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For over 30 years, the International Society for Heart and Lung Transplantation (ISHLT) Interna-
tional Thoracic Organ Transplant (TTX) Registry has gathered data regarding transplant proce-
dures, donor and recipient characteristics, and outcomes from a global community of transplant
centers. Almost 70,000 adult lung transplant procedures have been reported to the Registry since
its inception, each one providing an opportunity for a recipient with end-stage lung disease to
regain quality of life and longevity. With each year’s report, we provide more detailed analyses
on a particular focus theme important to recipient outcomes. Since 2013, these have been donor
and recipient age; retransplantation; early graft failure; indication for transplant; allograft ische-
mic time; multiorgan transplantation; and donor and recipient size matching.'” In response to a
changing regulatory environment, the ISHLT TTX Registry is undergoing an update in data
acquisition, and the patient cohort examined in this report is therefore derived from the same
data source or datasets as that examined in the 2019 annual reports.”* 'Y We refer the reader to
the 2019 and prior reports for a detailed description of the baseline characteristics of the cohort,
and additional core analyses not directly related to the focus explored in this year’s report. To
complement the 2020 report which focussed on donor characteristics, the goal of this year’s
report was to focus entirely on changes in recipient factors over the past 3 decades and to iden-
tify important recipient characteristics and transplant processes that may influence post-transplant
outcomes. Due to small numbers, heart-lung transplant recipient characteristics and transplant
outcomes have not been included. This 38th annual adult lung transplant report is hence based
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on data submitted to the ISHLT TTX Registry on 67,493 adult recipients of deceased recipient
transplants between January 1, 1992 and June 30, 2018.
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Data collection, conventions and statistical
methods

National and multinational transplant collectives and individual
transplant centers submitted data to the ISHLT International TTX
Registry. Since the Registry’s inception, 481 heart transplant cen-
ters, 260 lung transplant centers, and 184 centers that perform
combined heart—lung transplants have reported data to the ISHLT
TTX Registry.” %'° This report references specific online e-slides
when particular data are discussed but not shown due to space lim-
itations; e-slide numbers refer to the online adult lung transplant
slides, shortened to ‘L(a)’, and available at https://ishltregistries.
org/registries/slides.asp. The ISHLT web site also contains slide
sets for previous annual reports.

The ISHLT International TTX website (https://ishlt.org/
research-data/registries/ttx-registry) provides detailed spread-
sheets of the data elements collected in the Registry. The Registry
required submission of core recipient, donor, and transplant proce-
dure variables around the time of transplantation and at annual fol-
low-up and thus, has low rates of missing data. Nevertheless, data
quality depends on the accuracy, and completeness of reporting.
Rates of missingness may significantly increase for Registry varia-
bles that depend on voluntary reporting. The Registry uses various
quality control measures to ensure acceptable data quality and
completeness before including data for analyses.

Analytical conventions

The current report includes data on adult recipients of deceased
donor, lung alone, transplant procedures. Heart-lung and other
combinations involving lung transplants are not included in this
report. The Registry does not capture the exact occurrence date
for most secondary outcomes, such as bronchiolitis obliterans syn-
drome (BOS), but it does capture a time period for which the event
occurred (e.g., the event occurred between the first and the second
year annual follow-up visits). For the report’s analyses, we use the
mid-point between the annual follow-ups as a surrogate for the
event date. Because deceased subjects no longer contribute to the
secondary outcomes, to reduce the potential of underestimating
event rates or other outcomes, we restrict some analyses to include
only surviving recipients. For time-to-event analyses, we censor
the follow-up of recipients who have not yet experienced the event
at the most recent annual follow-up or the time of retransplanta-
tion. We truncate time-to-event graphs (e.g., survival graphs)
when the number of individuals at risk becomes <10. Previous
Registry report themes provide more details regarding specific
donor and recipient characteristics and outcomes.'”’

