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INTRODUCTION

Infliximab (IFX), a monoclonal antibody against tumor
necrosis factor alpha (TNF-α), has become an
established therapy for inducing and maintaining
remission in inflammatory bowel disease (IBD) and is
routinely used for treatment of moderate and severe
Crohn's disease (CD)［1-3］. For treatment of CD, the patients
initially receive 3 infusions at the dose of 5 mg/kg at 0,
2 and 6 weeks, and if the patients show a positive
response, maintenance IFX treatment is decided at an
8-week interval. Unfortunately, a large proportion of
patients who initially respond to IFX subsequently suffer a
disease relapse［4］, or loss of response (LOR). The mechanism
of LOR remains poorly understood, but mounting evidence
suggest that the formation of antidrug antibodies (ADA)
of IFX and pharmacokinetic variations in the individual
patients play an important role［4-6］.

Some prospective studies of patients in clinical

remission have been conducted to identify potential
biomarkers that may help predict the occurrence of LOR
to IFX. Patients with IBD who have low IFX trough
concentrations and significant amounts of ADA are
found to have largely poor clinical outcomes in terms of
a low rate of clinical response and poor mucosal healing［4-6］.
But considering the technical difficulty and high cost of
detecting plasma IFX concentrations and ADA of IFX,
researchers attempted to find a more cost-effective
predictor for LOR in CD patients. In particular, a
prospective study showed that Crohn's patients with a
C-reactive protein (CRP) level above 20 mg/L had a
relative risk of short-term relapse of 8.0 as compared
with the patients with a lower CRP level (≤20 mg/L)［7］.

The neutrophil-lymphocyte ratio (NLR) is a convenient
and effective marker of subclinical inflammation, and
can be indicative of inflammatory and neoplastic diseases in
the biliary tract［8］and bladder［9］as well as breast cancer［10］.
Several studies have reported the association between
NLR and the activity of IBD［11, 12］. In regard of IFX, a
study by Wlodarczyk et al［13］ showed that for patients
with CD who received a 52-week therapy of IFX, NLR at
14 weeks was a promising predictor of a sustained
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Abstract: Objective Loss of response (LOR) has become an important clinical problem in patients with Crohn's disease
receiving infliximab (IFX) treatment. Neutrophil-lymphocyte ratio (NLR) has been shown to correlate with the activity of
inflammatory bowel disease (IBD), and NLR at the 14th week of IFX therapy potentially allows the prediction of sustained
response to IFX in Crohn's patients. The aim of this study was to explore whether NLR at the 14th week of IFX therapy could
predict the occurrence of LOR to IFX in Crohn's patients. Methods Between January, 2012 and December, 2016, 54 patients
with Crohn's disease underwent a 52-week treatment with IFX and successfully achieved response to the induction treatment
in Zhongnan Hospital. We retrospectively examined their medical records and assessed the association between NLR at 14
weeks and LOR during IFX therapy. Results Of the 54 patients, 15 (27.8%) showed LOR to IFX during the follow-up. We noted
a significant increase in NLR at 14 weeks in the patients with LOR as compared with the patients with sustained response to
IFX [3.51 (2.9-6.25) vs 1.77 (1.23-2.56), P=0.00]. Receiver-operating characteristic analysis showed that at the cut-off value of 2.75,
NLR at 14 weeks was predictive of LOR within 52 weeks of IFX therapy with a sensitivity of 93.33% and a specificity of 84.62%,
and the area under curve (AUC) of NLR was 0.903 (0.731-0.959). Univariate analysis revealed a significant correlation between
relapse-free survival and the NLR at 14 weeks (P=0.00). Multivariate analysis identified NLR at 14 weeks as an independent
prognostic factor for LOR with a hazard ratio of 1.851 (95% CI: 1.096-3.026, P=0.021). Conclusion NLR at the 14th week during
IFX therapy is a useful predictor for LOR in patients with Crohn's disease.

