a comprehensive
whole body PET/CT colonography exam-
ination (see page 68). Data acquisition
was performed using a dual slice CT
scanner with an integrated PET system.
Studying 14 patients with suspected
colorectal cancer, one additional colonic
lesion in a patient with incomplete
colonoscopy was detected. Lymph node
staging proved to be correct in nine out of
11 patients. PET/CT identified increased
glucose metabolism, suggesting malig-
nancy in one patient where histopathol-
ogy showed high grade intraepithelial
dysplasia without cancerous growth.
Moreover, six additional tumour sites
(five of them previously unknown) such
as liver metastases, breast cancer, hepa-
tocellular carcinoma, pulmonary metas-
tases, and thyroid carcinoma were
identified. Based on this highly selected
patient group, the authors conclude that
combined PET/CT examination may be
beneficial for patients with incomplete
colonoscopy.
Even if this comprehensive and

expensive combination of different ima-
ging modalities is not suited as a
screening tool for polyp detection, the
idea of integrating different imaging
methods into one comprehensive data
representation is very appealing. It is
cumbersome, inefficient, and funda-
mentally difficult to compare PET and
CT scans just by mental fusion.
Consequently, computer scientists have
investigated various approaches towards
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the automatic or semi-automatic regis-
tration of image data sets. These may be
classified as either rigid or non-rigid
registration methods. Rigid registration
essentially moves the two different
three dimensional data sets using trans-
lations and rotations in space to find an
optimal match. This method is effective
for the registration of rigid anatomical
regions, such as bones or the skull. But
it may fail for non-rigid anatomical
regions, such as the thorax, abdomen,
or pelvis, if the patient breathes or is
positioned differently within the two
imaging devices or if the bowels move
during the two examinations. One way
to overcome this problem is dual scan-
ning, which means having two different
scanning modalities, such as PET and
CT, combined into one major apparatus,
as described in by Veit and colleagues.19

Imaging can then be done in a very time
efficient manner and bowel movements
can be reduced during a 30 minute
period using spasmolytic drugs.
The major drawbacks of this solution

are the high investment cost as well as
the limitation on certain combinations
of modalities. There are enormous tech-
nical challenges to integrating, for
example, an MRI scanner with a PET
and CT scanner because of the magnetic
effects. Non-rigid registration can some-
what overcome these problems by regis-
tering the surfaces of organs and
structures within two data sets.20 This
approach can even be used to register a
standard anatomical three dimensional
atlas to an individual patient by detect-
ing and registering anatomical similar-
ities.21 This methodology has already
been used in image guided neurosurgi-
cal procedures where brain shift is
compensated for in order to register
intraoperative imaging with preopera-
tive MR or other image data.22 Even data
registration between a prone and supine
acquired CT colonography has been
successfully performed using a non-
rigid approach.23 Using this robust algo-
rithm, a dual fly-through of the colon,
presenting synchronised prone and
supine scans, is feasible.
Digital integration of nearly every

imaging modality in a radiological
department offers the perfect founda-
tion for practically every type of data
fusion. MRI, CT, as well as ultrasound
and flat panel radiography represent the
most frequently used radiological tools
providing primary digital source data.
Theoretically, registration and compre-
hensive integration of these digital data
into a connected three dimensional
representation of the human body
should be possible.24–26 In feasibility
studies, even different sectional imaging
data such as intraoperative laparoscopic
ultrasound and three dimensional CT

has been fused successfully27 using a
standard laptop computer. Using a con-
tour mapping framework, the fusion of
two dimensional projection imaging
such as fluoroscopy and three dimen-
sional CT data can be achieved.28 29 Most
of the above mentioned image fusion
approaches should be considered as
work in progress. However, the majority
have the potential to be integrated into a
comprehensive imaging framework in
the near future.
According to the 19th century gestalt

psychologist Wolfgang Metzger,30 the
sum total is considered to be more than
just the sum of its individual compo-
nents. This can be adapted to radiologi-
cal image data where the comprehensive
mutual image information could
increase diagnostic sensitivity and spe-
cificity. The present multimodality mul-
tisession diagnostic workup could be
optimised by multiple scanning techni-
ques, as described by Veit and collea-
gues,19 as well as by advanced software
approaches which combine multimod-
ality acquisition into one comprehensive
three dimensional data set. Probably
both methodologies will find their
applications. Radiologists and computer
scientists will continue to focus on this
challenging subject and, to conclude
with another Star Trek phrase, ‘‘to boldly
go where no one has gone before’’.

