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Abstract 

There is little evidence regarding the maintenance of long-term clinical remission by ada-

limumab (ADA) therapy in Crohn’s disease (CD) patients naïve to anti-tumor necrosis factor 

treatment (naïve CD patients), since most CD patients are treated with ADA after infliximab 

(IFX) therapy. The long-term clinical response to ADA was retrospectively analyzed in 17 na-

ïve CD patients for at least 24 months, and the serum trough IFX levels were evaluated in 

patients switching from ADA to IFX. Of the 17 naïve CD patients, 14 (82.4%) maintained long-

term clinical remission with ADA therapy for at least 24 months, without serious adverse 

events. The clinical condition of 7 patients was observed for more than 36 months, and 3, 1, 

1, and 2 cases maintained remission at months 42, 48, 54, and 60 after ADA therapy, respec-

tively. Three patients (17.6%) switched from ADA to IFX less than 24 months after the start of 

ADA therapy, and they had remission, retaining trough levels of IFX higher than 1 μg/ml, 

occasionally by dose escalation. In conclusion, maintenance ADA therapy achieves long-term 
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clinical remission in naïve CD patients. Switching from ADA to IFX is an important therapeutic 

option in CD patients showing loss of response to ADA, occasionally with dose escalation, 

based on the analysis of serum IFX trough levels. © 2016 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Inhibition of tumor necrosis factor (TNF)-α is very important for control of inflammato-
ry lesions in Crohn’s disease (CD), and two TNF-α inhibitors, subcutaneous adalimumab 
(ADA, a fully human monoclonal antibody) and intravenous infliximab (IFX, a chimeric  
monoclonal antibody), are approved for treatment of CD in Japan [1]. In Japan, ADA is effec-
tive in inducing and maintaining clinical remission in patients with moderate-to-severe CD 
and is well tolerated, particularly in patients naïve to anti-TNF treatment [2], as shown in the 
CLASSIC I and CLASSIC II trials [3, 4]. Regarding maintenance of clinical remission with ADA 
therapy for more than 1 year, data after 2 and 4 years of ADA therapy for CD have been re-
ported in the results of the CHARM and ADHERE clinical trials [5]. ADA was successful in the 
majority of patients, with a 10% loss of response (LOR) per subsequent year during 2 years 
of therapy for CD [6]. However, especially in Japan, there is little evidence regarding the 
maintenance of clinical remission associated with ADA therapy for more than 1 year in CD 
patients undergoing treatment with ADA as the first TNF-α inhibitor (patients naïve to anti-
TNF treatment), since most CD patients are treated with ADA after IFX therapy. 

Regarding the selection of TNF-α inhibitors in CD patients, IFX, not ADA, is used in most 
cases as the first TNF-α inhibitor, given that IFX received US Food and Drug Administration 
(FDA) approval in 1998, while ADA received FDA approval only in 2007. In Japan, IFX was 
approved more than 10 years earlier, while ADA was approved in 2010 for use in CD. There-
fore, most patients have switched from IFX to ADA, while there is only one report of switch-
ing from ADA to IFX after primary/secondary failure or intolerance to a first TNF-α inhibitor 
[7]. Switching from ADA to IFX may be useful in CD patients who develop adverse effects or 
LOR, but a benefit from IFX to primary nonresponders has not been established [8]. As a 
result, there is little evidence for switching from ADA to IFX in CD patients. Regarding IFX 
therapy in CD patients, it is well known that the serum trough concentration of IFX predicts 
clinical outcome, and that LOR is related to a decrease in serum trough level [9]. CD patients 
with IFX trough levels higher than 1 μg/ml had a higher chance of achieving steroid-free 
clinical remission than those with lower IFX trough levels [10]. 

In the present study, the long-term clinical response to ADA in patients with CD treated 
with ADA as the first TNF-α inhibitor (patients naïve to anti-TNF treatment) for at least 24 
months was analyzed retrospectively. In addition, the clinical response to IFX in patients 
with CD who switched from ADA to IFX was evaluated, analyzing serum trough IFX levels. 

