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Abstract

Aim
The aim of this study was to explore risk factors for acute changes in lung function following initiation of
lumacaftor/ivacaftor (LUM/IVA) in children with cystic fibrosis.

Methods
Retrospective review of all children commenced on LUM/IVA treatment over a one-year period. CT Thorax images
were reviewed for evidence of air trapping using the Brody score.

Results

Data was collected from 15 children. A transient decline in ppFEV1 was observed after initiation of LUM/IVA in 93%
(n=14) of patients with an absolute mean decline of -10.8%. There was a statistically significant inverse relationship
between AFEV; and baseline ppFEV1. There was no relationship between air trapping score and AFEV; (p=0.41).

Conclusion

Pre-existing small airways disease is not a risk factor for acute changes in lung function following initiation of
LUM/IVA. Our results suggest that a LUM/IVA-related decline in lung function is more significant in CF children with
higher baseline FEV;.

Introduction

Cystic Fibrosis conductance Transmembrane Regulator (CFTR) modulators represent a major breakthrough in the
pharmacological management of Cystic Fibrosis (CF). Clinical trials have shown significant improvements in lung
function, nutritional status and rates of pulmonary exacerbations?. Subsequent studies, however, reported acute
lung function changes following administration of LUM/IVA. This phenomonen was not documented in initial trials
assessing the effects of LUM/IVA in CF patients (F508del/F508del)! but in a later trial examining the efficacy and
safety of LUM/IVA in >6-11year olds which demonstrated an abrupt decline in ppFEV: within 4 hours of treatment?.
Similar findings were noted in a study performed with healthy adult volunteers, revealing that administration of
LUM/IVA resulted in a transient decline in ppFEV; with a mean decrease of 4.1%>. Furthermore, a paediatric study
observed a consistent reduction in ppFEV:(-10.4 + 4.6%), with only partial recovery following short acting beta,
agonist (SABA) inhalation®.



Pulmonary function is strongly associated with CF mortality and is a valid surrogate measure of lung health, with an
acute decrease in FEV; of 10-15% determined to be the most significant predictor of pulmonary exacerbation in
patients 6 years and older®. The benefits of LUM/IVA have been well established and initiation is generally well
tolerated, however the mechanism of drug-induced decline in ppFEV: following initiation is not known and caution
may be required, particularly in patients with end-stage lung disease. Identifying risk factors for this decline could
improve individual patient management during initiation and help understand the mechanisms involved.

The small airways are not felt to contribute significantly to the total airway resistance in healthy lungs; it is estimated
that approximately 75% of the small airways would have to be obstructed to cause a decrease in FEV:°®. However,
significant small airway disease is commonly present in patients with CF°. Evidence of small airway inflammation and
obstruction can be demonstrated using high resolution computed tomography (HRCT). In CF this takes the form of
heterogeneous areas of radiolucency secondary to air trapping and a ‘tree-in-bud’-like pattern which implies
impaction of mucus and inflammatory exudate within the bronchioles!!. Increased mucus production is a commonly
reported adverse effect of LUM/IVA initiation!? therefore we questioned if the transient decline in ppFEV: is more
severe in children with HRCT evidence of small airways disease.

In this study we sought to confirm the immediate effects of LUM/IVA initiation on lung function in a cohort of
paediatric CF patients and explore links between changes in ppFEV: and CT imaging evidence of small airways
disease along with other potentially influencing factors.

Methods

We performed a retrospective study of all children who were commenced on LUM/IVA between September 2016-
August 2017 in our institution. Data collected prior to initiation of treatment included gender, weight, age,
antimicrobial colonisation in the previous six months, spirometry (including any previous bronchodilator response
test (BDR)) and antimicrobial treatment history.

In 2004 Brody et al described a scoring system to convert the CT thorax findings in a patient with CF into numerical
data®®. For this study, the CT images were reviewed by two paediatric radiologists (SR and AS). Using Brody’s
method, the amount of air trapping was graded. All HRCT was performed prior to commencing therapy.

All children were administered a nebulised SABA (salbutamol) fifteen minutes prior to treatment initiation. Patients
were commenced on a starting dose of LUM/IVA 200mg/125mg twice daily with a fat-containing snack. Patients
were observed for 4 hours following drug administration. Spirometry was repeated at 4 hours post dose, 24 hours, 1
week, 2 weeks, 1 month and 3 monthly thereafter. Patients were asked to report any respiratory-related symptoms.
After one week of treatment, the dose was increased to LUM/IVA 400mg/250mg twice daily as tolerated.