Focus theme: Recipient characteristics

Lung transplantation has evolved from a rare procedure in the
1980s to a well-accepted option for patients with end-stage lung
disease in the modern era. Over 3 decades of clinical experience,
bolstered by evidence generated from resources such as the ISHLT
TTX Registry, on a background of changing demography (an

aging population, declining smoking rates, increasing prevalence
of diabetes mellitus), has led to changes and refinements in recipi-
ent selection, and medical and surgical approaches. Against this
backdrop, we examine recipient characteristics by year of trans-
plantation. This report is complemented by similar analyses in
pediatric lung'' and adult'? and pediatric'® heart recipients.

Adult lung transplant recipient characteristics stratified by era
(1992-2000, 2001-2009, and 2010-2018) are presented in Table 1.
The number of transplants performed has gradually increased over
time, from just over 11,000 in the 1990s to almost 22,000 in the
2000s and then to almost 34,000 from 2010 to 2018. In North
America the proportion of lung transplantations has fallen over
time relative to the rest of the world. Median recipient age has
steadily increased from 50 to 57 years (p < 0.0001), and the pro-
portion of transplant recipients who are male has also increased
from 52% to 58% in the most recent era (p < 0.0001). The aging
of the recipient population over time likely reflects an increased
willingness to accept older candidates, along with general popula-
tion aging, and changes in the indications for transplantation, with
a much larger proportion of transplants now being performed for
idiopathic pulmonary fibrosis (IPF).” Median weight, and body
mass index (BMI), have both steadily increased from 75.7 kg and
25 kg/m? respectively in the 1990s to 80 kg and 26.5 kg/m? in the
most recent era (p < 0.0001). Median recipient height has
remained unchanged at 174 cm. There have been small but intrigu-
ing changes in the proportion of recipient blood type over the 3
eras, with slightly less blood type A, and slightly more blood type
O. The proportion of AB and B recipients have also increased
slightly. The reasons behind these trends are not known, but could
for example reflect a recognition of the relative disadvantage that
recipients who are blood type O, the ‘universal donor’, face with
respect to organ allocation, and subsequent attempts to redress this
disadvantage, or changes in proportion of patients transplanted in
different regions.

The proportion of recipients who are sensitized has steadily
increased over time. For instance, candidates with panel of reac-
tive antibodies (PRA) >20% increased from 3.4% between Janu-
ary 1992 and December 2000 to 6.2% between January 2001 and
December 2009 and then finally to 14.6% in the most recent era (p
< 0.0001). These changes may reflect an acceptance for increased
immunologic risk amongst transplant centers. The proportion who
are cytomegalovirus (CMV) antibody positive has decreased over
time from 62.9% to 56.2% in the most recent era (p < 0.0001).
This change has occurred despite a steadily aging recipient popu-
lation, and thus may reflect changes of CMV seroprevalence over
time reported in some countries. Importantly, the increasing num-
ber of CMV negative recipients will need to be monitored closely
going forward, since there is a significant survival disadvantage
among CMV mismatched (negative recipient, positive donor)
transplants.' In contrast, the proportion of recipients who are
Epstein-Barr virus antibody positive has steadily increased from
77% to just over 90%. A small but increasing number of recipients
are hepatitis B antibody positive (4.8% in the most recent era),
while the proportion of recipients who are hepatitis C antibody
seropositive has remained static over time at 1.8%.

The proportion of recipients with a history of diabetes mel-
litus has almost tripled from 6.1% in the 1990s to 20.1% in
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Table 1  Recipient Characteristics by Era (Transplants: January 1992 — June 2018)

