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Major Decrease in Lung Transplantation for Patients
with Cystic Fibrosis in France

To the Editor:

Cystic fibrosis (CF), a genetic disease related to mutations in the gene
encoding for the CF transmembrane conductance regulator (CFTR)

protein, often results in progressive development of respiratory
failure. Lung transplantation appears as a therapeutic option that
prolongs survival and improves quality of life in patients with
advanced CF pulmonary disease in whommedical therapy is not
sufficient to control disease progression (1), and CF remains one of
the major indications for lung transplantation worldwide.

Over the past 10 years, small molecules directly targeting the
CFTR defect, called CFTRmodulators, have been developed and have
provided clinical benefits to patients with CF (2). The first CFTR
modulator, ivacaftor, is considered a highly effective CFTR
modulator, including in patients with advanced CF pulmonary
disease, with the potential of preventing evolution to end-stage
disease and lung transplantation (3). However, only a limited number
of patients with CF have CFTRmutations eligible for ivacaftor (�5%
in France). Double combination therapy (lumacaftor–ivacaftor and
tezacaftor–ivacaftor) target approximately 40–50% of patients with
CF but have only a moderate effect on lung function (4, 5), especially
in patients with advanced pulmonary disease. Furthermore,
lumacaftor–ivacaftor had to be discontinued in up to 28% of patients
with advanced pulmonary disease, in most cases owing to the
occurrence of respiratory adverse effects (4). In marked contrast with
these double combinations, triple combination of
elexacaftor–tezacaftor–ivacaftor has been developed for patients with
at least one Phe508del CFTR allele (corresponding to 80–85% of
patients with CF) and induces large improvement in lung function,
respiratory symptoms, exacerbation frequency, and nutritional status.

In a recent study, our group described the effects of
elexacaftor–tezacaftor–ivacaftor in 245 French patients with CF with
advanced pulmonary disease (6). Our data showed rapid
improvement in lung function and body mass index with an
acceptable safety profile. Initiation of elexacaftor–tezacaftor–ivacaftor
was further associated with improvement in gas exchange leading to
discontinuation of long-term oxygen and noninvasive ventilation in
30–50% of patients (6). Importantly, most patients who were listed
for lung transplantation were removed from the transplant list, and
those who were under active evaluation for transplantation listing
showed such an improvement that they were no longer considered
for lung transplantation at the end of our study (6). Data obtained
from the French Agence de la Biom�edecine Registry, which collects
all transplant-related data in France, further indicated that lung
transplantation for CF was reduced by 55% in 2020 as compared with
2018–2019 (6). Altogether, these data suggested an effect of
elexacaftor–tezacaftor–ivacaftor in reducing the need for lung
transplantation in patients with advanced CF pulmonary disease.
However, the study was performed at the time when the coronavirus
disease (COVID-19) pandemic was surging in France and was having
a profound effect on the ability to perform lung transplantation (7–9).
Thus, it was suggested that at least some of the reduction in lung
transplantation observed in our study could have been related to the
COVID-19 pandemic (10). Indeed, data from the United Network for
Organ Sharing registry also reported a decrease in lung transplant
volume at the onset of the COVID-19 pandemic (11).

Here, we present more recent data on first lung transplantation
(excluding lung retransplantation as patients with CF living with a
lung transplant are not currently eligible to receive
elexacaftor–tezacaftor–ivacaftor) in France (Figure 1). Figure 1A
shows that a marked decrease in lung transplant volume occurred in
the first 6 months of 2020, but that lung transplant activity largely
resumed, although to a lower level, during the second half of 2020
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and the first half of 2021. Figure 1B shows the major decrease in lung
transplantation for CF from approximately 20 patients/quarter before
2020 to 2 patients/quarter in the last quarter of 2020 and in the first 6
months of 2021 (�10-fold reduction). The initial decrease occurred
in the first half of 2020, corresponding not only to the availability of
elexacaftor–tezacaftor–ivacaftor (available fromDecember 24, 2019)
but also to the onset of the COVID-19 pandemic in France in January
2020, leading to the first COVID-19–related lockdown (fromMarch
17 toMay 10, 2020). The initial decrease in lung transplantation for
CF was paralleled by a less marked decrease in lung transplantation
observed for other diseases (including chronic obstructive pulmonary
disease, pulmonary fibrosis, and pulmonary hypertension and other
[rare] lung diseases). Importantly, as the ongoing COVID-19
pandemic becamemore controlled with less restriction on the
healthcare system and shorter periods of less restrictive lockdowns in
October 2020 and April 2021, lung transplantation became easier to
organize and to perform during the last 6 months of 2020 and the
beginning of 2,021. Analysis of the curves depicting lung transplant
numbers showed that lung transplantation numbers resumed for
patients with other (non-CF) diseases starting in the second half of
2020. In striking contrast with these findings, lung transplantation for
patients with CF kept decreasing, further suggesting the profound
impact of the highly effective CFTRmodulator combination,
elexacaftor–tezacaftor–ivacaftor, in patients with advanced
pulmonary disease. Of note, the number of patients with CF who died
without lung transplantation, which was on average 20 patients/year
before the release of elexacaftor–tezacaftor–ivacaftor, was reduced to
16 deaths in 2020 and 3 deaths over the first 6 months of 2021.

