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Meaningful survival benefit for single
lung transplantation in idiopathic
pulmonary fibrosis patients over

65 years of age

To the Editor:

Idiopathic pulmonary fibrosis (IPF) is a chronic lung disease that results in progressive respiratory failure
and death. Antifibrotic therapy has been shown to slow disease progression [1, 2]. For many patients [3],
lung transplantation is the only intervention recognised to provide significant survival benefit [4]. IPF
commonly affects older patients, with a median age at diagnosis of 66 years old [5]. Without
transplantation, the median survival from diagnosis is 2-4 years [5]. However, registry data indicates
impaired outcomes following lung transplantation for older patients [6]. These data have prompted many
centres in Europe to avoid offering transplantation to older IPF patients.

IPF patients are particularly negatively impacted when age-specific restrictions (e.g. 65 years or older) to
transplantation are employed. In the USA, 33% of all lung transplants are performed for IPF patients and
~50% of recipients are aged >65 years. By comparison, in the Eurotransplant region, 11.5% of lung
transplants were performed for IPF in 2017 [7]. Of these, only 12.2% (nine patients) were aged over
65 years [7]. This wide variation in activity highlights how a one size fits all approach can negatively
impact on candidates who have the potential to benefit from transplantation.

We compared post-transplant outcomes of IPF patients aged over 65 years of age to those aged under 65 years
at the time of transplant. In addition, we performed an intention-to-treat analysis to provide a more informative
measure of the utility of lung transplant by incorporating the impact of death on the waiting list [8].

This retrospective study included all IPF patients who were placed on the single lung transplant (SLTx)
waiting list at the Irish National Lung Transplant Program between May 2005 and September 2017. Data
were captured on 30 September, 2017.

The lung allocation score (LAS) [9] was not utilised for donor allocation but was prospectively calculated
to benchmark patient profiles. For optimal physical functionality, all patients were subjected to
rehabilitation, and this was monitored and assessed on a weekly basis via phone contact. All patients had a
body mass index (BMI) <28, as per programme policy

IPF patients were preferentially listed for SLTx. The aim was to maximise donor utilisation and reduce
waiting list mortality. Excluded from this approach were IPF patients with severe secondary pulmonary
arterial hypertension, who were listed for double lung transplant (n=6).

Following a donor offer, organ allocation was determined by a real-time multidisciplinary (surgical and
medical) evaluation of donor and recipient characteristics. Organ allocation was based on donor/recipient
blood group and matching of predicted total lung capacity (TLC). SLTx was offered to IPF patients when
there was significant unilateral donor lung pathology. Where there was no donor graft dysfunction, double
lung was offered preferentially to cystic fibrosis patients. During the study period 107 double lung
transplants were performed.

Kaplan-Meier survival analysis was performed on all IPF patients listed for SLTx between January 2005 to
September 2017, comparing those who underwent lung transplant versus those who did not. Survival
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analysis was performed comparing outcomes of patients aged 65 years or over, versus those under 65 years
of age. “Intention-to-treat” analysis was also performed to provide a pragmatic assessment of the treatment
effect for all patients who are listed for lung transplant, rather than isolated post-transplant outcomes [10].

Data are expressed as mean+sp or number (percentage). Continuous variables were analysed by unpaired
t-tests and nominal variables compared using Chi-squared tests. Survival was plotted using Kaplan-Meier
curves, with univariate analysis performed using the log-rank score. Hazard ratios and 95% confidence
intervals of these ratios were also calculated to compare survival outcomes. A p<0.05 (two-tailed) was
considered statistically significant. Analysis was performed using GraphPad Prism 8.0.1 software.