Jan 1992-Dec 2000

Jan 2001-Dec 2009

Jan 2010-Jun 2018

(n=11,796) (n=21,806) (n=33,891) p-value
Geographic location:
- Europe 3,751 (31.8%) 7,818 (35.9%) 12,414 (36.6%) <0.0001
- North America 7,324 (62.1%) 12,545 (57.5%) 18,594 (54.9%) <0.0001
- Other 721 (6.1%) 1,443 (6.6%) 2,883 (8.5%)
Age (years) 50 (23 - 63) 54 (23 - 66) 57 (24 - 69)
Male 51.9% 55.6% 58.0% <0.0001
Weight (kg) 75.7 (53.5 - 101.6) 78.0 (54.0 - 106.1) 80.0 (54.4 - 108.9) <0.0001
Height (cm) 174.0 (157.0 - 188.0) 174.0 (157.5 - 188.0) 174.0 (157.5 - 188.0) 0.0463
BMI (kg/m?) 25.0 (19.1 - 32.4) 25.7 (19.3 - 33.7) 26.5 (19.6 - 34.6) <0.0001
Blood type:
-A 45.2% 43.3% 42.0% <0.0001
- AB 5.2% 5.3% 5.8%
-B 12.2% 13.1% 14.1%
-0 37.4% 38.2% 38.1%
PRA > 20% 3.4% 6.2% 14.6% <0.0001
PRA > 80% 0.4% 0.7% 2.0% <0.0001
CMV antibody positive 62.9% 59.5% 56.2% <0.0001
EBV antibody positive 76.7%° 86.0% 90.5% <0.0001
Hep B antibody positive 2.4%" 4.1% 4.8% <0.0001
Hep C antibody positive 1.7%" 1.8% 1.8% 0.8656
Diabetes 6.1%" 15.2% 20.1% <0.0001
History of malignancy 2.7%" 5.2% 7.9% <0.0001
History of smoking - 62.5%"° 57.9% <0.0001
Previous lung surgery 25.7%" 21.8% 15.0% <0.0001
Ventilator use 2.5% 4.2% 6.5% <0.0001
Hospitalized 9.2% 12.0% 21.7% <0.0001
Bilirubin (mg/dLl) 0.5(0.2-1.3) " 0.5 (0.2 -1.2) 0.5 (0.2 -1.2) <0.0001
Creatinine (mg/dl) 0.9 (0.5-1.4) ° 0.8 (0.5 - 1.3) 0.8 (0.5 - 1.3) <0.0001
GFR (ml/min/1.73 m?)¢ 90.5 (50.8 - 154.1)" 93.5 (53.0 - 157.5) 97.9 (55.5 - 169.9) <0.0001
PCW mean (mm Hg) 11.0 (4.0 - 21.0)° 10.0 (4.0 - 22.0) 10.0 (3.0 - 21.0) <0.0001
PA mean (mm Hg) 25.0 (15.0 - 54.0)" 25.0 (14.0 - 49.0) 25.0 (14.0 - 49.0) 0.0095
PVR (Wood units) 2.7(1.0-7.6)" 2.7(1.0-7.3) 2.8 (1.1-7.9) <0.0001
FEV1% predicted 23.0 (12.0 - 78.0) 29.0 (13.0 - 77.0) 35.0 (14.0 - 78.0) <0.0001
FVC% predicted 48.0 (24.0 - 86.0) 47.0 (25.0 - 82.0) 46.0 (25.0 - 82.0) <0.0001

BMI, body mass index; CVA, cerebrovascular accident; CMV, cytomegalovirus; EBV, Epstein Barr virus; GFR, glomerular filtration rate.

Summary statistics excluded transplants with missing data
Continuous factors are expressed as median (5th — 95th percentiles)

Comparisons for categorical variables were made using the chi-square statistic

Comparisons for continuous variables were made using the Wilcoxon test

“Based on October 1999— December 2000 transplants
PBased on April 1994 — December 2000 transplants
“Based on July 2004 — December 2009 transplants
4GFR was estimated using the Cockcroft-Gault formula

the most recent era (p < 0.0001), while the proportion with a
history of malignancy has also increased from 2.7% to 7.9%
(» < 0.0001). The prevalence of a history of smoking has
declined from 62.5% in the 2000s to 57.9% in the most recent
era (p < 0.0001). While a history of lung surgery has become
less common, the proportion of lung transplant recipients with
a history of ventilator use or current hospitalization has
increased over the past 3 decades, suggesting that the acuity
of lung transplantation is increasing over time.

