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ABSTRACT
Background Patient support programmes (PSPs) allow 
patients with chronic diseases to receive treatment 
and support at home. This study describes the Connect 
360 PSP delivery and impact on patient- reported 
outcomes, satisfaction and adherence/persistence among 
benralizumab- treated patients with severe eosinophilic 
asthma (SEA).
Methods A non- interventional retrospective cohort study 
using data collected during routine care in the Connect 360 
PSP. All consenting enrollees (≥18 years) were included in 
the study.
Results 746 patients formed the study cohort. Mean 
(SD) age was 53.7 (14.5) years on PSP entry; 38.3% 
were female (38.7% unknown). 79.6% of patients were 
experienced biological therapy users. Oral corticosteroid 
(OCS) use was reported in 48.4% of patients at baseline 
and 34.8% at 48 weeks. 8.2% of patients reported asthma 
hospitalisation in the previous 6 months at 24 weeks vs 
3.0% at 48 weeks. Mean (SD) 6- item Asthma Control 
Questionnaire (ACQ- 6) scores were 2.7 (1.5) at baseline 
vs 1.6 (1.3) at 48 weeks. Mean (SD) patient satisfaction 
scores remained high (4.5 of 5 (1.0) at baseline; 4.7 of 
5 (0.6) at 48 weeks). 28.3% of patients were considered 
adherent at 24 weeks, increasing to 98.3% when 
supplemented with sales/delivery data (sensitivity 
analysis). Discontinuation from PSP/benralizumab was low 
at 24 (3.4%/3.0%) and 48 (12.6%/5.8%) weeks.
Conclusions Connect 360 PSP achieved high levels of 
satisfaction and persistence, with indications of positive 
outcomes including OCS use, hospitalisation and ACQ- 6. 
The study was conducted during COVID- 19, so it provides 
reassurance that patients with SEA receiving benralizumab 
may be supported safely and effectively at home.

INTRODUCTION
Severe asthma has been defined by the Amer-
ican Thoracic Society and European Respira-
tory Society as ‘asthma which requires treat-
ment with high- dose inhaled corticosteroids 
plus a second controller (and/or systemic 
corticosteroids) to prevent it from becoming 

‘uncontrolled’ or which remains uncontrolled 
despite this therapy’.1 2 Of the 340 million 
people thought to have asthma worldwide, 
5–10% are estimated to have severe asthma.3 
Severe asthma has been reported to affect 
approximately 3.6% of the UK population, 
around 200 000 people in total,4 although this 
is likely to be an underestimate.

Monoclonal antibody therapies that target 
the interleukin (IL)- 5 pathway (mepolizumab 
and reslizumab) and benralizumab (target 
IL- 5 or the alpha subunit of the IL- 5 receptor 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Patient support programmes (PSPs) have been suc-
cessful in helping to manage chronic illness such 
as inflammatory bowel disease, idiopathic pulmo-
nary fibrosis, psoriasis and diabetes. However, to 
date, there are limited data on the impact of PSPs 
on management of disease in patients with severe 
asthma.

 ⇒ The Connect 360 PSP supports those with severe 
eosinophilic asthma receiving benralizumab in the 
home setting.

WHAT THIS STUDY ADDS
 ⇒ The patients in the Connect 360 PSP demonstrated 
high levels of satisfaction, favourable clinical out-
comes and increased persistence to the programme 
as well as the treatment.

 ⇒ The Connect 360 PSP allowed for continued care 
and better management of these patients in the 
home setting during the COVID- 19 pandemic.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study shows how a PSP can successfully sup-
port the use of benralizumab to manage severe 
asthma in the home setting, and extends the evi-
dence base for potential wider implementation of 
these programmes.
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pathway) have demonstrated benefits as an adjunct to 
standard care in people with severe eosinophilic asthma 
(SEA) and poor symptom control.5 These agents signifi-
cantly reduce exacerbation rates in SEA,6 7 whereas 
benralizumab and mepolizumab also reduce dependency 
on oral corticosteroids (OCS) without loss of asthma 
control.8–10 Mepolizumab and reslizumab are both 
injected 4- weekly,11 12 whereas benralizumab is given as 
a 4- weekly injection for the first three doses and 8- weekly 
thereafter.13