Subjects and Methods 

Patients 
Between December 2010 and December 2015, 17 consecutive active CD patients [CD ac-

tivity index (CDAI) score ≥150] naïve to anti-TNF treatment were administered subcutane-
ous ADA at the Nagoya City University Hospital after informed consent was obtained. Before 
the start of ADA treatment, infectious enteritis, such as that caused by bacteria and cytomeg-
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alovirus, was ruled out by stool cultures, Clostridium difficile toxin testing, and pathological 
analysis of the lesions [1]. 

Treatment with ADA and IFX and Measurement of Serum IFX Levels 
According to the Japanese protocol, the patients received 160 mg of ADA by subcutane-

ous administration at week 0, and 80 mg at week 2; subsequently, subcutaneous doses of 40 
mg were given as maintenance therapy every other week thereafter [1]. IFX was adminis-
tered at 5 mg/kg to patients with active CD at weeks 0, 2, and 6, and intravenous IFX injec-
tions of 5 mg/kg were given as maintenance therapy every 8 weeks thereafter, in accordance 
with the Japanese protocol [9]. If the CD patients showed LOR to 5 mg/kg of IFX, the dose 
was escalated to 10 mg/kg [11]. 

Serum IFX levels were measured using an enzyme-linked immunosorbent assay at 
Mitsubishi Tanabe Pharma Corporation (Osaka, Japan) [11] with written informed consent, 
and the protocol was approved by the Institutional Review Board at Nagoya City University 
Hospital. 

Symptoms and Laboratory Assessment 
Disease activity before and after TNF-α inhibitor administration (subcutaneous ADA and 

intravenous IFX) was measured using the CDAI score [3]. Response was defined as a reduc-
tion of ≥70 points (70-point response) or ≥100 points (100-point response) from month 0 in 
CDAI score, and remission was defined as a CDAI score <150 points [3]. The CDAI was evalu-
ated every 6 months from month 0 to December 2015. 

The definition of flare-up or LOR was made as previously described [11]. The disease 
condition was evaluated using not only CDAI scores but also C-reactive protein (CRP; normal 
value ≤0.30 mg/dl), endoscopic findings, and computed tomography (CT) [1]. 

Results 

Patients’ Characteristics 
The baseline characteristics of the 17 patients receiving subcutaneous ADA therapy are 

shown in table 1. All patients received treatment with ADA as the first TNF-α inhibitor. The 
male/female ratio was 11/6, and the median ages at diagnosis and start of therapy were 
31.9 years (range 19–52) and 36.4 years (19–64), respectively. The median disease duration 
was 5.6 years (0.1–21). The 17 cases were divided into 4 L1, 5 L2, and 8 L3 types according 
to the Montreal classification of CD. Six cases had perianal disease, and 3 cases had previous-
ly had surgical resection. Regarding surgical resection, 2 cases had had ileocecal resection, 
and 1 had had ileocecal resection and resection of a stricture in the small intestine twice. 
Regarding concomitant medications, 5 patients received prednisolone, 14 received 5-ami-
nosalicylates, 6 received immunosuppressants [azathioprine (AZA)], 5 received granulocyte 
and monocyte adsorptive apheresis therapy, and 4 received enteral nutrition; none of them 
had previously used IFX or biologics (table 1). Also, none of the patients had serious adverse 
events requiring termination of ADA therapy. One case had hypertension, which was con-
trolled by medication. 
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CDAI Scores in CD Patients Treated with ADA as the First TNF-α Inhibitor for at 
Least 24 Months 
Of the 17 CD patients naïve to anti-TNF treatment, 14 (82.4%) had subcutaneous ADA 

therapy for at least 24 months (table 2). All 14 patients (ADA-long-1–14) maintained remis-
sion at month 24 after the start of ADA therapy. The clinical conditions of 10 patients (ADA-
long-1–10) were observed for at least 36 months, and all 10 patients maintained remission 
at month 36 after the start of ADA therapy. The clinical conditions of 7 cases (ADA-long-1–7) 
were observed for more than 36 months, and 3, 1, 1, and 2 cases maintained remission at 
month 42, 48, 54, and 60, respectively, after the start of ADA therapy (table 2). All 14 cases 
maintained remission with ADA as the first TNF-α inhibitor. 

