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Background: To assess whether baseline serum high density lipoprotein (HDL) levels predict the effectiveness of infliximab in
patients with Crohn’s disease (CD).

Methods: This was a retrospective single-center study evaluating CD patients baseline data and effectiveness of infliximab at the
Xiangya Hospital, Central South University, between January 2016 and September 2021. The primary endpoint was composite
adverse outcome during 52 weeks, defined as clinical activity, changes in treatment, surgical treatment, or unexpected
readmission.

Results: Among the 166 enrolled patients, 37 (22.3%) experienced adverse events within the 52-week follow-up period. HDL was
identified as a predictor of adverse outcomes at 52 weeks (AUC 0.661, p < 0.05), with an optimal cut-off value of 0.85. Patients with
higher HDL levels not only exhibited elevated total cholesterol but were also associated with better nutritional status and lower
inflammatory burden. HDL was negatively correlated with white blood cell count and C-reactive protein, and positively correlated
with albumin level (p < 0.05). Baseline HDL level was an independent risk factor for adverse events within 52 weeks in CD patients
treated with infliximab (p = 0.022). Moreover, the high-HDL group demonstrated a significantly lower risk of developing adverse
events (p = 0.0017).

Conclusion: The identification of HDL as an independent risk factor for 52-week adverse events in infliximab-treated CD patients
suggests its potential utility as a predictive biomarker.

Trial Registration: The study adhered to the Declaration of Helsinki. All participants provided written informed consent, and the
study was approved by the Ethics Committee of Xiangya Hospital, Central South University with approval No. 202108158.

Plain Language Summary:

(1) Given the variable therapeutic response to IFX among patients, there exists a critical need for reliable biomarkers to monitor
treatment effectiveness and guide individualized clinical decision-making.

(2) HDL demonstrated significant inverse correlations with both CRP levels and WBC counts, while showing a positive association
with serum albumin concentrations. Multivariate analysis identified HDL as an independent predictor of adverse events within
52 weeks following infliximab therapy in CD patients.

(3) HDL measurement represents a promising prognostic tool for IFX-treated CD patients, offering three distinct clinical benefits:
first, broader patient applicability compared to existing markers; second, enhanced utility in routine clinical practice; and third,
potential cost-saving implications for therapeutic management.
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Introduction

Crohn’s disease (CD), a chronic inflammatory condition of the gastrointestinal tract, is characterised by recurrent and
often intractable symptoms, posing a significant global health challenge.! Although the precise pathogenic mechanisms
are not fully understood, current evidence indicates that the interplay between genetic predisposition, environmental
exposures, and gut microbial dysbiosis initiates a dysregulated immune reaction at the mucosal interface, ultimately
resulting in epithelial barrier dysfunction.” Typically, young individuals present with symptoms such as abdominal pain,
chronic diarrhoea, weight loss, and fatigue. Over time, approximately 50% of affected individuals develop complications,
including strictures, fistulas, and abscesses, often necessitating further surgical interventions.’ Notably, research indicates
that intestinal resection impacts fertility in both male and female patients with CD.* Additionally, up to 90% of
individuals exhibit signs of subclinical recurrence detectable via endoscopy within a year of surgery, with 70% requiring
subsequent surgical procedures.” Consequently, the primary goal of current treatment strategies is to achieve sustained
deep remission, prevent complications, minimise the need for surgery, and halt disease progression in patients with CD.°

Infliximab (IFX), a chimeric monoclonal antibody directed against tumor necrosis factor-a (TNF-a), represents
a cornerstone biologic therapy for moderate-to-severe CD refractory to conventional treatments.” IFX has demonstrated
efficacy in inducing and maintaining clinical remission, promoting mucosal healing, and preventing disease recurrence
following endoscopic surgery. Moreover, in cases of complex perianal disease, IFX has proven more effective than other
biological agents in achieving and sustaining fistula closure.® However, infliximab may not be suitable for all patients
with CD. Approximately 25% of patients exhibit primary nonresponse, and one-third experience secondary loss of
response during treatment, with only about a third maintaining remission by 52 weeks.” Recent studies have identified
several potential predictors for infliximab response, such as the serum free triiodothyronine to thyroxine ratio (fT3/fT4).
However, their clinical predictive value remains limited due to suboptimal accuracy and clinical applications.'® This
highlights the urgent need for new biomarkers capable of predicting infliximab efficacy, identifying non-responders and
those with loss of response at an early stage, and monitoring the disease. Such biomarkers would serve as critical tools
for guiding personalised treatment in CD."!

