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Purpose: Loss of response (LOR) to biological agents is challenging in Crohn’s disease (CD) therapy. Identifying and predicting
factors associated with therapeutic responses enables proactive intervention in high-risk LOR populations, such as adjusting
therapeutic intensity or initiating second-line agents earlier, to avoid ineffective treatment and improve clinical outcomes. A few
studies have also shown that biological age may be associated with treatment responses. This study aimed to show the association
between phenotypic age, a type of biological age, and the primary loss of response to biological agents in patients with CD.
Methods: This retrospective study included 94 CD patients, with 81 followed-up at the eighth week and 76 at the twelfth week in our
institution. LOR was defined as biochemical remission (fecal calprotectin level < 250 pg/g or a reduction of > 50% from baseline
levels). The phenotypic age was calculated based on a series of clinical biomarkers. Multivariate regression analysis was used to
determine the association between phenotypic age and the LOR. The receiver operating characteristic curve (ROC) was used to show
the performance of biological age in predicting the 8-week and 12-week LOR.

Results: 33 patients had LOR at 8 weeks and 34 patients had LOR at 12 weeks. Patients with LOR had a higher phenotypic age and
age gap than those with response (p < 0.001). Multivariable regression analyses further showed that phenotypic age and age gap were
associated with LOR (8-week LOR, odds ratio (OR) = 1.18, 95% confidence interval (CI):1.07-1.32 and OR = 0.84, 0.76-0.94; 12-
week LOR, OR = 1.12, 95% CI:1.02-1.24 and OR = 0.89, 95% CI:0.81-0.98). ROC curves showed that both phenotypic age and age
gap had acceptable performance in predicting 8-week and 12-week LOR (the area under the curve (AUC) was 0.739-0.784).
Conclusion: Phenotypic age is associated with LOR to biological agent in patients with CD, and has acceptable performance in
predicting 8-week and 12-week LOR.
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Introduction

Crohn’s disease (CD) is a type of inflammatory bowel disease that affects any segment of the gastrointestinal tract.
Crohn’s typically affects the terminal ileum and colon, and presents with symptoms such as abdominal pain and diarrhea.
Although the incidence of CD is stabling in Europe and North America,' the incidence in Africa, Asia, and South
America countries has also been rising in recent years.'” The estimated prevalence of CD worldwide continued to arise.'
The global burden of inflammatory bowel disease poses significant challenges to healthcare systems.'

CD treatment is primarily based on the severity and extent of the disease. The goal is to induce and maintain
remission, prevent complications, and improve patients’ quality of life.* Pharmacological therapy remains the corner-
stone of CD management, including aminosalicylates, corticosteroids, immunosuppressants, and biological agents.*
Commonly utilized biological therapy include anti-TNF medicines (such as infliximab and adalimumab), anti-integrin
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antibodies (vedolizumab), and anti-interleukin medications (ustekinumab, which targets IL-12 and IL-23).> However,
Primary or secondary loss of response to biological agents, particularly anti-TNF drugs, continues to pose a significant
challenge in the management of CD. Therefore, optimizing biological agents and developing novel therapeutic strategies
is essential for enhancing the prognosis and long-term outcomes of patients with CD.

Unfortunately, anti-TNF therapy is ineffective in patients with inflammatory bowel disease (IBD). The rate of primary
nonresponse to anti-TNF therapy in CD varies between 13.4% and 63.1%, with certain patients failing to attain remission
after one year of treatment.® Studies have shown that the incidence of secondary loss of response (LOR) to anti-TNF
agents in CD patients is also high, with rates reported to be as high as 47.9%. Therefore, identifying and predicting
factors associated with therapeutic response is extremely important for the individualization and optimization of clinical
treatment strategies.

Several markers have been used for the prediction of LOR in patients with CD, including genetic and non-genetic
factors,® such as genetic variants in TNF, TNFRSF1B, and NFkB genes, fecal calprotectin, Th17 signature cytokines and
microbial markers. Biological age serves as a quantitative tool to estimate an individual’s rate of aging, reflecting their
level of physiological decline relative to their chronological age.” Biological age offers a more reliable assessment of
aging than chronological age. An increasing number of studies have shown an association between biological age and
health issues such as chronic respiratory diseases'® and COVID-19 severity.!' Severe inflammation may lead to high
biological age.'? Few studies have shown that biological age may be associated with treatment response.'*'* We
hypothesized that higher biological age may be associated with a more severe inflammatory state and altered response
to biological agents. Therefore, this study aimed to show the association between biological age, defined by phenotypic
age (PhenoAge), and primary loss of response to biological agents in patients with CD.

