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Background and aims: The issue of loss of efficacy with infliximab (IFX) treatment in Crohn’s disease (CD) significantly limits its clinical use. This study aims to investigate the role of therapy combined with partial enteral nutrition (PEN) in maintaining the efficacy of infliximab.

Methods: Consecutive CD patients undergoing IFX for induction and maintenance therapy were included, with a follow-up period of at least 54 weeks and endoscopy performed around 54 weeks. Subsequent longitudinal monitoring evaluated improvements in the Crohn’s Disease Activity Index (CDAI) score at 14 weeks and endoscopic remission at 54 weeks.

Results: Among the 176 included patients, 99 (56%) were in the IFX monotherapy group, and 77 (44%) were in the IFX + PEN group. A significantly higher proportion of patients in the IFX + PEN group achieved clinical response (defined as a CDAI decrease ≥70 points) compared to those in the IFX group at 14 weeks (87.01% vs. 74.75%, p = 0.043), as well as a higher proportion achieving endoscopic remission at 54 weeks (84.42% vs. 65.66%, p = 0.005). Meanwhile, combination therapy with PEN emerged as an independent protective predictor of endoscopic remission at 54 weeks in two multivariate-adjusted models, with ORs of 3.34 and 3.33, respectively (both p < 0.05). Subgroup analysis and interaction test results further supported that all CD patients can benefit from combination therapy with PEN.

Conclusion: Infliximab treatment combined with partial enteral nutrition is beneficial for both short-term clinical response and long-term endoscopic remission in CD patients.
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1 Introduction

Crohn’s disease (CD) is a chronic inflammatory disease of the gastrointestinal tract, characterized by recurrent flares and progressive tract damage (1). Over the past several decades, there has been an increase in the incidence and prevalence of CD worldwide, particularly in newly industrialized countries (2). Currently, CD remains incurable with no clear etiology. Therefore, the primary treatment strategies focus on early control of inflammation to achieve remission, progressing from clinical remission to endoscopic remission (3).

Since the advent of infliximab (IFX) at the turn of the century, the era of biologics has significantly altered the natural history of CD (4). Compared with conventional treatments such as corticosteroids and immunomodulators, biologics not only demonstrate dramatic efficacy but also carry a lower risk of adverse effects (5). Currently, biologics are widely used for the induction and maintenance treatment of patients with moderate to severe CD after the failure of conventional therapies and are recommended as first-line biological treatment by authoritative guidelines worldwide (6, 7). However, the loss of response (LOR) or efficacy to biologics treatment has become a significant challenge for clinicians in real-world practice. Several studies have indicated that approximately 10–40% of patients do not respond to induction therapy, and 23–46% of patients experience loss of efficacy over time (8–10). Even Gisbert and Panés (11) estimated that the annual risk of flare is 13% per patient-year of IFX treatment. Combination therapy with immunomodulators, dose escalation, or switching to another biologic are considered potential countermeasures; However, associated disadvantages such as safety concerns and economic burdens also warrant attention (12–15). Therefore, reducing the risk of treatment failure while minimizing additional burdens is of significant clinical importance.

The effect of nutritional therapy for CD patients is increasingly gaining attention from researchers. In pediatric CD patients, nutritional therapy, compared with corticosteroids, has been proven to be a more effective approach for induction therapy, with a lower risk of adverse prognostic events (16–18). Literature also indicates that CD patients with poor nutritional status are associated with unfavorable clinical outcomes, such as increased frequency of flares and reduced response to medical therapy (19, 20). Recently, a meta-analysis suggested that anti-tumor necrosis factor-α antibodies (anti-TNF-α) therapy combined with enteral nutrition (EN) is effective in maintaining remission. However, it is noteworthy that different studies did not adopt consistent definitions of disease flares or LOR to IFX as primary endpoints, and the patient populations involved were highly heterogeneous (21).

Nutritional therapy has no significant toxic side effects and can effectively avoid adverse effects caused by interactions between concomitant medications. Additionally, it also possesses potential therapeutic value (21). For these reasons, we conducted this study to investigate whether IFX treatment combined with EN contributes to maintaining IFX efficacy.



2 Materials and methods


2.1 Study design

This is a single-center, retrospective cohort study, and the entire study will continue until January 2025. The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University, with the need for written informed consent waived.