Previous research has indicated that the therapeutic response to infliximab is associated with the complement system.
High-density lipoprotein (HDL) also plays a role in modulating complement system activation.'*'*> Moreover, our
previous research also indicated that improvement in colitis following anti-TNF-a therapy in CD patients is associated
with increased HDL-C levels.'* Furthermore, HDL has been reported to suppress intestinal inflammation via autophagy,
highlighting its potential as a therapeutic target in IBD.'®> Additionally, a study by Markku Voutilainen et al suggested an
inverse correlation between HDL and the development of pediatric IBD.'® Moreover, studies have revealed that lower
HDL levels are correlated with increased disease severity and a poorer long-term prognosis in patients with inflammatory
bowel disease (IBD).!” Based on these findings, we hypothesise that HDL levels, a routinely measured lipid index, may
serve as a predictor of infliximab efficacy. This hypothesis is grounded in HDL’s established predictive value for a range
of conditions, including coronary heart disease and Alzheimer’s disease.'®

In this study, we validated the predictive significance of HDL levels in evaluating the therapeutic efficacy of IFX in
the treatment of CD.

Methods

Ethical Considerations

This investigation was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki. Prior
to study commencement, written informed consent was obtained from all participants, and ethical approval was granted
by the Institutional Review Board of Xiangya Hospital, Central South University (Approval No. 202108158).

Study Design and Participants

This was a retrospective study conducted at the IBD Centre of Xiangya Hospital, Central South University. From
January 2016 to September 2021, 166 patients diagnosed with CD and initially treated with infliximab were included in
this study. The diagnostic criteria for CD are based on clinical presentation and endoscopic and histological criteria. The
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diagnosis for all enrolled patients was established by a consensus of at least two clinicians, endoscopists, and
pathologists. The inclusion criteria for this study were as follows: (1) had Crohn’s disease diagnosed at the IBD
Centre, Xiangya Hospital, Central South University; (2) were administered infliximab strictly according to the manu-
facturer’s instructions (the dose was 5 mg/kg, and the second and third doses were administered 2 and 6 weeks after the
first dose, respectively, and once every 8 weeks thereafter). The exclusion criteria were as follows: (1) incomplete case
data; (2) follow-up time < 52 weeks; (3) lost to follow-up for objective or subjective reasons; (4) pregnancy during
follow-up; (5) other malignancies, severe liver disease, severe active infection, congenital or acquired immunodeficiency,
cognitive impairment or mental disorders. The study enrollment flowchart (Figure 1) delineates patient progression
through screening, eligibility assessment, and final inclusion in the trial.

Clinical Measurements

In this study, the baseline data of 166 participating patients, including general information, laboratory data, site of disease
and behaviour, were collected retrospectively. General information included age, sex, body mass index, disease course,
and medical history, including history of smoking, history of anal fistula, history of previous surgery, history of hormone
use, history of immunosuppressant use (including 6-meropurine, azathioprine, and methotrexate), and history of
5-aminosalicylic acid use. The laboratory data included white blood cell (WBC) counts, platelet counts, haemoglobin
counts, albumin levels, serum creatinine levels, fibrinogen levels, erythrocyte sedimentation rates and C-reactive protein
(CRP) levels. Crohn’s disease activity index, triglyceride, total cholesterol, HDL and low-density lipoprotein levels were
also recorded; disease sites included the small bowel, colon or both. Disease behaviour included penetrating type,
stenotic type and nonpenetrating nonstenotic type.