Changes in recipient diagnosis by geographic region are pre-
sented in Figure 1 (eSlide L[a] 8). While the indications for
transplantation have remained relatively static in Europe, there
have been an increasing number of transplants performed for IPF
in North America and elsewhere in the world. These changes

likely explain the changes in spirometric parameters seen over
the last 3 decades (Table 1), with increasing FEV1% and reduc-
ing FVC% predicted amongst lung transplant recipients, as more
recipients with restrictive rather than obstructive lung disease are
transplanted. The changes in median recipient age, BMI, and glo-
merular filtration rate (estimated using the Cockcroft-Gault for-
mula, eGFR) by geographic region are presented in Figure 2
(eSlide L[a] 10), and confirm a steady rise in age and BMI over
time. There has also been a slight increase in eGFR comparing
the earliest to most recent eras, possibly related to increasing
weight since this variable is included in the calculation of eGFR.
The rates of change in recipient history of malignancy, diabetes,
and smoking (>20 pack-years) are shown in Figure 3 (eSlide L

[a] 11).
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Survival analyses

We next examined associations between recipient risk factors and
post-transplant survival. We first present a number of stratified
unadjusted analyses. It should be kept in mind that these analyses
have not been adjusted for potential confounders that may account
for some of the reported differences. It is also important to remem-
ber that multivariable analyses, when performed, necessarily only
contain variables that are reported to the Registry, so that some
potential explanatory variables (e.g., a history of primary graft
dysfunction, which is not recorded in the Registry) will not appear
in the multivariable models. All 5-year survival analyses are con-
ditional on survival to 1 year. Since the impact of donor related
factors was the focus of the 2020 Report'* this has only received
limited attention in this report.

One-year survival

We examined associations between recipient risk factors and post-
transplant survival. Overall 12-month survival by era is presented

m Retransplant

1992-2000 2001-2009 2010-2018

Nort

m|IPF wmCOPD =CF

1992-2000 2001-2009 2010-2018

h America Other

Recipient diagnosis by location and era (transplants: January 1992-June 2018).

in Figure 4A (eSlide L[a] 13). Survival in adults who underwent
lung transplantation from January 2000 to June 2017 improved
significantly over time, confirming a previously noted trend
towards improved survival in recent eras.'” Figure 5 (eSlide L[a]
14) displays Kaplan-Meier survival within 12 months for adult
lung transplant recipients by location and era. There is significant
improvement in survival for the most recent eras in North America
and Europe, but not elsewhere in the world. This may reflect the
commencement of transplantation as a low volume procedure” at
centers reporting from outside North America and Europe or could
be related to low statistical power.

Twelve-month survival improved in all recipient age groups
over time as seen in unadjusted Kaplan-Meier analyses (Figure 0,
eSlide L[a] 16). Previous reports have observed that dialysis-
dependent renal failure has a significant impact on 1- and 5-year
survival after lung transplantation.'” For this year’s analysis,
eGFR was quantified using the Cockroft-Gault equation to esti-
mate renal reserve in adult lung transplant candidates. Interest-
ingly we only saw slight differences in overall survival to 12
months when recipients were stratified by eGFR, with survival
improving by era for all strata (Figure 7, eSlide L[a] 19).
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Figure 2

Median recipient (A) age (transplant: January 1992 — June 2018), (B) body mass index (transplant: January 1992-June 2018),

and (C) glomerular filtration rate (GFR) (transplants: January 1994-June 2018), by year, and region. GFR was estimated using the Cock-

croft-Gault formula.
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However, there was an independent association between eGFR,
and survival when eGFR was included as a continuous variable in
the multivariable models (see below).

Five-year survival conditional on surviving to 1
year

We next examined 5-year survival conditional on 1-year sur-
vival in adult lung transplant recipients over time from Janu-
ary 1996 to June 2013. Survival improved significantly from

100
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= 60
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Figure 4

1 year (transplants: January 1996-June 2013), by transplant era.

Survival (%)

the early era of 1996 to 2001 but was unchanged for the latter
2 eras (Figure 4B, eSlide L[a] 24). When stratifying by age, 5-
year conditional survival for patients transplanted in the most
recent era was lower in recipients above 60 years of age at
62%, compared to 75% in younger recipients. However, there
was a significant improvement in survival in all ages from the
earliest (1996-2001) to the middle era (2002-2007). Improve-
ments in survival for older adult lung transplant recipients
appear to have plateaued in the most recent era, with only the
40 to 59 age group experiencing a further improvement in sur-
vival (Figure 8, eSlide L[a] 27).
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Figure 5 Kaplan-Meier survival within 12 months for adult lung transplant recipients by location and era (transplants: January 2000-

June 2017).
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2000-June 2017).