Methods

Patients

Patients with CD who received biological therapy (anti-TNF agents), at the Affiliated Hospital of Nanjing University of
Chinese Medicine from July 2019 to December 2021 were retrospectively included. Inclusion criteria: CD patients
diagnosed by clinical/endoscopic criteria; older than 18 years; receiving anti-TNF agents treatment. Exclusion criteria (1)
Lack of baseline laboratory tests, and endoscopic pathological examinations at the start of biological therapy; (2) Patients
lost to follow-up within 8 or 12 weeks after starting biological therapy (including those who did not continue treatment or
continued treatment in other hospitals but with unclear follow-up data); (3) Patients with chronic kidney disease, chronic
obstructive pulmonary disease, malignant tumors, congestive heart failure, neuromuscular diseases, limited activity, or
long-term immobilization; (4) History of biological therapy; (5) Allergy to biological agents; (6) Patients in pregnancy
and lactation. A total of 94 CD patients receiving anti-TNF agents was found. This retrospective study included 81
patients who were followed up at 8 weeks and 76 patients who were followed up at 12 weeks in the outpatient clinic. The
flowchart of the study subjects can be seen in Figure 1. Ethics approval was obtained from the Affiliated Hospital of
Nanjing University of Chinese Medicine (2020NL-KS11). This retrospective study was performed in accordance with the
Declaration of Helsinki. The need for informed consent was waived by the Ethics Committee of the Affiliated Hospital of
Nanjing University of Chinese Medicine due to the retrospective nature of the study. For this study, we were granted
access to all data elements necessary to create the study cohort and perform the analyses, including demographics,
diagnoses, laboratory data, procedures, medications. The study was reported adhered to RECORD guidelines (see
Supplementary Material).

Data Collection and Definition of Loss to Response

Patient demographic information, use of biological agents, baseline laboratory examinations (complete blood count,
biochemistry, C-reactive protein, coagulation function, fecal calprotectin (FC), and detection of granulomas by endo-
scopy were collected from the electronic medical record system. Fecal calprotectin levels were dynamically recorded
from the beginning of the biological treatment to 8 and 12 weeks after treatment. The monthly location and presence of
perianal lesions were evaluated by Computed Tomographic Enterography (CTE) or Magnetic Resonance Enterography
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Figure | Patients inclusion flowchart.

(MRE). Biological agent response and non-response were defined based on biochemical remission at approximately
8—12 weeks of treatment (biochemical remission: fecal calprotectin < 250 pg/g or a reduction of > 50% from baseline
levels; LOR: fecal calprotectin > 250 pg/g or a reduction of < 50% from baseline levels).

PhenoAge Calculation

PhenoAge was calculated based on a series of clinical biomarker data, including blood glucose, serum creatinine, serum
albumin, C-reactive protein, lymphocyte percentage, mean corpuscular volume, red blood cell distribution width, alkaline
phosphatase, and white blood cell count. The formula for calculating PhenoAge was as follows:'>

PhenoAge = 141.50225 + In[—0.00553 x In(exp(—1.51714 x exp(xb)0.0076927))]0.09165

Where xb is calculated by the formula:

Xb =-19.907 — 0.0336 x albumin + 0.0095 x creatinine + 0.1953 X glucose +0.0954 X In (C-reactive protein) —0.012
x lymphocyte percentage +0.0268 X mean corpuscular volume + 0.3306 x erythrocyte distribution width +0.00188 x
alkaline phosphatase + 0.0554 x leukocytes count + 0.0804 x chronological age.

After calculating PhenoAge, the age gap was obtained by subtracting the actual chronological age from PhenoAge.

Statistical Analyses

Statistical analyses were performed using SPSS software (version 24.0). Quantitative data are presented as mean +
standard deviation (SD). Categorical variables were expressed as numbers (percentages). Univariate and multivariate
logistic regression analyses were used to examine the associations between quantitative data of PhenoAge, the age gap,
and loss of response. Receiver operating characteristic (ROC) curve analysis was used to evaluate the predictive power of
biological age and age gap for loss of response. Using PASS11 software, we estimated the sample size based on “Test for
two means”, if the age gap was 3.0 year in response group and 5.0 years in LOR group, and standard deviation was 1.0
and 3.0 years, respectively, powder = 0.95, a = 0.05, the estimated sample size was 35 in each group. Statistical

significance was set at p < 0.05.

