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Background/Aims: Infliximab (IFX) often loses its therapeutic 
effect in initial responders with inflammatory bowel disease 
(IBD) over time. Low serum IFX trough levels (TLs) are linked 
to poor clinical response and outcomes. Maintenance of 
optimal therapeutic IFX concentrations is important for sus-
taining response and achieving good clinical outcomes. Mea-
surement of serum IFX TLs is helpful for determining a fur-
ther proper therapeutic plan. However, adequate therapeutic 
IFX TLs in pediatric IBD is uncertain. We aimed to identify 
the cutoff values for IFX TLs associated with laboratory re-
sponse to IFX maintenance therapy. Methods: Patients with 
pediatric IBD who had received IFX infusions between De-
cember 2008 and March 2015 at Samsung Medical Center 
were retrospectively investigated. We analyzed 239 blood 
samples that were collected from 103 pediatric patients. 
We measured IFX TLs at induction (6 and 14 weeks) and 
during maintenance therapy (>22 weeks, 8 weeks interval) 
by fluid-phase radioimmunoassays. Results: A significant 
association was found between the erythrocyte sedimenta-
tion rate (ESR) and IFX TLs during maintenance (correlation 
coefficient, –0.11; p=0.0005). A cutoff value of 18 mm/hr 
for ESR was used to define higher levels. Receiver operat-
ing characteristic analysis identified optimal cutoff values: 
IFX TL >1.58 μg/mL (sensitivity 82% and specificity 73%). 
Conclusions: Cutoff values are considered a prerequisite 
for further investigating the clinical usefulness of measure-
ments of IFX in patients maintained with IFX treatment. (Gut 
Liver 2019;13:541-548  )
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INTRODUCTION

Inflammatory bowel disease (IBD) refers to a group of chronic 
inflammatory conditions that affect the large and small intes-
tines and repeatedly improve and worsen over time. Ulcerative 
colitis and Crohn’s disease are the major types of IBD. While 
the exact pathogenesis underlying IBD remains unclear, it is 
thought to be associated with genetic and immunological ab-
normalities, and environmental factors, for example, stress and 
medications.1

Immunosuppressive agents, including 5-aminosalicylate, ste-
roids, azathioprine, and 6-mercaptopurine, are commonly used 
to treat IBD. Recently, tumor necrosis factor (TNF) inhibitors, 
which inhibit the activities of TNFs and other biological agents, 
have been introduced for the treatment of IBD, and they have 
gained attention as a potentially effective approach to treatment 
and as a potential substitute for steroid therapy.

IBD that occurs among young children and teenagers ac-
counts for 15% to 20% of all IBD cases, and the incidence of 
IBD has been rising gradually in Korea and in other countries.2 
IBD progresses differently in children compared with adults, and 
it is generally thought that IBD progression is worse in young 
children compared with that in adults.3,4

The treatment of pediatric IBD requires consideration of the 
factors that are relevant to the growth period and puberty, for 
example, physical autonomy, physical appearance, and self-
esteem, which differs from the factors to be considered when 
treating adult IBD.5

Treatment methods that minimize the use of steroids, which 
impede children’s growth and reduce bone density, must be 
developed. Infliximab (IFX), which is a TNF inhibitor, is widely 
used to treat IBD of moderate-to-high severity, and its effective-
ness and safety in pediatric patients have been verified.6,7 The 
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dose of IFX typically used during remission induction therapy 
is 5 mg/kg. Following the intravenous administration of IFX on 
the 0, 2nd, and 6th weeks of treatment, maintenance therapy 
is performed at 8-week intervals. Recent treatment guidelines 
published by the European Crohn’s and Colitis Organisation and 
the European Society for Pediatric Gastroenterology Hepatology 
and Nutrition recommend that patients with IBD who exhibit 
poor prognostic factors during health examinations, including 
delayed growth and the presence of deep ulcers or anal fistulae, 
should receive early treatment with IFX rather thansteroids.8 The 
findings from a study that was conducted on pediatric patients 
with Crohn’s disease of moderate-to-high severity showed that 
compared with the patients who did not receive TNF inhibitors, 
the rate of remission was higher and the rate of relapse was 
lower among the patients who had been actively treated with 
TNF inhibitors from the time of their initial diagnoses.9 

