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ABSTRACT

Introduction:  Long-term real-world data on 
vedolizumab outcomes remain limited: the 

LONG-LIVE study evaluates 5-year effectiveness 
and safety in a large Italian cohort.
Methods:  This is a long-term extension of the 
multicenter LIVE study involving patients with 
Crohn’s disease (CD) and ulcerative colitis (UC). 
The primary outcome was the cumulative prob-
ability of major adverse clinical outcomes (the 
composite of IBD-related surgeries, non-surgical 
hospitalizations, and serious adverse events). 
Secondary outcomes included cumulative inci-
dences of IBD-related surgery and non-surgical 
hospitalization, vedolizumab persistence, rates 
of death, cancer and adverse events of special 
interest (AESIs), and longitudinal response 
group transitions; outcomes in elderly patients 

Daniela Pugliese and Alessandro Armuzzi equally 
contributed to this work.

Prior presentation: Preliminary results were presented 
as a poster at European Crohn’s and Colitis Organisation 
(ECCO) 2025 Congress (Berlin, Germany, 19–22 February 
2025; P1062), “Effectiveness and safety outcomes beyond 
five years of IBD patients treated with vedolizumab. The 
LONG-LIVE IG-IBD study.".

Supplementary Information  The online version 
contains supplementary material available at 
https://​doi.​org/​10.​1007/​s12325-​026-​03675-4.

G. Privitera · C. Bezzio · A. Armuzzi (*) 
Department of Biomedical Sciences, Humanitas 
University, Via Rita Levi Montalcini 4, Pieve 
Emanuele, 20072 Milan, Italy
e-mail: alessandro.armuzzi@hunimed.eu

F. Palumbo · A. Testa 
Federico II University Hospital, Naples, Campania, 
Italy

F. S. Macaluso · A. Orlando 
Villa Sofia–Cervello Hospital, Palermo, Italy

L. Laterza · F. Scaldaferri 
Fondazione Policlinico Universitario “A. Gemelli” 
IRCCS, Rome, Italy

V. Pardi · L. Ceccarelli 
AOUP, Pisa, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-026-03675-4&domain=pdf
https://doi.org/10.1007/s12325-026-03675-4


	 Adv Ther

(≥ 65 years) were compared to non-elderly using 
inverse probability weighting (IPW).
Results:  Overall, 782 patients were included 
(50.4% CD; 49.6% UC; 76.3% anti-tumor necro-
sis factor (TNF)-experienced; 4324.1 patient-
years of follow-up). The 5-year probability of 
major adverse clinical outcomes was 29.4% (no 
difference between CD and UC). In CD, pene-
trating behavior (aHR 1.77) predicted higher risk 
of the primary endpoint, while colonic location 
was protective (aHR 0.51). In UC, the primary 
endpoint was predicted by elderly age (aHR 1.99) 
and comorbidity burden (aHR 1.27). Five-year 
cumulative incidences were 23.4% for surgery 
and 14.3% for non-surgical hospitalization. 
Patients with CD had higher hospitalization 
risk than patients with UC (sHR 1.80). Mortality, 
neoplasm diagnosis, and AESIs occurred at rates 
of 3.93, 3.93, and 6.27 per 1000 patient-years. 

Five-year drug persistence was 38.7%. Achiev-
ing deep remission within 24 months medi-
ated the relationship between initial clinical 
response and sustained deep remission at last 
follow-up. After IPW, elderly patients had a 
higher risk of major adverse clinical outcomes 
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and non-surgical hospitalization; AESI and can-
cer rates did not differ.
Conclusion:  Approximately one in three 
patients experienced a major adverse clini-
cal outcome over 5  years, driven primarily 

by disease-related complications rather than 
adverse events, with a consistent safety profile 
across age groups.
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Key Summary Points 

Why carry out this study?

Long-term real-world data on hard clinical 
outcomes with vedolizumab beyond 2 years 
remain scarce, and elderly patients are under-
represented in existing evidence.

Elderly patients represent a growing IBD 
population with distinct comorbidity profiles 
and potentially different treatment responses 
compared to younger adults.

This study characterized 5-year real-world 
outcomes of vedolizumab in a large multi-
center cohort, focusing on hard endpoints, 
disease trajectories, and age-specific out-
comes.

What was learned from the study?

Over 5 years, major adverse clinical outcomes 
occurred in 29.4% of patients and surgery 
in 23.4%, with comparable rates between 
CD and UC; early response predicted deep 
remission within 24 months, which strongly 
mediated long-term remission.

Elderly patients faced higher risks of major 
adverse clinical outcomes and hospitalization 
but not of serious adverse events, supporting 
vedolizumab use across age groups.

INTRODUCTION

Vedolizumab was the first non-anti-tumor necro-
sis factor (TNF) advanced therapy approved for 
Crohn’s disease (CD) and ulcerative colitis (UC). 
Building on the pivotal GEMINI program [1–3], 
it has become an established treatment option 
in inflammatory bowel disease (IBD), supported 
by its gut-selective mechanism of action [4] and 
a consistently favorable efficacy–safety profile. 
Real-world studies have then confirmed its effec-
tiveness and safety across diverse patient popu-
lations [5–9]. However, most available evidence 
focuses on intermediate endpoints, such as clini-
cal and endoscopic outcomes within 2 years, 
whereas data on hard outcomes—including 

PLAIN LANGUAGE SUMMARY

Vedolizumab is a gut-selective biologic therapy 
approved for Crohn’s disease (CD) and ulcera-
tive colitis (UC). While its short-term effective-
ness is well established, data on what happens 
to patients beyond 2 years of treatment remain 
limited. In this study, we followed 782 patients 
for up to 7 years across 47 Italian centers to track 
hard clinical outcomes: surgery, hospitalization, 
serious adverse events, and death. About one 
in three patients experienced a major adverse 
clinical outcome over 5 years—a composite end-
point that includes IBD-related surgeries, non-
surgical hospitalizations, and serious adverse 
events—with no meaningful difference between 
CD and UC. Surgery occurred in approximately 
one in five patients, and non-surgical hospi-
talizations were more frequent in CD. Serious 
adverse events, including deaths, cancers, and 
infections, remained uncommon throughout 
follow-up. Patients who responded early to treat-
ment were more likely to achieve deep remis-
sion within 2 years, which was in turn associated 
with deep remission at last follow-up. Elderly 
patients faced higher risks of hospitalization 
and major adverse clinical outcomes, but not 
of cancer or serious adverse events, suggesting 
that vedolizumab can be used across different 
age groups without a disproportionate increase 
in safety risk.

