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Abstract

Background: Prior literature in cystic fibrosis (CF) has shown a 10-year survival gap between
Canada and the US. We hypothesized that differential access to, and survival following lung
transplantation may contribute to the observed gap.

Objective: To compare CF transplant outcomes between Canada and the US, and estimate the
potential contribution of transplant to the survival gap.

Methods: Data from the Canadian CF Registry and US CF Foundation Patient Registry
supplemented with data from United Network for Organ Sharing were used. The probability of
surviving post-transplant between 2005-2016 was calculated using the Kaplan-Meier method.
Survival by insurance status at the time of transplant and transplant center volume in the US were
compared to Canada using Cox Proportional Hazard models. Simulations were used to estimate
the contribution of transplant to the survival gap.

Results: Between 2005 and 2016, there were 2,653 patients in the US and 470 in Canada who
underwent lung transplantation for CF. The 1-, 3- and 5-year survival rates were 88.3%, 71.8% and
60.3% in the US compared to 90.5%, 79.9% and 69.7% in Canada. Patients in the US were also
more likely to die on the waitlist (p<0.01) compared to patients in Canada. If the proportion of
patients transplanted and post-transplant survival in the US were to increase to that observed in
Canada, we estimate that the survival gap would decrease from 10.8 years to 7.5 years.

Conclusions: Differences in waitlist mortality and post-transplant survival can explain up to a
third of the survival gap observed between the US and Canada.

INTRODUCTION

Although survival in cystic fibrosis (CF) has improved dramatically over the last several
decades, the rate of improvement varies by country.(1-3) In fact, a growing survival gap for
individuals living with CF was identified between Canada and the United States (US). Using
data between 2009 to 2013, people with CF in Canada had a 10.8 year survival advantage
compared to people living in the US, although the cause is yet to be determined.(4) We know
that life-saving therapy such as lung transplantation has the potential to impact survival
rapidly and we hypothesized that differential access to, and survival following lung
transplantation may contribute to the survival gap observed in our previous paper.(4)
Independently published reports suggest survival differences may exist after lung transplant
when comparing Canada to the US. Between 2005 to 2015, the one- and five-year post-
transplant survival for individuals with CF in the US were reported to be 89% and 60%,
respectively.(5) Although over a different time period, the Canadian one- and five-year post-
transplant survival between 1988 and 2012 were reported to be 88% and 67%, respectively.
(6) Direct comparison of independently published survival statistics can be difficult to
interpret as differences in population characteristics and study definitions may introduce
bias.(7) Prior work by our group showed that CF lung transplant recipients in the US had
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worse nutritional parameters pre-transplant than similar CF patients in Canada however
post-transplant outcomes were not conducted in this earlier study.(8)

In order to understand the potential impact of transplant on the survival gap observed
between Canada and the US, the current study aim was to compare differences in health
outcomes for individuals with CF who were listed or received a lung transplant. Specifically,
objectives were to: (a) systematically compare CF transplant survival metrics (including
death rate on the waiting list, time to transplant, and post-transplant survival) between
Canada and the US; (b) examine the impact of insurance status and surgical volume of the
transplant center on post-transplant survival; and (c) quantify the potential contribution of
transplant on the survival gap between countries.

This population-based cohort study used prospectively collected Canadian CF Registry
(CCFR) and US CF Foundation (CFF) Patient Registry (US CFFPR) data supplemented
with data from the Thoracic subset of the United Network for Organ Sharing database
(UNOS) from 1984 to 2016, inclusive. Details concerning the record linkage between the
CFFPR and UNOS can be found in the online supplement. As the lung allocation score
(LAS) for triaging transplant recipients was implemented in the US in 2005, we focused on
the post-LAS period of 2005 to 2016.

