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Abstract
AIM: To evaluate the efficacy of 5 compared to 10 
granulocyteaphaeresis sessions in patients with active 
steroid-dependent ulcerative colitis.

METHODS: In this pilot, prospective, multicenter 
randomized trial, 20 patients with moderately active 
steroid-dependent ulcerative colitis were randomized 
to 5 or 10 granulocyteaphaeresis sessions. The primary 
objective was clinical remission at wk 17. Secondary 
measures included endoscopic remission and steroid 
consumption.

RESULTS: Nine pat ients were randomized to 5 
granulocyteaphaeresis sessions (group 1) and 11 patients 
to 10 granulocyteaphaeresis sessions (group 2). At wk 
17, 37.5% of patients in group 1 and 45.45% of patients 
in group 2 were in clinical remission. Clinical remission 
was accompanied by endoscopic remission in all cases. 
Eighty-six percent of patients achieving remission were 
steroid-free at wk 17. Daily steroid requirements were 
significantly lower in group 2. Eighty-nine per cent of 
patients remained in remission during a one year follow-
up. One serious adverse event, not related to the study 
therapy, was reported.

CONCLUSION: Granulocyteaphaeresis is safe and 
effective for the treatment of steroid-dependent ulcerative 
colitis. In this population, increasing the number of 
aphaeresis sessions is not associated with higher remission 
rates, but affords a significant steroid-sparing effect.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic relapsing inflammatory 
disorder. Corticosteroids are the mainstay of  treatment 
to induce remission. However, long-term corticosteroid 
use is not recommended due to both toxicity and lack of  
efficacy. In addition, steroid dependency and resistance 
occur frequently in patients with UC[1]. In these patients, 
immune modulators (azathioprine/6-mercaptopurine)[2] 
and more recently the chimeric monoclonal antibody 
against tumor necrosis factor, infliximab, have shown 
therapeutic efficacy [3], but a proportion of  patients 
are intolerant or suffer adverse events related to these 
medications. Therefore, other therapies are needed to 
provide non-surgical and safe alternatives for patients who 
fail to respond to conventional treatment. 

In vitro and in vivo studies have suggested that UC 
relapses are associated with an influx of  granulocytes and 
monocytes/macrophages into the mucosal tissue, and 
these cell types are regarded as key mediators of  mucosal 
damage [4]. Reducing granulocytes and monocytes by 
apheresis has the potential to reduce bowel inflammation 
and to improve patient status. Several controlled and 
uncontrolled studies have assessed the safety and efficacy 
of  granulocyteaphaeresis (GCAP) in steroid-dependent 
UC[5-8], steroid-refractory UC[9-11], or as first-line therapy 
in naïve UC patients[12,13]. However, the optimal treatment 
scheme is still to be established. In a study by Hanai et al[9], 
almost 40% of  patients with steroid-dependent UC entered 
into remission after 5 sessions of  GCAP compared to 
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80% after 10 sessions. However, in this study the number 
of  aphaeresis sessions was not established randomly but 
based on clinical demand, and the question whether a 
higher number of  aphaeresis increases the efficacy of  
this treatment remains open. We report the results of  a 
small pilot prospective, multicenter, randomized study 
comparing the efficacy of  5 GCAP and 10 GCAP sessions 
to induce remission in steroid-dependent UC. The primary 
end point of  the study was clinical remission at wk 17. 

MATERIALS AND METHODS
Patients
This was a pilot open, prospective, multicenter, randomized 
study evaluating the efficacy and safety of  5 compared 
to 10 GCAP sessions in patients with moderately active 
steroid-dependent UC. The study was conducted in five 
centers in Spain according to the Declaration of  Helsinki 
and the Good Clinical Practice guidelines. The study 
was approved by the Institutional Review Board of  each 
participating center and written informed consent was 
obtained from all patients.

Patients were included in the study if  they were 
between 18 and 75 years of  age and had clinical and 
endoscopic evidence of  moderately active UC defined 
as a clinical activity index (CAI) ≥ 6 and ≤ 12 and 
an endoscopic activity index (EAI) > 4[14]. Additional 
inclusion criteria were as follows:  body weight ≥ 40 kg, 
use of  ≥ 400 mg of  prednisone (or equivalent) within 4 
wk before study start and at least one unsuccessful attempt 
to taper corticosteroids, affected colon length ≥ 25 cm, 
negative stool culture and no cytomegalovirus infection at 
screening as assessed by immunohistochemistry of  colonic 
tissue samples. 

