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Background/Aims: We aimed to evaluate the histologic features predictive of prognosis and correlate them with endo-
scopic findings in patients with ulcerative colitis (UC) having complete or partial mucosal healing (MH).
Methods: We prospectively collected and reviewed data from patients with UC who underwent colonoscopy or sigmoidos-
copy with biopsy. Complete and partial MH were defined as Mayo endoscopic subscores (MESs) of 0 and 1, respectively. His-
tologic variables, including the Nancy index (NI), predicting disease progression (defined as the need for medication upgrade 
or hospitalization/surgery), were evaluated and correlated with endoscopic findings.
Results: Overall, 441 biopsy specimens were collected from 194 patients. The average follow-up duration was 14.7 ± 7.4 
months. There were 49 (25.3%) and 68 (35.1%) patients with MESs of 0 and 1, respectively. Disease progression occurred 
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory bowel dis-
ease characterized by both relapses and remissions [1]. Cur-
rently, several available treatment options exist, and clini-
cal decision-making to determine the appropriate medical 
therapy is based mainly on clinical and endoscopic assess-
ments [2,3]. It is generally accepted that clinical response, 
i.e., improvement of rectal bleeding and stool frequency, 
is a short-term treatment goal in patients with UC; endo-
scopically visualized mucosal healing, in contrast, is a rea-
sonable long-term treatment target [4,5]. Together with the 
normalization of C-reactive protein (CRP), erythrocyte sedi-
mentation rate, and fecal calprotectin levels [5,6], these as-
sessments are used to determine whether a patient with UC 
should maintain current treatment. With various validated 
clinical and endoscopic scoring systems available, endoscop-
ic mucosal healing is considered the mainstay of treatment 
for UC. It is commonly defined as a Mayo endoscopic sub-
score (MES) [7] of 0 or 1 (more strictly, 0) [8,9]. Achieving 
endoscopic mucosal healing is associated with lower rates 
of disease relapse and better long-term outcomes [10-12].

A substantial number of recent studies have focused on 
histologic activity in patients with UC. It can be an indepen-
dent risk factor for clinical relapse, hospitalization, colecto-
my, and neoplasia. Histological remission has been recog-
nized as a potential treatment target, even in patients with 
UC having endoscopic mucosal healing [4,13-17]. It has also 
been suggested that histological healing should be assessed 
for the assessment of deep remission [5]. However, due to 
a lack of prospective randomized controlled studies, histo-
logical remission is still under debate as a reasonable treat-
ment target. Additionally, as histological assessment is both 
invasive and time-consuming, the cost and risk must be bal-
anced against the added benefit of extending the treatment 
goal. Although fecal calprotectin is a useful alternative for 

assessing the degree of inflammation [18], it is not entirely 
free from these limitations.

As an increasing number of studies have focused on his-
tologic activity, which has become a major area of inter-
est in this disease, the need to address the serious clinical 
issues listed above has become more apparent. Therefore, 
this study aimed to evaluate the histologic features predict-
ing clinical outcomes and their relationship with the corre-
sponding endoscopic findings in patients with UC having 
mucosal healing.

METHODS

Patients and study design
This prospective study was conducted at a single academic 
institution (Chung-Ang University Hospital, Seoul, Korea). 
Patients with UC aged >18 years who were regularly fol-
lowed up and underwent colonoscopy or sigmoidoscopy 
with biopsy between September 2018 and December 2020 
were included. Endoscopic examinations were performed 
in accordance with the clinical practice. Patients lost to fol-
low-up and those with insufficient data were excluded. The 
medical records of each enrolled patient, including endo-
scopic and histological findings, were prospectively collect-
ed and analyzed. In this study, UC was diagnosed according 
to conventional clinical, endoscopic, and histological criteria 
[19]. Disease progression was defined during follow-up af-
ter endoscopic biopsy when a patient was started on immu-
nomodulators, corticosteroids, biologics, or small molecular 
agents; switched to different biologics or small molecular 
agents; or underwent a surgical procedure and hospitaliza-
tion for UC exacerbation. 