2.2 Patients enrollment

This study enrolled consecutive patients at The First Affiliated Hospital of Wenzhou Medical University from January 2012 to January 2024. All these patients met the following criteria. Inclusion criteria: (1) Diagnosed with Crohn’s disease according to the Chinese Crohn’s Disease Diagnosis and Treatment Guidelines (2023, Guangzhou); (2) Underwent infliximab for induction and maintenance therapy; (3) Completed at least 54 weeks of follow-up and underwent endoscopy at around 54 weeks; Exclusion criteria: (1) Unclassified CD; (2) Lack of detailed or incomplete medical records; (3) Required nutrient supplementation solely through parenteral nutrition or total enteral nutrition; (4) Had coexisting conditions that could potentially influence results, such as hematological system-related diseases, malignancies, active tuberculosis, viral hepatitis, autoimmune diseases, or acquired or congenital immunodeficiency.



2.3 Treatment and group

All involved patients received IFX treatment. During the induction phase of IFX treatment, 5 mg/kg of the drug was administered at weeks 0, 2, and 6. Subsequently, as maintenance therapy, 5 mg/kg of IFX was administered every 8 weeks.

For CD patients, the daily energy requirement was calculated as 30–35 kcal·kg−1·d−1. Patients who obtained at least half of their energy requirement from enteral nutrition therapy were assigned to the infliximab combined with partial enteral nutrition (IFX + PEN) group, while the others were assigned to the infliximab monotherapy (IFX) group.



2.4 Date collection and evaluations of treatment

We collected the following clinical information from the patients’ medical records: age, sex, disease duration, Montreal classification, history of previous CD-related surgery, history of treatment with biologics, concomitant immunomodulatory treatment, blood test results, endoscopy results, body mass index (BMI), calculated Crohn’s Disease Activity Index (CDAI) score, records of enteral nutrition use, and adverse events. The Montreal classification serves as the international standard for Crohn’s disease subtyping, categorizing age at diagnosis (A1: <16 years, A2: 17–40 years, A3: >40 years), disease location (L1: ileal, L2: colonic, L3: ileocolonic, L4: upper digestive tract involved), and disease behavior (B1: non-structuring and penetrating, B2: structuring, B3: penetrating) throughout the disease course.

The primary endpoint of this study was the rate of maintaining remission at 54 weeks. Endoscopic remission was defined as Simple Endoscopic Score for Crohn’s Disease (SES-CD) < 3 with no ulcer and recurrence was defined as SES-CD ≥ 3 with or without ulcers. During 54-week follow-up period, patients who required additional concomitant therapy, dose escalation (including a dose increase or a shortened interval of IFX), surgery, and hospitalization due to exacerbated CD were also classified as recurrence. Shortened interval of IFX was defined as a duration of 4 weeks or less. The secondary endpoints were rate of clinical response at 14 weeks. Clinical response was defined as a CDAI change (ΔCDAI) ≥ 70-point decrease from the baseline (week 0) CDAI score. Other objectives, such as clinical remission (defined as CDAI <150), were also evaluated.



2.5 Safety

Adverse events, including serious infections, infusion-related reactions, hematologic conditions, hepatic insufficiency, congestive heart failure, demyelinating neurological disorders, and CD-related unexpected hospitalization, were also recorded during the 54-week follow-up.



2.6 Statistical analysis

Continuous variables are expressed as mean ± standard deviation (SD) or median (interquartile range [IQR]: first quartile and third quartile). Differences between two groups were compared using independent two-sample Student’s t-tests for normally distributed data or Mann–Whitney U tests for non-normally distributed data. Within-group comparisons were assessed using the Wilcoxon signed-rank test. Categorical variables are presented as numbers (percentages), and differences were examined using chi-square or Fisher’s exact tests, as appropriate. Univariate logistic regression analyses were performed to estimate the odds ratios (ORs) for achieving endoscopic remission based on various baseline characteristics. Multivariate logistic regression models were constructed with endoscopic remission as the dependent variable. Variables that altered the estimates of the effect of combination therapy with PEN on endoscopic remission by more than 10% or had p < 0.10 in the univariate logistic analyses were included as potential confounders in the final models. Subgroup analyses were conducted to evaluate whether potential covariates (age, sex, BMI, disease location, disease behavior, and CD-related surgical history) modified the relationship between combination therapy with PEN and endoscopic remission at 54 weeks. Interactions were assessed using the likelihood ratio test. Data management and analyses were performed using SPSS version 20.0 (SPSS, Chicago, Illinois), EmpowerStats1 and the statistical package R. All tests were two-sided, and a p-value <0.05 was considered statistically significant.




