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Abstract

Background Anti-tumour necrosis factor (anti-TNF) agents are associated with increased infection risk among elderly
inflammatory bowel disease (IBD) patients, and thus, alternative biologics may be preferable. However, little comparative
data exist on the safety and efficacy of vedolizumab and ustekinumab in elderly IBD patients.

Aims To compare the safety and effectiveness of ustekinumab and vedolizumab in elderly Crohn’s disease patients.
Methods Patients > 60 years old who commenced ustekinumab or vedolizumab for Crohn’s disease (CD) were included.
Primary outcome was serious infections, defined as requiring hospitalisation. Efficacy was assessed by treatment persistence
and clinical response rates. We appropriately adjusted for confounders using propensity score-matched analysis weighted
by the inverse predicted probability of treatment weighing and performed a logistic regression analysis to assess factors
associated with serious infections and treatment persistence.

Results Eighty-three patients commencing ustekinumab and 42 commencing vedolizumab therapy were included. In a
propensity adjusted cohort, the rate of serious infection and treatment persistence were comparable between ustekinumab
and vedolizumab. There was a significant reduction in HBI at 6 and 12 months compared to baseline in both groups. Male
gender was positively associated with serious infection risk at 12 months, and penetrating disease behaviour was positively
associated with 12-month treatment persistence. Baseline HBI score was negatively associated with 12-month treatment
persistence. Cox regression analysis showed no overall difference in treatment discontinuation-free and serious infection-
free survival by 12 months.

Conclusions We observed comparable safety and effectiveness for ustekinumab and vedolizumab in treating elderly CD
patients.
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increased from 11.71 per 100,000 persons in 1991 to 23.66
per 100,000 persons in 2010 [3].

The management of elderly IBD patients pose unique
challenges for a number of reasons. Firstly, age-related
decline in immune function may lead to increased risk of
infections and malignancies with immunomodulatory ther-
apy [4]. In keeping with this, older patients are at greater
risk of opportunistic infections compared to younger IBD
patients. Furthermore, the higher prevalence of co-mor-
bidities and frailty among elderly patients increases the
risk of infections and drug interactions. Finally, a limited
number of elderly patients are enrolled on to clinical trials
due to age restrictions for inclusion, and hence, much of
the limited evidence for safety and efficacy of medications
among elderly IBD patients are derived from real-world
cohort studies. As a consequence, there is often reluctance
among IBD clinicians to prescribe immunomodulatory
and biological therapy to elderly IBD patients, with fewer
elderly patients receiving such therapies [5].

Current evidence suggests that many of the commonly
used treatments for IBD are associated with worse out-
comes among elderly patients. For instance, in a large
cohort of elderly IBD patients, current steroid use and ster-
oid exposure within the previous 90 days were associated
with an increased risk of serious infections [6]. Steroid use
also worsens pre-existing conditions such as diabetes and
heart failure in the elderly [7]. The use of immunomodula-
tory therapy is also associated with an increased risk of
infections [8] and malignancies among the elderly. In the
pivotal French study (CESAME), the risk of lymphoma
[9] and urothelial cancers [10] were all increased among
older patients treated with thiopurines. Various cohort
studies have reported an increased risk of infections and
mortality with anti-tumour necrosis factor (TNF) agents
in the elderly [11, 12]. In particular, the risk of opportun-
istic infections in the elderly is higher with a combination
of anti-TNF agents and immunosuppressants [13]. Thus,
newer alternative biologics which can be prescribed as
monotherapy may be preferred among the elderly.

The evidence for efficacy and safety outcomes with the
newer non-anti-TNF biologics among the elderly is lim-
ited. The a,f, antibody, vedolizumab, which blocks gut
lymphocyte trafficking is generally perceived to be safer
among elderly patients due to its gut selectivity. In the
registrational GEMINI trials, efficacy and safety appeared
similar across all age groups. Patients over the age of 55
who were on vedolizumab had the lowest rate of severe
infections and side effect-related hospitalisation [14].
There were also no differences in malignancy or deaths
between different age groups. Subsequent studies so far
have shown mixed results though with some studies sug-
gesting similar efficacy outcomes to younger IBD patients
[15] whereas other studies suggest a higher infection risk
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among the elderly [16] with rates similar to anti-TNF
agents [17].

