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ABSTRACT
Background: Children with cystic fibrosis (CF) are at higher risk of severe respiratory syncytial virus (RSV)
infection, which can lead to a decline in lung function. A monoclonal antibody, palivizumab (PMB),
effectively prevents RSV hospitalizations; however, the high cost of PMB, approximately C$10,000 per
patient per RSV season, limits its widespread use. We assess the cost-effectiveness of PMB prophylaxis in
CF children less than 2 y of age from the Canadian healthcare payer’s perspective. Methods: In 2014, a
Markov cohort model of CF disease and infant RSV infections in the Canadian setting was developed
based on literature data. Infants were treated with monthly PMB injections over the 5-month RSV season.
Lifetime health outcomes, quality-adjusted life years (QALYs) and 2013 $CAD costs, discounted at 5%,
were estimated. Findings are summarized as incremental cost-effectiveness ratios (ICERs) and budget
impact. Deterministic sensitivity analysis was conducted to assess parameter uncertainty. Results:
Implementation of a hypothetical Canadian RSV prophylaxis program resulted in ICERs of C$652,560 (all
CF infants) and C$157,332 (high-risk CF infants) per QALY gained and an annual budget impact of
C$1,400,000 (all CF infants) and C$285,000 (high-risk CF infants). The analysis was highly sensitive to the
probability of severe RSV, the degree of lung deterioration following infection, and the cost of PMB.
Conclusions: Our results suggest PMB is not cost-effective in Canada by commonly used thresholds.
However, given the rarity of CF and relatively small budget impact, consideration may be given for the
selective use of PMB for immunoprophylaxis of RSV in high-risk CF infants on a case-by-case scenario basis.
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Introduction

Cystic fibrosis (CF) is the most common fatal genetic disease
affecting Canadian children and young adults. In Canada,
approximately 1 in 3,600 live births are affected with CF and the
prevalence is approximately 12 per 100,000 population.1 These
rates are similar to those reported in other developed countries
such as Australia.2 Respiratory syncytial virus (RSV) is the leading
viral cause of lower respiratory tract infection in infants and
young children.3 For children with CF, especially those with dete-
riorating lung function, RSV poses a particular threat.

Healthy children are at risk of RSV and associated complica-
tions, but the severity of RSV is intensified among high-risk
groups. The risk of hospitalization from RSV in the first 2 y of
life is 1–3% in otherwise healthy infants.4 Children born pre-
maturely with chronic lung disease, or congenital heart disease,
have up to 10% risk of hospitalization.5,6 Infants with CF are at
higher risk of RSV hospitalization, with a recent meta-analysis
reporting a hospitalization rate of 12.6%.7-13

There is evidence that severe viral illnesses in children with CF
have sustained pulmonary implications, with studies demonstrating
higher acquisition of Pseudomonas aeruginosa,14 and more rapid
deterioration in lung function.15

Risk factors that place a child at higher risk of severe RSV
include: November-January birth month, >5 family members,
small size for gestational age, attending day care and/or having
school age siblings.16 Approximately 20% of infants in the gen-
eral population would be considered ‘high-risk’ for severe RSV
disease using a high risk algorithm based on these criteria.16

Palivizumab (PMB) is effective at preventing RSV hospitali-
zation in infants with prematurity, chronic lung disease, and
congenital heart disease.5,6 PMB is a humanized murine mono-
clonal antibody given as intramuscular monthly injections of
15mg/kg over the 5-month RSV season. While the literature is
limited and conflicting, the best available data from a study of
75 CF infants suggests a possible benefit from PMB.9 A
Cochrane review found no clinically significant benefits of
PMB in infants with CF, but found only one randomized con-
trolled trial with a small sample size to review.17 Observational
data on RSV hospitalization rates in infants with CF who have
received PMB ranges from 1–2%,7,12 which is substantially
lower than estimates in those who have not received PMB.7

Despite the limited direct evidence for efficacy of PMB in
CF, the American Cystic Fibrosis Foundation recommends that
PMB be considered for use in all infants with CF in the first 2 y
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of life.18 The Canadian Pediatric Society and American Acad-
emy of Pediatrics do not routinely recommend PMB for chil-
dren with CF, but both state that it may be considered if other
RSV risk factors are present.3,19 In a North American survey,
75% of responding respirologists said they prescribe PMB to
infants with CF, and 40% considered it standard of care.20

PMB has the potential to prevent early hospitalization, as
well as potentially ameliorate some of the lung disease progres-
sion that leads to earlier morbidity and mortality in CF. How-
ever, the high cost of PMB, approximately $10,000 CAD per
patient per RSV season, has limited its widespread use. The
objective of this study is to assess the cost-effectiveness of PMB
prophylaxis in CF children less than 2 y of age from the Cana-
dian healthcare payer’s perspective.