Statistical analyses were performed using IBM SPSS Statistics. Descriptive data were reported as mean and standard
deviation (SD) for parametric data, and median and range for non-parametric data. A number of statistical tests were
carried out to assess whether a relationship existed between absolute change in ppFEV1 (AppFEVi) with
demographic and patient variables. Significance was defined as p < 0.05.

Ethics approval was not required.

Reimbursement for LUM/IVA has since been granted for patients aged 2 years and older. Our treatment approach
was similar for 6-11 year olds based on observed tolerability in the 12+ age group. The granule preparation does not
allow for half dosing therefore children aged 2-5 years are initiated on full dose as per manufacturer licence.

Results

Characteristics

Data was collected from 15 children initiated on LUM/IVA. Table 1 shows baseline characteristics of our cohort.
Baseline spirometry reported a mean ppFEV; of 77%%21.6%. One child in our cohort had a baseline ppFEV; of <40%.
BDR had been tested in 12 of 15 patients (80%) and none were positive using ATS/ERS criteria'®. The majority of
children were colonised with more than 2 different organisms, the most common organisms being Staphylococcus
aureus(86%) and Pseudomonas aeruginosa(46%).



Table 1: Baseline characteristics

Mean Standard Deviation (SD)
Age (years) 14 1.72
Weight (kg) 47.3 8.97
Baseline ppFEV:1 (%) 77 21.6

Median Range
Brody score (number) 2.5 0-13
Time since most recent 35 0-90
antimicrobial treatment
(days)

Acute change in lung function

We observed a transient decline in ppFEV; in 93% (n=14) of patients at 4 hours post first dose in each case. Some
patients experienced a further decline in ppFEV; at a later stage. The absolute change in ppFEV; at different time
intervals are shown in Figure 1. The mean absolute (+SD) decline in ppFEV; was -10.87%+6.57%, with a maximum
absolute decline in ppFEV; of -20%. Spirometry returned to baseline in all children on LUM/IVA treatment. The
median time for ppFEV; to return to baseline was 7 days, ranging from 0 to 90 days.

Fig. 1: Absolute change in FEV1 (AFEV1) post treatment from baseline ppFEV1 at (A) 4 hours, (B)24 hours and (C)1 week
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Adverse drug reactions (ADR) - Three out of fifteen CF children (20%) reported mild transient respiratory side effects
within the first 24 hours, including increased sputum production(n=2) and chest tightness(n=2). There were no
reported episodes of cough, wheeze or dyspnoea. No treatments were disrupted as a result of ADRs.



Evaluation of air trapping

CT Thorax images were available in 14 children. 10/14 cases included expiratory phase images. Brody scores ranged
from 0 to 13 (median 2.5). We report no relationship between air trapping score and AFEV; (p=0.41) using Mann-
Whitney-U test.

Relationships between AFEV; and patient variables

There is a statistically significant inverse relationship between AFEV: and baseline ppFEV: (r = 0.50; 95%CI[-31.09;
0.35], p=0.05) as illustrated in the scatter box (Figure 2). This indicates that children with higher baseline ppFEV:
experienced a greater decline in ppFEV1 compared to children with a lower baseline ppFEV;.

Fig. 2: Relationship between absolute change in FEV1(%) and baseline ppFEV1(%)
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We report no relationship between weight and AFEV; using linear regression method(p=0.66), between gender and
AFEV; using independent t-test(p=0.53) or between recent antibiotic treatment and AFEV; using Mann-Whitney-U
test(p=0.14).

Table 2: Relationship between ppFEV1and time from most recent antimicrobial treatment

Median No. Days  Range
Change Category: 0-9% (n=7) 63 158

Change Category: 10-20% (n=8) 24.5 87

P-value: 0.142




Discussion

Clinical trials have demonstrated that treatment with LUM/IVA improves lung function, nutritional status and
pulmonary exacerbation rates in children with CFL. Our results confirm an acute, transient decline in ppFEV; post
initiation of LUM/IVA (-10.87%+16.57%) in keeping with previously published data. Although initial RCTs reported
absolute change from baseline ppFEV; at week 24, they did not report changes prior to day 15%. A study of CF
patients (AF508/AF508) aged 6-11, showed a transient decline in ppFEV; that was most profound at 4-6 hours post
drug administration (-7.7%+7.3%)2. This decline is similar in magnitude to that observed in our study (-7.93+6.41%).
This phenomenon has also been observed and documented in other real life studies®*1°,

