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LU 3.7 Characteristics of adult lung transplant recipients, 2002, 2007, & 2012
Patients receiving a transplant. Retransplants are counted. Transplants of left and right lobes for a patient on the same day are counted as one.

2002 2007 2012
  N % N % N %

Age 12-17 30 2.8 37 2.5 22 1.2 
18-34 153 14.5 194 13.1 209 11.8 
35-49 242 22.9 232 15.7 226 12.8 
50-64 583 55.3 795 53.7 832 47.0 
65+ 47 4.5 223 15.1 482 27.2 

Sex Female 528 50.0 627 42.3 714 40.3 
Male 527 50.0 854 57.7 1,057 59.7 

Race White 939 89.0 1,242 83.9 1,470 83.0 
Black 62 5.9 123 8.3 145 8.2 
Hispanic 40 3.8 89 6.0 121 6.8 
Asian 7 0.7 16 1.1 31 1.8 
Other/unknown 7 0.7 11 0.7 4 0.2

Diagnosis group A 537 50.9 525 35.4 522 29.5
B 77 7.3 75 5.1 71 4.0
C 171 16.2 222 15.0 234 13.2
D 254 24.1 637 43.0 929 52.5
Other/unknown 16 2 22 1.5 15 0.8 

Lung allocation 
score (LAS)

<30 0 0 11 0.7 2 0.1 
30-<35 0 0 432 29.2 445 25.1 
35-<40 0 0 382 25.8 398 22.5 
40-<50 0 0 355 24.0 413 23.3 
50-100 0 0.0 299 20.2 513 29.0 

Blood type A 462 43.8 580 39.2 688 38.8 
B 107 10.1 163 11.0 213 12.0 
AB 41 3.9 72 4.9 69 3.9 
O 445 42.2 666 45.0 801 45.2 

Time on  
waiting list

<1 month 83 7.9 459 31.0 649 36.6 
1 -<3 months 121 11.5 372 25.1 386 21.8 
3 -<6 months 169 16.0 231 15.6 291 16.4 
6 -<12 months 196 18.6 170 11.5 212 12.0 
1-<2 years 249 23.6 109 7.4 150 8.5 
2-<3 years 155 14.7 48 3.2 47 2.7 
3+ years 77 7.3 91 6.1 36 2.0 
Unknown 5 0.5 1 0.1 0 0.0 

2002 2007 2012
  N % N % N %

Pretransplant 
medical cond.

Hospitalized: ICU 44 4.2 131 8.8 174 9.8 
Hosp.: not ICU 51 4.8 127 8.6 171 9.7 
Not hospitalized 960 91.0 1,223 82.6 1,389 78.4 
Unknown 0 0.0 0 0.0 37 2.1 

On ventilator Vent + ECMO 3 0.3 7 0.5 35 2.0 
/ECMO at tx Vent only 22 2.1 63 4.3 80 4.5 

ECMO 0 0.0 3 0.2 21 1.2 
Neither 1,030 97.6 1,408 95.1 1,635 92.3 

Procedure type Lobar 12 1.2 3 0.2 1 0.1 
Single 501 49.0 520 35.8 569 32.7 
Bilateral 510 49.9 930 64.0 1,172 67.3 

Donor type Deceased 1,043 98.9 1,478 99.8 1,770 99.9 
Donation after  
brain death

1,042 98.8 1,469 99.2 1,749 98.8 

Donation after 
cardiac death

1 0.1 9 0.6 21 1.2 

Living 12 1.1 3 0.2 1 0.1 
Prior solid 
organ tx

 28 2.7 86 5.8 100 5.6 

Primary payer Private 702 66.5 885 59.8 912 51.5 
Medicare 234 22.2 429 29.0 686 38.7 
Other government 109 10.3 153 10.3 139 7.8 
Other 10 0.9 14 0.9 34 1.9 

HL vs. LU HL 32 3.0 28 1.9 29 1.6 
LU 1,023 97.0 1,453 98.1 1,742 98.4 

DCD DCD 1 0.1 9 0.6 21 1.2 
Non-DCD 1,041 98.7 1,469 99.2 1,749 98.8 
Unknown  13.0 1.2  3.0 0.2  1.0 0.1 

Total All patients 1055 100.0 1481 100.0 1771 100.0 

LU 3.8 Immunosuppression use in adult lung transplant recipients
One-year post-transplant data limited to patients alive with graft function one year post-transplant. Mycophenolate group includes mycophenolate mofetil and 
mycophenolate sodium.
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LU 3.8 Immunosuppression use in adult lung transplant recipients
One-year post-transplant data limited to patients alive with graft function one year post-transplant. Mycophenolate group includes mycophenolate mofetil and 
mycophenolate sodium.

