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Abstract 
Adalimumab (ADA) is applied to induce remission in patients with Crohn’s disease (CD) 
naïve to chimeric anti-tumor necrosis factor-α (anti-TNF-α), infliximab or patients with loss 
of response to scheduled maintenance infliximab. Adsorptive granulocyte and monocyte 
apheresis (GMA) depletes elevated/activated myeloid lineage leucocytes as sources of 
inflammatory cytokines and has been used to treat patients with CD. This study was to 
investigate the efficacy of intensive GMA in combination with ADA as remission induction 
therapy in cases of CD refractory to medications including anti-TNF-α therapies. Between 
December 2010 and February 2012, 5 consecutive cases with refractory CD were treated 
with intensive GMA (2 sessions per week) plus ADA to induce remission. CD activity index 
(CDAI), C-reactive protein (CRP), and endoscopic findings based on the simple endoscopic 
score for CD (SES-CD) at baseline and 10 weeks post 5 ADA injections were applied to 
determine treatment efficacy outcomes. At week 10 post ADA treatment, clinical remission 
together with normal CRP levels were achieved in all 5 cases, while SES-CD scores reflected 
marked improvement in 3 cases and partial improvement in 2 cases who had extensive 
deep longitudinal CD lesions. The CDAI and CRP values at baseline were 324 ± 118 and 
4.9 ± 3.3 mg/dl, respectively. The corresponding values after treatment were 100 ± 28 
(p = 0.024) and 0.2 ± 0.2 mg/dl (p = 0.038). In these 5 cases with medication-refractory CD, 
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combination therapy with intensive GMA followed by 5 ADA shots appeared to be an 
effective and safe intervention for inducing clinical remission. 
 

Introduction 

Crohn’s disease (CD) is a chronic and progressive inflammatory bowel disease 
(IBD) which afflicts millions of individuals throughout the world with symptoms that 
impair function and quality of life. With the knowledge that tumor necrosis factor-α 
(TNF-ɑ) has a major role in the immunopathogenesis of IBD, treatment with anti-TNF-α 
antibodies like infliximab (IFX) and adalimumab (ADA) has been applied to induce 
remission in patients with CD. Further, ADA with a reduced immunogenicity has been 
considered as an alternative anti-TNF-ɑ biologic for CD patients with loss of response 
to IFX [1–3]. However, for remission induction therapy in CD, the efficacy rate for ADA 
in randomized trials has been around 50% at week 10 among the patients who 
responded at 4 weeks [3]. This is considered to be a serious limitation of this biologic 
when long-term remission is in mind. 

Adsorptive granulocyte and monocyte apheresis (GMA) with an Adacolumn can 
selectively deplete myeloid lineage leucocytes, which in patients with IBD are elevated 
with activation behavior and are thought to be significant sources of TNF-ɑ [4]. 
Accordingly, in Japan and the European Union, GMA is another safe and non-drug 
therapeutic option for patients with IBD refractory to pharmacological therapy [5–7], 
in spite of inconsistent efficacy outcome in severe, refractory ulcerative colitis with 
long-term exposure to conventional medications [8]. Additionally, intensive GMA, 
involving 2 sessions per week, has recently been shown to be superior to the routine 
weekly GMA, both with respect to remission rate and time to remission in patients 
with refractory ulcerative colitis [7]. Likewise, a recent report demonstrated that 
combination therapy with GMA plus ADA induced rapid remission in a CD case with 
loss of response to scheduled anti-TNF-α biologics maintenance therapy [9]. 

With the above background in mind, we here report on combination therapy with 
intensive GMA plus ADA in 5 CD cases who were found to be refractory to conventional 
medication including scheduled maintenance anti-TNF-α biologics (2 of 5 cases).  

Case Series 

Between December 2010 and February 2012, 5 consecutive cases were selected for this GMA 
plus ADA combination therapy. The baseline demographic variables of the 5 cases are presented 
in table 1. All 5 patients, 1 female and 4 male, were registered at our hospital, the Nagoya City 
University Hospital. Patients had moderately to severely active ileocolic or colonic type CD at baseline 
according to CD activity index (CDAI) score. Among the 5 patients, 4 had previously diagnosed CD 
that was found to be refractory to medications including anti-TNF-α biologics, and 1 patient had 
recently been diagnosed to have CD. Further, of the 5 cases, the first 2 received intensive GMA [7] 
involving 2 sessions/week for 5 consecutive weeks immediately followed by ADA (160/80/40 mg, 
every other week) as remission induction therapy to strengthen the effect of intensive GMA. The other 
3 patients received ADA injections during the course of intensive GMA (Adacolumn; JIMRO, Takasaki, 
Japan) [4–9]. Concurrent therapies included stable dosages of 5-aminosalicylic acid (or sulfasalazine), 
corticosteroids and azathioprine, all started ≥4 weeks prior to the combination therapy with GMA and 
ADA. 
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CDAI scores, C-reactive protein (CRP) levels and colonoscopy findings were recorded at baseline 
and again 10 weeks following 5 shots of ADA (post ADA therapy). Endoscopic assessment of mucosal 
improvement was based on the simple endoscopic score for CD (SES-CD) [10]. These measurements 
were applied to assess treatment efficacy outcomes. Among the concurrent conventional medications, 
the corticosteroid dosage was to be tapered in line with improvements of patients’ CD. Any adverse 
event, including date of onset, severity, outcome and relationship of events to the interventions was 
recorded. The data are presented as the mean ± SD values, and comparisons were made by using the 
t test. A significance level of 0.05 was set for all statistical tests, and two-tailed tests were applied 
when appropriate.  