Results

Base case results

Table 1 summarizes the findings in the model discounted at
5%, 3%, and undiscounted. For the ‘All CF’ population, esti-
mated life expectancies (LE) per person, with and without
PMB, were similar at 16.12 and 16.09 years, respectively
(35.95 and 35.92 y undiscounted). The estimated QALYs

per child were 14.99 QALYs with PMB prophylaxis versus
14.96 QALYs without PMB prophylaxis (32.82 and 32.72
QALYs undiscounted). The average cost of PMB per CF
infant for 2 y was C$19,587.20. The discounted expected
lifetime healthcare costs per CF patient were C$294,702 and
C$275,125 in the PMB and no PMB groups respectively
(C$801,085 and C$780,364 undiscounted). Therefore the
ICER for PMB prophylaxis in All CF infants under 2 y of
age was C$652,560 per QALY gained (C$207,207 per QALY
gained undiscounted) (Table 1).

Evaluating only CF infants considered at high risk for severe
RSV disease, the estimated discounted LE per child was 16.29
and 16.16 for the PMB and no PMB groups, respectively (35.89
and 35.78 y undiscounted). The estimated QALYs gained per
child were 14.92 and 14.81 discounted for the PMB and no
PMB groups, respectively (32.62 and 32.27 undiscounted
QALYs). The ICERs were more favorable in this population
with a discounted ICER of C$157,332 per QALY gained and an
undiscounted ICER of C$61,550 per QALY gained (Table 1).

In 2011, there were 145 CF infants under the age of 2 across
Canada.1 Assuming 20% are at high risk for severe RSV
disease,16 the absolute budget impact would be C$1,420,072 per
year to administer PMB to All CF infants < 2 y of age, or
C$284,014 to target only the HR CF infants.

Sensitivity analysis

We performed 1-way sensitivity analyses over the range of
plausible values for all variables in the model (Table 2).
Within both the HR and All CF groups, under nearly all
scenarios, providing PMB resulted in small health benefits
at high costs.

None of the sensitivity analyses resulted in an ICER less
than $50,000 per QALY. If the cost of PMB decreased by
35%, the expected low for a generic biological medication,34

then the ICER would drop to C$400,660 per QALY gained
and C$89,815 per QALY gained for All CF and HR CF
groups, respectively. RSV hospitalization rates, or severe
infections, would need to approach 30% to be considered
cost-effective at a threshold of $50,000 per QALY gained.
Utilities, children’s weights, and RSV hospitalization costs
had little impact. The precise risk of CF-related lung pro-
gression following a severe RSV infection is unknown and
thus a wide sensitivity analysis was used ranging from 1 (ie;
none) to 15 times the risk of progression. The sensitivity
analyses are summarized in the Tornado diagrams (Fig. 1).

The two-way sensitivity analyses do not result in plausible
combinations of parameter values where the PMB strategy is
cost-effective in “All CF” at a threshold of $50,000 per QALY
gained. However, in the HR CF group, varying the relative risk
of progression and the probability of RSV hospitalization
simultaneously resulted in PMB prophylaxis being cost-effec-
tive if the relative risk of progression was 8 or greater and the
risk of RSV hospitalization was � 5.4%, both of which were
within the range of plausible values (Fig. 2A). There were small
fluctuations from varying PMB effectiveness between 38% and
72% (Fig. 2B/C); however, combining variables with lower costs
of PMB demonstrates significant improvements in cost-effec-
tiveness (Fig. 2C/D).

Table 1. Base case results for palivizumab treated infants compared to no
palivizumab treated infants by risk for severe RSV disease.

