
Introduction 

Crohn disease (CD) is an inflammatory bowel disease (IBD) char-
acterized by ulcers and inflammation that develop anywhere 
throughout the gastrointestinal (GI) tract [1]. Approximately 25% 
of patients with CD are diagnosed at < 20 years of age, in whom a 
more aggressive disease course occurs compared with adult-onset 
disease. Hence, an earlier introduction of immunomodulators 
and/or anti-tumor necrosis factor (TNF) agents is required [1-3]. 

Vedolizumab (VDZ) is a humanized monoclonal antibody act-
ing on α4β7 integrin that is present on the surface of lymphocytes 
and binds to MadCAM-1 on the intestinal endothelium. VDZ se-
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lectively inhibits the transmigration of lymphocytes into the in-
flamed intestinal tissue [4]. This gut-selective mechanism of action 
of VDZ is advantageous in terms of safety compared to other bio-
logics. VDZ is currently approved for use only in adults with CD 
and ulcerative colitis (UC) [5,6]. Anti-TNF agents, such as inflix-
imab (IFX) and adalimumab, are the only biological agents ap-
proved for use in pediatric IBD, whereas VDZ can be administered 
only off-label [7,8]. Herein, we report a rare case of a pediatric CD 
patient who successfully achieved and maintained remission with 
VDZ after developing severe active pulmonary tuberculosis (TB) 
during treatment with IFX.  
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Case 

A 16-year-old female was admitted to Kyungpook National Uni-
versity Children’s Hospital with complaints of abdominal pain, di-
arrhea, and hematochezia for 2 months. The past medical history 
of the patient was unremarkable. She had completed Bacillus 
Calmette–Guérin (BCG) vaccination and had no past or family 
history of pulmonary TB. Initial laboratory tests showed a white 
blood cell count of 4,500/μL, hemoglobin level of 6.2 g/dL, plate-
let count of 532,000/μL, albumin level of 3.0 g/dL, erythrocyte 
sedimentation rate (ESR) of 110 mm/hr, and C-reactive protein 
(CRP) level of 8.0 mg/dL. The fecal immunochemical test (FIT) 
was positive, and fecal calprotectin (FC) was > 2,000 mg/kg. No 

pathogens were detected in the stool culture and stool polymerase 
chain reaction (PCR). Chest X-ray showed no abnormal findings 
in the lungs, and the interferon-gamma release assay (IGRA) was 
negative. Ileocolonoscopy showed multifocal ulcers throughout 
the terminal ileum and colon (Fig. 1). Cryptitis, crypt abscesses, 
and non-caseating granulomas were observed throughout the ter-
minal ileum and colon on histology; however, the acid-fast bacillus 
smear and culture and PCR for TB were negative. Upper GI en-
doscopy revealed ulcers in the duodenum (Fig. 2A). Magnetic res-
onance enterography showed multisegmental wall thickening in 
the ileum (Fig. 2B). The patient was diagnosed with CD with a 
phenotype of A1b, L3+L4ab, B1, G0 according to the Paris classifi-
cation. Her Pediatric Crohn’s Disease Activity Index (PCDAI) 

Fig. 2. Images at the diagnosis of Crohn disease. (A) Upper gastrointestinal endoscopy shows multiple ulcers in the duodenum. (B) Magnetic 
resonance enterography shows multisegmental wall thickening in the ileum.

Fig. 1. Images of ileocolonoscopy at the diagnosis of Crohn disease. Multifocal aphthous ulcers are observed in the (A) terminal ileum 
and (B) colon.
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score was 50, and the Simple Endoscopic Score for Crohn’s Dis-
ease (SES-CD) was 22. 

Treatment began with exclusive enteral nutrition (EEN), mesal-
azine, and azathioprine, which were effective. One month after 
treatment, her PCDAI score had decreased to 10. However, 1 
month after finishing her 8-week treatment with EEN, the disease 
relapsed and her PCDAI score elevated to 42.5; hence, predniso-
lone was started per oral at a dose of 50 mg/day. Despite cortico-
steroid treatment, symptoms persisted, and IFX was administered. 
Chest X-ray before the administration of IFX showed no abnormal 
findings in the lungs, and the IGRA was negative. Symptoms re-
solved after the second dose of IFX infusion, and her PCDAI score 
decreased to 7.5. However, during her visit for the third IFX infu-
sion, she complained of fever, cough, and dyspnea on exertion for a 
week. Radiologic examination of the chest revealed a left pleural ef-
fusion with mild pleural thickening and nodularities indicating TB 
pleurisy on chest X-ray and computed tomography (Fig. 3). Tho-
racentesis was conducted, and pulmonary TB was confirmed by a 
positive TB PCR test of the pleural effusion specimen and a posi-
tive IGRA test. IFX treatment was discontinued and the standard 
TB treatment regimen consisting of isoniazid, ethambutol, rifamp-
in, and pyrazinamide for 2 months, followed by isoniazid, etham-
butol, and rifampin for 4 months, was started. EEN was restarted 
and maintained for 8 weeks. Subsequently, mesalazine was admin-
istered to treat CD. 

