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[H1]Abstract

In looking back on 2020 and 2021, this Perspective reflects on the monumental impacts of
the rollout of cystic fibrosis (CF) transmembrane conductance regulator highly effective
modulator therapies and the COVID-19 pandemic on the management of CF. Advancements
in.the clinical management of people with CF have been both enormous and rapid, and
physical therapists specializing in the care of people with CF have been at the forefront of
driving this evolution in care. This year sees the thirtieth anniversary of the UK Association of
Chartered Physiotherapists in Cystic Fibrosis and, as is inevitable in reaching such milestones,
thoughts have turned to origins, role, impacts, and the future. With the changing

demographics of the population of people with CF after the introduction of highly effective



modulator therapies, potentially with fewer secondary complications, the future role of the
physical therapist who specializes in CF is in question. This Perspective reflects upon and
highlights the role of physical therapy within CF and provides insights into how physical

therapists and respiratory therapists can evolve their roles to ensure relevance for the future.



[H1]Introduction
[H2]The Past: Where Have We Come From?

The history of respiratory physical therapy long predates the first descriptions of the disease
later known as cystic fibrosis (CF). Breathing exercises, then named “medical gymnastics,”
were promoted for general health from as early as 3000 BC in China and ancient Greece.'?
Nineteenth century publications advocated “judicious respiratory exercises” to enhance the
lung function of healthy individuals.* Breathing exercises,”’ postural drainage,®® and*manual
percussion® to the chest wall for the treatment of excessive bronchial secretions were

described in the early 1900s.

In 1938, CF was initially described as “cystic fibrosis of the pancreas,”'® with reports of
pulmonary infections and respiratory tract obstructions appearing:later in the 1940s.!?
Prevention of secondary complications such as chest infections was advocated in 1946 to
improve outcomes,’>!® leading to the introductiony of. physical therapy into CF
management.'3'* Postural drainage with percussion_was adopted as the main airway
clearance technique (ACT) used by physical therapists,*>> and was described by Reed?® as
“the most effective form(s) of mechanical stimulus to eliminate secretions.” In 1964, 3 pillars
of CF treatment were described—nutritional'repletion, antibiotic therapy for lung infection,
and relief of airway obstruction’—establishing the physical therapist firmly as a stalwart of
CF care. Since then, ACTs have been developed to provide options for independent sputum
clearance, an adaptationidriven by the increasing numbers of adults with CF (Fig. 1). These
options include breathing techniques such as active cycle of breathing techniques® and
autogenic drainage®or adjuncts such as the positive expiratory pressure (PEP) mask?® and
oscillating™ devices (intrathoracic and extrathoracic oscillation) (eg, Acapella DM & DH
Vibratory. PEP Therapy System [Smiths Medical, Dublin, OH, USA]; The Vest Airway Clearance
System [Hillrom Holdings Inc, Chicago, IL, USA]).2! Although there are some international
differences in ACT practice—for example, vest therapy using high-frequency chest wall
oscillation is the most widely used ACT in the United States,?? with PEP being the most
frequently used in the United Kingdom?3—current US, UK, and European guidelines for the

care of people with CF all recommend ACTs as part of the management of CF.2426



To support the growing number of physical therapists treating people with CF, national and
international networks for CF physical therapists were created; these include the
International Physiotherapy Group for Cystic Fibrosis in 19862’ and the UK Association of
Physiotherapists in Cystic Fibrosis (now known as the UK Association of Chartered
Physiotherapists in Cystic Fibrosis [ACPCF]) in 1992. These organizations have been
instrumental in promoting all aspects of physical therapy which could be beneficial to people
with CF. In 2002, the first ACPCF standards of care for the physical therapist management of
CF published in conjunction with the UK CF Trust,?® included practical guidance on physical
therapist techniques similar to the International Physiotherapy Group for Cystic Fibrosis Blue
Booklet (first published in 1993)?! with additional staffing and service recommendations.

29-32 and

Since their creation, these standards have been influential in key service reviews
national and international guidelines for CF care,3*3* with the most recent (2020) edition

being placed within the top 10 UK CF Trust downloads.3*

[H2]The Present: Where Are We Now?