Gut 2006;55:10–12.
doi: 10.1136/gut.2005.070870
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Vitamin A and its metabolites can reverse activation of culture
activated pancreatic stellate cells and prevent ethanol induced
pancreatic stellate cell activation

I
t is with great pleasure that I present
to the readers of Gut this commentary
accompanying the paper by McCarroll

and colleagues1 published in this issue
of the journal (see page 79). The field of
pancreatic stellate cell (PSC) research
has grown exponentially in the past five
years and major advancements have
been made since their first identification
as a pathophysiological entity at the end
of the 1990s.2 3 In those years, research
on hepatic stellate cells (HSCs) and on
their role in liver fibrogenesis had
reached an elevated degree of sophisti-
cation. Therefore, the possibility of iso-
lating stellate cells from rodent or
human pancreas led to an almost auto-
matic introduction of PSCs into a new
research area: the cellular and molecular
mechanisms of pancreatic fibrogenesis.
Fibrosis in the pancreas is consequent

to necrosis/apoptosis, inflammation, or
duct obstruction. The initial event that
induces fibrogenesis in the pancreas is
an injury that may involve the inter-
stitial mesenchymal cells, duct cells,
and/or acinar cells. Damage occurring
in any of these tissue compartments is
associated with cytokine triggered
transformation of resident fibroblasts/
pancreatic stellate cells into myofibro-
blasts and the subsequent production
and deposition of extracellular matrix.
The fibrogenic development depends on
the site of injury and the involved tissue
compartment. Deposition of excessive
extracellular matrix is predominantly
inter(peri)lobular (as in alcoholic
chronic pancreatitis), periductal (as in
hereditary pancreatitis), periductal and
interlobular (as in autoimmune pan-
creatitis), or diffuse inter- and intralob-
ular (as in obstructive chronic
pancreatitis). In many ways, the devel-
opment of pancreatic fibrosis recalls the

different models of progressive scarring
observed in liver tissue following
chronic parenchymal damage or bile
duct obstruction. Accordingly, it is likely
that the two basic profibrogenic
mechanisms known to be involved in
hepatic scarring are also involved in
pancreatic fibrogenesis: (1) chronic acti-
vation of the wound healing process
with persistent chronic inflammation
and progressive substitution of the
parenchyma with fibrillar extracellular
matrix; and (2) direct profibrogenic and
proinflammatory effects of reactive oxy-
gen species and oxidative stress end
products (see Pinzani and Rombouts4

for review).
However, there are two main differ-

ences due to the different structure and
reactivity of the hepatic and pancreatic
tissue. Firstly, hepatocytes are able to
regenerate and enter a cycle of cell
divisions until the original functional
mass of the organ is restored. This
process is activated through similar
basic mechanisms in the presence of
both acute and chronic damage. As a
consequence, the hepatic fibrogenic pro-
cess is characterised by an abundant
regenerative component that leads to
the final cirrhotic outcome (regenerative
parenchymal nodules surrounded by
fibrous rings). In contrast, pancreatic
tissue is characterised by limited regen-
erative potential and, as a result of its
prevalent enzymatic content, is prone to
significant fluid extravasation and tis-
sue oedema. In addition, pancreatic
tissue is more sensible than liver tissue
to abnormal pressure developing within
the ductal system.

The bulk of evidence produced in the
past five years indicates that there are
no major differences between the profi-
brogenic potential of HSCs and PSCs.
Accordingly, PSCs undergo a process of
activation and phenotypic modulation
towards a ‘‘myofibroblast’’ phenotype
following pathways previously described
for HSCs. These include, for example,
stimulation by proinflammatory cyto-
kines,5 involvement of the peroxisome
proliferator activated receptor (PPAR)-c6

and Rho kinase,7 and the key role of
oxidative stress and related products.8

The only different stimulus leading to
activation of PSC is the increase in
pressure exerted on primary cell culture,
an experimental condition aimed at
simulating an increase in pressure
within the pancreatic tissue as in the
case of ductal obstruction.9 Although it
is likely that such a stimulus would
induce the same effect in HSC cultures,
the information appears relevant due to
the established closer clinical associa-
tion between ductal abnormalities and
the presence of pancreatic damage.
Sustained activation of PSC and their
full profibrogenic role are then sus-
tained by the same factors described
for HSCs, and in particular platelet
derived growth factor, transforming
growth factor b1, and angiotensin II.10–13

In addition, as expected from previous
research in HSC, the same intracellular
signalling pathways mediating the bio-
logical effects of these factors are
involved in PSC.14–16 Because of the
possible major role of oxidative stress
in pancreatic fibrogenesis, some studies
have started delineating this aspect.17 18

Once again, the results of these studies
lead to conclusions identical to those
obtained by studies performed in liver
tissue or in HSC cultures, and further
studies in this direction are highly
awaited. Finally, transcriptome analysis
aimed at demonstrating whether or not
HSCs and PSCs are part of the same
lineage has shown that the two cell
types are highly similar with minor
organ specific variation, whose meaning
should be further evaluated.19

All these new acquisitions on the
biology of PSC are indeed of high
technical and methodological value,
particularly considering their rapid
development. However, the scheme of
development of this area of research had
largely followed a track that lacks major
originality (that is, most of the available
knowledge on the pathogenic role of