Her pulmonary TB was completely cured after 6 months of TB 
treatment. However, symptoms such as hematochezia, diarrhea, 
and weight loss began by the end of TB treatment. Laboratory tests 

showed a white blood cell count of 7,010/μL, hemoglobin level of 
6.8 g/dL, platelet count of 477,000/μL, albumin level of 3.1 g/dL, 
ESR of 45 mm/hr, and CRP of 2.2 mg/dL. FIT was positive, and 
FC was > 2,000 mg/kg. No pathogens were detected in the stool 
culture and stool PCR. Her PCDAI score was 47.5, and the exacer-
bation of CD was confirmed by ileocolonoscopy (Fig. 4A). There-
fore, we planned to restart IFX. However, due to the fear of another 
severe disease course of active TB when IFX were to be restarted, 
the patient and parents preferred to start VDZ off-label instead of 
restarting IFX. Before starting VDZ, the patient’s weight was 57 kg. 
VDZ was administered according to the regular regimen approved 
in adults of 300 mg per dose at weeks 0, 2, and 6 for induction and 
8-week intervals for maintenance treatment thereafter. The patient 
showed a fast response to VDZ treatment. At the week 6 visit for 
her third VDZ infusion, she was in clinical remission, and inflam-
matory markers were normalized (Table 1, Fig. 5). Ileocolonosco-
py at the 1-year follow-up after VDZ treatment revealed endoscop-
ic healing (Fig. 4B). Therapeutic drug monitoring (TDM) using 
commercialized enzyme-linked immunosorbent assay kits (Im-
mundiagnostik AG, Bensheim, Germany) was conducted during 
VDZ treatment. An anti-drug antibody level of ≤ 10 AU/mL was 
defined as negative, according to the manufacturer’s manual. TDM 
results during VDZ treatment showed negative antibodies to VDZ 
(Table 1). The patient is currently in her second year of VDZ treat-
ment and is maintaining clinical and biochemical remission. No se-
rious adverse events, including TB reactivation, have occurred. 

Fig. 3. Radiologic images at the diagnosis of active pulmonary tuberculosis during infliximab treatment. (A) Chest X-ray shows a marked 
amount of left pleural effusion. (B) Chest computed tomography shows left pleural effusion with mild pleural thickening and nodularities 
(arrow).
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Fig. 4. Images of ileocolonoscopy before and after treatment with vedolizumab. (A) Multiple ulcers with mucosal friability are observed 
throughout the colon before treatment with vedolizumab. (B) Endoscopic healing is observed 1 year after treatment with vedolizumab.
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Table 1. Crohn disease activity, laboratory results, and therapeutic drug monitoring during treatment with VDZ

Week VDZ PCDAI CRP (mg/dL) ESR (mm/hr) Albumin (g/dL) VDZ TL (μg/mL) ATV (AU/mL)
0 #1 40.0 2.20 45 3.1
2 #2 12.5 0.04 47 4.1 25.25 1.91
6 #3 5.0 0.12 19 4.1 14.35 4.56
14 #4 0 0.05 15 4.1 3.36 1.76
22 #5 2.5 0.08 24 4.0 3.19 1.62
30 #6 0 0.02 16 4.2 3.59 2.06
38 #7 0 0.03 17 4.4 5.31 2.06
46 #8 2.5 0.09 33 4.5 5.18 1.76
54 #9 0 0.02 8 4.2 4.15 2.06

VDZ, vedolizumab; PCDAI, Pediatric Crohn’s Disease Activity Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; TL, trough level; ATV, 
antibody to VDZ.
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Fig. 5. Fecal immunochemical test (FIT) and fecal calprotectin (FC) results during vedolizumab treatment.
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Discussion 

With the introduction of anti-TNF agents in the treatment of CD, 
there is no doubt that treatment outcomes have improved. Howev-
er, anti-TNF agents are known to increase the risk of serious infec-
tions, including TB [9]. It has been reported that anti-TNF agents 
are associated with a 2- to 8-fold increased risk of developing active 
TB [9]. Reactivation of latent TB infections (LTBI) rather than a 
new infection is considered to be the primary cause of active TB, as 
most of the active TB cases have been reported to occur within 3 
to 4 months after starting anti-TNF treatment [9]. Therefore, 
screening for LTBI prior to anti-TNF treatment is strongly recom-
mended worldwide, and especially in Asia, where the prevalence of 
LTBI is higher than that of Western countries [9]. In this case re-
port, the patient had completed TB vaccination, did not have any 
history or exposure to active TB, and TB screening was negative 
with both chest X-ray and IGRA at both times of diagnostic evalu-
ation of CD and before the commencement of IFX. However, the 
patient, unfortunately, developed symptoms of active pulmonary 
TB 5 weeks after starting IFX treatment, indicating that the active 
TB was probably due to the reactivation of LTBI, which was 
missed on TB screening. 