Each CF center that submits data to the registry obtains patient consent for data to be
collected. This study was approved at St. Michael’s Hospital, Toronto, Ontario (Research
Ethics Board # 14-148), the University of Washington (Institutional Review Board #2270),
and Seattle Children’s Hospital (Institutional Review Board # 15294). A detailed description
of both registries as well as information on how individuals are accrued and monitored
within each registry is outlined in a previous publication.(4)

A unified Canada-US-UNOS data set was created after harmonizing data definitions and
data collection methods within each registry.(4) US patients were grouped into the following
hierarchical insurance categories: 1) Medicare/Medicaid if Medicare and/or Medicaid were
indicated at any point within three years prior to the transplant date, 2) Other insurance if
other insurance options (e.g. private) were indicated, and no Medicare/Medicaid was
selected in the three-year window, 3) Missing insurance if no insurance or missing insurance
for every year of the three-year window. There are more than 60 lung transplant centers in
the US and 4 centers in Canada. US transplant centers were categorized as high volume
transplant centers for those centers in UNOS that did more than 26 lung transplants per year,
and low volume otherwise.(9) Transplant center volume was determined for all underlying
diagnoses as well as CF-specific diagnosis. Canadian transplant centers were all high
volume (>26 transplants per year).

Statistical Analyses

Continuous variables were summarized by reporting the median and interquartile range
(IQR) while categorical variables were summarized by reporting the frequency and
proportion. Standardized differences of greater than 10 were deemed important.(10) Unless
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otherwise stated, all p-values are unadjusted, two-sided, and assessed for significance at
p<0.05.

Time to death after lung transplant was calculated from the date of first lung transplant to the
date of death. Patients were censored at December 31st of their last year of follow-up. We
further explored differences in post-transplant survival by stratifying according to insurance
status and transplant center volume. Post-transplant survival estimates censored at repeat
transplant (instead of including survival time after additional lung transplants) as well as
survival after excluding patients with Burkholderia cepacia complex are shown in the online
supplement.

In order to calculate the proportion of deaths on the waiting list, we included all patients
who had a transplant listing date and calculated the proportion who died. Time on the
transplant waiting list was calculated for two groups and compared between countries.
Group 1: all patients who ultimately received a transplant (i.e. time from listing date until
transplant date) and Group 2: time from listing date until death for those who died waiting
for a lung transplant. In addition, the proportion of deaths on the waiting list for Group 2
was calculated for each country.

We further explored differences in post-transplant survival by adjusting for patient and
clinical characteristics using a multivariable Cox proportional hazards (PH) model. The
model adjusted for time-independent patient characteristics (country, sex, race, age at
diagnosis, pancreatic status (insufficient vs. sufficient), presence of CFRD pre-transplant) as
well as baseline clinical factors that were measured pre-transplant (body mass index (BMlI),
forced expiratory volume in one second (FEV1), pulmonary exacerbations, and
microbiology). Pre-transplant clinical factors were the last recorded measurement in the 3-
years prior to lung transplantation. In addition, we included lung transplant centre volume
(both total and CF-specific) as a covariate both as a categorical variable as well as a
continuous variable in a separate adjusted model. We excluded individuals under the age of
6 years from the multivariable model because lung function measurements were not
available. Missing lung function and BMI measurements were imputed using multiple
imputation which included the following variables: country, gender, age at diagnosis, the
presence of Burkholderia cepacia complex, the presence of Pseudomonas aeruginosa,
pancreatic status, CFRD, age at transplant, use of BiPAP, use of home oxygen, FEV1 %
predicted, BMI (value and percentile), number of pulmonary exacerbations and race. A
variable was not used in the imputation strategy if that was the variable being imputed.(11)

In order to quantify the contribution that lung transplant may have on the US-Canada
survival gap, we used simulation analysis to estimate the median age of survival in the US if
the same proportion of patients in the US were transplanted and if the post-transplant
survival was the same as in Canada and compared this to the estimated median age of
survival when using the original data. In order to match the observed transplant recipient rate
to that of Canada, we simulated all non-transplanted patients who died with an FEV < 40%
between 2005-2016 in the US such that they received a transplant at their original date of
death. An FEV; < 40% was chosen as this is considered severe lung disease and it would be
plausible for these patients to be considered for lung transplantation.(12, 13) The post-
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transplant survival time for these patients was simulated to to reflect current Canadian post-
transplant survival. We repeated these simulations 100 times and calculated the 95th
percentile interval. Additional details concerning the simulation are provided in the online
supplement.