Valapour	M,	Am	J	Transplant,	2014	
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category, the 6 ILD subtypes resulted in similar post-
transplant survival (Figure 7A; eSlide LU 148). Within the
PH category, PAH associated with congenital heart disease
(PAH-CHD) had lower post-transplant survival in compar-
ison to IPAH and PAH-CTD (Figure 7B; eSlide LU 149). In
the bronchiectasis groups, those with CF had better
unadjusted survival than those without CF (Figure 7C;
eSlide LU 26). For adults who had a primary lung transplant
during the same era who survived to 1 year, conditional
median survival was higher for CF (11.7 years), as

Figure 8 Adult lung transplant recipient categorical risk factors
for mortality within the first post-transplant year (transplants:
January 2002 to June 2014). ABO refers to blood type matching of
donor and recipient; CF, cystic fibrosis–associated bronchiectasis;
CMV, cytomegalovirus; COPD without A1ATD, chronic obstruc-
tive pulmonary disease (COPD) without α1-antitrypsin deficiency
(A1ATD); HLA mm, human leukocyte antigen mismatch; ILD,
interstitial lung disease; ICU, intensive care unit; IIP, idiopathic
interstitial pneumonia; IPAH, idiopathic pulmonary arterial
hypertension; PH, pulmonary hypertension. **Other includes all
diagnoses other than CF, COPD without A1ATD, COPD with
A1ATD, ILD-not IIP, non-CF bronchiectasis, IPAH, sarcoidosis,
retransplant, lymphangioleiomyomatosis (LAM)/tuberous sclero-
sis, IIP, PH-not IPAH, OB and CTD.

Figure 9 Hazard ratio for mortality within the first post-
transplant year for adult lung transplant recipient age and center
volume (transplants: January 2001 to June 2014). Dashed lines
represent 95% confidence intervals. (A) Recipient age (years).
(B) Center volume.

Figure 10 Adult lung transplant recipient categorical risk
factors for mortality within the first 5 post-transplant years
(transplants: January 2002 – June 2010). LAM, lymphangioleio-
myomatosis; COPD without A1ATD, chronic obstructive pulmon-
ary disease not associated with α1-antitrypsin deficiency (A1ATD);
CF, cystic fibrosis–associated bronchiectasis; CMV, cytomegalo-
virus; ICU, intensive care unit.

Figure 11 Adult lung transplant recipient categorical risk
factors for mortality within the first 5 post-transplant years,
conditional on survival in the first year (transplants: January 2002
to June 2010). LAM, lymphangioleiomyomatosis; COPD without
A1ATD, chronic obstructive pulmonary disease not associated
with α1-antitrypsin deficiency (A1ATD); CF, cystic fibrosis–
associated bronchiectasis; COPD with A1ATD, A1ATD associated
with COPD; HTN, systemic hypertension; ICU, intensive care unit;
CMV, cytomegalovirus; OB, obliterative bronchiolitis.

Figure 12 Adult lung transplant recipient bronchiolitis oblit-
erans syndrome–free survival (BOS), by primary diagnostic
indication for transplant, conditional on survival to 14 days
(transplants: January 1994 to June 2014).

The Journal of Heart and Lung Transplantation, Vol 35, No 10, October 20161176
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Effect of diagnosis on survival benefit of lung transplantation for
end-stage lung disease

Jeffrey D Hosenpud, Leah E Bennett, Berkley M Keck, Erick B Edwards, Richard J Novick

ARTICLES

Introduction
Although lung transplantation has become an invaluable
approach for the treatment of end-stage respiratory
disease, rates of successful outcomes are not yet as good
as those for other transplanted organs. Based on data
from the Joint United Network for Organ Sharing
(UNOS)/International Society for Heart and Lung
Transplantation (ISHLT) Thoracic Registry, 1-year
mortality is more than 25% and 5-year mortality is
greater than 50%.1 In addition, obliterative bronchiolitis
affects more than 50% of patients late after
transplantation2 and accounts for 57% of the deaths after
1 year.1

The most common indication for lung transplantation
is emphysema.1 Although emphysema is debilitating,
mortality from this disorder may not be as high as that
from other forms of end-stage lung disease, especially in
patients younger than 60 years.3–6 Moreover, for some
patients with emphysema, volume-reduction surgery7–9

may be an alternative. To clarify the actual survival
benefit of lung transplantation for the more common
causes of end-stage lung disease, including emphysema,
we undertook an analysis of data from the Joint
UNOS/ISHLT Thoracic Registry.

Methods
The cohort for this study included all patients listed for
transplantation with UNOS (listed for transplantation in the
USA) between Jan 1, 1992, and Dec 31, 1994. The cohort
included patients with the three most common indications—
emphysema, cystic fibrosis, and interstitial pulmonary fibrosis.

Summary

Background Although certain forms of end-stage lung
disease are debilitating, whether the associated mortality
rate exceeds that of transplantation is unclear. We
undertook analysis to clarify the survival benefit of lung
transplantation for various types of end-stage lung
disease.

Methods We analysed data for all patients listed for
transplantation in the USA for emphysema, cystic fibrosis,
or interstitial pulmonary fibrosis in the years 1992–94.
The numbers of patients entered on the waiting list, post-
transplantation, died waiting, and currently waiting were:
emphysema group 1274, 843, 143, and 165; cystic
fibrosis group 664, 318, 193, and 59; interstitial
pulmonary fibrosis group 481, 230, 160, and 48. A time-
dependent non-proportional hazard analysis was used to
assess the risk of mortality after transplantation relative
to that for patients on the waiting list.

