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ABSTRUCT
BACKGROUND AND AIMS: The efficacy of infliximab (IFX) has validated the role of TNF-α
in the immunopathogenesis of Crohn’s disease (CD). However, antibodies to IFX emerge, which
impair its efficacy. This study investigated factor(s) associated with the loss of response (LOR)
to IFX and how IFX non-responders may be treated.
METHODS: Seventy-four patients, 36 IFX responders (GI) and 38 with LOR (GII) were
included. Trough IFX level, CD activity index (CDAI) and immunological markers during IFX
maintenance therapy were measured. Adsorptive granulocyte/monocyte apheresis (GMA) was
applied to patients with LOR.
RESULTS: The durations of CD, 9.3±5.5yr and IFX therapy, 3.4±2.0yr in GII were longer vs GI
(P=0.02, P=0.01). Similarly, C-reactive protein (P<0.0001) and CDAI (P<0.0001) in GII were
higher. The median trough IFX was 4.7μg/mL in GI and 8.4μg/mL in GII, while the dose
frequency was 8 weeks in GI and 4 weeks in GII. Soluble interleukin-2 receptor (sIL-2R) was
higher in GII vs GI (P<0.001). Seropositive rates of anti-nuclear antibodies (ANA) and
circulating immune complexes (CIC) in GII were 50.0% and 68.4%, significantly higher vs GI
(P<0.05, P<0.01). Patients with LOR duration ≥1.5yr showed higher CDAI and sIL-2R (P<0.05)
vs patients with LOR duration <1.5yr. Fifteen GII patients received GMA plus IFX combination
and 46.7% responded. IL-10 increased in GMA-responders (P<0.05), while CIC and ANA
decreased (P=0.0237, P=0.0463).
CONCLUSIONS: Patients with LOR to IFX had dysregulated immune response despite
uncompromised trough IFX level. Further, inadequate T-cell differentiation by IFX was
suggested. GMA appeared to benefit LOR patients by immunoregulation.
Keywords: Infliximab maintenance therapy, Crohn’s disease, Antibodies to infliximab, Loss of
response.
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INTRODUCTION
Tumour necrosis factor (TNF)-α represents a key pro-inflammatory cytokine with major roles in
the immunopathogenesis of several chronic inflammatory conditions including rheumatoid
arthritis, psoriasis, ankylosing spondylitis, and inflammatory bowel diseases (IBD). Accordingly,
anti-TNF-α antibodies, notably infliximab (IFX) have become important therapeutics agents for
the treatment of Crohn’s disease (CD) and ulcerative colitis (UC).1,2,3 IFX is an intravenously
administered monoclonal antibody of the immunoglobulin (Ig)-G1 kappa subclass, structurally
comprised 75% human and 25% murine sequences.4 However, administration of this chimeric
antibody has been associated with serious immunogenicity reactions leading to emergence of
antibodies to IFX (ATI). ATI may cause loss of response (LOR) to IFX and infusion reactions
(IR).5 However, the correlation between ATI and LOR or IR has not been linear; ATI per se does
not predict IR.6

Patients with the LOR to anti-TNF are reported to show a high incidence of developing
anti-nuclear antibodies (ANA).7 Further, ANA-positive patients with CD are more likely to
develop ATI compared with patients who remain ANA negative.8 However, currently factors
associated with the LOR to anti-TNF are not understood well. Recently, Nadkarni et al,9
reported that IFX therapy increased regulatory T cells (Treg) population, while Himmel et al,10
have asserted that defects in Treg may underlie IBD. These reports could be significant steps in
understanding the aetiology of LOR to anti-TNF.

