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Abstract
Anti-TNFα Therapy are used to induce remission and as maintenance therapy in refractory
ulcerative colitis (UC) to achieve mucosal healing (MH). However, the time at which mucosal
healing should be assessed is unclear. We retrospectively examined the optimal timing for
colonoscopy and the criteria to determine the need for the continuation of treatment. We
evaluated 44 UC patients that were treated with anti-TNFα Therapy and categorized them
into the following groups according to the degree of MH within 12 months: MH and nonMH/NMH, early-MH (EMH, healing within three months), and slow MH/SMH (healing
between 4-12 months). We compared the Mayo Endoscopic Subscore (MES) between the MH
vs. NMH and SMH vs. NMH groups. The Lichtiger index and blood test results were
investigated as predictive factors of MH. MH was defined as an MES of ≤ 1. The MES was
significantly lower in the MH group at 3, 6, and 12 months, compared to the NMH group.
Significant changes were observed in the platelet counts, the Lichtiger index, the levels of Creactive protein (lower), and hemoglobin (higher) in the MH group at 3- and 6-months
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following treatment. However, the only significant difference between the SMH and NMH
groups was in the endoscopic findings at 6- or 12-months post-treatment. Colonoscopy should
be performed three months after treatment with anti-TNFα Therapy. The treatment should
be continued in patients who do not achieve mucosal healing at 3-months, and colonoscopy
should be repeated at 6- or 12-months to assess the outcomes.
Keywords
Ulcerative colitis; anti-TNFα therapy; infliximab; adalimumab; timing for colonoscopy

1. Introduction
Ulcerative colitis (UC) is the most common intractable disease in Japan, with over 200,000
individuals affected in 2017 [1]. The Japanese National Health Insurance System (as of 2017) covers
the use of cytapheresis (CAP), anti-TNFα therapy (infliximab [IFX] and adalimumab [ADA]), and
prednisolone (PSL) alternatives such as tacrolimus (TAC) as remission induction therapy for UC [2,
3]. Mucosal healing (MH) is the goal for induction of remission and is associated with decreased
recurrence and bowel resection [4-6]. Anti-TNFα therapy is effective in the treatment of refractory
UC for the induction of remission and as maintenance therapy [7-10]. However, the timing of
confirmation of MH by colonoscopy, following anti-TNFα therapy, varies among patients. Thus,
there is currently no consensus regarding the exact time of evaluation of MH by colonoscopy in
patients subjected to anti-TNFα therapy.
Clinical evidence indicates that patients with UC can be categorized as those who demonstrate
improvements in endoscopic findings within several weeks after anti-TNFα therapy and those who
gradually show improvement over several months [10, 11]. Patients in the latter category may not
show any signs of improvement on colonoscopy performed soon after the initiation of treatment.
As a result, decision-making regarding the continuation of treatment and the exact time for the
evaluation of the therapeutic effects of anti-TNFα therapy remains unclear. Moreover, no studies
have examined the optimal timing of colonoscopy in patients who gradually achieve MH. Therefore,
it is difficult to decide whether to continue or change treatment. Herein, we performed a
retrospective study to determine the optimal timing for a post-anti-TNFα therapy colonoscopy and
investigated the criteria to decide on the continuation of treatment in patients with UC.
2. Patients and Methods
Data from 44 patients with UC that had been subjected to anti-TNFα therapy (IFX, n = 27; ADA, n
= 17) at our hospital from June 2009 to March 2017 were included in this study. All patients were
steroid-resistant or steroid-dependent. The sample included 23 (52.3%) men and 21 (47.7%) women,
with a median age of 36.5 years (16-78 years). We categorized the 44 patients into two groups based
on the patients that had achieved MH within 12 months after the start of anti-TNFα therapy (MH
group, n = 20) and those who did not (non-MH [NMH] group, n = 24). The patients that required
changes in therapy within the 12 months were classified into the NMH group.
Colonoscopy was performed at 1, 3, 6, and 12 months after the initiation of treatment to
determine the optimal timing. We further categorized the patients in the MH group as those who
Page 2/14

OBM Hepatology and Gastroenterology 2021; 5(3), doi:10.21926/obm.hg.2103058

had achieved mucosal healing within 3-months (early-MH [EMH], n = 11) and those between 4- and
12-months (slow MH [SMH], n = 9). We compared the SMH patients with NMH ones to determine
the predictors of the possibility of continued treatment. Besides, we also examined the predictors
of recurrence in EMH.
Outcomes were compared between the groups based on the colonoscopy findings (endoscopic
scores), clinical assessments, and the results of the blood tests (Figure 1).