Post-transplant survival: 2005-2016

Between 2005 and 2016, there were 2,653 (6.9%) patients in the US and 470 (9.1%) in
Canada who underwent lung transplantation for CF (Figure 1). A total of 18 (<1%) lung-
liver transplants (13 from US, 5 from Canada) and 10 (<1%) heart-lung transplants (10 from
US) were included. There were 1,017 (38.3%) and 137 (29.1%) post-transplant deaths
recorded in the US and Canada, respectively. A total of 357/596 (59.8%) and 3364/5576
(60.3%) deaths occurred during 2005 and 2016 without evidence of being listed for or
receiving a transplant in Canada and the US respectively. Demographic and clinical
characteristics of the lung transplant recipients are presented in Table 1. In the US, there
were a higher proportion of pediatric patients transplanted compared to Canada, more
CFRD, home 02, BiPAP use and more pulmonary exacerbations. More patients had 5.
cepacia complex infection in Canada compared to the US.

Median post-transplant survival was 7.8 years (95% CI 7.2-8.4) for the US. The median
post-transplant survival time for Canada is greater than 12 years but the exact time could not
be estimated as the curve did not cross the 50% mark.(Figure 2). The 1-, 3- and 5-year
survival rates were 88.3%, 71.8% and 60.3% in the US compared to 90.5%, 79.9% and
69.7% in Canada.

Between 2005 and 2016, out of 2,994 US and 463 Canadian patients with listing dates, there
were 474 (15.8%) and 30 (6.5%) deaths on the wait list in the US and Canada, respectively.
The median wait list time for those that received a transplant (Group 1) was 3.6 months
(IQR 1.2-10.8) versus 7.2 months (IQR 2.4-15.6) in the US and Canada respectively.
Median time on the waitlist for those who died prior to transplant (Group 2) was 4.8 months
(IQR: 1.2-12) in the US and 2.4 months (IQR: 1.2—7.2) in Canada.

Survival by insurance status is shown in Figure 3. US patients were classified by insurance
status with 1,577 (59.4%) on Medicare/Medicaid, 920 (34.7%) on other insurance (891/920
or 96.8% indicated private insurance) and 156 (5.9%) patients with missing insurance status.
Post-transplant survival by insurance status revealed worse survival for those on Medicare/
Medicaid compared to other insurance. The median survival for those with other insurance
was 10.2 years (95% CI 9.1-11.1) whereas for those on Medicare/Medicaid it was 6.6 years
(95% CI 5.7-7.4). Of note, survival curves for Canada and US patients with other insurance
were not statistically different from one another (HR=1.11, 95% CI: 0.91-1.36) whereas US
patients on Medicare/Medicaid were 1.56 (95% CI: 1.30-1.88) times more likely than
people with CF in Canada to die after transplant.

There were 1,658 (62.4%) patients transplanted at a high transplant-volume centers in the
US, 955 (36.0%) transplanted at low-volume centers and 40 (1.5%) patients who did not
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have transplant center indicated and could not be assigned a transplant center volume. The
median post-transplant survival for US high-volume centers was 8.7 years (95% CI 7.9-N/A)
compared to 6.2 years (95% CI 5.1-7.0) at US low-volume centers. Patients transplanted at a
low-volume US center were 1.32 times (95% CI 1.16-1.49) more likely to die compared to
patients transplanted at a high-volume US center. Patients at high-volume centers in the US
were significantly more likely to die following transplant compared to Canadian patients
(HR=1.32, 95% CI: 1.10-1.59), whereas US patients transplanted at low-volume centers
were 1.74 times more likely to die following transplant compared to Canadian patients (95%
Cl: 1.44-2.11) (Table S3 in supplement).