Patients who develop LOR or IR often withdraw from continuous infusion of IFX. These
clinical issues are not only associated with IFX but also with other biologics like adalimumab.
Accordingly, alternative treatments for patients who do not benefit from IFX are to be found.
With this background in mind, we became interested to undertake immunological investigations
on a group of patients who have reached LOR to IFX. Measurements, which were factored in
our investigations included Treg related cytokines, ANA and immune complexes. Additionally,
we measured trough IFX levels, but did not measure ATI because the patients were under IFX
maintenance therapy. The presence of IFX in the blood might interfere with the analytical
methods to detect ATI. Further, we undertook exploratory studies on the efficacy of adsorptive
granuloctye/monocyte apheresis (GMA)11 with an Adacolumn (JIMRO, Takasaki, Japan) in
patients with the LOR to IFX.
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MATERIALS and METHODS
Patients
Between January 2002 and December 2010, a total of 207 patients with CD received IFX
maintenance therapy in our IBD centre. These patients initially received three infusions of 5mg
per kg bodyweight at weeks 0, 2, and 6. If a patient showed response, maintenance IFX
treatment was decided at an 8 week intervals. Between March 2009 and December 2010,
consecutively patients were asked to participate in this study during medical consultation.
Seventy-four patients from a total of 207 were enrolled in this study.

Approximately 30 percent of patients receiving IFX maintenance therapy in our institute lose
response to IFX, and are often maintained with shorter than the standard dose frequency of 8
weeks to remain in partial clinical remission. Our study protocol (Figure 1) was designed to
include patients who maintained response to IFX (group I), and patients who had lost response
to this anti-TNF (group II), shown in the Table 1. In both groups, patients’ CD duration had to
be longer than one year. Prior to enrollment, candidate patients were evaluated for clinical
response to IFX by an experienced physician before and every 4 weeks after each IFX infusion.
Patients with LOR to IFX were classified according to Sandborn et al.12 Briefly, CDAI >150 or
CRP >0.8mg/dL within 8 weeks after the last IFX infusion. The study was undertaken in two
stages, seen in Figure 1. Patients were recruited for further investigations during the
observational phase, when they were receiving maintenance IFX therapy. On the first day of
IFX infusion, following enrollment (stage 1), patients were evaluated and then blood samples
were taken for measuring functional IFX (f-IFX) and immunological markers related to Treg
function including transforming growth factor(TGF)-β1, IL-10, soluble IL-2 receptor (sIL-2R),
anti-nuclear antibodies (ANA) and circulating immune complexes (CIC), just before IFX
infusion. Serum samples were stored at -80°C until assay. The infusion dose of IFX was set at
5mg per kg bodyweight by using 100mg per vial. In stage 2, GMA11 therapy in combination
with IFX was applied to patients in group II who agreed to provide informed consent (Figure 1).
Patients were evaluated at week 0 (on the day of IFX infusion), and week 10 (final day of the
study), when blood samples were taken for measuring the aforementioned immunological
markers. A week before the second IFX infusion on week 5, GMA therapy, at one session per
week for 5 consecutive weeks was initiated. At week 10, if a patient showed a fall in CDAI by
>15% relative to week 0, the patient was judged as GMA responder. The reason for setting a
15% reduction in CDAI as clinical response is that CDAI in most patients under IFX
maintenance therapy is around 150, and also they are refractory to most other medications.
4

Ethical considerations
In Japan, both IFX and GMA are approved treatment options for patients with CD. Nonetheless,
our study protocol was reviewed and approved by the Ethics Committee of our hospital. All
patients were informed verbally as well as in writing on the likely side effects of the
interventions and provided informed consent to participate in this study. Additionally, adherence
was made to the Principle of Good Clinical Practice and the Declaration of Helsinki at all times.
In the case of under age patients, consent from one of the patient’s parents was sought.

Classification of CD patients
Patients were classified according to disease location at diagnosis. Macroscopic disease location
was evaluated by endoscopic and radiological examinations. Patients were classified as having
purely terminal ileal, purely colonic, ileo-colonic or upper gastrointestinal involvement in
accord with the Vienna Classification.13