Numerous real- world studies have confirmed the 
benefits of benralizumab in patients with SEA in 
terms of reduced OCS use,9 14–18 improved asthma 
control9 14 16–18 and enhanced lung function.15 19 One 
UK study reported an 85% reduction in exacerbation 
rates, substantial OCS sparing, and improved asthma 
control and quality of life following 48 weeks of benral-
izumab therapy.20

Benralizumab is typically administered by a healthcare 
professional (HCP),13 although patients with no known 
history of anaphylaxis may self- administer benralizumab 
with the agreement of their physician.13 However, the 
shielding requirements from the COVID- 19 pandemic 
for extremely clinically vulnerable patients triggered the 
rapid transition of large patient numbers from clinic- 
based care to self- administration at home. In April 
2020, the National Institute of Health and Care Excel-
lence published the COVID- 19 Rapid Guideline: Severe 
Asthma,21 which recommended that patients already 
initiated on biological treatment should be considered 
for self- administration training, or be treated at a clinic 
or home. It also suggested routine remote monitoring of 
biological treatment, if possible.

The evidence gathered over the pandemic adds to 
the available literature evaluating use of patient support 
programmes (PSPs) for patients with chronic diseases 
treated at home. Studies in inflammatory bowel disease,22 
idiopathic pulmonary fibrosis,23 psoriasis24 and diabetes25 
demonstrate that PSPs allow greater adherence and 
improved quality of life, although there is a lack of 
evidence among patients with SEA.26 27

The Connect 360 PSP is designed to benefit patients 
with SEA initiated on benralizumab therapy and subse-
quently treated at home. Participants are able to choose 
from three service levels: (1) delivery of medication only; 
(2) delivery and nurse administration/self- injection 
training; (3) delivery and nurse administration/self- 
injection training with additional service support 
including completion of the 6- item Asthma Control 
Questionnaire (ACQ- 6)28 and injection reminders/
adherence tracking.

This study describes the demographics and clinical 
characteristics of patients enrolled in the Connect 360 
PSP. Key patient- reported clinical outcomes and patient 
experience and satisfaction with benralizumab and the 
Connect 360 PSP are also presented, as well as adherence 
and persistence to benralizumab after enrolment.

METHODS
Study design
This was a non- interventional retrospective cohort study 
based on data collected in the UK as part of routine 
patient care in the Connect 360 PSP. The design of the 
Connect 360 PSP is shown in online supplemental figure 
1, and a Strengthening the Reporting of Observational 
Studies in Epidemiology checklist is provided.

Study population
All enrollees aged ≥18 years from the UK who consented 
to the use of personal data for research and publication 
were considered for inclusion in the study. There were no 
exclusion criteria.

Data source
Data were drawn from the Connect 360 service adminis-
tration database which incorporates service information 
collected from: (1) Connect 360 PSP registration form 
(HCP completed; when service requested); (2) nurse 
visit form (nurse completed; if home visits requested); 
(3) adherence check call (nurse completed; if adherence 
follow- ups requested); (4) ongoing nurse support call 
(nurse completed; if full support service requested).

Patient data were collected through the PSP manage-
ment system, HealthNet Clinical Platform, which records 
baseline data on enrolment, as provided by the referring 
asthma centre, and information collected through all 
patient encounters. Data from all participating centres 
were combined into a single anonymised dataset for 
analysis. To support analysis of treatment schedules and 
adherence, benralizumab sales and delivery data were 
also used.

