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Use of colonic eicosanoid concentrations as predictors
of relapse in ulcerative colitis: double blind placebo
controlled study on sulphasalazine maintenance
treatment

K LAURITSEN, L STAiRK LAURSEN, K BUKHAVE, AND J RASK-MADSEN

From the Department ofMedical Gastroenterology, Odense University Hospital, Odense and Sections of
Gastroenterology, Department ofMedicine C, Herlev Hospital and Department ofMedicine B, Bispebjerg
Hospital, University of Copenhagen, Copenhagen, Denmark

SUMMARY To establish whether concentrations of eicosanoids determined by equilibrium in vivo
dialysis of faeces and equilibrium in vivo dialysis of rectum might predict a relapse in ulcerative
colitis, 23 patients with completely inactive disease, maintained on sulphasalazine, stopped
treatment and entered a prospective study. Concentrations of prostaglandin E2 were determined by
radioimmunoassay on purified faecal and rectal dialysates at entry, at two weeks, and at two, six,
and 12 months. Ifthe above concentrations exceeded control concentrations (0'5 nglml and 1.0 ng/ml
in faecal and rectal fluid, respectively) at any study day, the patient was allocated at random to
double blind treatment with sulphasalazine 2 g/day, or placebo for six months. A relapse, defined as
recurrence of symptoms accompanied by endoscopic inflammation occurred in none of six and in
four of five patients allocated to sulphasalazine and placebo, respectively (p<005). In no case a
normal rectal prostaglandin E2 concentration was associated with a relapse in the short term, but
only two of 12 patients observed passively remained in remission. In retrospect, leucotriene B4 was a
less sensitive predictor of relapse than prostaglandin E2. We conclude that raised concentrations of
prostaglandin E2 in rectal dialysis fluid identify patients with a substantial risk of relapse.

Since it was originally reported in a controlled trial'
that sulphasalazine (SAZ) reduces the recurrence
rate in patients with ulcerative colitis (UC) this drug
has become the mainstay of maintenance therapy for
the prevention of relapse in patients with UC.2 1 The
duration of SAZ therapy, given for more than one
year, however, remains controversial and two early
studies gave conflicting results.45 Despite several
subsequent studies have shown higher relapse rates
in patients discontinuing SAZ treatment for other
remedies'9 current practice, as to how long to
continue treatment, often rests on 'personal clinical
experience' - also because no clinical or laboratory
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indices have been shown to improve decision
making.
The concentration of prostaglandin E2 (PGE2) in

rectal dialysis fluid, obtained by the method of
equilibrium in vivo dialysis of rectum, was shown
recently to be a sensitive marker of disease activity."'
Furthermore, it was suggested that a rise in PGE2
concentrations in faecal dialysates, obtained by the
method of equilibrium in vivo dialysis of faeces in
patients with inactive UC, precedes the development
of clinical symptoms in those who later experience a
relapse." The purpose of the present study was to
establish whether prospective determinations of
PGE2 concentrations in faecal and rectal dialysis
fluid, in patients with inactive UC discontinuing SAZ
therapy, might predict a relapse and thus improve
medical decision making. Patients with UC in com-
plete remission, maintained on SAZ for at least one
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year, therefore, entered a double blind placebo
controlled trial on the efficacy of SAZ, if PGE2
concentrations rose above control levels.

Methods

PATIENTS
Patients fulfilling the following entry criteria were
candidates for the study: (a) proven UC on the basis
of symptoms, endoscopic findings, histology of the
rectal mucosa, and radiologic appearance, in
addition to an exclusion of infectious diarrhoea by
stool cultures and microscopy;'2 (b) inactive disease
(remission) for at least 12 months during mainten-
ance treatment with SAZ (Salazopyrin, Pharmacia
AB, Uppsala, Sweden) 2 g/day. Patients were con-
sidered in remission when symptom-free - that is,
stool frequency 2x a day, without discharge of blood,
pus, or mucus from the rectum, with normal sigmo-
idoscopic appearance, and with no significant inflam-
mation on rectal biopsy.5'
The study was done in accordance with the

Helsinki Declaration II and approved by the Ethical
Committee of Funen and Vejle Counties. Informed
consent was given by all participants.