Keywords:  Hard outcomes; Safety; 
Effectiveness; Long-term observation; 
Vedolizumab; Disease trajectory; Elderly
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(IBD-related surgeries and non-surgical hospi-
talizations) and serious adverse events (SAEs). 
SAEs, defined as serious, treatment-emergent 
events distinct from IBD-related surgery and 
hospitalization, were further classified as fatal, 
oncologic, or adverse events of special interest 
(AESIs, defined as serious, non-fatal, non-onco-
logic events necessitating temporary or perma-
nent treatment discontinuation).

Reasons for discontinuation were catego-
rized as primary ineffectiveness, secondary 
ineffectiveness, adverse events, remission, or 
other causes; loss to follow-up was recorded 
separately. Clinical activity was measured using 
the Harvey–Bradshaw Index (HBI) for CD and 
partial Mayo score (PMS) for UC, while endo-
scopic activity was assessed with the Simple 
Endoscopic Score for CD (SES-CD) [13] and 
endoscopic Mayo subscore (eMS) [14] for UC. 
In accordance with the definitions adopted in 
the original LIVE study [5], clinical response was 
defined as a reduction of ≥ 3 points in HBI for CD 
and ≥ 2 points in PMS for UC; steroid-free clinical 
remission as HBI < 5 for CD and PMS < 2 for UC; 
endoscopic remission as SES-CD ≤ 2 for CD and 
eMS = 0 for UC; and deep remission as the com-
bination of steroid-free clinical and endoscopic 
remission.

The primary endpoint was the cumulative 
probability of major adverse clinical outcomes, 
a composite endpoint was designed to capture 
the full spectrum of unfavorable disease-related 
events, encompassing both hard effectiveness 
outcomes and serious safety outcomes. Pre-
specified secondary endpoints included: (1) 
cumulative incidences of IBD-related surgery 
and non-surgical hospitalization; (2) vedoli-
zumab persistence; and (3) incidence rates of 
cancer, death, and AESIs. Additional explora-
tory analyses were performed to assess: (1) lon-
gitudinal response group transitions, defined 
as progression from initial clinical response 
category (early, late, or non-responder) to deep 
remission within 24 months and at last follow-
up; and (2) and comparative outcomes between 
elderly (≥ 65 years) and non-elderly (< 65 years) 
patients. Exploratory analyses are intended as 
hypothesis generating and their results should 
be interpreted with additional caution.

surgery, hospitalization, serious adverse events, 
and mortality—remain limited. Long-term 
observational data are essential to understand 
the impact of medical therapy on the natural 
history of IBD, including cumulative risks of 
disease-related complications and late adverse 
events, and to inform clinical decision-making 
[10]. Yet, data beyond 2 years of follow-up with 
vedolizumab are still scarce, particularly in 
elderly patients, who are often underrepresented 
in clinical trials [11] and may present distinct 
comorbidities, drug-related risks, and treatment 
responses compared to younger populations 
[12].

We previously reported real-world data on 
vedolizumab effectiveness and safety up to 
24 months in the LIVE study [5]. LONG-LIVE 
extends these observations beyond 2  years, 
focusing on hard outcomes, adverse events, and 
treatment persistence; additionally, it explores 
the impact of prior biologic exposure and age 
on long-term outcomes, providing a comprehen-
sive assessment of vedolizumab performance in 
routine care.

METHODS

This retrospective study reports long-term out-
comes in patients from the LIVE cohort [5], a 
previously published multicenter observational 
study conducted across 47 centers affiliated 
with the Italian Group for the Study of Inflam-
matory Bowel Disease (IG-IBD), which enrolled 
patients with CD or UC initiating vedolizumab 
between April 2016 and June 2017 with follow-
up through June 2019. All participating centers 
were invited to contribute extended follow-up 
data; centers that agreed were included in the 
LONG-LIVE extension, which captured out-
comes from vedolizumab initiation through July 
2023 or loss to follow-up. Data were extracted 
from medical records and integrated with the 
original electronic case report forms, captur-
ing major adverse clinical outcomes, dates, and 
reasons for vedolizumab discontinuation, and 
clinical and endoscopic activity score at the last 
available follow-up. Major adverse clinical out-
comes included both IBD-related hard outcomes 
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Time-to-event outcomes (the composite 
endpoint of major adverse clinical outcomes, 
IBD-related surgeries, and non-surgical hospi-
talizations) were analyzed using Kaplan–Meier 
curves and unadjusted Cox proportional haz-
ards models, with Fine–Gray competing-risk 
regression accounting for death when consider-
ing surgery and hospitalization as separate out-
comes. Time-to-event analyses on the compos-
ite endpoint of major adverse clinical outcomes 
and its components were conducted on the 
full analytic cohort regardless of vedolizumab 
persistence status: patients who discontinued 
treatment contributed follow-up time until 
the event or censoring, ensuring that adverse 
outcomes occurring in non-persistent patients 
were fully captured. Treatment persistence 
was defined as the time from vedolizumab ini-
tiation to permanent discontinuation for any 
reason, and was estimated using Kaplan–Meier 
methods. Results were presented as cumulative 
probabilities or incidences with 95% confi-
dence intervals (CIs), unadjusted hazard ratios 
(HRs), and subdistribution HRs (sHRs) with 
95% CIs. Incidence rates (IRs) of death, cancer, 
and AESIs were estimated using Poisson regres-
sion with generalized estimating equations, 
and incidence rate ratios (IRRs) compared CD 
and UC. To assess the potential impact of selec-
tion bias introduced by incomplete retrieval of 
patients from the original cohort into the long-
term extension (LTE) phase, we performed an 
inverse probability weighting (IPW) sensitiv-
ity analysis. Briefly, separate logistic regression 
models were fitted for CD and UC patients to 
estimate the probability of inclusion in the 
LTE cohort based on baseline demographic 
and clinical characteristics. For CD, the follow-
ing variables were included: age, sex, disease 
duration, disease location, disease behavior, 
perianal involvement, prior anti-TNF expo-
sure, prior immunosuppressor use, Charlson 
Comorbidity Index (CCI) [15] excluding age, 
concomitant steroids, smoking status, clini-
cal activity, and endoscopic activity. For UC, 
the model included: age, sex, disease duration, 
disease extent, prior anti-TNF exposure, prior 
immunosuppressor use, CCI excluding age, 
concomitant steroids, smoking status, clinical 
activity, and endoscopic activity. The resulting 

propensity scores were used to derive stabilized 
IPW weights, trimmed at the 1st and 99th 
percentiles to limit the influence of extreme 
values. Weighted Kaplan–Meier curves for the 
primary composite endpoint were then com-
pared to unadjusted estimates to evaluate the 
robustness of the main analyses.