Outcome measures
Data collected included patient characteristics at enrol-
ment; patient- reported clinical outcomes (OCS use, 
hospitalisations, ACQ- 6); service satisfaction (scale with 
1–5 points, 5=most satisfied); treatment satisfaction 
(Treatment Satisfaction Questionnaire for Medication- 9 
items (TSQM- 9)); and adherence/persistence to benral-
izumab. The primary measure of adherence was defined 
as taking the injection within a specified 24- hour window 
based on nurse interactions, with a sensitivity analysis 
using confirmed date of delivery of benralizumab also 
performed to allow greater numbers of patients to be 
analysed. For ACQ- 6, a score of ≤0.75 indicated well- 
controlled asthma, 0.75–<1.5 indicated partly controlled 
asthma and ≥1.5 indicated not well- controlled asthma.28 
TSQM- 9 domain scores range from 0 to 100, with higher 
scores representing higher satisfaction.29

Study endpoints were assessed during a baseline period 
(0–4 weeks post- PSP enrolment) and at two landmarks 
post- PSP enrolment (24 (±4) and 48 (±8) weeks, as 
appropriate). Patients had to have been enrolled in the 
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PSP for ≥20 or ≥40 weeks at time of data extraction to be 
included in the respective landmark analysis.

Statistical analysis
Data collected between 10 October 2019 and 27 
September 2021 were extracted and analysed. Patients 
were observed from date of PSP enrolment to the last/
most recently recorded activity.

All statistical analyses were descriptive. For numerical 
variables, mean and SD are reported. Frequencies and 
proportions are reported for categorical variables. Data 
were analysed based on observed cases only without 
imputation (complete case analysis). A sensitivity anal-
ysis was performed for adherence, in which injection 
data were supplemented with benralizumab delivery 
data. Where benralizumab delivery was within 9 weeks of 
the preceding delivery, it was assumed that the dose was 
administered and so adherence was maintained. Time- to- 
event outcomes were analysed descriptively using Kaplan- 
Meier estimates. All data analyses were executed using 
Stata V.17.0.30

Patient and public involvement
This study did not include patient or public involvement.

RESULTS
Study population
As of September 2021, data were available from 2318 
patients within the PSP from 38 UK hospital sites. Of the 
746 patients who consented, 186 (24.9%) had available 
clinical data and comprise the baseline clinical cohort 
(0–4 weeks from enrolment). Clinical cohorts at 24 and 
48 weeks post- enrolment include 231 (31.0%) and 302 
(40.5%) patients, respectively.

The number of patients with specific nurse interactions 
at key time points is summarised in online supplemental 
table 1.

Patient demographic and baseline characteristics
Mean (SD) patient age at enrolment was 53.7 (14.5) 
years. In total, 22.9% patients were male and 38.3% were 
female, with gender data unknown for 38.7% of patients 
(not mandatory on registration form). Key patient char-
acteristics at enrolment are summarised in table 1.

Clinical outcomes
Patient- reported clinical outcomes are summarised in 
table 2. In the clinical cohort, the proportion of patients 
reporting maintenance OCS (mOCS) use was similar 
at baseline and 24 weeks but had fallen by 48 weeks 
(substantial proportion of unknown data) (figure 1). 
Of those who reported mOCS at each time point, 21 
(19.8%) had increased OCS dose since their previous 
injection at 24 weeks and 32 (30.5%) had increased dose 
by 48 weeks (data unknown for 31.1% and 11.4% of 

patients, respectively). Mean daily dose of OCS remained 
relatively stable between time points (10.9 mg/day at 24 
weeks and 10.0 mg/day at 48 weeks); however, dosage 
information was only captured in 48 and 30 patients, 
respectively.

Numerically, fewer patients reported being hospital-
ised for asthma in the previous 6 months at 48 weeks vs 24 
weeks (table 2). The number of hospital admissions since 
the previous injection was similar at 24 and 48 weeks 
(3.5% and 2.7%, respectively), although hospitalisation 
status was not known for a little over half the sample.

ACQ- 6 scores improved from baseline to 24 weeks and 
48 weeks (table 2); however, there was a high proportion 
of unknown ACQ- 6 scores. The proportion of patients 
with ACQ- 6 scores ≤0.75 (well- controlled asthma) 
increased from baseline to 24 and 48 weeks (figure 2). 
From baseline to 48 weeks, 26.8% of patients reported a 
reduction in ACQ- 6 of ≥0.5 (minimal clinically important 
difference (MCID)) (data not shown).

