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Abstract
AIM: To investigate the therapeutic usefulness of 
leukocytapheresis (LCAP; Cellsoba) in steroid-naive 
patients with moderately active ulcerative colitis (UC).
METHODS: Eighteen steroid-naive patients with 
moderately active UC received one LCAP session every 
week for five consecutive weeks.
RESULTS: The remission rate 8 weeks after the last 
LCAP session was 61.1% (11/18). All three patients 
with deep ulcers showed worsening after LCAP. For 
the remaining 15 patients, who had erosions or 
geographic ulcers, the average clinical activity index 
(CAI) score dropped significantly from 9.4 to 3.8 
eight weeks after the last LCAP session (t  = 4.89, P  
= 0.001). The average C-reactive protein (CRP) levels 
before and after LCAP were 1.2 mg/dL and 1.0 mg/dL, 
respectively. Of the patients with erosions, geographic 
ulcers, and deep ulcers, 100% (9/9), 33.3% (2/6), and 
0% (0/3) were in remission 8 weeks after the last LCAP 
session, respectively (χ2 = 7.65, P  < 0.005). Forty-
eight weeks after the last LCAP session, the remission 
rates for patients with erosions and geographic ulcers 
were 44.4% (4/9) and 16.7% (1/6), respectively. Only 
one patient suffered a mild adverse event after LCAP 
(nausea).
CONCLUSION: LCAP is a useful and safe therapy 

for steroid-naive UC patients with moderate disease 
activity. Moreover, the efficacy of the treatment can be 
predicted on the basis of endoscopic findings.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Although the etiology of  ulcerative colitis (UC) is still 
unknown, it is believed that an immune abnormality may 
be involved in its development[1,2]. It is characterized by 
chronic over-activation of  the colonic mucosal immune 
system. Consequently, if  remission cannot be achieved 
by salazosulfapyridine or mesalazine treatment, the 
second line of  treatment has conventionally been to 
administer steroids[2-6]. However, steroid administration 
can increase susceptibility to infections, diabetes mellitus 
and osteoporosis. Recently, it was reported that steroid-
refractory or steroid-dependent patients with UC can 
be effectively treated by cytapheresis[7-10]. To determine 
whether leukocytapheresis (LCAP) may also be useful 
with other UC patients, we administered LCAP to 18 
steroid-naive UC patients. We also assessed whether 
the efficacy of  LCAP can be predicted on the basis of  
endoscopic findings.

MATERIALS AND METHODS
From January 2005 to April 2007, 33 UC patients were 
treated with LCAP at our hospital. All patients were 
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examined by colonoscopy before treatment and UC was 
diagnosed on the basis of  established endoscopic and 
histological criteria[11]. At the time of  diagnosis, infectious 
colitis (Salmonella, Campylobacter, Vibrio, Yersinia and 
Shigella spp.) was ruled out by stool culture and Clostridium 
difficile toxin testing. Moreover, we excluded Crohn’s 
disease, ischemic colitis, radiation colitis and intestinal 
Behçet disease. None of  patients were receiving drugs, 
including non-steroidal anti-inflammatory drugs or 
antibiotics. Patients with severe cardiovascular disease, 
severe cerebral disease, severe anemia (hemoglobin; less 
than 8 g/dL) and hypotension (less than 80 mmHg) 
were excluded. Of  the 33 patients, 15 had severe activity 
and were treated with steroids along with LCAP. These 
patients were excluded from the study. The remaining 18 
steroid-naive patients had moderate activity, as defined 
by a Lichtiger’s clinical activity index (CAI) score[12] of  
< 12. These patients were enrolled in the study. Their 
characteristics are summarized in Table 1.

For all patients, LCAP sessions were performed once 
a week for five consecutive weeks by using Cellsorba 
(Asahi Medical Co., Ltd, Tokyo, Japan). Leukocyte 
removal in LCAP is effective because of  its adherence 
to fibers in the filter. The throughput was 2-3 L of  
whole blood and the flow rate was 30-50 mL/min for 
approximately 60 min. The access and return lines were 
connected to cubital veins. Heparin was used as an 
anticoagulant for the extracorporeal circulation.