Written informed consent was obtained from all patients 
included in the study. This study was approved by the Eth-
ical Committee of Chung-Ang University Hospital (IRB No. 

only in patients with an MES of 1. NI ≥ 3 was significantly correlated with disease progression during follow-up. Mucosal fria-
bility on endoscopy was significantly correlated with NI ≥ 3 (61.1% in NI < 3 vs. 88.0% in NI ≥ 3; p = 0.013).
Conclusions: Histological activity can help predict the prognosis of patients with UC with mild endoscopic activity. Mucosal 
friability observed on endoscopy may reflect a more severe histological status, which can be a risk factor for disease progres-
sion.
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2105-001-19365), and all research was carried out in com-
pliance with the Ethical Principles for Medical Research In-
volving Human Subjects outlined in the Helsinki Declaration 
of 1975 (revised in 2013).

Assessment of endoscopic findings
Endoscopic findings were evaluated based on MES [7] using 
a high-definition magnification colonoscope (CF-HQ290L; 
Olympus, Tokyo, Japan). MESs of 0 and 1 indicated com-
plete and partial mucosal healing, respectively [20]. For each 
patient with an MES of 1, typical endoscopic findings of mild 
disease, such as erythema, decreased vascularity, or friability 
(the term used to describe mucosa that is easily damaged by 
direct contact with the endoscope or endoscopic devices), 
were recorded (Fig. 1). A consensus on activity and each 
endoscopic finding was achieved by three experienced en-

doscopists (who performed 500–1000 colonoscopies each 
year during the 3-year study) working in our department, 
who were blinded to the patients’ disease status. To min-
imize interobserver variability, the endoscopists involved in 
this study met regularly to discuss possible discrepancies.

Assessment of histologic activity
Two or more biopsy specimens were collected from the 
most severely inflamed area in each segment if several seg-
ments of the colon were inflamed. In the case of no inflam-
mation (MES: 0), two biopsy specimens each were collected 
from the sigmoid colon and rectum. The Nancy index (NI) 
was used to assess the histological activity. The NI classifica-
tion ranges from grade 0 (no histologically relevant disease) 
to grade 4 (severely active disease), according to the pres-
ence of ulceration, acute inflammatory cell infiltration, and 

Figure 1. Typical endoscopic findings of a Mayo endoscopic subscore (MES) of 1. On endoscopic evaluation, the presence of erythema (A), 
decreased vascularity (B), and mucosal friability (C) was evaluated by three experienced endoscopists.

A B C

Figure 2. Representative histologic findings of (A) Nancy index of 0 and (B) Nancy index of 4. (A) Biopsy with Nancy index 0 shows only 
mild degree lymphoplasma cell infiltration in the lamina propria without findings of crypt damage (H&E, ×100) (B) Biopsy with Nancy in-
dex 4 shows ulcer, moderate lymphoplasma cell infiltration, mild cryptitis, and moderate crypt distortion (H&E, ×100). 

A B
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chronic inflammatory infiltrates [21]. NI enables correlation 
with the corresponding endoscopic presentation and clin-
ical outcomes by helping classify the UC histologic activity 
into five domains. In addition to NI, we performed addi-
tional histological assessments based on preliminary work, 
expert opinions, and a literature review. These assessments 
consisted of eight histological items with good intrareader 
reliability and interreader reliability (κ value > 0.6) and were 
the basis for the development of NI [21-23]. Along with the 
NI parameters (acute inflammatory cells, chronic inflamma-
tory cells, and ulceration), neutrophils in the epithelium or 
lamina propria, mucin depletion, basal plasmacytosis, and 
serrated architectural abnormalities (the presence of dilated 
crypts showing a scalloped lumen) were included (Supple-
mentary Table 1) [21-23]. All histologic assessments were 
performed by an expert pathologist who had worked as a 
gastrointestinal pathologist for more than 20 years and was 
blinded to the endoscopic findings. Representative histolog-
ical findings at NI 0 and NI 4 are shown in Figure 2. When 
biopsy specimens from multiple sites displayed variable his-
tology, the highest grade for each histological variable was 
assessed. All histological parameters, including NI, were as-
sessed to accurately evaluate the severity of inflammation at 
the time of examination and were then analyzed.