During the study period, 156 IPF patients were listed for lung transplantation in accordance with the
International Society of Heart and Lung Transplant guidelines for selection of candidates. 84 patients
underwent SLTx for IPF. All cases had usual interstitial pneumonia confirmed on explant histology. 41
patients underwent left SLTx and 43 patients right SLTx. At the time of listing for transplant, the mean
LAS of recipients was 43.2 (range 31.7-83.1). Lung function included a mean forced vital capacity, TLC
and diffusing capacity of the lung for carbon monoxide of 60.2%, 60.7% and 28.5%, respectively. 19
patients (22.6%) had evidence of secondary pulmonary hypertension on right heart catheterisation. Seven
patients (8.3%) required coronary artery stenting prior to listing. Three had coexisting emphysema.

The mean donor age was 47.0 years (ranging from 17 to 72 years).42.9% were non-smokers. 78.7% of
donor chest radiographs were normal on the side utilised for transplantation. The mean cold ischaemic
time was 313+153 min. There were no significant differences in baseline characteristics including lung
function and LAS comparing IPF patients aged <65 years to those >65 years (table 1).

Following transplantation, the mean length of mechanical ventilation was 2.7+2.7 days. The mean
post-transplant hospital stay was 24.9 days (range 10-230 days). Grade 3 primary graft dysfunction (PGD)
occurred in 11.9% of patients at 72 h. In the 12 months following SLTx, 24.6% of patients developed one
or more episodes of acute rejection (biopsy >A2).

There was no statistical difference between age groups in terms of PGD, days ventilated, length of stay or
hospital mortality comparing patients aged <65 versus those >65.

61 IPF patients died on the lung transplant waiting list. The median waiting list time prior to
transplantation was 0.37 years. The median time from waiting list activation to death (without
transplantation) was 0.68 years. 11 IPF patients were alive and active on the lung transplant waiting list at
time of data capture. The Kaplan-Meier survival for patients who did not undergo transplantation was
81.4%, 64.2% and 27.0% at 3, 6 and 12 months, respectively. The Kaplan-Meier estimated median survival
following SLTx was 9.6 years. When comparing the characteristics of patients who died on the waiting list
versus those who underwent lung transplantation, there was no significant difference in pulmonary
function, 6-min walk test, mean pulmonary artery pressures or LAS at the time of listing for transplant.
Both groups had comparable death rates while awaiting transplant. Intention-to-treat analysis indicates a
significant benefit for patient undergoing transplant compared to those who do not receive a transplant
(figure 1a).

TABLE 1 Recipient characteristics: single lung transplant for idiopathic pulmonary fibrosis (IPF)

Overall IPF patients <65 years IPF patients >65 years p-value
Subjects n 84 48 36
Age at transplantation years 63.3+0.7 (41.1-75.7) 59.1+0.72 (41.1-64.9) 69.0£0.39 (65.1-75.7) <0.0001
BMI kg-m_2 25.7 (25.25-26.23) 25.9 (25.13-26.45) 25.5 (24.7-26.2) 0.45
Males 83.3% 87.5% 77.8% 0.24
FVC % pred 60.2+1.8 (25-96) 58.4+2.2 (25-91) 62.6+2.9 (35.6-96) 0.25
Dy co % pred 28.5+1.1 (NA*—46.9) 26.9+1.5 (NA¥—45.6) 30.7+1.7 (NA¥—46.9) 0.10
Systolic PA pressure mmHg 34.0+1.1 (18-70) 35.6+1.8 (18-70) 32.5+1.4 (18-50) 0.19
Mean PA pressure mmHg 21.8+0.9 (7-48) 22.6+1.4 (12-48) 21.1+1.1 (7-38) 0.40
6MWT m 230.8+14.8 (10-495) 210.5+18.9 (10-405) 255.9+23.5 (30-495) 0.13
Lung allocation score 43.2+1.3 (31.7-83.1) 44.8+1.8 (31.7-83.1) 41.1+1.6 (33.3-72.9) 0.14

Data are presented as meantsp (range), unless otherwise stated. BMI: body mass index; FVC: forced vital capacity; Dico: carbon
monoxide diffusing capacity; PA: pulmonary artery; 6MWT: 6-min walk test. #: D, .o was unable to be recorded for 16 of 84 patients (nine with
age <65 and seven aged >65 years), due to low lung volumes.
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FIGURE 1 a) The survival curve of patients awaiting transplant, including time to death or transplant. b) Survival following single lung transplant
(LTx] for idiopathic pulmonary fibrosis, comparing patients aged <65 years versus those >65 years at the time of transplant.