Findings The clearest survival benefit from lung
transplantation occurred in the cystic fibrosis group. The
relative risks of transplantation compared with waiting
were 0·87, 0·61, and 0·61 at 1 month, 6 months, and 
1 year (p=0·008), respectively. For interstitial pulmonary
fibrosis, the corresponding relative risks were 2·09, 0·71,
and 0·67 (p=0·09). No survival benefit was apparent in
the emphysema group. The risks of transplantation
relative to waiting were 2·76, 1·12, and 1·10 at 1 month,
6 months, and 1 year, respectively, and the relative risk
did not decrease to below 1·0 during 2 years of follow-up.

Interpretation These findings suggest that lung
transplantation does not confer a survival benefit in
patients with end-stage emphysema by 2 years of follow-
up. Other benefits not accounted for in this analysis such
as improved quality of life, however, may justify lung
transplantation for these patients.

Lancet 1998; 351: 24–27
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Joint United Network for Organ Sharing/International Society for
Heart and Lung Transplantation Thoracic Registry, Richmond, VA,
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Cystic Interstitial Emphysema
fibrosis pulmonary

fibrosis

Total cohort 664 481 1274

Outcome at time of analysis
Died on waiting list 193 160 143
Underwent transplantation 318 230 843
Removed from waiting list and 94 43 123
censored for other reasons
Still on waiting list 59 48 165
Died after transplantation 68 55 142

Mean (SD) days on waiting list
Non-transplant patients 398 (18) 361 (23) 560 (16)
Transplant patients 304 (17) 250 (14) 260 (17)

Mean (SD) post-transplant 354 (19) 327 (21) 391 (12)
follow-up days

Mean (SD) total follow-up (days)
All patients 512 (15) 454 (17) 616 (10)
Transplant patients only 658 (21) 577 (24) 651 (12)

Mean (range) age in years* 25·8 49·6 53·5 
(1·0–49·3) (16·1–71·4) (17·8–68·4)

Sex
M 357 (54%) 293 (61%) 567 (45%)
F 307 (46%) 188 (39%) 757 (55%)

White patients 616 (93%) 382 (79%) 1187 (93%)

*At time of analysis.

Table 1: Characteristics of patients, outcomes, and time spent
in each clinical stage

Hosenpud	JD,	Lancet,	1998		
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A bs tr ac t

Background
The effects of lung transplantation on the survival and quality of life in children 
with cystic fibrosis are uncertain.

Methods
We used data from the U.S. Cystic Fibrosis Foundation Patient Registry and from 
the Organ Procurement and Transplantation Network to identify children with 
cystic fibrosis who were on the waiting list for lung transplantation during the 
period from 1992 through 2002. We performed proportional-hazards survival model-
ing, using multiple clinically relevant covariates that were available before the chil-
dren were on the waiting list and the interactions of these covariates with lung 
transplantation as a time-dependent covariate. The data were insufficient in quality 
and quantity for a retrospective quality-of-life analysis.

Results
A total of 248 of the 514 children on the waiting list underwent lung transplanta-
tion in the United States during the period from 1992 through 2002. Proportional-
hazards modeling identified four variables besides transplantation that were asso-
ciated with changes in survival. Burkholderia cepacia infection was associated with a 
trend toward decreased survival, regardless of whether the patient underwent trans-
plantation. A diagnosis of diabetes before the patient was placed on the waiting list 
decreased survival while the patient was on the waiting list but did not decrease 
survival after transplantation, whereas older age did not affect waiting-list survival 
but decreased post-transplantation survival. Staphylococcus aureus infection increased 
waiting-list survival but decreased post-transplantation survival. Using age, diabetes 
status, and S. aureus infection status as covariates, we estimated the effect of trans-
plantation on survival for each patient group, expressed as a hazard factor of less than 
1 for a benefit and more than 1 for a risk of harm. Five patients had a significant 
estimated benefit, 283 patients had a significant risk of harm, 102 patients had an 
insignificant benefit, and 124 patients had an insignificant risk of harm associated 
with lung transplantation.

Conclusions
Our analyses estimated clearly improved survival for only 5 of 514 patients on the 
waiting list for lung transplantation. Prolongation of life by means of lung transplan-
tation should not be expected in children with cystic fibrosis. A prospective, random-
ized trial is needed to clarify whether and when patients derive a survival and quality-
of-life benefit from lung transplantation.

The New England Journal of Medicine 
Downloaded from www.nejm.org on November 6, 2010. For personal use only. No other uses without permission. 

Copyright © 2007 Massachusetts Medical Society. All rights reserved. 
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plantation on survival for each patient group, expressed as a hazard factor of less than 
1 for a benefit and more than 1 for a risk of harm. Five patients had a significant 
estimated benefit, 283 patients had a significant risk of harm, 102 patients had an 
insignificant benefit, and 124 patients had an insignificant risk of harm associated 
with lung transplantation.