3 Results


3.1 Baseline patient characteristics

A total of 176 patients participated in this study, and their baseline characteristics are detailed in Table 1. 56% received IFX monotherapy, and 44% received IFX combined with PEN. Significant differences were observed in disease behavior and history of previous CD-related surgery, while the distribution of age, gender, age at diagnosis, disease location, history of previous biologic use, and concomitant immunomodulatory treatment did not significantly differ between the two groups. Patients in the IFX + PEN group exhibited a lower BMI compared to those in the IFX group (18.45 ± 2.31 kg/m2 vs. 19.84 ± 3.05 kg/m2, p = 0.001). Conversely, the CDAI scores were significantly higher in the IFX + PEN group (285.34 ± 98.80 vs. 242.95 ± 101.49, p = 0.006). Laboratory parameters, including C-reactive protein (CRP) [18.10 (9.55–40.45) mg/L vs. 16.40 (5.26–34.45) mg/L, p = 0.161] and albumin (ALB) levels (38.19 ± 5.55 g/L vs. 37.23 ± 5.46 g/L, p = 0.255), did not differ significantly between the two groups.



TABLE 1 Baseline characteristics of study cohorts.
[image: Table1]



3.2 Efficacy evaluation at 14 weeks and 54 weeks

A significant reduction in the CDAI score was observed in both groups during the initial 14-week follow-up period. At baseline, the CDAI scores in the IFX + PEN group were significantly higher than those in the IFX monotherapy group (285.34 ± 98.80 vs. 242.95 ± 101.49, p = 0.006). However, no significant difference was observed at week 14 (107.9 ± 56.90 vs. 97.9 ± 66.10, p = 0.075). Notably, the change in CDAI score (ΔCDAI) within the initial 14 weeks was significantly greater in the IFX + PEN group compared to the IFX monotherapy group (177.6 ± 99.57 vs. 145.0 ± 93.94, p = 0.026) (Figures 1A,B).

[image: Figure 1]

FIGURE 1
 Efficacy between the IFX + PEN group and IFX monotherapy group. (A) CDAI scores at baseline and at week 14 in two groups. (B) CDAI score change during 14-week period in two groups. (C) The number and partition of CD patients achieving clinical response at week 14. (D) The number and partition of CD patients achieving clinical remission at week 14. (E) The number and partition of CD patients achieving endoscopic remission at week 54.


Based on the CDAI score and ΔCDAI, we further calculated the proportion of patients achieving clinical response or clinical remission at week 14. A significantly higher proportion of patients in the IFX + PEN group achieved clinical response compared to the IFX monotherapy group (87.01% vs. 74.75%, p = 0.043) (Figure 1C). However, no significant difference was observed in the clinical remission rates between the two groups (Figure 1D). Additionally, a higher proportion of patients in the IFX + PEN group maintained endoscopic remission compared to the IFX monotherapy group at week 54 (84.42% vs. 65.66%, p = 0.005) (Figure 1E). Detailed statistical results are provided in Table 2.



TABLE 2 CDAI Scores and efficacy evaluation at week 14 and week 54 between the IFX group and the IFX + PEN group.
[image: Table2]



3.3 Predictors of endoscopic remission in patients

Univariate logistic regression analysis of the population completing regular follow-up identified male sex and combination therapy with PEN as significant predictors of endoscopic remission at week 54. Meanwhile, a history of CD-related surgery and disease location involving both the colon and ileum were associated with an increased likelihood of endoscopic remission at week 54 (Table 3). Further detailed results are provided in Supplementary Table 1.



TABLE 3 Univariate and multivariable logistic regression analyses for the effect of combination therapy with PEN on endoscopic remission at 54 weeks.
[image: Table3]

Covariates for multivariable logistic regression analysis were selected based on commonly used clinical indicators and univariate analysis results. Variables included age, BMI, disease location, disease behavior, CD-related surgical history, and treatment with PEN. Notably, after adjusting for potential confounders, combination therapy with PEN emerged as an independent protective predictor of endoscopic remission at 54 weeks in Multivariate-Adjusted Model 1 [OR: 3.34 (95% CI: 1.49–7.50), p = 0.0034] and Multivariate-Adjusted Model 2 [OR: 3.33 (95% CI: 1.39–7.97), p = 0.0069] (Table 3).