Multivariable Cox regression was performed 
separately for CD and UC to account for dis-
ease-specific covariate sets. Variable selection 
was conducted using Bootstrap LASSO (least 
absolute shrinkage and selection operator) Cox 
regression. For each of 200 bootstrap iterations, 
the optimal penalization parameter (lambda) 
was selected via tenfold cross-validation. Vari-
ables were retained for the final Cox model if 
their inclusion frequency across bootstrap sam-
ples exceeded 50%, ensuring selection of stable 
and reproducible predictors. Final HRs with 95% 
CIs and P-values were derived from a standard 
Cox refit on the selected variables. Multivariable 
Poisson regression with backward stepwise selec-
tion was performed separately for CD and UC to 
account for disease-specific covariate sets. Given 
the low number of observed events for death, 
cancer, and SAEs, a penalized approach such as 
LASSO was deemed inappropriate due to insuf-
ficient statistical power for stable variable selec-
tion; backward stepwise regression was therefore 
preferred as a less penalized strategy, offering 
greater model parsimony while remaining fea-
sible with sparse outcome data. Results from 
these models should be interpreted with caution 
given the limited number of events. Collinearity 
among candidate predictors was assessed prior 
to modeling via Pearson correlation and vari-
ance inflation factors. Adjusted estimates were 
presented as IRRs with 95% CIs. Baseline missing 
data were handled using multiple imputation by 
chained equations (MICE; 10 imputed datasets, 
pooled using Rubin’s rules). Loss to follow-up 
was handled with non-responder imputation 
for the primary endpoint, as a conservative 
approach to mitigate the potential impact of 
informative censoring.

For response group transitions, patients 
were classified according to their initial clini-
cal response to vedolizumab as early respond-
ers (clinical response within 14  weeks), late 
responders (between 14 weeks and 6 months), 
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or non-responders. The analysis examined 
transitions across three sequential states: ini-
tial response group, an intermediate landmark 
(achievement of deep remission at any time-
point within 24 months), and a final state (deep 
remission at last endoscopic follow-up, defined 
as the most recent endoscopic assessment availa-
ble for each patient beyond 24 months). Accord-
ing to the original LIVE Study protocol, endo-
scopic assessments were captured at all available 
timepoints throughout the observation period of 
24 months; deep remission "within 24 months" 
was defined as achievement of deep remission 
at any endoscopic assessment performed up 
to 24  months from vedolizumab initiation, 
irrespective of the specific scheduling at each 
center; patients without an available endoscopic 
assessment within 24 months were handled with 
non-responder imputation. For the LONG-LIVE 
observation, all patients still receiving vedoli-
zumab had at least one endoscopic assessment 
available beyond the 24  months timepoint. 
Patients who discontinued vedolizumab were 
classified as not in deep remission at all subse-
quent timepoints regardless of their actual remis-
sion status after discontinuation, as the analysis 
aimed to capture deep remission achieved under 
vedolizumab treatment. Two sensitivity analyses 
for deep remission endpoints were performed: 
the first restricted the analysis to patients with at 
least one endoscopic evaluation available within 
24 months, and the second employed MICE-
based imputation (10 imputed datasets, pooled 
using Rubin’s rules) for missing landmark status; 
both aimed to assess the influence of the non-
responder imputation approach on the primary 
results. Pairwise associations between initial 
response groups and each outcome were assessed 
using logistic regression [odds ratios (ORs) with 
95% CIs]. Causal mediation analysis was then 
performed to estimate the extent to which the 
effect of initial response group on the attain-
ment of deep remission at last endoscopic evalu-
ation was mediated through the attainment of 
deep remission within 24 months, quantifying 
the average causal mediation effect (ACME, indi-
rect effect) and the average direct effect (ADE), 
each with 95% CIs and bootstrapped P values 
(1000 simulations).

Comparative analyses by age [elderly 
(≥ 65 years) vs. non-elderly (< 65 years)] were 
performed using IPW derived from propensity 
scores calculated separately for CD and UC (to 
allow the inclusion of different covariates in the 
propensity score model). Propensity models for 
CD included sex, disease duration, disease loca-
tion, disease behavior, CCI excluding age, prior 
exposure to anti-TNF agents, and prior exposure 
to immunosuppressants, while, for UC, they 
included sex, disease duration, disease extent, 
CCI excluding age, prior exposure to anti-TNF 
agents, and prior exposure to immunosuppres-
sants. Stabilized weights were trimmed at the 
1st and 99th percentiles. Balance was evalu-
ated with absolute standardized mean differ-
ences (SMD: < 0.1 optimal, 0.1–0.2 adequate). 
Weighted Kaplan–Meier, Fine–Gray, and Cox 
and Poisson regression analyses followed the 
same approach as unweighted analyses.

To evaluate the potential impact of selection 
bias due to incomplete follow-up retrieval of 
patients from the original LIVE cohort, an IPW 
sensitivity analysis was performed. Separate 
logistic regression models were fitted for CD 
and UC to estimate the probability of inclusion 
in the LONG-LIVE extension cohort based on 
baseline demographic and clinical characteris-
tics; the resulting propensity scores were used 
to derive stabilized IPW weights, trimmed at the 
1st and 99th percentiles. Weights were applied 
to the 782 patients with available long-term 
follow-up data, but outcomes for the 329 non-
included patients were not imputed; this sensi-
tivity aimed only to correct for the differential 
representation of patient profiles in the exten-
sion cohort. Weighted cumulative incidence 
estimates of the primary endpoint were then 
compared to unadjusted estimates to evaluate 
the robustness of the primary analyses against 
selection bias.