Table 1 Key patient characteristics at enrolment

Characteristics at enrolment

Study 
cohort 
(n=746)*

Age at enrolment (years), mean (SD) 53.7 (14.5)

Gender, n (%)

  Male 171 (22.9)

  Female 286 (38.3)

  Unknown 289 (38.7)

Benralizumab injections received in hospital 
prior to PSP enrolment

N (%)

  0 1 (0.1)

  1–3 257 (34.5)

  4+ 213 (28.6)

  Unknown 275 (36.8)

Mean (SD)

Service registration status, n (%)

  Biologic naïve 123 (16.5)

  Biologic experienced 573 (76.8)

  Existing–transfer 8 (1.1)

  Change of therapy 4 (0.5)

  Unknown 38 (5.1)

Service choice at enrolment, n (%)

  Delivery only 30 (4.0)

  Delivery and nurse administration service 4 (0.5)

  Delivery and self- injection training 209 (28.0)

  Additional service support including ACQ- 6 477 (63.9)

*All patients enrolled in PSP and consenting.
ACQ- 6, 6- item Asthma Control Questionnaire; PSP, patient 
support programme.

https://dx.doi.org/10.1136/bmjresp-2023-001734
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Satisfaction
Patient satisfaction with the Connect 360 PSP was gener-
ally high, with mean (SD) scores of 4.5 (1.0) out of 5 
at baseline, increasing to 4.7 (0.6) at 48 weeks (scores 
unknown for 26.2–41.9% of patients). The proportion of 
patients reporting a score of 4 out of 5 increased from 
52.7% (baseline) to 70.2% (48 weeks), although a large 
proportion of data were unknown at each time point 
(baseline: 41.9%; 24 weeks: 26.2%; 48 weeks: 26.2%) 
(figure 3).

Patient satisfaction with treatment was also high among 
194 of 290 patients who completed the TSQM- 9. Mean 
(SD) scores were 80.7 (18.9) out of 100 for global satis-
faction, 81.9 (17.3) for effectiveness and 83.1 (12.7) for 
convenience (data not shown).

Adherence and persistence
When adherence was defined as taking the injection 
on time (within 24 hours of expected administration) 
based on nurse interactions, patients took <55% of their 
benralizumab injections on time at 24 weeks, decreasing 
to 34.9% by 48 weeks. Based on this stringent definition, 
only 28.3% (n=84) of patients were considered adherent 
at 24 weeks, reducing to just 3.0% (n=6) of patients at 48 
weeks. Adherence could not be estimated for 31.3% and 
46.5% of patients at 24 and 48 weeks, respectively, using 

Table 2 Patient- reported clinical outcomes at baseline, 24 
and 48 weeks post- enrolment

Clinical cohort*

Patient- reported 
clinical outcomes

Baseline 
(N=186)

24 weeks 
(n=231)

48 weeks 
(n=302)

Maintenance OCS 
use, n (%)

  No 21 (11.3) 81 (35.1) 162 (53.6)

  Yes 90 (48.4) 106 (45.9) 105 (34.8)

  Unknown 75 (40.3) 44 (19.0) 35 (11.6)

Hospitalised due to 
severe asthma in 
preceding 6 months, 
n (%)

  No – 119 (51.5) 200 (66.2)

  Yes – 19 (8.2) 9 (3.0)

  Unknown – 93 (40.3) 93 (30.8)

ACQ- 6 score

  n† 104 163 258

  Mean score (SD) 2.7 (1.5) 1.9 (1.5) 1.6 (1.3)

*At least one nurse interaction in study time frame.
†Not all patients in clinical cohort completed ACQ- 6.
ACQ- 6, 6- item Asthma Control Questionnaire; OCS, oral 
corticosteroid.

Figure 1 Proportion of patients using maintenance OCS at baseline, 24 and 48 weeks post- enrolment. OCS, oral 
corticosteroid.
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Figure 2 Categorised 6- item Asthma Control Questionnaire scores at baseline, 24 and 48 weeks post- enrolment.

Figure 3 Patient satisfaction with the patient support programme at baseline, 24 and 48 weeks post- enrolment (linear scale).
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this definition because the relevant information was not 
captured.