The demographic variables listed in table 1 show the mean age of the 5 cases was 36 ± 17 years 
(range 22–62 years), and the mean duration of CD was 8.5 ± 5.1 years (range 14 years to 6 months). 
The location of CD was ileocolic in one case and colonic in 4 cases. Perianal fistulae were observed 
in 2 cases. Concurrent medications, including aminosalicylates, corticosteroids, metronidazole, 
azathioprine and anti-TNF-α biologics, are shown in table 2. However none of the 5 cases had 
received new medications or an increase in the dosage of a concurrent medication ≥4 weeks prior 
to the initiation of the present interventions (GMA and ADA combination therapy). Further, of the 
5 cases, the first 2 had CD refractory to corticosteroids (case 1) or to scheduled maintenance IFX 
(case 2) and received intensive GMA (2 sessions/week) for 5 consecutive weeks followed by ADA as 
remission induction therapy. The mean CDAI scores and CRP levels at baseline and when intensive 
GMA was completed showed 250 points and 2.82 mg/dl, and 189 points and 2.75 mg/dl, respectively 
(table 2). At an additional 10 weeks following the last of the 5 ADA injections, the mean CDAI scores 
and CRP levels were 106 points and 0.37 mg/dl, respectively. The remaining 3 cases who were 
refractory to scheduled maintenance ADA (case 3) or had extensive longitudinal ulcers with perianal 
fistulae (case 4) or disease onset with severe mucosal inflammation together with extensive 
longitudinal ulcers (case 5) received concurrent intensive GMA and ADA injections. The evolution of 
the mean CDAI scores and CRP levels at baseline and 10 weeks post 5 ADA shots showed 373 ± 138 
points and 6.3 ± 5.1 mg/dl, and 96 ± 49 points and 0.1 ± 0.1 mg/dl, respectively (table 2, fig. 1). 

Figure 1 shows the overall changes in the CDAI scores and CRP levels for all 5 cases. The 
measurements showed a CDAI score of 324 ± 118 and a CRP level of 4.9 ± 3.3 mg/dl at baseline. 
At 10 weeks post 5 ADA shots, these measurements were significantly decreased down to 
100 ± 28 points (p = 0.024) and 0.2 ± 0.2 mg/dl (p = 0.038), respectively. Clinical remission 
(CDAI < 150) and normal CRP levels were obtained at 10 weeks post ADA in all 5 cases (table 2). 
Marked decreases in endoscopic scores were obtained in 3 cases, including 1 case with complete 
mucosal healing (cases 1, 2 and 3), and partial improvement was achieved in 2 cases (cases 4 and 5) 
(table 3). During intensive GMA and ADA therapy, no adverse event was observed. 

Discussion 

Here we report on the therapeutic outcomes in 5 cases with CD refractory to 
conventional medications, including 2 cases who were refractory to scheduled 
maintenance anti-TNF-α biologics. All 5 cases responded well to the combination 
therapy with intensive GMA plus ADA, achieving clinical remission, normal serum CRP 
levels and a marked healing of the CD lesions. In clinical settings, ADA is expected to 
induce sustained clinical remission in patients with moderate to severe active luminal 
CD. However, the rates of clinical remission for biologic-naïve patients at best have 
been 36% and about 50% at 4 and 10 weeks, respectively [1, 3], which is not very 
impressive. Likewise, its efficacy for patients with loss of response or intolerant to IFX 
was 21% at 4 weeks [11]. Therefore, the efficacy outcomes for ADA monotherapy in 
patients with active CD have been limited. This suggests that in order to achieve 
sustained clinical remission in the majority of CD patients, biologic-naïve or with loss of 
response to TNF-α antagonists, new treatment strategies are desirable. Based on the 
outcomes in 5 cases with medication-refractory CD, intensive GMA combined with ADA 
looks promising with no safety concerns. However, our view is that the therapeutic 
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outcomes of the present case studies need to be supported by additional controlled 
studies in large cohorts of patients. 