Journal of Inflammation Research 2025:18 hetps: 15589



Chen et al

Results

Characteristic of Patients

Eighty one patients were followed up at 8 weeks and 76 patients were followed up at 12 weeks. The characteristics of the
patients, based on their responses to biological agents, are shown in Table 1. Thirty three patients had LOR at 8 weeks
and 34 patients had LOR at 12 weeks. Patients with LOR had low serum albumin levels (p < 0.05), red blood cell
distribution width (p < 0.001), and mean corpuscular volume (p < 0.05). Consequently, patients with LOR had a higher
PhenoAge and age gap than those with response (p < 0.001). The differences between the chronological age and
phenotype in each patient are shown in Figure 2.

The Association Between Phenotypic Age/Age Gap and LOR

Subsequently, we investigated the association between PhenoAge/age gap and LOR using logistic regression analysis
(Table 2). Univariable analysis showed that PhenoAge was associated with 8-week (odds ratio (OR) = 1.09, 95% CI:
1.04-1.15) and 12-week LOR (OR = 1.08, 1.03—1.14). Similar associations were observed for age gap (OR = 0.85, 95%
CI:0.78-0.93; OR = 0.88, 0.81-0.95). Multivariable regression analyses further showed that PhenoAge and age gap were
associated with LOR (for 8-week LOR, OR = 1.18, 95% CI:1.07-1.32 and OR = 0.84, 0.76-0.94; for 12-week LOR, OR
=1.12, 95% CI:1.02—1.24 and OR = 0.89, 95% CI:0.81-0.98) after controlling for sex, L1 type, perianal lesions, disease
duration, baseline FC and chronological age.

Models to Predict LOR

Next, we observed the role of PhenoAge and the age gap in predicting LOR in patients with CD (Figure 3). ROC curves
showed that both PhenoAge and age gap had acceptable performances in predicting 8-week and 12-week LOR. The area
under the curve (AUC) was 0.774 (95% CI: 0.67-0.87) for PhenoAge and 0.784 (95% CI:0.68-0.87) for age gap in
predicting 8-week LOR. The AUC was 0.742 (95% CI: 0.63-0.85) for PhenoAge and 0.739 (95% CI:0.63-0.83) for age
gap in predicting 12-week LOR. PhenoAge showed better performance than chronological age in predict the 8 weeks
LOR (AUC 0.774 vs 0.618, p < 0.001) and 12 weeks LOR (AUC 0.742 vs 0.616, p = 0.006) (Figure 4).

Table | Characteristic of Patients Based on Loss to Response

Variables Response at 8 Weeks (n = 81) Response at 12 Weeks (n = 76)

Yes (n = 48) No (n = 33) P Yes (n = 42) No (n = 34) P
Age (years) 27.08 £ 7.90 30.24 + 895 0.10 26.98 £ 7.96 29.88 + 8.8 0.14
Sex (M) 33 20 0.45 28 21 0.66
LI type (yes) 20 6 0.03 20 6 0.006
Bl type (yes) 34 18 0.13 29 19 0.24
Perianal lesions (yes) 30 20 0.86 25 22 0.64
Serum albumin (g/L) 40.05 * 4.35 35.87 £ 6.07 0.001 39.95 £ 5.21 37.09 £ 478 0.013
Serum creatinine (mmol/L) 77.13 £ 10.79 7429 £ 11.06 | 0.46 83.17 £52.94 | 79.49 £ 39.61 0.93
CRP (mg/L) 47.61 + 42.85 43.84 + 34.02 | 0.88 49.59 + 5228 | 42.82 £ 3446 | 0.80
Mean corpuscular volume (fL) 84.58 + 551 7997 £ 8.12 0.003 84.79 + 5.60 80.62 + 8.18 0.01
Red cell distribution width (%) 14.01 + 1.62 16.13 + 2.69 <0.001 | 14.00 % 1.77 15.80 + 2.31 < 0.001
Alkaline Posphatase (mmol/L) 78.05 £ 17.71 85.06 + 3435 | 045 79.11 £ 16.18 | 83.75 £ 35.66 | 0.63
Blood glucose (mmol/L) 442 + 0.67 4.06 = 0.45 0.08 427 + 0.69 421 £ 0.55 0.79
White Blood Cell Count (x 10°/L) | 7.70 £ 2.76 7.20 £ 285 0.43 7.72 £ 280 7.33 £291 0.55
Lymphocyte percentage 21.67 +7.66 19.52 + 8.11 0.23 21.26 £7.74 20.32 + 829 0.6l
FC (ug/g) 1089.9 + 1662.5 | 1226.1 = 711.2 | 0.68 8972.1% 747.1 1144.5 + 708.1 | 0.09
Duration (months) 12.0 (3.8-36.0) 12 (5.5-26.0) 0.69 12.0 (2.8-36.0) | 12.0 (8.3-30.0) | 0.35
Phenotypic age (years) 27.34 £ 10.44 3811 +11.60 | <0.001 | 27.41 + 108l 36.47 + 10.66 | <0.001
Age gap (years) —0.26 * 6.08 —7.86 + 8.02 <0.001 | 043 * 6.57 —6.59 * 7.67 < 0.001