Follow-Up and Endpoints

The follow-up period of this trial was 52 weeks, and the follow-up methods included outpatient examination, telephone
interviews and WeChat. The primary endpoint is composite adverse outcome during 52 weeks, defined as clinical
activity, changes in treatment, surgical treatment, or unexpected readmission.

Statistical Analysis

This study was a retrospective analysis with a final analytical sample size of 166 patients. To evaluate the statistical
power of the current sample size for detecting a clinically meaningful effect, a post-hoc power analysis was conducted.
The analysis was based on the following parameters: a significance level (a) of 0.1, and a reference endpoint event rate
derived from the 30-week IFX response rate of 41.8% in the ACCENT I randomized trial.'® As this is an exploratory

231 patients with CD receiving IFX screened

: Losing to follow-up(n=37)

: Irregular dosage or frequency(n=9)

: Intolerance of IFX(n=2)
: Concurrent pregnancy(n=3)

I Abandoned IFX for subjective reasons(n=14)

166 patients with CD assessment

Figure | Flowchart of patients included in this study.
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analysis, a medium effect size (Cohen’s f* = 0.15, OR = 1.5) was selected as the benchmark. The resulting statistical
power of this study was calculated to be 80.1%.

The baseline data collected were first classified to describe the baseline characteristics of the patients, with
interquartile ranges (IQR) calculated for continuous data and proportions calculated for categorical data. The incidence
of adverse events within 52 weeks was calculated, and receiver operating characteristic (ROC) curves for HDL were
constructed. Internal validation included bootstrap resampling (1000 iterations) to assess discrimination in ROC analysis
using relevant R packages. The cluster bootstrap-adjusted Youden index was calculated to determine the best cut-off
value for HDL. Patients were divided into a high-HDL group and a low-HDL group using the best cut-off value.
Unpaired t tests, Wilcoxon rank-sum tests or chi-square tests were used to evaluate the indicators that were significantly
different between the two groups. The correlation between HDL and common inflammatory markers was analysed via
linear regression. Univariate backwards Cox regression analyses were subsequently performed to identify risk factors
associated with adverse outcomes. Least Absolute Shrinkage and Selection Operator (LASSO) regression was subse-
quently performed to narrow down variables for further multivariate Cox regression analysis to determine independent
predictors. In addition, multicollinearity was examined using Variance Inflation Factor (VIF) to ensure variable
independence in the study. Finally, Kaplan—-Meier curves were plotted to compare the incidence of adverse events in
different HDL groups. Statistical significance was defined as two-tailed P values < 0.05. All analyses were conducted
using SPSS Statistics (version 21, SPSS, Chicago, Illinois, USA) and R (Version 4.4.1).

Results

Clinical Parameters of the Participants

Between January 2016 and September 2021, 231 patients with CD were treated with I[FX, and 166 eligible patients were
included in the study. There were 122 male patients (73.5%) and 44 female patients (26.5%), with a median age of 26
years (IQR 18.75-34.00) and a median body mass index of 17.72 kg/m2 (IQR 15.87-19.58). The median disease
duration was 12 months (IQR 4.0-24.0); 34 patients (20.50%) had a history of smoking, 87 patients (52.4%) had
a history of perianal disease, 25 patients (25.1%) had a history of bowel surgery, and 15 patients (9.0%) had a history of
steroid use. 28 patients (16.9%) used immunosuppressants, and 33 patients (19.9%) used 5-aminosalicylic acid drugs.

Laboratory parameters are presented in Table 1.

Table | Patient Characteristics at Baseline

Variable Total (n=166)
Age (year) 26.00(18.75-34.00)
Sex (Male/Female) 122/44
BMI (kg/m?) 17.72(15.87-19.58)
Disease duration (months) 12.00(4.00-24.00)
Smoking (n, %) 34(20.50%)
WBC (*10°/L) 6.80(4.90-8.43)
HGB (g/L) 118.00(95.50-133.00)
PLT (*10°/L) 334.50(249.75-398.50)
ALB (g/L) 35.75(30.18-39.70)
Scr (umol/L) 72.00(60.15-80.00)
FIB (g/L) 4.37(3.51-5.16)
(Continued)
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Table | (Continued).