CD Patients Who Switched from ADA to IFX and Measurement of Serum IFX Levels  
Of the 17 CD patients treated with ADA as the first TNF-α inhibitor, 3 (17.6%) switched 

from ADA to IFX less than 24 months after the start of ADA therapy (table 3). Two patients 
(ADA → IFX-1 and -2) achieved remission with subcutaneous ADA therapy for more than 12 
months, but the disease then flared up and they were switched from ADA to IFX (table 3). 
One case (ADA → IFX-2) had remission with IFX injection, suggesting that the IFX trough 
levels were more than 1 μg/ml 14 and 54 weeks after the start of IFX therapy (5 mg/kg). The 
first case (ADA → IFX-1) had a response (reduction in CDAI scores of ≥100 points), but no 
remission, with IFX injection (5 mg/kg), suggesting that the IFX trough levels were less than 
1 μg/ml 14 weeks after the start of IFX therapy. Therefore, the IFX dose was escalated to 10 
mg/kg, and the patient achieved remission, suggesting that the IFX trough levels were more 
than 1 μg/ml at 54 weeks. The remaining patient (ADA → IFX-3) had a response (reduction 
in CDAI scores of ≥70 points), but no remission, with 6-month subcutaneous ADA therapy, 
showing LOR (table 3). Therefore, this case was switched from ADA to IFX. The IFX dose was 
escalated to 10 mg/kg, since the patient had a response (reduction in CDAI scores of ≥100 
points), but no remission, with IFX injection (5 mg/kg), suggesting that the CD became 
worse with a high CRP (>0.30 mg/dl) at 8 months after the switch from ADA to IFX (table 3; 
IFX trough levels could not be examined in the ADA → IFX-3 case). As a result, this patient 
achieved remission with a dose escalation of IFX (10 mg/kg). The 3 patients have main-
tained remission with IFX treatment after ADA therapy. 

Discussion 

The results of the present study show that long-term clinical remission was maintained 
with ADA as the first TNF-α inhibitor in CD patients for at least 24 months. About 80% of the 
CD patients naïve to anti-TNF treatment achieved clinical remission with subcutaneous ADA 
therapy for at least 24 months (table 2). Two cases retained remission for 5 years (60 
months). In the CLASSIC II trial of CD patients naïve to anti-TNF treatment, 79% who re-
ceived ADA 40 mg every other week and 83% who received ADA 40 mg weekly were in re-
mission at week 56, compared to 44% with placebo (p < 0.05) [4]. In CHARM and its open-
label extension (ADHERE), in which half of the patients were anti-TNF naïve, 37.6, 41.9, and 
49.8% of the patients originally randomized to placebo, ADA every other week, and ADA 
weekly, respectively, were in clinical remission after up to 2 years of ADA treatment [12]. In 
addition, at least 30% of early responders randomized to ADA induction therapy achieved 
remission at year 4 of ADA treatment in CHARM and ADHERE [5]. In a large population-
based cohort study in North Holland, 83.3% of CD patients on ADA therapy showed sus-
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tained benefit with maintenance treatment after 1 year, followed by 74.0% after 2 years [6]. 
The majority of patients (54%) with remission at year 1 maintained this endpoint at year 4 
[5]. In the present cases, the clinical conditions of 4 CD patients with ADA as the first TNF-α 
inhibitor were observed for at least 48 months, and all 4 cases maintained remission (table 
2). Taken together with the previous reports, the present data suggest that long-term clinical 
remission can be retained in CD patients with ADA as the first TNF-α inhibitor if the remis-
sion has continued for at least 24 months. 