Statistical analyses
All statistical analyses were performed using the SPSS soft-
ware (version 19.0; IBM Corp., Armonk, NY, USA). Contin-
uous variables are summarized as means ± standard devi-
ations or interquartile ranges, and categorical variables as 
absolute (n) and relative frequencies (%). Kaplan–Meier 
curves were used to assess the risk of disease progression 
throughout the follow-up period. Univariate and multivar-
iate regression analyses were performed to evaluate the 
histological variables associated with disease progression. 
Statistical significance was set at p < 0.05.

RESULTS

Baseline characteristics of patients
In total, 194 patients with UC were included in this study. 
Of these, 49 (25.3%) had an MES of 0 and 68 (35.1%) had 
an MES of 1. The mean patient age was 44.3 years, and the 
mean disease duration was 84.7 months. Of the enrolled 
patients, 58.8% were male. Among the patients, 89.2% re-

ceived 5-aminosalicylates, and 32.0% received biologics or 
small molecular agents. The average follow-up period after 

Table 1. Demographic and clinical characteristics of the pa-

tients based on biopsy specimens

Characteristic All patients
Patients with 

MH

Number of patients 194 117

Age (yr) 44.3 ± 17.1 46.1 ± 17.3

Male, sex 114 (58.8) 72 (61.5)

BMI (kg/m2) 22.7 ± 3.2 23.0 ± 3.2

Duration of disease (mo) 84.7 ± 74.1 87.1 ± 65.0

Mayo score 3.7 ± 3.5 1.4 ± 1.6

Endoscopic subscore 1.2 ± 0.8 -

0 49 49

1 68 68

2 58 -

3 19 -

Nancy index distribution

0 13 13

1 3 3

2 47 43

3 25 14

4 106 44

Disease location

Proctitis 47 19

Left-sided colitis 30 11

Extensive colitis 67 37

Remission 49 49

Others 1 1

C-reactive protein (mg/dL) 4.2 ± 8.6 2.0 ± 3.6

Albumin (g/dL) 4.4 ± 0.6 4.5± 0.4

Concomitant medication  
(overlapped)

5-aminosalicylates 173 (89.2) 105 (89.7)

Methotrexate 0 (0.0) 0 (0.0)

Azathioprine/ 
6-Mercaptopurine

26 (13.4) 16 (13.7)

Cyclosporine/tacrolimus 0 (0.0) 0 (0.0)

Systemic corticosteroid 13 (6.7) 4 (3.4)

Biologic or small molecular 
agent

62 (32.0) 35 (29.9)

Values are presented as number only, mean ± standard devia-
tion, or number (%).
BMI, body mass index; MH, mucosal healing.
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biopsy was 14.7 ± 7.4 months. The clinical and demograph-
ic characteristics of the patients are summarized in Table 1.

Histologic activity index according to  
endoscopic severity in all patients with UC
Table 2 shows NI according to the MES in patients with UC. 
Most patients with an MES of 2 or 3 had NIs of 3 or 4. A 
total of 74.1% of patients with an MES of 2 had an NI of 4, 
and all patients with an MES of 3 had an NI of 4, indicating a 
severely active histologic disease. However, mild or more se-
vere histological activity was also observed, even in patients 
with an MES of 0 or 1. Among the biopsy specimens from 
49 patients with an MES of 0, 34 (69.4%) had histological 
activity consistent with an NI of 2 (mildly active disease). Of 
the 68 biopsy specimens collected from patients with an 

MES of 1, 50 (73.5%) had an NI of 3 or 4 (moderately or 
severely active disease).

Histologic activity and endoscopic findings 
associated with disease progression in  
patients with mild endoscopic activity
Of the 117 patients with complete or partial mucosal heal-
ing (MES of 0 or 1), 15 (12.8%) experienced disease pro-
gression during the follow-up period. None of these 15 pa-
tients had an MES of 0, and disease progression occurred 
only in patients with an MES of 1. Therefore, we analyzed 
the histological and endoscopic findings related to disease 
progression in patients with an MES of 1. The average Mayo 
scores of patients with MES of 0 and 1 were 0.1 ± 0.3 and 
3.67 ± 3.4, respectively.