Figure 1 Clinical course of all 44 patients with UC. Patients flow. Forty-four UC patients
received anti-TNFα therapy (IFX/ADA). Thirty-three of the 44 patients received antiTNFα therapy for 12 months. MH was achieved in 20 out of 33 patients (EMH: n = 11,
SMH: n = 9). IFX, Infliximab; ADA, Adalimumab; MH, mucosal healing; NMH, Nonmucosal healing; EMH, Early-mucosal healing; SMH, Slow-mucosal healing; UC,
ulcerative colitis.
In the MH group, colonoscopy was performed in ten cases after 1 month, in 13 cases after 3
months, in eight cases after 6 months, and in 14 cases after 12 months. In the NMH group,
colonoscopy was performed in nine cases after 1 month, five cases after 3 months, 10 cases after 6
months, and nine cases after 12 months. The mean colonoscopy time was 26.7 ± 14.7 days (1 month),
87.1 ± 21.7 days (3 months), 194 ± 35.3 days (6 months), and 416 ± 85.3 days (12 months).
We selected the Mayo Endoscopic Subscore (MES) for the evaluation of MH, as it is the gold
standard for endoscopic measures [12]. MH was defined as an MES of ≤1 [13, 14] and endoscopic
recurrence as an MES ≥2 during the follow-up period. Clinical assessments were performed based
on the Lichtiger index [15].
We first compared the MES values between the MH and NMH groups and then between the SMH
and NMH groups to determine the optimal timing of colonoscopy. The Lichtiger index and the blood
parameters such as white blood cell count [WBC] (/µL), hemoglobin [Hb] (g/dL), platelet count [Plt]
(x104/µL), C-reactive protein [CRP] (mg/dL), and albumin [Alb] (g/dL) were also compared between
the MH and NMH groups, as well as the SMH and NMH groups. This was done to establish the
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optimal timing and criteria to determine the need for continuation of treatment with anti-TNFα
agents.
2.1 Statistical Analyses
The data are presented as the number of cases and median (min-max). The Wilcoxon signed-rank
test was used to compare the results between two groups, and a p-value of ≤0.05 was considered
statistically significant. All the analyses were performed using the statistical program JMP Pro12
(Statistical Discover, SAS, Cary, NC).
2.2 Ethical Considerations
The protocol of this study was reviewed and approved by the Ethics Review Committee of Tokyo
Women's Medical University (approval number: 5174). Informed consent was obtained from all the
patients.
3. Results
3.1 Patient Characteristics and Clinical Course
The patients' characteristics are summarized in Table 1. There were 20 patients (45.5%) in the
MH group and 24 (54.5%) in the NMH group, and their characteristics were not significantly different.
Similarly, there were no significant differences between patients in the SMH (n = 9, 20.5%) and NMH
groups (n = 24, 54.5%) (Table 1 and Table 2).
Table 1 Characteristics of patients in the MH and NMH groups.

IFX/ADA
Male/female
Age at disease onset, yrs
Age at the time of treatment, yrs
Time since diagnosis, days
Steroid-dependent
/steroid-resistant
Disease type
pancolitis/left-sided
AZA, n (%)

MH group
n = 20
11/9
11/9
28.5 (15-75)
36.5 (23-78)
2963 (60-9200)

NMH group
n = 24
16/8
12/12
20.5 (10-61)
34.5 (16-71)
3302 (111-14911)

17/3

18/6

0.4129

16/4

21/3

0.4982

8 (40%)

12 (50%)

0.5071

p-value
0.4287
0.7409
0.1006
0.5876
0.8412

The data indicate the number of patients (median: min-max). ADA, Adalimumab; AZA,
azathioprine; IFX, Infliximab; MH, Mucosal healing; NMH, Non-mucosal healing; yrs, years.

