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Abstract

Advanced therapies for patients with mild-to-severe ulcerative colitis (UC) may result in treatment failure. We examined
whether the lymphocyte-to-monocyte ratio (L/M ratio) could predict the failure of advanced therapies. This retrospective,
observational, cohort study included 73 patients who were treated with advanced therapies at the Hamamatsu University
School of Medicine (Shizuoka, Japan) between February 2011 and November 2020. The patients were divided into the non-
failure and failure groups, and their leukocyte counts and ratios before induction were examined. Univariate and multivari-
ate analyses were performed to identify the prognostic factors. Advanced therapies failed within 3 months in 15 (20.5%)
patients. Only the L/M ratio was significantly lower in the failure group than in the non-failure group (P¼0.004). Receiver-
operating characteristic (ROC) curve analysis revealed that an L/M ratio of �3.417 was predictive of treatment failure; the
area under the curve (AUC) was 0.747 (95% CI, 0.620–0.874). Kaplan–Meier analysis revealed that the failure-free rate was sig-
nificantly lower in the group with an L/M ratio of �3.417 than in the group with an L/M ratio of >3.417 (log-rank test
P¼0.002). Cox proportional hazard regression analysis identified an L/M ratio of �3.417 as an independent risk factor for
failure within 3 months after the induction of advanced therapies. Furthermore, ROC analysis of patients who did not re-
ceive immunomodulators also revealed that the cut-off L/M ratio was 3.417 and the AUC was 0.796 (95% CI, 0.666–0.925). In
patients receiving advanced therapies for active UC, the L/M ratio can predict treatment failure within 3 months. L/M ratios
could facilitate the transition from advanced therapies to subsequent treatments.
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Introduction

The incidence of ulcerative colitis (UC), an inflammatory bowel
disease, is increasing worldwide [1]. In the past, corticosteroids
comprised the first-line treatment for patients with mild-to-
severe UC; however, due to steroid dependence or steroid resis-
tance, 50% of the patients developed refractory UC 1 year after
steroid treatment [2]. Therefore, advanced biopharmaceutical
therapies have emerged as alternatives to steroids, and inflixi-
mab (IFX; an antitumor necrosis factor [TNF]-a antibody) can
achieve both clinical and endoscopic remission in patients with
UC [3]. Additionally, the anti-TNF-a antibodies adalimumab
(ADA) and golimumab (GLM) have proven effective for UC and
have been used in clinical practice to treat many patients [4, 5].
Moreover, advanced therapies targeting various molecules in-
volved in the pathophysiology of UC have also been identified.
For example, studies have reported the usefulness of vedolizu-
mab (VDZ; an anti-integrin antibody), tofacitinib (TOF; an oral
small Janus kinase inhibitor), and ustekinumab (UST; an antag-
onist of the p40 subunit of interleukin-12 and interleukin-23)
[6–8]. Accordingly, advanced therapies for UC comprise treat-
ment with IFX, ADA, GLM, VDZ, TOF, and UST.

Despite the availability of various advanced drug therapies for
UC, each drug is associated with cases of treatment resistance.
Accordingly, a switch to other advanced therapies or to oral
tacrolimus may be required in these cases; however, if there is no
improvement with these treatments, colectomy may be required.
Therefore, to maintain the patient’s quality of life and to ensure a
timely transition to the next treatment without worsening the
general condition, accurate and prompt evaluation of the need to
switch to other treatments of UC are essential.

The responses to advanced therapies for UC have been eval-
uated in several studies. Many studies have focused on the rela-
tionship between the drug trough levels, anti-drug antibody
levels, and prognosis. These studies have found that high
trough and low anti-drug antibody levels indicated a therapeu-
tic effect of the advanced therapies and predicted a good clinical
course [9–12]. Advanced therapies have also shown good thera-
peutic effects in naive cases [13]. Studies that predicted the
prognosis of patients with UC who were treated with anti-TNF-a
antibodies investigated the data on baseline blood biomarker
concentrations and the short-term changes in these markers
between before and after treatment induction [14–18].