There are limited data on the efficacy and safety of the
p-40 antibody ustekinumab, which targets interleukins-12
and 23 signalling. A Dutch prospective multi-centre cohort
study enrolled 203 and 207 vedolizumab- and ustekinumab-
treated IBD patients, respectively, and showed that co-mor-
bidities rather than age were associated with adverse safety
outcomes with either agent [18]. However, this study was
limited by the inclusion of only a small number of elderly
IBD patients (36 vedolizumab and 27 ustekinumab). A fur-
ther recent study included 39 elderly (> 65 years) Crohn’s
disease patients treated with ustekinumab and reported a
similar safety profile but lower efficacy compared to younger
patients [19]. To the contrary, a recently published Spanish
cohort in abstract form showed similar efficacy and serious
infection rates among elderly compared to a standard adult
IBD cohort but with a higher rate of de novo neoplasms
among the elderly [20]. A pooled analysis of data from clini-
cal trials across all indications showed comparable efficacy
and safety among elderly patients compared to a standard
cohort [21], but it is important to note the limitations of
clinical trial data due to restricted inclusion of patients
with significant co-morbidities. Furthermore, there are no
comparative data to date on the safety and effectiveness of
ustekinumab and vedolizumab in the elderly to inform posi-
tioning of these therapies. We sought to compare the safety
and efficacy of ustekinumab and vedolizumab among elderly
CD patients.

Materials and Methods

We conducted a multi-centre study of elderly (> 60 years
old) CD patients treated with vedolizumab and ustekinumab
across 4 hospitals in the North of England. All patients
were treated with a standard induction regime for each of
the respective agents. Maintenance dosing was 8 weekly for
vedolizumab and 8 or 12 weekly for ustekinumab after com-
pletion of induction therapy. In the United Kingdom, usteki-
numab is licenced for 8- or 12-weekly administration and the
frequency of treatment is determined by the treating clini-
cian. Dose optimisation during the maintenance phase were
at the discretion of the treating clinician. Steroid taper was
at the choice of the treating clinician but budesonide 9 mg
tapered over 12 weeks and prednisolone 40 mg once daily
with step-wise reduction over eight weeks is standard prac-
tice in the study centres. We collected baseline clinical infor-
mation including concomitant immunomodulator and steroid
therapy, body mass index, disease extent and duration, prior
anti-TNF therapy and surgery, smoking status, and Harvey-
Bradshaw Index. Follow-up data included Harvey-Bradshaw
Index, C-reactive protein and faecal calprotectin (where
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available) at months 2, 4, 6 and 12 after initiation. Data
were included if collected within two weeks of each speci-
fied time point (4 weeks at the 12-month time point). Due to
the differing administration schedules for ustekinumab and
vedolizumab, we allowed an interval of +2 weeks at each
time point. Harvey—Bradshaw Index was routinely assessed
whenever patients attended for vedolizumab infusion. For
patients receiving ustekinumab, Harvey-Bradshaw Index
was monitored by inflammatory bowel disease specialist
nurses in some study sites as part of drug response monitor-
ing. We also recorded details of dose escalation, adverse
events and discontinuation of biological therapy if they
occurred and need for surgery. Dose optimisation of vedoli-
zumab or ustekinumab was based on clinical grounds of sub-
optimal response combined with objective markers of active
disease. Follow-up was curtailed at 12 months as the number
of patients treated with ustekinumab beyond this period was
limited. Clinical remission was defined as a Harvey—Brad-
shaw Index of <5 and clinical response was defined as a
reduction in Harvey—Bradshaw Index of > 3 points from the
baseline value [22]. We consulted the STROBE statement
checklist for observational studies.

