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Abstract
AIM: To verify the impact of induction therapy with infliximab (IFX) on mucosal healing in children with ulcerative colitis (UC), especially at a microscopic level.
METHODS: The study included all UC pediatric patients treated with IFX at our center over the last 10 years. The data were collected from patients’ medical charts and analyzed retrospectively. A total of 16 patients with UC underwent colonoscopy with sample collection before and after three IFX injections. PUCAI index was used to assess the clinical condition, endoscopic features were classified according to the Baron scale and histological changes were evaluated according to the protocol of The British Society of Gastroenterology and Geboes Index. Clinical response was defined as at least 20-point reduction in PUCAI index, and clinical remission as PUCAI index less than 10 points. Endoscopic mucosal remission was defined as completely normal (score 0) on the Baron scale. Histological remission was defined as grade O in Geboes Index. To assess correlation between variables Spearman’s rank correlation coefficient was used.
RESULTS: Clinical remission (PUCAI < 10) at week 8 was achieved in 68.75% of investigated subjects. Endoscopic mucosal remission at week 8 (Baron 0) was observed in 12.5% of patients. Histological remission (Geboes 0) after induction therapy with IFX was noticed in 18.75% cases. A general histological improvement, expressed by normal surface and crypt architecture, the number of crypts, and lamina propria cellularity, was observed in 6 (37.5%) patients; there was no improvement in 9 (56.25%) individuals, and worsening was observed in one (3.75%) case. Changes were not related to UC location. A reduction of inflammatory process was observed in 10 (62.5%) patients; there were no changes in 4 (25%) individuals, and the inflammation became more severe in 2 (12.5 %) cases. Simultaneous clinical, endoscopic and histological improvement of parameters assessing disease activity at week 8 was noticed in 6 (37.5%) patients. 55.5% of investigated patients with normal mucosa seen on endoscopy showed no inflammation on histology. A Baron score of 2 and 3 showed a good correlation with histology results (78.2% of patients with a Geboes Index ≥ 3)
CONCLUSION: Induction therapy with IFX has positive influence on histological changes in more than one third of UC patients. The treatment is effective in reducing inflammatory process in the intestines at microscopic level and in improving the clinical condition of the children.
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Core tip: The impact of infliximab induction therapy on histologic healing in ulcerative colitis (UC) pediatric patients is unknown. The present study demonstrates that infliximab induction therapy has positive influence on histological changes expressed by normal surface, crypt architecture, number of crypts, and lamina propria cellularity in 37.5% of UC patients. The treatment is effective in reducing the inflammatory processes in the intestines assessed by the Geboes Index (62.5 % of the patients). Furthermore, it was shown that there was no statistically significant correlation of histologic healing with endoscopic remission and clinical remission.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic idiopathic disease associated with inflammation in the gastrointestinal tract. Traditionally, the goal of the treatment is to reduce symptoms, mainly to induce and maintain clinical remission. New guidelines recommend incorporation of mucosal healing (MH) as the primary endpoint of all new clinical trials in patients with UC[1]. In UC (in which lesions are usually limited to the mucosa), mucosal healing should be the ultimate therapeutic goal. However, mucosal healing is not equal to histological healing from the endoscopic point of view. Although infliximab therapy can lead to endoscopically assessed mucosal healing in UC patients[2,3], the evidence of histological outcomes is sparse. There are few studies focusing on this subject in adults with UC, but to the best of our knowledge no data is available for pediatric patients. The aim of this study was to assess mucosal healing in children with UC after infliximab (IFX) induction therapy, especially on the microscopic level.
MATERIALS AND METHODS

The data was collected from patients’ medical charts and analyzed retrospectively. The study included pediatric patients with ulcerative colitis treated with IFX at the Children’s Memorial Health Institute in Warsaw, Poland over the last 10 years. All the procedures were reviewed and approved by the Independent Review Board. The patients and their caregivers gave their written informed consent before the start of any procedure.