Analysis of lung transplantation by indication in France during
the ongoing COVID-19 pandemic strengthens our previously
reported findings that suggested a reduction in the need for lung
transplantation over the first months following the availability of

elexacaftor–tezacaftor–ivacaftor in patients with advanced CF
pulmonary disease. Until more data are available regarding the long-
term benefit of elexacaftor–tezacaftor–ivacaftor in patients with CF
with advanced lung disease, referral for transplant should continue
(12), and although listing for transplant may be safely delayed, CF
and lung transplant programs should collaborate with patients for
shared decision-making on the appropriate time to proceed with lung
transplantation.�
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www.atsjournals.org.

Cl�emence Martin, M.D., Ph.D.
Universit�e de Paris
Paris, France

Assistance Publique Hôpitaux de Paris
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Figure 1. Lung transplantation in France from 2018 to 2021. Data are shown as number of first lung transplantation (excluding retransplantation)
per quarter. (A) All indications. (B) Cystic fibrosis (CF) versus other diseases. The coronavirus disease (COVID-19) pandemic progressively
developed in France during the first quarter of 2020, leading to the first lockdown (LD1) from March 17 to May 10, 2020; less restrictive
lockdowns occurred from October 30 to December 15, 2020 (LD2), and from April 3 to May 3, 2021 (LD3). Elexacaftor–tezacaftor–ivacaftor (ETI)
was made available on December 24, 2019, for patients with advanced CF pulmonary disease. Note that the decrease in lung transplantation
that occurred during the first COVID-19–related lockdown for all indications persisted for CF over 2020 and 2021, whereas lung transplantation
for other lung diseases resumed as the COVID-19 pandemic became better controlled in France.
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Addition of 5% CO2 to Inspiratory Gas in Preventing
Lung Injury Due to Pulmonary Artery Ligation

To the Editor:

The article byMarongiu and colleagues in the recent issue of the
Journal unravels several interesting effects of 5% CO2 on lung
pathophysiology in a porcine model of unilateral pulmonary artery
(PA) ligation (1). Pathological changes in the lung due to unilateral
PA ligation and the effects of 5% CO2 are noticeable. Nevertheless,
the corresponding physiological changes do not reflect the extent of
injury due to left PA ligation. Despite a substantial increase in wasted
or dead space ventilation due to left PA ligation, the PaCO2

–end-tidal
CO2 (ETCO2

) gradient remained constant. Surprisingly, PaCO2
did not

rise significantly in the isolated PA ligation group at all time points
from 2 hours to 48 hours despite worsening lung pathology, declining
lung compliance, and constant ventilator settings. Moreover, PaCO2

decreased from 39 mmHg at baseline to 33 mmHg at 48 hours in the
isolated PA ligation group. Notably, in the 5% CO2 group, PaCO2

rose
significantly to 67 mmHg at 2 hours after ligation from the baseline
value of 36 mmHg. Additionally, the magnitude of increase in ETCO2

was similar to PaCO2
, and the PaCO2

–ETCO2
gradient became negative.

Intuitively, CO2 rebreathing cannot be solely responsible for a
substantial increase in PaCO2

in the 5% CO2 group.
Main branch PA closure during Blalock-Taussig shunt and

cavopulmonary anastomosis has been associated with a significant rise
in PaCO2

and PaCO2
–ETCO2

gradient (2). In cyanotic congenital heart
disease, oxygenation and CO2 elimination are critically dependent on
pulmonary blood flow, and the rise in PaCO2

and PaCO2
–ETCO2

gradient during transient PA branch occlusion is obvious (3). The
PaCO2

–ETCO2
gradient has also been noted to increase in patients with

acute pulmonary thromboembolism, pulmonary artery banding, or
single-lung ventilation despite normal or excessive preoperative
pulmonary blood flow (4). Therefore, readersmay be curious to hear
from the authors why PaCO2

did not rise after PA ligation in isolated
ligation groups and the 5% CO2 inhalation groupwhether PaCO2

increased due to rebreathing or PA ligation.
The authors asserted that lung injury is a major determinant of

PA pressure that does not correspond to hourly hemodynamic data.
Pulmonary vascular resistance (PVR) in the 5% CO2 group nearly
doubled at the 12th hour from the baseline (360 dyne/s/cm25 versus
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