Outcomes of Interest

The primary outcome measure was the occurrence of seri-
ous infections defined as those that required hospitalisation.
Incident malignancies which occurred after treatment com-
mencement and recurrent malignancies were recorded. We
assessed effectiveness primarily by treatment persistence
and used rates of clinical response and steroid-free treat-
ment persistence as further measures of treatment efficacy.
All patients who had at least one induction dose of usteki-
numab or vedolizumab were included to calculate response
and remission rates even if they had discontinued therapy.
Finally, we assessed the association of clinical variables with
the risk of serious infection and treatment persistence. We
only assessed outcomes at 12 months as there were only few
patients with follow-up data beyond this period.

Statistical Analysis

Categorical variables are summarised as frequency (%) and
continuous variables as median (interquartile range, IQR)
or mean (standard deviation, SD). We conducted univariate
analysis using independent sample ¢ tests, Mann—Whitney
U test and Chi-square test for continuous parametric, con-
tinuous non-parametric and categorical data, respectively.
Where counts were small, Fisher’s exact test was used to
compare categorical data. In order to reduce the effects of
treatment selection bias and confounding factors, we initially
performed a multiple logistic regression model using Firth
logistic regression. We subsequently performed a propensity

score-matched analysis by inverse probability of treatment
weighing (IPTW) [23]. The denominators of the stabilised
weights were adjusted for baseline confounders (predictors
of treatment and outcome), namely Charlson co-morbidity
index, perianal disease, disease behaviour, disease severity,
smoking, steroid use at the time of infection and disease
duration. The confounders for the propensity score matching
were identified on the basis of baseline co-variate differences
and factors commonly known to impact on treatment out-
come. The numerators of the stabilised weights were equal
to the probability of receiving the patient’s treatment without
considering covariates. The weighted remission/response/
steroid-free remission models included only the treatment
variable. Missing baseline data were handled using multiple
imputation by chain equations with 5 imputed datasets as
described previously [24]. Primary and secondary outcome
measures were not imputed. Finally, we assessed 12-month
discontinuation-free and serious infection-free survival anal-
ysis using Cox regression analysis. A P value of <0.05 was
considered significant.

All analyses were carried out using R v. 1.2.504 software
(R Core Team 2020, R Foundation for statistical computing,
Vienna, Austria) [25]

Ethical Standards

The project used anonymized, routinely collected data
extracted by clinical teams as part of local quality improve-
ment activities at the participating centres and analysed
for the purpose of local audit of compliance with relevant
guidance from the National Institute for Health and Care
Excellence and to generate benchmarking data for clinical
outcome and safety achieved for different agents at the par-
ticipating centres. Each site registered the biologics audit
with their respective institutional audit department and
received approval. As routinely collected data, they are
exempt from the need for ethics committee approval in the
United Kingdom and the need to take written informed con-
sent. All data were fully anonymised before pooled analysis.

Results
Cohort

We included 83 patients treated with ustekinumab and
42 patients treated with vedolizumab after excluding
patients < 60 years of age. We excluded patients with insuf-
ficient baseline data. The baseline characteristics of the
included subjects are summarised in Table 1. Approximately
two thirds of patients (66.7% and 66.3% for vedolizumab and
ustekinumab, respectively) in either group were exposed to
prior anti-TNF agents and 20% of patients had been treated
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Table 1 Baseline characteristics of patients treated with ustekinumab or vedolizumab who received at least induction dosing of vedolizumab or
ustekinumab for Crohn’ disease

Variable Vedolizumab (N=42) Ustekinumab (N =83) P value

Age, mean (SD) 68.8 (6.85) 67.6 (6.20) 0.332

Sex, male N (%) 13 (31.0) 33(39.8) 0.442

BMI kg/m?, mean (SD) 25.0 (5.70) 26.5 (5.92) 0.164

Smoking status: N (%) 0.218
Current 3(7.14) 16 (19.3)

Ex-smoker 21 (50.0) 37 (44.6)
Never smoked 17 (40.5) 29 (34.9)

Charlson co-morbidity index, mean (SD) 4.76 (2.34) 4.19 (1.70) 0.245

Disease extent: N (%) 0.681
Ll—ileal 13 (31.0) 29 (34.9)