Since the early 2000s, when CF nationali and jinternational standards recommended
multidisciplinary team (MDT) care,<including physical therapists and respiratory
therapists,?>33 physical therapist input.into CF teams has increased; therapists are now one
of the largest staffing groups in/UK CF centers alongside nurses, physicians, and dietitians.3®
With >10,800 people with/CFin the United Kingdom and CF care spread over 57 regional
centers, 4 stand-alone centers; and 72 network clinics,?® the ACPCF network has expanded
from a small support group of CF Trust—sponsored physical therapists to >240 members in
100 different locations. The spread of care within the United States is similar, with >130
specialist CF care centers nationwide caring for over 31,400 people with CF?? and respiratory

therapists.and increasingly also physical therapists being integral to care teams.3’

The role of the CF physical therapist has evolved since it was first described in the 1950s, and
the ACPCF standards of care (now on the fourth edition) and the International Physiotherapy
Group for Cystic Fibrosis Blue Booklet have been updated to reflect changes in practice.?1*8
Although ACTs have remained integral, the profession has reacted to the changing

demographics of the population of people with CF and adapted guidance as necessary. For



example, following the introduction of UK newborn screening for CF, the ACPCF network of
specialists created a Delphi consensus document to provide guidance to clinicians on whether

to routinely recommend ACTs in this cohort.3°

The population of people with CF now has more adults with CF than children, and the average
age is increasing???3 (Fig. 2). With this, an increase in associated comorbidities has also been
seen. In order to ensure physical therapy as a profession changes with the landscape_.of CF
management, CF physical therapists have expanded their treatment toolbox to address the
joint or muscle problems of an older population combined with CF-specific isstes related to
low bone mineral density, stress incontinence or poor posture.*® With over64% ofthe UK and

US populations of people with CF in work or study,??%3

physical therapists as part of the MDT
need to provide advice on lifestyle management regarding minimizing treatment burdens,
maximizing adherence, and tailoring regimens to individual requirements (such as travel and

independence) to help people with CF live their lives to the fullest.

Since the first ACPCF guidance on nebulized thefapies were published in 1995% the scope of
inhalation therapies have greatly expanded: With advancement in technology, both adaptive
aerosol delivery and vibrating mesh technology, and changes in aerosol deposition, physical
therapists and respiratory therapists are instrumental in the optimization of medication
delivery, timing, and adherence, to _support ACTs. Extended roles into supplemental and
independent prescribing for'CF physical therapists have been and continue to be created,3®
with development_of “the ‘ever-expanding ACPCF nonmedical prescribing group for peer

support and continual professional development.

Previously anadjunct to care, increasing evidence of beneficial effects on physical and mental
health;4%43 has brought exercise advice and prescription to the forefront of physical therapist
interventions. CF MDTs have expanded to include physical therapists and practitioners
specializing in exercise, and the ACPCF have held combined educational events with the CF &

Exercise Network** to optimize collaborative working.



Throughout 2020 the COVID-19 pandemic necessitated radical changes in CF care
provision*>#® to reduce the strain on health care systems and to support shielding of the
population of people with CF identified as clinically extremely vulnerable. Physical therapists
and respiratory therapists internationally have demonstrated flexibility and made swift
changes coincident with the global environment. Hospital visits were replaced by virtual
clinics, self-monitoring of lung function was introduced, digital monitoring was increased, and
home treatments, including home intravenous antibiotic therapy were encouraged whenever
possible. MDTs needed to create digital services, with therapists providing virtual ACT
assessments and exercise sessions. Scaled back inpatient services embraced full'personal
protective equipment for aerosol-generating ACTs.%” Although COVID-19 did-fast-track the
use of telehealth, the potential for virtual monitoring and interventions had been led by and
embraced by CF physical therapists and the wider community earlier*®*° with work such as
the CFHealthHub learning health system>° and SmartCareCF>! investigating self-monitoring,
alongside the creation of international online exercise platforms, such as Beam Feel Good,>?

which was developed by a CF physical therapist:

[H2]The Future: Where Are We Going?
Throughout 2020, the rollout of .CF transmembrane conductance regulator (CFTR) highly

effective modulator therapies (HEMTs)—particularly the compound
elexacaftor/tezacaftor/ivacaftor (Kaftrio [the brand name used in Europe]/Trikafta [the brand
name used in the United States; Vertex Pharmaceuticals, Boston, MA, USA)—potentially
suitable for 80% to 90% of the population of people with CF>3 began. These medications are
dramatically changing the outlook for people with CF for the future®*°> by targeting the CF
defect at a protein level, correcting abnormal ion transportation across cell membranes,®
thus preventing airway dehydration within the lungs and limiting amounts of sticky mucus.
Although long-term data are currently lacking for elexacaftor/tezacaftor/ivacaftor, early
short-term data indicates reductions in pulmonary exacerbations and antimicrobial
medication usage.>® Longer-term data for up to 5 years are currently available for the single
agent ivacaftor, with results indicating sustained reductions in pulmonary exacerbations,

health care utilization, and enhanced quality of life.>’