Only the subjects who received three infusions of IFX and had colonoscopy with collected samples before and after induction with IFX were enrolled. Therefore, 7 out of 23 UC children treated with IFX during the last 10 years in our center were excluded: in 2 cases colonoscopy was not performed after the induction therapy, in 2 patients an adverse reaction occurred after the second infusion, and in 3 individuals the IFX therapy was discontinued after the second infusion due to the lack of improvement (Figure 1). Eventually, the study included 16 children (7 boys, 9 girls). The diagnosis of ulcerative colitis was established after clinical, radiological, endoscopic, and histological examinations. Patients had moderate to severe ulcerative colitis, either refractory or intolerant to conventional therapy. Data about the treatment history (before IFX), concomitant therapies at baseline, and biochemical parameters: hemoglobin, hematocrit, platelet count, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP) before and after induction, were collected. PUCAI index was used to assess the clinical condition of the subjects[4]. Clinical response was defined as at least 20-point reduction in PUCAI index, and clinical remission as PUCAI index less than 10 points. Endoscopic features were classified according to the Baron scale[5], mucosal remission was defined as completely normal (score 0) on the Baron scale. The disease location was classified according to the Paris Classification[6].
All patients underwent colonoscopy with sample collection (5 samples at least) before and after the three IFX injections. Samples were taken from the worst area of inflammation. All specimens were fixed in buffered formaldehyde and embedded in paraffin blocks. Tissue sections, 4 µm thick, were routinely stained with hematoxylin and eosin (HE). Each biopsy specimen was evaluated by two pathologists according to the protocol of The British Society of Gastroenterology[7] and Geboes Index. One of the pathologists has a background in gastrointestinal pathology. Each pathologist evaluated the slices independently. All were blinded to clinical and endoscopical information. For further comparison, in each patient, we chose the samples with the greatest disease activity and histological changes. Histological features were identified and grouped into four main categories: mucosal architecture, lamina propria cellularity, neutrophil polymorph infiltration, and epithelial abnormality.

Mucosal architectural abnormality was indicated by the following: a change in surface topography (flat, irregular, or villous), a decreased crypt density, and crypt architectural abnormalities (distortion, branching, shortening). The assessment of the abnormal lamina propria cellularity referred to an increase and altered distribution of cell types, and the presence/absence of granulomas and giant cells. The characteristics of UC overlap in the numbers and distribution of neutrophil polymorphs were assessed. Epithelial abnormality included mucin depletion, surface epithelial damage, metaplastic changes, surface intraepithelial lymphocytes, apoptosis, and subepithelial collage. In each case, the activity of inflammation was additionally evaluated according to Geboes Index, where minimal (grade 1) UC corresponds to any increase in lymphoplasmacytic inflammation in the lamina propria, mildly active (grade 2) UC to granulocytes (neutrophils or eosinophils) confined to the lamina propria, moderately active (grade 3) UC to neutrophils within the epithelium (crypt or surface) without crypt abscesses, and severely active (grade > 3) UC to crypt destructions, erosions or ulcerations. Histological remission was defined as grade O in Geboes Index.
 Statistical analysis

The frequency of findings was presented in numbers and in percentages. All statistical tests were performed with Statistica 10 (StatSoft, United States), package. The Wilcoxon test was used to compare quantitative variables and appropriate chi-squared tests for qualitative variables. To assess correlation between variables Spearman’s rank correlation coefficient was used. The threshold of statistical significance was set at P < 0.05.
The statistical methods of this study were reviewed by Dr Maciej Dądalski form the Department of Gastroenterology, Hepatology, Feeding Disorders and Pediatrics, The Children’s Memorial Heath Institute, Warsaw, Poland
RESULTS
Clinical characteristics

Infliximab was administered at 5 mg/kg, as intravenous induction regimen at 0, 2 and 6 wk. The median age at first dose was 13.2 ± 3.1 years (range: 8-17 years). The mean duration of the disease before infliximab (IFX) therapy was 30.3 ± 40.2 mo (range: 1-139 mo). All patients have been previously treated with steroids and aminosalicylates (5-ASA); thiopurines were used in 87.5 % of investigated subjects. Eleven patients did not respond to cyclosporine therapy before IFX. All children received 5-ASA concomitantly with IFX; additionally, 10/16 participants (62.5%) were given steroids, and 13/16 (81.25%) thiopurines. Only one child (6.25%) received cyclosporine concomitantly with first IFX infusion. Four (25%) subjects had left-side UC (E2), eight (50%) extensive UC (E3), and four (25%) pancolitis (E4).