L2—colonic 7(16.7) 13 (15.7)
L3—ileocolonic 20 (47.6) 35(42.2)
L4—isolated upper disease 1(2.38) 6(7.23)

Age at diagnosis: N (%) 0.362
Al—<17 1(2.38) 0
A2—18-39 7(16.7) 13 (15.7)

A3—40+ 34 (81.0) 70 (84.3)

Behaviour: N (%) 0.832
Bl—non-stricturing, non-penetrating 21 (50.0) 39 (47.0)

B2—stricturing 14 (33.3) 33 (39.8)
B3—penetrating 6 (14.3) 11 (13.3)

Perianal disease: N (%) 2 (4.76) 8 (9.64) 0.493

Previous resections: N (%) 17 (40.5) 42 (50.6) 0.378

HBI at initiation, median (IQR) 6(3) 7(5) 0.034

Concomitant immunomodulator at initiation: N (%) 3(7.14) 13 (15.7) 0.288
Thiopurines 2 (4.76) 10 (12.0) 0.325
Methotrexate 1(2.38) 3(3.61) 1.00

Previous anti-TNF exposure: N (%) 28 (66.7) 55 (66.3) 0.998
One 20 (47.6) 39 (47.0)

Two 8 (19.0) 16 (19.3)
None 14 (33.3) 28 (33.7)

1st anti-TNF: N (%)

Adalimumab 11 (39.3) 20 (36.4) 0.984
Infliximab 17 (60.7) 35 (63.6) 0.984

Previous anti-TNF primary non-response: N (%) 0.106
One 8(19.0) 13 (15.7)

Two 2(4.8) 0(0.0)
None 32 (76.2) 70 (84.3)

Previous ustekinumab exposure: N (%) 3(7.14)

Ustekinumab primary non-response: N (%) 0

Previous vedolizumab exposure: N (%) 15 (18.1)

Previous vedolizumab primary non-response: N (%) 11 (73.3)

Steroids at baseline: N (%) 10 (23.8) 31(37.3) 0.186
Budesonide 5(11.9) 14 (16.9) 1.00
Prednisolone 5(11.9) 17 (20.5) 1.00

Dosing schedule: N (%)

4 weekly 20 (47.6)

6 weekly

8 weekly 22 (52.4) 50 (60.2)
12 weekly 33 (39.8)

Not recorded
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Table 1 (continued)

Significance of bold is highlighted

P values calculated from two sample ¢ tests, Mann Whitney U tests and chi-square tests for normally distributed continuous variables, non-nor-
mally distributed variables and categorical variables, respectively

SD standard deviation, BMIbody mass index, TNF tumour necrosis factor, HBI Harvey-Bradshaw Index

Table 2 List of serious and non-serious infections in ustekinumab- duration was 12 (IQR 5) and 12 (IQR 2) months for usteki-
and vedolizumab-treated patients by 12 months numab- and vedolizumab-treated patients respectively.
Infections Treatment group Thirty two patients (39%) in the ustekinumab group were
treated with 12-weekly injections and the remainder were

Vedolizumab Ustekinumab

initiated on 8-weekly injections.

Serious infections: N (%)

Line infection 12.4) 1(1.2)

Pneumonia 1(2.4) 3 (3.6) Comparative Safety

Urinary tract with sepsis 0 1(1.2)

Soft tissue 12.4) 0 By 12 months, 10.0% of ustekinumab-treated patients and

Pelvic sepsis 1(2.4) 0 13.8% of vedolizumab-treated patients had developed a seri-
Non-serious infections: N (%) ous infection. The list of serious infections and non-serious

Pneumonia 12.4) 1(1.2) infections are summarised in Table 2. The overall serious

Upper respiratory tract 11 (26.2) 7 (8.4) infection rate was 110.6/1000 patient-years for vedolizumab

Flu-like/coryzal 0 3(3.6) and 75.5/1000 patient-years for ustekinumab. Of the patients

Urinary tract 3(7.1) 5(6.0) who developed a serious infection, 25% on vedolizumab

Gastrointestinal 124) 2(2.4) and 20% on ustekinumab were on systemic steroids within

Minor cellulitis 124) 1(1.2) 4 weeks of developing the infection.