Fluid-phase enzyme immunoassay of functional infiximab (f-IFX)
The binding capacity of IFX to TNF-α was measured by an in-house fluid-phase enzyme
immunoassay reported by Yamada et al.14 In brief, a 100μL of diluted serum or IFX taken as
the reference standard solution was incubated with 100μL of biotinylated TNF-α (PeproTech,
Rockey Hill, NJ, USA) for one hr at 25°C in a 96 well filter plate (Corning, NY, USA), and then
a 50μL of 10 times diluted protein A agarose beads (ProteNova Inc., Kagawa, Japan) was added
to each well, incubated over night at 25°C, with gentle agitation by a plate mixer (Sanko
Junyaku, Tokyo, Japan). After incubation, free biotinylated TNF-α was removed by washing the
wells with Multiscreen Vacuum Manifold (Millipore Corporation) and phosphate buffered
saline containing 0.05% Tween 20 was used as washing solution. Captured biotinylated TNF-α
was detected by adding an adequately diluted horseradish peroxidase-conjugated streptavidin
(Pierce, Rockford, IL, USA) to each well for 1hr at 25°C. The 96 well filter plate was washed in
the same way as above and after washing, tetramethylbenzidine was added. The reaction was
stopped with 2M H2SO4. The absorption at 450nm was then determined in a multiscan well
reader (SK603, Seikagaku Corporation, Tokyo, Japan). The detection limit of the assay was
39ng/mL, this allowed us to detect as little as 0.78μg IFX/mL of 1:20 diluted serum.

Enzyme linked immunosorbent assays of immunological markers
5

The concentration or titer of sera factors were determined by using enzyme linked
immunosorbent assay (ELISA) kits purchased from reputable providers. Kits for the following
substances were used: human TGF-β1, human IL-10 and human sIL-2Rα from R&D Systems,
Inc. MN, USA. Anti-nuclear antibodies, Mesacup ANA test from Medical & Biological
Laboratories CO., LTD. Nagano, Japan. Circulating immune complexes, CIC-C1Q from
BÜHLMANN Laboratories AG. Schonenbuch, Switzerland. Assays were according to the kits
package insert.

Statistical methods
When appropriate, data are presented as the mean ± SD values or the median with lower and
upper quartile values. Statistical analyses were done by using the StatXact-8 statistical software
package (Cytel Inc., Cambridge, MA, USA). Different groups were compared by the
Wilcoxon-Mann-Whitney test for continuous variables, and Fisher’s exact test was used for
categorical variables. Paired data was compared by Wilcoxon-Signed-Rank test. Correlations
between data sets were assessed by using the Spearman’s rank correlation test. P < 0.05 was
considered significant. In case of a P-value being close to 0.05, the mid-P value was calculated
as a more precise estimation of the P-value for the observed difference.15

RESULTS
Patients’ baseline demography
The clinical characteristics of the 74 patients included in this study are presented in Table 1.
Patients’ average age was 30.6yr, range 15.1-68.1yr; the mean duration of CD was 8.2yr, range
1.3-27.7yr; the mean duration of IFX maintenance therapy was 2.9yr, range 0.4-7.8yr and the
mean infused dose of IFX (mg/kg) was 5.8 ± 0.5 in group I (n = 36) and 6.2 ± 1.0 in group II (n
= 38). As seen in Table 1, the duration of disease and the duration of IFX maintenance therapy
was significantly longer in group II vs group I (P=0.0196 and P=0.0137 respectively). Nine of
the 74 patients had fistulae, 9 patients received concomitant azathioprine or mercaptopurine, and
concomitant corticosteroid therapy was higher in group II vs group I (P = 0.0063).

The levels of serum factors in groups I and II
The median IFX dose frequency was 8 weeks in group I, and 4 weeks in group II, significantly
shortened in group II due to the LOR to IFX (Table 2). The reported median serum IFX level
following infusion at 5mg/kg in CD patients at 4 weeks and 8 weeks were 21.8μg/mL and
5.4μg/mL, respectively. However, the median trough IFX for groups I and II were 4.7μg/mL and
6

8.4μg/mL, respectively, observed faster IFX clearance in group II. C-reactive protein (CRP) and
CDAI in group II were significantly higher than in Group I, together with significantly elevated
sIL-2R and IL-10. Seropositive frequency for anti-nuclear antibodies (ANA) and circulating
immune complexes (CIC) in group II were significantly higher than in group I.