Variable Total (n=166)
ESR (mm/h) 54.00(23.25-84.00)
CRP (mg/L) 22.15(7.61-50.80)
CDAI 210.86(150.98-257.20)
TG (mmol/L) 0.97(0.79-1.19)
TC (mmol/L) 3.31(2.80-3.76)
HDL (mmol/L) 0.88(0.77-0.98)
LDL (mmol/L) 2.09(1.72-2.38)

Location, n (%)

lleal disease 27(16.3%)
Colonic disease 31(18.7%)
lleal and colonic disease 108(65.1%)

Behavior, n (%)

Nonstricturing/penetrating 72(43.4%)
Stricturing 78(47.0%)
Penetrating 16(9.6%)
Perianal lesion, n (%) 87(52.4%)
Previous bowel surgery, n (%) 25(15.1%)
Corticosteroid use 15(9.0%)
History of treatment with immunomodulators* 28(16.9%)
History of treatment with 5-aminosalicylates 33(19.9%)

Notes: median [interquartile range: (IQR)]. *Immunomodulators include 6-mercaptopurine,
azathioprine, and methotrexate.

Abbreviations: BMI, body mass index; WBC, white blood cell; HGB, hemoglobin; PLT, platelet;
ALB, albumin; Scr, serum creatinine; FIB, fibrinogen; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; CDAI, Crohn’s disease activity index; TG, triglyceride; TC, total cholesterol;
HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.

Comparison of ROC Curves Before and After Bootstrapping Correction

Of the 166 enrolled patients, 37 (22.3%) experienced adverse events within the 52-week follow-up. The ability of HDLto
predict adverse events in CD patients treated with IFX was assessed using ROC curve analysis (Figure 2A). The result
was internally validated using bootstrap resampling, yielding an AUC of 0.661[cluster bootstrap-adjusted 95% CI
0.567-0.764, p < 0.05]. Furthermore, the optimal HDL cut-off value derived from the ROC curve was 0.85
(Supplementary Table 1).

Differences Between the High-HDL Group and the Low-HDL Group

The HDL level of the study patients was cut off at 0.85; those with a >0.85 were assigned to the high-HDL group, and
those with a <0.85 were assigned to the low-HDL group. A comparison of the baseline data between the two groups is
shown in Table 2. The WBC (6.50[4.50-8.10] vs 7.10[8.30-81.05], p=0.037) and CRP level (17.05[5.33-36.00] vs 37.05
[8.30-81.05], p<0.001) were lower in the high-HDL group than in the low-HDL group. The serum albumin (37.40
[31.60-40.70] vs 32.80[27.60-38.10], p<0.001) and total cholesterol levels (3.48[3.02-4.01] vs 3.10[2.68-3.60],
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Figure 2 Receiver operating characteristic (ROC) curve analysis and linear regression analysis of HDL. ROC curve analysis for high-density lipoprotein cholesterol (HDL)
levels to predict (A) Comparison of ROC curves before and after bootstrapping correction. Correlations of high-density lipoprotein cholesterol (HDL) with (B) WBC,
white blood cell (C) CRP and (D) albumin (ALB) at baseline.

p<0.001) were greater in the high-HDL group than in the low-HDL group. The comparative analysis revealed no
significant intergroup disparities in other measured parameters. Linear regression of HDL with WBC, CRP and serum
albumin levels showed that HDL was negatively correlated with WBC and CRP levels (r=—0.175, p=0.024; =—0.323, p <
0.001; and that HDL was positively correlated with the serum albumin level (r=0.302, p < 0.001) (Figure 2).

Table 2 Associations of High-Density Lipoprotein Cholesterol with Clinical Characteristics of Patients with

Crohn’s Disease

Variable

High HDL (n=95)

Low HDL (n=71)

p

HDL (mmol/L)

0.97(0.90-1.11)

0.74(0.67-0.81)

<0.001*

Age (year)

26.00(19.00-35.00)

25.00(18.00-33.00)

0.832

Sex (Male/Female)

70/25

52/19

0.949

BMI (kg/m?)