EXPERIMENTAL DESIGN
Equilibrium in vivo dialysis of faeces as well as
equilibrium in vivo dialysis of rectum were done in
consenting patients fulfilling the entry criteria. Sub-
sequently, SAZ was stopped and the patients were
free of medication. Evaluation of clinical disease
activity, in addition to sigmoidoscopy with rectal
biopsies for assessing endoscopic and histologic
disease activity,'0"3 were done at scheduled visits
after two weeks, after two, six, and 12 months, and in
between, if indicated by recurrence of colitic sym-
ptoms. A relapse was defined as a recurrence of
colitic symptoms accompanied by endoscopic signs of
inflammation. If a relapse occurred the patient was
withdrawn. At the scheduled visits also in vivo
dialysis measurements were carried out. If faecal
PGE2 concentrations and/or rectal PGE2 concentra-
tions exceeded control levels - that is, faecal PGE2
>0.5 ng/ml; rectal PGE2 >1*0 ng/ml - at any study
day the patient was allocated at random to double
blind maintenance treatment with SAZ (tablets 0-5 g;
two tablets bid) or placebo tablets (two tablets bid) of
identical appearance for six months. The SAZ and
placebo tablets were provided by Pharmacia AB,
Uppsala, Sweden. The randomisation was done
according to a computer generated list in blocks of
four, stratified for visit (two weeks, two months, six
months, 12 months). In randomised patients a final
visit was scheduled after six months of randomisation
for in vivo dialysis measurements and for assessment

of clinical, endoscopic, and histologic disease activity
in case a relapse had not occurred earlier.
To minimise the variation between observers'4

each patient was examined on all study days by the
same investigator, who was unaware of the results of
the dialysis measurements.
A laboratory screening was carried out on all study

days and included blood haemoglobin, sedimenta-
tion rate, leucocyte count, leucocyte differential
count, platelet count, and serum concentrations of
creatinine and orosomucoid.
Thus patients completed the trial either (a) after 12

months of passive observation (in cases with normal
PGE2 concentrations throughout); (b) six months
after randomisation (in case PGE2 concentrations
exceeded control levels); or (c) inbetween, if a
relapse occurred.

Results obtained in the cohort of randomised
patients served to evaluate the primary purpose of
the study, that is, to test the predictive value of 'an
increase in PGE2 levels' for experiencing a relapse
in patients with inactive UC off SAZ treatment.
Indirectly, in this design the named cohort also
appeared to re-evaluate the efficacy of SAZ in
maintaining remission.

IN VIVO DIALYSIS METHODS
Equilibrium in vivo dialysis of faeces was carried out
as previously described in detail," by pooling the
contents of five swallowed dialysis bags after their
intestinal transit (faecal dialysate). These dialysates
were analysed for concentrations of PGE2 (faecal
PGE2) and leucotriene B4 (faecal LTB4).

Equilibrium in vivo dialysis of rectum was done
after insertion of a 12-cm-long dialysis bag into the
emptied rectum as previously described."' The bag
was left for four hours when it was removed and its
contents (rectal dialysate) were analysed for concen-
trations of PGE2 (rectal PGE2) and leucotriene B4
(rectal LTB4).

ANALYTICAL PROCEDURES
Prostaglandin E2 was measured as previously des-
cribed in detail'5 by a radioimmunological method
validated by gas chromatography mass spectro-
metry.16 The method, using 10-100 Id samples,
included addition of 3H-labelled PGE2 (Amersham
International, Buckinghamshire, UK) as an internal
standard, acidification, extraction with ethylacetate/
cyclohexane (1:1), and chromatography on micro-
columns of Sephadex LH-20 (Pharmacia AB,
Uppsala, Sweden) before performing the radio-
immunoassay itself on the eluate fraction. The
detection limit, defined as the procedure blank value
+2 SD, was 0-03 ng/ml.

Leucotriene B4 was measured by using a com-
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mercially available antibody (Wellcome Diagnostics,
Dartford, UK). The procedure, using 100-250
samples, included addition of 3H-labelled LTB4
(Amersham International, Buckinghamshire, UK)
as an internal standard, acidification, extraction with
dichloromethane/cyclohexane (2:3), and isolation of
LTB4 by chromatography on Sephadex LH-20 micro-
columns before the radioimmunoassay was per-
formed on the eluate fraction. The detection limit,
defined as the procedure blank value +2 SD, was
0.2 ng/ml.