Duration of LOR to IFX
Serum sIL-2R level significantly correlated with CDAI (Rs = 0.6338, P < 0.0001) and CRP (Rs
= 0.556, P < 0.0001), but ANA and CIC did not show significant correlation with these
parameters. From patients’ records, clinical data and the time after the development of LOR
were compiled for 33 patients in group II and the mean time after development of LOR was
1.5yr. Then, these 33 patients were subdivided into 2 groups based on the mean time after the
development of LOR, <1.5yr (n=17) and ≥1.5yr (n=16).

The CDAI value in patients with the

LOR time ≥1.5yr appeared to be higher than in patients with the LOR time <1.5yr with the
median values, 136 and 103, respectively (Figure 2-A). Further, sIL-2R level in patients with the
LOR time ≥1.5yr was significantly higher (P < 0.05) than in patients with the LOR time <1.5yr,
median values, 2343pg/mL and 1714pg/mL, respectively (Figure 2-B). The duration of IFX
treatment in patients with the LOR ≥1.5yr was significantly longer (P < 0.005) than in patients
with the LOR time <1.5yr, median 3.5yr and 2.1yr, respectively.

Effect of GMA in patients with the LOR to IFX
GMA and IFX combination therapy was applied to 20 of 38 patients in group II who provided
informed consent to participate. Fifteen of 20 patients completed the study by Week 10. Seven
of 15 patients (46.7%) responded to GMA with a fall in CDAI by more than 15 % at Week 10
relative to Week 0. Clinical features of the GMA responder and GMA non-responder patients are
summarized in Table 3. No significant difference was found between any two variables due to
small sample sizes. However, the duration of IFX treatment in GMA responder subgroup was
longer than in GMA non-responder subgroup (albeit statistically not significant, P = 0.09). Then,
we compared the proportion of patients with the LOR time ≥1.5yr in both groups (Figure 3-A).
The proportion of patients with the LOR ≥1.5yr in the GMA responder subgroup was an 85.7%
(6 of 7), significantly higher (P = 0.0448) than 37.5% (3 of 8) in the GMA non-responder
subgroup. Baseline CDAI value tended to be higher (P = 0.0726) in GMA responder subgroup
than in GMA non-responder subgroup (Figure 3-B), reproduced the same results as in Figure
2-A; CDAI value in the LOR time ≥1.5yr tended to be higher than the CDAI in the LOR time
<1.5yr. In GMA responders, the median CDAI decreased from 141 at Week 0 to 92 at Week 10
7

(Figure 3-C). Mean improvement rate of CDAI from baseline (Week 0) was 42.4%, range
15.6% - 78.0%. Further, serum IL-10 level significantly increased (P = 0.0425) in GMA
responder subgroup (Figure 3-D). Serum TGF-β1 level did not significantly change. There were
11 patients seropositive for CIC and 6 patients seropositive for ANA, both titers were decreased
at Week 10 (Figure 4).

DISCUSSION
The outcome of the Stage 1 of our observational study in a cohort of 74 patients with CD was
that 36 of 74 patients had maintained response to IFX (group I), while 38 of 74 had lost
response during maintenance IFX therapy (group II). In Stage 2, we added GMA therapy to IFX
for 15 patients in group II. The outcomes of our therapeutic interventions together with
measurement of various immunologic markers could be summarized as follows. The duration of
CD and IFX treatment in group II were significantly longer than in group I that had maintained
response to IFX, indicating that long term exposure to IFX was associated with the development
of LOR. Likewise, trough IFX level in group II, at a median dose frequency of 4 weeks was
8.4μg/mL, very much less than the reported value of 21.8μg/mL at week 4.16 Such a rapid blood
IFX clearance in patients with the LOR to this biologic, might be attributed to the formation of
ATI-IFX complexes.17 In spite of a different dose frequency between the two groups, trough IFX
levels in both groups were similar, but group II showed significantly higher CDAI score, serum
CRP, sIL-2R, ANA and CIC titers as compared with group I, indicating dysregulated T
lymphocyte activation in group II. Additionally, patients with the LOR time ≥1.5yr showed
higher CDAI and sIL-2R levels versus patients with the LOR time <1.5yr, suggesting that
patients with longer LOR had significant T cell-driven disease.

