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INTRODUCTION

Crohnss disease (CD) is a type of inflammatory bowel
disease (IBD) that causes chronic inflammation of entire
gastrointestinal tract.' The exact cause of CD remains un-
known. However, the currently accepted hypotheses for
IBD emphasized the interaction of heredity, environment,
and impaired immune system."” The disease course of
CD is usually progressive and characterized by periods of
clinical remission and relapse.’ It is generally known that
pediatric-onset CD is different from that in adults because
there is the possibility of linear growth impairment, de-
layed puberty and the disease is more progressive, exten-
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sive, and complicated.

Background/Aims: The efficacy of biologics for the treatment of Crohn’s disease (CD) is af-
fected by the drug concentrations. We aimed to evaluate the importance of albumin and globulin
which are known to be associated with drug concentrations as prognostic biomarkers in CD.

Methods: In total, 121 pediatric patients with CD who had received anti-tumor necrosis factor
(TNF)-a therapy were retrospectively examined between January 2010 and February 2019.

Results: Relapse was observed in 48.8% of patients (59/121). The level of calprotectin (odds
ratio, 2.13; p=0.03) and the albumin-to-globulin ratio (AGR) at 1 year after anti-TNF-a therapy
(odds ratio, 0.0002; p=0.003) were associated with relapse. The AGR at 1 year after anti-TNF-a
therapy was the only factor associated with the time-to-relapse (hazard ratio, 0.02; p<0.001). The
optimal AGR cutoff value for the prediction of relapse was 1.47 (area under the curve, 0.916;
p<0.001). The median infliximab trough level (TL) was lower in patients with AGRs <1.47 than in
those with AGRs 21.47. Anti-drug antibody (ADA) concentrations were negatively correlated with
the AGR at 1 year of anti-TNF-a therapy (r=—0.413, p=0.032).

Conclusions: AGR can be used to predict relapse. Patients with AGRs <1.47 at 1 year after
anti-TNF-a therapy are more likely to have low drug TLs and develop ADAs, which increase the
possibility of relapse than those with AGRs 21.47. Therefore, if the AGR at 1 year after anti-TNF-a
therapy is less than 1.47, clinicians should monitor disease activity, assess the TLs of the anti-
TNF-a agents, test for ADAs and determine the appropriate therapeutic strategies. (Gut Liver
2022;16:71-80)

Key Words: Albumin-to-globulin ratio; Relapse; Crohn disease; Pediatric

Recent studies conducted in adult patients with CD
have been reported that factors related to relapse at diag-
nosis are young diagnosis age, upper gastrointestinal or
perianal involvement and stricturing or penetrating disease
behavior.”® There is paucity in the literature on predict-
ing factors related to relapse in pediatric patients with CD.
One study reported that there are no significant positive
risk factors associated with relapse and another reported
low body mass index at diagnosis is related to increased
risk of relapse.”" In contrast, other literature reported that
early disease-course factors, such as response to treatment,
are more important in predicting early relapse in pediatric
patients with CD than disease activity or disease pheno-
type at diagnosis."
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Efficacy of treatment, especially anti-tumor necrosis
factor (TNF) o in patients with CD, is affected by serum
drug concentrations. Serum drug concentration is influ-
enced by dosage according to body weight,”” degradation
of drug,” anti-drug antibodies (ADA) to anti-TNF-a,"* or
drug leakage into gastrointestinal tract."'® Anti-TNF-q
administered to a patient can induce an immune reac-
tion such as the development of ADA, which is associated
with low drug trough levels (TLs) and can mediate loss
of clinical response to the drug.'*"
used to reflect nutritional status and systemic inflamma-
tory response of patients,”® but also used to protect from
the catabolism-based degradation of drugs, such as anti-
TNF-q.”” Globulin reflects not as well as inflammation but
also immune response to antigenic stimulation such as im-

Albumin is not only

munoglobulin formation.

The hypothesis of the study is that albumin and globulin
which are related to anti-TNF-¢, TLs and ADA formation
will be associated with relapse in pediatric patients with CD
on maintenance anti-TNF-q therapy. We aimed to evaluate
the importance of albumin and globulin as prognostic bio-
markers in patients with CD to anti-TNF-q therapy.