GMA is available in Europe and Japan for the treatment of patients with active IBD 
that may or may not be refractory to standard drug-based medication, including TNF-α 
blockers. GMA depletes elevated and activated myeloid lineage leucocytes and has 
been associated with a marked downregulation of inflammatory cytokines including 
interleukin-1β (IL-1β), IL-6, IL-8 and TNF-α, which are released by myeloid leucocytes 
and lymphocytes, most likely via an upstream mechanism that involves adsorption of 
cytokine-producing cells [4, 12, 13]. This suggests that GMA, which suppresses the 
immune profile in patients with CD, has a strong and favorable impact on the efficacy 
of ADA (or any anti-TNF biologic). Again, this assertion needs to be supported by 
additional reports in this clinical setting. The clinical outcomes in another case report 
[14] also showed that as a non-drug-based intervention, weekly GMA when added to 
scheduled IFX maintenance therapy was effective in a CD case with active disease while 
under IFX therapy. Further, it should be stated that intensive GMA involving 2 sessions 
per week has been found to be better than conventional weekly GMA for refractory IBD 
[7]. GMA as a non-drug therapeutic intervention is not likely to cause refractoriness 
often seen with drugs. Similarly, serious adverse side effects have been very rare in 
patients receiving GMA [4–8]. There are no apparent differences in efficacy in cases 
where GMA is performed simultaneously with ADA and in cases where GMA is 
preceded by ADA. Any time may be acceptable to add GMA therapy to ADA. 

Deep and widespread longitudinal ulcers in the gut and a history of stricture and 
fistulae are considered to be features associated with intractable CD during therapeutic 
interventions [15]. Accordingly, in the present study, during our observation time, 
combination therapy with intensive GMA plus ADA could not achieve complete mucosal 
healing in all 5 cases, notably patients with deep and widespread longitudinal ulcers in 
the ileum and the colon, perhaps suggesting that a longer treatment course or follow-up 
time should have been considered. 

In conclusion, in the present 5 cases with medication-refractory CD, combination 
therapy with intensive GMA plus ADA was very effective and induced clinical remission 
in all 5 cases together with marked healing of CD lesions and normalized serum CRP 
levels. Our impression is that GMA by depleting activated leucocytes as additional 
sources of inflammatory cytokines including TNF-ɑ has a favorable effect on the 
efficacy of anti-TNF-α biologics. An additional study in a large cohort of patients is 
warranted to support the finding of this study in 5 cases with refractory CD. 
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Table 1. Baseline demographic variables of the 5 cases with CD refractory to medications including 
anti-TNF-α therapies who were selected for this combination therapy with ADA plus intensive GMA  

  
  
Demography .Number of patients 
  
  
Male/female 004/1 
Age, years 036±17 
Mean disease duration, years .8.5±5.1 
Involved intestinal segment  

Ileocolitis 001 
Colitis 004 

Previous bowel resection 001 
Perianal fistula 001 
Concurrent medication  

Corticosteroids 003 
Mesalamine/sulfasalazine 004 
Metronidazole 001 
Azathioprine 001 
Infliximab 001 
Adalimumab 001 

Baseline CDAI 324±118 
Baseline CRP, mg/dl .4.9±3.3 
 
 
 

 
Table 2. Relevant demographic variables and treatment outcomes 10 weeks post ADA in 5 cases with 
CD refractory to medications including anti-TNF-α therapies 

               
               
No. Age, 

years 
Sex Disease 

duration, 
years 

Type Concurrent  
medications  

Background Baseline  Treatment  10 weeks post 
5 ADA shots 

 Clinical 
remission 

Adverse 
event 

      CDAI CRP  intensive 
GMA 

ADA  CDAI CRP  

                  
                  
1 62 F 11 colitis PSL/SSAL corticosteroid-refractory 259 3.89  yes yes  091 0.5  yes none 
2 35 M 14 ileocolitis IFX/AZA IFX failure 241 1.75  yes yes  121 0.23  yes none 
3* 21 M 07 colitis 5-ASA/PSL, 

ADA 
ADA failure 483 6.68  yes yes  083 0.17  yes none 

4 41 M 10 colitis SSAL/PSL corticosteroid-refractory 220 2.39  yes yes  137 0.21  yes none 
5 22 M 00.5 colitis 5-ASA disease onset 415 9.7  yes yes  068 0.03  yes none 
                  
                  
5-ASA = 5-aminosalicylic acid; AZA = azathioprine; PSL = prednisolone; SSAL = sulfasalazine. * From reference 9. 
 
 

 

 
Table 3. Endoscopic assessment outcomes based on the SES-CD in all 5 cases 

   
   
Case No. Baseline 10 weeks post 5 ADA shots 
   
   
1 13 00 
2 05 02 
3 13 04 
4 14 10 
5 23 14 
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Fig. 1. Overall changes in CDAI scores (a) and CRP levels (b) at baseline and 10 weeks after patients 
received 5 ADA shots for all 5 cases of this study. The comparisons were made by using the t test. 
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