17.75(16.02-19.38)

17.48(15.57-20.03)

0.627

Disease duration (months)

12.00(4.00-36.00)

10.00(4.00-20.00)

0.268

Smoking (n, %)

18(18.9%)

16(22.5%)

0.571

WBC (*10°/L)

6.50(4.50-8.10)

7.10(5.90-8.80)

0.037%*

(Continued)
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Table 2 (Continued).

Variable High HDL (n=95) Low HDL (n=71) P
HGB (g/L) 123.00(100.00—-134.00) | 114.00(92.00-131.00) 0.058
PLT (*10°/L) 326.00(245.00-381.00) | 351.00(270.00—443.00) | 0.097
ALB (g/L) 37.40(31.60—40.70) 32.80(27.60-38.10) <0.001*
Scr(umol/L) 73.00(62.00-80.00) 69.20(59.00-79.00) 0.308
FIB (g/L) 4.40(3.31-5.03) 4.35(3.57-5.35) 0.415
ESR (mm/h) 48.50(22.75-80.00) 60.00(27.50-93.75) 0.199
CRP (mglL) 17.05(5.33-36.00) 37.05(8.30-81.05) <0.001*
CDAI 189.18(141.80-236.60) | 219.84(158.74-269.23) | 0.151
TG (mmol/L) 0.94(0.79-1.20) 1.00(0.79-1.16) 0.854
TC (mmol/L) 3.48(3.024.01) 3.10(2.68-3.60) <0.001*
LDL (mmol/L) 2.12(1.78-2.49) 1.93(1.65-2.33) 0.056
Location, n (%) 0.874

lleal disease 16(16.8%) 11(15.5%)

Colonic disease 17(17.9%) 14(19.7%)

lleal and colonic disease 62(65.3%) 46(64.8%)
Behavior, n (%) 0.590

Nonstricturing/penetrating 38(40.0%) 34(47.9%)

Stricturing 47(49.5%) 31(43.7%)

Penetrating 10(10.5%) 6(8.5%)
Perianal lesion, n (%) 53(55.8%) 34(47.9%) 0.313
Previous bowel surgery, n (%) 14(14.7%) 11(15.5%) 0.893
Corticosteroid use 8(8.4%) 7(9.9%) 0.749
History of treatment with immunomodulators* 20(21.1%) 8(11.3%) 0.096
History of treatment with 5-aminosalicylates 21(22.1%) 12(16.9%) 0.406

Notes: median [interquartile range: (IQR)]. *Immunomodulators include 6-mercaptopurine, azathioprine, and methotrexate.
Abbreviations: HDL, high-density lipoprotein cholesterol; BMI, body mass index; WBC, white blood cell; HGB, hemoglobin; PLT, platelet;
ALB, albumin; Scr, serum creatinine; FIB, fibrinogen; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CDAI, Crohn’s disease
activity index; TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein cholesterol.

Association of HDL with the Therapeutic Effect of Infliximab
Univariate and multivariate Cox regression analyses are shown in Table 3. Moreover, univariate Cox regression analysis revealed

that smoking history; serum albumin level; and serum creatinine, CRP and HDL levels were risk factors for adverse events in

patients with CD treated with infliximab within 52 weeks. In addition, LASSO regression analysis identified two predictors

(Figure 3): HDL and CRP. These variables were incorporated into a multivariate Cox regression model, which demonstrated that

HDL was an independent risk factor for adverse events in patients with CD treated with infliximab within 52 weeks (HR=0.430,
95% CI=0.209-0.884; p=0.022). Collinearity diagnosis confirmed the absence of significant multicollinearity between HDL and

CRP (Tolerance = 0.895, VIF = 1.117).
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Table 3 Predictive Factors for Poor Outcomes at 52 weeks by Univariate and Multivariate Analysis