Table 2 Characteristics of patients in the SMH and NMH groups.
SMH group
n=9

NMH group
n = 24

p-value
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IFX/ADA
Male/female
Age at disease onset, yrs
Age at the time of treatment,
yrs
Time since diagnosis, days
Steroid-dependent
/steroid-resistant
Disease type
pancolitis/left-sided
AZA, n (%)

5/4
4/5
29 (15-44)

16/8
12/12
20.5 (10-61)

0.5546
0.7761
0.2921

36 (23-58)

34.5 (16-71)

0.4422

2822 (60-9200)

3302 (111-14911)

0.8241

8/1

18/6

0.3847

8/1

21/3

0.9133

3 (33%)

12 (50%)

0.3918

The data indicate the number of patients (median: min-max). ADA, Adalimumab; AZA,
azathioprine; IFX, Infliximab; NMH, Non-mucosal healing; SMH, Slow-mucosal healing; yrs, years.

In 33 of the 44 patients, treatment with an anti-TNFα agent was continued for 12 months, of
which 20 patients were treated with IFX and 13 with ADA. Treatment with IFX was discontinued in
one patient on day-109 due to the occurrence of colitic cancer. The treatments were modified in
ten patients (addition or an increased dose of PSL, addition of CAP, a change in the anti-TNFα
therapy regimen, addition of TAC, or surgery) due to insufficient treatment response or worsening
of symptoms. The treatments were modified in six patients within 3-months of initiation (IFX: n = 3,
ADA: n = 3), in two patients between 4- and 6-months (IFX: n = 1, ADA: n = 1), and in two patients
between 7- and 12-months (IFX: n = 2). Four patients (36%, IFX: n = 2, ADA: n = 2) in the EMH group
and one patient (11%, IFX: n = 1) in the SMH group had endoscopic recurrence within 12-months
(Figure 1).
3.2 Findings of Colonoscopy of the UC Patients After Treatment with Anti-TNFα Agents
3.2.1 Comparison between the MH and NMH Groups
The MES values of the MH and NMH groups did not vary significantly before treatment and after
the completion of 1-month. Subsequently, the MES was significantly lower (p<0.05) in the MH group
compared to the NMH group at 3-months (MH: 1 [0-3], NMH: 2 [2-3], p = 0.0219), 6-months (MH: 1
[0-2], NMH: 2 [2-3], p = 0.0019), and 12-months (MH: 1 [0-2], NMH: 2 [2-3], p = 0.0012). These
findings indicated that colonoscopy should be performed during the third month or later after the
initiation of treatment (Table 3, Figures 2A-E).
Table 3 Comparison of the clinical course between the MH and NMH groups.

MES, points:
Pre
1 mo. post
3 mos. post
6 mos. post

MH group
n = 20

NMH group
n = 24

p-value

3 (1-3)
2 (0-2)
1 (0-3)
1 (0-2)

3 (2-3)
2 (2-3)
2 (2-3)
2 (2-3)

0.7334
0.1081
0.0219
0.0019
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12 mos. post
Lichtiger index, points:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
WBC,/µL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
Hb, g/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
Plt, ×104/µL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
CRP, mg/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
Alb, g/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post

1 (0-2)

2 (2-3)

0.0012

8 (3-15)
4 (2-9)
2.5 (1-8)
2.5 (1-9)
2.5 (1-10)

7 (3-13)
4 (2-11)
5 (2-10)
3 (2-11)
3 (1-7)

0.3104
0.3018
0.0016
0.2629
0.2003

6300 (4570-9500)
6265 (3630-14150)
6450 (4040-12720)
6230 (3440-10400)
5070 (4020-9440)

7160 (3500-11570)
6610 (3010-12030)
7390 (3960-13350)
6550 (3880-10190)
6130 (4020-10220)