It is thought that although the early introduction of CFTR HEMTs will limit the development
of CF lung disease, it will not be possible to correct established lung damage,>* and sputum
will still be produced in those individuals with existing bronchiectasis. However, in many
individuals, sputum after the use of CFTR HEMTs appears to be smaller in quantity and easier
to clear, potentially reducing the need for daily ACT regimens to facilitate clearance. However,
experience with ivacaftor, where a retrospective 5-year study showed that annual rate of lung
function decline of people with CF taking ivacaftor was unaltered,>® suggests that this is not
the end for ACTs and CF. Therapists must use skilled assessment to advise people with CF as
to when the ACT is required, for example, during pulmonary exacerbations or for those with
limited responses to HEMTs. Physical therapy research is under way to identify the best
assessment tools®® to ensure that optimal and relevant ACT regimens are created in
partnership with individuals. We must also not forget the cohort of people with CF
(approximately 10%) for whom CFTR HEMTs at present do not work; those who are unable to
tolerate these medications; the underserved population of people who have CF but who may
not have access or adhere to HEMTs; and those in lower- to middle-income countries who do

IlI

not yet have access to these medications and so who have “traditional” CF, more likely

requiring regular ACTs.

Sputum surveillance to identify and enable early treatment of harmful pathogens has long
been a key part of CF management,®® with physical therapists and respiratory therapists often
taking a lead role in sample collection. The amount of sputum produced after CFTR HEMT
seems to decrease for many people with CF, making obtaining regular samples more
challenging. The best ways to induce or replace sputum samples for monitoring is currently

unknown, more innovation and research is required in this area.

With_the regular ACT, one of the mainstays of CF physical therapy in question, physical
therapists need to help the CF community address how best to assess the ACT needs of people
with CF. Research needs to answer questions such as whether other interventions such as
cardiovascular exercise or yoga can replace the ACT and potentially reduce the therapy
burden, 2 of the research priorities highlighted by an international 2017 CF James Lind

Alliance survey.®! People with CF are independently taking steps to replace the ACT with



exercise®? or to stop the ACT; robust evidence to support or negate this move, alongside

evidence for different forms of physical activity, is required.

The changing landscape of CF care provides many important clinical questions which require
research to enable evidence-based practice for people with CF. The Table summarizes
guestions which the authors believe to be key questions which require answering, these
guestions have been influenced by research priorities identified by the CF community as part
of a James Lind Alliance survey,®! and also an international 2021 online survey of CF physical

therapists and respiratory therapists.

Research into physical therapist interventions can be problematic.to achieve because of
issues with trial design and methodology. It is often difficult to contrel forall external forces
which are influencing participants, and researchers need to consider other therapies and their
effects when designing trials. Interventions such as the ACT or exercise take effort from
people with CF to complete, and many have strong preferences for certain regimens. As a
result, randomized controlled trials where peopleimay be asked to complete an alternative
treatment for a significant period often have difficulty recruiting or retaining participants.®*

Alternative methods such as long-term‘observational studies of large cohorts may be required

to gain insights into physical therapist interventions in the future.

A long-standing issue with airway clearance research is the lack of validated, robust and
relevant endpoints,®® traditional outcomes of forced expiratory capacity in 1 second® and
sputum weight will lack sensitivity in this more stable, minimal-secretion population.
Emerging outcomes such as the Lung Clearance Index derived from the multiple breath
washout test) shown to be a sensitive and reliable endpoint especially in mild CF lung
disease,?’®® needs questions such as what is a clinically meaningful change®7° to be

investigated alongside its use in the specific context of ACT research.

Long-term outcomes which are impactful for people with CF such as quality of life or other
patient reported outcomes, hospitalizations or frequency of exacerbations should also be
considered.®* CF physical therapists are working collaboratively and engaging in

multicenter/multiprofessional studies to deliver high quality research outputs to influence

10



clinical interventions and use network links such as the ACPCF to achieve this goal. Now
should be the time to embrace investigations into withdrawal or replacement of the regular
ACT, something which has previously been discouraged because of the integral nature of the
ACT within traditional CF management, but something that has come to the fore with changed

health status because of CFTR HEMTs.

CF therapists need to advise and alter management strategies based upon the altered health
status of people with CF after CFTR HEMT, but also for the additional comorbidities that the
aging population experience which may require specialist physical therapist management
such as CF related liver disease and some cancers which have an increasing incidence in

people with CF.”?

With improved health status and expected improvements in life_expectancy, more women
with CF are becoming pregnant’> which requires ‘adaptation of physical therapist
interventions to ensure optimal management and safe gestation. Parenthood, for women and
men with CF, offers its own challenges and thérapists need to offer flexible and realistic advice

for regimens balanced with child care responsibilities.