Further, GMA and IFX combination as an alternative therapy for patients with the LOR was
undertaken in 15 patients from group II and 46.7% of these patients showed clinical response;
an 85.7% of GMA responders were patients with the LOR time ≥1.5yr. GMA responders had
significantly increased serum IL-10 at Week 10. Patients with seropositive CIC or ANA
achieved a significantly decreased CIC and ANA titers following GMA. Induction of Treg18 or
compensating defective Treg profile9 is an important factor for remission of IBD. Efficient Treg
function is known to be essential for immune tolerance, suppression of autoimmunity and
autoantibody production.19,20 GMA is known to increase circulating Treg levels,21,22 and
therefore, should control excessive antibody production and disease activity by increasing the
Treg population.
8

Our hypothesis for the development of LOR to IFX in CD is summarized in figure 5. Recently,
the therapeutic action of IFX in CD has been outlined as follows. IFX binds to the membrane
associated TNF and initiates apoptosis of activated lamina propria T lymphocytes.23-26 Apoptotic
T cells are then taken up by dendritic cells or macrophages, which then convert naïve CD4 T
cells to Treg.27,28 These expanded Treg produce a strong anti-inflammatory effect and modulate
the immune response to autoantigens.9,29 The restoration of a pool of Treg following
administration of IFX initiates clinical improvement in CD patients. When Treg expansion by
IFX is inadequate due to malfunction of dendritic cells or the Treg are defective,10 uncontrolled
T lymphocyte activation will dominate. Such condition may result in the LOR to IFX. ANA as
an autoantibody was produced by exposing nucleosomes from apoptotic cells,30,31 under
impaired control of immune response to autoantigens. Additionally, ATI may readily emerge
following repeated administration of IFX32 under such dysregulated immune condition. Then,
the generated ATI inhibits the binding of IFX to the activated lamina propria T lymphocyte
membrane associated TNF, essentially blocking apoptosis. An impaired Treg expansion leads to
inappropriate immune response, and the recurrence of the vicious circle. Hence, after
development of the LOR to IFX, the clinical efficacy of IFX diminishes due to impaired
expansion of Treg in the presence of adequate blood IFX.

GMA is a medical device that is expected to induce clinical efficacy in patients with IBD by
selectively adsorbing granulocytes and monocytes from peripheral blood,33,34 which are elevated
in patients with active IBD.11,33 Neutrophils in the blood emerging from the GMA column
outflow are deficient in L-selectin.35 Therefore, following GMA, peripheral blood becomes rich
in L-selectinLow neutrophils, which have lost chemotaxis activity, adhesion ability to endothelial
cells, and an increased susceptibility to apoptosis.35-37 Increased neutrophil apoptosis is known
to enhance Treg function via the release of apoptotic neutrophil supplements into the
circulation.29 In fact, independent studies have reported an increase in Treg following GMA in
IBD patients.21,22

Combining an immunosuppressant as an immunomodulator is reported to minimize ATI
generation.38,39 While this is an interesting observation,38,39 one has to bear in mind that after the
development of LOR to IFX, an immunomodulator may not show favorable clinical effect due
to suppression of Treg restoration.40 In line with this thinking, we found that GMA in patients
with the LOR to IFX was associated with a significant rise in IL-10 (an anti-inflammatory
cytokine), together with a decreased generation of ANA and CIC. We did not investigate
9

changes in Treg population following GMA, but these observations could suggest that GMA
might have a regulatory action on T lymphocytes in patients with the LOR to IFX. This
assertion is supported by earlier studies that found a rise in Treg following a course of GMA21,22
mentioned above. However, our data were limited by the small number of patients and
experimental observations, but we will continue further work in the hope of fully understand
factors associated with the LOR to IFX, and establish alternative therapies for such patients.
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FIGURE LEGENDS
Figure 1. Study design and treatment interventions in 74 patients with Crohn’s disease (CD).
Figure 2. CD activity index (CDAI) scores (A) and serum soluble IL-2 receptor α (sIL-2Rα)
levels (B) vs time after development of the loss of response (LOR) to IFX in CD patients. The n
values for the LOR time <1.5yr was 17, and 16 for those with the LOR time ≥1.5yr.
*Comparison of <1.5yr

vs

≥1.5yr by Wilcoxon-Mann-Whitney test.