Statistical significance was set at two-sided 
P < 0.05 for the primary endpoint, with Holm-
adjusted P values for secondary outcomes. Anal-
yses were performed using SPSS 29.0.1.0 and R 
(RStudio 2025.5.0.496).
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Ethics

The study protocol was approved on 4 June 2018 
by the Ethics Committee of the coordinating 
center (Fondazione Policlinico Universitario A. 
Gemelli IRCCS, Università Cattolica del Sacro 
Cuore, Rome, Italy – Protocol number 18951/18, 
ID 2067). Independent participating centers 
obtained acknowledgment from their respective 
local Ethics Committees, which reviewed study 
documentation for compliance with institu-
tional policies and data protection regulations, 
as per national requirements for observational 
retrospective studies. Patients included in the 
study provided written informed consent for 
their clinical data to be used for research pur-
poses. The LIVE study and its LONG-LIVE exten-
sion were conducted in accordance with the 
Declaration of Helsinki and applicable national 
regulations.

RESULTS

Of the 1111 patients enrolled in the LIVE study, 
long-term data for the LONG-LIVE extension 
were available for 782 individuals (50.4% CD 
and 49.6% UC), with a slight male predomi-
nance (n = 447, 57.2%); consistent with the 
original cohort, most patients (n = 597, 76.3%) 
had prior exposure to anti-TNF therapy. Base-
line characteristics are summarized in Table 1. 
Cumulative follow-up was 4324.1 patient-years 
(PY;¢ 227.9 for CD and 2096.2 for UC, p = 0.021).

Primary Outcome

Across the entire observation, 246 patients 
experienced at least one major adverse clini-
cal outcome, with Kaplan–Meier estimates 
of 9.7% (95% CI 7.6–11.7%) at 1  year, and 
29.4% (26.1–32.7%) at 5 years. On unadjusted 
comparison, no statistically significant differ-
ence between CD and UC (HR 0.80, 95% CI 
0.63–1.03; P = 0.090), or by prior biologic expo-
sure within either disease subgroup [CD: HR 0.84 
(0.55–1.27), P = 0.406; UC: HR 1.21 (0.79–1.86), 
P = 0.384] were observed. Cumulative probability 

curves are shown in Fig. 1, with cumulative 
probabilities reported in Supplementary Table 1. 
In multivariable Cox regression with Bootstrap 
LASSO variable selection, in CD penetrating 
behavior was associated with higher risk com-
pared to inflammatory behavior [aHR 1.77 
(1.05–2.98), P = 0.031], and stricturing behav-
ior showed a borderline association [aHR 1.54 
(1.00–2.38), P = 0.051]; colonic location was 
associated with lower risk of primary endpoint 
compared to isolated ileal disease [aHR 0.51 
(0.26–0.99), P = 0.046]. In UC, elderly age [aHR 
1.99 (1.28–3.10), P = 0.002] and CCI excluding 
age [aHR 1.27 [1.01–1.59), P = 0.043] indepen-
dently predicted major adverse clinical outcome. 
Selected covariates and bootstrap inclusion fre-
quencies are listed in Supplementary Table 2.

An IPW sensitivity analysis was performed to 
evaluate the potential impact of selection bias 
due to incomplete follow-up retrieval. Propen-
sity score models showed moderate discrimina-
tive ability, indicating that observed baseline dif-
ferences between included and excluded patients 
were limited; stabilized IPW showed adequate 
balance in both disease groups. After IPW, cumu-
lative incidence estimates of major adverse clini-
cal outcomes remained virtually identical to 
unadjusted analyses at all timepoints in both 
CD (1-year: 10.6% vs. 10.3%; 3-year: 26.2% vs. 
25.9%; 5-year: 32.5% vs. 32.2%) and UC (1-year: 
9.0% vs. 9.1%; 3-year: 22.1% vs. 22.1%; 5-year: 
26.7% vs. 26.6%), supporting the robustness of 
the primary results against selection bias (Sup-
plementary Fig. 1).

Surgical and Non‑surgical Hospitalizations

During follow-up, 153 patients (19.6%) under-
went at least one IBD-related surgery. Specifi-
cally, surgery occurred in 83 patients with CD 
(21.1%) and 70 patients with UC (18.0%); 
among patients with CD, 13 underwent multi-
ple procedures. In patients with CD, all surgical 
procedures were performed for medically refrac-
tory disease; among patients with UC, 8 of 70 
colectomies (11.4%) were performed for dyspla-
sia, with the remainder for medically refractory 
disease.
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Table 1   Characteristics of patients at baseline

Inclusion 
in the LIVE 
study

Patients, n 782

 CD n (%) 394

 UC n (%) 388

Female n (%) 335 (42.8)

 CD 177 (44.9)

 UC 158 (40.7)

Age, years, mean (SD) 47.1 (15.9)

 CD 45.4 (15.8)

 UC 48.8 (15.8)

Over 65, n (%) 130 (16.6)

 CD 54 (13.7)

 UC 76 (19.6)

Current smokers, n (%) 241 (30.8)

Disease duration, years, mean (SD) 11.6 (8.8)

 CD 12.8 (9.3)

 UC 10.4 (7.7)

CD location, n (%)

 L1 111 (28.2)

 L2 56 (14.2)

 L3 222 (56.3)

 L4 5 (1.3)

CD behavior, n (%)

 B1 122 (31.0)

 B2 199 (50.5)

 B3 73 (18.5)

CD clinical activity (HBI), n (%)

 Quiescent (< 5) 30 (7.6)

 Mild (5–7) 102 (25.9)

 Moderate (8–16) 233 (59.1)

 Severe (> 16) 29 (7.4)
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Table 1   continued

Inclusion 
in the LIVE 
study

CD endoscopic activity (SES-CD), n (%)

 Quiescent (0–2) 10 (2.5)

 Mild (3–6) 58 (14.7)

 Moderate (7–15) 229 (58.2)

 Severe (> 15) 97 (24.6)

UC extent, n (%)

 E1 18 (4.6)

 E2 148 (38.2)

 E3 222 (57.2)

UC clinical activity (PMS), n (%)

 Quiescent (0–1) 10 (2.6)

 Mild (2–4) 62 (16.0)

 Moderate (5–7) 235 (60.6)

 Severe (> 7) 81 (20.8)

UC endoscopic activity (eMS), n (%)

 Quiescent (0) 5 (1.3)

 Mild (1) 21 (5.4)

 Moderate (2) 178 (45.9)

 Severe (3) 184 (47.4)

Previous exposure to anti-TNF, n (%) 597 (76.3)

 CD 321 (81.5)

 UC 276 (71.1)

Previous cancer diagnosis, n (%) 61 (7.8)

Concomitant therapies, n (%)