We next performed a propensity weighted cohort appro-
priately adjusting for predictors of serious infection. The
with two anti-TNF agents. Ustekinumab and vedolizumab-  co-variate balance after IPTW matching is shown in Fig. 1
treated patients were followed up for a median of 12 IQR ~ and supplementary table 1. In a propensity score adjusted
2.75) and 12 (IQR 0) months, respectively. Median treatment logistic regression analysis, the rates of serious infection

method
. s » f — Weighted
Steroid use within 4 weeks of infection e
’ - — Unadjusted
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Fig. 1 Examination of co-variate balance for risk of serious infection before and after inverse probability of treatment weighing
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at 6 months (OR 1.61, 95% CI 0.209-12.4, P=0.644) and
12 months (OR 1.24, 95% CI 0.293-5.26, P=0.766) were
not significantly different between vedolizumab-treated and
ustekinumab-treated patients (Table 3).

Two patients in each group developed a malignancy fol-
lowing initiation. In the ustekinumab group, one patient
was diagnosed with metastatic pancreatic cancer 30 months
after initiation and another with non-metastatic melanoma
13 months after initiation. In the vedolizumab group, one
patient developed a sarcoma within 24 months and another
patient developed lung cancer 11 months after treatment
initiation. No infusion reactions or cutaneous lesions were
reported. Two patients on ustekinumab reported new onset
arthralgia.

Predictors of Serious Infection

We next examined the effect of baseline clinical variables
on serious infection risk. Univariate analysis showed that
male sex, higher Charlson co-morbidity index, and previ-
ous anti-TNF primary non-response were associated with
the development of serious infection by 12 months (P <0.1)
(Supplementary Table 2). In a logistic regression model,
only male gender was associated with a risk of serious infec-
tion in ustekinumab- and vedolizumab-treated patients (OR
8.8,95% CI 1.29-154, P =0.0249) whereas treatment group

Table 3 Comparative safety of ustekinumab and vedolizumab

did not have a significant association with serious infection
risk (Table 4).

Comparative Effectiveness

Treatment persistence rates were not significantly different
between ustekinumab and vedolizumab (Fig. 2). Specifi-
cally, the treatment persistence rates in the ustekinumab
and vedolizumab groups, respectively, were 98.8% vs
97.6% at 2 months (P =1.00), 84.8% vs 88.1% at 6 months
(P=0.431), and 68.1% vs 80.0% at 12 months (P =0.374,
supplementary table 3). Similarly, there were no signifi-
cant differences in both unweighted and weighted clinical
remission rates at 6 and 12 months between ustekinumab
and vedolizumab (Supplementary table 3). Reasons for
discontinuation are summarised in Table 5. We next per-
formed propensity matching using IPTW appropriately
adjusting for confounders. The co-variate balance after
IPTW matching is shown in Fig. 3 and Supplementary
Table 1. The unweighted and weighted rates for treat-
ment persistence, steroid-free treatment persistence and
clinical remission were not significantly different between
ustekinumab and vedolizumab-treated patients at 6 and
12 months on logistic regression analysis (Table 6). Both
vedolizumab and ustekinumab were associated with signif-
icant reductions in Harvey—Bradshaw Index from baseline
to 12 months (Fig. 4A and B). Three patients from both

Outcome Cohort OR [95% CI] P value
Development of severe or life-threatening infection by 6 months Unweighted 1.86 [0.216-16.0] 0.543
Weighted 1.61 [0.209-12.4] 0.644
Development of severe or life-threatening infection by 12 months Unweighted 1.44 [0.330-5.93] 0.610
Weighted 1.24 [0.293-5.26] 0.766
Development of non-severe infection by 6 months Unweighted 1.17 [0.400-3.20] 0.769
Weighted 0.954 [0.332-2.74] 0.929
Development of non-severe infection by 12 months Unweighted 1.74 [0.660—4.54] 0.259
Weighted 1.40 [0.520-3.78] 0.500
Both unweighted and inverse probability of treatment-weighted rates are presented
Table 4 Firth logistic regression v jppje Odds ratio 95% CI P value
of variables associated
with severe infecFion risk at Treatment group (ustekinumab vs vedolizumab) 0.708 0.0711-5.86 0.743
12 months in patients who Sex (male) 8.84 1.29-154 0.0249
received vedolizumab or
ustekinumab Charlson co-morbidity index 1.53 0.933-3.25 0.101
Steroid use within 4 weeks of infection 4.44 0.292-110 0.282
Previous anti-TNF primary non-response 1.20 0.122-11.3 0.868