Exclusion criteria included severe disease activity (CAI 
> 12), aminosalicylates started or increased in dosage 
within the prior 4 wk, or immune modulators started 
within 2 mo prior the study entry; increased steroid dose 
surpassing the baseline dose during the study period; 
severe local or systemic infection; viral infection within 4 
wk of  study entry; hypotension (systolic blood pressure 
< 80 mm Hg and/or diastolic blood pressure < 50 mm 
Hg) or hypertension (systolic blood pressure > 180 mm 
Hg and/or diastolic blood pressure > 120 mm Hg); 
serious renal, hepatic or cardiovascular disease; significant 
laboratory abnormalities such as absolute neutrophil count 
< 1 × 109/L, platelet count < 100 × 109/L , haemoglobin 
< 8 g/L, AST or ALT > 3 times upper normal range, 
bilirubin > 2.5 upper normal range, serum creatinine > 1.8 
mg/dL, partial thromboplastin time > 20% upper normal 
range, prothombrin time < 50%; pregnancy; breast-
feeding; or known allergy to heparin. 

Methods
Patients were randomly assigned to receive 5 (group 1) 
or 10 (group 2) GCAP sessions over 5 or 10 consecutive 
weeks, respectively, in an out-patient setting (Figure 1). 
Aphaeresis sessions lasted for 60 min at a flow rate of  
30 mL/h. The aphaeresis system used consisted of  a 
pump with an integrated monitor (Adamonitor®, Otsuka 
Electronics, Japan) and a single use polycarbonate column 

(Adacolumn®, JIMRO, Japan) with a capacity of  335 mL 
filled with about 35 000 pieces of  cellulose acetate beads 
of  2 mm in diameter bathed in physiological saline and 
steam sterilized (JIMRO, Japan). During the sessions, 
sodium heparin was continuously infused at a rate of  25 
UI/min. All adverse events during the study period were 
registered. 

Clinical and endoscopic assessment was performed 
according to the Rachmilewitz Index (CAI and EAI) 
(14). CAI was measured at baseline, and thereafter on a 
weekly basis until wk 17 (primary endpoint). Endoscopic 
assessment of  disease severity was performed at screening 
and at wk 17. IBDQ was used to assess quality of  life. The 
primary endpoint was clinical remission at wk 17 defined 
by a CAI ≤ 4. Secondary endpoints included changes 
in quality of  life (IBDQ), endoscopic remission, and 
steroid consumption. Endoscopic remission was defined 
as an EAI ≤ 4. Steroid dose could be tapered at the 
investigator's discretion. In the case of  worsening disease 
activity, steroid dose could be increased without surpassing 
the baseline dose.

Analysis of  the results were performed on an intention 
to treat (ITT) basis. All patients who completed at least 
one aphaeresis session were considered in the analysis. 
Results are presented as mean ± SD or median values. 
For quantitative parameters statistical significance in 
comparison to baseline within groups was calculated using 
the Wilcoxon Signed Rank Test. Differences in categorical 
variables were assessed using Fisher’s exact test. The 
Mann-Whitney U-test was used for comparison of  results 
between groups. Statistical analysis was done by Systat® 1.1.

RESULTS
A total of  20 patients were included in the study. Nine 
patients were randomized to group 1 and 11 patients to 
group 2. One patient in group 1 was excluded from the 
study because of  symptomatic hypotension at the time of  

n  = 20

Group 1:5 GCAP
        n  = 9

Group 2:10 GCAP
        n  = 11

1 patient withdrawn
for symptomatic 

hypotension

1 patient withdrawn
after 8 GCAP 

disease activity

         n  = 8 
Completed 5 GCAP

n  = 10 
Completed 10 GCAP

1 patient withdrawn 
at wk 7 for protocol
violation1 and 2 patients
withdrawn at wk 7 and
10 for disease activity