Leukocytes include neutrophil, basophil, eosinophil, lympho-
cyte, and monocyte fractions. Cherfane et al. [19] reported that
the lymphocyte-to-monocyte ratio (L/M ratio) is a useful bio-
marker of UC activity. Moreover, biomarkers such as fecal calpro-
tectin (FC) and the fecal immunochemical test (FIT) not only
indicate a relationship with clinical or endoscopic activity, but
also predict clinical relapse [20–25]. In addition, some studies on
patients with UC treated with anti-TNF-a preparations have iden-
tified FC as a useful marker for prognosis [26–28]. However, no
previous study has attempted to predict the clinical prognosis on
the basis of the L/M ratio. Therefore, in this study, we have retro-
spectively examined the relationship between the L/M ratio and
treatment failure during induction with advanced therapies.

Materials and methods
Study design and patients

This retrospective cohort study included patients with UC who
were treated with advanced therapies at the Hamamatsu
University School of Medicine (Shizuoka, Japan) between

February 2011 and November 2020. The diagnosis of UC in these
patients was based on typical medical history and clinical fea-
tures, as well as on the endoscopic and histological evaluations
performed in accordance with recent guidelines [29]. The inclu-
sion criteria were as follows: (i) advanced treatment-naive
patients (to avoid the influence of previous advanced therapies)
and (ii) patients diagnosed with mild-to-severe UC based on the
clinical activity index (CAI) and biological data. Patients with UC
who underwent intestinal resection were excluded. Patients
who discontinued treatment due to adverse events or who were
lost to follow-up were also excluded. Similarly to our previous
study [30], the primary endpoint in this study was the associa-
tion between the L/M ratio and treatment failure, which was de-
fined by the need to switch to other advanced therapies or
colectomy within 3 months from induction with advanced ther-
apies. The secondary endpoints were the recurrence-free peri-
ods divided into two groups based on the cut-off L/M ratio.

Disease assessment

The CAI (Rachmilewitz index) was used to evaluate the included
patients [31]. In this study, a CAI of <4 was defined as remission
and a CAI of �4 was defined as active UC (mild-to-severe). The
white blood cell count and the neutrophil, lymphocyte, and
monocyte counts at the start of the treatment were evaluated; all
included patients underwent colonoscopy before induction. The
Mayo endoscopic subscore (MES) was used for the assessment of
the UC mucosal status based on the following criteria: 0, normal
or inactive disease; 1, mild disease (erythema, decreased vascular
pattern, and mild friability); 2, moderate disease (marked ery-
thema, absent vascular patterns, friability, and erosions); and 3,
severe disease (spontaneous bleeding and ulceration) [32].
Complete mucosal healing was defined by an MES of 0.

Advanced therapies and follow-up

Each advanced therapy was administered with eligible doses
and dosages (Supplementary Table 1). The included patients
were followed up for >3 months as inpatients or outpatients.
Failure of advanced therapies was defined as the requirement
of colectomy or of switching to other advanced therapies or cal-
cineurin inhibitors within 3 months from the previous induction
with advanced therapies. Patients were divided into the failure
and non-failure groups accordingly.

Statistical analysis

Statistical analyses of the data were performed using SPSS ver-
sion 24 (IBM, Armonk, NY, USA) and EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan). P-values of
<0.05 were considered statistically significant. Differences in the
values between the non-failure and failure groups were com-
pared using the Mann–Whitney U test and the Student’s t-test.
Receiver-operating characteristic (ROC) analysis was conducted
to determine the optimal cut-off value of the L/M ratio for predict-
ing failure within 3 months of the therapy. The accuracy of this
cut-off ratio was evaluated using the area under the ROC curve
(AUC). The cumulative remission rate was analysed using Cox
proportional hazard regression and Kaplan–Meier analyses; inter-
group comparisons were performed using the log-rank test.

Ethics statement

The protocol for this retrospective study was reviewed and ap-
proved by the Ethics Committee of Hamamatsu University
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School of Medicine (No. 21–029). This study was conducted in
accordance with the principles of Good Clinical Practice and the
Declaration of Helsinki. Written informed consent was obtained
from all participants of the study.

