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Lay Summary
Vedolizumab clearance (CL) outperforms serum trough concentrations in predicting therapeutic outcomes in Crohn’s disease. Higher CL was 
significantly associated with reduced remission rates, supporting CL as a pharmacokinetic marker for optimizing vedolizumab therapy.
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Introduction
The introduction of monoclonal antibodies has significantly 
improved disease outcomes in Crohn’s disease (CD). The use of 
therapeutic drug monitoring (TDM) plays an important role in 
treatment optimization. Particularly with anti-tumor necrosis 
factor antibodies, TDM is widely used to enhance therapeutic 
efficacy and minimize immunogenicity. Over time, TDM strat-
egies have evolved, and the importance of various pharmacoki-
netic (PK) parameters has been investigated. An exposure 
response relationship has been established for VDZ, and 
real-world study supports the notion the measuring drug con-
centrations might have value in the dosing optimization of 
therapy.1 Yet, while concentrations at the interdose interval are 
helpful, their level of association with disease control is weak, 
and other PK metrics need to be evaluated. Among these, drug 
clearance (CL), reflecting the dynamics of drug elimination, has 
gained increasing recognition as a potential predictor of thera-
peutic response.2 CL is calculated as the ratio of dose to the area 
under the serum concentration curve (AUC), providing an esti-
mate of how rapidly the body eliminates the drug. Multiple 
studies have suggested that CL was a more reliable predictor of 
treatment outcomes than drug serum concentrations. For both 
infliximab and adalimumab, increased CL is associated with the 
development of antidrug antibodies against infliximab, leading 
to reduced serum concentrations and diminished therapeutic 

efficacy.3,4 Lately, PK studies with interleukin-targeting therapies, 
such as ustekinumab (anti-interleukin-12/23), have also identi-
fied CL as a superior predictor of clinical and biochemical out-
comes compared with serum drug concentrations.5

Vedolizumab (VDZ) is a gut-selective antibody targeting the 
α4β7 integrin that is widely used in the management of inflam-
matory bowel diseases. While previous studies have identified 
an association between serum VDZ concentrations and thera-
peutic response, this association appears to be weaker than 
what has been reported with other biologics.6,7 The European 
Crohn’s and Colitis Organization guidelines acknowledge the 
potential utility of TDM in VDZ therapy but do not provide 
strong recommendations due to limited supporting evidence.8 
One of the key unresolved questions for VDZ is whether CL 
is a better predictor of response than serum concentrations. To 
address this knowledge gap, our study aimed to evaluate the 
predictive value of serum VDZ trough concentrations vs CL in 
relation to endoscopic and clinical remission in patients with 
CD receiving intravenous VDZ maintenance therapy.

Methods
This was a post hoc analysis of a cohort of patients enrolled in 
LOVE-CD (Lowlands Vedolizumab in Crohn's disease study), 
a multinational prospective controlled trial.9 For the purpose 
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of the current analysis, only patients enrolled at Amsterdam 
University Medical Center were included. Blood samples were 
collected at trough during intravenous VDZ maintenance treat-
ment starting at week 14, following induction treatment with 
3 consecutive doses of 300 mg VDZ at weeks 0, 2, and 6. 
Nonresponders received an additional week 10 VDZ infusion. 
Blood samples were collected in serum separator tubes, allowed 
to clot, centrifuged and stored at −80 °C before being shipped 
to the clinical PK laboratory (Prometheus Laboratories). VDZ 
concentrations and antibodies to VDZ (ATVs) were measured 
using homogeneous mobility shift assay, which used size exclu-
sion chromatography coupled with fluorometric detection. The 
lower and upper limits of quantification for VDZ concentra-
tions were 1.6 µg/mL and 40.0 µg/mL, respectively. A sample 
was considered ATV positive if the result was >1.6 U/mL. Addi-
tionally, serum albumin was measured using immunoturbidi-
metry (Beckman Coulter).