Undertaking therapeutic drug monitoring during the admin-
istration of TNF inhibitors enables clinicians to implement safer 
and more effective treatment for IBD that is tailored to an indi-
vidual patient’s needs. Therapeutic drug monitoring measures 
the concentrations of the drug in the serum, and this can be 
useful for determining new pharmacotherapy directions.10 To 
maintain the therapeutic effects of IFX, an adequate serum IFX 
trough level (TL) must be maintained. Many studies’ findings 
have shown that maintaining an appropriate serum drug level 
is associated with good clinical responses and outcomes, and 
prognoses.11 

The appropriate serum IFX level varies from study to study. 
Furthermore, studies that have investigated appropriate serum 
IFX levels in children are sparse, and none of the studies that 
have addressed this knowledge gap have been undertaken in 
Korea. Determining appropriate serum IFX cutoff levels will be 
useful for treatment planning, and they can be used to predict 
treatment outcomes. The present study aimed to determine the 
cutoff values for the serum IFX TLs that might lead to appropri-
ate hematological responses and the effective treatment of pedi-
atric patients with IBD.

MATERIALS AND METHODS

1. Study subjects 

This study was a retrospective analysis of the patients who 
were younger than 18 years and underwent IFX therapy for IBD 
at Samsung Medical Center between December 2008 and March 
2015. Subjects who underwent remission induction therapy on 
the 0, 2nd, and 6th weeks of treatment followed by mainte-
nance therapy at 8-week intervals, during which the IFX dose 
was maintained at 5 mg/kg, and remained in clinical remission, 
were included in the study. Clinical remission was defined as 
a Pediatric Ulcerative Colitis Activity Index (PUCAI)12 of less 
than 10 or a Pediatric Crohn’s Disease Activity Index (PCDAI)13 
of less than 10. Patients were excluded if the IFX dose was in-

creased during maintenance therapy, the administration interval 
was shortened, or if they developed autoantibodies against IFX 
during treatment. 

This study was approved by the Institutional Review Board 
of Samsung Medical Center (2016-11-045), and was conducted 
in accordance with the Helsinki Declaration. Written informed 
consents were obtained. 

2. Serum drug level measurements

Blood samples were collected immediately before IFX admin-
istration on the 6th and 14th weeks of treatment, and at more 
than 22 weeks after the therapy was initiated. The samples were 
stored at –20°C. The serum IFX levels were measured in each 
sample using an enzyme-linked immunosorbent (ELISA) assay 
(Matriks Biotechnology Co., Ltd, Ankara, Turkey) at an optical 
density of 450 nm. 

3. Variables investigated

We retrospectively reviewed the patients’ medical records and 
investigated the patients’ ages, the times from the initial diag-
noses to the initiation of IFX treatment, the patients’ medication 
histories, including the use of 5-aminosalicylic acid, steroids, 
and azathioprine, and the patients’ blood test parameters, in-
cluding the hematocrit (Hct), C-reactive protein (CRP), and albu-
min (Alb) levels, and the erythrocyte sedimentation rates (ESRs), 
at the time of the initial diagnoses. 

4. Statistical analyses 

We used the Spearman rank correlation coefficient to ana-
lyze the correlations between the serum IFX levels and each 
hematological parameter, namely, the ESR, and the CRP, Hct, 
and Alb levels. We used the minimum p-value approach that 
reviewed all of the possible cutoff values for the hematological 
parameters by performing Wilcoxon rank-sum tests and using 
a generalized estimating equation. The minimum p-value ap-
proach requires the choice of a selection interval. The cut-point 
is varied systematically within the selection interval, a p-value 
is computed for each cut-point, and the cut-point with the 
smallest p-value is chosen eventually.14 Analysis using general-
ized estimating equation was applied to repeated measurements. 
Logarithmic transformation was used for ESR and CRP with 
skewed distribution. We plotted receiver operating character-
istic curves about the reference points at which the differences 
between the serum IFX levels were the most significant. Then, 
we determined the cutoff values by finding the points at which 
the differences between the specificities and the sensitivities 
were the smallest. The level of statistical significance was set at 
p<0.05. SAS software version 9.4 (SAS Institute Inc., Cary, NC, 
USA) was used to perform the statistical analyses. 
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RESULTS