Complete mucosal healing in early-stage CD patients is associated with significantly 
higher steroid-free remission rates 4 years after the start of therapy [13]. Clinical remission 
rates through 3 years of treatment were high in a subgroup with the shortest disease dura-
tion (<2 years) among ADA-treated CD patients, with a trend to fewer side effects [14]. CD 
patients with a disease duration below 2 years maintained higher remission rates than those 
with a longer disease duration through 3 years of treatment [14]. In the CLASSIC II trial, the 
average disease duration was 7.73 years among CD patients naïve to anti-TNF treatment 
who received ADA 40 mg every other week, and 79% were in remission at 1 year [4]. In the 
present case series, the average disease duration was 5.6 years among CD patients naïve to 
anti-TNF treatment who received ADA 40 mg every other week, and 94.1% were in clinical 
remission at 1 year (data not shown). Taken together with the previous reports, the present 
data suggest that ADA therapy is more effective for early-stage CD patients naïve to anti-TNF 
treatment. 

The CD patients who were treated with IFX plus AZA were more likely to have cortico-
steroid-free clinical remission than those treated with IFX monotherapy in the SONIC study 
[10]. In the present case series, IFX injection was therefore started after the addition of AZA 
in 3 CD patients who had LOR despite continuous ADA therapy. Regarding studies of switch-
ing TNF-α inhibitors in CD, 32 switched from IFX to ADA, 4 switched from IFX to certoli-
zumab-pegol, and 1 switched from ADA to IFX, suggesting that there is little evidence related 
to switching from ADA to IFX [7]. Only one report had data on 15 CD patients that switched 
from ADA to IFX, and that report suggested that switching from ADA to IFX may be useful for 
CD patients who develop adverse effects or LOR, but a benefit from IFX to primary non-
responders was not established [8]. In the present study of 17 CD patients with ADA as the 
first TNF-α inhibitor, 3 (17.6%) switched from ADA to IFX, suggesting that all 3 cases 
achieved remission with IFX therapy. No CD cases developed serious adverse events with 
ADA therapy. It is well known that the serum trough IFX concentration predicts clinical out-
come, and that LOR is related to a decreased serum trough level [9]. It has been shown that 
dose escalation while maintaining a certain level of IFX is important in achieving remission 
for CD patients showing LOR to IFX [11]. In 2 of the 3 CD patients switching from ADA to IFX 
in our study, remission was achieved by dose escalation of IFX (from 5 to 10 mg/kg). CD 
patients treated with IFX and with trough levels higher than 1 μg/ml had a higher chance of 
achieving steroid-free clinical remission than those with lower IFX trough levels, which is in 
line with the data for the present CD cases [10] (table 3). As regards LOR to IFX therapy, this 
phenomenon is considered to be due to a decreased serum trough level [9, 11]; therefore, a 
decrease in the dose interval or an increase in the dosage of IFX is recommended for CD pa-
tients showing LOR to standard therapy [11]. In Japan, dose escalation of IFX (from 5 to 10 
mg/kg) was approved in 2011 for use in CD with LOR to IFX, while a decrease in the dose 
interval is not approved. Therefore, dose escalation was performed in the 2 CD patients with 
LOR to IFX (table 3). In addition, none of the patients had serious adverse events requiring 
termination of ADA and IFX therapies in the present series, suggesting that TNF-α inhibitors 
are not toxic at a high serum concentration [15]. 
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In conclusion, maintenance ADA therapy achieves long-term clinical remission in CD pa-
tients naïve to anti-TNF treatment. Switching from ADA to IFX is an important therapeutic 
option for CD patients having LOR to ADA, and dose escalation is effective for CD patients 
having LOR to IFX, with analysis of IFX trough levels. 
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Table 1. Patients’ baseline characteristics (n = 17) 

  
  
Sex (male/female), n 11/6 

Age at diagnosis, years 31.9 (19–52) 

Age at the start of therapy, years 36.4 (19–64) 

Disease duration, years 05.6 (0.1–21) 

Extent of disease  

L1 00.4 (23.5) 

L2 00.5 (29.4) 

L3 00.8 (47.1) 

Perianal disease 00.6 (35.3) 

Previous surgical resection 00.3 (17.6) 

Concomitant medication  

Prednisolone 00.5 

5-Aminosalicylates 0.14 

Immunosuppressant (AZA) 00.6 

GMA 00.5 

Enteral nutrition 00.4 

Anti-TNF-α1 00.0 

 
 