Results
Patient characteristics

Figure 1 presents the flow diagram depicting the patient selec-
tion process and Table 1 shows the baseline characteristics of
the 73 patients with UC included in this study at the time of ad-
vanced therapy induction. The mean age and disease duration
of the patients were 45.2 and 6.9 years, respectively. The mean
CAI was 7.4, and MESs of 1, 2, and 3 were recorded in 6, 47, and
20 patients, respectively; no patients were noted to have an MES
of 0. Other medications taken by the patients at the time of the
study were oral 5-aminosalicylic acid (5-ASA; n¼ 44), supposi-
tory steroids (n¼ 7), systemic steroids (n¼ 27), and immunomo-
dulators (n¼ 28). The agents used in advanced therapies were
IFX (n¼ 30; 41.1%), ADA (n¼ 24; 32.9%), GLM (n¼ 6; 8.2%), TOF
(n¼ 8; 11.0%), VDZ (n¼ 4; 5.5%), and UST (n¼ 1; 1.4%).

Comparison of the non-failure and failure groups

Of the 73 patients included, 15 (20.5%) experienced treatment
failure at the 3-month follow-up after the start of the study
(Table 1 and Figure 1). The non-failure and failure groups
showed no significant differences in the baseline patient back-
ground data. The absolute counts of leukocytes and their sub-
types and the subtype ratios were compared between the non-
failure and failure groups (Table 2). The absolute counts of the
neutrophils, lymphocytes, and monocytes did not differ signifi-
cantly between the groups; however, the monocyte count
tended to be higher in the failure group than in the non-failure
group (P¼ 0.060). Among the leukocyte subtype ratios, only the
L/M ratio was significantly lower in the failure group than in the
non-failure group (P¼ 0.004).

Prediction of treatment failure within 3 months of
advanced therapy induction using the L/M ratio

As the L/M ratio was suggested to predict treatment failure
within 3 months of advanced therapy induction, ROC analyses
were performed using this ratio (Figure 2A). The optimal cut-off
L/M ratio was 3.417, and its sensitivity and specificity were 0.733

and 0.707, respectively. ROC analysis revealed an AUC of 0.747
(95% CI, 0.620–0.874). A Kaplan–Meier analysis was then per-
formed for two groups: one with an L/M ratio of >3.417 and the
other with an L/M ratio of �3.417 (Figure 2B). The group with an
L/M ratio of �3.417 had a significantly lower failure-free ratio in
the log-rank test than the group with an L/M ratio of >3.417
(P¼ 0.002). Cox proportional hazard regression analysis showed
that an L/M ratio of �3.417 could be an independent risk factor
for treatment failure within 3 months of the induction of ad-
vanced therapies (Table 3).

Subgroup analysis

To predict the prognosis more accurately using the L/M ratio, a
subgroup analysis was performed based on combination thera-
pies (other than the advanced therapies) that were adminis-
tered at the time of therapy induction (Table 4). Significant
differences were observed between the non-failure and failure
groups in terms of the patients who received systemic steroids
(P¼ 0.009) and those who did not receive oral 5-ASA and immu-
nomodulators (P¼ 0.020 and P¼ 0.009, respectively; Figure 3).
ROC analysis of the L/M ratio predictive of treatment failure
within 3 months of therapy induction in subgroups with signifi-
cant differences showed that the cut-off L/M ratio was 3.417 in
all subgroups, and the largest AUC was 0.796 (95% CI, 0.666–
0.925) for the group of patients who did not receive immunomo-
dulators (Table 5).