Acute decline in ppFEV; after initiation has been attributed to bronchoconstriction. CF patients with previously
recognised significant reversible airway obstruction were noted to have a higher risk of FEV;decrease*™.
Furthermore, acute change in ppFEV: of healthy individuals was rapidly reversed following administration of a SABA,
suggesting that bronchoconstriction is a potential off-target effect of lumacaftor3. It remains questionable, however,
if bronchoconstriction alone provides an explanation for early FEV; deterioration. Unlike in healthy volunteers,
administration of SABA to patients with CF did not fully alleviate the acute decline in ppFEV;. Labaste et al. found
that the initial decrease in ppFEV; was only partially corrected with salbutamol inhalation®. Further, the incidence of
symptoms of bronchoconstriction on initiation of LUM/IVA is low. In our study, only 2 out of 15 patients reported
chest tightness within the first 24 hours; with no reported episodes of cough, wheeze or dyspnoea. It could be
argued that this reflected the comparatively short duration of this study but the study length reflected the period of
time necessary for ppFEV: to return to baseline. In our patient group, 80% had been tested previously for BDR and
were all negative. The validity of the recognised threshold of 12% and 200 mL or greater change in FEV: from
baseline has been questioned in the paediatric population?®’, and it is recognised that a negative BDR test does not
rule out a clinical response to bronchodilator therapy. Therefore in order to pre-empt bronchoconstriction, a SABA
was pre-administered to all patients. Despite this, we identified similar declines in lung function following initiation
to those previously published. Although we did not assess the effect of post-treatment bronchodilators on lung
function, this raises further doubt about bronchoconstriction as a mechanism for the transient deterioration of
ppFEV:. Finally, there is no explanation as to the mechanism of LUM/IVA induced bronchoconstriction. We looked
for underlying risk factors for an acute decline in ppFEV: beyond bronchoconstriction; postulating that children with
more severe underlying small airways disease would experience a greater decrease in ppFEV; after initiation.

Brody’s scoring system is a systematic method that evaluates each lobe of a HRCT for severity and extent of CF lung
disease®®. It describes a number of morphologic changes®®. The score of air trapping ranges from 0 to 27 for the total
lung. We used this scoring system to specifically evaluate for evidence of air trapping as a potential risk factor for
acute changes in lung function. However, no relationship was found between absolute changes in ppFEV;: and air
trapping score(p=0.41). The small airways express CFTR and may be an area of so-called off target effects of
LUM/IVA but CT thorax findings are, unfortunately, not predictive of the severity of acute decline in ppFEV; on
initiation of LUM/IVA.

We found a statistically significant inverse relationship between AppFEV1 and baseline ppFEV;. Patients with higher
baseline ppFEV; experienced a greater acute transient decline in lung function post initiation of treatment (p=0.05).
This is a new finding that has not been reported previously. Labaste et al. found that patients with a low baseline
FEV: were at greater risk of experiencing a more profound decline and they recommended close monitoring during
this period*. Our study had only one patient with a pre-initiation ppFEV: of <40%, so it may be that the greater
transient declines of ppFEV; occur at both extremes of patient lung function. Reassuringly, we also report full
recovery in ppFEV; was made in all patients without any serious adverse effects.

This study of 15 patients represents all of the children in our CF unit who were commenced on LUM/IVA during the
study time-period. The relatively small sample size may have influenced the statistical strength of the relationships
between absolute change in lung function and patient variables, however we have shown that evidence of pre-
existing small airways disease on HRCT is not a risk factor for increased acute loss of FEV:. We confirm significant
acute declines in ppFEV; as great as -20% from baseline at 4 hours or more post initiation of LUM/IVA and report the
new finding of a statistically significant inverse relationship between AFEV: and baseline ppFEV1. Although clinicians
must be considerate of this potential decline in ppFEV: when initiating LUM/IVA in patients, this offers reassurance
when initiating LUM/IVA as the patients who experience significant declines in lung function have a greater
respiratory reserve with which to support this reduction. No subsequent changes have been made to dosing
recommendations for LUM/IVA as a result of our findings.
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