MATERIALS AND METHODS

1. Patients

This study was designed as a retrospective observational
study conducted at the Department of Pediatrics, Samsung
Medical Center between January 2010 and February 2019.
Eligible patients had active CD and were under 18 years
of age at the time of diagnosis and first treatment with
anti-TNF-q. Patients diagnosed as ulcerative colitis, IBD-
unspecified, primary nonresponders to anti-TNF-q, diag-
nosed ages of more than 18 years old or those with missing
data on baseline clinical demographics were excluded. In
addition, the subjects had received scheduled anti-TNF-a
for at least 1 year and maintained clinical remission for
at least 3 months from induction therapy of anti-TNF-q
to clearly distinguish relapse from uncontrolled disease
activity sustained from diagnosis. CD was diagnosed in
accordance with the revised Porto criteria of the European
Society for Pediatric Gastroenterology, Hepatology and
Nutrition™ and disease phenotype classification was based
on the Paris classification.”

Anti-TNF-a included both infliximab and adalimumab.
Infliximab was administered as an induction regimen of
5 mg/kg at 0, 2 and 6 weeks and scheduled maintenance
with infliximab was repeated every 8 weeks. Adalimumab
was administered subcutaneously on a schedule according
to the weight of the patients during induction therapy: 160
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mg at week 0 followed by 80 mg at week 2 for patients over
40 kg and 80 mg at week 0 followed by 40 mg at week 2 for
under 40 kg. After induction treatment, patients >40 kg
received 40 mg and patients <40 kg received 20 mg every
other week via subcutaneous injection. Disease activity
was evaluated at week 14 from infliximab or adalimumab
initiation based on the pediatric Crohn’s disease activity
index (PCDAI) and patients who showed primary nonre-
sponse were excluded from the analysis. Azathioprine was
given at doses of 0.5-1 mg/kg/day and was later modified
when required according to thiopurine methyltransferase
genotype and thiopurine metabolite levels of 6-thiogua-
nine nucleotide. Mesalazine was given concomitantly with
azathioprine at a dose of 50 mg/kg/day. This study was
approved by the Institutional Review Board of Samsung
Medical Center (IRB number: 2020-06-173) and was con-
ducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained.

2. Data collection

Baseline demographic and clinical data at diagnosis,
including sex, age, disease phenotype, growth indicators,
previous history of gastrointestinal tract surgery and fam-
ily history of IBD, laboratory results were collected from
electronic medical records. Clinical data at the time of 1
year after anti-TNF-q started were collected retrospectively
from electronic charts including the PCDALI score, white
blood cell count, hematocrit, platelet count, serum albu-
min level, serum globulin level, albumin-to-globulin ratio
(AGR), erythrocyte sedimentation rate, C-reactive protein,
TLs of anti-TNF-q, presence of ADA. ADA was quantified
using enzyme-linked immunosorbent assay kits (Matriks
Biotek, Ankara, Turkey) at an optical density of 450 nm
and TLs of anti-TNF-o, were assessed using IDKmonitor®
infliximab drug level enzyme-linked immunosorbent assay
(Immundiagnostik AG, Bensheim, Germany) for inflix-
imab and SHIKARI® Q-ADA (Matriks Biotek) for adalim-
umab prior to application of anti-TNF-o administration.
The primary endpoint was symptomatic relapse defined as
a PCDALI score more than 10 points with a change of at least
10 points from the previous visit, and the need for treat-
ment intensification, which means (1) the addition of a new
medication, (2) dose escalation of maintenance treatment
or (3) intestinal surgery because of stricturing or penetrat-
ing CD.

3. Statistical analysis

For statistical comparison between groups according to
relapse, the Student t-test or the Wilcoxon rank-sum test
was used for continuous variables and the chi-square test
or the Fisher exact test was used for categorical variables.
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Univariate and multivariate logistic regression analyses
were conducted to examine the association between re-
lapse of CD and the variables. A univariate analysis was
performed to investigate the crucial odds ratio for each
variable. Factors with p-value less than 0.1 in the univariate
analysis were included in the multivariate analysis using a
stepwise selection procedure. Additionally, receiver operat-
ing characteristic (ROC) curve was constructed to derive
the most accurate cutoff value for continuous variable
related to relapse. Factors associated with time to relapse
were investigated using univariate and multivariate Cox
proportional hazards regression analyses. Factors with p-
value less than 0.1 in the univariate analysis were included
in the multivariate analysis. The results are presented as
hazard ratios with 95% confidence interval (CI). The Ka-
plan-Meier analysis was used to calculate the relapse-free
survival and the log-rank test was used to detect overall
statistical difference in estimates. In addition, the Pearson
correlation coefficient was used to analyze the correla-
tion between variables associated with relapse and ADA

concentrations. A p-value of less than 0.05 was considered
statistically significant. Statistical analyses were performed
using Rex version 3.0.3 (RexSoft Inc., Seoul, Korea).