Discussion

This study investigated the usefulness of the L/M ratio for the
prognostication of advanced therapies that are widely used for
UC. Many studies have attempted to predict the therapeutic
effects of advanced therapies, especially anti-TNFa prepara-
tions, on UC. Moreover, high drug trough levels and low levels
of anti-drug antibodies after the start of the treatment are
reported to be the predictors of treatment response [10, 11, 33].
However, induction with anti-TNFa antibodies and the subse-
quent tests require time. This can present a major problem in
actual clinical practice because many facilities outsource these
tests. Biomarkers are alternative prognostic predictors for ad-
vanced therapies and FC measurements have been reported to
be particularly useful [26–28]. However, for facilities that out-
source this evaluation, there is a considerable delay between
sample collection and the results even for FC measurements;
moreover, frequent tests are expensive. In contrast, the L/M ra-
tio can be determined using conventional blood cell measure-
ment methods; the ability to perform relatively rapid
measurements and the low costs are the additional advantages
of using the L/M ratio as a prognostic marker. As Cherfane et al.
[19] reported, the L/M ratio is an evaluation method that indi-
cates the severity of UC. The present study only predicted the
short-term prognosis of advanced therapies using this severity-
evaluation method; this theory is similar to that of prognosis
prediction using biomarkers such as the FC and FIT. We noted
that the disadvantage of using the L/M ratio for predicting the
prognosis for advanced therapies was the lack of specificity for
the therapeutic drug used. However, because of this lack of spe-
cificity, we think that the L/M ratio can be an index for predict-
ing the effects of other drugs for UC, such as calcineurin
inhibitors. Examining the usefulness of the L/M ratio for predict-
ing the prognosis in other treatments is a subject for our future
research.

Figure 1. Flow diagram depicting the patient selection process. CAI, clinical ac-

tivity index.
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Table 1. Baseline characteristics of the 73 patients with UC included in this study

Characteristics Total (n¼ 73) Non-failure group (n¼ 58) Failure group (n¼ 15) P-value

Age, years, mean 6 SD 45.2 6 18.3 45.5 6 18.1 44.0 6 19.7 0.782
Male, n (%) 44 (60.3) 34 (58.6) 10 (66.7) 0.768
Disease duration, years, mean 6 SD 6.9 6 8.4 7.4 6 8.6 5.0 6 7.7 0.054
Disease extent, n (%) 0.777

Extensive colitis 58 (79.5) 45 (77.6) 13 (86.7)
Left-sided colitis 14 (19.2) 12 (20.7) 2 (13.3)
Proctitis 1 (1.4) 1 (1.7) 0 (0.0)

CAI, mean 6 SD 7.4 6 2.9 7.1 6 2.7 8.5 6 3.4 0.101
MES, n (%)

MES 1 6 (8.2) 6 (10.3) 0 (0.0) 0.335
MES 2 47 (64.4) 36 (62.1) 11 (73.3) 0.550
MES 3 20 (27.4) 16 (27.6) 4 (26.7) 1

Advanced therapy, n (%) 0.573
Infliximab 30 (41.1) 21 (36.2) 9 (60.0)
Adalimumab 24 (32.9) 20 (34.5) 4 (26.7)
Golimumab 6 (8.2) 6 (10.3) 0 (0.0)
Tofacitinib 8 (11.0) 6 (10.3) 2 (13.3)
Vedolizumab 4 (5.5) 4 (6.9) 0 (0.0)
Ustekinumab 1 (1.4) 1 (1.7) 0 (0.0)

Additional medication, n (%)
Oral 5-ASA 44 (60.3) 38 (65.5) 6 (40.0) 0.084
Suppository steroids 7 (9.6) 6 (10.3) 1 (6.7) 1
Systemic steroids 27 (37.0) 22 (37.9) 5 (33.3) 1
Immunomodulators 28 (38.4) 21 (36.2) 7 (46.7) 0.555

UC, ulcerative colitis; SD, standard deviation; CAI, clinical activity index; MES, Mayo endoscopic subscore; 5-ASA, 5-aminosalicylic acid.

Table 2. Intergroup comparison of the counts and ratios of the leukocyte subtypes

Variable Non-failure group (n¼ 58) Failure group (n¼ 15) P-value

Neutrophil count, /lL, mean 6 SD 5,135 6 3,162 5,115 6 3,350 0.983
Lymphocyte count, /lL, mean 6 SD 1,475 6 746 1,239 6 723 0.275
Monocyte count, /lL, mean 6 SD 407 6 274 567 6 343 0.060
Neutrophil-to-lymphocyte ratio, mean 6 SD 4.72 6 4.82 4.64 6 2.41 0.952
Neutrophil-to-monocyte ratio, mean 6 SD 17.03 6 16.74 12.19 6 11.33 0.295
Lymphocyte-to-monocyte ratio, mean 6 SD 4.36 6 2.14 2.63 6 1.27 0.004