VDZ PKs were estimated using Bayesian estimation methods 
via Monolix (Lixoft). The structural model and Bayesian priors 
were taken from the population PK model reported by Rosario 
et al10 with a modification to account for the effects of ATVs 
on VDZ CL (Table 1). Specifically, the ATV status effect on 
VDZ CL was estimated using PK data from Prometheus Lab-
oratories’ clinical database, which included 8109 observations, 
of which 77 were ATV positive. The PK model used was a 
2-compartment model with parallel linear and nonlinear CL, 
covariate effects of serum albumin and ATV status on the linear 
CL, and random effects on CL and the central volume of dis-
tribution. All the fixed and random effects of the population 
PK model were fixed to the estimates reported, and only the 
individual post-hoc estimates of CL and volume were deter-
mined. C-reactive protein (CRP) and weight were not used as 
covariates in this model. Samples with concentrations outside 
the assay’s quantification range were treated as censored using 
the censoring approach defined in Monolix. For each sample, 
the conditional mode and conditional distribution of the indi-
vidual parameter estimates (linear CL and volume) were deter-
mined and used for the statistical analyses with the therapeutic 
outcomes.

Therapeutic outcomes included endoscopic remission (total 
Simple Endoscopic Score for Crohn’s Disease score <3; centrally 
read) measured at 1 year after starting VDZ treatment, and 
clinical (Crohn’s Disease Activity Index <150 points) and bio-
chemical remission (CRP <3 mg/L)) at each maintenance cycle. 

Statistical analyses included receiver-operating characteristic 
(ROC) curves, AUC (comparison using the DeLong method), 
and logistic regression with therapeutic outcomes as the depen-
dent variable and PK parameters as independent variables.

Results
For this analysis, 50 patients (24 females, median age 31 years 
[interquartile range [IQR], 25-47 years]) were evaluated. At 
enrollment, median weight, Crohn’s Disease Activity Index, 
serum albumin, CRP, and Simple Endoscopic Score for Crohn’s 
Disease were 70 kg (IQR, 61-89 kg), 248 points (IQR, 232-293 
points), 4.3 g/dL (IQR, 4.1-4.5 g/dL), 4.0 mg/L (IQR, 2.4-6.1 
mg/L), and 10 points (IQR, 6-16 points), respectively, with 8% 
(n = 4 of 50) patients receiving concomitant immunosuppres-
sants. At 1 year, endoscopic data were available for 39 patients, 
17 (44%) of whom were in endoscopic remission. Across all 
50 patients, 38% (n = 120 of 312) of cycles (median 6 per 
patient) showed clinical and biochemical remission.

Median trough concentrations and CL were 16.0 µg/mL 
(IQR, 9.5-23.8 µg/mL; 47% with VDZ >15 µg/mL) and 0.154 L/
day (IQR, 0.125-0.190 L/day; 51% with CL >0.156 L/day), 
respectively. ATVs were found in 8 (2.5%) of 323 specimens, 
and median serum albumin was 4.1 g/dL (IQR, 3.9-4.3 g/dL).

ROC analysis yielded higher AUC for CL (AUC, 0.824; 95% 
CI, 0.683-0.964) than for trough concentrations (AUC, 0.606; 
95% CI, 0.421-0.790; difference = 0.218; 95% CI, 0.074-0.362; 
P = 0.003) in distinguishing endoscopic remission from active 
endoscopic disease. Similar results were observed with the clin-
ical and biochemical remission outcome (AUC [concentration], 
0.530; 95% CI, 0.466-0.595 compared with AUC [CL], 0.646; 
95% CI, 0.584-0.709; difference: 0.116; 95% CI, 0.063-0.169; 
P < .001).

Interestingly, logistic regression revealed that trough concen-
trations were not significantly associated with endoscopic out-
come (odds ratio, 1.0; 95% CI, 0.6-1.3) and clinical and 
biochemical remission outcome (odds ratio, 2.4; 95% CI, 
0.6-8.9) (P > .28) (Figure 1 and Table 1). In contrast, higher CL 
(>0.156 L/day) was associated with 9.0-fold (95% CI, 1.7-44.0) 
and 2.1-fold (95% CI, 1.3-3.4) lower likelihood of endoscopic 
and clinical and biochemical remission, respectively (P < .01 for 
both comparisons) (Table 1). Positive and negative predictive 
value (with 50% pretest) for endoscopic remission with CL 
below 0.156 L/day was 82% (+32%) and 66% (+16%).

Table 1.  Performances characteristics of lower VDZ serum concentrations and higher CL with therapeutic outcomes.