 5-ASA 324 (41.1)

 IMM 38 (4.9)

 5-ASA + IMM 39 (5.0)

Baseline steroid therapy, n (%) 358 (45.8)

 CD 164 (41.6)

 UC 195 (50.0)
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Table 1   continued

Inclusion 
in the LIVE 
study

CRP, mg/L, mean (SD) 11.6 (16.5)

Patients with comorbidities, n (%) 267 (34.1)

 Charlson score in patients with comorbidities, mean (SD) 2.9 (1.5)
 Charlson score without age in patients with comorbidities, mean (SD) 1.5 (0.9)

CD Crohn’s disease, CRP C-reactive protein, eMS endoscopic Mayo subscore, HBI Harvey–Bradshaw Index, IMM immu-
nosuppressor, PMS partial Mayo score, SD standard deviation, SES-CD simple endoscopic score for CD, TNF tumor necro-
sis factor, UC ulcerative colitis, 5-ASA aminosalicylates

Fig. 1   Major adverse clinical outcomes. Kaplan–Meier 
curves showing cumulative probabilities of major adverse 
clinical outcomes up to the last observation. A Entire 

cohort; B by disease (Crohn’s disease vs. ulcerative colitis); 
C Crohn’s disease by prior anti-TNF exposure; D ulcera-
tive colitis by prior anti-TNF exposure
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Competing risk-adjusted cumulative inci-
dences were 8.1% (95% CI 6.1–10.0%) at 1 year, 
and 23.4% (19.9–26.8%) at 5 years. The risk of 
IBD-related surgery did not differ statistically 
between patients with UC and patients with CD 
(sHR 1.19, 95% CI 0.87–1.64; P = 0.278). When 
stratifying by prior biologic exposure, no statisti-
cally significant differences emerged in CD [sHR 
0.95 (0.56–1.61), P = 0.862] nor UC [sHR 1.79 
(0.98–3.23), P = 0.059] (Fig. 2). In multivariable 
Cox regression with Bootstrap LASSO variable 
selection, no stable independent predictors of 
surgery were identified in CD, although colonic 

location showed a borderline association with 
lower surgical risk compared to isolated ileal 
location [aHR 0.39 (0.15–1.01), P = 0.052]. In UC, 
prior biologic exposure was associated with IBD-
related surgery [aHR 2.15 (1.15–4.00), P = 0.017].

Non-surgical hospitalizations occurred in 85 
patients (10.9%). Specifically, 54 patients with 
CD (13.7%) and 31 patients with UC (8.0%) 
experienced at least one hospitalization; further-
more, 16 patients (10 CD, 6 UC) received mul-
tiple hospitalizations. Competing risk-adjusted 
cumulative incidences were 2.5% (1.3–3.6%) 
at 1 year, and 14.3% (11.2–18.5%) at 5 years. 

Fig. 2   Probability of IBD-related surgery. Fine–Gray 
curves showing cumulative probability of surgery up to the 
last observation. A Entire cohort; B by disease (Crohn’s 

disease vs. ulcerative colitis); C Crohn’s disease by prior 
anti-TNF exposure; D ulcerative colitis by prior anti-TNF 
exposure
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Patients with CD received more hospitalizations 
than patients with UC [sHR 1.80 (1.14–2.77), 
P = 0.011]. No differences by prior biologic expo-
sure were observed within disease subgroups 
[CD: sHR 0.94 (0.48–1.82), p = 0.855; UC: sHR 
1.41 (0.61–3.33), P = 0.419] (Fig. 3). In multivari-
able Cox regression with Bootstrap LASSO vari-
able selection, in CD elderly age predicted hos-
pitalization [aHR 2.76 (1.50–5.08), P = 0.001]. In 
UC, elderly age predicted hospitalization [aHR 
3.17 (1.48–6.82), P = 0.003] and CCI excluding 

age showed borderline association [aHR 1.45 
(0.99–2.12), P = 0.057]. Full cumulative prob-
abilities and selected covariates and bootstrap 
inclusion frequencies are listed in Supplemen-
tary Tables 1 and 2.

Safety

A total of 17 deaths [2.2%, 8/394 (2.0%) in CD 
and 9/388 (2.3%) in UC] were recorded after a 

Fig. 3   Probability of non-surgical hospitalization. Fine–
Gray curves showing cumulative probability of non-sur-
gical hospitalization up to the last observation. A Entire 

cohort; B by disease (Crohn’s disease vs. ulcerative colitis); 
C Crohn’s disease by prior anti-TNF exposure; D ulcera-
tive colitis by prior anti-TNF exposure
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median of 28.0 months (range 10.5–70.5) from 
vedolizumab initiation (6 in patients who had 
received vedolizumab within the preceding 
4 months, while the remaining 11 had discon-
tinued it earlier), mostly due to cardiovascular 
disease (n = 6) (Table 2). The overall IR of death 
was 3.93 per 1000 PY (95% CI 2.45–6.35), with 
no statistically significant difference between CD 
and UC [3.61 (1.80–7.21) vs. 4.31 (2.24–8.29) per 
1000 PY; IRR 0.84 (0.32–2.17), P = 0.71]. In Pois-
son regression, elderly age was independently 

associated with an increased risk of death in 
both CD [IRR 5.11 (1.22–21.41), P = 0.026] and 
UC [IRR 34.60 (4.32–277.22), P < 0.001].

A total of 17 new or recurrent neoplasms 
[2.2%, 7/394 (1.8%) in CD and 10 (2.5%) in UC] 
were diagnosed after a median of 41.3 months 
(range 3.0–71.3) from vedolizumab initiation, 
with gynecologic (n = 6) and gastrointestinal 
(n = 4) tumors as the most frequent (Table 2). 
The IR of neoplasms was 3.93 per 1000 PY 
(2.45–6.35), with no statistically significant dif-
ference by disease [CD: IR 3.16 (1.50–6.62) vs. 
UC: IR 4.79 (2.58–8.91) per 1000 PY; IRR 0.66 
(0.25–1.74), P = 0.40]. Disease duration [IRR 
1.11 (1.03–1.19), P = 0.006] and CCI excluding 
age [IRR 1.73 (1.17–2.54), P = 0.005] were identi-
fied as independent predictors in CD and UC, 
respectively.