SD, standard deviation

Figure 2. Receiver-operating characteristic analysis of the L/M ratio for predicting failure within 3 months (A) and Kaplan–Meier curve of failure-free survival for groups

with an L/M ratio of >3.417 and an L/M ratio of �3.417 (B).
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Several studies have been conducted to evaluate the activity
of UC using the leukocyte fraction and many of these have eval-
uated the UC activity using the neutrophil-to-lymphocyte (N/L
ratio) and the L/M ratio [19, 34, 35]. Cherfane et al. [19] reported
that the L/M ratio was significantly higher in the UC remission
group than in the active UC group (P< 0.0001); however, the N/L
ratio did not show a significant difference between the two
groups. Furthermore, these studies also demonstrated signifi-
cant differences in the L/M and N/L ratios between the active
and quiescent colonoscopy groups. Okba et al. [34] reported that
both the N/L ratio and the L/M ratio showed significant differen-
ces between clinically inactive and active UC patients. However,
the N/L ratio (but not the L/M ratio) showed a significant correla-
tion with the endoscopic activity (P< 0.001), indicating that the
N/L ratio reflected the UC activity more accurately than the L/M
ratio did. In contrast, Xu et al. [35] reported that the L/M ratio, in-
stead of the N/L ratio, showed a significant difference between
the inactive UC and the active UC groups (P¼ 0.011). Although
the CAI and endoscopic scores of the patients differed among
these studies, the studies themselves demonstrated a consis-
tently significant relationship between the clinical activity of
UC and the L/M ratio.

Previous studies on UC and Crohn’s disease have demon-
strated reduced lymphocyte reactivity at the peripheral and
mucosal levels, and we believe that it is reasonable for the lym-
phocyte reactivity to decrease in the presence of inflammation
[36–38]. Neutrophils are the first cells to infiltrate and proliferate
at the site of infection or inflammation, and some studies have
shown that the absolute neutrophil count is significantly higher
in patients with active UC than in patients under remission [19,
34, 39]. In contrast, monocytes develop in the bone marrow and
circulate in the blood before penetrating the tissues, where they

then differentiate into either macrophages or dendritic cells
and participate in inflammation. Therefore, monocytes are con-
sidered the precursor cells for the development of inflammation
[40]. Based on the mechanisms of neutrophils, lymphocytes,
and monocytes in inflammatory responses, we considered that

Table 3. Results of the Cox proportional hazard regression analysis to determine the risk factors for failure within 3 months of the induction of
advanced therapy

Variable Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Lymphocyte-to-monocyte ratio �3.417 (yes vs no) 5.093 1.620–16.01 0.005 7.707 2.170–27.37 0.002
Age (increase by 1 year) 0.996 0.968–1.024 0.775 0.989 0.957–1.022 0.504
Sex (male vs female) 1.283 0.438–3.753 0.650 0.776 0.232–2.600 0.681
Extensive colitis (yes vs no) 1.818 0.410–8.056 0.432 2.276 0.481–10.77 0.300
Disease duration (increase by 1 year) 0.964 0.892–1.043 0.363 0.999 0.909–1.098 0.988
Additional medication (yes vs no)

Oral 5-ASA 0.439 0.156–1.233 0.118 0.480 0.158–1.460 0.196
Suppository steroids 0.739 0.097–5.618 0.770 0.584 0.065–5.246 0.631
Systemic steroids 0.853 0.292–2.496 0.772 0.622 0.185–2.093 0.443
Immunomodulators 1.522 0.552–4.200 0.417 2.500 0.763–8.186 0.130

HR, hazard ratio; 5-ASA, 5-aminosalicylic acid.