Malignancies are common after lung transplantation and are a
common cause of death. It would therefore be reasonable to
assume that previous malignant disease in the recipient would also
impact survival. However, this was not the case when stratifying
recipients by history of malignancy, as there were no significant
differences in 5-year conditional survival by history of malignancy
(Figure 9, eSlide L[a] 32).
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Freedom from bronchiolitis obliterans syndrome
(BOS) conditional on survival to discharge

Bronchiolitis obliterans syndrome (BOS) continues to be a major
cause of morbidity and mortality after lung transplantation. We
studied freedom from BOS in adult lung transplant recipients who
survived the transplant hospitalization. Overall, there was higher
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era (transplants: January 2000-June 2017). GFR was estimated using the Cockcroft-Gault formula.
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and era (transplants: January 1996-June 2013).

Kaplan-Meier survival within 5 years conditional on survival to 1 year, for adult lung transplant recipients by recipient age,
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freedom from BOS at 5 years (57%) in the early 1996 to 2001
period compared with the 2 later time periods 2002 to 2007 (49%)
and 2008 to 2013 (47%) (Figure 10, eSlide L[a] 35). Although
risk factors for BOS have been extensively investigated™'> the
possibility of an era effect has not previously been explored, to
our knowledge. This is an interesting finding which is concerning
if explanations such as reporting, changes in diagnostic criteria
over time and other biases are not responsible. Again, it should be
kept in mind that these univariate analyses have not been adjusted
for potential confounders that may account for some of the
reported differences.

Multivariable analyses

We next performed multivariable Cox regression analyses to eval-
uate risk factors for 1-year mortality, 5-year mortality conditional

Years

Kaplan-Meier survival within 5 years conditional on survival to 1 year, for adult lung transplant recipients by history of malig-

upon surviving the first post-transplant year, and risk of develop-
ing BOS conditional upon surviving to hospital discharge. Covari-
ates included in the multivariable models are listed in
Supplemental Table 1.

One-year mortality

Categorical variables independently associated with risk of higher
1-year mortality in adult lung transplant recipients between Janu-
ary 2000 and June 2017 include donor/recipient sex mismatch,
donor/recipient CMV antibody mismatch, prior lung surgery,
being hospitalized, and being on mechanical ventilation at time of
transplant. Having a single lung transplant vs a double lung trans-
plant was also associated with higher risk for 1-year mortality. A
diagnosis of IPF or ‘Other’ as the indication for transplantation,
and especially re-transplantation, was also associated with

Freedom from bronchiolitis obliterans syndrome
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Figure 10
transplant recipients by era (transplants: January 1996-June 2013).

Kaplan-Meier freedom from bronchiolitis obliterans syndrome (BOS) conditional on survival to discharge, for adult lung
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i HR LCL UCL pvalueN
Donor-recipient sex match - F/F vs M/M O'i 0.924 0.873 0.978 <0.01 15292
Transplant era - 2006-2011 vs 2000-2005 '—QE-' 0.954 0.864 1.053 0.05 18784
Donor-recipient sex match - F/M vs M/M i"' 1.096 1.031 1.165 <0.01 7842
Donor CMV+/Recipient CMV- - Yes i*‘-‘ 1.105 1.028 1.187 <0.01 6615
§ Prior lung surgery (non-transplant) - Yes i'—’—' 1.133 1.033 1.244 <0.01 5140
- I
g Procedure type - Single i e 1147 1.082 1.216 <0.01 15692
Diagnosis - IPF vs AIATD/COPD [ | +—@— 1311 1168 1472 <0.01 13592
I
Ventilator - Yes i —— 1373 1.224 1541 <0.01 1589
Hlosphalized -~es i —— 1442 1320 1575 <0.01 4807
Diagnosis - Other vs A1ATD/COPD i —— 1602 1.422 1.804 <0.01 11001
Diagnosis - Retx vs A1ATD/COPD ! —— 1820 1469 2955 <0.01 2161

2

Hazard ratio and 95% CI

Figure 11
limits (transplants: January 2000-June 2017, n = 53,072).

increased risk compared to a diagnosis of chronic obstructive pul-
monary disease (Figure 11, eSlide L[a] 42). To further explore
how the risk associated with the diagnosis leading to transplanta-
tion may have changed across eras, the transplant era, and diagno-
sis interaction was investigated. The interaction between these
variables was significant for 1-year mortality, suggesting a consis-
tent decrease in the mortality risk across the different indications
and transplant eras (Figure 12A, eSlide L[a] 43), with the decline
in the hazard of mortality being larger for those with a diagnosis
of cystic fibrosis and less in retransplants.