0.3052
0.6177
0.3050
0.2934
0.4014

13.0 (9.2-15.5)
13.0 (9.5-14.9)
13.7 (11.7-15.7)
13.8 (11.1-15.4)
13.8 (10.6-15.5)

12.2 (8.5-15.1)
12.7 (7.9-16.2)
12.4 (10-16)
12.4 (9.9-15.4)
12.7 (8.4-15.3)

0.0425
0.3179
0.0719
0.0192
0.1592

26.5 (13.3-47.4)
25.1 (13.2-45.9)
22.8 (14.7-42)
23.3 (11.2-48.4)
22.8 (13.3-88.6)

31.4 (19.8-54.2)
28.2 (16.8-60.9)
30.2 (16.3-63.3)
32.6 (18.1-57.1)
32.9 (20.8-69.5)

0.0518
0.0540
0.0176
0.0370
0.0574

0.21 (0.03-4.55)
0.09 (0-2.77)
0.05 (0-0.33)
0.05 (0-1.11)
0.10 (0-1.23)

0.45 (0.02-7.5)
0.12 (0-10.46)
0.12 (0.02-2.06)
0.11 (0.02-1.55)
0.2 (0-4.87)

0.5167
0.4280
0.0425
0.0707
0.2771

4 (3.1-4.6)
4.2 (2.8-4.7)
4.4 (3.8-4.9)
4.3 (3.5-5.2)
4.2 (3-4.5)

3.6 (3-4.5)
4.1 (2.4-4.8)
4.2 (3.4-4.7)
4.3 (3.6-4.7)
4.4 (3.3-4.8)

0.1426
0.7023
0.3927
1.0000
0.3714

Alb, albumin; CRP, C-reactive protein; Hb, hemoglobin; MES, Mayo endoscopic sub-score; MH,
Mucosal healing; mo, month; NMH, Non-mucosal healing; Plt, Platelets; WBC, White blood cell.
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Figure 2 Findings of colonoscopy of the UC patients after treatment with anti-TNFα
agents. Comparison between the NMH and SMH groups, as well as the NMH and MH
groups. The MES values were significantly lower (p<0.05) in the MH group compared to
the NMH group at 3-months. MES, Mayo endoscopic sub-score; UC, ulcerative colitis;
MH, mucosal healing; NMH, Non-mucosal healing; EMH, Early-mucosal healing; SMH,
Slow-mucosal healing.
3.2.2 Comparison between the SMH and NMH Groups
The MES of the SMH and NMH groups did not vary significantly before treatment, at 1-month,
and at 3-months after the initiation of treatment with anti-TNFα agents (Table 4, Figures 2A-E).
There were significant differences in the MES (p<0.05) between the SMH and NMH groups at 6months (SMH: 1 [0-2], NMH: 2 [2-3], p = 0.0011) and 12-months (SMH: 1 [0-1], NMH: 2 [2-3], p =
0.0026). These findings indicated that the distinction between SMH and NMH should be made by
performing a colonoscopy at 6- or 12-months after the initiation of treatment.
Table 4 Comparison of the clinical course between the SMH and NMH groups.

MES, points:
Pre
1 mo. post

SMH group
n=9

NMH group
n = 24

p-value

3 (1-3)
2 (2-2)

3 (2-3)
2 (2-3)

0.7261
0.5510
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3 mos. post
6 mos. post
12 mos. post
Lichtiger index, points:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
WBC,/µL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
Hb, g/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
Plt, ×104/µL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
CRP, mg/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. post
Alb, g/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. Post

2 (2-3)
1 (0-2)
1 (0-1)

2 (2-3)
2 (2-3)
2 (2-3)

1.0000
0.0011
0.0026

10 (4-14)
4.5 (3-9)
3.5 (2-8)
3 (2-9)
2.5 (1-5)

7 (3-13)
4 (2-11)
5 (2-10)
3 (2-11)
3 (1-7)

0.1418
0.5674
0.1002
0.7217
0.7468

6635 (5430-9500)
9570 (3630-14150)
6370 (4040-12720)
6735 (3740-10400)
5895 (4590-8010)