Further evaluations of the radioimmunological
procedures for determination of PGE2 and LTB4 in
'rectal dialysates' were performed by comparing data
obtained by simultaneous analysis of aliquots of the
same samples (obtained from patients with active UC
and controls) by radioimmunoassay and quantitative
high pressure liquid chromatography for PGE2 and
LTB4, respectively. These validations are described
elsewhere. 1'

All organic solvents were from Merck, Darmstadt,
FRG.
The results were expressed as ng/ml of colonic

fluid. In 10 healthy controls the following results have
previously been obtained:" 1' Faecal PGE2 <0-5 ng/
ml; faecal LTB4 <0-5 ng/ml; rectal PGE2 <0 6 ng/ml;
rectal LTB4 <0-5 ng/ml.

STATISTICAL ANALYSIS

Fisher's exact test was used for analysis of four-fold
tables.'8 A value of p<0.05 was considered
significant.

Results

DESCRIPTION OF PATIENTS

Twenty four patients consecutively entered the trial
within an 18 month period. Another three patients
fulfilled the entry criteria, but refused participation.
One patient recruited for the study was withdrawn
because revision of her records showed that she had

Crohn's disease. Table 1 describes characteristics of
the 23 eligible patients.

PROSTAGLANDIN E2 CONCENTRATIONS IN
FAECAL AND RECTAL DIALYSATES
Table 2 lists the faecal and rectal PGE2 concentra-
tions in patients randomised to sulphasalazine or
placebo. In 11 patients faecal PGE2 concentrations
exceeded 0-5 ng/ml (six cases) or rectal PGE2 concen-
trations exceeded 1-0 ng/ml (all 11 cases) after
withdrawal of SAZ: in six cases at two weeks; in one
case at two months; in two cases at six months; and in
two cases at 12 months (Table 2). Six of these patients
were randomised to SAZ and five were randomised
to placebo. The outcome of the disease within the six
month treatment period is also shown in Table 2. In
the SAZ group none of the six patients experienced a
relapse and PGE2 concentrations decreased toward
control levels. By contrast, four of five patients in the
placebo group experienced a relapse (p<0-05),
Fisher's exact test).
Twelve patients remained non-randomised and ten

of these experienced a relapse (Table 3). Retros-
pectively: in two cases (both relapsing within two
weeks after cessation of SAZ treatment) PGE2
concentrations were increased at entry (Table 3: no 1
and 3); in four cases (Table 3: no 6, 9, 11, and 13) the
PGE2 concentrations increased more than two-fold,
but did not reach the randomisation levels. The
PGE2 concentrations persisted within control levels
in the patients not randomised and not experiencing a
relapse (Table 3: no 7 and 21).

LEUCOTRIENE B4 CONCENTRATIONS IN FAECAL
AND RECTAL DIALYSATES
The faecal and rectal LTB4 concentrations were
determined in all dialysates. These measurements
were not included in the protocol describing the
prospective study, why the data were subjected to a
retrospective analysis. In most patients the faecal and
rectal LTB4 concentrations were below the detection

Table 1 Selected characteristics of23 patients with inactive ulcerative colitis

Randomised* Non-
Recruited randomised
(n=23) SAZ (n=6) Placebo (n=5) (n=12)

Age, median year (range) 48 (18-80) 60 (37-65) 48 (26-72) 37 (18-80)
Sex, male/female 11/12 4/2 2/3 5/7
Duration disease, median month (range) 72 (18-480) 84 (36-480) 108 (24-192) 66 (18-228)
Duration remission, median month (range) 16 (12-72) 15 (12-24) 22 (12-72) 12 (12-72)
Duration of SAZ treatment, median month (range) 60 (12-144) 48 (20-120) 60 (24-144) 57 (12-132)
Previously treated with corticosteroids (n) 23 6 5 12
Smokers/non-smokers (n) 4/19 3/3 1/4 0/12
Extension of diseaset, 'total'/left sided/rectal (n) 6/10/7 0/4/2 3/1/1 3/5/4