Keywords: Crohn's disease; loss of response; infliximab; neutrophils-lymphocytes ratio; predictor

J South Med Univ, 2020, 40(4): 453-458 doi 10.12122/j.issn.1673-4254.2020.04.01 ·· 453



response. We therefore hypothesized that NLR at 14
weeks predicts LOR to IFX in patients with CD
receiving IFX maintenance therapy and conducted this
retrospective analysis of 54 patients receiving IFX
therapy for CD to test this hypothesis.
PATIENTS AND METHODS

Patients

This study was conducted under approval by the Medical
Ethics Committee of Wuhan University Zhongnan Hospital.
Due to the retrospective nature of this study and data
collection from the patients on an anonymous basis,
written informed consent from the patients were waived.

We collected data from 54 patients with CD
undergoing a 52-week treatment with IFX, who achieved
positive response to the induction treatment in Zhongnan
Hospital between January, 2012 and December, 2016.
In all the cases included, the diagnosis of CD was
established based on the clinical, endoscopic and
histopathological findings according to diagnostic
criteria from second European Crohn's and Colitis
Organization (ECCO) Consensus on the diagnosis and
management of CD［14］. The patients with a history of
cardiovascular disease, hemopathy, malignant tumor,
connective tissue disease or clinical evidence suggesting
an ongoing infection, which could affect the result of
NLR determination, were excluded from the study.

LOR to IFX was characterized by a clinical relapse
requiring infliximab dose optimization or secondary
alternative therapies among the responders during the
maintenance period［1］, whereas a sustained response to
IFX was defined as the absence of LOR over the
follow-up period among the responders. Responders
were defined as the patients who achieved a clinical
response at the end of the induction period (week 14)
without secondary alternative therapies such as tacrolimus,
corticosteroids, or proctocolectomy. Clinical response
was defined as a decrease by ≥70 points as well as a ≥25%
reduction from the baseline Crohn's Disease Activity Index
(CDAI).
Laboratory tests

We collected the laboratory data concerning NLR,
C-reactive protein (CRP), albumin (ALB), hemoglobin
(HGB), and mean platelet volume (MPV) from the
patients at the 14th week of IFX therapy and assessed
the disease activity every 8 weeks from the 14th week to
the 52th week based on the clinical records. The
differential WBC count was analyzed using a DXH-80
hematology analyzer, as per the manufacture's protocol.
In each case, the NLR of a blood sample was calculated
by dividing the absolute neutrophil count with the
absolute lymphocyte count.
Statistical analysis

All data analyses were performed using IBM SPSS
statistical software package (version 17.0). The continuous

variables are presented as the median with interquartile
range (IQR). Receiver-operating characteristics (ROC)
curves were plotted to calculate the area under the ROC
curve (AUC) and comparison of the AUCs was
performed using DeLong analysis. The clinical
characteristics of the patients were compared using
Chi-square test for categorical variables, and Mann-Whitney
U test was used for continuous variables. The predictive
factors of LOR were evaluated based on the cumulative
relapse-free rate (illustrated with a Kaplan-Meier plot).
The differences in the survival curves of the patients
were assessed with the log-rank test. Univariate and
multivariate analyses were performed using the Cox
regression model. The variables with a P value less than
0.15 in univariate analysis were analyzed in multivariate
analysis, and the data are presented as hazard ratios
(HR) with 95% confidence intervals (95% CI). A P
value less than 0.05 was considered to indicate a
statistically significant difference.
RESULTS

Demographic and baseline clinical data of the patients

The demographic and baseline clinical data of the
patients are presented in Tab.1. The median age of the
patients at the start of IFX therapy was 26 years (IQR
20-36 years). At the time of infliximab induction,
concomitant therapies with mesalamine, corticosteroids,
immunomodulators were used in 70.3% , 7.4%% , and
31.5% of the patients, respectively. During the 52-week
follow-up, 15 of the patients on maintenance therapy lost
response to IFX.
Tab.1 Baseline demographic and clinical data of the patients

Variable

n

Age at onset (year)

Male/female (n)

Disease location (n)

Terminal ileum

Colon

Ileocolon

Upper gastrointestinal tract

Age at diagnosis (year)