1 patient withdrawn 
at wk 13 for

protocol violation1 

          wk 17
          n  = 5 
Completed follow-up

          wk 17
          n  = 9 
Completed follow-up

Figure 1  Study Design. 1Steroid dose increased over the initial dose.
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venopuncture before initiating the first aphaeresis treatment. 
Demographics and baseline disease characteristics are 

shown in Table 1. Disease duration was longer in group 
2 compared to group 1 (78 ± 42.8 mo and 36 ± 32.3 
mo, respectively) but the difference was not statistically 
significant (P = 0.4). All other parameters were similar 
between the two groups. The mean number of  relapses 
during the year prior to study entry was 2.33 ± 0.71 and 
2.22 ± 1.09 for groups 1 and 2, respectively. Fifty-five 
per cent of  patients in group 1 and 64% of  patients in 
group 2 were previously treated with immune modulators 
(azathioprine, methotrexate). One patient in group 1 and 3 
patients in group 2 had required cyclosporine for previous 
steroid refractory flares. All patients in both groups were 
active in spite of  receiving high steroid dose (43 ± 10.31 
and 35 ± 14.9 mg/d of  prednisone for group 1 and 2, 
respectively).

At wk 17, 3 of  8 patients (37.5%) in group 1 and 5 of  
11 patients (45.45%) in group 2 were in clinical remission. 
CAI decreased from 8 ± 1 at baseline to 5.4 ± 3.0 at wk 
17 in group 1, and from 7.9 ± 1.2 at baseline to 5.3 ± 5.0 
at wk 17 in group 2; the reduction in CAI score was of  
similar magnitude in both groups (P: NS) (Figure 2). All 
patients who entered into clinical remission in both groups 
were also in endoscopic remission. Median C reactive 
protein (CRP) values showed a trend to reduction in group 
2 [median 4.6 mg/L (13.6-0.5) at wk 1 and 2.6 mg/L 
(31.4-0.3) at wk 17] but not in group 1 [median 8.0 mg/L 
(13.8-2.5) at wk 1 and 10.4 mg/L (15.8-5.9) at wk 17]. The 
steroid dose was reduced in both groups. When compared 
with baseline, the dose of  steroid was significantly reduced 
(P < 0.05) since wk 4 in group 2 and since wk 5 and in 
group 1. Intergroup comparison showed that daily steroid 

requirements were significantly lower in group 2 during the 
period comprised between wk 9 and 13 but not at wk 17 
(P = 0.066) (Figure 3). All but one of  the patients who had 
clinical remission were free of  steroids at wk 17. There was 
an improvement in IBDQ scores between wk 0 and wk 17 
in both groups, but the differences were not statistically 
significant[median 106 (230-70) at wk 0 and 110 (157-101) 
at wk 17 in group 1; median 147 (224-100) at wk 0 and 
178 (224-100) at wk 17 in group 2]. Granulocyteaphaeresis 
with Adacolumn® was very well tolerated and no major 
side effects were observed during the study. A total of  11 
non-serious adverse events and one serious adverse event 
were reported in both groups. The serious adverse event 
was a community acquired pneumonia that was judged as 
not related to the study therapy and resolved with an oral 
antibiotic. 

Seven patients entered into the one year long-term 
follow-up. Six out of  these 7 patients were in clinical 
remission and remained steroid free without any changes 
in UC therapy during this period. 

DISCUSSION
A growing body of  evidence suggests that GCAP can be 
a therapeutic alternative for UC. Most of  the published 
studies are non-controlled, include a heterogeneous 
UC population, and use different GCAP regimens. The 
only sham-controlled study published so far, included a 
UC population of  similar clinical characteristics to the 
one selected for the current study, and demonstrated 
significantly higher response rates in patients receiving 
active treatment [15]. In that study, 7 sessions of  sham 
or active aphaeresis were performed. In another recent 
study, Hanai et al[9] reported that a 10 GCAP regimen 
was associated with higher remission rates in steroid 
dependent UC patients compared to 5 GCAP, but in 
this study the number of  aphaeresis sessions was based 
on clinical judgment of  the attending physician. No 
formal comparison of  various treatment strategies using 
aphaeresis has been made so far in order to delineate an 
optimal treatment scheme. Our group decided to conduct 
a small pilot randomized controlled trial to determine if  
there is a therapeutic gain by performing 10 as opposed 
to 5 aphaeresis sessions for induction of  remission in 
patients with steroid-dependent active UC. Patients 

Table 1  Demographics and baseline characteristics

Group 1 (n = 9) Group 2 (n  = 11)