Outcome No Palivizumab Palivizumab

All CF < 2 years
Life Expectancy (years)
Undiscounted 35.92 35.95
Discounted 3% 21.12 21.14
Discounted 5% 16.09 16.12

Quality-adjusted life years
Undiscounted 32.72 32.82
Discounted 3% 19.51 19.56
Discounted 5% 14.96 14.99

Net costs (PMB C Healthcare)
Undiscounted C$780,364 C$801,085
Discounted 3% C$394,845 C$414,599
Discounted 5% C$275,125 C$294,702

ICER
Undiscounted C$207,207
Discounted 3% C$395,095
Discounted 5% C$652,560

High risk CF <2 years
Life Expectancy
Undiscounted 35.78 35.89
Discounted 3% 21.17 21.24
Discounted 5% 16.16 16.29

Quality-adjusted life years
Undiscounted 32.27 32.62
Discounted 3% 19.29 19.46
Discounted 5% 14.81 14.92

Net costs
Undiscounted C$778,970 C$800,512
Discounted 3% C$398,111 C$416,090
Discounted 5% C$279,233 C$296,539

ICER
Undiscounted C$61,550
Discounted 3% C$105,757
Discounted 5% C$157,332
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Discussion

Our analysis indicates that administering PMB to all infants
with CF results is not considered cost-effective in Canada under
commonly used thresholds. By restricting use to CF infants
with other RSV risk factors, PMB was still not considered cost-
effective but was much closer to commonly used thresholds.

The ICERs calculated were approximately C$650,000 per
QALY for All infants with CF and C$160,000 per QALY for
HR infants with CF.

The most important variables in the model were the relative
risk of lung disease progression following a severe RSV infec-
tion, the probability of an infant with CF having severe RSV,
and the cost of PMB. A 20–35% decrease in cost is expected

Table 2. Variables used in the model along with associated ranges used for the sensitivity analyses.

Range

Variable Type Description Base Case Low High

Probabilities Palivizumab effectiveness 55% reduction5 38% 72%
Probability of hospitalization for RSV 0.038 for children<29,13,26-28 0

otherwise
0.01 0.08

Relative risk of hospitalization for RSV in high risk CF patients 3.616 2.5 12.9
Relative risk of progression if hospitalized with RSV 514,15,24,25 1 15

Utilities
Death 0 NA
Mild disease 0.9629 0.76 1
Moderate disease 0.9129 0.88 1
Severe disease 0.829 0.59 1
Lung transplant 0.829,30 0.59 1
Disutility of being hospitalized for RSV (caregiver perspective) ¡0.0731 ¡0.15 0

Costs
Palivizumab (per mg) C$15.05 C$9.7834 C$15.05
Median weight at 6 months 7.640 5.8 9.8
Median weight at 18months 10.5540 8.2 13.6
Total cost per admission for RSV (x1.05 for physician costs) C$361732 C$1151 C$6084
Average� cost of mild CF disease (FEV1 � 70%) C$12,64021 NA NA
Average� cost of moderate CF disease (40%�FEV1<70%) C$27,84721 NA NA
Average� cost of severe CF disease (FEV1 <40%) C$41,55221 NA NA
Average� cost of Heart and/or Lung Transplant C$40,67721 NA NA

�Average over all ages. Include CF-related costs from health-care payer perspective including; medications, clinic visits, hospitalizations, diagnostic testing, home IV ther-
apy, home oxygen therapy, and transplantation costs. As adapted from Van Gool et al.21 and converted to 2013 Canadian dollars. For age-specific breakdown of costs,
please see Table S1.
RSV D respiratory syncytial virus, CF D cystic fibrosis, FEV1 D forced expiratory volume in 1 second

Figure 1. Tornado diagram of the relative impact on the ICER of each of the variables included in the model for a) All CF infants and b) the high risk CF infants only. The x-
axis represents the range of the ICER when the parameters are varied by the ranges shown in brackets. The vertical line indicates the base-case ICER for PMB immunopro-
phylaxis among a) All CF infants (C$652,560 per QALY gained) and b) the high risk CF infants (C$157,332 per QALY gained).

HUMAN VACCINES & IMMUNOTHERAPEUTICS 601



with generic production of biologic medications, such as
PMB.34 In this scenario the ICERs would significantly decrease
to approximately C$400,000/QALY and C$90,000/QALY in
All CF and HR CF infants, respectively. In Canada, such a bio-
logic is covered by the provincial health insurance plans. In
other settings, where palivizumab may be available at a higher
cost to private insurers, the ICER may be higher than calcu-
lated here.