Age at start of IFX (year)

Duration from diagnosis to infliximab therapy (month)

Duration from onset to infliximab therapy (month)

Concomitant therapies [n (%)]

Mesalamine

Corticosteroids

Immunomodulators

Hemoglobin (g/dL)

Albumin (g/dL)

C-reactive protein (mg/dL)

Neutrophil-lymphocyte ratio

Mean platelet volume (fl)

Infliximab (mg/kg)

All patients

54

25 (18.75-33.25)

36/18

15

13

26

0

25 (19.75-26)

26 (20-36)

17 (2-144)

34 (3-180)

38 (70.3%)

4 (7.4%)

17 (31.5%)

125 (109-141)

42 (38.65-45.85)

3.9 (1.2-22.7)

2.07 (1.34-3.26)

8.3 (7.5-9.5)

4.63 (4.33-5.26)

J South Med Univ, 2020, 40(4): 453-458 http://www.j-smu.com·· 454



Predictive factors for LOR in responders

Tab.2 shows the comparison of the demographic
variables between patients with a sustained response
and those with LOR. Laboratory tests at the 14th week
revealed that patients in LOR group had significantly
higher NLR (P=0.00), CRP level (P=0.00) and MPV (P=
0.04).

We constructed ROC curves to assign the optimal
cut-off values of NLR, CRP and MPV at 14 weeks,
which were the variables potentially associated with
LOR to IFX. NLR had the highest predictive value, with
an AUC of 0.903; CRP and MPV at 14 weeks had lower

predictive value, with AUCs of 0.859 and 0.688,
respectively (Fig.1), but the difference in the AUCs was
not statistically significant between NLR and CRP. ROC
curve analysis showed that a cut-off value of NLR
greater than 2.75 resulted in a sensitivity of 93.33% and
a specificity of 84.62% for predicting LOR, and we
therefore set 2.75 as the cut-off value for NLR,
according to which the patients were classified into high
NLR group (n=20) and low NLR group (n=34). As shown
in Fig.2, the relapse-free survival rate was significantly
lower in the high NLR group than in the low NLR group
(P=0.00).

To minimize the influences by confounding

Tab.2 Comparison of the demographic variables between patients with a sustained response and those with LOR

Variable

n

Age (year)

Male gender (n)

Disease location (L1/L2/L3/L4)*

Age at diagnosis (year)

Age at start of IFX (year)

Time from diagnosis to infliximab therapy (month)

Time from onset to infliximab therapy (month)

Concomitant therapies

Mesalamine

Corticosteroids

Immunomodulators

Hemoglobin (g/dL)

Albumin (g/dL)

C-reactive protein (mg/dL)

Neutrophil-lymphocyte ratio

Mean platelet volume (fl)

Infliximab (mg/kg)

Sustained response

39

21 (18-33)

26

10/9/20/0

25 (20-36)

25 (18-34)

6 (2-144)

24 (3-180)

31/39

1/39

10/39

124.55 (110.75-145.55)

42.75 (35.40-46.25)

1.80 (0.90-7.15)

1.77 (1.23-2.56)

8.50 (7.55-9.75)

4.69 (4.35-5.36)

Loss of response

15

25 (23-37)

10

5/4/6/0

29 (23-36)

26 (24-34)

6 (3-48)

36 (5-96)

7/15

3/15

7/15

128.80 (103.60-135.10)

41.30 (36.00-43.60)

23.70 (9.20-64.60)

3.51 (2.90-6.25)

7.80 (7.40-8.30)

4.55 (4.08-5.08)

P

-

0.139

0.620

0.096

0.231

0.986

0.453

0.652

0.043

0.060

0.192

0.760

0.152

0.000

0.000

0.039

0.176

*L1: Terminal ileum; L2: Colon; L3: Lleocolon; L4: Upper gastrointestinal tract.

variables, we searched PubMed and Embase databases
for studies published in the years from 2010 to 2015 to
identify the clinical variables that were related to LOR
in CD patients［4, 5, 7, 13, 15-19］and were also documented in
the clinical records of the patients. Tab.3 and Tab.4
show univariate and multivariate Cox regression analyses of
these variables, among which NLR at 14 weeks was
identified as an independent prognostic factor for LOR
with a HR of 1.851 (95%CI: 1.096-3.026, P=0.021).