Continuous variables associated with increased risk of 1-
year mortality were examined in the same population. The
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Figure 12

Transplant era

Statistically significant categorical risk factors for 1-year mortality for adult lung transplant recipients with 95% confidence

hazard ratio increased significantly for older recipients
(Figure 13A, eSlide L[a] 46), and there was a significant inter-
action between transplant era and recipient age, suggesting
that some age groups saw larger improvements in survival
than others (Figure 13B, eSlide L[a] 47). Higher recipient
BMI (Figure 14A, eSlide L[a] 49), lower recipient eGFR
(Figure 14B, eSlide L[a] 50), higher recipient bilirubin
(Figure 14C, L[a] eSlide 52), older donor age (Figure 14D, L
[a] eSlide 53), and lower center volume (number of transplant
procedures performed in the previous 3 years, Figure 15B, L
[a] eSlide 55) were all significantly and independently associ-
ated with 1-year mortality. Ischemic time was also associated
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Statistically significant categorical risk factors with 95% confidence limits for (A) 1-year mortality (transplants: January

2000-June 2017, n = 53,072) and (B) 5-year mortality (transplants: January 1996-June 2013, (n = 35,214). Transplant era and diagnosis

interaction.
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Figure 13 (A) Hazard ratio of 1-year mortality for adult lung transplant recipients by recipient age. The reference value for age is

56 years. (B) Transplant era and recipient age interaction (transplants: January 2000-June 2017, n = 53,072).

with 1-year mortality, with increased risk of mortality
observed with longer ischemic times (Figure 15A, eSlide L[a]
54). The impact of ischemic time on lung transplant outcomes
was reviewed in depth in the 2017 report.’

Five-year mortality conditional upon surviving the
first post-transplant year

Statistically significant categorical risk factors for 5-year mortal-
ity, conditional on survival to 1 year, from the period of January
1996 to June 2013 are shown in Figure 16 (eSlide L[a] 57). The
following factors were independently associated with lower risk
of 5-year mortality: transplantation with organs acquired from a

donor after a circulatory death and diagnosis of cystic fibrosis and
‘other’. In contrast the following variables were independently
associated with higher risk of 5-year mortality: male-to-female
transplant vs male-to-male transplant, male-to-male transplant vs
female-to female transplant, single lung transplant, CMV mis-
match and hospitalization at time of transplant.

With respect to continuous variables leading to increased risk
for 5-year mortality conditional on 1-year survival, recipient age
was independently associated with mortality, with the hazard
ratio increased for both younger and older recipients
(Figure 17A, eSlide L[a] 61). Other continuous variables associ-
ated with increased risk of 5-year mortality were similar to those
associated with 1-year mortality including increasing BMI
(Figure 17B,eSlide L[a] 63), decreasing eGFR (Figure 17C,
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Figure 14 Hazard ratio of 1-year mortality for adult lung transplant recipients by (A) recipient body mass index (BMI), (B) recipient

glomerular filtration rate (eGFR), (C) recipient bilirubin, and (D) donor age (transplants: January 2000-June 2017, n = 53,072). GFR was
estimated using the Cockcroft-Gault formula. The reference value for BMI was 24, for eGFR was 95, for bilirubin was 0.5, and for donor
age was 39.
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ous 3 years (transplants: January 2000-June 2017, n = 53,072). The reference value for ischemic time was 5 and for center volume was 100.

eSlide L[a] 64) and, perhaps counterintuitively, shorter ischemic
time (Figure 18A, eSlide L[a] 66), as previously described.?
Finally, the relationship between center volume, and 5-year mor-
tality was significant, even though the hazard differences were
quite small

(Figure 18B, eSlide L[a] 67).