Conclusions
Our analyses estimated clearly improved survival for only 5 of 514 patients on the 
waiting list for lung transplantation. Prolongation of life by means of lung transplan-
tation should not be expected in children with cystic fibrosis. A prospective, random-
ized trial is needed to clarify whether and when patients derive a survival and quality-
of-life benefit from lung transplantation.
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imately 45% of patients would gain a survival benefit of at least
1 year by undergoing BLT; only 22% would derive such a benefit
if SLT were used. In addition to procedure type, FEV1 was
a major determinant of the survival benefit. As an example,
nearly 80% of patients with an FEV1 less than 16%, but only
11% of those with an FEV1 greater than 25%, were predicted to
gain at least a year of life with BLT. Finally, a recent study
suggests that patients with COPD with a body mass index, airflow
obstruction, dyspnea, and exercise capacity (BODE) index greater
than 7 derive a survival benefit from transplantation (53).

In addition to its possible survival benefit, lung transplanta-
tion is associated with substantial improvements in lung func-
tion, exercise tolerance, and hemodynamics. Quality-of-life
measures also appear to improve markedly across most do-
mains, although the majority of available studies are limited by
their cross-sectional rather than longitudinal design (66). Some
authors have suggested that it may be most appropriate to judge
the success of lung transplantation by the net gain in quality-
adjusted life-years, a composite outcome that takes into con-
sideration both length and quality of survival (66, 67).

COMMON COMPLICATIONS

Primary Graft Dysfunction

Primary graft dysfunction (PGD) describes a form of acute
allograft injury characterized by development of noncardiogenic
pulmonary edema within 72 hours of transplantation in the
absence of identifiable secondary causes (68). PGD is presumed
to be a consequence of ischemia-reperfusion injury, but inflam-
matory events associated with donor brain death, surgical
trauma, and lymphatic disruption may be contributing factors.

A number of risk factors for development of PGD have been
identified. Donor-related risk factors include female sex, African-

American race, older age, and low donor PaO2
/FIO2

ratio (69–
71). An elevated level of interleukin-8 in bronchoalveolar
lavage (BAL) fluid recovered from the donor has been associ-
ated with the development of severe PGD, supporting the
notion that inflammatory events preceding organ harvest may
play a role (72). Recipient risk factors include an underlying
diagnosis of IPAH as well as elevation of pulmonary artery
pressures independent of diagnosis (69, 71). An association
between graft ischemic time and PGD has not been consistently
demonstrated. A possible explanation for this is that ischemic
time may become a factor only when it exceeds a certain
threshold, suggested by one study as beyond 6 hours (73).

Diagnosis of PGD is based on (1) the presence of radio-
graphic opacities in the allograft(s) within 72 hours of trans-
plantation, (2) hypoxemia, and (3) exclusion of secondary
causes, such as volume overload, pneumonia, rejection, atelec-
tasis, or pulmonary venous outflow obstruction (68). A grading
system is commonly used to classify the severity of PGD based
on the PaO2

/FIO2
ratio (74). In most cases, the process is mild

and transient, but in approximately 10 to 20% of cases, injury is
sufficiently severe to cause severe hypoxemia (PaO2

/FIO2
, 200;

PGD grade 3) and a clinical course analogous to acute re-
spiratory distress syndrome (75, 76).

Treatment of severe PGD is supportive, relying principally
on low-stretch mechanical ventilatory strategies. Under some
circumstances, independent lung ventilation, extracorporeal life
support, or inhaled nitric oxide can successfully stabilize crit-
ically ill patients. Results of emergent retransplantation in this
setting have been poor (77). Severe PGD is a leading cause of
death in the perioperative period, with short-term mortality
rates in the range of 30 to 40% (75, 76, 78). The risk of death
remains excessive even beyond the first year, suggesting that the
adverse consequences of PGD persist well beyond resolution of
the acute event (76, 78). Recovery among survivors is often

TABLE 3. STUDIES ASSESSING THE SURVIVAL BENEFIT OF LUNG TRANSPLANTATION

Study (Reference) Year Diseases Database Cohort Period Main Conclusion Regarding the Survival Benefit of LT

Hosenpud et al. (57) 1998 Adult CF, COPD, PF UNOS registry, U.S. 1992–1994 LT improves survival for patients with CF and PF.
No benefit for patients with COPD.

Geertsma et al. (65) 1998 Adult CF, COPD, PF, PAH Single center,
Netherlands

1990–1996 LT improves survival for the recipient group
as a whole; disease-specific
analysis limited by small sample size.

Aurora et al. (59) 1999 Pediatric CF Single center, U.K. 1988–1998 LT improves survival for children with CF.
De Meester et al.

(54)
2001 Adult CF, COPD, PF, PAH Eurotransplant

registry
1990–1996 LT improves survival for all groups except

Eisenmenger syndrome.
Liou et al. (51) 2001 Pediatric and adult CF UNOS registry, U.S. 1992–1997 LT improves survival for patients with CF with

a 5-yr predicted survival , 30%. The majority
of patients with CF have equivocal or negative
survival effects from the procedure.

Charman et al. (56) 2002 Adult CF, COPD, PF, PAH Single center, U.K. 1984–1999 LT improves survival for all groups except
Eisenmenger syndrome.