DISCUSSION

We found that patients who lost response to
maintenance IFX treatment after successful induction
therapy had a significantly higher NLR at 14 weeks than
those who maintained the response (3.51 vs 1.77, P=

0.000). NLR at 14 weeks showed an AUC of 0.903 for
predicting LOR to IFX maintenance treatment, and at
the cut-off value of 2.75, NLR at 14 weeks had a
sensitivity of 93.33% and a specificity of 84.62% for
predicting LOR.

The number of neutrophils increases during acute
inflammatory response as the first line of defense against
invading pathogens［20］. The role of neutrophils in the
pathology of CD remains unclear. Functional
impairment of the neutrophils results in lowered
capacity of bacterial clearance and fuels the ongoing
chronic inflammatory response. Within epithelial crypts
and in the intestinal lumen, the accumulation of
neutrophils directly correlates with the clinical disease
activity and epithelial injury［21］. Strong evidence from
previous studies has shown that in patients with IBD,
lymphocyte function is abnormal at both the peripheral
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and mucosal levels［22］. In this context, NLR can serve as
a universally available and cost-effective biomarker that
integrates two white blood cell (WBC) subtypes, and can
be easily calculated from the differential WBC counts
and is less prone to influences by conditions.

A few previous studies demonstrated the value of
NLR in patients with IBD［11-13, 23］. According to Gao et al［11］

and Wlodarczyk et al［13］, the value of NLR was associated
with the severity of CD, and a NLR higher than 3.667 at
14 weeks during the 52-week IFX therapy could predict
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Fig.1 Receiver-operating characteristic curve (ROC)
comparing the neutrophils-lymphocytes ratio (NLR),
C-reactive protein (CRP) and mean platelet volume (MPV)
at 14 weeks for predicting LOR to infliximab in patients with
Crohn's disease. The area under the ROC curve was 0.903
for NLR, 0.859 for CRP, and 0.688 for MPV.

Fig.2 Relapse-free survival of the patients with different
baseline neutrophil-lymphocyte ratios (NLR) during
infliximab therapy.
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Tab.3 Univariate Cox regression analysis of the factors for predicting loss of response after induction with
infliximab in the patients

Variable

Gender (male/female)

Age at onset (year)

Age at diagnosis (year)

Age at start of IFX (year)

Duration from diagnosis to infliximab therapy (month)

Duration from onset to infliximab therapy (month)

Concomitant therapies

Mesalamine

Corticosteroids

Immunomodulators

Anemia

Hypoalbuminemia

C-reactive protein (mg/dL)

Neutrophil-lymphocyte ratio

Mean platelet volume (fl)

Infliximab (mg/kg)

HR (95%CI)

0.969 (0.284-3.312)

1.035 (0.992-1.080)

1.026 (0.988-1.066)

1.035 (0.984-1.063)

0.912 (0.257-1.267)

1.004 (0.831-1.231)

1.371 (0.175-10.716)

0.762 (0.071-8.157)

2.282 (0.496-7.483)

1.426 (0.427-4.875)

1.347 (0.394-4.606)

1.020 (1.008-1.032)

2.098 (1.473-2.987)

0.664 (0.403-1.093)

0.286 (0.045-1.870)

P

0.960

0.116

0.187

0.255

0.582

0.966

0.716

0.822

0.173

0.571

0.635

0.001

0.000

0.108

0.193

HR: Hazard ratio; CI: Confidence interval.

CRP: C-reactive protein; NLR: Neutrophil-lymphocyte ratio;
MPV: Mean platelet volume; HR: Hazard ratio; CI: Confidence
interval.