The 1-, 3-, and 5-year survival estimates from the sensitivity analyses excluding those with
B. cepacia complex infection prior to transplant and censoring at the time of second
transplant can be found in the Supplement (Table S5).

Multivariable model

After adjusting for confounding variables and factors known to be associated with post-
transplant survival, US patients were 1.5 times more likely to die post-transplant compared
to people with CF in Canada (adjusted HR 1.53, 95% CI 1.26-1.84). (Table 2) Other pre-
transplant factors associated with an increased risk of death after transplant included CFRD
(HR 1.14 (95% CI 1.01-1.29), B. cepaciacomplex (HR 1.40, 95% CI 1.03-1.91), being
underweight (HR 1.34, 95% CI 1.18-1.52), and age at diagnosis < 2 years (HR 1.19, 95% CI
1.04-1.35). The results were unchanged after adjusting for transplant center volume (both
total volume and CF-specific volume) as well as when used as a continuous or categorical
variable within the model (see Supplement Tables S1-S4).

Simulation study: contribution of transplant to survival gap

The overall median age of survival for people with CF (including post-transplant survival
time) in the 5-year window 2012-2016 was 41.8 years for the US and 52.6 years for Canada
with a survival gap of 10.8 years between countries (see Supplement). If the proportion of
transplanted patients in the US and the post-transplant survival was increased to match that
of Canada during the 2005-2016 period (i.e. 9.1% transplanted and 12 years post-transplant
survival) the resulting median age of survival in the US increased to 45.1 years (95%
percentile interval (Pl) 44.5-45.9) thus reducing the survival gap to 7.5 years. Therefore,
assuming a “best case scenario”, by increasing the transplant rate and post-transplant
survival in the US to match that seen in Canada there is potential to decrease the survival gap
by 30.6%, from 10.8 years to 7.5 years.

DISCUSSION

Our study demonstrates that differences in wait-list mortality and post-transplant survival
between the US and Canada contribute to the observed survival gap. A smaller proportion of
the CF population in the US as compared to Canada is listed for transplant, and individuals
in the US are twice as likely to die waiting for a transplant. In addition, people with CF in
Canada on average live 4 years longer post-transplant than recipients in the US. Simulation
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analysis suggest that these factors may explain nearly one-third of the overall survival gap
seen between the two countries.

The significantly higher number of deaths on the waiting list in the US raises the possibility
that individuals may be referred or listed too late for this life-saving therapy. For instance,
we previously showed that a higher proportion of US patients were malnourished pre-
transplant compared to CF patients in Canada.(8) Merlo et al. showed that CF patients who
were transplanted since the LAS was implemented had a higher risk of post-transplant death
compared to those pre-LAS suggesting that patients were sicker going into transplant.(14)
Thus, although the LAS seems to have reduced deaths on the wait-list in the US, it also may
have led to patients being sicker at time of transplant. Recent guidelines have recommended
earlier referral to transplantation for CF patients as well as including CF-specific variables to
the LAS in order to improve discrimination among waitlisted CF patients.(12, 15) US
CFFPR data from 2001-2008 showed decreased likelihood of referral for transplant among
individuals with Medicaid insurance or those with less than a high school education.(16)
Given the known association of Medicaid insurance status with socioeconomic status (SES),
it is reasonable to infer that socioeconomic factors play a role in access to transplant in the
US. Implementing strategies to increase access and reduce barriers to lung transplantation in
those with end-stage lung disease may reduce deaths on the waiting list and narrow the
survival gap between the countries.