Absence of endoscopic remission Absence of clinical and biochemical remission

VDZ <15 µg/mL CL >0.156 L/day VDZ <15 µg/mL CL >0.156 L/day

Sensitivity, % 47 54 50 53
Specificity, % 53 88 71 66
Positive LR (95% CI) 1.02 (0.80-1.30) 4.64 (1.44-17.27) 1.70 (0.78-4.01) 1.54 (1.17-2.06)
Negative LR (95% CI) 0.99 (0.80-1.22) 0.51 (0.30-0.81) 0.71 (0.41-1.21) 0.72 (0.59-0.88)
Odds ratio (95% CI) 1.0 (0.6-1.3) 9.0 (1.7-44.0)a 2.4 (0.6-8.9) 2.1 (1.3-3.4)a

PPV (50% pretest), % 50 (+0) 82 (+32) 63 (+13) 61 (+11)
NPV (50% pretest), % 50 (+0) 66 (+16) 58 (+8) 58 (+8)

Endoscopic remission corresponds to SES-CD lower than 3 points. Clinical & biochemical remission corresponds to CDAI below 150 points with C-reactive 
protein below 3 mg/L.
Abbreviations: CDAI, Crohn’s Disease Activity Index; CI, confidence interval; CL, clearance; LR, likelihood ratio; NPV, negative predictive value; PPV, 
positive predictive value; SES-CD, Simple Endoscopic Score for Crohn’s Disease; VDZ, vedolizumab.
aP < .05.
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Discussion
Here, we demonstrate that VDZ CL is a superior PK predictor 
of therapeutic outcomes compared with serum trough concen-
trations in patients with CD receiving maintenance therapy 
with intravenous VDZ. Specifically, we show that higher CL 
is associated with a significantly lower likelihood of achieving 
both endoscopic and clinical and biochemical remission, 
whereas serum trough concentrations were not independently 
associated with these outcomes. Our findings are consistent 
with previous research with other biologics, such as infliximab 
and adalimumab, and more recently ustekinumab, in which 
CL has been identified as a reliable predictor of treatment 
response.3–5 CL is not only influenced by drug-specific proper-
ties, but also by patient-intrinsic and disease-related factors, 
such as serum albumin levels, systemic inflammation, and 
immunogenicity. These features make CL a more comprehen-
sive marker of drug disposition than static trough levels alone, 
particularly in complex, inflammatory conditions, such as 
inflammatory bowel diseases.

Our results show that VDZ trough concentrations have a 
limited association with clinical and endoscopic outcomes, 
whereas CL exhibited a clear exposure–response relationship. 
This underscores the limitations of relying solely on serum drug 
concentrations for TDM and highlights the potential of CL to 
serve as a clinically useful, individualized parameter for optimiz-
ing VDZ therapy. In our study, patients presenting with 
CL >0.156 L/day were 9.0-fold more likely to lack endoscopic 
remission compared with those with CL <0.156 L/day. It follows 
that routine clinical monitoring of CL in patients using VDZ 
therapy might help identify those with higher CL and who might 
benefit from dose intensification, proactively or reactively during 
treatment, or those who would need to switch treatment.

A key strength of this study is the well-characterized pro-
spective patient cohort from LOVE-CD, a prospective con-
trolled trial investigating the efficacy of early vs late use of 
VDZ. This was supported by robust, longitudinal PK assess-
ments and comprehensive therapeutic outcome evaluations, 
including objective centrally read endoscopies. Additionally, 
our Bayesian PK modeling approach allowed for precise esti-
mation of individual CL values, enhancing the reliability of our 
findings. However, the relatively small sample size limits our 
ability to conduct detailed subgroup analyses that could offer 
further insights into specific patient subgroups such as those 
with immunogenicity to VDZ (which was low in this study) or 
low albumin. We also acknowledge that our study was a post 
hoc analysis from data generated at a single center and that the 
interpretation of the data might be subjected to selection bias. 
Additional validation will be required to confirm these findings. 
Nonetheless, even for VDZ, a promising TDM solution appears 
to be within reach: CL emerges as a novel and clinically mean-
ingful parameter that could significantly enhance personalized 
dosing strategies with VDZ, as part of model informed 
precision-guided tools available through dashboards or within 
the clinical laboratory, all scalable approaches for the imple-
mentation of CL in clinical practice.

In conclusion, we demonstrate that VDZ CL is associated 
with most relevant therapeutic outcomes in CD, outperforming 
VDZ trough concentration measurements. A CL-based 
approach may enable more timely and individualized dosing 
adjustments, potentially improving treatment outcomes in CD 
patients receiving VDZ therapy. Further prospective studies 
are needed to integrate a CL-driven, TDM-based treatment 
approach into clinical practice and to explore its impact on 
long-term disease control.

Figure 1.  Logistic regression of therapeutic outcomes with (A, C) concentrations and (B, D) clearance. VDZ, vedolizumab.
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