7160 (3500-11570)
6610 (3010-12030)
7390 (3960-13350)
6550 (3880-10190)
6130 (4020-10220)

0.7010
0.5025
0.3016
0.8429
1.0000

13.6 (11.2-15.5)
14.2 (9.5-14.9)
13.6 (11.7-15)
14.1 (11.3-14.7)
14.3 (11.9-15.5)

12.2 (8.5-15.1)
12.7 (7.9-16.2)
12.4 (10-16)
12.4 (9.9-15.4)
12.7 (8.4-15.3)

0.0275
0.2850
0.3624
0.0836
0.1465

25.7 (13.3-40.6)
25.5 (13.8-35.7)
24.6 (14.9-35.8)
23.9 (14.7-31.3)
20.6 (17.5-31.5)

31.4 (19.8-54.2)
28.2 (16.8-60.9)
30.2 (16.3-63.3)
32.6 (18.1-57.1)
32.9 (20.8-69.5)

0.2175
0.4462
0.1683
0.1335
0.1743

0.21 (0.06-4.55)
0.14 (0.03-2.77)
0.05 (0-0.2)
0.06 (0-0.2)
0.17 (0.01-0.87)

0.45 (0.02-7.5)
0.12 (0-10.46)
0.12 (0.02-2.06)
0.11 (0.02-1.55)
0.2 (0-4.87)

0.5991
0.9833
0.1454
0.1056
0.9278

4.1 (3.6-4.6)
4.4 (2.8-4.7)
4.3 (3.8-4.8)
4.3 (4.1-4.8)
4.3 (4-4.5)

3.6 (3-4.5)
4.1 (2.4-4.8)
4.2 (3.4-4.7)
4.3 (3.6-4.7)
4.4 (3.3-4.8)

0.1312
0.5042
0.8965
0.9130
0.5154

Alb, albumin; CRP, C-reactive protein; Hb, hemoglobin; MES, Mayo endoscopic sub score; mo,
month; NMH, Non mucosal healing; Plt, Platelets; SMH, Slow mucosal healing; WBC, White
blood cell.
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3.2.3 Factors Predicting MH
The Lichtiger index, platelets, and CRP values at three months were significantly lower in the MH
group compared to the NMH group (p<0.05) (Table 3). The platelet counts were significantly lower,
and Hb values were significantly higher in the MH group at 6-months post-treatment (p<0.05).
Moreover, the pre-treatment Hb values were significantly higher in the MH group (p<0.05). Similarly,
a comparison between the SMH and NMH groups revealed that the Hb values before treatment
were significantly higher in the SMH group (p<0.05) (Table 4). There were no significant differences
in the Lichtiger index, WBC, Hb, platelets, CRP, or Alb values at 1, 3, 6, and 12 months after the
initiation of treatment with anti-TNFα agents. The Lichtiger index improved after 1-month in both
the SMH and NMH groups. Thus, the Lichtiger index alone was not sufficient to predict MH.
3.2.4 Comparison of the Recurrence and Non-Recurrence Groups in the EMH Group
A comparison of the four out of 11 patients in the EMH group who had relapsed (recurrence
group), with the seven who did not show significant differences in the pre-treatment levels of Hb
and Alb (non-recurrence group), is presented in Table 5. The recurrence group had lower pretreatment Hb and Alb (p<0.05). There was also a significant difference in the levels of Hb and MES
after 12 months of treatment (p<0.05). This suggests that pre-treatment levels of Hb and Alb may
be predictors of relapse in the EMH group.
Table 5 Comparison of the recurrence and non-recurrence groups in the EMH group.