A total of 20 AESIs were reported, mostly 
infections (n = 10, six respiratory; Table 2), with 
an IR of 6.27 per 1000 PY (4.30–9.14); no differ-
ence between CD and UC was observed [6.28 
(3.11–10.55) vs. 2.86 (1.05–5.65) per 1000 PY; 
IRR 2.20 (0.84–5.71), P = 0.11]. No independent 
predictors of AESIs were identified. Covariates 
retained in stepwise selections are listed in Sup-
plementary Table 3.

Treatment Persistence and Outcomes at Last 
Follow‑Up

During the observation, 529 patients (67.6%) 
suspended vedolizumab (272 CD, 257 UC). 
One-year and five-year persistence were 77.4% 
(95% CI 74.5–80.4%) and 38.7% (95% CI 
35.4–42.3%), respectively. At unadjusted com-
parison, no differences between CD and UC 
emerged (HR 0.91, 95% CI 0.76–1.08, P = 0.265); 
among patients with CD, exposed patients had 
significantly higher likelihood of vedolizumab 
discontinuation compared to naïve (HR 1.39, 
95% CI 1.00–1.92, P = 0.049), while no differ-
ence was observed in patients with UC (HR 1.06, 
95% CI 0.81–1.39, P = 0.669). Survival curves are 
shown in Fig. 4 and persistence estimates are 
provided in Supplementary Table 4. The most 
common reason for discontinuation was lack of 

Table 2   Summary of serious adverse events (SAEs): deaths 
(rows 1–6), oncological SAEs (rows 7–15), and adverse 
events of special interest (AESIs; rows 17–22). Percentages 
are calculated within each adverse event subtype

Fatal SAEs—causes of death (n = 17)

 Cardiovascular, n (%) 6 (35.3)

 Infections, n (%) 5 (29.4)

 Cancer, n (%) 3 (17.6)

 Other, n (%) 2 (11.8)

 Unknown, n (%) 1 (5.9)

Oncological SAEs (n = 17)

 Gastrointestinal, n (%) 4 (23.5)

 Skin, n (%) 2 (11.8)

 Breast, n (%) 3 (17.6)

 Kidney, n (%) 1 (5.9)

 Gynecological (non-breast), n (%) 3 (17.6)

 Multiple myeloma, n (%) 1 (5.9)

 Prostate, n (%) 2 (11.8)

 Seminoma, n (%) 1 (5.9)

AESIs (n = 20)

 Infections, n (%) 10 (50.0)

 Drug-related adverse event, n (%) 3 (15.0)

 Arthralgia/arthritis, n (%) 2 (10.0)

 Cardiovascular, n (%) 2 (10.0)
 Other, n (%) 3 (15.0)
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effectiveness on intestinal symptoms (n = 423, 
80.0% of reasons for discontinuation) and 18 
(3.4%) patients were lost to follow-up (cumula-
tive vedolizumab exposure 2825.0 PY: 1403.3 for 
CD and 1421.7 for UC, P = 0.549). The full list 
of discontinuation reasons is provided in Sup-
plementary Table 5.

At last follow-up, 59/394 patients with CD 
(15.0%) and 62/388 patients with UC (16.0%) 
were in deep remission while still receiving 
vedolizumab. Early clinical responders were 
more likely to achieve deep remission within 
24  months compared to non-responders in 

both CD (OR 2.71, 95% CI 1.30–6.22, P = 0.012) 
and UC (OR 10.43, 95% CI 3.75–43.38, 
P < 0.001), while differences between late and 
non-responders were not statistically sig-
nificant (Supplementary Table 6). Achieving 
deep remission within 24 months was associ-
ated with deep remission at the last available 
endoscopic evaluation (CD: OR 4.81, 95% CI 
2.38–9.57, P < 0.001; UC: OR 3.00, 95% CI 
1.67–5.33, P < 0.001). Causal mediation analy-
sis supported that this landmark had a statis-
tically significant association with the effect 
of initial response on remission status at the 

Fig. 4   Treatment persistence. Kaplan–Meier curves show-
ing cumulative probabilities of treatment persistence up to 
the last observation. A Entire cohort; B by disease (Crohn’s 

disease vs. ulcerative colitis); C Crohn’s disease by prior 
anti-TNF exposure; D ulcerative colitis by prior anti-TNF 
exposure
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last available endoscopic evaluation (ACME: 
CD 0.022, 95% CI 0.003–0.049, P = 0.020; UC 
0.025, 95% CI 0.005–0.055, P = 0.004), whereas 
the direct effect of initial response group was 
not statistically significant (ADE: CD 0.031, 
95% CI –0.036–0.097, P = 0.384; UC 0.062, 95% 
CI – 0.008–0.139, P = 0.088) (Fig. 5). A sensitiv-
ity analysis restricted to patients with at least 
one endoscopic assessment available within 
24  months (CD: n = 220; UC: n = 278) con-
firmed the robustness of the primary findings: 
the association between deep remission within 
24 months and deep remission at last follow-
up, as well as the direction and magnitude of 
the causal mediation estimates, remained con-
sistent with the primary analysis. A further 
sensitivity analysis employing MICE-based 
imputation for patients with missing interme-
diate endoscopic follow-up yielded concordant 
results. Full details are reported in Supplemen-
tary Table 6.

Comparative Effectiveness and Safety in 
Elderly vs. Non‑elderly Patients

Of the 198 elderly (≥ 65 years) patients origi-
nally enrolled in the LIVE cohort, 130 (65.7%) 
entered the LONG-LIVE extension. Cumulative 

follow-up was 3674.2 PY for the non-elderly 
cohort and 651.7 PY for the elderly cohort 
(P < 0.001).

Baseline characteristics of the two cohorts 
are summarized in Supplementary Table  7. 
Significant differences between non-elderly 
and elderly patients were observed in prior 
exposure to immunosuppressors (CD: 74.1% 
vs. 44.4%, p < 0.001; UC: 63.5% vs. 46.1%, 
P = 0.008), prior exposure to anti-TNF agents 
(CD: 87.6% vs. 42.6%, P < 0.001; UC: 77.6% 
vs. 44.7%, P < 0.001), mean CCI excluding 
age (CD: 0.17 ± 0.58 vs. 0.44 ± 0.72, P = 0.002; 
UC: 0.15 ± 0.56 vs. 0.37 ± 0.73, P = 0.004), and 
proportion of female patients (UC: 43.9% 
vs. 27.6%, P = 0.014). After IPW, optimal bal-
ance was achieved for all covariates in the CD 
cohort (SMD < 0.1) except for disease behavior 
(0.1 < SMD < 0.2, adequate balance); in the UC 
cohort, all covariates achieved optimal balance 
(SMD < 0.1). Loveplots depicting SMD before and 
after IPW are shown in Supplementary Fig. 2.