Table 4. L/M ratio-based subgroup analysis on additional treatment

Variable Non-failure group Failure group P-value

Oral 5-ASA (þ; n¼ 44), mean 6 SD 4.24 6 2.01 2.80 6 1.57 0.103
Oral 5-ASA (�; n¼ 29), mean 6 SD 4.60 6 2.41 2.51 6 1.11 0.020
Systemic steroids (þ; n¼ 27), mean 6 SD 4.62 6 2.27 2.57 6 1.24 0.009
Systemic steroids (�; n¼ 46), mean 6 SD 3.95 6 1.88 2.74 6 1.46 0.191
Immunomodulators (þ; n¼ 28), mean 6 SD 5.02 6 2.56 3.11 6 1.53 0.075
Immunomodulators (�; n¼ 45), mean 6 SD 3.99 6 1.79 2.21 6 0.89 0.009

5-ASA, 5-aminosalicylic acid; SD, standard deviation.

Figure 3. Receiver-operating characteristics curve of the L/M ratio for predicting

treatment failure within 3 months of therapy induction in groups of patients re-

ceiving systemic steroids with systemic steroids or without oral 5-aminosali-

cylic acid (5-ASA) or immunomodulators
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the N/L ratio (in which the neutrophils represent an ongoing in-
flammation) would indicate the current activity of UC.
Conversely, the L/M ratio (in which the monocytes are involved
in inflammation through differentiation) reflects the activity in
the near future. Therefore, only the L/M ratio, and not the N/L
ratio, could predict the short-term prognosis in this study.

In addition, a subgroup analysis was performed for concomi-
tant drugs (other than those used for advanced therapy) be-
cause immunomodulators are known to cause leukocyte
reduction [41]. The M/L ratio enabled a more accurate short-
term prognosis prediction only when analysed in patients who
did not use immunomodulators. Patients using immunomodu-
lators were also intentionally excluded from previous studies
that evaluated the N/L ratio [38, 42]. Thus, in this study, the in-
clusion of <40% of patients consuming immunomodulators at
the beginning of the advanced therapies may have resulted in
an inadequate prognosis prediction accuracy; therefore, future
studies must accumulate and examine more such cases.
Moreover, the high L/M ratio observed in the systemic steroid-
treated group of one study may be due to steroid administration
increasing the neutrophil count and decreasing the lymphocyte

count, thereby changing the L/M ratio [43]. However, the reason
for the significantly lower L/M ratio in the oral 5-ASA non-
administered group is unclear from this analysis and a follow-
up survey to evaluate this finding will be conducted in the
future.

This study had several limitations. First, the primary limita-
tions included the single-center and retrospective nature of the
study and the small sample size. Second, the consideration of
each treatment may have been a potential confounding factor,
especially in the analysis of the presence or absence of individ-
ual treatments. In order to obtain a correct interpretation, it
may be desirable to perform a subgroup analysis for each treat-
ment depending on whether or not the drug alone is used spe-
cifically. However, in such a subgroup, the number of subjects is
reduced; therefore, more effective analyses cannot be per-
formed. Third, the findings were not compared with those for
other biomarkers. FC and FIT are also useful biomarkers for
prognosis prediction, and comparing the L/M ratio with them
may provide more insights into the advantages and disadvan-
tages of L/M-based predictions; this could serve as the basis for
a future study.

In conclusion, the L/M ratio can predict treatment failure
within 3 months of advanced therapy induction in patients with
active UC. The study findings showed that the L/M ratio might
improve the accuracy of prognosis prediction, especially in
patients who are not on immunomodulators.

Supplementary data

Supplementary data is available at Gastroenterology Report
online.
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11.Aguas Peris M, Bosó V, Navarro B et al. Serum adalimumab
levels predict successful remission and safe deintensification

Table 5. Receiver-operating characteristic analysis of the L/M ratio based on additional treatment

Variable Cut-off value AUC 95% CI Sensitivity Specificity

Oral 5-ASA (�; n¼ 29) 3.417 0.778 0.593–0.963 0.889 0.750
Systemic steroids (þ; n¼ 27) 3.417 0.768 0.617–0.919 0.800 0.750
Immunomodulators (�; n¼ 45) 3.417 0.796 0.666–0.925 1.000 0.676

AUC, area under the curve; CI, confidence interval; 5-ASA, 5-aminosalicylic.

6 | Ishida et al.