There are a number of important limitations to consider
when interpreting the results of this analysis. Reliable FEV1

data were not available in children under 8 y of age, therefore
health states were extrapolated from 8-year-old children to
those under 8 y of age. While this extrapolation is meant to
be conservative, without reliable FEV1 data in this age group,
our model and results are limited by this assumption. Future
studies incorporating infant pulmonary function testing may
provide much needed objective measures of pulmonary pro-
gression in young children with CF.

Similarly, data on severe RSV infection is limited in
infants with CF. Hospitalization was used as a proxy of
severity; however, it is likely that these values underestimate

the true burden of infection, potentially underestimating the
benefits of PMB. As emphasis for ambulatory care increases
in patients with CF, alternative markers of severity, aside
from hospitalization, should be evaluated. In addition,
quantifying the risk of progression is challenging. Multiple
studies suggest there is a deterioration in pulmonary func-
tion tests14,15,25 and increased pseudomonas acquisition24

following significant lower respiratory tract infections in
children with CF. The analysis assumes that preventing
these infections would slow this deterioration, though there
is no direct evidence supporting this. As CF is a progressive
disease characterized by deteriorating lung function, lifetime
costs are extremely high. Delaying progression of lung dis-
ease using PMB in the first 2 y of life may not contribute
substantially to offsetting the overall costs in a patient’s life-
time, a result reflected by the high ICERs calculated in our
model.

There are no controlled trial data defining the effectiveness
of PMB in CF and we assumed similar effectiveness to prema-
ture infants with chronic lung disease. Our model and results
are limited by this assumption; however, our sensitivity

Figure 2. Two-way sensitivity analyses of they key parameters identified in one-way sensitivity analyses for the high-risk CF infants. Analyses were conducted using net
benefit with a willingness to pay threshold of $50,000 per QALY. These graphs show the change in the optimal decision strategy over values of 2 variables: A) probability
of RSV hospitalization vs. relative risk of progression if hospitalized with RSV, B) probability of RSV hospitalization versus effectiveness of PMB, C) cost of PMB per mg of
body weight vs. PMB effectiveness, and D) cost of PMB per mg body weight versus probability of RSV hospitalization. The light gray region represents combinations of
the variables for which the “No PMB” strategy is preferred while the dark gray region represents combinations of the variables for which the “PMB” strategy is preferred.
The dotted lines represent the base-case values used in the analyses.
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analysis showed limited impact of varying PMB effectiveness
within the 95% confidence intervals demonstrated from this
trial.5 Clinical trials on RSV infections in children with CF,
the associated deterioration in lung function, and the effective-
ness of palivizumab would add precision to the estimate of the
cost-effectiveness. However, since a previously attempted ran-
domized controlled trial on PMB in CF infants lacked power
to demonstrate outcomes, our analysis provides important
cost-estimates to policy makers and physicians considering
PMB in this population.13,35

The analysis was conducted from the Canadian health-
care payer perspective and does not include travel time and
lost productivity, which would potentially improve cost-
effectiveness.

This model has a number of strengths. To the best of our
knowledge, this is the first cost-effectiveness analysis evaluating
PMB for use in CF. Given that CF is a relatively rare disease,
PMB has been difficult to study in controlled trials. PMB is
recommended by most respirologists surveyed 20 and the
American Cystic Fibrosis Foundation;18 it is therefore impor-
tant to understand the financial and health care implications of
implementing routine use. This model provides cost-effective-
ness estimates based on the best available data and we hope it
can guide clinicians and policy makers to consider selective
use of the medication in order to optimize the health benefits
while minimizing costs.

Decision analyses have been published on PMB use in
other infant populations: premature infants, late-preterm
infants, infants with congenital heart disease and chronic
lung disease, as well as in infants living in remote towns.36-
38 While the studies found PMB to be cost-effective with
ICERs ranging from C$7,000 per QALY38 to C$24,750 per
QALY36 in select patient populations, they tended to esti-
mate ICERs out of the cost-effective range for more general
patient populations. One study calculated ICERs for low
risk infants at around C$180,000 per QALY, and high risk
infants at C$7,000 per QALY.38 These models utilized dif-
ferent and more simplistic methodologies making direct
comparisons challenging.