Clinical response

Clinical response, defined as at least 20-point reduction in PUCAI index, was observed in 14 out of 16 (87.5%) patients. Clinical remission, defined as PUCAI index less than 10 points, was achieved in 11/16 cases (68.75%). A significant decrease in the PUCAI score, ESR, and CRP concentration was observed after the therapy. Moreover, a significant increase in body weight and hemoglobin concentration was documented when compared to baseline values (Table 1).

Mucosal healing

The mean Baron score at baseline (2.5) decreased significantly (P = 0.0033), down to 1.5, after the infliximab therapy. Mucosal healing (reduction in Baron scale) was observed in 11/16 (68.75%) patients. Endoscopic remission defined as 0 in Baron scale was achieved in 2 (12.5%) patients. 
Histological remission defined as no inflammation (Geboes 0) was observed in 3 (18.75%) cases. General histological improvement, expressed by normal surface, crypt architecture, number of crypts, and lamina propria cellularity, was observed in 6 (37.5%) patients; another 9 (56.25%) subjects did not show improvement, and aggravation was observed in one case (3.75%). The histological changes were not related to UC location. A reduction of the inflammatory process (reduction in Geboes Index score) was observed in 10 (62.5%) patients; no changes were documented in 4 (25%) cases, and in 2 (12.5%) individuals inflammation was more severe. The exact histopathological characteristic of the patients and endoscopic grading system in the Baron scale are presented in Table 2.
 Simultaneous clinical, endoscopic and histological improvement was observed in 6 (37.5%) patients. Of the specimens without acute inflammatory infiltrates into the epithelium (Geboes Index < 3) 5/9 (55.5%) had Baron 0 or 1, of those with acute inflammation 5/23 (21.7%) were scored 1 or 2. A Baron score of 2 and 3 showed a better correlation with histology results (18/23 (78.2%) with a Geboes Index ≥3), but still statistically insignificant (Spearman’s rho, at week 0, P = 0.96, at week 8, P = 0.12). PUCAI index did not show any correlation with Baron score at week 0 and 8 (Spearman’s rho, at week 0, P = 0.96, at week 8, P = 0.51) PUCAI index and Geboex index also showed no statistically significant correlation with Geboes index (Spearman’s rho, at week 0, P = 0.77 at week 8, P = 0.79). Clinical, endoscopic and histological parameters per each patient at week 0 and 8 are presented in Table 3. 
DISCUSSION
According to the American College of Gastroenterology guidelines from 2004, the goals of UC treatment should include inducing and maintaining the remission of symptoms and mucosal inflammation in order to improve the patients’ quality of life. In 2010 the recommendation was modified, and the reduction of the need for long-term corticosteroids and the minimization of cancer risk were added as therapeutic objectives[8]. Directing treatment paradigms to achieve those targets seems to be important, as reaching the goal may result in smaller numbers of complications, hospitalizations and surgical procedures[9,10]. A group of experts from the European Crohn’s and Colitis Organization (ECCO) and the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) do not recommend routine endoscopic assessment in pediatric UC solely for assessing disease activity or response to treatment. Due to the lack of evidence that endoscopic confirmation of mucosal healing is significantly superior to clinical evaluation of remission, endoscopy is only recommended at diagnosis, before major treatment changes, when clinical assessment is the question, and for diagnosing complications (e.g., stenosis, dysplasia) and superinfections[11]. Only the PUCAI score is advisable as a noninvasive primary outcome measure, both in clinical practice and in trials. In fact, histological healing is not recommended as a primary endpoint for therapeutic trials neither in adults with UC nor in children with this condition. However, a growing body of evidence suggests that the optimal target in UC therapy should be the complete regression of the inflammatory process, which is reached only when confirmed histologically[12]. Possibly, in new therapeutic approaches, achieving mucosal healing also from the histological point of view might add further value to future trials[13].
Importantly, there is no validated scoring system for the evaluation of disease activity. A histological assessment of inflammation in UC basically includes acute inflammatory cell infiltrates (polymorphonuclear cells in the lamina propria), crypt abscesses, mucin depletion, surface epithelial integrity, chronic inflammatory cell infiltrates (lympho-plasmocyte cells in the lamina propria), and crypt architectural irregularities[7]. In general, histological healing is either the absence of a residual mucosal inflammation with distinctive changes of crypt architectural distortion and/or atrophy, or entirely normal mucosa[14].
Since it is recommended to focus on the impact of drugs and biological therapies on mucosal healing, many studies addressed this problem, but mainly on the endoscopic level[15-19]. It is commonly known that the presence of mucosal healing from the endoscopic point of view does not necessarily indicate its presence at microscopic level[20]. In our study, the results of mucosal healing assessed endoscopically after 3 infusions of IFX differed from those evaluated histologically: we obtained worse results on microscopic evaluation. Histological improvement, expressed by normal surface, crypt architecture, number of crypts and lamina propria cellularity, was observed only in 6 (37.5%) patients, and no improvement was documented in most remaining cases (9/16, 56.25%). Furthermore, aggravation was observed in one patient (3.75%). Histological evaluation revealed no statistically significant changes in response to the induction treatment. 