Telehealth offers opportunities for physical therapists to deliver education on all aspects of
clinical care to people with- CE with wide-ranging needs, including delivery of remote
spirometry and management strategies. Access to sessions and advice has also been widely
expanded allowing_access to people who previously could not attend classes because of
illness, location, finances or time constraints due to child care or work. A huge benefit of
telehealth is the possibility of offering people with CF group sessions enabling peer support
network which was previously impossible because of the risk of cross infection. One person

with.CF told us the following:

“As a 39-year-old with CF, | have had almost no interaction with another CF patient since childhood in
the days before segregation. But through the online classes and the removal of the risks of cross-
infection, to be able to see, talk, and exercise with others for the first time in approximately 25 years
was really mind blowing. It has been super motivational to see other people with CF ... this social

element benefit to the classes and teaching should not be underestimated.”
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Exercise evaluation and progression via online supervised activity with trained staff aware of
any CF-specific exercise needs is now possible, and feedback from people with CF for early

adopters of online exercise has been positive.”>’* One person with CF stated the following:

“The exercise program has been really enjoyable and varied, and to have it led by our own CF
physio team, so familiar with our condition and our own personal stories, made the classes extra
special. Exercising felt safe as there was constant awareness of potential CF issues (like shortness
of breath/reflux/joint pain/diabetes) and how exercises might need to be altered. | can feel the

benefit of working through the program and feel fitter than at the beginning.”

Further participant feedback regarding online exercise sessions can be found in the

Supplementary Appendix.

Social media such as Twitter, Instagram, or TikTok can engage peoplewwith CF of all ages,
promoting sessions and creating center challenges enhancing the feeling of community.
Physical therapists can use their role within the CF MDT to promote fitness and activity, while

ensuring the safety of interventions for their individual patients.

Social media also allows the sense of community and engagement to be not just local to each
center, but national and international with the petential for benefits for people with CF and
clinicians. The ACPCF is currently< finalizing collaborations with CF physical therapy
organizations across the globe to provide’educational online webinars for physical therapists
ranging from basic ACT skills for'these in locations with limited training and resources, to

forums discussing current practice and planning international research collaborations.

Although telehealth/and online interventions have been widely well received and do offer
opportunities of access and socialization that were previously unavailable, therapists must be
aware that remote monitoring or interventions may not suit all for all consultations.**’> Some
individuals=will require or prefer face-to-face in-hospital or community consultations and
physical therapists must plan to incorporate varied contact options to ensure optimal and

equitable management for all people with CF.

Further issues raised by the introduction of CFTR HEMTs include whether the use of inhaled
antibiotics and mucoactive agents by people who have CF and have used modulators will be

required or appropriate in the future. Inhaled mucoactive agents such as hypertonic saline

12



and mannitol may be more irritable to clearer airways, limiting tolerance, while the evidence
for the use of deoxyribonuclease (or dornase alfa) in people with non-CF bronchiectasis,
which might be mirrored by people who have CF and have used HEMTs, is unfavorable.’®
Physical therapists’ experience and involvement with clinical trials, such as CF STORM
(NIHR131889) and SIMPLIFY (NCT04378153), investigating the rationalization of inhaled

mucoactive agents, will be key in clinical decision making.

The UK CFHealthHub learning health system,”” with the involvement of physical therapists,
includes monitoring of nebulizer taking via digital downloads and offers insights into the
adherence of people with CF to medications. The CFHealthHub and CFDigicare (a
collaborative approach to improving CF care via digital learning and real-time data)’’ are
continuously developing to help clinicians support people with CF and will help to shape the
evolution of CF management. The National Efficacy-Effectiveness CFTR Modulators
Optimization (NEEMO) programme is nested within the CFHealthHub learning health system
and is using long-term inhaled therapy adherence“data’to understand the impacts of
coadherence to inhaled therapy and HEMTs on“clinical outcomes of people with CF who are

taking elexacaftor/tezacaftor/ivacaftor.

The introduction of CFTR HEMTs, especially elexacaftor/tezacaftor/ivacaftor, has altered the
health status for many people with CF, with emerging evidence of decreased infections and
lower antimicrobial usage®>; however, because of its recent introduction, there is limited data
on long-term effects. A comparison of US and UK CF registry data from the first available CFTR
HEMT, ivacaftor, versus matched controls after 4 to 5 years of usage highlighted consistently
favorable clinical outcomes, including lower risk of death, pulmonary exacerbations and
hospitalization for those taking ivacaftor.”® With these potential changes in health status in
mind, alterations to physical therapy regimens and advice are being considered, however,
recent evidence from the ivacaftor cohort showed the potential for improvements in lung
function to return to baseline after 5 years.”’”® The potential for nonadherence to
medications should also be considered, as highlighted by Mitchell et al who reported
adherence to ivacaftor, declined over a 5-year period, especially in young adults.>® The
unknown long-term effects and adherence to HEMTs highlights the need for long-term

evidence before altering management, changes should be made cautiously with close

13



monitoring to ensure continued improved health status for people with CF with as low a

treatment burden as possible.