Variable without Poor with Poor Univariate Multivariate
Outcomes (n=129) Outcomes (n=37)
HR (95% CI) P HR (95% CI) P
Age (year) 26.00(19.00-34.00) 26.00(18.00-34.50) 0.997(0.970-1.025) | 0.832
Sex (Male/Female) 92/37 30/7 1.643(0.721-3.740) | 0.237
BMI (kg/m?) 17.78(16.01-19.44) 16.73(14.67-20.04) 0.915(0.805-1.040) | 0.176
Disease duration (months) 12.00(4.00-24.00) 12.00(3.50-22.00) 1.002(0.991-1.014) | 0.708
Smoking (n, %) 22(17.1%) 12(32.4%) 2.016(1.012-4.013) | 0.046*
WBC (*10°/L) 6.80(4.95-8.55) 7.00(4.60-8.30) 0.992(0.878-1.120) | 0.892
HGB (g/L) 119.00(96.00-133.50) 114.00(92.00-128.50) 0.992(0.979-1.006) | 0.244
PLT (*10°/L) 325.00(249.00-392.00) | 352.00(277.50-449.00) | 1.002(1.000-1.005) | 0.075
ALB (g/L) 36.30(31.15-39.75) 31.60(26.50-38.70) 0.951(0.908-0.996) | 0.033*
Scr (umol/L) 72.00(61.95-80.15) 69.00(57.80-78.95) 0.990(0.967-1.013) | 0.381
FIB (g/L) 4.32(3.30-5.03) 4.68(3.95-5.49) 1.288(1.005-1.650) | 0.046*
ESR (mm/h) 54.00(21.00-80.00) 60.00(36.50-101.50) 1.006(0.997-1.014) | 0.182
CRP (mg/L) 18.05(5.80—44.13) 31.70(17.75-98.70) 1.008(1.001-1.014) | 0.015% | 1.006(1.000-1.012) | 0.064
CDAI 205.90(143.61-243.23) | 227.45(156.51-281.22) | 1.003(0.999-1.007) | 0.125
TG (mmol/L) 0.98(0.79-1.19) 0.96(0.81-1.18) 0.782(0.301-2.029) | 0.613
TC (mmol/L) 3.37(2.92-3.77) 3.12(2.74-3.64) 0.669(0.433-1.033) | 0.700
HDL (mmol/L) 0.90(0.80-1.01) 0.79(0.69-0.92) 0.046(0.007-0.320) | 0.002* | 0.430(0.209-0.884) | 0.022*
LDL (mmol/L) 2.10(1.74-2.40) 1.83(1.66-2.32) 0.731(0.422-1.266) | 0.263
Location, n (%)
lleal disease 20(15.5%) 7(18.9%) - 0.827
Colonic disease 24(18.6%) 7(18.9%) 0.839(0.294-2.391) | 0.742
lleal and colonic disease 85(65.9%) 23(62.2%) 0.767(0.329-1.788) | 0.539
Behavior, n (%)
Nonstricturing/penetrating 58(45.0%) 14(37.8%) - 0.770
Stricturing 59(45.7%) 19(51.4%) 1.261(0.632-2.516) | 0.510
Penetrating 12(9.3%) 4(10.8%) 1.339(0.441-4.069) | 0.607
Perianal lesion, n (%) 68(52.7%) 19(51.4%) 0.955(0.501-1.821) | 0.890
Previous bowel surgery, n (%) 17(13.2%) 8(21.6%) 1.626(0.743-3.556) 0.224
Corticosteroid use 13(10.1%) 2(5.4%) 0.520(0.125-2.161) | 0.368
History of treatment with immunomodulators* 23(17.8%) 5(13.5%) 1.045(0.462-2.365) 0915
History of treatment with 5-aminosalicylates 23(17.8%) 10(27.0%) 1.579(0.764-3.262) 0217

Notes: median [interquartile range: (IQR)]. ¥Immunomodulators include 6-mercaptopurine, azathioprine, and methotrexate.