1. Patients’ baseline characteristics 

We analyzed 239 blood samples that were collected from 103 
pediatric patients, comprising 36 females and 67 males. Of these 
patients, 82 had Crohn’s disease and 21 had ulcerative colitis. 
The mean age of the patients at the time of diagnosis The mean 
age of the patients at the time of diagnosis was 14.5 years, and 
the mean age at which the patients started IFX treatment was 

14 years (Table 1). 

2. Analysis of the correlations between the serum IFX levels 
and the hematological markers

We investigated the correlations between the serum IFX levels 
and the ESRs, the CRP levels, and the Hct levels. If the correla-
tion is established, it can be used as a hematological index. On 
the 6th week of treatment, the serum IFX level was negatively 
correlated with the CRP level, with a correlation coefficient of 
–0.38 (p=0.0439) (Table 2, Fig. 1). On the 14th week of treat-
ment, the serum IFX level was negatively correlated with the 
CRP level and the ESR, with correlation coefficients of –0.54 
(p=0.0011) and –0.39 (p=0.0238), respectively (Table 3, Figs 2 
and 3). At more than 22 weeks after the initiation of treatment, 
the serum IFX level was negatively correlated with the ESR, 
with a β coefficient of –0.11 (p=0.0005) (Table 4). Based on 
these results, we decided to use the ESRs and the CRP levels to 
determine the cutoff values for the serum IFX levels. 

3. Minimum p-value approach

After reviewing all of the possible cutoff values for the ESRs 
and the CRP levels, we decided that an ESR of 18 mm/hr and a 
CRP level of 0.1 mg/dL, which had the lowest p-values, should 
be included in the criteria for hematological remission, and the 
cutoff values were reviewed (Tables 5 and 6). 

Table 1. Baseline Characteristics of Patients (n=103)

Variable Value

Male sex 67 (65) 

Crohn’s disease 82 (80) 

   Location of disease  

      Lower GI location  

         L1 2 (2)

         L2 4 (5)

         L3 76 (93)

      Upper GI location  

         No involvement 38 (46)

         L4a 15 (19)

         L4b 19 (23)

         L4a+b 10 (12)

   Perianal fistulas 10 (12)

   Median PCDAI at IFX start  32.5 (17.5–55)

Ulcerative colitis 21 (20)

   Location of disease  

      E3  8 (38)

      E4  13 (62)

   Median PUCAI at IFX start  65 (55–70)

Age at diagnosis, yr    14.5 (10.0–17.4)

Age at IFX, yr    14 (13.3–17.5)

Duration from diagnosis to IFX infusion, mo   3 (0.5–48)

Concomitant IMM at start IFX 100 (97)

Concomitant Mesalazine at start IFX  98 (95)

Corticosteroid use prior to IFX  19 (18)

Hematocrit, %   34.5 (28.3–44.3)

Albumin, g/dL   4.0 (2.8–4.6)

ESR, mm/hr  50 (6–106)

CRP, mg/dL   1.14 (0.04–7.51)

Data are presented as number (%) or median (range).
GI, gastrointestinal; L1, distal 1/3 ileum±limited cecal disease; L2, co-
lonic disease; L3, ileocolonic disease; L4a, upper disease proximal to 
ligament of Treitz; L4b, upper disease distal to the ligament of Treitz 
and proximal to the distal 1/3 ileum; L4a+b, upper disease involve-
ment in both L4a and L4b; PCDAI, Pediatric Crohn’s Disease Activity 
Index; IFX, infliximab; E3, extensive (hepatic flexure distally); E4, 
pancolitis (proximal to hepatic flexure); PUCAI, Pediatric Ulcerative 
Colitis Activity Index; IMM, immunomodulator; ESR, erythrocyte 
sedimentation rate; CRP, C-reactive protein. 