RESULTS

1. Baseline characteristics of patients with and
without relapse

During the study period from January 2010 and Febru-
ary 2019, a total of 121 pediatric CD patients had been
treated with anti-TNF-q for at least 1 year and were eligible
for analysis. Baseline characteristics for our cohort are de-
scribed in Table 1.

Among the patients, 62 patients (51.2%) maintained
clinical remission and 59 patients (48.8%) experienced
relapse at the end of the observation period. The median
age of the patients at diagnosis was 14.5 years and 96 of
the patients (79.3%) were male. Six patients (5.0%) had
previous bowel resection history before diagnosis and four

Table 1. Comparison between Pediatric Patients with Crohn’s Disease Stratified by Relapse Status

Total Remission group ~ Relapse group

Variable (n=121) (n=62] (n=59) p-value

Observational period, yr 3.7(2.3-6.4) 3.2(1.9-5.0) 4.2 (2.4-6.8) 0.060
Age at diagnosis, yr 14.5(12.6-16.1)  14.4(12.9-16.2) 15.0 (12.4-16.0)  0.979
Male sex 96 (79.3) 46 (74.2) 50 (84.8) 0.227
First-degree family history of IBD 4(3.3) 2(3.2) 2(3.4) >0.999
Previous bowel resection history 6(5.0) 2(3.2) 4(6.8) 0.432
Initial BMI, |r<g/m2 17.5(15.7-20.5)  17.4(15.6-20.2) 17.6 (15.8-20.7) 0.803
Initial PCDAI 35.0(30.0-40.0)  36.3(30.0-40.0) 35.0(30.0-42.5) 0.799
Disease location

Ileal (L1) 12(9.9) 4(6.5) 8(13.5) 0.232

Colonic (L2) 15(12.4) 61(9.7) 9(15.3)

Ileocolonic (L3) 94(77.7) 52(83.9) 42(71.2)
UGl involvement

None 40 (33.1) 21(33.9) 19 (32.2) 0.893

Proximal to the ligament of Treitz (L4a) 19 (15.7) 11(17.7) 8(13.6)

Distal to the ligament of Treitz and proximal to the distal 1/3 ileum (L4b) 28(23.1) 14 (22.6) 14(23.7)

Both (L4ab) 34(28.1) 16 (25.8) 18 (30.5)
Luminal disease behavior

Non-stricturing&non-penetrating (B1) 105 (86.8) 56 (90.3) 49 (83.1) 0.432

Stricturing (B2) 12(9.9) 5(8.1) 7(11.9)

Penetrating (B3) 4(3.3) 1(1.6) 3(5.1)
Perianal disease 79 (65.3) 42(67.7) 37(62.7) 0.697
Growth retardation 21(17.4) 7(11.3) 14(23.7) 0.117
Steroid 21(17.4) 10 (16.1) 11(18.6) 0.901
Azathioprine 110(90.9) 56 (90.3) 54 (91.5) >0.999
Mesalazine 115(95.0) 60(96.8) 55(93.2) 0.432
Anti-TNF-a

Infliximab 97(80.2) 47(75.8) 50 (84.8) 0.432

Adalimumab 24(19.8) 15 (24.2) 9(15.3) 0.315
Age at anti-TNF-a start, yr 15.0+3.1 15.1£3.2 14.8+2.9 0.547

Data are presented as median (IQR], number (%), or mean+SD.

IQR, interquartile range; IBD, inflammatory bowel disease; BMI, body mass index; PCDAI, pediatric Crohn’s disease activity index; UGI, upper gas-

trointestinal; TNF, tumor necrosis factor.
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patients (3.3%) had first-degree family history of IBD. The
median observational duration was 3.7 years. Ninety-seven
patients (80.2%) were treated with infliximab and 24 pa-
tients (19.8%) with adalimumab. There were no significant
differences in disease phenotype, concomitant medication
(azathioprine, mesalazine), type of anti-TNF-q, age at anti-
TNEF-q therapy start.