Deleted Text: monocyte-to-lymphocyte
Deleted Text: less than 
Deleted Text: ,
Deleted Text: re
Deleted Text: -group
Deleted Text: -group
https://academic.oup.com/gastro/article-lookup/doi/10.1093/gastro/goac025#supplementary-data
Deleted Text: The authors 
Deleted Text:  that there are no conflicts of interest in this study


in inflammatory bowel disease patients in clinical practice.
Inflamm Bowel Dis 2017;23:1454–60.

12.Guidi L, Pugliese D, Panici Tonucci T et al. Early vedolizumab
trough levels predict treatment persistence over the first year
in inflammatory bowel disease. United Eur Gastroenterol J 2019;
7:1189–97.

13.Mu~noz-Villafranca C, Ortiz de Zarate J, Arreba P et al.
Adalimumab treatment of anti-TNF-naı̈ve patients with ul-
cerative colitis: deep remission and response factors. Dig Liver
Dis 2018;50:812–9.

14.Syal G, Robbins L, Kashani A et al. Hypoalbuminemia and ban-
demia predict failure of infliximab rescue therapy in acute se-
vere ulcerative colitis. Dig Dis Sci 2021;66:199–205.

15.Nishida Y, Hosomi S, Yamagami H et al. Neutrophil-to-lym-
phocyte ratio for predicting loss of response to infliximab in
ulcerative colitis. PLoS One 2017;12:e0169845.

16.Choy MC, Seah D, Gorelik A et al. Predicting response after
infliximab salvage in acute severe ulcerative colitis.
J Gastroenterol Hepatol 2018;33:1347–52.

17.Lee SH, Walshe M, Oh EH et al. Early changes in serum albu-
min predict clinical and endoscopic outcomes in patients
with ulcerative colitis starting anti-TNF treatment. Inflamm
Bowel Dis 2021;27:1452–61.

18. Iwasa R, Yamada A, Sono K et al. C-reactive protein level at 2
weeks following initiation of infliximab induction therapy
predicts outcomes in patients with ulcerative colitis: a 3 year
follow-up study. BMC Gastroenterol 2015;15:103.

19.Cherfane CE, Gessel L, Cirillo D et al. Monocytosis and a low
lymphocyte to monocyte ratio are effective biomarkers of ul-
cerative colitis disease activity. Inflamm Bowel Dis 2015;21:
1769–75.

20.Hiraoka S, Kato J, Nakarai A et al. Consecutive measurements
by faecal immunochemical test in quiescent ulcerative colitis
patients can detect clinical relapse. J Crohns Colitis 2016;10:
687–94.

21.Nakarai A, Hiraoka S, Takahashi S et al. Simultaneous meas-
urements of faecal calprotectin and the faecal immunochem-
ical test in quiescent ulcerative colitis patients can stratify
risk of relapse. J Crohns Colitis 2018;12:71–6.

22.Yamamoto T, Shimoyama T, Umegae S et al. Endoscopic score
vs. fecal biomarkers for predicting relapse in patients with ul-
cerative colitis after clinical remission and mucosal healing.
Clin Transl Gastroenterol 2018;9:136.

23.Urushikubo J, Yanai S, Nakamura S et al. Practical fecal calpro-
tectin cut-off value for Japanese patients with ulcerative coli-
tis. Wjg 2018;24:4384–92.

24.Buisson A, Mak WY, Andersen MJ et al. Faecal calprotectin is a
very reliable tool to predict and monitor the risk of relapse af-
ter therapeutic de-escalation in patients with inflammatory
bowel diseases. J Crohns Colitis 2019;13:1012–24.

25.Naganuma M, Kobayashi T, Nasuno M et al. Significance of
conducting 2 types of fecal tests in patients with ulcerative
colitis. Clin Gastroenterol Hepatol 2020;18:1102–11.e5.

26.De Vos M, Louis EJ, Jahnsen J et al. Consecutive fecal calpro-
tectin measurements to predict relapse in patients with ul-
cerative colitis receiving infliximab maintenance therapy.
Inflamm Bowel Dis 2013;19:2111–7.