Values are expressed as median (range) or n (%). GMA = Granulocyte 

and monocyte adsorptive apheresis; L1 = ileum; L2 = colon; L3 = ileoco-

lon. 1 Previous use of infliximab or a biologic. 
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Table 2. Clinical conditions of the CD patients having continuous treatment with ADA as the first TNF-α 

inhibitor during 24 months and more (n = 14) 

     
     
  CDAI 

  0 month 24 months 36 months most recent status (months) 

     
     
ADA-long-1 moderate remission remission remission (60) 

ADA-long-2 moderate remission remission remission (60) 

ADA-long-3 mild remission remission remission (54) 

ADA-long-4 mild remission remission remission (48) 

ADA-long-5 mild remission remission remission (42) 

ADA-long-6 moderate remission remission remission (42) 

ADA-long-7 moderate remission remission remission (42) 

ADA-long-8 mild remission remission remission (36) 

ADA-long-9 moderate remission remission remission (36) 

ADA-long-10 moderate remission remission remission (36) 

ADA-long-11 moderate remission – remission (30) 

ADA-long-12 moderate remission – remission (30) 

ADA-long-13 moderate remission – remission (24) 

ADA-long-14 moderate remission – remission (24)1 

 
 
CDAI: remission = score <150; mild = 150 ≤ score < 220; moderate = 220 ≤ score < 450; severe = score ≥450. 
1 The patient died from unexpected external injury to the head. 
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Table 3. Clinical conditions of the CD patients having switched from ADA to IFX after secondary failure of 

ADA (n = 3) 

           
           
 ADA  

treatment,  

months 

Reason(s) for  

switch from  

ADA to IFX 

Trough concentra-

tion of IFX, μg/ml 

 Clinical course after  

switch from ADA to IFX 

Most recent status 

    1st1 2nd2 dose  

escala-

tion 

 IFX treat-

treat-

ment,  

months 

CRP CDAI 

           
           
ADA →  

IFX-1 

30 Flare-up  

(CRP = 2.11 

mg/dl ↑);  

the anal fistula  

worsened, and  

a seton  

operation  

was performed 

0.32 1.21 yes  The patient had  

improvement of the  

abdominal conditions  

but a continuously high  

level of CRP (>0.30 mg/dl) 

after the switch from ADA  

to IFX; therefore, a dose  

escalation of IFX (from 5 to 

10 mg/ml) was performed, 

since the 1st trough concen-

tration was <1 mg/ml after 

IFX administration 

24 – remis-

sion 

ADA →  

IFX-2 

18 The anal  

fistula  

worsened, and 

a seton opera-

tion was per-

formed 

6.25 2.85 no  The patient had remission 

after the switch from ADA  

to IFX, and the trough con-

centration was >1 mg/ml at 

both the 1st and the 2nd 

analysis after IFX admin-

istration (5 mg/ml) 

30 – remis-

sion 

ADA →  

IFX-3 

6 Flare-up  

(CRP = 2.60  

mg/dl ↑) 

not  

exam- 

ined 

not  

exam- 

ined 

yes  The patient had temporary  

improvement of the ab-

dominal conditions, but they 

became worse, with a high 

level of CRP (>0.30 mg/dl) 8 

months after the switch 

from ADA to IFX; therefore, 

a dose escalation of IFX 

(from 5 to 10 mg/ml) was 

performed 

18 – remis-

sion 

 
 
CDAI: remission = score <150; mild = 150 ≤ score < 220; moderate = 220 ≤ score < 450; severe = score ≥450. 

CRP: – is ≤0.30 mg/dl; + is >0.30 mg/dl. 1 An IFX injection was performed at 0, 2, and 6 weeks, and the 1st 

analysis of the trough concentration was examined at 14 weeks just before the 4th IFX injection. 2 An IFX 

injection was performed every 8 weeks after the 4th administration, and the 2nd analysis of the trough con-

centration was examined at 54 weeks, just before the 9th IFX injection. 
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