Freedom from bronchiolitis obliterans syndrome
(BOS) conditional on survival to discharge

We next investigated continuous variables significantly associated
with developing BOS during the first 5 years after transplant in
recipients who survived to hospital discharge from January 1996
to June 2013. Many of the significant associations were similar to
the risk factors for both 1- and 5-year survival, but there were
some unique risk factors for BOS identified. Younger recipient

Donation after circulatory death - Yes | ————
Diagnosis - CF vs A1ATD/COPD | ——@——
Diagnosis - Other vs A1ATD/COPD ——

Donor-recipient sex match - F/F vs M/M

Risk factor

Donor-recipient sex match - M/F vs M/M

Procedure type - Single

Donor CMV+/Recipient CMV- - Yes

Hospitalized - Yes

age was independently associated with BOS risk (Figure 194,
eSlide L[a] 73), possibly due to a heightened immunologic
response, or an increased prevalence of non—adherence observed
in adolescents and young adults.'® Interestingly, lower BMI was
associated with lower risk of BOS (Figure 19B, eSlide L[a] 76).
Similar to 1-year mortality, increasing bilirubin and increasing
donor age were both associated with increased risk of developing
BOS (Figure 19C and 19D, eSlides L[a] 78,79). In contrast to the
impact on l-year survival, longer ischemic time was associated
with slightly reduced risk of BOS, as previously noted
(Figure 20A, eSlide L[a] 80).3 The association between center vol-
ume and risk of BOS was complex, suggesting lower risk of BOS
in both low and high-volume centers. (Figure 20B, eSlide L[a]
81). Multiple reasons for these associations are possible, including
reporting bias (not all centers report BOS to the Registry), as well
as factors that are difficult to quantitate such as clinician experi-
ence, caseload, and protocols for follow-up.

HR LCL UCL pvalueN

0.774 0.665 0.902 <0.01 725

0.809 0.677 0.968 0.02 5839

0.862 0.757 0.982 0.03 6475

0.934 0.889 0.981 <0.01 10457

1.094 1.034 1.158 <0.01 5433

1.225 1.165 1.288 <0.01 12147

——i
I 1.231 1.163 1.302 <0.01 4142
1.243 1.154 1.339

<0.01 2302

Hazard ratio and 95% ClI

Figure 16
limits (transplants: January 1996-June 2013, n = 35,214).

Statistically significant categorical risk factors for 5-year mortality conditional on survival to 1 year with 95% confidence
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Cockcroft-Gault formula. The reference value for age was 54, for BMI was 23.5, and for GFR was 94.

Conclusions

In this 2021 ISHLT TTX Registry Report, we focused on
recipient trends over time. We observed many important
changes over the years, reflecting changing practice, and
demographics worldwide. Lung transplant recipients are
ageing, are more likely to be transplanted for fibrosing lung
disease, have an increasing BMI, are much more likely to
have a history of diabetes mellitus, are more likely to be
sensitized, less likely to be CMV seropositive, and more
likely to have a history of malignancy. For the first time, in
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Figure 18

Hazard Ratio of 5-Year Mortality &

this report we present data on the impact of recipient eGFR
(rather than serum creatinine), and interactions between
important recipient factors such as age, diagnosis, and
transplant era on post-transplant mortality. In univariable
and multivariable analyses, we identified significant associ-
ations between recipient factors and transplant outcomes
including mortality and BOS. Some of the more notable
findings were the associations between freedom from BOS
and transplant era, BMI, center volume, and ischemic time.
We hope that providing a historical perspective on the prac-
tice of transplantation will highlight important trends and
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Hazard ratio of 5-year mortality for adult lung transplant recipients by (A) ischemic time and (B) center volume in the

previous 3 years (transplants: January 1996-June 2013, n = 35,214). The reference value for ischemic time was 4.8 and for center volume

was 91.
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time and (B) center volume in the previous 3 years (transplants: January 1996-June 2013, n = 18,830). The reference value for ischemic

time was 4.7 and for center volume was 94.

stimulate interest in the development of protocols, proce-
dures, and further studies that may improve transplant out-
comes in the years to come.
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