Baseline characteristics at 1 year after anti-TNF-q treat-
ment are shown in Table 2. When comparing patients be-
tween remission group and relapse group at the end of the
study period, globulin and AGR at 1 year after anti-TNF-a
treatment were factors showing a statistically valid differ-
ence between two groups (p<0.001, respectively).

Other baseline characteristics and comparisons between
patients who did and did not relapse at diagnosis and at 1
year after anti-TNF-q, treatment are presented in Tables 1
and 2.

2. Factors associated with relapse

According to the univariate logistic regression analysis,
there were significant associations between hematocrit, C-
reactive protein, globulin, AGR at diagnosis and calprotec-
tin, globulin and AGR at 1 year after anti-TNF-a therapy,
and relapse (Table 3). These variables were included in the
multivariate analysis and revealed that calprotectin (odds
ratio, 2.13; 95% CI, 1.64 to 2.91; p=0.03) and AGR at 1

Table 2. Comparison of Baseline Characteristics after 1 Year of Anti-Tumor Necrosis Factor a Treatment

Characteristics Total (n=121) Remission group (n=62) Relapse group (n=59) p-value
PCDAI 0(0-5) 0(0-5) 0(0-5) 0.979
WBC count, x10%/uL 5.3 (4.5-6.7) 5.8 (4.7-6.9) 5.4 (4.5-6.7) 0.182
Hematocrit, % 39.1(36.2-41.9) 40.0 (37.3-42.8) 37.7 (35.8-40.9) 0.053
Platelet count, x10°/pL 275.0 (233.8-317.3) 284.0 (240.0-318.0) 273.0 (225.0-309.5) 0.515
ESR, mm/hr 6.0(2.0-13.3) 4.0(2.0-13.0) 7.0 (3.0-14.0) 0.110
CRP, mg/dL 0.03 (0.03-0.06) 0.03 (0.03-0.03) 0.03 (0.03-0.08) 0.070
Calprotectin, mg/mL 105.5 (34.9-851.7) 93.3(37.0-876.8) 115.3 (23.7-835.3) 0.381
Albumin, g/dL 44 (6.1-4.6) 4.4 (4.2-4.6) 4.3 (4.1-4.5) 0.143
Globulin, g/dL 2.8(2.5-3.2) 2.6(2.3-2.8) 3.2(2.8-3.7) <0.001
AGR 1.53+0.28 1.70+0.23 1.36+0.21 <0.001

Data are presented as median (IQR) or mean+SD.

IQR, interquartile range; PCDAI, pediatric Crohn’s disease activity index; WBC, white blood cell; ESR, erythrocyte sedimentation rate; CRP, C-

reactive protein; AGR, albumin-to-globulin ratio.

Table 3. Logistic Regression Analyses of Factors Associated with Relapse in Patients with Crohn’s Disease

Univariate logistic regression (n=121)

Multivariate logistic regression with
stepwise selection (n=121)

Factor
OR 95% ClI p-value Adjusted OR 95% ClI p-value
Sex (female vs male) 1.93 0.78-4.80 0.156
Age at diagnosis 0.98 0.86-1.12 0.777
First-degree family history of IBD 1.05 0.14-7.73 0.960
BMI at diagnosis 1.00 0.90-1.10 0.935
PCDAI at diagnosis 1.00 0.97-1.03 0.915
WBC count at diagnosis 0.93 0.83-1.04 0.191
Hematocrit at diagnosis 0.91 0.83-0.99 0.028 0.95 0.81-1.11 0.515
Platelet count at diagnosis 1.00 0.99-1.00 0.476
Erythrocyte sedimentation rate at diagnosis 1.01 0.99-1.03 0.397
C-reactive protein at diagnosis 1.12 1.00-1.26 0.060 1.09 0.90-1.32 0.400
Calprotectin at diagnosis 1.07 0.14-22.84 0.996
Albumin at diagnosis 0.17 0.02-1.90 0.150
Globulin at diagnosis 2.27 1.05-4.93 0.038 0.35 0.04-2.93 0.329
AGR at diagnosis 0.29 0.09-0.95 0.041 1.43 0.06-34.2 0.824
BMI at 1 year after anti-TNF-a therapy 1.05 0.73-1.51 0.792
Calprotectin at 1 year after anti-TNF-a therapy 2.45 1.85-2.73 0.040 2.13 1.64-2.91 0.030
Albumin at 1 year after anti-TNF-a therapy 0.38 0.13-1.15 0.088
Globulin at 1 year after anti-TNF-a therapy 43.60 10.70-177.60 <0.001 5.78 0.52-63.87 0.153
AGR at 1 year after anti-TNF-a therapy 0.0035 0.0004-0.0313 <0.001 0.0002 9.40x107-0.06 0.003