Thabut et al. (58) 2003 PF Single center, France 1988–2001 LT improves survival for patients with PF.
Liou et al. (60) 2005 Pediatric and adult CF UNOS registry, U.S. 1988–2002 LT improves survival for patients with CF older

than 18 yr with a 5-yr predicted spontaneous
survival of , 50% and without Burkholderia
cepacia or arthropathy. LT does not improve
survival for pediatric patients with CF.

Stavem et al. (64) 2006 COPD Single center, Norway 1990–2003 LT does not improve survival for patients with COPD.
Liou et al. (61) 2007 Pediatric CF UNOS registry, U.S. 1998–2004 LT improves survival for , 1% of pediatric patients

with CF placed on the waiting list.
Thabut et al. (52) 2008 COPD UNOS registry, U.S. 1987–2004 LT improves survival by at least 1 yr for 45% of

patients with COPD undergoing BLT but only
22% undergoing SLT.

Titman et al. (55) 2009 Adult CF, COPD, PF, PAH U.K. national registry 1995–2006 LT improves survival for all disease groups examined.
Lahzami et al. (53) 2010 COPD 2 Centers, Switzerland 1993–2007 LT improves survival for patients with COPD with

a BODE > 7.

Definition of abbreviations: BODE 5 body mass index, airflow obstruction, dyspnea, and exercise capacity; CF 5 cystic fibrosis; COPD 5 chronic obstructive pulmonary
diseases; LT 5 lung transplantation; PAH 5 pulmonary arterial hypertension; PF 5 pulmonary fibrosis; SLT 5 single lung transplant; UNOS 5 United Network for Organ
Sharing.
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Comparer	la	survie	des	pa4ents	greffés	
•  A	celle	d’un	groupe	témoin	aXeint	de	la	même	pathologie	

•  Pa4ents	aXeints	de	déficit	en	alpha-1	an4trypsine	greffés	en	Suède,	comparés	avec	les	pa4ents	du	registre	Suédois,	
matchés	sur	âge,	sexe,	tabagisme	et	VEMS	

	
•  A	ce	qu’elle	aurait	du	être	

•  La	survie	de	pa4ents	BPCO	transplantés	en	Suisse	est	comparée	à	la	survie	aXendue	selon	le	score	de	BODE	

Comment	évaluer	le	bénéfice	de	la	TP	?	



Survie	des	transplantés	vs	survie	des	non	transplantés	

(p ! 0.006; Figure 1). The 1-, 3-, 5- and 10-year survival
rates were 0.88 (95% CI 0.80 to 0.95), 0.81 (95% CI 0.72 to
0.90), 0.73 (95% CI 0.63 to 0.83) and 0.55 (95% CI 0.42 to
0.67) for the TxG, and 0.91 (95% CI 0.88 to 0.95), 0.73
(95% CI 0.68 to 0.79), 0.50 (95% CI 0.44 to 0.57) and 0.32
(95% CI 0.26 to 0.38) for the NTxG. Peri-operative mor-
tality was 4% (n ! 3) in the TxG. In these patients, the
causes of death were cardiovascular accidents (n ! 2) and
invasive fungal infection (n ! 1). Ten patients died during
the first year after transplantation. Comparisons of the vari-
ables between the transplant patients who died during the
first year (early mortality) and those who survived longer
are shown in Table 2.

There were no significant differences in 1-, 3-, 5- and
10-year survival between the SLTx and BLTx patients, and
no significant differences in survival between those patients
who had undergone LTx before 1999 and those operated
after that date (p ! 0.30).

Causes of death

Autopsies were performed in 24 cases (65%) in the TxG and
in 8 cases (18%) in the NTxG. Autopsy protocols were
available for all these cases. The main causes of death are
shown in Table 3. The most common cause of death was
pulmonary infections in the TxG (38%) and respiratory
failure (60%) in the NTxG. In the TxG the causes of early
death were pulmonary infection (n ! 4), cardiovascular
accident (n ! 3), cerebrovascular accident (n ! 1), gastro-
intestinal perforation (n ! 1) and suicide (n ! 1). Bronchi-
olitis obliterans (BOS) was diagnosed in 9 transplant pa-
tients at autopsy and was the cause of death in 3 cases. Of
the 37 transplant decedents, 14 had developed renal failure.

Discussion

This retrospective study has shown a significant survival
benefit for lung transplantation in PiZZ individuals with
severe emphysema, with an estimated median survival time
of 11 years, as compared with 5 years in the non-transplant
patients. To our knowledge, no studies comparing survival
between lung transplant and non-transplant patients with
severe !1-anti-trypsin deficiency have been published.

The survival benefit of LTx is difficult to assess because
it cannot be evaluated in the same way as other, conven-
tional therapies. For ethical reasons it would not be possible
to conduct a randomized study involving potential lung
recipient candidates. It is also difficult to identify matched
controls for patients with COPD who have been accepted

Figure 1 Kaplan–Meier analysis of mortality in 83 lung trans-
plant patients and 70 non-transplant patients. The analysis showed
a significant difference in survival time between the transplant
patients and the non-transplant patients, with estimated median
survival times of 11 years and 5 years, respectively (p ! 0.006).