3.4 Stratified analysis and interaction analysis

This study also presents the number and proportion of cases achieving endoscopic remission across treatment with PEN, stratified by sex, age, BMI, disease location, disease behavior, and CRP level. A positive association between treatment with IFX combined with PEN and endoscopic remission at week 54 was observed across nearly all strata. Furthermore, interaction analysis revealed no significant interactions between PEN and the evaluated potential risk factors (p > 0.05 for all interactions) (Figure 2). Detailed results are provided in Table 4.

[image: Figure 2]

FIGURE 2
 The protective role of treatment combined partial enteral nutrition in achieving endoscopic remission in patients with Crohn’s disease.




TABLE 4 Association between combination therapy with PEN and CD activity at week 54 according to baseline characteristics.
[image: Table4]



3.5 Safety

In this study, we evaluated medication-related adverse events occurring during the 54-week follow-up period. As shown in Table 5, no significant differences were observed between the IFX monotherapy group and the IFX + PEN group.



TABLE 5 Incidence of treatment-emergent adverse events during 54 weeks.
[image: Table5]




4 Discussion

The clinical application of biologics, represented by IFX, has brought significant benefits to an increasing number of CD patients. However, issues such as loss of response or efficacy to biologic therapy have limited their broader application in clinical practice. Addressing these challenges holds significant clinical importance. This study is aimed at investigating the efficacy of combination therapy with PEN in CD patients. The main findings are outlined below: (1) In induction therapy, combination therapy with PEN can effectively increased the rate of clinical response. (2) In remission-maintaining therapy, combination therapy with PEN is good for endoscopic remission for a long time. (3) Combination therapy with PEN has been identified as an independent protective factor for maintaining endoscopic remission in CD patients.

A newly systematic review involving 20 RCTs for induction therapy pointed out that one-third of CD patients do not respond to initial treatment with TNF antagonists, and another one-third have only a transient response requiring a dose increase or switching to another therapy (22). Clinical response or remission was regarded as an important short-term and intermediate treatment goals in CD patients and those who failed to achieve those goal are recommended to change strategy (3, 23). In this study, we observed that the average CDAI scores between the IFX + PEN group and the IFX group at 14 weeks has no significant difference (107.9 ± 56.90 vs. 97.9 ± 66.10, p = 0.075). However, the ΔCDAI score in the IFX + PEN group was significantly higher than that in the IFX group (177.6 ± 99.57 vs. 145.0 ± 93.94, p = 0.026). Meanwhile, 67 (87.01%) patients in the IFX + PEN group achieved clinical response compared to 74 (74.75%) in the IFX group (p = 0.043), with no significant difference in the rate of clinical remission (83 (83.84%) vs. 62 (80.52%), p = 0.566). As shown in the above results, concomitant nutritional therapy can significantly reduce CDAI scores and assist in achieving clinical response during the induction period.

Zhou et al. (24) conducted a 12-week prospective study involving 56 CD patients treated with adalimumab (ADA). They found that the CDAI scores in the combination (ADA + EN) group decreased significantly after 12 weeks of treatment (346.50 ± 124.00 vs. 149.61 ± 76.36, p < 0.001), while those in the ADA monotherapy group decreased less (319.90 ± 101.20 vs. 208.73 ± 94.07, p = 0.0014). Hisamatsu et al. (25) conducted a 16-week prospective study involving 20 CD patients who did not respond to IFX at a normal dose. They found combination therapy (IFX + EN) significantly increased the rate of clinical response (ΔCDAI > 50-point decrease) and clinical remission compared with IFX monotherapy after dose escalation (both 72.73% vs. 0%, p = 0.0256). Similar outcomes were also observed in another 24-week study (26). A retrospective study by Tanaka et al. (27) involved 110 CD biologic-naive adult patients. Within this cohort, 51 (46.4%) CD patients received concomitant elemental diet therapy. Compared to infliximab monotherapy, concomitant elemental diet therapy demonstrated a significantly higher response rate in the inflammatory subgroup (OR = 4.5; 95% CI: 1.7–11.9; p = 0.0023), but this phenomenon was not observed in the fistulizing subgroup. Their findings are consistent with our results. However, Matsumoto’s study (28) pointed out that there was no significant difference in the rate of clinical response between groups with or without combined nutritional therapy, which could be mainly attributed to the small number of enrolled participants and the follow-up period being only 2 weeks.

The improvement of clinical symptoms in CD patients does not completely align with the resolution of intestinal mucosal inflammation (29), so endoscopy is considered the gold standard for assessing CD activity. The latest consensus suggests that endoscopic remission (defined as SES-CD < 3 with no ulcer) should be a long-term goal in the treatment of CD, as it is closely related to long-term outcomes (3). Therefore, endoscopic remission at 54 weeks was set as the primary endpoint in this study, and to our knowledge, this is the first study of its kind to use endoscopic remission as the study endpoint.