OR, odds ratio; Cl, confidence interval; IBD, inflammatory bowel disease; BMI, body mass index; PCDAI, pediatric Crohn’s disease activity index;
WBC, white blood cell; AGR, albumin-to-globulin ratio; TNF, tumor necrosis factor.

74 www.gutnliver.org



Kim ES, et al: Albumin-to-Globulin Ratio in Pediatric Crohn’s Disease

year after anti-TNF-q, therapy (odds ratio, 0.0002; 95% CI,
9.40x107 to 0.06; p=0.003) were factors significantly asso-
ciated with relapse.

According to the ROC curve shown in Fig. 1, the most
accurate cutoff value for AGR at 1 year after anti-TNF-a
therapy associated with relapse was 1.47 (area under the
ROC curve 0.916, 95% CI 0.870 to 0.961, sensitivity 84.7%,
specificity 90.3%, positive predictive value 89.3%, negative
predictive value 86.2%, p<0.001).

1.00 1

0.75 A
2
=
s 0.50
c
[
n

0.25 - .

e AUC=0.916
o 95% CI=0.870-0.961
e p<0.001
0 0.25 0.50 0.75 1.00
1-Specificity

Fig. 1. Receiver operator characteristic curve for the prediction of re-
lapse based on the albumin-to-globulin ratio at 1 year after anti-tumor
necrosis factor a therapy.

AUC, area under the receiver operating characteristic curve; Cl, confi-
dence interval.

3. Factors associated with time to relapse

According to the univariate Cox proportional hazards
regression analysis, platelet count at diagnosis and globulin
at 1 year after anti-TNF-q, therapy showed positive as-
sociation with time to relapse, while AGR after 1 year of
anti-TNF-o therapy showed negative association with time
to relapse (Table 4). Factors that showed p-value less than
0.1 on univariate analysis, platelet count and erythrocyte
sedimentation rate at diagnosis, globulin and AGR after
1 year of anti-TNF-a therapy were included in the mul-
tivariate analysis. According to the multivariate Cox pro-
portional hazards regression analysis, only AGR at 1 year
of anti-TNF-q therapy was significantly associated with
time to relapse (hazard ratio, 0.02; 95% CI, 0.002 to 0.181;
p<0.001).

To evaluate relapse-free survival in relationship to AGR
at 1 year of anti-TNF-q therapy, the Kaplan-Meier survival
curves were calculated using cutoff value of AGR as 1.47.
Relapse-free survival curve showed a significant trend with
a poorer outcome in patients with AGR <1.47 compared to
those with >1.47 (log-rank test p=0.016) (Fig. 2).

4. Serum TLs and ADA to anti-TNF-a

The median infliximab TLs at 1 year of infliximab treat-
ment were significantly lower in patients with AGR <1.47
than in those with AGR >1.47 (2.6 ug/mL vs 4.7 ug/mL,
p=0.028) (Fig. 3A). In patients treated with adalimumab,
patients with AGR <1.47 tended to have lower TLs than

Table 4. Cox Proportional Hazard Regression Analysis of Factors Associated with Time to Relapse in Patients with Crohn’s Disease

Univariate Cox analysis

Multivariate analysis with stepwise selection (n=121)