* Pinzani M. New kids on the block: pancreatic
stellate cells enter the fibrogenesis world. Gut
1999;44:451–2.
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PSCs has been obtained using HSCs as a
template rather than a term of compar-
ison). In any case, it is true that knowl-
edge of the biology of PSCs has reached
a sound level of maturity, and research
in this area is starting to move into
regions more relevant for the under-
standing of the mechanisms that links
chronic pancreatitis to pancreatic
inflammation, fibrogenesis, and cancer.
In this direction, it has recently been
reported that activated PSCs express the
protease activated receptor 2 which
interacts with trypsin and tryptase, two
key pancreatic enzymes involved in the
pathogenesis of chronic pancreatitis.20

Trypsin and tryptase were able to induce
PSC proliferation and collagen synthesis
through activation of c-Jun N-terminal
kinase and p38 mitogen activated pro-
tein kinase.
The potential contribution of PSCs to

the development and progression of
pancreatic cancer appears indeed funda-
mental and sound advancements have
been made in this area. The first impor-
tant observation is that malignant cells
can actively alter the microenvironment
of the pancreatic tissue by modulating the
composition of the extracellular matrix in
a tumour favourable way through synth-
esis and release of soluble factors.21

Accordingly, recent evidence suggests
that pancreatic cancer promotes the
activation/proliferation of PSCs and the
consequent increase in extracellular
matrix synthesis.22 23 Marked accumula-
tion of fibrillar extracellular matrix, and
particularly collagen type I, in peritumoral
areas leads to the so-called desmoplastic
reaction, often observed in pancreatic
cancer. PSCs have been shown to repre-
sent a key cellular component in this type
of stromal reaction.24

Although the desmoplastic reaction is
classically indicated as a phenomenon
limiting the expansion of the cancer
mass, there are data indicating that
collagen type I is able to promote the
malignant phenotype of pancreatic
adenocarcinoma.25 It is therefore likely
that PSCs can influence the organisation
and progression of pancreatic cancer,
providing key components of the tumour
stroma. Along these lines, it is worth
investigating the possible production of
proteases and other factors involved in
tumour invasion by PSCs. This area of
investigation is now very active and
major advances, potentially transferable
to PSCs, have recently been made for
HSCs.26 Finally, a recent important obser-
vation has been provided by a study
demonstrating that pancreatic cancer
cells are able to increase expression of
cyclooxygenase 2 (COX-2) in PSCs, and
COX-2 expression is associated with
several human cancers, including pan-
creatic adenocarcinoma.27

The last topic worth addressing is the
potential implications for therapy of
chronic pancreatitis arising from the
advances in PSC research. Firstly, in
the context of the relevant role of PPAR-c
in PSC activation, two studies have
shown that troglitazone, a PPAR-c ago-
nist, reduced the profibrogenic activity of
PSCs and progression of chronic pan-
creatitis in mice.28 29 Interestingly the
antifibrogenic effect of troglitazone
seemed to be independent of PPAR-c.28

Glitazones, pioglitazone in particular, are
currently indicated as potential thera-
peutic agents for liver diseases such as
chronic alcoholic and non-alcoholic stea-
tohepatitis.30–32 It is therefore relevant
that the same class of drugs could be
used to reduce fibrogenic progression in
both the liver and pancreas in those
patients in which the two organs are
affected by the same aetiological agent.
Other pharmacological agents that

have been shown to produce a potential
antifibrogenic effect in PSC cultures or
animal models of chronic pancreatitis
include plant derived polyphenolic anti-
oxidants such as epigallocatechin-3-gal-
late33 and ellagic acid,34 and the trypsin
inhibitor camostat mesilate.35 36

McCarroll and colleagues1 investigated
the effect of retinol and its metabolites
on the activation state of PSCs. They
demonstrated that these compounds can
reverse activation of culture activated
PSCs and prevent ethanol induced PSC
activation, both effects being mediated
through the MAPK pathway. The study
contains novel and original information
and not just in the field of PSC biology.
Indeed, several findings emerging from
this work should be confirmed in HSCs
which are clearly more involved in
vitamin A metabolism and are similarly
exposed to ethanol under conditions of
chronic abuse. What is debatable about
this otherwise excellent study is the title
and the last paragraph in the discussion
(that is, the possible use of retinoids for
the treatment of pancreatic fibrosis). The
possibility of employing retinoids for
treating hepatic fibrosis in humans has
been a key issue for some time since the
beginning of the 1990s. However, this
option was abandoned for two main
reasons: (1) the need to chronically use
very high doses in order to achieve less
than 50% of the serum concentration
effective in animal models and less than
1% of the concentration effective in cell
cultures; and (2) the toxic effect of
vitamin A accumulation, which is para-
doxically able to induce extensive fibrosis
and cirrhosis of the liver or non-cirrhotic
portal hypertension. These concerns
obviously apply to the proposed use for
chronic pancreatitis.
In conclusion, I believe that the PSC

area of research has become mature,

and will develop in directions more
relevant to the pathophysiology of the
pancreas. A final warning for liver
fibrosis researchers: be alerted, the kids
have become adults!

Gut 2006;55:12–14.
doi: 10.1136/gut.2005.074427
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