Table 2. Nancy index according to the MES for UC

Nancy index MES 0 (n = 49) MES 1 (n = 68) MES 2 (n = 58) MES 3 (n = 19)

0 (no histologic significant disease) 13 (26.5) 0 0 0

1 (no acute inflammatory infiltrate) 2 (4.1) 1 (1.5) 0 0

2 (mildly active disease) 26 (53.1) 17 (25.0) 4 (6.9) 0

3 (moderately active disease) 1 (2.0) 13 (19.1) 11 (19.0) 0

4 (severely active disease) 7 (14.3) 37 (54.4) 43 (74.1) 19 (100.0)

Values are presented as number (%).
MES: Mayo endoscopic subscore; UC; ulcerative colitis.

Figure 3. Kaplan–Meier curve of time to disease progression stratified by histologic activity in patients with UC having mild endoscopic 
activity. The risk of disease progression, defined as starting or switching to a corticosteroid, biologic, or small-molecule agent or under-
going a surgical procedure and hospitalization for UC exacerbation during the post-endoscopy (with biopsy) follow-up, was analyzed 
according to histologic activity (NI) in patients with mucosal healing. (A) NI < 2 versus 2, (B) NI < 3 versus ≥ 3. NI, Nancy index; UC, ulcer-
ative colitis.
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Figure 3 shows the Kaplan–Meier curve of time-to-disease 
progression stratified by histological activity in patients with 
an MES of 1. Patients with an NI of 2 (mildly active disease) 
tended to have a higher rate of disease progression than those 
with NI ≤ 1 (no acute inflammatory infiltrate) (p = 0.193).  
Patients with NI ≥ 3 (moderately to severely active disease) 
had a significantly higher rate of disease progression than 
patients with NI ≤ 2 (p = 0.009).

Based on these results, we searched for endoscopic find-
ings that might help predict an NI of ≥ 3 in patients with 
an MES of 1. Among the endoscopic features listed in the 
Mayo endoscopic scoring system, mucosal friability was ob-
served at a significantly higher rate in patients with NI ≥ 3  
compared to those with NI < 3 (61.1% vs. 88.0%, p = 
0.013) (Table 3).

Individual histologic findings predicting  
disease progression in patients with mild  
endoscopic activity
Individual histologic items were analyzed to evaluate their 
relevance to disease progression. On univariate analysis, 
the presence of serrated architectural abnormalities (0.98 
± 0.91 vs. 1.80 ± 0.89, p = 0.002) and ulceration (0.33 ± 
0.47 vs. 0.80 ± 0.41, p = 0.001) were significantly correlat-
ed with disease progression. Multivariate analysis indicated 
that although not statistically significant, NI tended to be 
associated with disease progression (odds ratio 2.071, 95% 
confidence interval 0.964–4.447, p = 0.062) (Supplementa-
ry Table 2, 3).

DISCUSSION

This prospective study assessed the role of histology as a risk 
factor for disease progression and analyzed the endoscopic 
features predictive of active histologic inflammation in pa-
tients with UC having complete (MES of 0) or partial (MES of 
1) mucosal healing. In patients with an MES of 1, indicating 
mild endoscopic activity, NI ≥ 3 was found to be correlated 
with a high likelihood of disease progression. A similar result 
was found at NI = 2, although the difference was not sta-
tistically significant. Patients with mucosal friability observed 
endoscopically had significantly higher rates of NI ≥ 3. NI 
also revealed the possibility of independent histological risk 
factors associated with disease progression.

Current guidelines on UC recommend clinical response 
or remission, endoscopic mucosal healing, and normaliza-
tion of biomarkers, such as CRP and fecal calprotectin, as 
treatment targets [4,5]. Histological remission is not yet 
recommended as a treatment target for UC; however, cur-
rent guidelines suggest that it could be used as an adjunct 
to other treatment targets [5,13,14]. Accumulating evi-
dence has indicated that persistent histological activity can 
be observed in patients with endoscopic mucosal healing 
[13,14,24]. It has been estimated that 14–40% of patients 
with mucosal healing have histological activity [10,16]. True-
love and Richards observed that 37% of patients with no 
remarkable endoscopic findings had histological inflamma-
tion [25]. In our study, 69.4% of the patients with an MES 
of 0 had at least mild active disease or worse histologically. 
Although the inconsistent definitions of histologic activity 
among individual studies caused differences in proportions, 
our findings are consistent with those of previous studies.