Table 2. Analysis of Correlations between the Serum Infliximab Level 
and Hematological Markers in the 6th Week of Treatment 

Variable Spearman correlation coefficient p-value

ESR –0.05 0.7866

CRP –0.38 0.0439

Albumin  0.20 0.3091

Hematocrit –0.03 0.8861

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

Fig. 1. The correlation between the infliximab (IFX) trough level and 
the C-reactive protein (CRP) level in the 6th week of treatment.
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4. Cutoff values for the serum IFX levels

Youden’s index method15 was used to determine the sensitivi-
ties and the specificities of the best cutoff values for the serum 
IFX levels (Table 7). On the 6th week of treatment, a serum IFX 
level of 9.82 μg/mL (area under the curve [AUC], 0.65 [95% 
confidence interval (CI), 0.34-0.95]; sensitivity, 60%; specificity, 
75%) was required to maintain a CRP level at below 0.1 mg/
dL. The patients were divided into two groups based on whether 
their ESR was greater than or less than 18 mm/hr, and since 

Table 3. Analysis of Correlations between the Serum Infliximab Level 
and Hematological Markers on the 14th Week of Treatment 

Variable Spearman correlation coefficient p-value

ESR –0.39 0.0238

CRP –0.54 0.0011

Albumin  0.20 0.2594

Hematocrit  0.02 0.8967

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

Fig. 2. The correlation between the infliximab (IFX) trough level and 
the C-reactive protein (CRP) level in the 6th week of treatment.

Fig. 3. The correlation between the infliximab (IFX) trough level and 
the erythrocyte sedimentation (ESR) rate in the 14th week of treat-
ment.

Table 4. Analysis of Correlations between the Serum Infliximab Level 
and Hematological Markers after more than 22 Weeks of Mainte-
nance Therapy 

Variable Spearman correlation coefficient p-value

ESR –0.11 0.0005

CRP –0.07 0.2542

Albumin  0.20 0.2264

Hematocrit –0.18 0.1815

The generalized estimating equation was used to analyze repeated 
measurements. Logarithmic transformation was used for erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) values with 
skewed distributions.

Table 5. Cutoff Points of ESR 

Cutoff point (mm/hr) p-value –log10(p-value)

ESR <4 vs ≥4 0.0354 1.4510

ESR <5 vs ≥5 0.0670 1.1739

ESR <6 vs ≥6 0.1046 0.9805

ESR <7 vs ≥7 0.1234 0.9087

ESR <8 vs ≥8 0.1769 0.7523

ESR <9 vs ≥9 0.1711 0.7667

ESR <10 vs ≥10 0.1044 0.9813

ESR <11 vs ≥11 0.1109 0.9551

ESR <12 vs ≥12 0.1512 0.8204

ESR <13 vs ≥13 0.1396 0.8551

ESR <14 vs ≥14 0.0143 1.8447

ESR <15 vs ≥15 0.0009 3.0458

ESR <16 vs ≥16 0.0005 3.3010

ESR <17 vs ≥17 0.0006 3.2218

ESR <18 vs ≥18 0.0004 3.3979

ESR <19 vs ≥19 0.0005 3.3010

ESR <20 vs ≥20 0.0038 2.4202

ESR <21 vs ≥21 0.0074 2.1308

ESR <23 vs ≥23 0.0140 1.8539

ESR <27 vs ≥27 0.0060 2.2218

ESR <31 vs ≥31 0.0055 2.2596

ESR <34 vs ≥34 0.0097 2.0132

ESR <35 vs ≥35 0.0069 2.1612

ESR <44 vs ≥44 0.0261 1.5834

ESR <49 vs ≥49 0.0341 1.4672

ESR <51 vs ≥51 0.0055 2.2596

ESR <54 vs ≥54 0.0226 1.6459

ESR <57 vs ≥57 0.0647 1.1891

ESR <61 vs ≥61 0.0030 2.5229

ESR <82 vs ≥82 0.0025 2.6021

The generalized estimating equation was used to analyze repeated 
measurements. 
ESR, erythrocyte sedimentation rate.