Our Markov model incorporates CF-related costs specific
to the age and health state of the patient. Further, CF dis-
ease progression is explicitly incorporated. Potential benefits
related to slower progression, including delaying transplan-
tation, improved QALYs, and reduced costs can thus be
estimated. We did not have detailed Canadian data available
on a lifetime cohort of CF patients. However, the published
Australian cohort used in this study had detailed cost and
outcome data on a cross-sectional cohort, which was similar
in demographic characteristics to the Canadian CF popula-
tion.21,22 Finally, our model follows the cohort over their
entire lifetime, allowing fluctuations in health states at
yearly intervals to provide the most accurate cost-effective-
ness estimate.

Commonly used cost-effectiveness thresholds such as the
$50,000 per QALY gained have been challenged as arbitrary
and not generalizable across different health care settings.39 It
is therefore important to consider any implementation of costly
therapies within the local context as opposed to adhering to
strict thresholds. It is important to note that our analyses are

relevant in the Canadian context, and may not be generalizable
to other populations.

In summary, our results suggest that PMB is not cost-effec-
tive under commonly used thresholds. More research and better
knowledge of the impact of RSV infections on CF progression
and a potentially lower future price for PMB may change this
conclusion. However, given the arbitrary nature of these thresh-
olds, the rarity of CF, and the relatively small absolute budget
impact, consideration may be given for selective use of PMB for
immunoprophylaxis of RSV in high-risk CF infants.

Methods

We created a decision analytic model to assess the cost-effec-
tiveness of PMB prophylaxis in CF children less than 2 y of
age compared to no PMB prophylaxis from the Canadian
health-care payer’s perspective. Health outcomes included
life years and quality-adjusted life years (QALYs). Costs
included all publicly-funded healthcare costs: RSV prophy-
laxis and treatment costs for RSV infection and CF. Primary
outcomes were QALYs, costs (2013 Canadian dollars (C$),
where C$1 is US$0.95), incremental cost-effectiveness ratios
(ICERs), assessed at a willingness to pay threshold of
$50,000 per QALY gained, and absolute budget impact.
ICERs were calculated as the difference in cost between the
intervention and control group divided by the difference in
effectiveness (QALYs) in the intervention and control group.
QALYs and cost were discounted at 5% but also presented
using discount rates of 0% and 3%.

Model design

We developed a Markov cohort model of CF disease and infant
RSV infections. The CF disease history was comprised of 5 dis-
tinct health states representing the levels of lung function, con-
sistent with another published CF Markov model (Fig. 3).21

Health states included mild disease (forced expiratory volume
in 1 second (FEV1) � 70% predicted), moderate disease (40%

Figure 3. Model schematic for both the high risk and All CF groups. (HS1 D Mild
Disease (FEV1 � 70%), HS2 D Moderate Disease (40% � FEV1 <70%), HS3 D
Severe Disease 3 (FEV1 < 40%), HS4 D Heart and/or Lung Transplant).
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� FEV1 < 70%), severe disease (FEV1<40%), heart and/or lung
transplant, and death. Disease progression was assumed to
occur only in a forward direction, where no individuals were
able to recover from their current health state.21 We used a
cycle length of one year.

In the absence of Canadian data, health state transition
probabilities were adapted from a 2003–2005 Australian regis-
try cohort study.21 These data were thought to be a good proxy
for Canada as both countries have similar CF age distributions
and universal health care.22 Australian data were available for
patients 8–45 y. Therefore we extrapolated from 8 y of age to
birth and from 45 y of age to death. We assumed that transition
probabilities for children <8 y of age were the same as for the
8 y olds from the Australian cohort.21 We inserted transition
probabilities for those > 45 y of age, and compared this to the
Canadian age distribution, and median survival, of CF
patients.1 Survival and health state proportions in our model
were validated against published data from the Canadian CF
foundation registry by visually and statistically comparing
graphs of health states and survival.1

Two patient populations were considered: All CF patients
(the “All CF” group) and high-risk CF patients only (the “HR”
group), as defined using the Paes et al. 2009 risk scoring tool
moderate and high-risk categories.16