Several studies have been conducted on histological activ-
ity and its prognostic value in clinical outcomes. In a system-
atic review and meta-analysis, Pai et al. [13] observed that 
histology accurately predicts clinical relapse, hospitalization, 
steroid use, and cancer development and that histological 
disease activity is more predictive than other measures of 
important clinical outcomes in UC. In a cohort study with 
long-term follow-up, Bryant et al. [14] suggested that histo-
logic remission predicts clinical outcomes better than other 
treatment targets and encouraged the inclusion of histolog-
ic indices in future clinical trials and practice. While several 
indices have been developed to assess histological disease 
activity, none have been fully validated [13,14,26]. Due to 
the increasing need for a validated, consistent scoring sys-

Table 3. Endoscopic findings associated with histologic 

activity in patients with mild endoscopic activity (Mayo 

endoscopic subscore = 1)

Endoscopic findings
NI < 3 
(n =18)

NI ≥ 3 
(n = 50)

p value

Erythema 18 (100.0) 48 (96.0) 0.389

Decreased vascular 
pattern

17 (94.4) 49 (98.0) 0.444

Mucosal friability 11 (61.1) 44 (88.0) 0.013

Values are presented as number (%).
NI, Nancy index.
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tem, Marchal-Bressenot et al. [21] developed the NI in 2017. 
The NI is composed of three histologic items yielding a five-
grade classification for histologic disease activity in UC [21], 
and the European Crohn’s and Colitis Organisation (ECCO) 
has recommended its use in clinical practice [27]. Our study 
incorporated NI because of its excellent intra- and interob-
server reliability, simplicity, and practicality [26,27]. Our data 
indicated that in patients with mild endoscopic activity (MES 
of 1), NI ≥ 3 was a predictor of poor clinical outcomes. NI = 
2 was not free from poor outcomes, although statistical sig-
nificance was not achieved. These findings not only confirm 
the predictive value of the scoring system but also provide 
a cutoff value to assess active histologic disease in patients 
with UC. Incomplete validation of index systems and the 
need to change the type or dose of agents based on histo-
logical activity in patients with mucosal healing are clinical 
issues that may arise when using histological remission as 
a therapeutic goal and require further attention. However, 
accumulating evidence suggests a strong relationship be-
tween histological activity and disease prognosis in patients 
with UC.

None of the patients with MESs of 0 experienced disease 
progression during the follow-up period. These results imply 
that patients with UC having an MES of 0 have favorable 
clinical outcomes regardless of histologic activity. This is con-
sistent with previous studies reporting that more stringent 
criteria, that is, targeting an MES of 0 for treatment, are 
associated with better clinical outcomes and lower relapse 
rates [9,28]. We still need to emphasize this point. A previ-
ous meta-analysis showed that the estimated annual risk of 
clinical relapse in patients who achieved clinical remission 
with an MES of 0 was 13.7% [29]. Considering the clinical 
course of patients with an MES of 1, future disease relapses 
might occur in patients with an MES of 0 if the NI is ≥ 3. 
Therefore, conducting further long-term follow-up research 
with a greater focus on patients with an MES of 0 would 
be helpful.

A correlation between the histological index and endo-
scopic findings was observed in our study. Interestingly, our 
data indicated that mucosal friability was predictive of active 
histological inflammation in patients with UC having an MES 
of 1. However, this finding may be somewhat limited owing 
to the lack of detailed and objective definitions of “mucosal 
friability,” and endoscopic findings may be subject to sig-
nificant inter-observer variability. Validation through large-
scale studies is required to offer important implications for 

the development of endoscopic systems that can predict 
histological activity. Assessing histological activity through 
NI using biopsy would help better predict patient prognosis 
and endoscopic findings are still considered an alternative.