MES, points:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. Post
Lichtiger index, points:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. Post
WBC,/µL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. Post

Recurrence group
n=4

Non-recurrence group
n=7

p-value

3 (2-3)
0 (0-0)
0 (0-1)
2 (2-2)

2 (2-3)
2 (1-2)
1 (1-1)
1 (0-1)
1 (1-1)

0.3827
0.2357
0.2386
0.0072

7 (6-15)
2 (2-6)
2 (1-4)
2 (1-5)
2 (1-4)

8 (3-14)
2 (2-4)
2 (1-4)
2 (1-7)
2 (1-4)

0.9239
1.0000
1.0000
0.6995
1.0000

9090 (5600-4570)
6090 (4620-6910)
7130 (5930-8450)
5660 (4470-7930)
5440 (4450-8240)

5820 (5240-6830)
5230 (3770-14150)
6340 (4110-9900)
6170 (3440-7480)
4570 (4020-6410)

0.7055
0.6366
0.7768
0.9247
0.2703

Page 9/14

OBM Hepatology and Gastroenterology 2021; 5(3), doi:10.21926/obm.hg.2103058

Hb, g/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. Post
Plt, ×104/µL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. Post
CRP, mg/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. Post
Alb, g/dL:
Pre
1 mo. post
3 mos. post
6 mos. post
12 mos. Post

11 (9.2-12.7)
12.5(10.9-13)
13.4(13.1-14.9)
12.9(11.1-14.5)
11.4(10.6-12.1)

13.7 (12-15.5)
13.1 (12.2-14.9)
14.1 (12.5-15.7)
14.2 (13.1-15.4)
14.1 (13.8-15.2)

0.0298
0.1849
0.4487
0.1082
0.0195

33.85 (20.6-47.4)
23.25 (14.8-37.6)
25.95 (15.4-36.3)
25.35 (11.2-48.4)
31.05 (13.3-47.6)

27.1 (14.2-30.2)
25.0 (13.2-27.1)
21.7 (14.7-27.4)
22.1 (13.3-28.8)
22.8 (16-23.3)

0.5074
0.6366
0.5083
0.8498
0.2683

0.905 (0.04-1.95)
0.135 (0-1.28)
0.1 (0-0.33)
0.13 (0-0.33)
0.165 (0-0.53)

0.24 (0.03-1.02)
0.06 (0-0.25)
0.05 (0-0.17)
0.05 (0.02-1.11)
0.04 (0.03-0.1)

0.2151
0.7048
0.5681
0.9240
0.3832

3.5 (3.1-3.6)
4.2 (3.7-4.5)
4.4 (4.1-4.9)
4.3 (3.5-4.7)
4.0 (3.7-4.3)

4.1 (3.6-4.4)
4.05 (3.9-4.4)
4.4 (3.8-4.6)
4.0 (3.8-5.2)
4.25 (4-4.4)

0.0166
0.7476
1.0000
1.0000
0.3065

Alb, albumin; CRP, C-reactive protein; EMH, Early mucosal healing; Hb, hemoglobin; MES, Mayo
endoscopic sub score; mo, month; NMH, Non mucosal healing; Plt, Platelets; WBC, White blood
cell.