Table 2 Distribution of Clinical Variables by Early Mortality (1 Year) in Transplant
Patients

Survivors
(N ! 73)

Deceased
(N ! 10) p-value

Mean (range) age at transplantation 52 (32–66) 56 (48–66) 0.03
Mean (SD) FEV1 (% predicted) 21 (9) 25 (4) NS
Mean (SD) 6-minute walk distance (m) 160 (77) 173 (85) NS
Median (range) waiting time, in days 222 (20–1,199) 225 (133–415) NS
Single-lung transplant, n (%) 56 (77) 6 (60) NS
Cardiopulmonary bypass, n (%) 10 (14) 3 (30) NS
Mean (range) total ischemic time (min) 261 (110–870) 252 (170–308) NS
Post-operative complications, n (%) 10 (14) 5 (50) 0.005

Hemothoraxa 5 2
Air lossa 3 1
Bronchial strictureb 2 —
Cardiovascular accident — 2
aWith reoperation.
bTreated with stent.
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(p ! 0.006; Figure 1). The 1-, 3-, 5- and 10-year survival
rates were 0.88 (95% CI 0.80 to 0.95), 0.81 (95% CI 0.72 to
0.90), 0.73 (95% CI 0.63 to 0.83) and 0.55 (95% CI 0.42 to
0.67) for the TxG, and 0.91 (95% CI 0.88 to 0.95), 0.73
(95% CI 0.68 to 0.79), 0.50 (95% CI 0.44 to 0.57) and 0.32
(95% CI 0.26 to 0.38) for the NTxG. Peri-operative mor-
tality was 4% (n ! 3) in the TxG. In these patients, the
causes of death were cardiovascular accidents (n ! 2) and
invasive fungal infection (n ! 1). Ten patients died during
the first year after transplantation. Comparisons of the vari-
ables between the transplant patients who died during the
first year (early mortality) and those who survived longer
are shown in Table 2.

There were no significant differences in 1-, 3-, 5- and
10-year survival between the SLTx and BLTx patients, and
no significant differences in survival between those patients
who had undergone LTx before 1999 and those operated
after that date (p ! 0.30).

Causes of death

Autopsies were performed in 24 cases (65%) in the TxG and
in 8 cases (18%) in the NTxG. Autopsy protocols were
available for all these cases. The main causes of death are
shown in Table 3. The most common cause of death was
pulmonary infections in the TxG (38%) and respiratory
failure (60%) in the NTxG. In the TxG the causes of early
death were pulmonary infection (n ! 4), cardiovascular
accident (n ! 3), cerebrovascular accident (n ! 1), gastro-
intestinal perforation (n ! 1) and suicide (n ! 1). Bronchi-
olitis obliterans (BOS) was diagnosed in 9 transplant pa-
tients at autopsy and was the cause of death in 3 cases. Of
the 37 transplant decedents, 14 had developed renal failure.

Discussion

This retrospective study has shown a significant survival
benefit for lung transplantation in PiZZ individuals with
severe emphysema, with an estimated median survival time
of 11 years, as compared with 5 years in the non-transplant
patients. To our knowledge, no studies comparing survival
between lung transplant and non-transplant patients with
severe !1-anti-trypsin deficiency have been published.

The survival benefit of LTx is difficult to assess because
it cannot be evaluated in the same way as other, conven-
tional therapies. For ethical reasons it would not be possible
to conduct a randomized study involving potential lung
recipient candidates. It is also difficult to identify matched
controls for patients with COPD who have been accepted

Figure 1 Kaplan–Meier analysis of mortality in 83 lung trans-
plant patients and 70 non-transplant patients. The analysis showed
a significant difference in survival time between the transplant
patients and the non-transplant patients, with estimated median
survival times of 11 years and 5 years, respectively (p ! 0.006).

Table 2 Distribution of Clinical Variables by Early Mortality (1 Year) in Transplant
Patients

Survivors
(N ! 73)

Deceased
(N ! 10) p-value

Mean (range) age at transplantation 52 (32–66) 56 (48–66) 0.03
Mean (SD) FEV1 (% predicted) 21 (9) 25 (4) NS
Mean (SD) 6-minute walk distance (m) 160 (77) 173 (85) NS
Median (range) waiting time, in days 222 (20–1,199) 225 (133–415) NS
Single-lung transplant, n (%) 56 (77) 6 (60) NS
Cardiopulmonary bypass, n (%) 10 (14) 3 (30) NS
Mean (range) total ischemic time (min) 261 (110–870) 252 (170–308) NS
Post-operative complications, n (%) 10 (14) 5 (50) 0.005

Hemothoraxa 5 2
Air lossa 3 1
Bronchial strictureb 2 —
Cardiovascular accident — 2
aWith reoperation.
bTreated with stent.
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Survie	des	transplantés	vs	survie	des	non	transplantés	

(p ! 0.006; Figure 1). The 1-, 3-, 5- and 10-year survival
rates were 0.88 (95% CI 0.80 to 0.95), 0.81 (95% CI 0.72 to
0.90), 0.73 (95% CI 0.63 to 0.83) and 0.55 (95% CI 0.42 to
0.67) for the TxG, and 0.91 (95% CI 0.88 to 0.95), 0.73
(95% CI 0.68 to 0.79), 0.50 (95% CI 0.44 to 0.57) and 0.32
(95% CI 0.26 to 0.38) for the NTxG. Peri-operative mor-
tality was 4% (n ! 3) in the TxG. In these patients, the
causes of death were cardiovascular accidents (n ! 2) and
invasive fungal infection (n ! 1). Ten patients died during
the first year after transplantation. Comparisons of the vari-
ables between the transplant patients who died during the
first year (early mortality) and those who survived longer
are shown in Table 2.