The 1-year survival of patients aged <65 years (n=48) who underwent SLTx for IPF was 100%, the 3-year
survival was 85.4% (95% CI 68.2-93.7%) and the 5-year survival was 75.1% (95% CI 53.0-87.9%). The
1-year survival of patients aged >65 years (n=36) who underwent SLTx for IPF was 97.1% (95% CI 80.9-
99.6%), the 3-year survival was 84.4% (95% CI 54.9-95.3%) and the 5-year survival was 73.8% (95% CI
39.6-90.6%).There was no statistical difference in the post-transplant survival of IPF patients aged
<65 years compared to those aged >65 years (p=0.85) (figure 1b). The hazard ratio for death of IPF
patients >65 years compared to <65 years was 0.97 (95% CI 0.31-3.06).

This study highlights the survival benefit of SLTx for IPF patients. Without transplantation, the median
survival from time of listing was 0.68 years. Over the course of this study 39.1% of IPF patients listed for
transplant died on the waiting list. This contrasts with a Kaplan-Meier estimated median survival of
9.6 years following transplantation. When comparing outcomes of IPF patients transplanted at 65 years or
older (range 65.1-75.7 years) to those under 65 (range 41.1-64.9 years), there was no difference in survival
following transplant, rates of primary graft dysfunction, or acute/chronic rejection. The significant wait list
mortality is commensurate with published experience [11]. There is no indication from the data
characterising the disease burden that the patients >65 years represent a cohort with an “immortality bias”
(innate enhanced survival). Both groups of patients had matching death rates while awaiting transplant,
comparable severity of impaired lung function, 6-min walk test and LAS. In the future we anticipate that
the high mortality rate on the waiting list may be attenuated by the more widespread use of anti-fibrotic
therapy. The intention-to-treat analysis emphasises the impact of waiting list mortality on outcome,
highlighting the survival benefit that patients >65years can achieve with lung transplantation.
Intention-to-treat analysis is informative, because demonstrating favourable outcomes following surgery
underemphasises the importance of wait list mortality and skews outcome interpretation in favour of low
risk patients

Our policy is that age should not preclude lung transplantation. However, particular emphasis is paid to
rehabilitation status and physical functionality in individuals >65 years of age. All patients adhered to a
BMI <28, in order to optimise functional recovery post operatively. Immobile bed bound IPF patients
would not be eligible for transplant. Patients should be assessed on an individual basis and transplantation
offered to patients based on “biological age” rather than chronological age [12].

Donation rates and organ utilisation rate vary from country to country [13]. The deceased brain death
donation rate in Ireland is 18 per million of population with a conversion rate of 38% [13]. Donation rates
may determine optimal organ utilisation and should support double lung transplantation in emphysema
and/or cystic fibrosis patients. During this study, our strategy was to preferentially perform SLTx for IPF
patients. This approach was focused on maximising donor utilisation and minimising surgical morbidity
(associated with longer surgery) in an older aged group. During the study period, 60 patients with cystic
fibrosis and 27 with emphysema underwent double lung transplant. While double lung transplant has
been reported to increase post-transplant survival compared to SLTx for IPF patients, post-transplant
outcomes in this study compare well to international data [14].

In summary, although our absolute sample size was small and additional limitations of our study include
its single centre nature, potential selection bias and retrospective design, we were able to demonstrate a
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clinically meaningful survival benefit can be achieved with lung transplantation for IPF patients aged
265 years.
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