Choi SY, et al: Maintaining Laboratory Remission in Pediatric IBD  545

there was no significant difference between the two groups with 
respect to the serum IFX level, we could not calculate a cutoff 
value. On the 14th week of treatment, a serum IFX level of 1.42 
μg/mL (AUC, 0.85 [95% CI, 0.70-0.99]; sensitivity, 75%; speci-
ficity, 88%) was required to maintain a CRP level at below 0.1 
mg/dL, and a serum IFX level of 1.98 μg/mL (AUC, 0.76 [95% 
CI, 0.54-0.97]; sensitivity, 83%; specificity, 67%) was required to 
maintain an ESR at below 18 mm/hr. After more than 22 weeks 
of maintenance therapy, a serum IFX level of 1.5 μg/mL (AUC, 
0.79 [95% CI, 0.67-0.91]; sensitivity, 75%; specificity, 79%) was 
required to maintain a CRP level at below 0.1 mg/dL, and a 
serum IFX level of 1.58 μg/mL (AUC, 0.79 [95% CI, 0.68-0.90]; 
sensitivity, 82%; specificity, 73%) was required to maintain an 
ESR at below 18 mm/hr. 

In addition, cutoff values of IFX TL were obtained based on 
CRP below 0.5 mg/dL, which is commonly used as a defini-
tion of hematologic remission. On the 6th week of treatment, a 

serum IFX level of 9.82 μg/mL (AUC, 0.88 [95% CI, 0.68-1.0]; 
sensitivity, 100%; specificity, 69%) was required to maintain a 
CRP level at below 0.5 mg/dL. On the 14th week of treatment, a 
serum IFX level of 1.28 μg/mL (AUC, 0.86 [95% CI, 0.72-0.99]; 
sensitivity, 100%; specificity, 79.4%) was required to maintain 
a CRP level at below 0.5 mg/dL. After more than 22 weeks of 
maintenance therapy, the patients were divided into two groups 
based on whether their CRP was greater than or less than 0.5 
mg/dL, and since there was no significant difference between 
the two groups with respect to the serum IFX level, we could 
not calculate a cutoff value.

DISCUSSION

Although the exact causes of and the risk factors associated 
with IBD remain unclear, it is believed that inflammatory cyto-
kines play important roles in the development of IBD.16,17 TNF-α, 
an inflammatory cytokine, induces the expression of adhesive 
proteins by vascular endothelial cells and it mobilizes white 
blood cells, which move into the mucous membranes, thereby 
increasing inflammation. Furthermore, TNF-α acts on connec-
tive tissues and fibroblasts to increase the production of matrix 
metalloproteinases, which cause tissue damage and increase the 
permeability of the intestine, thereby triggering symptoms that 
include diarrhea.18,19 

To inhibit TNF-α activity, IFX, which is a monoclonal anti-
body with a high specificity and affinity for TNF-α, was devel-
oped. Findings from studies have shown that IFX is effective at 
treating pediatric patients with moderate-to-severe IBD who do 
not respond to previously administered treatments, and that it 
heals the mucous membranes.20,21 IFX is widely used and its ef-
ficacy has been verified. However, while 70% to 90% of patients 
showed excellent responses soon after IFX treatment, their early 
remission rates were low at 20% to 50% following induction 
therapy,22 and the therapeutic effects of IFX disappeared over 
time in some patients, which occurred because an individual’s 

Table 6. Cutoff Points of CRP 

Cutoff point (mg/dL) p-value –log10(p-value)