A retrospective cohort study conducted by Sazuka et al. (30) enrolled 74 adult CD patients who achieved successful induction of clinical remission with IFX induction therapy. They discovered that the cumulative number of patients with LOR to IFX in the combination therapy group was significantly lower than that in the IFX monotherapy group (20.6% vs. 52.3%; OR = 0.23; 95% CI: 0.072–0.64; p = 0.0043). Moroi et al. (31) conducted a single-center, retrospective study involving 184 biologic-naive CD patients treated with anti-TNF-α antibodies, and they also found that concomitant elemental diet therapy (>900 kcal/day) had a positive influence on biologics retention (HR = 3.19; 95% CI: 1.02–13.89; p = 0.0454). In our study, patients in the IFX + PEN group had a higher rate of sustaining remission than those in the IFX monotherapy group at 54 weeks (84.42% vs. 65.66%, p = 0.005), and concomitant nutritional therapy was also identified as an independent protective predictor of endoscopic remission. Although the definitions in different studies were not entirely consistent, which was mainly constrained by the limited understanding of CD at the time, it is noteworthy that the above studies have all demonstrated the positive effects of nutritional therapy in IFX treatment. However, several studies present opposing views. A study by Sugita et al. (32) discovered that the cumulative non-ADA-LOR rate between the ED group and the non-ED group showed no difference in Kaplan–Meier analysis among biologic-naive patients. The same phenomenon was also observed in a prospective clinical trial by Yamamoto et al. (33). Nevertheless, we still noted a trend where the proportion of patients maintaining remission in the ED group was higher in their research. This may be attributed to the limited number of participants, the short follow-up period, and the actual adherence to enteral nutrition by patients in the combined group. Currently, the mechanism by which combined nutritional therapy enhances the efficacy of biologics remains unclear. An increasing number of studies support the additive effect of EN itself, such as reducing antigen exposure in intestinal tissues, trace elements aiding mucous repair, nutritional therapy having intrinsic anti-inflammatory effects and so on (21). In Naoko Sugita’s study (32), they found that the level of ADA showed no significant differences at both 28 weeks and 52 weeks, regardless of whether nutritional therapy was administered. However, the level of TNF-ɑ significantly decreased in the combination therapy group compared to the monotherapy group at both 28 weeks and 52 weeks, further supporting the additive effect of EN.

This study systematically evaluated the clinical potential of PEN as an active combination therapy strategy instead of traditional nutritional support in patients receiving IFX treatment. The enrolled patients were representative of clinical practice, with a wide distribution of age, disease duration, disease activity severity, and detailed records of biologics use. Compared to previous studies, this study adopted endoscopic remission—a more stringent and precise standard—to assess CD activity. To minimize the influence of other variables directly or indirectly affecting the research results, we applied appropriate statistical methods, combined with clinical experience, to screen relevant influencing variables and constructed two multivariate models with ORs of 3.34 and 3.33, respectively (both p < 0.05). Subgroup analysis and interaction tests further explored the effect of nutrition therapy on patients with different characteristics, and the results strongly support that all CD patients can benefit from nutritional therapy. This is another highlight of this study. The incidence of adverse events within 54 weeks did not show significant differences between the two groups.

This study also has some limitations. As a non-randomized, observational study in a single center, the small patient population size and selection bias are inevitable and can influence the outcome. Besides, strict adherence to the prescribed volume of enteral formula is critical in the follow-up period. As a retrospective study, we can only obtain relevant information according to inpatient or outpatient medical records, which may lead to the outcome being influenced by patient compliance. Combination immunosuppression has been shown to significantly improve clinical outcomes in CD patients treated with IFX. However, only 44 patients received concomitant immunomodulators in this study, potentially limiting the statistical power and introducing bias. Therefore, further validation through larger-scale, rigorously designed studies is warranted. The mechanisms of concomitant nutritional therapy increase the efficacy of IFX are still unclear, but all above studies did not test the concentration of anti-drug antibodies and the trough value of serum biologic concentration, which deserves further research in the future.



5 Conclusion

In conclusion, enteral nutrition therapy was an independent protective factor for mucous remission. Enteral nutrition therapy in combination with IFX therapy not only can help to increase the rate of clinical response in induction therapy, but also can prevent the incidence of mucous relapse in the long time.
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