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been used in IBD for the last 20 years, and the first approved 

drug was infliximab (IFX). IFX has been established as an ef-

fective therapy from moderate to severe IBD, and it is used 

both as induction and maintenance treatment.3

Anti-TNF agents are widely used in patients with IBD, both 

for the induction of remission and maintenance treatment. 

Sometimes it is necessary to use intensified regimens of ther-

apy to achieve remission. Higher IFX trough levels (IFX-TLs) 

have been associated with higher rates of remission, but we 

always consider the probability of toxicity of the drugs when 

dose adjustment is required.4 Many adverse events (AEs) 

have been described. Some of them require further medica-
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Background/Aims: The measurement of infliximab trough levels (IFX-TLs) in patients with inflammatory bowel disease (IBD) 
is performed to optimize treatment. However, the association between the development of adverse events (AEs) and IFX-TLs 
has not been sufficiently studied thus far. To investigate the possible association of IFX-TLs with AEs in Greek patients with 
IBD receiving maintenance treatment with IFX. Methods: A retrospective analysis of the registry data of the Gastroenterology 
Department of the University Hospital of Heraklion, from IBD patients with at least one available IFX-TL measurement during 
the years 2016 to 2017 was conducted. AEs reported 4 months before and 4 months after the measured IFX-TLs were recorded. 
The IFX-TLs of patients with or without AEs were compared. Results: Of a total of 83 IBD patients (61 Crohn’s disease [73%]; 
52 men [63%]; mean age ± standard deviation, 43.3 ± 16.0 years), 147 measurements of IFX-TLs were available (median 4.69 μg/
mL [1.32–9.16]), and 99 AEs (67.3%, 14 severe) were registered. The median IFX-TL of patients with AEs was 5.79 μg/mL (1.36–
10.25), higher than the median IFX-TL of patients without AEs (3.40 μg/mL [1.30–5.92]), but the difference was not significant 
(P = 0.97). The presence of infections or dermatologic reactions was not correlated with IFX-TLs. There was no difference in the 
prevalence of the total AEs (66.7% vs. 73.3%, P = 0.77) or in the analysis of AEs by group between patients with IFX-TLs ≥ 15 μg/
mL and patients with IFX-TLs < 15 μg/mL. Conclusions: IFX-TLs are not significantly associated with the development of AEs 
in IBD patients receiving maintenance treatment with IFX. (Intest Res 2021;19:461-467)
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ORIGINAL ARTICLE

INTRODUCTION

In recent decades, the use of biologics in inflammatory bowel 

disease (IBD) has proven to be an effective choice to achieve 

patient remission, to reduce the need for corticosteroids and 

hospitalizations, to avoid surgery and improve patients’ quali-

ty of life.1,2 Anti-tumor necrosis factor (anti-TNF) agents have 
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tion or even hospitalization and IFX discontinuation. The 

most common AEs are infections (up to 45%), with serious in-

fections described in 3% and opportunistic infections in less 

than 1% of patients with IBD receiving IFX.5 Dermatological 

manifestations (up to 40%), such as psoriasis or psoriasiform 

lesions and eczemas, infusion reactions (5%–10%), systemic 

lupus, hypersensitivity reactions, cancers and, less frequently, 

neurological (demyelinating disorders or neuropathies) or 

musculoskeletal disorders have also been described.5,6 Wors-

ening of heart failure and the occurrence of autoimmunity or 

aplastic anemia have also been associated with the use of the 

drug.6 General symptoms, such as fatigue or dizziness, and ab-

normal laboratory tests are also often reported.5-7

The main therapeutic goal in IBD patients is deep remission, 

including clinical, biochemical and endoscopic remission. 

Therapeutic drug monitoring has been suggested as a useful 

tool for treatment optimization and a helpful way to make 

therapeutic decisions to achieve the final aim of deep remis-

sion. Moreover, monitoring IFX-TLs and antibodies to IFX 

(ATIs) could be useful for predicting or preventing possible 

AEs of IFX.8 Especially when IFX is used in combination with 

an immunomodulator, the risk of some AEs may be increased,9 

and the close monitoring of IFX-TLs could be valuable.