*Randomised because of increased faecal and/or rectal
concentrations of PGE2; tBased on previous barium enema.
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Table 2 Faecal and rectal PGE2 concentrations and outcome in 11 patients with inactive ulcerative colitis in whom
sulphasalazine was stopped at entry. Randomisation to sulphasalazine or placebo was done because ofincreased PGE2
concentrations

Faecal PGE2/rectal PGE2 concentrations (ng/ml)

Randomisation Patient 6 months after
group no Entry 2 weeks 2 months 6 months 12 months randomisation Outcome

Sulphasalazine 2 0-14/0-99 0-31/0-33 0-14/1-52 R - - 0-22/0-26 Remission
10 0-08/0-13 0-12/0-58 0-27/0-84 0-45/0-30 0-14/2-09 R 0-20/0-64 Remission
14 0-08/2-13 0-32/2-40 R* - - 0-38/0-59 Remission
17 1-00/3-59 0-99/12-1 R - - 0-43/2-11 Remission
19 0-33/0-60 0-40/0-32 0-35/0-40 0-68/1-21 R - 0-14/NDt Remission
20 0-36/1-89 0-38/2-49 R - - 0-32/0-30 Remission

Placebo 4 0-73/3-26 1-24/3-16 R - Relapse (12 days after R)
5 0.08/0.49 0-20/0-86 0-12/0-31 0-17/0-82 0-25/1-66 R Relapse (l80 days after R)
8 0-26/0-30 0-16/0-23 0-47/0-76 3 32/1-54R Relapse(159daysafterR)
15 0-50/1-39 0-58/2-56 R - 0-57/0-23 Remission
22 0-60/3-47 2-36/1-42 R - Relapse (180 days after R)

*R, randomisation - that is, in case faecal PGE2 >0.5 ng/ml and/or rectal PGE2 >1.0 ng/ml; tND, not done.

limit (<0.2 ng/ml). Eleven patients were randomised
because of abnormally increased PGE2 concentra-
tions (as described above): In six cases the faecal
PGE2 concentrations exceeded control levels (0 5 ng/

ml), but only in a single case LTB4 concentrations
were raised: in 11 cases rectal PGE2 concentrations
exceeded the randomisation level (1.0 ng/ml), but
only in five cases simultaneously increased LTB4
levels were observed. Similarly, LTB4 concentra-
tions did not exceed control levels in the patients not
randomised.

CLINICAL OUTCOME

The patient distribution and clinical outcome is
summarised in the Figure. All relapses were proven

by histology of rectal biopsies. In all patients remis-
sion was reinstated: In seven cases by resuming SAZ

treatment 2-3 glday orally; in six cases by resuming
SAZ 2-3 glday orally, in addition to topical treat-
ment with corticosteroids, for two to eight weeks;
and in a single case after prolonged treatment with
systemic corticosteroid, in addition to SAZ.

Discussion

The present results suggest that an increased PGE2
concentration in rectal dialysis fluid determined by
equilibrium in vivo dialysis of rectum heralds a

relapse in patients with inactive UC. First, in patients
randomised (because of increased PGE2 concentra-
tions) four of five allocated to placebo experienced a

relapse. By contrast, six similar patients resuming
SAZ remained in remission and at their subsequent
visit had shown a decrease toward control levels in

Table 3 Faecal and rectal PGE2 concentrations and outcome in 12 patients with inactive ulcerative colitis in whom
sulphasalazine was stopped at entry. These patients were observed passively because randomisation to sulphasalazine or
placebo was not indicated by the protocol

Faecal PGE2/rectal PGE2 concentrations (nglml)

Patient no Entry 2 weeks 2 months 6 months 12 months Outcome

1 0-34/8-41 - - - - Relapse (day 14)
3 0-91/26-1 - Relapse (day 14)
6 0-08/0-20 0.14/015 0-10/0-46 0-42/(071 Relapse(day295)
7 0-20/0-41 0-14/0.49 0-03/0-19 0-28/0-67 0-46/0-19 Remission
9 0-12/0-56 0-10/0-24 0-37/0-88 - Relapse (day 162)