The reasons for differential survival post-lung transplantation between Canada and the US
are likely multi-factorial and beyond the scope of this paper. Possible causes include
differential use of strategies (i) to bridge patients to transplant(17, 18), (ii) to expand the
donor pool such as the use of ex-vivo lung perfusion(19, 20), donation after cardiac death, or
more recently accepting hepatitis C virus positive donors, (iii) to determine timing of
transplant (e.g. the severity of illness prior to transplant), or (iv) to manage patients post-
transplant (i.e. use of plasmapheresis or 1V1g in patients with antibodies). Improved survival
in Canada compared to the US has been documented in other solid organ transplants. Kim et
al. showed that mortality after renal transplant was significantly higher in Canada compared
to the US.(21) Similar to our study, the mortality risk in the first year after transplant was
similar in both countries but significantly higher mortality was seen in the US beyond the
first year. Another potential contributing factor may be the involvement of CF centers in the
care of post-transplant CF patients. In Canada, although the transplant team is heavily
involved in clinical care following lung transplantation, primary CF centers often remain
involved in the management of non-pulmonary complications including CFRD and
gastrointestinal complications. There is variability in the US with respect to CF center
involvement in post-transplant care for individuals with CF and CF Foundation guidelines
for post-transplant management are currently in progress in the US. This study confirms that
high transplant-volume centers in the US have better post-transplant survival compared with
low-volume centers, which is consistent with previous research (9, 22); however, high-
volume centers still have shorter survival than Canadian centers. Therefore, in addition to
surgical experience, other aspects of transplant care between the countries must be
investigated in order to understand the differences in outcomes related to transplant volume.
Further targeted research is required to fully understand differences in the peri- and post-
transplant period that may contribute to the survival differences. Future targeted research is
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necessary to fully understand the factors associated with the post-transplant survival
differences reported in this study.

Beyond lung transplant center volume, additional center-specific factors most likely impact
post-transplant survival. Although such granularity exists within UNOS data a comparable
national transplant database does not exist within Canada. The Canadian CF Registry does
not capture detailed information regarding the surgical procedure nor the transplant specific
information on donors and recipients making it impossible to evaluate the impact of such
factors between the two countries. It is also important to note that a 3-year difference in life
expectancy has been documented between Canada and the US in the general population.
One might expect that this discrepancy may also translate to the CF population and
contribute to the CF survival gap. However, one must keep in mind that the 10-year survival
gap seen in CF is in median survival age while the survival gap in the general population
refers to life expectancy. These are two distinct metrics that cannot be directly compared as
they represent different aspects of survival.

International comparisons between Canada and the US in cancer patients showed important
discrepancies with better survival in Canada even when socioeconomic status was taken into
consideration.(23) Some researchers have suggested that the differences in the health care
system between the countries significantly contribute to the observed disparities although
this is yet to be proven. Within our study, individuals receiving Medicare/Medicaid within 3
years prior to their lung transplant had significantly worse post-transplant survival than those
patients who had other insurance, which was primarily comprised of private insurance
coverage. More importantly, those with private insurance had similar post-transplant survival
to people with CF in Canada, a pattern that was seen in our earlier study that examined
overall survival differences.(4) Medicare/Medicaid has been used in prior studies as a
surrogate for SES and social determinants of health.(24, 25) The Canadian registry does not
have a direct measure of SES per se. Since people with CF in both Canada and the US can
be expected to incur significant expenses, including relocation costs in order to receive a
transplant, it is possible that the impact of social inequality is greater for people living in the
US compared with Canada. While insurance coverage for pre-transplant clinic visits is not
likely limited for Medicaid/Medicare patients in the US(16, 24), it is possible that other
psychosocial determinants of health may play a role in access to pre- and post-transplant
care. Differences between Canada and the US in post-transplant outpatient clinic attendance
have not been well-studied. Access to medications after transplant may be limited by an
inability to afford co-pays in the US, which may disproportionately affect individuals with
lower SES whereas post-transplant medications are generally covered by insurance or
government plans in Canada. Furthermore, there are additional complex factors beyond
insurance markers of socioeconomic status that contribute to worsened health outcomes.
These include food insecurity, housing instability, mental health and addiction issues,
adherence to therapy, as well as unstable social/family environments which could
significantly impair one’s ability to maintain their health. These factors exist in both
countries and targeted research to evaluate the differences and impact of these factors is
warranted. Finally, it is worth noting that a significant proportion of deaths in both countries
occurred without evidence of referral to or receipt of lung transplantation. Although these
patients may have had factors that precluded transplantation, some individuals may not have
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been considered at all. This represents an opportunity to improve access to this potentially
life-saving therapy within both countries and is a focus of future research. Post-transplant
survival appeared to be similar between the two countries in the first year after which the
survival curves diverged. It is possible that differences in the approach to surveillance or
monitoring post-transplant between the countries impact the development of chronic lung
allograft dysfunction (CLAD) which is the main long-term cause of death post-transplant.
Furthermore, differences between the countries with respect to colon cancer screening or
complication rates of CFRD (i.e. renal failure, poor glycemic control) may contribute to
worse outcomes. Detailed post-transplant data were not available with the CF registries to
adequately evaluate these issues thus further study in this area is needed to address these
important questions.