Patients were 46.1 ± 18.4 years old; there were 11 
males and 7 females. Their duration of  disease was 
6.0 ± 8.5 years. With regard to their clinical course, 
four patients presented the “first attack” type, six 
the “relapse-remitting” type, and eight the “chronic 
continuous” type. We defined patients presenting with 
an activity phase lasting for 6 mo or longer from the 
first attack as belonging to the “chronic continuous” 
type. Fifteen patients had total colitis, two had left-sided 
colitis and one had proctitis. We performed endoscopy 
before and after LCAP. For the present study, we 
classified the patients into three groups on the basis 
of  the endoscopic findings before LCAP treatment, 
namely, those with erosions, geographic ulcers, or deep 

ulcers (Figure 1). Nine patients had erosions in the large 
intestine, six had geographic ulcers, and three had deep 
ulcers. All patients were concomitantly treated with 
mesalazine (2250 mg/d) for at least 4 weeks prior to 
the initiation of  LCAP therapy. There was no change in 
the dosage of  mesalazine. Immunomodulators such as 
azathioprine, 6-mercaptopurine and cyclosporine were 
never administered.

Disease activity was evaluated before and after LCAP 
by measuring the CAI. A CAI less than 4 indicates 
remission. Relapses were also identified when the patient 
needed another therapy, such as steroid or cyclosporine 
treatment and/or LCAP.

The endpoint of  this study was to determine the 
factor related to remission by LCAP.

Statistical analysis
The Wilcoxon test was used to compare CAI scores 

Table 1  Steroid-naïve UC patient characteristics (mean ± SD)

Characteristics Data

Male/Female 11/7
Age (yr) 46.1 ± 18.4
Duration of disease (yr) 6.0 ± 8.5
Clinical course
   First attack   4
   Relapse-remitting   6
   Chronic continuous   8
Extent of disease
   Entire 15
   Left sided   2
   Rectum   1
Endoscopic findings
   Erosions   9
   Geographic ulcers   6
   Deep ulcers   3

A

B

C

Figure 1  The patients were divided before LCAP into three groups according 
to whether their endoscopic findings revealed erosions (A), geographic ulcers 
(B), or deep ulcers (C). Representative findings are shown.



and C-reactive protein (CRP) levels before and after 
treatment. The Mann-Whitney U-test was used to 
compare the age, duration of  disease, pre-CAI, post-
CAI, pre-CRP and post-CRP levels of  two groups, while 
the c2 test was used to test the effect of  sex. χ2 test was 
used to compare the clinical course, extent of  disease 
and endoscopic findings of  two groups. P < 0.05 was 
considered to indicate statistical significance. Results 
were presented as mean ± SD.

RESULTS
Efficacy of LCAP
For all 18 patients, the remission rates 8 and 48 wk after 
the last LCAP session were 61.1% (11/18) and 27.7% 
(5/18), respectively. At 48 wk after remission, the relapse 
rate was 54.5% (6/11), and the duration to relapse was 
8.7 ± 4.2 mo. Three patients with deep ulcers worsened 
during LCAP and required additional treatments such as 
steroids. However, the remaining 15 patients showed a 
significant drop in the CAI score from 9.4 ± 1.9 to 3.8 ± 

4.8 eight weeks after the last LCAP session (P = 0.001) 
(Figure 2). The CRP levels before (1.2 ± 0.8 mg/dL) 
and after (1.0 ± 2.0 mg/dL) LCAP did not differ 
significantly (Figure 2). When the endoscopic findings 
obtained before LCAP were considered, we found that 
all nine patients with erosions had entered remission 
(100%) 8 wk after the last LCAP session. However, 
only two of  six (33%) and none of  three of  the patients 
with geographic ulcers and deep ulcers, respectively, had 
entered remission at this time point (P < 0.005) (Table 2). 
The remission rates dropped over time as of  the patients 
with erosions and geographic ulcers who were in 
remission at the 8-wk timepoint, 44.4% (4/9) and 16.7% 
(1/6) remained in remission 48 wk after LCAP.