CRP <0.03 vs ≥0.03 0.1237 0.9076

CRP <0.033 vs ≥0.033 0.5745 0.2407

CRP <0.04 vs ≥0.04 0.5832 0.2342

CRP <0.05 vs ≥0.05 0.6010 0.2211

CRP <0.06 vs ≥0.06 0.6218 0.2063

CRP <0.07 vs ≥0.07 0.6435 0.1915

CRP <0.08 vs ≥0.08 0.6908 0.1606

CRP <0.09 vs ≥0.09 0.7169 0.1445

CRP <0.1 vs ≥0.1 0.0125 1.9031

CRP <0.11 vs ≥0.11 0.0224 1.6498

CRP <0.13 vs ≥0.13 0.0266 1.5751

CRP <0.14 vs ≥0.14 0.0470 1.3279

CRP <0.16 vs ≥0.16 0.0688 1.1624

CRP <0.2 vs ≥0.2 0.0833 1.0794

CRP <0.22 vs ≥0.22 0.1011 0.9952

CRP <0.24 vs ≥0.24 0.1990 0.7011

CRP <0.37 vs ≥0.37 0.3365 0.4730

CRP <0.43 vs ≥0.43 0.3748 0.4262

CRP <0.59 vs ≥0.59 0.4318 0.3647

CRP <0.67 vs ≥0.67 0.5758 0.2397

CRP <0.74 vs ≥0.74 0.6724 0.1724

CRP <0.81 vs ≥0.81 0.7438 0.1285

CRP <0.85 vs ≥0.85 0.9459 0.0242

CRP <0.92 vs ≥0.92 0.8922 0.0495

CRP <1.28 vs ≥1.28 0.9548 0.0201

CRP <1.72 vs ≥1.72 0.1147 0.9404

The generalized estimating equation was used to analyze repeated 
measurements. 
CRP, C-reactive protein. 

Table 7. Cutoff Values

Week ESR & CRP Cutoff value

6 ESR <18 mm/hr NA

CRP <0.5 mg/dL 9.82

CRP <0.1 mg/dL 9.82

14 ESR <18 mm/hr 1.98

CRP <0.5 mg/dL 1.28

CRP <0.1 mg/dL 1.42

≥22 ESR <18 mm/hr 1.58

CRP <0.5 mg/dL NA

CRP <0.1 mg/dL 1.5

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; NA, not 
available.
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response to treatment varies according to the biological mecha-
nism underlying the disease and because of variations in the 
drug’s pharmacodynamics.

IFX induces immune reactions, which may cause the forma-
tion of antibodies to IFX23,24 that reduce the half-life of IFX by 
increasing its turnover, thereby reducing the serum IFX levels 
and its therapeutic effects.25 Therefore, an adequate serum IFX 
level must be maintained, and clinical measurements of the 
serum levels of IFX and antibodies to IFX should be performed 
to determine future treatment plans and to enable clinicians 
to predict individual patient’s treatment outcomes and to treat 
patients with appropriate doses of medication.26 However, the 
clinical application of serum drug level measurements is cur-
rently limited, because standardized guidelines have not been 
established that clarify the appropriate measurement interval 
and analytical methods.

Serum IFX levels can be affected by the dose administered 
and the treatment interval. The half-life of IFX is 7 to 12 days, 
and its maintenance spans 12 to 17 days when it is adminis-
tered at 5 mg/kg. Although the metabolic and elimination path-
ways of IFX have not been clearly identified, its turnover rate 
is very low at 11–15 mL/hr.27 The findings from a pharmaco-
dynamics study showed that IFX accumulated when it was ad-
ministered three times at 5 mg/kg on the 0, 2nd, and 6th weeks 
of treatment. The maximum concentration is usually reached 2 
weeks after its administration, and the therapeutic concentra-
tion is maintained for 20 weeks after the initial administration.22 
The simultaneous administration of immunosuppressive agents, 
including azathioprine and 6-mercaptopurine, can delay the 
decline in the serum IFX level and reduce the rate of autoanti-
body formation against IFX.28,29 In the present study, 100 out of 
103 patients (97%) used azathioprine in conjunction with IFX, 
and we believe that the differences in the serum drug levels that 
arose among the patients as a result of using immunosuppres-
sive agents were miniscule. A study that compared pediatric and 
adult patients with Crohn’s disease reported that the pharmaco-
dynamics of IFX were affected by the patient’s body weight, but 
not by the patient’s age.30