The strengths of our study include population-based longitudinal data captured within both
registries with low rates of loss to follow up. The linkage to UNOS allowed for more
accurate capture of key data such as transplant and vital status. Further, the differential
survival was seen across several sub-group analyses suggesting the results are robust.
Limitations of our study must also be acknowledged. Probabilistic linkage of the US CFFPR
to UNOS may have resulted in mismatched patients. However, over 85% of the linked
patients matched on last name, first name, gender and date of birth suggesting that matches
were accurate for the majority of linked patients. Adjusting for post-transplant clinical
factors was not possible because neither registry had complete post-transplant clinical data.
By design, waitlist mortality may be slightly overestimated as transplanted patients who
were missing a listing date were excluded from the calculation. Excluding those patients in
the calculation creates a potential bias towards the null therefore the reported difference in
the deaths on the waiting list is conservative. Further, we estimate a small number of
individuals are missing listing dates thus we are confident this has a negligible impact on our
results. Finally, outcomes of heart-lung/lung-liver transplant recipients may differ from lung
only transplant patients; however, this represented a very small proportion (<1%) of our
cohort therefore the impact is expected to be minimal.

In conclusion, to our knowledge this is the first study to systematically compare post-
transplant survival and health outcomes for individuals with CF in Canada and the US.
Differential rates of death without transplant and post-transplant survival rates explain ~30%
of the survival gap between the two countries. Further, private health insurance and high-
volume transplant centers in the US are associated with better survival. Targeted research is
needed to investigate differences in peri- and post-transplant management of transplanted
patients to further understand the remaining reasons for differential transplant-related
survival and ultimately to implement strategies to further bridge the overall survival gap
between the countries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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43,477 Eligible patients 2005-2016

5,193 people with CF in 38,284 people with CF in
Canada the US
4,674 not considered 35,006 not considered
for transplant for transplant
519 transplanted or 3,278 transplanted or
waitlisted waitlisted

19 awaiting transplant 157 awaiting transplant

30 died on waitlist 468 died on waitlist

v
[ 470 received a transplant ] [ 2,653 received a transplant ]

Figure 1:
Flow diagram of study population
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Figure 2:
Post-transplant survival after first lung transplant by country, 2005-2016*

*The vertical bars on these figures represent the timepoints at which each patient was
censored without experiencing the event

J Heart Lung Transplant. Author manuscript; available in PMC 2022 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Stephenson et al.