Clinical characteristics of the patients who entered
remission
Table 2 shows how the responders compare to the 
non-responders 8 wk after LCAP. These two groups 
did not differ significantly in patient characteristics 
(i.e., sex, age, duration of  disease, pre-CAI levels and 
pre-CRP levels). However, all first attack and relapse-
remitting type patients entered remission while seven of  
the eight chronic continuous type patients did not (P < 
0.001). Whether there was total colitis, left-sided colitis, 
or proctitis was not significantly associated with the 
ability of  the patient to enter remission after LCAP. As 
indicated above, with regard to the endoscopic findings, 
all patients with erosions entered remission after LCAP 
but it was more difficult to induce remission in patients 
with geographic ulcers or deep ulcers (P < 0.005).

Clinical characteristic of the patients who entered 
remission and then relapsed
Of  the 11 patients who entered remission 8 wk 
after LCAP, six relapsed. Table 3 summarizes the 

Figure 2  Change in average CAI score (A) and CRP levels (B) 8 wk after 
the last LCAP session. The data of the three patients with deep ulcers whose 
conditions worsened during LCAP are not included. The average CAI dropped 
from 9.4 ± 1.9 to 3.8 ± 4.8 (P = 0.001) while the average CRP levels before and 
after LCAP were 1.2 ± 0.8 mg/dL and 1.0 ± 2.0 mg/dL, respectively, and did not 
differ significantly.
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Table 2  Comparison of responders and non-responders 8 wk 
after the last LCAP session (mean ± SD)

Responders
(n  = 11)

Non-responders
(n  = 7)

P

Patient characteristic
   Male/Female 7/4 4/3 NS
   Age (yr) 39.7 ± 15.9 56.1 ± 17.5 NS
   Duration of disease (yr) 5.7 ± 7.7 6.3 ± 9.7 NS
   Pre-CAI 9.0 ± 2.0        11.1 ± 0.9 NS
   Pre-CRP 1.0 ± 0.8 2.4 ± 2.7 NS
Clinical course
   First attack 4 0
   Relapse-remitting 6 0
   Chronic continuous 1 7 < 0.001
Extent of disease
   Entire 8 7
   Left sided 2 0
   Proctitis 1 0 NS
Endoscopic findings
   Erosions 9 0
   Geographic ulcers 2 4
   Deep ulcers 0 3 < 0.005

LCAP: Leukocytapheresis; CAI: Clinical activity index; CRP: C-reactive 
protein levels (mg/dL).
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characteristics of  the five patients who remained in 
remission 48 wk after LCAP and the six relapsed 
patients. The two groups only differed significantly in 
terms of  the post-CAI scores (P < 0.05). None of  the 
other parameters, namely, the clinical course, extent of  
disease, or endoscopic findings, correlated with relapse.

Course of the cases who worsened during LCAP
Table 4 summarizes the courses of  the three cases 
with deep ulcers that worsened during LCAP. As a 
result, two cases were given steroids and one case 
received cyclosporine. Two patients became infected 
with cytomegalovirus and received ganciclovir. After 
a transient improvement, two patients relapsed and 
underwent surgery. The remaining patient, who 
developed interstitial pneumonitis, died of  aspiration 
pneumonitis. Aspiration pneumonitis developed 3 mo 
after LCAP, and therefore the two events were probably 
unrelated to each other. We think that interstitial 
pneumonitis was a cause of  the development of  
aspiration pneumonitis.

Adverse effects
None of  the patients experienced any severe adverse 
effects from LCAP. Only one patient reported a mild 
adverse event (nausea). However, this patient did not 
suffer from the same problem after subsequent LCAP 
sessions.

DISCUSSION
When UC pat ients fa i l to enter remiss ion after 
salazosulfapyridine or mesalazine treatment, the 
conventional second-line therapy involves administration 
of  steroids[13,14]. However, steroids can cause severe side 
effects in some patients[15,16]. When patients with severe 

activity fail to respond to steroids, they must undergo 
a colectomy, although cyclosporine can sometimes 
induce remission in these cases[17-20]. In 1995, Sawada 
et al[21] introduced LCAP therapy for patients with UC. 
This therapy is now a widely used treatment option for 
UC[22,23]. LCAP is a method where the blood is passed 
though a leukocyte removal filter before being returned 
to the body. On average, 1.6 × 1010 leukocytes are 
removed during one session. These leukocytes include 
granulocytes, lymphocytes and monocytes. Almost 
100% of  granulocytes and monocytes and 60% of  
lymphocytes are removed by removal filter[24,25]. It has 
been reported that 73.3% of  steroid-refractory patients 
with UC enter remission after LCAP[26]. It is likely that 
this treatment is effective because it reduces the number 
of  leukocytes available for transmigration and infiltration 
into the colonic mucosa.