The cumulative probability of major adverse 
clinical outcomes was significantly higher in 
elderly versus non-elderly patients with CD (HR 
2.15, 95% CI 1.34–3.47; P = 0.002); a similar pat-
tern was observed for patients with UC (HR 1.98, 
95% CI 1.26–3.11; P = 0.003). No differences in 
IBD-related surgery rates were observed in either 

Fig. 5   Longitudinal response group transitions. Sankey 
diagrams showing response group transitions from initial 
response (early responder, late responder, non-responder) 
through landmark achievement (deep remission within 

24 months) to final outcome (deep remission at last follow-
up), stratified by disease type: Crohn’s disease (CD, left) 
and ulcerative colitis (UC, right). Proportions are condi-
tional on the initial response group
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cohort (CD: HR 1.57 [0.74–3.23), P = 0.240; UC: 
HR 1.50 [0.80–2.79), P = 0.203); younger patients, 
however, had a significantly higher probability 
of remaining free from non-surgical hospitaliza-
tions [CD: HR 4.15 (2.18–7.90), P < 0.001; UC: 
HR 3.32 (1.58–6.99), P = 0.002] (Fig. 6). Cumula-
tive probabilities are reported in Supplementary 
Table 8.

In the CD cohort, no cancers occurred among 
elderly patients, precluding interpretation of 
IRR. No statistically significant differences in 
AESIs were observed between elderly and non-
elderly patients with CD [IRR 0.67 (0.14–3.13), 
P = 0.609]. In UC, no differences in cancer [IRR 
1.03 (0.21–5.04), P = 0.967] or AESIs [IRR 0.83 
(0.10–6.64), P = 0.859] were observed. Mortality 
was not directly compared between age groups, 
as isolating the effect of age would offer limited 
interpretative value.

DISCUSSION

In this large real-world cohort of patients with 
moderate-to-severe IBD—the majority refrac-
tory to prior anti-TNF therapy—we report hard 
clinical outcomes of vedolizumab across 4324 
patient-years of follow-up.

Major adverse clinical outcomes reached a 
cumulative probability of 29.4% at 5 years, with 
no statistically significant difference between 
CD and UC. Disease location and behavior 
drove outcomes in CD—colonic location car-
rying lower risk and penetrating disease being 
associated with the highest risk—whereas, in 
UC, elderly age and comorbidity burden were 
the dominant predictors. IBD-related surgery 
occurred in approximately one in five patients, 
with comparable rates between CD and UC. 
Isolated colonic CD showed a borderline 

association with lower surgical risk; prior expo-
sure to anti-TNF was associated with increased 
risk of surgery in UC. Non-surgical hospitaliza-
tions were more frequent in CD than UC, with 
elderly age as the strongest predictor in both 
diseases. Serious adverse events were uncom-
mon throughout follow-up: mortality was 
2.2%, driven predominantly by cardiovascular 
causes, neoplasm incidence was low, and AESIs 
were infrequent and mostly infectious, with 
infections accounting for half of all cases and 
respiratory infections representing the most fre-
quent subtype. The predominance of respiratory 
infections among AESIs is consistent with prior 
evidence of an increased risk of respiratory tract 
infections with vedolizumab compared with 
other biologics [16, 17]; furthermore, previous 
case series reported vedolizumab-associated 
drug-induced pneumonitis [18]. Collectively, 
these observations may reflect preferential allo-
cation of frail and comorbid patients to vedoli-
zumab in real-world practice, incomplete gut 
selectivity of vedolizumab that can increase 
susceptibility to respiratory infections, or both.

Vedolizumab persistence declined progres-
sively throughout the observation, with lack of 
effectiveness being the dominant reason for dis-
continuation. Early responders were more likely 
to achieve deep remission within 24 months 
compared to non-responders in both diseases, 
and this landmark attainment was in turn asso-
ciated with deep remission at last follow-up. 
Causal mediation analysis suggested that the 
effect of initial response on long-term remis-
sion operates largely through this intermediate 
state, with a significant indirect effect (ACME) 
and a non-significant direct effect (ADE) in both 
CD and UC. Notably, although some patients 
may respond more slowly to vedolizumab—as 
also suggested in other work [19]—early clini-
cal response still provides meaningful prognos-
tic information, lying in its capacity to drive 
patients toward deep remission within two 
years.

IPW-adjusted analyses showed that elderly 
patients had a higher risk of overall major 
adverse clinical outcomes and non-surgical 
hospitalization in both diseases, while surgery 
rates and safety outcomes—including AESIs and 
neoplasms—did not differ between age groups. 

Fig. 6   Outcomes in elderly vs. non-elderly patients. 
Kaplan–Meier curves showing IPW-adjusted cumulative 
probabilities of major adverse clinical outcomes (upper 
panels), IBD-related surgery (middle panels), and IBD-
related non-surgical hospitalization (lower panels) up to 
the last observation, stratified by age group (elderly vs. non-
elderly). A, C, E Crohn’s disease; B, D, F ulcerative colitis

◂
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The excess risk observed in elderly patients 
after covariate balancing likely reflects dimen-
sions of biological ageing not fully captured by 
the Charlson Comorbidity Index (included in 
the IPW model), including frailty, functional 
reserve, and polypharmacy, factors that are rel-
evant determinants of outcomes in older IBD 
patients and can inform clinical decision-mak-
ing when initiating advanced therapies in this 
population.