Post-transplant Survival Probability

1.0

0.8

0.6

0.4

0.2

0.0

Page 14
- \ = Canada
N == US - Medicare/Medicaid
! US - Other Insurance
| | I | | | |
0 2 4 6 8 10 12
Time to Death Post-transplant (years)

Figure 3:

Post-transplant survival after first lung transplant by country and insurance status, 2005—
2016*

*The vertical bars on these figures represent the timepoints at which each patient was
censored without experiencing the event
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Clinical/demographic characteristics at baseline and summary of outcomes, Transplanted Patients, 2005 to

2016

Variable Categories CAN (N=470) USA (N=2653) | gtd. Diff®

Clinical parameters

Sex Male 244 (51.9) 1,352 (51.0) 1.9
Female 226 (48.1) 1,301 (49.0)

Age at Median (IQR) 28.8(23.8-36.7) | 28.4(22.9-36.9) 47

Transplantb Pediatric 25(5.3) 283(10.7) 198
Adult 445 (94.7) 2,370 (89.3)

Genotype Homozygous DF508 277 (58.9) 1,255 (47.3) 13.1
Heterozygous DF508 141 (30.0) 904 (34.1) 16.7
Other 47 (10.0) 205 (7.7) 49
Missing 5(1.1) 289 (10.9) 424

Pancreatic Sufficient 25(5.3) 44 (1.7) 20.0

Status Insufficient 445 (94.7) 2,609 (98.3)

Race Non-Caucasian 10 (2.1) 75 (2.8) 45
Caucasian 459 (97.7) 2,578 (97.2)
Missing 1(0.2) 0 (0.0)

B. cepaciacomplex | Yes (ever pre-transplant) 90 (19.1) 79 (3.0) 53.4

CFRD Yes 191 (40.6) 1,437 (54.2) 27.7

FEV, % Median (IQR) 28.3(23.2-34.3) | 27.5(22.5-33.7) 0.2

oredicted® <40 386 (82.1) 2,090 (78.8) 0.4
40-69% 52 (11.1) 262 (9.9) 25
70%+ 2(0.4) 27 (1.0) 7.7
Missing 30 (6.4) 274 (10.3) 14.3

BMI categoriesd Normal Weight 271 (57.7) 1518 (57.2) 8.2
Overweight 33(7.0) 127 (4.8) 8.3
Underweight 131 (27.9) 647 (24.4) 42
Missing 35(7.4) 361 (13.6) 20.2

Home O, Yes 249 (53.0) 1,612 (60.8) 15.8

BiPAP? Ves 18 (3.8) 282 (10.6) 27

wpe” 0 94 (20.0) 474 (17.9) 5.4
1-2 139 (29.6) 590 (22.2) 16.8
3+ 237 (50.4) 1,589 (59.9) 19.1

Outcomes

Re-transplant 23 (4.9) 224 (9.5) 17.9

Death Alive at last follow-up 333 (70.9) 1,636 (61.7) 19.5
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Variable Categories CAN (N=470) USA (N=2653) | gtd. Diff®
LTEUY 38 (11.4) 32(2.0) 38.6
Died 137 (29.1) 1,017 (38.3) 19.5

Number are N (%) unless otherwise specified.

Abbreviations. B. cepaciacomplex, Burkholderia cepacia complex; BMI, body mass index; CF, cystic fibrosis; CFRD, cystic fibrosis-related
diabetes; DF508, delta F508 genotype; FEV1 % predicted, forced expiratory volume in 1 second percent predicted; LTFU, lost-to-follow-up; PEX,

pulmonary exacerbation; Std Diff, standardized difference

Toatl number of patients followed in the time period from Canada was 5,193 and 38,256 from the US. Clinical values are summarized based on the
last recorded measurement in the 3-years prior to lung transplantation.

a . . . . . . . .
The standardized difference is the mean difference as a percentage of the average standard deviations. A standardized difference greater than 10 is
generally used to determine those variables that remain sufficiently different between the two countries.