In this study, we found that 61.1% of  steroid-naive 
UC patients (11/18) had entered remission 8 wk after 
the last LCAP session. At this time point, the average 
CAI score had dropped significantly from 9.4 ± 1.9 to 
3.8 ± 4.8 (P = 0.001) (the three cases who worsened 
during LCAP were excluded from this calculation). 
Since steroids can induce remission in 45% to 90% of  
salazosulfapyridine or mesalazine non-responders[15,27-29], 
it appears that LCAP is as efficacious as steroids as a 
second-line treatment. Given the low rate of  adverse 
events suffered by patients treated with LCAP, we 
propose that patients with moderately active UC should 
be treated with LCAP before steroids are considered. It 
should be noted, however, that 54.5% of  the patients 
in remission (6/11) relapsed 48 wk after the last LCAP 
session, and that the average duration to relapse was  
8.7 mo. Thus, while LCAP is useful for inducing 
remission in steroid-naive UC patients, it does not 
maintain remission.

Analysis of  the endoscopic findings of  the patients 
revealed that while all nine patients with erosions had 
entered remission 8 wk after the last LCAP session, 
only two of  six (33%) and none of  three patients 
with geographic ulcers and deep ulcers, respectively, 
entered remission. Indeed, the three cases with deep 
ulcers worsened during LCAP and had to be given 
steroids (2 cases) or cyclosporine (1 case). Two of  these 
cases became infected with cytomegalovirus and were 
administered ganciclovir. These observations suggest 
that patients with geographic ulcers and deep ulcers tend 
to be refractory to LCAP, particularly the latter. Indeed, 

Table 3  Comparison of the remission and relapse groups 48 
wk after the last LCAP session (mean ± SD)

Remission (n  = 5) Relapse (n  = 6) P
Patient characteristic
   Male/Female 2/3 5/1 NS
   Age (yr) 45.4 ± 13.5 35.0 ± 16.1 NS
   Duration of disease (yr) 3.5 ± 3.2 7.6 ± 9.6 NS
   Pre-CAI 8.8 ± 1.7 9.1 ± 2.2 NS
   Post-CAI 0.6 ± 0.4 1.8 ± 1.0 < 0.05
   Pre-CRP 1.0 ± 0.9 1.0 ± 0.8 NS
   Post-CRP 0.18 ± 0.14 0.32 ± 0.39 NS
Clinical course
   First attack 3 1
   Relapse-remitting 2 4
   Chronic continuous 0 1 NS
Extent of disease
   Entire 3 5
   Left sided 1 1
   Proctitis 1 0 NS
Endoscopic findings
   Erosions 4 5
   Geographic ulcers 1 1
   Deep ulcers 0 0 NS

CAI: Clinical activity index; CRP: C-reactive protein levels (mg/dL).

Table 4  Course of cases whose condition worsened during LCAP

Case 1 Case 2 Case 3

Additional therapy PSL PSL CsA
GCV GCV

Complication - CMV CMV
Aspiration pneumonitis

Result Operation Operation Dead

PSL: Prednisolone; CsA: Cyclospoline; GCV: Ganciclovir; CMV: 
Cytomegalovirus.
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LCAP may not improve the situation for patients 
with deep ulcers given their higher risk of  developing 
cytomegalovirus infections[30]. Such patients should 
perhaps be treated with an intensive therapy such as 
cyclosporine at a more early stage[31]. However, since all 
patients with erosion entered remission 8 wk after LCAP 
and many (44.4%) remained in remission at the 48-wk 
time point, LCAP is strongly recommended for patients 
with erosion.

The post-CAI was the only factor that predicted 
a relapse. In other words, if  the post-CAI could be 
maintained at < 1 by LCAP, it may be possible to 
maintain long duration remission.

In conclusion, LCAP is a useful and safe therapy 
for steroid-naive UC patients with moderate activity. 
Moreover, endoscopic findings help to predict the 
efficacy of  this treatment.
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