Key parameters

RSV hospitalizations
Only RSV hospitalizations in the first 2 y of life were considered
in the model given that RSV prophylaxis is only indicated in
this age group, and would not impact RSV hospitalizations in
older children. The safety and effectiveness of PMB has not
been studied in children over 2 y of age.23 If hospitalized, it was
assumed that CF pulmonary disease would progress faster than
if the patient had not been hospitalized based on past studies
citing a drop in FEV1 for respiratory exacerbations.24,25 The
baseline risk of RSV hospitalizations without PMB was esti-
mated as the weighted average of the hazard rates of RSV hos-
pitalizations among children with CF.9,13,26-28

Palivizumab effectiveness was based on a previous random-
ized controlled trial reporting a 55% reduction in RSV hospital-
izations in premature infants.5 The risk of severe RSV was
assumed to be higher for the HR group than for the All CF
group, as has been demonstrated in premature infants.16 Hos-
pitalization was considered the proxy for severe RSV disease.
We estimated a 3.6 times increased risk of hospitalization,
assuming 20% of CF infants would have a moderate to high
RSV risk score.16

Utilities
We derived utility estimates, or the preference for specific
health states, for CF from a study where a standard gamble
approach among adolescents with CF aged 12–18 y was used.29

Heart and/or lung transplant utilities were derived from a cost-
effectiveness analysis of transplantation which also used the
standard gamble approach.30 We derived the disutility of RSV
hospitalization from a study in premature infants.31

Costs
The cost for RSV prophylaxis, provided by the pharmacy at the
Hospital for Sick Children, Toronto, Ontario, was C$1,505/
100mg vial (PMB from MedImmune). Because infants with CF
visit the clinic frequently, no additional physician visits were
assumed to receive PMB. RSV associated hospitalization costs
were estimated from the Ontario Case Costing Initiative
(OCCI) which collects case cost data for acute inpatient, day
surgery and ambulatory care cases, as well as complex continu-
ing care, rehabilitation, mental health and community care
access centers cases.32 An additional 5% was added to OCCI to
account for physician costs based on previous studies analyzing
health administrative data.33 Due to the lack of Canadian spe-
cific data, we obtained costs relating to the different health
states for each age from a published Australian cohort.21 The
yearly costs included CF-related hospitalizations, prescription
medications, dietary supplements, clinical visits, oxygen ther-
apy, home-IV therapy, laboratory testing, and costs associated
with organ transplantation.21 All costs were converted into
2013 Canadian Dollars using conversion rates as of November
15, 2013. All cost estimates, parameter values, and ranges for
the sensitivity analysis are shown in Table 2.

Analysis

Outcomes analyzed include life expectancy, QALYs, costs,
ICERs, and absolute budget impact. Separate analyses were
conducted for the ALL CF group and the HR group. Similar to
other Canadian cost-effectiveness studies, a willingness-to-pay
threshold of $50,000 per QALY was chosen as a lower bound-
ary of cost-effectiveness. However, understanding the arbitrary
nature of this threshold, resulting ICERs should be considered
in the local context of cost-effectiveness.39

Deterministic sensitivity analyses were performed to explore
parameter uncertainty and to determine threshold values at
which the optimal strategy changes. Where data for a parame-
ter was limited, wide ranges of input values were assessed in the
sensitivity analysis (Table 2). One-way sensitivity analyses var-
ied each parameter separately over plausible ranges. Two-way
sensitivity analysis was conducted for clinically meaningful
parameters that were found to have the greatest impact in one-
way sensitivity analysis. Ranges for the sensitivity analysis were
derived from the literature and can be found in Table 2.

Figure 4. Comparison between model output (dashed line) and CF Canada statis-
tics 41 (solid line) on cumulative probability of death for each age group.
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Validation of the all CF population

The model was found to be a good representation of the true
population dynamics of CF in Canada (Fisher’s Exact Test,
p-value D 0.8832). The model predicted cumulative probability
of death for different age groups with the CF Canada data
shows a good fit in the Canadian context (Fig. 4). Similarly, the
health state distributions by age (Fig. 5) suggest that this model
reflects the underlying population dynamics of CF in Canada.1

Relatively lower proportions of adults in our model were in
health state 1 compared to CF Canada data and more trans-
plants were performed in the Australian cohort than in Canada.

Abbreviations

RSV respiratory syncytial virus
PMB palivizumab
CF cystic fibrosis
QALY quality-adjusted life year
ICER incremental cost effectiveness ratio
FEV1 forced expiratory volume in 1 second
LE life expectancy
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