The use of IFX in IBD patients and the development of AEs 

with IFX treatment have been well described, but data on the 

association between the AEs of IFX and IFX-TLs or IFX ATIs 

are limited and rather conflicting. This study aimed to investi-

gate the possible association of IFX-TLs or ATIs with the de-

velopment of AEs (in total and by AE subgroups) in Greek pa-

tients with IBD receiving maintenance treatment with IFX.

METHODS

1. Patients
A retrospective analysis of prospective registry data from con-

secutive IBD patients receiving maintenance treatment with 

IFX was conducted. The IBD registry of the University Hospi-

tal of Heraklion, where all information and data are available, 

was used. The study was approved by the Institutional Review 

Board of University Hospital of Heraklion, Greece (IRB No 

9557/13-11-2019) and performed in accordance with the 

principles of the Declarations of Helsinki. Written informed 

consents were obtained. An ELISA kit (ELISA; Eagle Biosci-

ences, Nashua, NH, USA) was used for the measurement of 

IFX-TLs and ATIs in the patients’ serum samples. A first mea-

surement was performed in patients who were under mainte-

nance treatment with IFX for a median time of 27 months 

(14–72). After the first measurement of IFX-TLs and ATIs, a 

second measurement was performed after a 10-month inter-

val in patients who continued treatment. The lower limit of 

quantitation of IFX-TLs was 0.03 μg/mL and ATIs at 10 UA/

mL was considered as positive. All IBD patients with 1 or 2 

available IFX-TL and ATI measurements for the years 2016 to 

2017 were included in this study.

A questionnaire about health status, disease activity and 

any possible adverse reaction that could be correlated with ei-

ther the disease or the treatment were completed by a physi-

cian before every infusion of IFX. Moreover, routine laboratory 

blood tests obtained at the same time were recorded. Data 

from all interviews and laboratory tests were retrospectively 

analyzed by searching for all possible AEs, including infec-

tions (respiratory, urinary, and gastrointestinal), dermatologi-

cal manifestations (psoriasis, psoriasiform lesions, and ecze-

mas), infusion reactions, solid cancers or lymphomas, neuro-

logical or musculoskeletal disorders. The time window chosen 

was the interval between 4 months before and 4 months after 

each IFX-TL measurement was available. The rationale to 

choose the specific time window is that these 8 months were 

closer to each IFX-TLs measurement, so as to increase the 

possibility these manifestations to be related or not with the 

levels of IFX. We divided patients into 2 groups according to 

the presence or absence of AEs. The IFX-TLs and ATIs of pa-

tients with or without AEs (total), with or without infections 

and with or without dermatological manifestations were com-

pared. Moreover, a cutoff point for IFX-TLs of 15 μg/mL was 

chosen in accordance to previous reports10 to examine the 

safety of IFX in the separate group of the IBD patients who 

had “extremely” high IFX-TLs.

2. Statistical Analysis
Depending on the normality of the data distribution, which 

was assessed using the Kolmogorov–Smirnov test, mean 

(standard deviation, SD) or median (interquartile range, IQR) 

values were calculated. Student t-test for parametric continu-

ous data and the Mann–Whitney U-test for nonparametric 

continuous data were used for the evaluation of differences 

among groups. Cox proportional hazards analysis adjusted by 

the remission time with IFX demonstrating the relationship of 

the presence of AEs and characteristics of the IBD patients 

was performed. We considered a difference to be statistically 

significant if the P-value was less than 0.05.
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RESULTS

A total of 83 IBD patients receiving maintenance treatment 

with IFX were included in the study (61 Crohn’s disease, 73.5%; 