Age (yr) 38.1 ± 13.5 44.6 ± 16.6
Gender (male/female) 6/3 6/5
Smoking habit (smoker/non-
smoker/former-smoker)

0/7/2 0/4/7

Steroid dose at study 
entrance (mg/d)

   43 ± 10.31    35 ± 14.91

Previous medications
   5-ASA 9 11
   Azathioprine 5   6
   Methotrexate 0   1
   Cyclosporin A 1   3
Disease duration (mo)    36 ± 32.3    78 ± 42.8
Nº of previous flares in the 
last 12 mo

2.33 ± 0.71 2.22 ± 1.09

Nº of previous admissions to 
hospital

1.33 ± 1.22 1.18 ± 1.25

Site of disease
   Proctosigmoiditis 1   4
   Left sided colitis 4   4
   Extensive colitis 2   1
   Pancolitis 2   2
CAI   8.0 ± 1.0   7.9 ± 1.2
EAI   8.7 ± 3.7   8.8 ± 2.2
IBDQ 106 (230-70) 147 (224-100)
CRP (mg/L)     8 (23.1-2.5)  4.6 (13.6-0.5)

All data expressed as mean ± SD or median (max-min). CAI: clinical activity 
index; EAI: endoscopic activity index; CRP: C reactive protein.
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Figure 2  Evolution of CAI in group 1 (5 GCAP) and in group 2 (10 GCAP).

www.wjgnet.com

Ricart E et al . Granulocyteaphaeresis in ulcerative colitis                                                                                    2195



recruited in this study represent a UC population that 
is difficult to treat, 60% were under immune modulator 
treatment with azathioprine or methotrexate, and 20% 
had been previously treated with cyclosporine for steroid 
refractory UC. None of  the patients included had been 
previously treated with infliximab because infliximab was 
not authorized for UC treatment at the time the study was 
performed. 

Our results show that GCAP induced clinical and 
endoscopic remission in an important proportion of  the 
patients. At wk 17, all but one of  the responding patients 
were free of  steroid treatment. Furthermore, all responding 
patients but one completed a one year long-term follow 
up without requiring steroids or the introduction of  
any other therapy. These results are in keeping with the 
findings reported by Domenech et al[8] and support the 
steroid sparing effect of  GCAP in steroid dependent UC 
patients. Interestingly, steroid consumption in our study 
was lower in group 2, showing statistically significant 
difference in a period starting when group 1 patients were 
no longer receiving aphaeresis treatment, and group 2 was 
still under active aphaeresis treatment. Although the study 
failed to show any difference in terms of  clinical remission 
between 5 and 10 GCAP treatments, the aforementioned 
differences in steroid requirement support the notion that 
GCAP is effective for the treatment of  UC. 

Comparison of  the efficacy of  diverse treatment 
modalities across various studies is subject to numerous 
pitfalls, but quite often it is the only indirect information 
on the relative efficacy of  various therapeutic options, 
since head to head comparisons are disappointingly scarce. 
The population included in the current study consisted of  
patients with steroid-dependent course and active disease 
in spite of  use of  steroids for two weeks, which represents 
a population particularly difficult to treat. The overall 
42% clinical and endoscopic remission rates obtained in 
the present study compare favorably with those of  recent 
studies using infliximab[3,16].

Although the study has important limitations due 
to sample size, it is necessary to point out that to our 
knowledge, this is the first randomized comparison of  
two different GCAP regimens in a strictly defined UC 
population. Even though the results show a trend towards 
lower steroid requirements in group 2 (10 GCAP), in our 
opinion these data do not support the recommendation of  
this regimen over a 5 GCAP alternative. Our study did not 
address the issue of  intensification of  GCAP (2-3 GCAP 

per week). A randomized small study in patients with 
active UC showed that an intensified aphaeresis regimen 
had more rapid but not superior therapeutic effects than 
a one GCAP per week schedule, as was performed in our 
study[17].

In conclusion, GCAP seems to be an effective, safe, 
and well tolerated therapy that allows steroid withdrawal in 
steroid dependent moderately active UC patients. However, 
10 weekly GCAP treatments do not provide an advantage 
in this patient population as compared to 5 treatments 
in terms of  clinical or endoscopic remission but afford a 
significant steroid-sparing effect. This information may 
be of  significant value both in clinical practice and in the 
design of  new clinical trials using this treatment modality.
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