Significance of bold is highlighted

TNF tumour necrosis factor
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Fig.2 Inverse probability treatment-weighted Kaplan—-Meier curve of treatment persistence with ustekinumab and vedolizumab (crosses repre-
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Table 5 Reasons for treatment discontinuation by 12 months

Reasons for treatment discon-
tinuation: N (%)

Treatment group

Vedolizumab Ustekinumab
Patient request 0 5(6.0)
Adverse event 2(4.8) 4 (4.8)
Primary non-response 3(7.1) 8(9.6)
Secondary non-response 0 3(3.6)
Malignancy 0 1(1.2)
Other 2(4.8) 1(1.2)

treatment groups underwent intestinal resection during
follow-up.

Predictors of Efficacy

We also examined the effect of baseline clinical varia-
bles on treatment persistence. Univariate analysis showed
that smoking status, disease behaviour, baseline Har-
vey—Bradshaw index score, previous anti-TNF primary
non-response and baseline steroid use affected treatment
persistence rates at 12 months (P <0.1) (Supplemen-
tary Table 5). In a logistic regression model, penetrat-
ing disease (OR 6.76, 95% CI 1.08-115, p=0.0403) and

baseline Harvey—Bradshaw index score (OR 0.837, 95%
CI 0.702-0.983, p=0.0297) were significantly associated
with treatment persistence rates at 12 months (Table 7).

Cox Regression Analysis

Unweighted and weighted Cox regression analysis dem-
onstrated that there was no difference in overall treatment
discontinuation-free survival (hazard ratio 1.01, 95% CI
0.741-1.37) and serious infection-free survival (hazard
ratio 1.26, 95% CI 0.336-4.75) between ustekinumab- and
vedolizumab-treated patients by 12 months (Table 8).

Discussion

In this multi-centre retrospective study, we found compa-
rable safety and effectiveness for ustekinumab and vedoli-
zumab over a 12-month period in elderly Crohn’s disease
patients, adjusting for potential confounding using inverse
probability weighing.

The frequency of serious infection noted in our study is
numerically higher than figures from previously reported
studies of elderly patients treated with vedolizumab. In
a large Medicare study, the incidence rate for an infection
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Fig. 3 Examination of co-variate balance for treatment persistence before and after inverse probability of treatment weighing

Table 6 Comparative
effectiveness of ustekinumab

and vedolizumab. Both

unweighted and inverse
probability of treatment-
weighted rates are presented

Outcome Cohort OR [95% CI] P value
Treatment persistence at 6 months Unweighted 1.33 [0.453-4.43] 0.621
Weighted 1.02 [0.303-3.42] 0.976
Treatment persistence at 12 months Unweighted 1.87 [0.735-5.24] 0.205
Weighted 1.23 [0.436-3.45] 0.696
Steroid-free treatment persistence at 6 months Unweighted 1.93 [0.776-5.30] 0.175
Weighted 1.43[0.512-3.98] 0.493
Steroid-free treatment persistence at 12 months Unweighted 1.86 [0.774-4.75] 0.177
Weighted 1.34 [0.511-3.50] 0.550
Clinical remission at 6 months Unweighted 2.30[0.911-6.06] 0.0835
Weighted 2.15[0.787-5.85] 0.134
Clinical remission at 12 months Unweighted 1.28 [0.481-3.50] 0.623
Weighted 1.10 [0.390-3.09] 0.858