22 ulcerative colitis, 26.5%). Among them, 52 patients (63%) 

were males, and the mean ± SD age was 43.3 ± 16.0 years. All 

patients received 5 or 10 mg/kg IFX per 4, 6, or 8 weeks, and 

the median (IQR) duration of IFX treatment was 27 months 

(14–72). Six patients (7.2%) were receiving intensified doses 

of IFX at the first measurement, and 17 (20.5%) were receiving 

intensified doses of IFX at the second measurement. Eleven 

patients needed intensification after the first measurement to 

have better control of their disease. Forty-eight patients (57.8%) 

were treated with combination therapy with immunomodula-

tors, either azathioprine or methotrexate (AZA/MTX). The 

majority of patients had responded to the induction treatment 

with IFX and maintained in clinical remission under, IFX with 

or without immunomodulator, as defined by Harvey Brad-

shaw Index and Simple Clinical Colitis Activity Index scores 

for Crohn’s disease and ulcerative colitis respectively, during 

the study period. All patients’ demographic and clinical data 

are shown in Table 1.

A total of 147 IFX-TL measurements were available, and the 

median value was 4.69 μg/mL (1.32–9.16). The presence of 

AEs (total), recorded 4 months before and 4 months after 

each IFX-TL measurement, was reported for 99 out of the 147 

IFX-TL measurements (67.3%). In most cases, one single AE 

was reported, but in 36 out of the 99 measurements (36.3%), 

more than one AE was registered. Among all AEs reported, 48 

referred to infections (48.5% of all measurements; 75.0% of re-

spiratory, 12.5% of urinary tract), and 27 were skin reactions 

(27.2% of all measurements); other causes were reported less 

frequently (Table 2). It should be noted that the skin manifes-

tations reported did not include infusion skin reactions, which 

were included in the hypersensitivity/infusion reactions.

The median IFX-TLs of patients with AEs (total) were 5.79 

μg/mL (1.36–10.25), which was higher than the median IFX-

TLs for those without AEs (3.40 μg/mL [1.30–5.92]), but this 

difference was not statistically significant (P =  0.97). Addition-

ally, patients with infections had higher, but not notably differ-

ent, IFX-TLs than patients without infections (5.99 μg/mL 

[1.64–9.09] vs. 3.75 μg/mL [1.28–9.33], P = 0.16). There was 

also no difference in IFX-TLs regarding the presence or ab-

sence of dermatologic reactions (5.98 μg/mL [1.26–8.46] vs. 

4.55 μg/mL [1.34–9.25], P = 0.90) (Fig. 1). Moreover, median 

ATIs were not different between the patients with or without 

Table 1. Demographic and Clinical Characteristics of the 83 IBD 
Patients Included in the Study

Characteristics Value 

Sex

   Male 52 (63)

   Female 31 (37)

Age (yr) 43.3±16.0

Disease duration (yr)    9 (6–17)

Smoking

   Current 29 (35)

   No 22 (27)

   Past 30 (36)

BMI (kg/m2) 24.7 (20.7–28.1)

Disease

   CD 61 (73)

   UC 22 (27)

Montreal classification (at enrollment)

   Ileum (L1 CD) 23 (38)

   Colon (L2 CD) 13 (21)

   Ileum + colon (L3 CD) 25 (41)

   Perianal (P CD) 24 (39)

   Inflammatory (B1 CD) 23 (38)

   Stenotic (B2 CD) 18 (30)

   Fistulizing (B3 CD) 20 (32)

   Left-sided colitis (E2 UC) 8 (36)

   Extensive colitis (E3 UC) 14 (64)

Combination treatment (IMMs)   48 (58)

   AZA   40 (48)

   MTX  8 (10)

HBI for CD  2 (1–3)

SCCAI for UC  1 (0–3)

Median time of IFX use at 1st measurement (mo)   27 (14–72)

Intensified IFX dose at baseline 6 (7)

   5 mg/kg/6 wk 2 (2)

   5 mg/kg/4 wk 1 (1)

   10 mg/kg/8 wk 3 (4)

Intensified dose after the 1st measurement 17 (21)

   5 mg/kg/6 wk 11 (13)

   5 mg/kg/4 wk 4 (5)

   10 mg/kg/8 wk 2 (2)