Our findings are broadly consistent with 
previous reports, while providing extended 
longitudinal insights by leveraging a longer 
follow-up in a population enriched with refrac-
tory patients, a profile that contextualizes dif-
ferences in outcome rates discussed below. Sur-
gery incidence in our cohort was higher than 
in unselected incident IBD populations [20], as 
expected given that requirement for biological 
therapy already identifies patients with disease 
refractory to conventional treatment; the lower 
surgery incidence reported in the GEMINI exten-
sion study [21] may be attributed to the selec-
tion of a cohort enriched with responders from 
preceding trials. In CD, despite a shorter obser-
vation period, surgical rates in our cohort were 
broadly consistent with the 24% 10-year cumu-
lative incidence reported in a contemporary 
European population-based inception cohort 
[22], suggesting that the higher refractoriness 
of our population counterbalanced the differ-
ence in follow-up duration. In UC, colectomy 
rates substantially exceeded those of unselected 
incident cohorts [23], likely reflecting the com-
pounded effect of prior anti-TNF failure—the 
sole independent predictor of colectomy in our 
multivariable analysis—long disease duration, 
and older age. Consistent with published data 
in biologics-treated UC populations [24], refrac-
tory disease accounted for the vast majority of 
surgical indications, with neoplastic progres-
sion representing a minority of cases. Consist-
ent with previous data [26], isolated colonic 
disease appears to be associated with a lower 
risk of surgery, which may be dependent on a 
milder disease phenotype or a more conservative 
surgical approach related to the less destructive 
nature of surgery for ileal disease [27]. In UC, 
previous anti-TNF exposure was the sole predic-
tor associated with an increased risk of surgery, 

possibly reflecting a more treatment-refractory 
patient cohort. Persistence estimates align with 
those reported in other large real-world cohorts 
[9, 17]. and mirrors the pattern of lower persis-
tence in biologic-experienced compared with 
naïve patients observed across advanced thera-
pies. Anti-TNF agents, having been available for 
over two decades, offer the most extensive long-
term real-world evidence: in patients with CD 
treated with infliximab or adalimumab, approxi-
mately one in four achieves sustained remission 
at 10-year follow-up, with surgical resection 
required in up to 36% and treatment discontinu-
ation due to serious adverse events in approxi-
mately 26% [25]. A systematic review and meta-
analysis including nearly 30,000 patients with 
CD reported 1- and 2-year vedolizumab persis-
tence rates of 65.3% and 54.8%, respectively, 
with more favorable outcomes in biologic-
naïve than in biologic-experienced patients; in 
biologic-naïve patients specifically, persistence 
was numerically higher with vedolizumab than 
with anti-TNF agents at both 1 year (84.6% vs. 
75.3%) and 2 years (70.6% vs. 64.6%), though 
between-study heterogeneity was substantial 
[9]. For ustekinumab, long-term real-world per-
sistence data are now emerging: in a Canadian 
nationwide patient support program including 
over 8700 patients with CD, persistence reached 
approximately 60% at 4 years, with biologic-
experienced patients showing significantly lower 
persistence than naïve patients [28], consist-
ent with the pattern observed across advanced 
therapies in refractory populations. The slightly 
higher incidence of AEs and neoplasms reported 
by Louis et al. [29] likely reflects more system-
atic capture inherent to their prospective design 
and different outcome definitions rather than a 
true difference in event rates. Our earlier work 
[30] showed reduced persistence in the elderly 
UC cohort and reported no difference in rates of 
adverse events; the present study complements 
these findings by demonstrating that elderly 
patients carry a higher burden of major adverse 
clinical outcomes and non-surgical hospitaliza-
tions in both CD and UC, while confirming that 
AESI and cancer rates remain comparable across 
age groups.
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Strengths of this study include the large sam-
ple size with extended follow-up yielding over 
4300 cumulative patient-years, the use of hard 
clinical endpoints, and the focused evaluation of 
elderly patients with IPW adjustment. The appli-
cation of causal mediation analysis to formally 
decompose the effect of initial response on long-
term outcomes represents a methodological con-
tribution that goes beyond standard association 
testing, providing a framework applicable to 
other treatment sequences in IBD. Neverthe-
less, limitations must be acknowledged. First, 
as an observational retrospective study, not all 
associations should be interpreted as causal, and 
residual confounding remains possible despite 
multivariable adjustment and propensity score 
weighting. Of the 1111 patients enrolled in the 
original LIVE study, 329 (29.6%) did not enter 
the LONG-LIVE extension, primarily due to 
non-participation of their contributing centers 
in the long-term follow-up phase. To formally 
evaluate the potential impact of this incomplete 
retrieval on our estimates, we performed an IPW 
sensitivity analysis in which the probability of 
inclusion in the extension cohort was modeled 
from baseline demographic and clinical char-
acteristics; IPW-adjusted cumulative incidence 
estimates of the primary endpoint were compa-
rable to unadjusted estimates in both CD and 
UC, supporting the representativeness of the 
analyzed cohort; nevertheless, because center-
level characteristics were not included in the 
propensity score model, between-center variabil-
ity remains a potential residual source of selec-
tion bias that the IPW approach cannot fully 
address. Retrospective AE capture may under-
estimate true event frequency; additionally, 
the rarity of AEs in our cohort, reflected in the 
wide CIs, warrants further caution in interpret-
ing the estimates. The age-stratified analysis and 
the response group transition and causal media-
tion analyses were exploratory investigations, 
and their results should not be interpreted as 
demonstrating causal effects; furthermore, the 
age threshold of 65 years used to define elderly 
patients, while consistent with prior IBD litera-
ture, represents a simplified categorization that 
does not fully capture the heterogeneity of bio-
logical ageing [31].

CONCLUSION

This study provides 5-year real-world data on 
hard clinical outcomes—IBD-related surger-
ies, non-surgical hospitalizations, and seri-
ous adverse events—in a large population of 
patients with IBD; reduction in hospitalizations 
and surgeries is explicitly recognized among 
the ultimate therapeutic goals of IBD manage-
ment [32], yet these endpoints remain underre-
ported in the literature. In our cohort, the 29.4% 
5-year cumulative probability of major adverse 
clinical outcomes was driven primarily by IBD-
related complications: approximately one in 
five patients underwent IBD-related surgery and 
14.3% experienced non-surgical hospitalization, 
while SAEs remained uncommon. The variable 
impact of prior anti-TNF exposure across disease 
types and endpoints underscores the need for 
individualized treatment decisions. Five-year 
persistence of 38.7%, while an imperfect proxy 
of both efficacy and tolerability, adds context to 
the primary endpoint findings. In exploratory 
analyses, early attainment of deep remission 
within 24 months was associated with sustained 
remission at last follow-up, and elderly patients 
faced a higher burden of hospitalizations and 
major adverse clinical outcomes but not of SAEs, 
findings that carry potential relevance for prog-
nostic stratification and treatment decisions 
across age groups. Future prospective research 
focusing on hard clinical endpoints and patient-
reported outcomes—with particular attention 
to frailty and comorbidity burden—is needed 
to clarify whether early treatment optimization 
can modify long-term disease trajectories.
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