On supplementing data from nurse interactions with 
benralizumab delivery data, the percentage of patients 
considered adherent was substantially higher (98.3% 
(n=632) at 24 weeks and 95.0% (n=421) at 48 weeks). 
Furthermore, the proportion of patients for whom 
adherence could not be estimated via this method was 
reduced versus nurse interaction data alone to 1.6% and 
2.9% at 24 and 48 weeks, respectively. However, benrali-
zumab may have continued beyond the PSP. Only 3.0% 
and 5.8% of evaluable patients could be confirmed as 
having discontinued benralizumab at 24 and 48 weeks 
(online supplemental figure 2). As most patients in the 
PSP were existing benralizumab users (mean (SD) of 4.3 
(3.1) injections prior to enrolment; table 1), this study 
may underestimate benralizumab persistence, as doses 
prior to enrolment are not included in the analysis.

DISCUSSION
This study indicates that the Connect 360 PSP is likely 
to support patients with SEA taking benralizumab, with 
patient- reported outcomes showing numerical improve-
ment over the programme, as well as high satisfaction 
and persistence rates. As the study took place during the 
COVID- 19 pandemic, the data also offer insights into 
the transition from hospital- based care to a home- care 
regimen. Like other studies conducted over the same 
period, this analysis suggests that the sudden implemen-
tation of home care was achieved without detriment to 
the patients’ clinical status or disease- related quality of 
life.31–33

In terms of clinical outcomes, the proportion of 
patients reporting mOCS decreased from 48.4% at base-
line to 34.8% at 48 weeks. In comparison, 52–56% of 
patients receiving benralizumab for severe asthma in a 
previous study achieved a 100% reduction in final OCS 
dose over 28 weeks in a hospital setting, with a concom-
itant reduction in exacerbation rates.8 The propor-
tion of patients reporting asthma hospitalisation in the 
preceding 6 months also decreased between the 24- week 
and 48- week assessments, from 8.2% to 3.0%, although 
hospitalisation in the earlier time point may have been 
experienced prior to PSP enrolment. There was a small 
difference in number of hospital admissions between the 
last injection at 24 and 48 weeks (3.5% and 2.7%, respec-
tively), although hospitalisation status was not known for 
a little over half the sample. In comparison, a hospital- 
based study reported hospitalisation rate of 22–27% over 
28 weeks for benralizumab- treated patients vs 35% for 
patients receiving placebo.8 These observations suggest 
patients in our study maintained good disease control 
over the duration observed.

Mean ACQ- 6 scores improved between baseline and 48 
weeks by 1.1, more than twice the MCID of 0.5 for this 
measure. For a subset of patients, changes in ACQ- 6 were 

observed that also suggest clinically meaningful improve-
ments in control.

High and sustained levels of satisfaction were reported 
by patients who remained in the PSP from baseline to 48 
weeks using the 5- point scale (ranging from 4.5 to 4.7). 
TSQM- 9 data also showed high levels of satisfaction, with 
mean global satisfaction, mean effectiveness and conve-
nience scores of 80.7, 81.9 and 83.1, respectively. In the 
original validation of the TSQM- 9, similar high scores 
were shown to correlate with high adherence scores 
according to a modified Moritsky scale29; thus, the high 
TSQM- 9 scores coupled with high satisfaction observed 
here may be associated with the impressive persistence 
observed in this study. The satisfaction scores are partic-
ularly striking given that most data were collected during 
the COVID- 19 pandemic, at a time of uncertainty and 
anxiety among patients.34 35

It was originally planned that adherence would be 
defined as taking the injection on time (within 24 hours of 
expected administration), as recorded during nurse calls. 
However, this definition meant considerable missing data 
from patients no longer requesting adherence check calls 
or additional support from nurses, possibly due to confi-
dence or familiarity with the device, but opting instead 
for services such as Short Messaging Service support (for 
which no data were available). A sensitivity analysis also 
using medication delivery data was therefore undertaken 
to allow more patients to be assessed (97%), in a similar 
approach to that adopted previously in a comparable 
study.36 This analysis indicated high levels of adherence 
(24 weeks: 98.3%; 48 weeks: 95.0%), although it should 
be noted that delivery of benralizumab does not guar-
antee on- schedule administration of injections.