Variable

Age at onset (year)

CRP (mg/dL)

NLR

MPV (fl)

HR (95%CI)

1.027 (0.967-1.091)

1.014 (0.994-1.035)

1.851 (1.096-3.026)

1.236 (0.686-2.227)

P

0.389

0.181

0.021

0.480

Tab.4 Multivariate Cox regression analysis of risk for loss of
response during follow-up after induction of infliximab
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LOR with a 67% sensitivity and a 80% specificity［13］.
But as the study by Wlodarczyk et al did not control the
variables that could potentially affect NLR (such as
cardiovascular disease), the cut-off value of NLR they
proposed appeared much higher than that in our study.
We assessed the potential factors affecting LOR in the
patients who achieved clinical remission through IFX
therapy. Comparison of the clinical parameters between
the patients with sustained response and those with LOR
indicated that both NLR and CRP were risk factors for
LOR, but NLR had a greater AUC than CRP (0.903 vs
0.859), although this differences was not statistically
significant. The result of multivariate analysis showed
that only NLR at 14 weeks was an independent factor for
predicting LOR in the responders.

Currently the mechanism of LOR to IFX is not fully
understood. Researchers suggest that serum trough level
of IFX and the formation of IFX antibody are associated
with the occurrence of LOR. The correlation between
NLR and LOR, based on the fact that IFX clearance is
related with an immunoglobulin G1 monoclonal
antibody, involves Fc-γ-receptor-mediated phagocytosis
by cells such as neutrophils［24］. Nishida et al［25］hypothesized
that patients with a higher NLR had a potentially higher
IFX clearance ability to result in a lower IFX concentration,
which could be a possible explanation for the relationship
between NLR and LOR in patients with CD.

This study also has some limitations. First, we did
not detect serum trough IFX levels and IFX antibodies
in all the patients, so that the relationship between NLR
and serum trough level of IFX could not be evaluated.
Second, this study is of a retrospective nature and involves
a relatively small cohort. Further prospective studies
with larger sample sizes and integrating serum trough
IFX level in the analysis are needed to verify our
conclusion that NLR at 14 weeks during a 52-week IFX
therapy is a key predictor for LOR in patients with CD.
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5252周英夫利西疗程中第周英夫利西疗程中第1414周中性粒细胞与淋巴细胞比值可预测周中性粒细胞与淋巴细胞比值可预测
克罗恩患克罗恩患者是否对治疗产生失应答者是否对治疗产生失应答
高 倩 1，董红霞 2，李 瑾 1

1武汉大学中南医院消化内科，湖北 武汉 430071；2武汉市中心医院超声诊断科，湖北 武汉 430014

摘要：目的 探索英夫利西（IFX）疗程中第14周时获得的中性粒细胞与淋巴细胞比值（NLR）能否预测克罗恩患者中失应答的发

生。方法 2012年1月~2016年12月，54名克罗恩患者在武汉市中南医院接受了IFX治疗。所有患者在诱导治疗后均得到了缓

解，并且在治疗开始后52周内定期回医院接受治疗。我们回顾性分析了这些病人的资料，以了解14周时的NLR值与 IFX失应

答的相关性。结果 54名克罗恩患者中，15（27.8%）名在接下来的疗程中出现了IFX失应答。相较于持续应答的患者，失应答患

者第14周时的NLR值更高[3.51（2.90~6.25）vs 1.77（1.2~2.56），P=0.00]，受试者工作特征曲线分析发现在52周的治疗中，14周

时NLR值预测克罗恩患者发生IFX失应答的最佳截点是2.75。该截点对应的敏感性为93.331%，特异性为84.62%，曲线下面积

为0.903（0.731~0.959）。单因素分析发现14周时NLR值与无复发生存率相关（P=0.00），多因素分析发现14周时NLR值对克罗

恩患者发生 IFX失应答有独立预测作用，其风险比（OR）为1.851（95% CI: 1.096~3.026，P=0.021）。结论 IFX疗程第14周时所

获得的NLR值是预测克罗恩患者发生IFX失应答的一项有效指标。

关键词：克罗恩病；失应答；英夫利西；中性粒细胞淋巴细胞比值；预测因子
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