As far as histological healing is concerned, not many studies assessing the effect of drugs used in ulcerative colitis therapy are available. There have been many trials evaluating histological healing in adults treated with corticosteroids[21-24], salicylates[25-29] and immunomodulators[30,31], but only few of them included adult patients with UC treated with a biological agent are available. Moreover, the problem in question has not been addressed in pediatric UC patients thus fur. In 2001, Bitton et al[32] were the first to report on clinical, biological and histological parameters that would predict time to clinical relapse. The basal plasmocytosis and rectal biopsy were the only factors that turned out to be statistically significant predictors. Therefore, the authors concluded that these factors may help identify patients with inactive UC who will require optimal maintenance therapy[32].
Hassan et al[33] studied the influence of IFX on histological changes. They investigated the immunohistological effect of infliximab in 9 patients with moderate to severe UC. The patients received infliximab (5 mg/kg) at weeks 0, 2 and 6. Colonic biopsies were collected before the therapy and at week 10. A scoring system that included polymorphonuclear infiltration of the epithelium and lamina propria, crypt abscesses, loss of glandular parallelism, crypt shortening and/or ramification, mucus epithelial depletion, involvement of muscularis mucosae and/or submucosa was used in this study. The total number of neutrophils, lymphocytes, and plasma cells in the lamina propria was counted in five high-power fields. At week 10, histological score decreased significantly only in responders (67% of patients), and normal architecture was observed only in 33% of these subjects. Histological improvement was mainly manifested by virtual disappearance of neutrophils[33]. In our study, similarly as in Hassan et al[33] trial, histological improvement, expressed by normal surface, crypt architecture, number of crypts and lamina propria cellularity, was observed in 37.5% of investigated patients. Moreover, a reduction of inflammatory process was observed in most patients (62.5%). Fratila et al[34] evaluated intracellular changes of the colonic mucosa in 7 adult patients with UC refractory to standard treatment, before and 4 wk after the initial infusion of infliximab (5 mg/kg of body weight)[34]. Severe alterations of the epithelium, such as microvilli depletion, shattering of epithelial junctions, cytoplasmic vacuolization, dilatation of the endoplasmic reticulum, pyknotic nuclei, and altered structure of mitochondria and Golgi complexes, were present before the therapy. Rarefaction of the goblet cells with abnormal mucus formation and secretion was also noted. The chorion showed structural alteration of component cells, obstructed capillaries, erythrocyte extravasation and many plasmocytes and neutrophils. Improvement in morphology and function of the epithelial organelles, rich mucus secretion, and recovery of the chorionic components was observed after the IFX therapy[34].
Correlation between clinical, endoscopy and histological assessment of disease activity has not been investigated thoroughly. Brahmania et al[35] examined the relationship between physician global assessment (PGA), laboratory blood tests (complete blood count, ferritin, C-reactive protein and albumin) and endoscopic findings in UC in adult patients to determine whether they could be adequate surrogates for endoscopy. After the analysis they concluded that neither blood tests nor PGA could replace endoscopy for assessing mucosal healing. However, post hoc analysis of data collected from 51 children with moderate-to-severe UC treated with infliximab conducted by Turner et al[36] shoved that PUCAI-defined remission had a high degree of concordance with complete mucosal healing (endoscopically assessed) at week 8 (33% of patients were in remission according to the PUCAI vs 31% with mucosal healing). In our study of patients with clinical remission (PUCAI < 10) endoscopically defined remission was noticed in 18.18% and histological defined remission in 27.27%. Among patients with clinical remission histological parameters were distributed over almost all different grades: (grade 3 - 45.45%; Grade 2 - 18.18%; grade 1 - 9.09%; grade 0 - 27.27%). Similarly as in the study conducted by Li et al[37] in our research relatively high percentage of patients (78.2%) with the Baron score of 2 and 3 had a Geboes Index ≥ 3 (correlation statistically insignificant). Furthermore, more than half of investigated patients with normal mucosa seen on endoscopy showed also no inflammation on histology. Correlation between endoscopic and histologic score assessment has been also investigated by Lemmens et al[38], 263 species from 131 patients with UC were scored using the Geboes and Riley histologic scoring systems. Endoscopic scoring had been performed using the Mayo endoscopic subscore. Authors noticed that both extremes of the histologic and endoscopic activity scores neatly correlate, but important misclassifications exist for mild disease. 
Potential limitations of our study include the retrospective character of data analysis and the relatively small size of the sample. Only 16 out of 23 consecutive UC pediatric patients treated with IFX were included in our analysis. The aim of this study was to analyze the influence of the induction therapy with IFX on mucosal healing at the microscopic level, and to compare the results with those assessed endoscopically. Histological remission was achieved only in 18.75% of investigated patients. Clinical remission, reached by the 68.75%, appears to be unsatisfactory target for treatment of UC, since the disease could still be active at histological level. These results will constitute the baseline for further analyses, especially the assessment of maintenance IFX therapy and the impact of mucosal healing on long-term remission and colectomy rate.