Individual histological features associated with disease 
prognosis have been widely studied [12,17,30]. Although 
none of these features are reliable on their own, some of 
these features are noteworthy. Riley et al. [31] found that 
acute inflammatory cell infiltration, crypt abscesses, and 
mucin depletion were statistically significant predictors of 
clinical relapse. The presence of basal plasmacytosis has 
been suggested to have a substantial predictive value for 
clinical relapse, with excellent reproducibility, although 
some recent studies have failed to demonstrate its value as 
a prognostic factor [32-34]. A serrated architectural abnor-
mality is a histological finding described relatively recently in 
patients with UC, and some studies have indicated that its 
presence is associated with an increased risk of high-grade 
dysplasia and colorectal neoplasia [35,36]. In our study, al-
though multivariate analysis revealed that a serrated archi-
tectural abnormality could not be an independent individ-
ual histologic risk factor for disease progression, a serrated 
architectural abnormality may be associated with a disease 
related to chronic mucosal inflammation. Further studies are 
required to establish the role of serrated architectural abnor-
malities in patients with UC.

A key limitation of our study was that patients with proc-
titis were included, which may have led to a lower disease 
progression rate. Another limitation was that not all patients 
were evaluated using colonoscopy; approximately 40% 
were evaluated using sigmoidoscopy. Further limitations 
include being a single-center study, which is partially com-
pensated for by the minimal interobserver variation in pa-
thology. The lack of long-term follow-up data and relatively 
small sample size are also limitations of this study. Because 
the number of patients with an MES of 0 in our study was 
not sufficiently large and the follow-up period was not long 
enough, the usefulness of NI in these patients needs to be 
investigated in larger-scale and long-term follow-up studies.

In conclusion, our study suggests that patients with UC 
having more severe histologic activity (NI ≥ 2) observed on 
histology may require closer monitoring, even if they have 
mild endoscopic activity (MES of 1). Mucosal friability on en-
doscopy may be a clue to suspect a more severe histological 
status. These findings may help identify patients with UC 
who require closer monitoring.
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KEY MESSAGE
1.	 Patients with UC having more severe histologic 

activity showed a poor prognosis, even if they had 
mild endoscopic activity.

2.	Mucosal friability on endoscopy was associated 
with a more severe histologic status.

3.	Histologic and endoscopic assessment can help 
predict prognosis of patients with UC patients hav-
ing mild endoscopic activity. 
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Supplementary Table 1. Definition and assessment of histologic items

Histologic feature Score 0 Score 1 Score 2 Score 3

Chronic inflammatory infiltrate (quantity of lymphocytes 
and plasmacytes in the biopsy specimen)

No increase Mild but unequivocal 
increase

Moderate  
increase

Marked  
increase

Neutrophils in the epithelium None < 50% crypt involved > 50% crypt 
involved

Ulceration (visible epithelial injury and regeneration and/
or fibrin and neutrophils and/or tissue granulation)

Absent Present

Acute inflammatory cell infiltrate None Mild Moderate Severe

Mucin depletion None Mild Moderate Severe

Neutrophils in lamina propria None Mild Moderate Severe

Basal plasmacytosis None Mild Moderate Severe

Serrated architectural abnormalities (presence of dilated 
crypts showing a scalloped lumen)

None < 5% crypt  
involved

< 50% crypt
involved

> 50% crypt 
involved
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Supplementary Table 2. Univariate analysis to evaluate the histological features associated with disease progression in UC 

patients with mild endoscopic activity

Histologic feature No disease progression Disease progression p value

Chronic inflammatory infiltration 1.59 ± 0.66 1.67 ± 0.49 0.662

Neutrophils in the epithelium 0.50 ± 0.61 0.60 ± 0.63 0.556

Acute inflammatory cell infiltrate 1.23 ± 0.76 1.33 ± 0.72 0.605

Mucin depletion 0.82 ± 0.74 0.73 ± 0.70 0.694

Neutrophils in lamina propria 0.84 ± 0.72 1.20 ± 0.56 0.061

Basal plasmacytosis 0.00 0.00 -

Serrated architectural abnormalities 0.98 ± 0.91 1.80 ± 0.89 0.002

Ulceration 0.33 ± 0.47 0.80 ± 0.41 0.001

Values are presented as mean ± standard deviation.
UC, ulcerative colitis.
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Supplementary Table 3. Multivariate analysis to evaluate the histological features associated with disease progression in 

UC patients with mild endoscopic activity

Histologic feature OR (95% CI) p value

Serrated architectural abnormalities 1.76 (0.82–3.79) 0.147

Nancy index 2.071 (0.964–4.447) 0.062

CI, confidence interval; OR, odds ratio; UC, ulcerative colitis.
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