Abbreviations: HR, hazard ratio; Cl, confidence interval; BMI, body mass index; WBC, white blood cell; HGB, hemoglobin; PLT, platelet; ALB, albumin; Scr, serum
creatinine; FIB, fibrinogen; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; CDAI, Crohn’s disease activity index; TG, triglyceride; TC, total cholesterol;
HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.
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Figure 3 Prediction Model Based on LASSO Logistic Regression: Variable Selection Using the Optimal Lambda Value. (A) The tuning parameter (A = 0.09633866) was
selected by applying LASSO-penalized logistic regression with ten-fold cross-validation using the minimum criterion. A plot of the partial likelihood deviance (binomial
deviance) against log (A) is shown. Vertical dashed lines indicate the optimal values selected by the minimum criterion and the one-standard-error rule (ie, within one
standard error of the minimum). (B) LASSO coefficient profile for the two radiomics features. The coefficient paths are plotted against log (1). Each colored line represents
the coefficient of a corresponding feature.

Abbreviation: LASSO, Least Absolute Shrinkage and Selection Operator.
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Figure 4 K-M curve of the incidence of nonpoor outcomes according to baseline high-density lipoprotein cholesterol (HDL) level.

Comparison of Adverse Events Between the High-HDL Group and Low-HDL Group
The Kaplan—Meier curve showed that the incidence of adverse events was lower in the group with high HDL levels than
in the group with low HDL levels (p =0.0017) (Figure 4).

Discussion
Key Results

A total of 166 patients with CD were included in the study. Adverse events occurred in 37 patients during the 52-week
follow-up period (22.3%). Linear regression showed that HDL was negatively correlated with CRP and WBC counts and
positively correlated with the serum albumin level. HDL was identified as a predictor of adverse outcomes at 52 weeks
(AUC 0.661, p < 0.05), with an optimal cut-off value of 0.85. In addition, LASSO regression and Cox regression
analyses identified HDL level as an independent risk factor for adverse events within 52 weeks in Crohn’s disease
patients treated with infliximab (p = 0.022).
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Interpretation

Few studies have explored the relationship between HDL and the efficacy of infliximab treatment. Our study provides
crucial evidence supporting HDL’s predictive value in this context. In our analysis, linear regression revealed a negative
correlation between HDL and both CRP (r=-0.323, P < 0.001) and WBC (r=—0.175, p =0.024), consistent with findings
by Yan Zhang et al.>° CRP and WBC are widely recognized as markers of inflammation, with their serum levels
significantly elevated during inflammatory responses.”?’ HDL has been shown to neutralize CRP’s pro-inflammatory
effects in endothelial cells by oxidizing its major phospholipids, thereby preventing CRP-induced upregulation of
inflammatory adhesion molecules via its phospholipid component.”* Additionally, Carol Wadham et al*> demonstrated
that HDL significantly inhibits CRP-induced protein and mRNA expression of E-selectin, intercellular adhesion
molecule, and vascular cell adhesion molecule. Furthermore, HDL has been shown to inhibit monocyte and neutrophil
production by mediating cholesterol efflux from bone marrow haematopoietic stem and progenitor cells, reducing
leukocyte proliferation.* Moreover, linear regression also revealed a positive correlation between serum HDL and
albumin levels (r=0.302, p< 0.001). Albumin, an endogenous protein with potent antioxidant and immunomodulatory
properties, serves as a crucial regulator of systemic homeostasis.”> Albumin can bind to advanced oxidation protein
products (AOPP), and the AOPP-albumin complex can effectively block HDL’s scavenger receptor class B type I,
reducing plasma HDL clearance rates.”® In summary, HDL may interact directly or indirectly with CRP, WBC, and
serum albumin, providing a plausible explanation for the observed correlations between these parameters and HDL.