There were no significant differences in 1-, 3-, 5- and
10-year survival between the SLTx and BLTx patients, and
no significant differences in survival between those patients
who had undergone LTx before 1999 and those operated
after that date (p ! 0.30).

Causes of death

Autopsies were performed in 24 cases (65%) in the TxG and
in 8 cases (18%) in the NTxG. Autopsy protocols were
available for all these cases. The main causes of death are
shown in Table 3. The most common cause of death was
pulmonary infections in the TxG (38%) and respiratory
failure (60%) in the NTxG. In the TxG the causes of early
death were pulmonary infection (n ! 4), cardiovascular
accident (n ! 3), cerebrovascular accident (n ! 1), gastro-
intestinal perforation (n ! 1) and suicide (n ! 1). Bronchi-
olitis obliterans (BOS) was diagnosed in 9 transplant pa-
tients at autopsy and was the cause of death in 3 cases. Of
the 37 transplant decedents, 14 had developed renal failure.

Discussion

This retrospective study has shown a significant survival
benefit for lung transplantation in PiZZ individuals with
severe emphysema, with an estimated median survival time
of 11 years, as compared with 5 years in the non-transplant
patients. To our knowledge, no studies comparing survival
between lung transplant and non-transplant patients with
severe !1-anti-trypsin deficiency have been published.

The survival benefit of LTx is difficult to assess because
it cannot be evaluated in the same way as other, conven-
tional therapies. For ethical reasons it would not be possible
to conduct a randomized study involving potential lung
recipient candidates. It is also difficult to identify matched
controls for patients with COPD who have been accepted

Figure 1 Kaplan–Meier analysis of mortality in 83 lung trans-
plant patients and 70 non-transplant patients. The analysis showed
a significant difference in survival time between the transplant
patients and the non-transplant patients, with estimated median
survival times of 11 years and 5 years, respectively (p ! 0.006).

Table 2 Distribution of Clinical Variables by Early Mortality (1 Year) in Transplant
Patients

Survivors
(N ! 73)

Deceased
(N ! 10) p-value

Mean (range) age at transplantation 52 (32–66) 56 (48–66) 0.03
Mean (SD) FEV1 (% predicted) 21 (9) 25 (4) NS
Mean (SD) 6-minute walk distance (m) 160 (77) 173 (85) NS
Median (range) waiting time, in days 222 (20–1,199) 225 (133–415) NS
Single-lung transplant, n (%) 56 (77) 6 (60) NS
Cardiopulmonary bypass, n (%) 10 (14) 3 (30) NS
Mean (range) total ischemic time (min) 261 (110–870) 252 (170–308) NS
Post-operative complications, n (%) 10 (14) 5 (50) 0.005

Hemothoraxa 5 2
Air lossa 3 1
Bronchial strictureb 2 —
Cardiovascular accident — 2
aWith reoperation.
bTreated with stent.
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(p ! 0.006; Figure 1). The 1-, 3-, 5- and 10-year survival
rates were 0.88 (95% CI 0.80 to 0.95), 0.81 (95% CI 0.72 to
0.90), 0.73 (95% CI 0.63 to 0.83) and 0.55 (95% CI 0.42 to
0.67) for the TxG, and 0.91 (95% CI 0.88 to 0.95), 0.73
(95% CI 0.68 to 0.79), 0.50 (95% CI 0.44 to 0.57) and 0.32
(95% CI 0.26 to 0.38) for the NTxG. Peri-operative mor-
tality was 4% (n ! 3) in the TxG. In these patients, the
causes of death were cardiovascular accidents (n ! 2) and
invasive fungal infection (n ! 1). Ten patients died during
the first year after transplantation. Comparisons of the vari-
ables between the transplant patients who died during the
first year (early mortality) and those who survived longer
are shown in Table 2.

There were no significant differences in 1-, 3-, 5- and
10-year survival between the SLTx and BLTx patients, and
no significant differences in survival between those patients
who had undergone LTx before 1999 and those operated
after that date (p ! 0.30).

Causes of death

Autopsies were performed in 24 cases (65%) in the TxG and
in 8 cases (18%) in the NTxG. Autopsy protocols were
available for all these cases. The main causes of death are
shown in Table 3. The most common cause of death was
pulmonary infections in the TxG (38%) and respiratory
failure (60%) in the NTxG. In the TxG the causes of early
death were pulmonary infection (n ! 4), cardiovascular
accident (n ! 3), cerebrovascular accident (n ! 1), gastro-
intestinal perforation (n ! 1) and suicide (n ! 1). Bronchi-
olitis obliterans (BOS) was diagnosed in 9 transplant pa-
tients at autopsy and was the cause of death in 3 cases. Of
the 37 transplant decedents, 14 had developed renal failure.