Factor
HR 95% ClI p-value HR 95% CI p-value
Sex (female vs male) 1.06 0.51-2.17 0.881
Age at diagnosis 1.04 0.96-1.13 0.351
First-degree family history of IBD 1.16 0.28-4.81 0.834
BMI at diagnosis 1.06 0.99-1.13 0.106
PCDAI at diagnosis 1.01 0.99-1.04 0.227
WBC count at diagnosis 0.98 0.90-1.06 0.555
Hematocrit at diagnosis 0.98 0.93-1.03 0.416
Platelet count at diagnosis 1.01 1.00-1.01 0.005 1.00 1.00-1.01 0.062
Erythrocyte sedimentation rate at diagnosis 1.01 1.00-1.01 0.080 0.99 0.98-1.00 0.179
C-reactive protein at diagnosis 1.05 0.97-1.14 0.226
Calprotectin at diagnosis 1.04 0.73-1.45 0.998
Albumin at diagnosis 0.86 0.55-1.37 0.530
Globulin at diagnosis 1.45 0.81-2.59 0.210
AGR at diagnosis 0.67 0.28-1.62 0.377
BMI at 1 year of anti-TNF-a therapy 1.05 0.69-1.60 0.819
Calprotectin at 1 year of anti-TNF-a therapy 1.06 0.56-1.37 0.895
Albumin at 1 year of anti-TNF-a therapy 0.76 0.41-1.43 0.402
Globulin at 1 year of anti-TNF-a therapy 2.68 1.72-4.18 <0.001 0.87 0.37-2.02 0.742
AGR at 1 year of anti-TNF-a therapy 0.04 0.01-0.13 <0.001 0.02 0.002-0.181 <0.001

HR, hazard ratio; Cl, confidence interval; IBD, inflammatory bowel disease; BMI, body mass index; PCDAI, pediatric Crohn’s disease activity index;
WBC, white blood cell; AGR, albumin-to-globulin ratio; TNF, tumor necrosis factor.
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those with AGR >1.47, however these were not statistically
significant (7.0 ug/mL vs 10.6 ug/mL, p=0.06) (Fig. 3B).
Analyzing association of ADA concentrations and AGR
at 1 year after anti-TNF-q, therapy, ADA concentrations at
1 year after anti-TNF-q, therapy was negatively correlated
with AGR at 1 year of anti-TNF-q (r=—0.413, p=0.032).

DISCUSSION

In this study, we investigated laboratory and treatment-
associated factors potentially associated with relapse in
pediatric patients with CD who had been receiving treat-
ment with anti-TNF-q,, especially albumin and globulin
which are known to be related to drug concentrations. We
found a significant association between AGR at 1 year after

— AGR <147
1.00 A
= 00 ---- AGR 2147
NS
S p<0.001
é 0.75
o
E
£ 050 i
2 ~~Hi---k-F
c
el
§ 0251
o
o
0 2.5 5.0 7.5 10.0 125
Time from initiation of anti-TNFa therapy (yr)
At risk
—AGR <1.47 67 37 14 7 3 0
--- AGR >1.47 54 36 16 6 3 1

Fig. 2. Relapse-free survival curve according to the albumin-to-
globulin ratio (AGR) at 1 year after anti-tumor necrosis factor (TNF) a
therapy.
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AGR <1.47 AGR 21.47
(n=40) (n=57)

anti-TNF-q treatment and relapse, and derived an optimal
AGR cutoff value of 1.47 that could best stratify patients
with and without relapse. To the best of our knowledge,
this is the first study on predictors associated with relapse
during anti-TNF-q therapy in pediatric patients with CD
except for calprotectin.”

Despite an effective treatment that enables remission
to be reached, a degree of subclinical inflammation may
remain within the gastrointestinal tract, contributing to a
risk of clinical relapse in some patients with CD.*® Unfor-
tunately, it is difficult to predict if there will be a relapse
and when it will occur. Zubin and Peter” reported that
only fecal calprotectin correlates with endoscopic activity
after treatment. However, fecal calprotectin is not easy to
collect samples from pediatric patients and it takes several
days to confirm the results in real world setting. Therefore,
defining factors to predict relapse is required to determine
appropriate therapeutic strategies, because there is a limi-
tation in evaluating the treatment response and deciding
immediately stratified treatment of risk group in the out-
patient clinic.

To date, most studies predict the prognosis of patients
according to factors at diagnosis in adult or pediatric
CD.**'%*** We reported that an AGR of 1.47 at 1 year
after anti-TNF-q therapy was predictive of relapse, with
a hazard ratio of 0.02 (95% CI, 0.002 to 0.181; p<0.001)
and good predictive accuracy (area under the ROC curve,
0.916). Furthermore, the Kaplan-Meier time to relapse
plots using AGR <1.47 at 1 year after anti-TNF-a therapy,
determined that patients with lower AGR showed in-
creased risk of developing relapse significantly than those
with higher AGR values (p=0.016). This result demon-
strates that AGR at 1 year after anti-TNF-q therapy is a
valuable factor for predicting relapse. We did not find an
association with C-reactive protein or erythrocyte sedi-

o

p=0.06

- -
E
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= 20+
[0]
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o -
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i 1
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O B T 1
AGR <1.47 AGR >1.47
(n=9) (n=15)

Fig. 3. Anti-TNF-a agent trough levels in patients after 1 year of anti-TNF-a therapy. (A) Infliximab and (B) adalimumab.