Figure 3. Comparison of baseline proportion of patients who developed loss of response (LOR)
to IFX more than 1.5 year (A) and CDAI (B) in GMA responders and GMA non-responders.
Changes in CDAI (C) and serum IL-10 level (D) in GMA responder (n = 7). Fisher’s exact test
was used for unpaired categorical observations, while Wilcoxon-Mann-Whitney test was applied
to compare unpaired continuous observations. Comparison of Week 0 vs Week 10 was by
Wilcoxon-Signed-Rank test.

Figure 4. Circulating immune complexes (CIC) and anti-nuclear antibodies (ANA) titers
following a course of GMA in seropositive patients. Comparison was by Wilcoxon-Signed-Rank
test. Doted line indicates demarcation range.

Figure 5. This figure is intended to summarize the hypothetical sequence of events in the
development of loss of response to infliximab in Crohn’s disease, the production of
autoantibodies and antibodies to infliximab. (1) IFX binds to the membrane associated TNF on
activated lamina propria T lymphocytes; (2) initiation of apoptosis in activated lamina propria T
lymphocytes, apoptotic T cells are then taken up by dendritic cells or macrophages, which then
convert naïve CD4 T cells to Treg; (3) the expanded Treg produce a strong anti-inflammatory
effect and maintain self-tolerance; (4) apoptotic cells release nucleosomes, which become
involved in the development of autoantibodis including anti-nuclear antibodies; (5) dysregulated
T lymphocyte activation will be compromised by impaired dendritic cell function; or (6), defects
in induced Treg; (7) generation of autoantibodies by exposure to nucleosomes of apoptotic cells
due to impaired control of immune response to autoantigens. Under these conditions, there is
opportunity for emergence of antibodies to infliximab (ATI).
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TABLE 1. Demographic variables in the 74 patients with Crohn’s disease who were included in this study
Demography
Male gender, number (%)
Age, yr
Duration of disease, yr
Duration of IFX treatment, yr
Dose of infused IFX, mg/kg

Group I
(IFX Responder)
26/36 (72.2)
29.1 ± 10.0
7.0 ± 6.1
2.4 ± 1.8
5.8 ± 0.5

Intestinal area involved, number (%)
Colon
Small intestine
Colon + Small intestine
Other

6/36 (16.7)
18/36 (50.0)
12/36 (33.3)
0/36 (0)

Abdominal or perianal fistulae, number (%)

4/36 (11.1)

Present intolerance of IFX, number (%)
Acute reaction
Delayed reaction
Acute + Delayed reaction

3/36 (8.3)
0/36 (0)
0/36 (0)

Concomitant medication, number (%)
Corticosteroids
5-Aminosalicylates
Immunosuppressants
Azathioprine
Mercaptoprine
Smoking status, number (%)
Currents smoker
Nonsmoker
Former smoker

Group II
(LOR to IFX)
24/38 (63.2)
32.1 ±11.2
9.3 ± 5.5*
3.4 ± 2.0*
6.2 ± 1.0

7/38 (18.4)
15/38 (39.5)
16/38 (42.1)
0/38 (0)
5/38 (13.2)

8/38 (21.1)
0/38 (0)
0/38 (0)

2/36 (5.6)
36/36 (100)

12/38 (31.6)#
34/38 (89.5)

3/36 (8.3)
3/36 (8.3)

1/38 (2.6)
2/38 (5.3)

7/36 (19.4)
27/36 (75.0)
2/36 (5.6)

6/38 (15.8)
30/38 (78.9)
2/38 (5.3)

*The duration of disease and duration of maintenance IFX therapy was significantly longer in group II vs group I, P = 0.0196 and P = 0.0137 respectively.
#Frequency of concomitant corticosteroid was significantly (P = 0.0063) higher in Group II than Group I. Certain values are presented as the mean ± SD values.