Abbreviations: CRP, C-reactive protein; FC, fecal calprotectin.

15590

https:

Journal of Inflammation Research 2025:18




Chen et al

100+

Years

20+

Chronological age Phenotypic age

Figure 2 The differences between phenotypic age and chronological age.

We also combined L1 type with phenotypic age or age gap to establish models. The AUC was 0.77 (95% CI: 0.67-0.87) for
PhenoAge and 0.795 (95% CI:0.70-0.89) for age gap in predicting 8-week LOR. The AUC was 0.76 (95% CI: 0.65-0.87) for
PhenoAge and 0.77 (95% CI: 0.66—0.88) for age gap (95% CI:0.63—0.83) in predicting 12-week LOR.

Discussion

Identifying predictors of therapeutic response, especially in patients who relapse soon after initiating therapy, could

reshape clinical decision making and optimize management strategies for CD. This study aimed to explore the relation-

ship between PhenoAge/age gap and loss of response to biological therapies in adult patients with Crohn’s disease. Our

Table 2 Association Between Phenotype Age/Age Gap and Response at 8 and 12 Weeks

Univariable Model

Multivariable Model |

Multivariable Model 2

8 weeks

12 weeks

Phenotypic age (years)
Sex (male vs female)

LI type

Perianal lesions

FC (vglg)

Chronological Age (years)
Age gap (years)
Phenotypic age (years)
Sex (male vs female)

LI type

Perianal lesions

FC (vglg)

Chronological Age (years)

Age gap (years)

1.09 (1.04-1.15)
0.70 (0.28-1.77)
031 (0.11-0.89)
0.92 (0.37-2.29)
1.00 (1.00-1.00)
1.05 (0.99—1.11)
0.85 (0.78-0.93)
1.08 (1.03-1.14)
1.24 (0.48-3.18)
0.24 (0.08-0.69)
1.25 (0.49-3.18)
1.00 (1.00-1.00)
1.04 (0.99-1.10)
0.88 (0.81-0.95)

118 (1.07-1.32)
0.79 (0.23-2.67)
0.59 (0.17-2.07)
.42 (0.42-4.77)
1.00 (1.00-1.00)
0.88 (0.78—1.00)

112 (1.02-1.24)
0.84 (0.26-2.72)
037 (0.11-121)
2.36 (0.68-8.26)
1.00 (0.99-1.00)
0.92 (0.83-1.03)
/

0.79 (0.23-2.67)
0.59 (0.17-2.07)
.42 (0.42-4.77)
1.00 (1.00-1.00)
1.04 (0.97—1.12)
0.84 (0.76-0.94)
/

0.84 (0.26-2.72)
0.38 (0.11-129)
2.36 (0.68-8.26)
1.00 (0.99-1.00)
1.04 (0.97-1.11)
0.89 (0.81-0.98)

Notes: Model I: Age gap was not included in the model and disease duration was adjusted. Model 2: Phenotypic age was not included in the

model and disease duration was adjusted.
Abbreviation: FC, fecal calprotectin.
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Figure 3 Receiver operating characteristic curves of phenotypic age and age gap in predicting loss of response at the 8th week (A) and 12th week (B).
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Figure 4 Receiver operating characteristic curves showed the performance of phenotypic age and chronological age in predicting loss of response at the 8th week (A) and
12th week (B).

study presents the association between PhenoAge and immunotherapy loss response in Crohn’s disease and establishes
a reliable predictive model, which will provide a new approach for predicting the immunotherapy loss response of
patients in the clinic.