Previous IBD related surgery 12 (15)

Values are presented as number (%), mean±standard deviation, or median 
(interquartile range).
IBD, inflammatory bowel disease; BMI, body mass index; CD, Crohn’s dis-
ease; UC, ulcerative colitis; IMMs, immunomodulators; AZA, azathioprine; 
MTX, methotrexate; HBI, Harvey Bradshaw Index; SCCAI, Simple Clinical 
Colitis Activity Index; IFX, infliximab.
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AEs (3.09 UA/mL [2.52–5.63] vs. 2.97 UA/mL [2.59–4.02], 

P = 0.19).

We used a cutoff of 15 μg/mL to compare the presence of 

AEs in patients with IFX-TLs. The subgroup with TLs ≥ 15 μg/

mL was consisting of the 16% of all patients and almost 10% of 

all IFX-TLs measurements (13 patients, 14 IFX-TLs measure-

ments). The specific cut off was chosen to investigate whether 

extremely high levels are associated with the presence of any 

adverse reactions. The comparison of patients with IFX-TLs 

≥ 15 μg/mL to those with IFX-TLs < 15 μg/mL showed no sig-

nificant difference in the prevalence of the total AEs (66.7% vs. 

73.3%, P = 0.77) or in the AE prevalence by group (infections 

and skin reactions).

Most of the 83 patients (63 patients, 76% of all patients) had 

2 IFX-TL measurements performed within a 10-month inter-

val (126 measurements). The median (IQR) IFX-TL of the 1st 

measurement (74 available values) was 4.81 μg/mL (1.39–

12.10), while the median IFX-TL of the 2nd (73 available val-

ues) was 4.20 μg/mL (1.10–7.38). Median ATIs (IQR) was 3.44 

UA/mL (2.92–6.32) and 2.59 UA/mL (2.19–3.03), respectively. 

AEs were reported in 50 out of 74 (67.5%) of the 1st measure-

Table 2. Frequency of Each Type of AE Reported in All Trough 
Level Measurements Correlated with AEs (n=99)

Type of AE No. of patients (%)

Infections 48 (48.5)

   Respiratory 36 (75.0)

   Urinary track  6 (12.5)

   Others  6 (12.5)

Skin manifestations 27 (27.2)

   Psoriasis or psoriasiform  8 (29.6)

   Skin infections  9 (33.3)

   Others 10 (37.1)

Hypersensitivity/infusion reactions 14 (14.1)

Musculoskeletal disorders 12 (12.1)

Neurological manifestations 2 (2.0)

Severe AEs 14 (14.1)

   Inferior respiratory infections 6 (6.1)

   CMV infection 1 (1.0)

   Cancers 5 (5.1)

Extended skin rash 1 (1.0)

   Demyelinating neuropathy 1 (1.0)

AE, adverse event; CMV, cytomegalovirus.

Table 3. Cox Proportional Hazards Analysis Adjusted by the Re-
mission Time with IFX Demonstrating the Relationship of the Pres-
ence of Adverse Events and Characteristics of the IBD Patients

Characteristic HR (95% CI) P-value

Diagnosis (CD) 1.17 (0.63–2.17) 0.62

Age 0.99 (0.97–1.07) 0.31

Female sex 0.82 (0.45–1.48) 0.51

Disease duration 0.89 (0.84–0.93) <0.001

Smoking 1.04 (0.73–1.49) 0.82

IFX-TLs 0.99 (0.97–1.03) 0.97

ATIs 1.05 (0.98–1.13) 0.19

Use of immunomodulators 1.03 (0.68–1.57) 0.89

IFX dose intensification 1.57 (0.82–3.02) 0.18

Shorter IFX interval 1.69 (0.61–4.73) 0.35

IBD related surgery 0.72 (0.32–1.59) 0.42

Measurement timea 0.99 (0.82–1.22) 0.99

aTime between the 2 measurements.
IFX, infliximab; IBD, inflammatory bowel disease; HR, hazard ratio; CI, 
confidence interval; CD, Crohn’s disease; IFX-TLs,  IFX trough levels; ATIs, 
antibodies to IFX.