4. Discussion
Anti-TNFα therapy is often used in the treatment of refractory UC, and several studies have
demonstrated MH [16]. However, there is no consensus regarding the timing of performing a
colonoscopy to evaluate the effects of treatment in patients with UC. When anti-TNFα therapy was
used for the induction of remission, the effects were typically assessed at 8, 30, or 52-54 weeks after
the initiation of treatment [7, 9, 17-19]. In the present study, we compared the outcomes between
the MH and NMH groups, as well as the SMH and NMH groups, to determine the optimal timing to
perform a colonoscopy to assess the effects of two anti-TNFα therapies (IFX and ADA). We also
investigated the criteria to determine the need for continuation of treatment with anti-TNFα
therapy. To address these questions, we performed colonoscopy at 1, 3, 6, and 12 months after the
completion of treatment in 44 patients with UC.
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4.1 Colonoscopy Timing for Anti-TNFα Therapy Treated UC Patients
4.1.1 Comparison between the MH and NMH Groups
The MES in the MH group was significantly lower at 3, 6, and 12 months after the treatment
(p<0.05). These findings suggested that colonoscopy should be performed at 3, 6, or 12 months
after treatment to determine the degree of MH to assess the effects of treatment. Our study also
revealed that some patients with NMH findings at 3-months could achieve MH after 4-months. UC
patients treated with anti-TNFα agents can be classified as those who achieve MH at an early stage
and those who heal gradually.
4.1.2 Comparison between SMH and NMH Patients
To establish the appropriate usage criteria for anti-TNFα therapy, we further categorized the
patients into SMH and NMH groups and determined the optimal timing to evaluate the effect of
treatment in SMH patients, as well as to distinguish between SMH and NMH patients. While the
EMH group can be determined to show MH by colonoscopy at an early stage, the SMH group does
not show MH at the same time; therefore, it is difficult to decide whether to continue or change
treatment. By comparing SMH and NMH, we expect to make appropriate treatment decisions by
accurately predicting the difference between the SMH and NMH groups in which anti-TNFα agents
work slowly. In the comparison of the biomarkers studied for SMH and NMH, significant differences
in Hb levels were observed before treatment (p<0.05). The causes of anemia in UC have been
implicated in iron-deficiency anemia that is associated with bleeding from inflamed mucosa,
reduced iron absorption, and anemia associated with chronic inflammation (ACD: anemia of chronic
disease). We believe that a higher pre-treatment Hb level may lead to SMH, even if MH is not
achieved early [20, 21]. As the present results did not examine the etiology of anemia, further
studies are required. The MES values in the SMH group were significantly lower at 6 and 12 months
(p<0.05). These findings suggested that in SMH patients, colonoscopy should be performed at 6 or
12 months to determine the effect of treatment with anti-TNFα agents.
4.2 Factors Predicting MH and Relapsing EMH
The Lichtiger index, platelets, and CRP values were significantly lower in the MH group than in
the NMH group at 3-months. This suggested that patients with improvements in the Lichtiger index,
platelets, and CRP at 3-months were likely to achieve MH within 12 months and that these may be
considered to be predictive factors in UC patients treated with anti-TNFα agents.
Comparison between the SMH and NMH groups revealed that while the colonoscopy findings
differed, there were no significant differences in the Lichtiger index or hematological parameters
(WBC, Hb, platelets, and Alb) at any time point. This indicated that colonoscopy is necessary to
evaluate the treatment effects in SMH and NMH patients. There was no significant difference in the
Lichtiger index between the SMH and NMH groups. In 13 of the 24 NMH patients, although an
improvement in the Lichtiger index was observed, the treatment with anti-TNFα agents was
continued for 12 months. In contrast, in patients who demonstrated no MH without improvement
in their Lichtiger index, the treatment was discontinued. Our study revealed the possibility that a
subset of patients who do not achieve MH within 3-months might do so within 12-months if
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treatment with anti-TNFα therapy is continued. Thus, colonoscopy should be performed at 6- and
12-months after the initiation of treatment to account for patients who may demonstrate SMH. MH
is an important goal in the treatment of UC apart from clinical remission; therefore, the optimal
criteria and timing for the evaluation of MH should be identified during treatment.
Comparison of the relapse and non-relapse groups in the EMH group showed significant
differences in the levels of Hb and Alb before treatment and Hb and MES after 12-months of
treatment. This suggests that pre-treatment levels of Hb and Alb may be predictors of relapse in the
EMH group.
This study has some limitations. First, the sample size was not very large (n = 44). Moreover, all
the patients could not be subjected to multiple endoscopies simultaneously, and the study design
was retrospective. A prospective multicenter study is necessary to further explore the issues
examined herein.
The strength of our study is that by dividing MH into EMH and SMH, we observed that only the
Lichtiger index and blood test parameters during treatment could not predict future MH.
Furthermore, we also found the involvement of pre-treatment levels of Alb and Hb as predictors of
EMH relapse.
5. Conclusion
Colonoscopy performed 3-months after the initiation of treatment with anti-TNFα agents is
effective in the assessment of treatment response in patients with UC. Treatment with anti-TNFα
agents should be continued in the subset of patients who do not demonstrate MH at 3-months but
possibly heal gradually, based on clinical data and symptoms. Colonoscopy should be repeated at
6- or 12-months in such patients to re-evaluate the treatment response.
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