TNF, tumor necrosis factor; AGR, albumin-to-globulin ratio.
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mentation rate at 1 year after anti-TNF-q, therapy and re-
lapse, which several previous studies evaluated to be useful
in predicting relapse in CD patients (Table 2).***

Albumin and globulin are known as two major com-
ponents of serum. The serum albumin level is considered
to reflect not only the nutritional status but also the in-
flammatory status of the body which usually maintains
a certain amount to achieve homeostasis.” Albumin
exhibits protective effects that maintains the function of
several compounds by binding to these compounds such
as a variety of drugs, hydrophobic organic anion, divalent
cations and others more." In addition, albumin provides
antioxidant activity of normal plasma, which means that
albumin is important in inflammatory process.” It was
reported that patients with low serum albumin diagnosed
with IBD are prone to have a higher clearance rate of anti-
TNF-a, have a more severe course of the disease and de-
velop more complications during and after surgical inter-
ventions.””*** The results of our study are in agreement
with these results. The median infliximab TLs at 1 year of
infliximab treatment were significantly lower in patients
with AGR <1.47 than in those with AGR >1.47 (p=0.028).
The same trend was observed with patients treated with
adalimumab, but the reason this result was not statistically
significant is due to the small number of patients receiving
adalimumab (n=24).

On the other hand, globulin is divided into three-
fraction (o, B, and y) based on its electrophoretic mobility,
and hundreds of different proteins are included. Specific
groups of proteins included in the globulins are produced
in response to inflammatory stimuli.** These include the
acute and chronic phase proteins and the immunoglobu-
lins as the result of increased hepatic synthesis mediated by
cytokines. Several laboratory results can be used for diag-
nosis and monitoring of inflammatory and immune status
of the body, and globulin can be one of them. The causes of
increased globulin in CD patients treated with anti-TNF-o
can be poorly controlled chronic or subclinical inflamma-
tion or development of immunogenicity to anti-TNF-q
agents.19

In our study, the positive rate of ADA within 1 year was
8.3% (10/121) and the positive rate of ADA during obser-
vational period was 15.7% (19/121). The correlation coeffi-
cient between ADA concentrations and AGR at 1 year after
anti-TNF-q therapy was —0.413, showing moderate nega-
tive correlation. According to previous study conducted by
Moses et al.,” the median time taking to formation of ADA
was 13.2 months in pediatric IBD patients treated with
anti-TNF-q therapy, and 90.3% of subjects showed ADA
free survival at 1 year of treatment. Compared to previous
study with our study, moderate correlation between ADA

formation and AGR at 1 year after anti-TNF-q, therapy can
result from relatively short observational period and small
proportion of patients with positive ADA during study
period. Also, considering the majority of patients (110/121,
90.9%) treated with combination therapy of azathioprine
and anti-TNF-q therapy, the correlation coefficient value
of ADA and AGR at 1 year after anti-TNF-q therapy
(r=—0.413) might be underestimated. These results are in
line with previous research which demonstrated that the
use of concomitant immunomodulators such as azathio-
prine with anti-TNF-q therapy was associated with a lower
risk for ADA formation.” Considering these points, a
long-term study is needed in the future on the relationship
between ADA and AGR, and further studies are needed on
the relationship between ADA and y-globulin, which is as-
sociated immunogenicity.

In diseases where chronic inflammation and nutrition
are involved in the pathogenesis of diseases, AGR, as com-
bination of albumin and globulin, reflecting nutritional
and inflammatory status could play an important role in
evaluating patients. Therefore, their importance as non-
invasive prognostic factors for various diseases related to
inflammation has been emerging.’*** For example, low
pretreatment AGR is an independent risk factor for recur-
rence and progression in various cancer.”**** It has been
known that there is a reciprocal promoting effect between
tumors and inflammation. This means that inflammatory
cytokines produced by tumor cells as well as inflammatory
factors developed when damaged tissues are remodelled,
rehabilitated and vascularized influence cancer-related in-
flammation.”® In addition, malnutrition commonly occurs
in cancer patients which contribute to disease progression.