It is well known that when active TB is diagnosed during an-
ti-TNF treatment, the anti-TNF agent should be withheld, and an-
ti-TB therapy should be started [10]. Regarding when to restart an-
ti-TNF treatment, it is considered safe to delay the resumption of 
anti-TNF therapy until the completion of anti-TB treatment [10]. 
However, if an early resumption of anti-TNF treatment is required, 
anti-TNF treatment may be restarted as early as 2 months after an-
ti-TB treatment in patients who did not have an initially severe ac-
tive TB, demonstrated a favorable response to anti-TB treatment, 
and when drug susceptibility was proven [10]. In this case report, 
the patient’s symptoms of CD were fortunately well controlled 
without IFX until the end of TB medication. According to the 
treatment guidelines, she could have restarted IFX when CD re-
lapsed at the end of TB medication. However, because she had suf-
fered a severe active TB and due to the fear of another severe dis-
ease course of active TB when IFX were to be restarted, the patient 
and parents preferred to start VDZ instead. 

VDZ is effective for achieving both clinical remission and muco-
sal healing in adult patients with UC and CD [5,6,11]. Regarding 
safety, according to the integrated safety data from six trials, VDZ 
did not increase the risk of serious infections, progressive multifo-
cal leukoencephalopathy, or malignancy [12]. Among 2,830 pa-
tients with 4,811 person-years (PYs) exposure to VDZ, TB was re-
ported in only four patients (0.14%) with an estimated incidence 
of 0.1/100 PYs [12]. Meanwhile, the estimated incidence of TB 

during treatment with anti-TNF agents has been reported as 
1.34/100 PYs and 0.79/100 PYs for IFX and adalimumab, respec-
tively [13]. 

Compared with adults, there is limited experience with VDZ 
therapy in pediatric IBD. In children, VDZ is only available off-la-
bel and is used for patients who have already exhausted other treat-
ment options, including anti-TNF agents. According to the 
ECCO/ESPGHAN (European Crohn’s and Colitis Organisation 
and the European Society of Pediatric Gastroenterology, Hepatol-
ogy and Nutrition) guideline, VDZ should be considered in chron-
ically active or steroid-dependent pediatric UC patients as a sec-
ond-line biologic therapy after anti-TNF failure, even though it has 
not yet been approved for use in children [7]. In addition, in pedi-
atric CD patients who fail to maintain clinical remission on an-
ti-TNF agents despite dose optimization and immunomodulator 
use, VDZ can be considered off-label [8]. A multicenter retrospec-
tive study showed that VDZ was safe and effective in pediatric IBD 
patients [14]. In this study, 64 children with IBD who had been 
previously treated with anti-TNF agents were included. During a 
median follow-up period of 24 months, corticosteroid-free remis-
sion was 37% in UC and 14% in CD at week 14, and 39% in UC 
and 24% in CD at the last follow-up [14]. Another retrospective 
study on 52 children with IBD showed clinical remission rates of 
76% and 42% for UC and CD, respectively, at week 14 [15]. No se-
rious adverse events were reported in either study [14,15]. 

In the GEMINI 3 trial, VDZ was not more effective than place-
bo in inducing clinical remission at week 6 among patients with 
CD who had failed previous treatment with anti-TNF agents [16]. 
The clinical benefits of VDZ in these patients were detectable later 
at week 10 [16]. This slow induction rate of VDZ was also ob-
served in pediatric patients with CD [14]. Contrary to these find-
ings, the patient in this case report showed a fast response to VDZ. 
Additionally, according to the clinical decision support tool devel-
oped for predicting the probability of response to VDZ in adult 
CD patients [17], the patient’s score in this case report was 16, 
which applies to an intermediate response probability. However, 
the patient continuously maintained clinical and biochemical re-
mission, and endoscopic healing was observed at 1-year treatment 
with VDZ. One reason for this swift and favorable response to 
VDZ in this case report may be that the patient had not failed IFX 
due to poor response, but because discontinuation of IFX was in-
evitable due to active TB infection. 

Data regarding TDM in VDZ are limited. An exposure-efficacy 
relationship does not seem as straightforward as they are for an-
ti-TNF agents, and robust target VDZ trough levels are not 
well-defined [18]. However, according to data from a TDM study 
in adult IBD, VDZ trough levels of > 30 μg/mL at week 2, > 24 
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μg/mL at week 6, and > 14 μg/mL during maintenance therapy 
have been proposed for achieving clinical remission [19]. In anoth-
er study in pediatric-onset IBD patients treated with VDZ, the 
mean VDZ trough level was 29.9 μg/mL at week 6 and 11.5 μg/
mL during maintenance therapy [20]. In this case report, VDZ 
trough levels were lower than the proposed threshold targets; how-
ever, the patient responded well. This may be due to variability in 
the yet to be revealed association between individual pharmacoki-
netics and the degree of response to VDZ. 

In conclusion, we report a case of a pediatric patient with CD 
who successfully achieved and maintained remission with VDZ af-
ter developing active pulmonary TB during treatment with IFX. In 
cases that require recommencement of treatment with biologics af-
ter recovery of active pulmonary TB caused by anti-TNF agents, 
VDZ may be a good option even in pediatric IBD. 
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