The PhenoAge/age gap is closely related to disease progression and prognosis.”'® Understanding the correlation
between PhenoAge/age gap and the length of remission in patients with CD is crucial for improved therapy management
and the prevention of negative outcomes. Nevertheless, there are insufficient data regarding the correlation between the

PhenoAge/age gap and the depletion of biological agents in adult Crohn’s disease patients.
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Previous studies have shown that the development of anti-drug antibodies (ADAs) against biologic agents, especially
anti-TNF therapies like infliximab and adalimumab, is the leading cause of LOR.!” These antibodies reduce serum drug
levels and neutralize drug activity, leading to decreased effectiveness over time.!” Low serum drug concentrations due to
increased drug clearance or suboptimal dosing contribute to loss of response. However, monitoring of anti-TNF drugs
and drug antibody concentrations is expensive and not covered by medical insurance, which places a high economic
burden on patients. It is relatively poorly available in clinical practice and is affected by various factors, resulting in large
individual differences in the blood drug concentrations. Interestingly, Hibi et al reported that CRP showed better
performance in detecting an infliximab level,'® a type of anti-TNF drugs. Our study showed that PhenoAge and age
differences have the potential to predict immune failure in response to biological agents in Crohn’s patients.Given CRP is
an important parameter in calculating Phenotypic age and the link between CRP and anti-drugs level, it is hypothesized
that the association between PhenoAge and LOR is mediated by level of anti-TNF drugs. The association between
PhenoAge and anti-TNF drugs level should be investigated in future.

As individuals age at different rates,'® biological age was proposed as a term to estimate the rate and extent of
biological aging and reflect the biological and physiological functions of individuals.” Liu et al, reported that the positive
association between age gap and some chronic disorders and infections (any or bacterial infections).'® This is consistent
with our results. In addition, our data indicated that PhenoAge or age gap had better performance than chronological age
in predict the 8 weeks LOR (AUC 0.774/0.784 vs 0.618) and 12 weeks LOR (AUC 0.742/0.739 vs 0.616). Moreover, the
combination of L1 type with PhenoAge or age gap showed slightly better performance than PhenoAge or age gap alone
in predicting 12 weeks LOR.

The effect of a high biological age or a large age gap on LOR is unknown. PhenopAge was calculated based on
several inflammatory biomarkers, including C-reactive protein, lymphocyte percentage, and white blood cell count. High
biological age may be related to severe inflammation, which is associated with LOR. A recent study reported that white
cell count was associated with secondary LOR to infliximab in CD patients.”® C-reactive protein could serve as
a biomarker of serum infliximab concentrations.'"® High C-reactive protein is related to low serum infliximab
concentrations®' which is closely associated with LOR.** In addition, it has been shown that CST3 is an essential
gene for biological aging, which is associated with immune traits.'® High biological age may be associated with immune
status in patients with CD. Moreover, body fat-free mass was inversely associated with a higher age gap.'® Interestingly,
our previous study showed that sarcopenia is related to a high LOR in patients with CD.* Biological age may affect LOR
by its influence on muscle mass.

This study has several limitations that should be acknowledged. First, this study was conducted at a single center,
resulting in a relatively small sample size because CD is rare disease in Asia country although the incidence of CD is
increasing. This limits the statistical power and generalizability of the findings. In addition, our study focused on biological
agent treatments which further reduces the sample size of the eligible study population. The scarcity of patients receiving
biologic therapy makes it difficult to assemble an adequately sized cohort for external validation. Second, this study only
focused on biochemical remission. Clinical remission, which incorporates patient symptoms and quality of life, was not
evaluated, potentially providing an incomplete picture of the treatment outcomes. Third, owing to the inherent challenges of
studying CD, a relatively uncommon condition in Asian countries, predictive models (eg, based on biological age or age
gap) were not validated in an independent external cohort. Fourth, several potentially significant confounding variables
such as dietary habits, concomitant medication use, and lifestyle factors were not systematically controlled in the analyses.
However, their influence on the outcomes (eg,LOR) remains unknown. Additionally, this study focused solely on the
primary loss of response. Secondary loss of response, which may have different underlying mechanisms, was not further
analyzed, limiting the comprehensiveness of the findings regarding treatment failure.

Conclusion

In conclusion, this study showed that PhenoAge and age gap were associated with loss of response to biologic therapies
in adult patients with CD. In addition, PhenoAge and age gap also had acceptable performance in predicting LOR at 8
and 12 weeks. Our study reported potential novel markers for predicting LOR to anti-TNF agents in CD patients.
PhenoAge and age gap may be useful in CD treatment management.
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