It is hypothesized that the pathogenesis of CD is a
complex interaction between genetic susceptibility, envi-
ronmental factors and altered gut microbiota, leading to
dysregulated innate and adaptive immune response and
resulting in chronic inflammation of gastrointestinal tract.’
In addition, serum albumin and globulin levels are known
to be factors representing nutritional and inflammatory
conditions and modifying clearance of monoclonal an-
tibodies such as anti-TNF-¢ as mentioned above. When
our patients treated with infliximab were divided into ac-
cording to the AGR cutoff value 1.47, the group with lower
AGR revealed significant low infliximab TLs than that with
higher AGR (2.6 ug/mL vs 4.7 ug/mL). These results are
consistent with our results that CD patients with low AGR
tend to have high tendency of anti-TNF-¢, degradation and
ADA formation, which means that therapeutic response to
anti-TNF-o might be reduced in those patients because of
low TLs.

The cutoff value of AGR after 1 year of anti-TNF-q
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therapy (1.47) used to predict the clinical relapse of disease
was determined by constructing a ROC curve. The cutoff
value for AGR after anti-TNF-q, therapy provides better
sensitivity and specificity values for predicting relapse than
other parameters evaluated in this study. As a result, pa-
tients with AGR <1.47 at 1 year after anti-TNF-q therapy
are more likely to have a stage of enhanced or active muco-
sal inflammation, which progresses to an eventual clinical
relapse of the disease or are prone to the development of
immunological reaction against the drug, or both.

These findings may have important implications in clin-
ical practice. This is because AGR can assist to predict the
likelihood of maintaining adequate TLs of anti-TNF-o and
developing ADA for patients who have reached clinical re-
mission and potentially help predict attaining sustained re-
mission. If AGR is less than 1.47 at 1 year after anti-TNF-a
therapy, clinicians should consider checking the TLs of
anti-TNF-a, ADA and modifying therapeutic strategies
such as increasing immunomodulators or dose intensifica-
tion of anti-TNF-q even in asymptomatic patients.

The strength of this study is that strict definitions were
used to include pediatric patients with CD for at least 3
months in clinical remission, thereby reducing the poten-
tial influence of preceding flares on the baseline level of
biochemical markers of inflammation. Also, the routinely
measured factor in outpatient clinic, AGR, has been sug-
gested as a marker of relapse in patients with CD. In clini-
cal practice, calprotectin is difficult to check due to poor
compliance in pediatric patients and results are not avail-
able on the day of the examination, so it is often impossible
to check the results at the time of the outpatient clinic. In
contrast, AGR can be easily used because it is routinely
included in laboratory tests performed in the clinic and
check the results immediately. Potential advantages offered
by this variable in risk stratification include time efficiency,
cost-effectiveness, and minimal variability in results when
measured in different settings.

The limitations of our study are its retrospective nature
and, consequently, unstructured follow-up of patients.
However, all patients attended the outpatient clinic at regu-
lar intervals after baseline evaluation and the extraction of
clinical disease activity from medical records was possible
at all outpatient visits using the PCDAI. Also, due to the
small number of sample size in remission group (n=62)
and relapse group (n=59), sufficient statistical analysis was
limited regarding investigation between two groups. For
example, there were no statistical difference in the history
of bowel resection and disease behavior between remission
and relapse group (p>0.05) as shown in Table 1. Further
well-designed prospective studies with larger cohorts are
required to address these limitations. In addition, the range
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of calprotectin that can be measured in our hospital was
limited to 0-1,000 ug/g. For this reason, the evaluation of
quantitative calprotectin as a predictor of relapse and time
to relapse was limited in this study.

In conclusion, we found that AGR was a useful sur-
rogate marker for predicting relapse. Patients with AGR
<1.47 at 1 year after anti-TNF-q therapy are more likely to
have low TLs and develop ADA, which increases the pos-
sibility of relapse than patients with AGR >1.47. Therefore,
it is helpful to check the AGR and if AGR at 1 year after
anti-TNF-o therapy is below 1.47, clinicians should moni-
tor the disease activity, check TLs of anti-TNF-q, ADA and
determine appropriate therapeutic strategies.
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