related hospitalisation was 30/1000 patient-years [26],
approximately 3—4-fold lower than that noted in our cohort. A
similar magnitude of severe infection risk (38.5/1000 patient-
years) was observed among 213 vedolizumab-treated patients
in a Veterans Affairs study [27]. However, the proportion of
patients who developed a serious infection is broadly consist-
ent with that reported in the literature. In a previous cohort
study of 103 vedolizumab-treated patients, 17% of patients
developed a serious infection (13.8% in our cohort) [17]. In a
Spanish cohort of 212 ustekinumab-treated elderly patients,
a serious infection rate of 7% was reported [20] which is
similar to our cohort. The magnitude of risk also appears
broadly comparable to that reported for anti-TNF agents
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among elderly patients. For instance, de Jong et al. reported
serious infection rates of 61.2/1000 patient-years among
elderly patients treated with anti-TNF agents [28]. An earlier
cohort study of 95 elderly anti-TNF-treated patients reported
a serious infection rate of 11% [11] which is similar to the
proportions noted for both ustekinumab and vedolizumab
in our study. These figures are also consistent with a recent
meta-analysis which reported a serious infection rate of 7%
among elderly patients treated with biological agents [29].
The slight variation in infection risk noted among the studies
could largely be explained by differences in co-morbidities,
frailty and concomitant steroid therapy between the patient
populations. It is now well recognised that co-morbidities
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[18] and frailty [30] rather than age dictate infection risk with
biological therapy. Although we did not measure frailty in
our study, there is a strong correlation between burden of co-
morbidities and frailty [30]. In our cohort, we noted a trend
for an association between co-morbidities and infection risk
although this was not statistically significant. It is likely that
our study was under-powered to detect an association. Inter-
estingly, there was no significant difference in the incidence
of serious infections between patients treated with 8-weekly
or 12-weekly ustekinumab.

The overall efficacy figures for ustekinumab in our study
are slightly lower compared to other real-world cohort
studies in elderly Crohn’s disease patients. For instance, a

Time in months

single-centre cohort study from the USA reported response
rates in excess of 90% in an elderly cohort of 39 patients but
importantly remission was only achieved in 28% of patients
[19]. Similarly, in the recently published Spanish cohort of
212 elderly patients, the week 54 response rate was 70%
[20]. These differences are likely explained by differences
in patient populations—for instance, in our cohort we had
a lower proportion of patients with penetrating phenotype
(13% vs 44% in the US study) and a greater proportion of
smokers. Interestingly, both disease phenotype [31] and
smoking [32] have been reported to influence response to
biological therapy. It is also likely that the lower efficacy
figures may reflect the reported lower efficacy among elderly
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Table 7 Firth logistic regression of variables associated with treat-
ment persistence at 12 months in patients who received vedolizumab
or ustekinumab

Variable Odds ratio 95% C1 P value
Treatment group 0.979 0.265-3.69 0.974
(ustekinumab vs
vedolizumab)
Current smoker 1.05 0.175-7.51 0.956
Ex-smoker 1.10 0.302-4.05 0.884
Stricturing disease 0.479 0.128-1.70 0.254
Penetrating disease 6.76 1.08-115 0.0403
HBI at initiation 0.837 0.702-0.983 0.0297
Previous anti-TNF pri-  0.899 0.298-2.83 0.850
mary non-response
Steroids at baseline 0.420 0.127-1.35 0.143

Significance of bold is highlighted

TNF = tumour necrosis factor, HBI=Harvey-Bradshaw Index

Table8 Cox regression analysis of 12-month discontinuation-free
survival and severe infection-free survival of patients who received
vedolizumab or ustekinumab. Both unweighted and inverse probabil-
ity of treatment-weighted rates are presented

Outcome Cohort Hazard ratio [95% CI] P value

Discontinuation- Unweighted  0.986 [0.648-1.50] 0.948
free survival  weighted 1.01 [0.741-1.37] 0.960
by 12 months

Severe infection- Unweighted 1.47 [0.396-5.49] 0.563
free survival  Weighted 1.26 [0.336-4.75] 0.731

by 12 months

patients with both anti-TNF agents [28] and ustekinumab
[19]. The reasons for this apparent decrease in efficacy
among elderly are unclear and may simply reflect differ-
ences in disease severity and phenotype in various cohorts.
Our efficacy outcomes for vedolizumab are broadly consist-
ent with observations from other cohorts of elderly patients.
The remission and steroid-free remission rates in our cohort
are broadly similar to figures reported in a large bi-national
cohort [16] and a nationwide cohort [33] of elderly Crohn’s
disease patients treated with vedolizumab. Similarly, treat-
ment persistence rates at 12 months in our cohort is similar
to that reported in a cohort of 108 elderly IBD patients [34].