Fig. 1. Median infliximab trough levels (IFX-TLs) of all measurements and comparison of IFX-TLs between patients with and without ad-
verse events (AEs).
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ments and 49 out of 73 (67.1%) of the 2nd measurements.

Fourteen patients experienced severe AEs; 6 suffered from 

inferior respiratory infection, 1 from cytomegalovirus (CMV) 

systemic infection, 5 from cancer (2 colorectal, 1 lymphoma, 1 

thyroid, and 1 prostate), 1 from extended skin rash and 1 from 

demyelinating neuropathy, diagnosed with an electromyogra-

phy and nerve conduction study and confirmed by a neurolo-

gist. All the above reactions required hospitalization and spe-

cial medication. Regarding the infections (including CMV), 

patients delayed IFX therapy for 1–2 weeks, but then contin-

ued in the same dose. The patient with demyelinating neurop-

athy and the one with the skin rash changed to other biologic. 

About cancers, 1 patient died (colorectal cancer), 3 stopped 

IFX therapy and 1 (prostate cancer) continued IFX in the 

same dose a while after his surgery. The median IFX-TL in 

these cases was 7.03 μg/mL (3.21–11.59), which was not sig-

nificantly different than that in patients without severe AEs 

(4.32 μg/mL [1.18–9.15], P = 0.11).

In the Cox proportional hazards analysis adjusted by the re-

mission time with IFX, only disease duration was significantly 

correlated with the development of AEs. No other variable, in-

cluding sex, age, IBD subtype, smoking status, concomitant 

immunomodulators, IFX-TLs, ATIs, time between measure-

ments, IFX dose intensification and IBD related surgery were 

found to be associated with the presence of AEs (Table 3).

DISCUSSION

Our study showed that higher IFX-TLs in patients with IBD re-

ceiving maintenance treatment with IFX were not associated 

with a higher prevalence of AEs in comparison with similar 

patients with lower IFX-TLs. Patients with higher IFX-TLs also 

did not have a higher prevalence of infections or skin manifes-

tations. Even very high IFX-TLs ( > 15 μg/mL) were not found 

to be toxic for IBD patients.

Although the AEs described above have been associated 

with the use of IFX, data on the correlation of IFX-TLs with the 

development of AEs are limited and conflicting. Greener et 

al.10 showed that high IFX-TLs are generally associated with a 

higher prevalence of AEs, but not by subgroup analysis; the 

AEs reported were mostly infections and dermatological man-

ifestations. On the other hand, a study by Guiotto et al.11 found 

a significant association (P = 0.009; odds ratio, 0.115) between 

IFX-TLs and the development of AEs. Huang et al.12 showed 

that IFX-TLs were not correlated with the presence of any AE, 

but low IFX-TLs were associated with infusion reactions. A po-

tential role of the persistence of serum ATIs in those patients, 

followed by low IFX-TLs, could be suggested. Moreover, it has 

been reported that high IFX-TLs are associated with the pres-

ence of dermatological adverse reactions, but the validity of 

these results and the possible underlying mechanisms remain 

unclear.12 In 2 different studies, Protic et al.13 and Cleynen et 

al.14 found no correlation between IFX-TLs and skin adverse 

reactions. Drobne et al.15 primarily studied the rates of infec-

tions in patients of different groups regarding IFX-TLs and 

concluded that there was no difference between the frequen-

cies of infections in the different groups. Coutzac et al.,16 on the 

other hand, compared patients with or without paradoxical 

cutaneous and rheumatological manifestations. They found 

no significant difference in the IFX-TLs between these groups 

in their analyses, but it seems that patients with paradoxical 

rheumatological manifestations (mainly arthralgias) while re-

ceiving IFX therapy tended to have lower IFX-TLs.