TABLE 2. Comparison of the dose frequency, trough functional serum IFX (f-IFX) levels, CDAI, CRP and
immunological measurements in two groups of patients on the day of IFX infusion
Variable

Group I:
(IFX Responder)

Week until subsequent infusion

8 [8.0-8.7]

Trough f-IFX (μg/mL)

4.7 [1.3-9.9]

CDAI

34.5 [11.8-74.5]

CRP (mg/dL)
TGF-β1 (ng/mL)
IL-10 (pg/mL)
Soluble IL-2 Rα (pg/mL)

0.08 [0.02-0.40]

Group II:
(LOR to IFX)
4 [3.8-5.0]

P Value
< 0.00001

8.4 [3.4-11.8]

N.S.

111.0 [74.8-174.0]

< 0.00001

1.30 [0.53-2.23]

< 0.00001

35.7 [27.8-41.7]

34.8 [30.9-42.5]

N.S.

5.0 [2.5-48.1]

34.5 [4.2-61.1]

< 0.05

1182 [716-1609]

2014 [1444-2710]

< 0.001

Positive for anti-nuclear antibodies, number (%)

10/36 (27.8)

19/38 (50.0)

< 0.05

Positive for circulating immune complexes.number (%)

13/36 (36.1)

26/38 (68.4)

< 0.01

Certain values are presented as the median [lower and upper quartiles] values and compared by Wilcoxon-Mann-Whitney test. P values
for positive ratio of anti-nuclear antibodies and circulating immune complexes are based on Fisher's exact test. Normal range or cut off
values from ELISA kit manufacturers are as follows: TGF-β1 <50ng/mL, normal; IL-10 <7.8pg/mL, normal; solubule IL-2Rα <2000
pg/mL, normal; anti-nuclear antibodies ≥20 index, positive; circulating immune complexes ≥3.2μg Eq/mL, positive.

TABLE 3. Demography of the 15 CD patients who received GMA therapy, all were from the LOR to IFX group.
Demography
Male gender, number (%)
Age, yr
Duration of disease, yr
Duration of IFX treatment, yr
Dose of infused IFX, mg/kg
Intestinal area involved, number (%)
Colon
Small intestine
Colon + Small intestine
Other
Abdominal or perianal fistulae, number (%)
Present intolerance of IFX, number (%)
Acute reaction
Delayed reaction
Acute + Delayed reaction
Concomitant medication, number (%)
Corticosteroids
5-Aminosalicylates
Immunosuppressants
Azathioprine
Mercaptoprine

GMA responder

GMA non-responder

4/7 (57.1)
30.2 ± 3.9
9.7 ± 3.5
5.0 ± 1.8
6.1 ± 1.4

2/7 (28.6)
3/7 (42.9)
2/7 (28.6)
0/7 (0)
0/7 (0)

6/8 (75.0)
33.1 ±15.0
7.0 ± 5.7
2.6 ± 1.8
6.1 ± 0.9

1/8 (12.5)
3/8 (37.5)
4/8 (50.0)
0/8 (0)
2/8 (25.0)

2/7 (28.6)
0/7 (0)
0/7 (0)

2/8 (25.0)
0/8 (0)
0/8 (0)

2/7 (28.6)
7/7 (100)

2/8 (25.0)
6/8 (75.0)

0/7 (0)
0/7 (0)

Smoking status, number (%)
Currents smoker
2/7 (28.6)
Nonsmoker
4/7 (57.1)
Former smoker
1/7 (14.3)
All comparisons were not significant, only “duration of IFX therapy” showed a tendency (P = 0.09).

1/8 (12.5)
0/8 (0)

2/8 (25.0)
6/8 (75.0)
0/8 (0)