11 0-09/0-12 0-05/0-10 0-24/0-29 0-12/0-30 - Relapse (day 358)
12 0-24/1-26 0-24/0.46 - - Relapse (day 56)
13 ND*/047 0-23/0-31 0-30/0-95 - - Relapse (day 81)
16 0-20/0-55 0-32/0-24 - - Relapse (day 60)
18 0-37/0-50 0-42/0.22 0-34/0-31 - - Relapse (day 156)
21 0-22/0.46 0.18/0-34 0-16/0-35 0-30/0-27 0 27/0.55 Remission
23 0-65/2-21 0-30/0-99 0 31/0 99 Relapse (day 150)

*ND, not done.
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Patient with relapse

stopped Patient in remissionstopped~~~~~~~~~ PGE2increased
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PGE2 normal
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_~, . 5 ' .t Rando aRandomisation

Entry 2 weeks 2 months months 12 mon

/ ~~~~~~~~~~~Placebo< s

Entry 6 months , 9

Figure Summary ofpatient distribution and clinical
outcome. Upperpanel: recruitment ofpatients for
randomisation study; lower panel: randomisation study.

PGE2 concentrations. Second, in two patients, who
relapsed within 14 days after cessation of SAZ
therapy, the PGE2 concentrations proved to have
exceeded control levels at entry. Finally, in no case
the demonstration of a normal PGE2 value was
followed by an immediate relapse - that is, within two
weeks. The observation, however, that only two
patients observed passively completed the observa-
tion period of 12 months in remission, shows that the
'lack of an increase in PGE2 concentration' is only
predictive in the short term for maintaining remis-
sion. Hence to improve decision making and to limit
the risk of a relapse in patients off SAZ treatment
more frequent dialysis collections than performed in
the present protocol are required. For compliance
reasons this may, however, reduce the suitability of
the procedure for patient care.
The faecal and rectal PGE2 concentrations deter-

mined by the methods of equilibrium in vivo dialysis
of faeces" and equilibrium in vivo dialysis of
rectum,'° respectively, appear sensitive markers of
disease activity.'" In patients with inactive UC an
increased PGE2 concentration in luminal dialysis
fluid may indicate a mucosal abnormality, even in the
absence of conventional signs of inflammation." The
present data show that the rectal dialysis method is
more sensitive than the in vivo dialysis of faeces: In
all but one case (Table 2) the detection of an
increased faecal PGE2 concentration (>0-5 ng/ml)
was associated with a concomitant increase in the
rectal PGE2 concentration (>1-0 ng/ml) and in
no case a patient was randomised because of an
increased faecal (but a normal rectal) PGE2 concen-
tration. On the other hand, an increased rectal PGE2

concentration was often accompanied by a normal
faecal PGE2 concentration (Table 2). This may be of
clinical relevance, because outpatients experience
the collection of stools more tedious than the per-
formance of equilibrium in vivo dialysis of rectum.
The retrospective analysis of the LTB4 data did not
suggest any superiority of this variable for decision
making in patients with inactive UC discontinuing
SAZ.
The incidence of relapse observed among patients

off SAZ therapy in the present series is in keeping
with previous results, which have shown a relapse
rate of 55%5 and 69%' over six months, and 75% over
12 months.' Furthermore, the present data are in
agreement with the findings of Dissanayake and
Truelove,5 and later confirmed elsewhere,'9 that
SAZ is superior to placebo5 or other remedies, such
as a high fibre diet6 or mast cell stabilisers,7-9 in
maintaining remission in UC in the long term.
Based on the present data it might be argued that

all patients with inactive UC should stay on SAZ
indefinitely, because the relapse rate was high. The
recurrences experienced in the present series, how-
ever, were easily handled in most cases, the courses
being uncomplicated. Therefore, the" duration of
SAZ treatment in patients with inactive UC must also
reflect other aspects of relapse preventing interven-
tion than recurrence rates - for example, potential
prognostic gains, side effects, costs, in addition to
patients' own expectations and wishes.'9 The latter is
sometimes expressed as a keen desire to stop long-
standing medication. The present study describes a
method for predicting a relapse in those who prefer to
discontinue SAZ. The data show that an increased
PGE2 concentration in rectal dialysis fluid identify
patients with a substantial risk of relapsing. Only a
few experience prolonged remission, however, which
is the reason why frequently repeated measurements
are warranted.
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