There are no published data on the comparative safety
and effectiveness of ustekinumab and vedolizumab in
elderly IBD patients. Previous comparative studies among
younger anti-TNF-exposed patients showed no difference
in safety but there were some differences in effectiveness
between the two agents although findings are inconsistent.
Although an intitial cohort study reported superior effec-
tiveness of ustekinumab over vedolizumab in anti-TNF
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refractory CD patients [35], a subsequent larger study
did not demonstrate a difference between the two agents
[36]. There have been a few studies which have compared
the effectiveness and safety of vedolizumab against anti-
TNF agents among the elderly with varying results. For
instance, in the initially published multi-centre retrospec-
tive cohort study, the risk of serious infection was similar
between the two agents [17]. A subsequent larger study
using the Medicare claims database of 1152 anti-TNF
and 480 vedolizumab-treated elderly patients showed a
lower risk of infection related hospitalisation among ved-
olizumab-treated patients [26]. The discrepant findings
are likely related to differences in patient population in
terms of co-morbidities and frailty. These inconsistencies
underline the need for further comparative data among
the elderly to inform appropriate positioning of biological
therapies in this cohort.

In our cohort, male sex was associated with an increased
risk of serious infections whereas penetrating phenotype and
clinically active disease were associated with treatment per-
sistence. In keeping with our findings, several studies includ-
ing sub-group analyses from randomised trials and observa-
tional studies suggest disease activity to be an independent
predictor of poor response to both vedolizumab [37] and
ustekinumab [31]. We were unable to confirm associations
with biochemical markers of disease activity (e.g. elevated
C-reactive protein) as these were not consistently recorded
in our cohort. Higher treatment persistence rates in patients
with a penetrating phenotype have been previously reported
by a previous French cohort study which showed higher
remission rates for both ustekinumab and vedolizumab [38].
Our finding of an increased risk of serious infection in men,
although intriguing and not previously reported in associa-
tion with biological therapy, is not entirely unexpected. Men
are at increased risk of infections in general and several fac-
tors including protective effects of oestradiol, lifestyle fac-
tors and a higher burden of co-morbidities have been postu-
lated to explain this difference [39].

Our study has some limitations. The study is retrospec-
tive and non-randomised and does not account for inherent
treatment selection bias. We attempted to adjust for poten-
tial confounding between treatment groups by applying
inverse probability weighing to provide unbiased treatment
effect estimates, but the validity of this analysis relies on
the assumption that all confounders have been accounted
for. Baseline characteristics were well matched between the
two groups and, therefore, justify the comparison but the
study is somewhat limited by the small number of patients.
Due to limitations on endoscopy imposed by the Covid-19
pandemic, data on mucosal healing were unavailable. Fur-
thermore, due to restrictions on laboratory services during
the pandemic, non-essential serviecs were suspended. Only
8 patients in the vedolizumab group and 14 patients in the
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ustekinumab group had complete non-invasive biomarker
data (C-reactive protein and faecal calprotectin) which pre-
cluded meaningful analysis. The duration of follow-up is
also limited and ideally studies with longer follow-up dura-
tion are required to confirm outcomes over a prolonged
period. Due to the retrospective nature of the study, it is
possible that the rates of clinical effectiveness and adverse
events may have been over- or under-estimated.

In summary, we report that ustekinumab and vedolizumab
were comparable in effectiveness and safety at both early
time points and up to 1 year of treatment in an elderly cohort
of Crohn’s disease patients. Further prospective studies are
required to confirm our findings.
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