27.Hassan EA, Ramadan HK, Ismael AA et al. Noninvasive bio-
markers as surrogate predictors of clinical and endoscopic re-
mission after infliximab induction in patients with refractory
ulcerative colitis. Saudi J Gastroenterol 2017;23:238–45.

28.Bertani L, Blandizzi C, Mumolo MG et al. Fecal calprotectin
predicts mucosal healing in patients with ulcerative colitis
treated with biological therapies: a prospective study. Clin

Transl Gastroenterol 2020;11:e00174.
29.Magro F, Gionchetti P, Eliakim R, European Crohn’s and

Colitis Organisation [ECCO] et al. Third European evidence-
based consensus on diagnosis and management of ulcerative
colitis. Part 1: Definitions, diagnosis, extra-intestinal mani-
festations, pregnancy, cancer surveillance, surgery, and ileo-
anal pouch disorders. J Crohns Colitis 2017;11:649–70.

30. Ishida N, Miyazu T, Tamura S et al. Early serum albumin
changes in patients with ulcerative colitis treated with tacro-
limus will predict clinical outcome. World J Gastroenterol 2021;
27:3109–20.

31.Rachmilewitz D. Coated mesalazine (5-aminosalicylic acid)
versus sulphasalazine in the treatment of active ulcerative
colitis: a randomised trial. BMJ 1989;298:82–6.

32.Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5-ami-
nosalicylic acid therapy for mildly to moderately active ulcer-
ative colitis: a randomized study. N Engl J Med 1987;317:
1625–9.

33.Kobayashi T, Suzuki Y, Motoya S et al. First trough level of
infliximab at week 2 predicts future outcomes of induction
therapy in ulcerative colitis-results from a multicenter pro-
spective randomized controlled trial and its post hoc analy-
sis. J Gastroenterol 2016;51:241–51.

34.Okba AM, Amin MM, Abdelmoaty AS et al. Neutrophil/lym-
phocyte ratio and lymphocyte/monocyte ratio in ulcerative
colitis as non-invasive biomarkers of disease activity and se-
verity. Auto Immun Highlights 2019;10:4.

35.Xu M, Cen M, Chen X et al. Correlation between serological
biomarkers and disease activity in patients with inflamma-
tory bowel disease. BioMed Res Int 2019;2019:6517549.

36.Sachar DB, Taub RN, Brown SM et al. Impaired lymphocyte re-
sponsiveness in inflammatory bowel disease. Gastroenterology

1973;64:203–9.
37.Hermanowicz A, Gibson PR, Jewell DP. The role of phagocytes

in inflammatory bowel disease. Clin Sci (Lond) 1985;69:241–9.
38.Torun S, Tunc BD, Suvak B et al. Assessment of neutrophil-

lymphocyte ratio in ulcerative colitis: a promising marker in
predicting disease severity. Clin Res Hepatol Gastroenterol 2012;
36:491–7.

39.Akpinar MY, Ozin YO, Kaplan M et al. Platelet-to-lymphocyte
ratio and neutrophil-to-lymphocyte ratio predict mucosal
disease severity in ulcerative colitis. J Med Biochem 2018;37:
155–62.

40.Coillard A, Segura E. In vivo differentiation of human mono-
cytes. Front Immunol 2019;10:1907.

41.Cuffari C, Hunt S, Bayless T. Utilisation of erythrocyte 6-thio-
guanine metabolite levels to optimise azathioprine therapy
in patients with inflammatory bowel disease. Gut 2001;48:
642–6.

42.Celikbilek M, Dogan S, Ozbakır O et al. Neutrophil-lymphocyte
ratio as a predictor of disease severity in ulcerative colitis. J

Clin Lab Anal 2013;27:72–6.
43.Tanaka H, Ichikawa Y, Akama H et al. In vivo responsiveness

to glucocorticoid correlated with glucocorticoid receptor con-
tent in peripheral blood leukocytes in normal humans. Acta

Endocrinol (Copenh) 1989;121:470–6.

Lymphocyte-to-monocyte ratio is a short-term predictive marker | 7


	tblfn1
	tblfn2
	tblfn3
	tblfn4
	tblfn5