This study did not specifically investigate those aspects 
of the PSP that were particularly successful, or the drivers 
behind the success of the model. However, previous 
studies of home administration of biologics in SEA 
suggest that quality of self- administration training and 
ease of use of the device were key in the success of similar 
programmes.37 38 This would be an interesting avenue to 
pursue to optimise the effectiveness of PSPs.

The success of the Connect 360 PSP adds to the evidence 
of the effectiveness of targeted patient support in patients 
with chronic diseases.22–25 Previous programmes have 
also demonstrated improved adherence,22 high levels of 
patient satisfaction24 25 and improvements in all aspects of 
patient quality of life.24

Given the dearth of information on use of PSPs in 
SEA,26 our findings are particularly pertinent and 
provide validity for this approach, while mandating need 
for further studies in this area. While COVID- 19 was 
instrumental in accelerating the transition to home care 
for many patients with chronic disease, the success of this 
programme and other trials conducted over the same 
period31–33 suggests that this model is likely to persist in 
the future, allowing patients to enjoy the greater flexi-
bility of home administration without detriment to 
their clinical status. The high levels of satisfaction and 

https://dx.doi.org/10.1136/bmjresp-2023-001734


Morris T, et al. BMJ Open Respir Res 2024;11:e001734. doi:10.1136/bmjresp-2023-001734 7

Open access

adherence/persistence in this study also demonstrate the 
enthusiasm of patients for this approach.

Limitations
Several limitations of this study must be acknowledged. 
Most notably, data were limited to information avail-
able in the service database as collected by the Connect 
360 PSP vendor at the time of contact with the patient, 
resulting in noticeable gaps in the data. As the quality 
and accuracy of data recorded in the PSP database were 
not monitored by reference to any source data, any gaps 
or inconsistences were difficult to check and correct. In 
addition, it was not possible to extract all data provided 
in free- text responses, thus limiting the sample sizes (and 
potentially the interpretability) of outcomes reliant on 
free- text extractions.

Although this study captures some information on 
hospitalisation, there were no checks against patient 
medical records, meaning that hospitalisation may be 
under- reported. Furthermore, patients were unable 
to see a healthcare professional during the pandemic, 
potentially resulting in reduced hospitalisation rates, 
healthcare contacts or other medication prescriptions 
such as OCS during this period.

The study also has limited information on benrali-
zumab utilisation and clinical outcomes before initiation 
of benralizumab or Connect 360 PSP enrolment. This 
presents difficulties in interpreting the results of the 
study, particularly clinical outcomes, since there is no 
comparative arm and limited baseline data. In addition, 
benralizumab therapy is inextricably linked to the PSP 
experience, as patients only treated with benralizumab 
can participate in the programme. Furthermore, a large 
proportion of patients were on benralizumab prior to 
enrolment, and duration of follow- up may be different.

Adherence to benralizumab was defined in relation 
to injections taken according to schedule. Patients who 
were more confident in administering the injections 
may have declined to be contacted again for adher-
ence checks, potentially resulting in underestimation of 
adherence. It is for this reason that the sensitivity analysis 
was performed, supplementing the injections data with 
delivery data.

Other limitations include potential recall bias asso-
ciated with patient- reported healthcare events as 
captured during nurse interactions. Also, as patients 
were referred by severe asthma centres, it is possible 
that only well- managed patients were included, leaving 
those with poorer outcomes to be seen in the asthma 
centres. However, from March 2020, patients with all 
severities of asthma were likely moved onto home- 
care programmes due to the COVID- 19 pandemic. 
Finally, this analysis only includes patients who were 
willing to participate in the PSP and consent to use 
of personal and service data, reducing the represen-
tativeness of the study population.

CONCLUSIONS
This study demonstrates the success of the Connect 
360 PSP in terms of high satisfaction and persistence, 
as well as indicating a positive impact on clinical 
outcomes including use of maintenance OCS, hospi-
talisation and ACQ- 6 score. The use of programmes 
of this kind during the COVID- 19 pandemic allowed 
patients to receive high- quality care at home without 
apparent loss of asthma control and demonstrates 
how patients with SEA receiving benralizumab may 
continue to be supported safely and effectively within 
the context of home care.
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