The results of these studies, including our study, should be 

supported by larger prospective studies due to the signifi-

cance of these conclusions. Higher IFX-TLs are frequently 

needed to achieve clinical and endoscopic remission, and it 

must be clarified whether higher IFX doses or higher IFX-TLs 

lead to a higher prevalence of AEs. In our study, we showed 

that higher IFX-TLs were not correlated with more AEs, infec-

tions or dermatological manifestations. A higher dose of the 

drug does not always mean that higher IFX-TLs will be 

achieved. This makes the monitoring of IFX-TLs necessary for 

the optimization of patient therapy and to achieve the final 

goals of clinical and endoscopic remission and mucosal heal-

ing. These results can lead to a safer use of higher doses to 

achieve higher levels or lessen anti-drug antibodies, meaning 

a greater probability of remission.17

To obtain safer results, we divided our measurements using 

a high cutoff (15 μg/mL) to study whether higher levels were 

correlated with more AEs. Further indirect evidence of no cor-

relation of IFX-TLs and AEs is derived from the fact that the 

reduction of IF-TLs, which appeared over time in the same 

sample of patients,18 was not associated with an equivalent re-

duction in the presence of AEs. Based on these results, we 

conclude that high IFX-TLs are not associated with the pres-

ence of AEs and remain a safe target for our patients. Unfortu-

nately, the small size of our study group does not permit us to 

have safe results about the prevalence of some unusual AEs 

recorded (cancers and neurological manifestations) with the 

use of IFX or the IFX-TLs.

The use of combined treatment of IFX with AZA/6-mercap-
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topurine or MTX can lessen the probability of autoimmunity 

and the occurrence of antibodies. As a result, a reduction of 

infusion reactions can be achieved. In our study, there was no 

difference between the groups receiving or not receiving com-

bined therapy, which can be explained by the fact that our pa-

tients were receiving maintenance IFX therapy, with a median 

duration of 27 months. Infusion reactions are not expected 

with the same frequency in patients after the induction period, 

as our patients were.19,20

In our study, we found a significant correlation between de-

velopment of AEs and disease duration. This finding could be 

partially related to the well-known inverse association be-

tween disease duration and response to anti-TNF treatment. 

Moreover, patients with long disease duration are usually old-

er, have longer duration of IFX treatment, have often a history 

of use of other medication and disease progression to a more 

complicated phenotype. All the above could be potential risk 

factors for the development of the observed AEs in our study 

population. 

Among the strengths of our study is that we had 2 measure-

ments of IFX-TLs available for most patients, and the interval 

between the 2 measurements was 10 months. Furthermore, 

we searched for AEs close to each measurement, 4 months 

before and 4 months after, meaning that the AEs recorded did 

not overlap and were associated with only the specific mea-

surement. Moreover, we studied not only the correlation be-

tween IFX-TLs and infections or cancer, which are the most 

well-described correlations in the literature, but we also in-

cluded dermatological manifestations and tried to study other 

AEs as well.

Some limitations of the study should also be noted. The pa-

tient sample studied was rather small. Furthermore, this was a 

retrospective study, so there may have been AEs during the 

study period that were not mentioned by the patients. Some 

of the patients who suffered chronically may have underesti-

mated their symptoms or forget to mention some of the previ-

ous events. An infection that was rapidly cured or a skin mani-

festation not observed and mentioned by the patient are some 

of the events that may have been missed. Another limitation 

of our study is the relatively short period of 4 months that we 

chose to collect safety data for our sample. A longer follow-up 

period would be more acceptable to draw safer conclusions.

In conclusion, in our study, we showed that higher IFX-TLs 

did not lead to a greater prevalence of AEs. Higher IFX-TLs 

were not correlated with a higher proportion of infections or 

skin adverse reactions. Furthermore, this study shows that 

even very high IFX-TLs did not lead to a higher prevalence of 

AEs. These conclusions confirm and strengthen other studies 

with similar published results. This makes the optimization of 

IFX therapy, including higher target IFX-TLs to achieve clinical 

remission, endoscopic remission or even mucosal healing, a 

safe option for IBD patients treated with IFX.
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