The COVID-19 pandemic saw a significant change in day-to-day CF clinical services some of
which such as remote monitoring and virtual clinician reviews, are unlikely to completely
reverse. The new landscape of CF offers the opportunity for CF physical therapists and
respiratory therapists to reassess their role to ensure it is fit for purpose moving forward.
Interventions can be reassessed for both efficacy and mode of delivery to ensure that physical
therapy remains at the forefront of excellent CF clinical care, and that it can be delivered
effectively within this new digital and post—CFTR HEMT world. Partnerships between physical
therapists and people with CF are now more important than ever to ensure-individualized,
optimal physical therapist management strategies in terms of the ACT, exeércise, and inhaled
therapies, taking into account the lifestyle and commitments of.every individual with CF.
Physical therapists and respiratory therapists have the opportunity to address current
priorities for CF care and create modern roles for themselves after CFTR HEMTs; these roles
could focus on key areas such as physical activity,»well-being, and function, with specialized

assessment that could complement the work ofithe larger CF MDT.

[H1]Conclusion
From soon after CF was first described in the 1930s, physical therapy has been a key part of

its management, with a review of the decade from 1990 to 2000 putting good physical
therapy as a mainstay to clinical well-being in CF.”° Physical therapists have evolved
throughout the decades to provide for the needs of the changing population of people with
CF, adapting/care foriincreasing numbers of adults with CF and the needs of asymptomatic
infants diagnesed through newborn screening, and have embraced and suggested new
therapiesiand technologies. The recent impacts of the COVID-19 pandemic and the rollout of
CFTR HEMTSs, have necessitated monumental changes to CF MDT care provision as a whole.
Physical therapists and respiratory therapists have the opportunity to self-evaluate and
evolve practice, embracing new opportunities for research and clinical practice to create a

new era of CF physical therapy.
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Table

Table. Key Questions for Physical Therapy Research®

High-Priority Research Question

Including:

Can exercise replace airway clearance

for people with CF?

In times of health stability

In times of pulmonary exacerbations
Different levels of clinical status
Type/duration/intensity of exercise required

Effect on quality of life

What mucoactive medications are

required for people who have CF and

are taking CFTR HEMTs?

Deoxyribonuclease
Mannitol

Hypertonic saline

How can treatment burdens and
physical therapy regimens be reduced

for people with CF?

People who have CFand-are taking CFTR HEMTs
People who have“CF but are not taking CFTR
HEMTs

Combinations of treatments

Réplacements/withdrawal of treatments

Are telehealth interventions as effective

as face-to-face consultations?

Effectiveness of virtual assessments
Satisfaction of people who have CF with

telehealth interventions

What physical therapist{interventions
enhance well-being.and quality of life

for people with CF?

Effect of physical therapy regimens

Investigations into specific interventions

How best can the effects of treatments

be assessed?

Best outcome measures for assessment of
exercise

Best outcome measures for assessment of the
airway clearance technique

How to assess the quality of interventions

What are the barriers and enablers to

interventions?

Physical activity and exercise
Airway clearance

Inhaled medications
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What are the specific groups within CF?

Effect of exercise on airway clearance technique
for people not taking CFTR HEMTs

How best physical therapists can support people
who have CF and are transitioning from
pediatric to adult services and their
independence with physical therapy regimens
Best practice to support pregnancy .and

parenthood for people with CF

9CF = cystic fibrosis; CFTR = CF transmembrane conductance regulators; HEMTs = highly

effective modulator therapies.
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Figure Legends
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Figure 1. Median survival age for people with cystic fibrosis (CF) in the United States. Data
from before 1970 were gleaned from the then=current literature. Data since 1985 were taken
from the Cystic Fibrosis Foundation Data”Registry and represent projections of median
survival age for a child born with*CF'in that year. Reproduced with permission of author

Pamela B. Davis.8°
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Figure 2. Age distribution of the population of peopwﬁ in the United Kingdom in 2010

versus 2020. Reproduced with permission ystic Fibrosis Trust from the UK Cystic

Fibrosis Registry 2020 Annual Data Report.?
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