In conclusion, induction therapy with IFX has positive influence on histological changes in 37.5% of UC patients. The treatment is effective in reducing the inflammatory processes in the intestines (62.5% of the patients) and in improving the clinical condition of children (87.5%). There was no statistically significant correlation between Baron score, PUCAI index and Geboes Index. The impact of the histological healing after induction on the long-term clinical remission remains an area for further investigation.
COMMENTS
Background

Ulcerative colitis (UC) is a chronic idiopathic disease associated with inflammation in the gastrointestinal tract. Traditionally, the goal of the treatment is to reduce symptoms, mainly to induce and maintain clinical remission. In UC, in which lesions are usually limited to the mucosa, mucosal healing should be the ultimate therapeutic goal. 
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The aim of this study was to assess mucosal healing in children with UC after IFX induction therapy, especially on the microscopic level. There are few studies focusing on this subject in adults with UC, but to the best of our knowledge no data is available for pediatric patients. Furthermore correlation between clinical, endoscopy and histological assessment of disease activity has not been investigated thoroughly.
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In our study, the results of mucosal healing assessed endoscopically after 3 infusions of IFX differed from those evaluated histologically: we obtained worse results on microscopic evaluation. Histological improvement, expressed by normal surface, crypt architecture, number of crypts and lamina propria cellularity, was observed only in 6 (37.5%) patients, and no improvement was documented in most remaining cases (9/16, 56.25%). Furthermore, aggravation was observed in one patient (3.75%). Clinical remission, reached by the 68.75%, appears to be unsatisfactory target for treatment of UC, since the disease could still be active at histological level. We showed no statistically significant correlation between Baron score, PUCAI index and Geboes Index.
Applications 