The present study aimed to determine the cutoff values for the 
serum trough IFX levels that would maintain clinical remission 
and low ESRs and CRP levels, which are hematological markers 
of acute and chronic inflammation. Although it is desirable to 
confirm IFX TL to achieve mucosal healing, it is difficult to per-
form an endoscopy every time for pediatric patients. Therefore, 
we checked the IFX TL for hematologic remission using hemato-
logic indexes that were routinely performed. The findings from 
a previous study showed that a lower serum Alb level, which is 
a hematological marker of the nutritional state, was associated 
with a higher IFX turnover rate.31 However, no association was 
found between Alb level and the serum IFX level in this study, 
and Alb was not included as one of the candidate hematologi-
cal parameters. Ohem et al.32 showed that higher CRP and ESR 

levels were found in pediatric patients with lower IFX TLs. They 
determined the CRP level <0.5 mg/dL as a marker of laboratory 
remission. In our study, The serum IFX level was significantly 
negatively correlated with the early CRP level and the ESR, and 
these hematological parameters were used to determine cutoff 
values for the serum IFX levels. 

The findings from recent studies of adults have shown that 
a serum IFX level of 3 μg/mL or higher is required to maintain 
clinical remission during maintenance therapy.33,34 Median se-
rum IFX levels of 17.6 μg/mL during interventional treatment 
and 3.55 μg/mL during maintenance therapy were determined 
from a study of pediatric patients.35 In a model that used CRP 
level <0.5 mg/dL as the definition of laboratory remission, the 
optimal IFX TL was 3.5 μg/mL.32 In this study, serum IFX level 
of 9.82 μg/mL was required to maintain a CRP level at below 
0.5 mg/dL in induction therapy. It was the same value as that 
for maintaining a CRP level at below 0.1 mg/dL. These cutoff 
values may be higher than the actual values, because serum IFX 
concentrations from the 2nd and 6th weeks of the induction 
therapy were included in the determination of these cutoff val-
ues. In addition, these cutoff values were higher than those de-
termined in our study. This may have been caused by the non-
uniform administration intervals during maintenance therapy 
in the previously published study,33 which had a median admin-
istration interval of 6.6 weeks, whereas IFX was administered 
regularly at 8-week intervals in our study. On the other hand, 
the findings from another study demonstrated a serum IFX level 
of greater than 5.5 μg/mL during the 14th week of treatment, 
which is a prognostic factor for clinical remission.36 A variety of 
other serum IFX levels have also been reported from other stud-
ies.37,38

The cutoff values for the serum IFX concentrations deter-
mined in this study were lower than those reported from previ-
ous studies. A serum IFX level that corresponds to a clinical 
response has not been identified, and the cutoff value can 
change according to the treatment objective and standard. The 
measurement of serum IFX levels may also vary depending on 
the ELISA kit used. One ELISA kit must be used to measure all 
of the serum IFX levels, and appropriate cutoff values must be 
determined based on the measurements to be used in clinical 
settings. It must also be noted that the use of other medications 
and their doses can affect the serum IFX levels. Optimizing the 
administration of IFX and using IFX efficiently can be achieved 
by maintaining the uniformity and consistency of the methods 
used to assess patients’ responses to IFX treatment. 

The limitation of this study was that we did not measure the 
fecal calprotectin levels. The fecal calprotectin levels correlated 
strongly with the endoscopic mucosal inflammations, and that 
these correlations were closer than indices such as the PUCAI, 
PCDAI, CRP levels and ESR.39 In the future, it is necessary to 
evaluate the cutoff value of IFX TL based on fecal calprotectin 
values in pediatric patients.
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In conclusion, by establishing cutoff values for the serum 
IFX levels, appropriate doses and administration intervals can 
be determined for individual patients on maintenance therapy, 
which will enable clinicians to plan treatment regimens and 
predict treatment outcomes. However, additional research is 
needed to determine the associations between the cutoff values 
and satisfactory treatment outcomes before they can be applied 
clinically.
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