bThe patient’s first transplant of any type is considered only. Pediatric patients are those < 18 years of age, adult patients are 18 years of age and
older.

c . . . .
Percent predicted FEV1 was calculated using the GLI reference values using the subject’s FEV1 value from the most recent year of follow-up.

dBMI categories are defined using the WHO classification. The patient’s BMI in the most recent year of follow-up was used. BMI was classified as
1) underweight if their BMI percentile was less than 12% for pediatrics (defined as age<19) or BMI under 18.5 kg/m2 for adults, 2) adequate
weight if their BMI percentile was 12—-84% for pediatrics or BMI 18.5-24.9 kg/m2 for adults, or 3) overweight if their BMI percentile was over
84% for pediatrics or BMI over 24.9 kg/m2 for adults.

e_. . .

BiPAP use in the year prior to transplant.
f L .

Number of pulmonary exacerbations in the year prior to transplant.

4 Lost to follow-up is defined as patients who are alive but whose last available year of data occurs more than 2 years before the cohort end year.

That is, a patient would be considered lost to follow-up if their last available reporting year is 2014 or earlier.
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Table 2:

Cox modeling for time to death after first lung transplant, 2005-2016

Variable Unadjusted HR 95% CI Adjusted HR 95% ClI
Country (US vs. CAN) 1.45 1.22-1.74 1.53 1.26-1.84
Gender (Female vs. Male) 1.07 0.96-1.20 1.004 0.89-1.13
Age at dx (<2 years vs. = 2years) 1.25 1.09-1.42 1.19 1.04-1.35
Pancreatic Status (I vs. S) 1.22 0.81-1.85 N

CFRD (pre-transplant) 1.18 1.05-1.33 1.14 1.01-1.29

Microbiologyb (pre-transplant)

B. cepacia complex vs Neither 1.13 0.84-1.51 1.4 1.03-1.91
PSA alone vs Neither 0.92 0.78-1.08 0.89 0.76-1.05
Race (Caucasian vs Other) 0.81 0.58-1.12 0.83 0.6-1.16

BMI Categoriese

Overweight vs Adequate Weight 1.09 0.82-1.44 1.13 0.85-1.49
Underweight vs Adequate Weight 1.35 1.19-1.52 1.34 1.18-1.52
FEV, % Predicted (pre-transplant) 1.005 1.00-1.01 1.005 1-1.01

Pulmonary Exacerbationsd(n)

1-2 0.95 0.79-1.14 0.99 0.82-1.19

3+ 1.17 1.00-1.37 1.15 0.98-1.35

Abbreviations. B. cepacia complex, Burkholderia cepacia complex; BMI, body mass index; CAN, Canada; CF, cystic fibrosis; CFRD, cystic
fibrosis-related diabetes; Cl, confidence interval; DF508, delta F508 genotype; Dx, diagnosis; FEV1 % predicted, forced expiratory volume in 1
second percent predicted; I, insufficient; N/A, not available; PSA, Pseudomonas aeruginosa; PEX, pulmonary exacerbation; S, sufficient; US,
United States.

a, ..o ’ . .
A significant correlation was seen between CFRD pre-transplant and pancreatic status, therefore, both variables could not be added to the
multivariable model at the same time. Only CFRD was included in final model.

Microbiology is categorized into three mutually exclusive groups: if patient has ever grown B. cepacia complex then classified as B. cepacia
complex, if they have grown PSA but never B. cepacia complex, they are classified as PsA alone and if they have never grown B. cepacia complex

or PSA they are classified as neither.

DBMI categories: Patients are classified as overweight if they are older than 19 years of age and their BMI is more than 24.9 kg/m2 or if they are
under 19 years of age and their bmi percentile is more 85% or higher and they are classified as underweight if they are older than 19 years of age

and their BMI is less than 18.5 kg/m2 or they are younger than 19 years of age and their bmi percentile is less than 12%.

d L
Reference group for pulmonary exacerbations is none.
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