The study results suggest that induction therapy with IFX has positive influence on histological changes in more than one third of UC patients. The treatment is effective in reducing the inflammatory processes in the intestines (62.5% of the patients) and in improving the clinical condition of children (87.5%). These results will constitute the baseline for further analyses, especially the assessment of maintenance IFX therapy and the impact of mucosal healing on long-term remission and colectomy rate in UC pediatric patients.
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Figure 1 Flow diagram of the study. UC: Ulcerative colitis; IFX: Infliximab.
Table 1 Characteristics of clinical and biochemical parameters before and after induction therapy with Infliximab
	Parameter
	Week 0
	Week 8
	P value

	
	mean
	median
	Q1
	Q3
	mean
	median
	Q1
	Q3
	

	PUCAI score
	49.1
	50
	35
	65
	16.3
	10
	10
	20
	< 0.05

	Body weight (kg)
	46.5
	44
	43
	56.6
	50.4
	53.3
	42.7
	60.5
	< 0.05

	Body height (cm)
	157.3
	163
	151
	168.5
	158.2
	163.5
	152
	170
	NS

	Hemoglobin (g/dL)
	9.9
	9.8
	8.3
	11.3
	11
	11
	10
	12.2
	< 0.05

	Hematocrit (%)
	35.8
	31.5
	29.2
	35.8
	33.9
	34.9
	30.1
	37.2
	NS

	Platelet count (K/µL)
	441.1
	427
	327.5
	558
	384
	375.5
	290
	440.5
	NS

	ESR (mm/h)
	33
	36
	18.5
	45
	19.8
	12.5
	7
	22.5
	< 0.05

	CRP (mg/dl)
	2.6
	2.8
	0.4
	4.1
	0.3
	0.2
	0
	0.4
	< 0.05


Q1: Lower quartile; Q3: Upper quartile; NS: Not significant; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein.
Table 2 Characteristics of histological and endoscopic features in ulcerative colitis patents before and after induction therapy with Infliximab
	Parameter
	Week 0
	Week 8

	Histopathological features
	
	

	Grade > 3

Grade 3
Grade 2  
	4/16

10/16

2/16
	1/16

8/16

2/16

	Grade 1

Grade 0
	0/16

0/16
	2/16

3/16

	Irregular surface
	12/16
	6/16

	Abnormal crypt architecture
	9/16
	8/16

	Reduced number of the crypts
	10/16
	7/16

	Cryptitis
	11/16
	6/16

	Epithelial changes
	8/16
	6/16

	Mucin depletion
	6/16
	6/16

	Increased intraepithelial lymphocytes
	3/16
	5/16

	Baron scale, mean ± SD
	2.5 ± 0.6325
	1.5 ± 0.9661 (P = 0.0033)

	Baron 0
	0/16
	2/16

	Baron 1
	1/16
	7/16

	Baron 2
	6/6
	4/16

	Baron 3
	9/16
	3/16


Table 3 Correlation between clinical, endoscopic and histological parameters of disease activity
	No.
	Sex
	Week 0
	Week 8

	
	
	PUCAI
	Baron score
	Geboes

score
	PUCAI
	Baron

score
	Geboes

Score

	1
	M
	70
	3
	> 3
	15
	3
	3

	2
	F
	75
	2
	3
	25
	1
	3

	3
	M
	50
	2
	3
	< 10
	1
	0

	4
	F
	50
	3
	3
	< 10
	1
	3

	5
	M
	55
	2
	> 3
	< 10
	2
	3

	6
	F
	25
	3
	2
	< 10
	3
	3

	7
	M
	40
	3
	>3
	0
	0
	2

	8
	M
	10
	2
	3
	65
	1
	>3

	9
	M
	45
	3
	3
	0
	2
	1

	10
	F
	45
	3
	3
	< 10
	2
	2

	11
	F
	85
	3
	2
	< 10
	0
	0

	12
	F
	60
	3
	3
	< 10
	2
	3

	13
	F
	30
	2
	3
	< 10
	1
	0

	14
	M
	25
	2
	3
	< 10
	1
	3

	15
	F
	50
	3
	>3
	35
	3
	3

	16
	F
	70
	1
	3
	30
	1
	1


M: Male; F: Female.