In this study, HDL was identified as an independent risk factor for infliximab treatment outcomes in patients with CD,
potentially due to two primary factors. First, the anti-inflammatory properties of HDL merit consideration. In our
previous study, we observed an inverse correlation between HDL levels and inflammatory status in patients with IBD.
Furthermore, experiments in a mouse model demonstrated that inhibition of cholesteryl ester transfer protein (CETP)
may promote anti-inflammatory reprogramming of macrophages and enhance intestinal barrier function, potentially
through induction of the transcriptional repressor ATF3'* Moreover, apolipoprotein A-I (ApoA-I), the primary compo-
nent of HDL, mediates the removal of membrane cholesterol and may influence antigen presentation and the induction of
adaptive immune responses.”’ Dominic De Nardo et al demonstrated that HDL exerts a broad anti-inflammatory effect by
downregulating the expression of proinflammatory cytokines induced by Toll-like receptors through the transcriptional

regulator Activating Transcription Factor 3.2

A high inflammatory burden at the initiation of infliximab therapy has been
associated with reduced treatment efficacy.”” A higher baseline serum HDL level may predict a lower pretreatment
inflammatory burden, as evidenced by its negative correlation with inflammatory markers such as CRP and WBC,
suggesting a more favourable therapeutic response and a reduced incidence of adverse events. Second, the formation of
anti-drug antibodies (ADA) plays a crucial role. ADA formation is one of the key causes of infliximab treatment failure,
as it not only reduces therapeutic efficacy but also increases the risk of adverse events.’® Related studies have
demonstrated that following the activation of innate immunity, the infliximab-tumor necrosis factor complex can
stimulate the production of ADA within the gut,’' HDL, on the other hand, may play a role in regulating the complement

11,13.32.33 which could

system and innate immunity by inhibiting the formation of the peripheral complement complex,
indirectly reduce ADA formation. Furthermore, serum albumin levels have been linked to IFXtransport, with lower
serum albumin associated with a shorter IFX half-life and increased IFX clearance.®* Pharmacokinetic assessments have
revealed that patients with reduced serum albumin levels exhibit undetectably low early IFX trough levels, thereby
increasing their risk of ADA development.*> As HDL is positively correlated with serum albumin, low baseline HDL
levels may indirectly indicate a higher risk of ADA formation in IFX-treated patients.

Recently, several biomarkers have been proposed as potential predictors of infliximab efficacy. For instance, Lin et al'°
reported that the ratio of serum triiodothyronine to thyroxine (fT3/fT4) could identify patients with primary nonresponse to
anti-TNF therapy; however, its clinical utility is constrained by low accuracy. Additionally, Pesole et al*® demonstrated
a positive correlation between 90K (a ligand of galectin-2) and serum CRP levels (R = 0.42, p= 0.0032); despite this, 90K
has not been adopted in clinical practice due to the weak strength of this association. Similarly, the neutrophil/albumin ratio
(NAR) and neutrophil/bilirubin ratio (NBR) have shown potential in distinguishing infliximab responders from primary
nonresponders, but these results are yet to be validated in long-term clinical trials.” Our study suggests that HDL may serve
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as a simpler and more cost-effective biomarker for predicting infliximab efficacy in Crohn’s disease. Compared with these
emerging biomarkers, HDL offers advantages in terms of convenience, accessibility, and widespread availability. If our
findings are validated through further clinical trials, the predictive utility of HDL could provide a convenient and cost-
effective approach for patients.

Limitations of the Study

However, our study has several limitations. First, the exclusive recruitment of all participants from a single center, rather
than from multiple centers or the general population, along with the relatively small sample size, limits the general-
izability of our findings. Secondly, the observational nature of this retrospective analysis constrains causal inference and
precise temporal sequence establishment. Thirdly, our study did not address the ethnicity of the enrolled patients or the
homogeneity of the sample, which represents another limitation. Additionally, the analysis should have accounted for
additional variables such as albumin levels, steroid use, and immunomodulator use at baseline, which represents another
limitation of this study. Lastly, while HDL shows promise in predicting adverse events, its broader application and
clinical utility need to be validated through large-scale, multicenter, prospective clinical trials.

Conclusion

Based on our findings, HDL is an independent risk factor for poor prognosis in CD patients treated with IFX and shows
promise as a biomarker for treatment response. However, this finding requires validation through larger, multicenter,
prospective clinical studies.
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