Discussion

This retrospective study has shown a significant survival
benefit for lung transplantation in PiZZ individuals with
severe emphysema, with an estimated median survival time
of 11 years, as compared with 5 years in the non-transplant
patients. To our knowledge, no studies comparing survival
between lung transplant and non-transplant patients with
severe !1-anti-trypsin deficiency have been published.

The survival benefit of LTx is difficult to assess because
it cannot be evaluated in the same way as other, conven-
tional therapies. For ethical reasons it would not be possible
to conduct a randomized study involving potential lung
recipient candidates. It is also difficult to identify matched
controls for patients with COPD who have been accepted

Figure 1 Kaplan–Meier analysis of mortality in 83 lung trans-
plant patients and 70 non-transplant patients. The analysis showed
a significant difference in survival time between the transplant
patients and the non-transplant patients, with estimated median
survival times of 11 years and 5 years, respectively (p ! 0.006).

Table 2 Distribution of Clinical Variables by Early Mortality (1 Year) in Transplant
Patients

Survivors
(N ! 73)

Deceased
(N ! 10) p-value

Mean (range) age at transplantation 52 (32–66) 56 (48–66) 0.03
Mean (SD) FEV1 (% predicted) 21 (9) 25 (4) NS
Mean (SD) 6-minute walk distance (m) 160 (77) 173 (85) NS
Median (range) waiting time, in days 222 (20–1,199) 225 (133–415) NS
Single-lung transplant, n (%) 56 (77) 6 (60) NS
Cardiopulmonary bypass, n (%) 10 (14) 3 (30) NS
Mean (range) total ischemic time (min) 261 (110–870) 252 (170–308) NS
Post-operative complications, n (%) 10 (14) 5 (50) 0.005

Hemothoraxa 5 2
Air lossa 3 1
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Cardiovascular accident — 2
aWith reoperation.
bTreated with stent.
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Survie	des	transplantés	vs	survie	a^endue	

Observed	post-LT	
survival	

Expected	survival	

Lower	 Intermediate	 Upper	

5,4	(1,6	–	7,9)	 2,8	(2,3	–	3,4)	 3,5	(3,3	–	4,0)	 4,2	(3,8	–	4,6)	

Lahzami	S,	Eur	Respir	J,	2010	

•  54	pa4ents	BPCO	transplantés	entre	1993	et	2007	
•  Calcul	de	leur	BODE	au	moment	de	la	transplanta4on	

•  Comparaison	de	la	survie	prédite	d’après	le	BODE	et	de	la	survie	observée	
après	transplanta4on	pulmonaire	

•  Conclusion	:	la	transplanta4on	pulmonaire	améliore	la	survie	des	pa4ents	
aXeints	de	BPCO	



Survie	des	transplantés	vs	survie	a^endue	

The comparison between observed post-transplant survival
and expected survival according to pre-transplant BODE index
is shown in table 2. For the whole cohort, the median survival
was significantly improved after LTx. This survival benefit was
seen in the subgroup with a BODE score o7, but not in the
subgroup with a BODE score ,7, although a trend toward
better survival with LTx was present. An individual survival
benefit was seen in two thirds of the LTx recipients, regardless
of their BODE score subgroup. The detailed survival loss or
gain for each patient is shown in figure 2. It appears that a
majority of patients lived much longer than expected while
others, mainly in the BODE score ,7 subgroup, experienced a
potential survival loss.

A sensitivity analysis on the effect of the exclusion of six
patients from the survival analysis was performed. A
pessimistic, intermediate or optimistic survival was assigned
to each of these excluded patients using the quartile 1, median
and quartile 3, respectively, of the survival observed in the
other patients who reached at least the same post-transplant
survival. These six patients were then included in the analysis.
In the entire cohort (n554), the median post-transplant
survival (pessimistic: 5.4 yrs; intermediate: 6.3 yrs; optimistic:
6.3 yrs) was significantly higher than the expected survival
(lower boundary: 2.8 yrs; intermediate: 3.5 yrs; upper bound-
ary: 4.2 yrs) in all cases. In the BODE o7 subgroup (n535+2),
the significant survival benefit of LTx was strengthened when
compared to the lower boundary and intermediate expected
survivals, and there was a trend towards benefit when
compared to the upper boundary of predicted survival. The
BODE,7 subgroup (n513+4) had a significant survival benefit
from LTx only when compared to the lower boundary of the
expected survival.

We found no significant survival difference between SLT and
BLT subgroups, which had no between group pre-transplant
differences. The period of transplant (1993–1999 versus 2000–
2007) was not associated with a survival difference.

The Kaplan–Meier post-transplant survival was not different
between pre-transplant BODE score subgroups (fig. 3). This
allowed us to compare the predicted survival at each step of

the BODE index with the effective Kaplan–Meier post-
transplant survival of the entire cohort (table 3). This theore-
tical analysis showed that 4 yrs after LTx the survival benefit is
limited to patients with a pre-transplant BODE score o7.

DISCUSSION
This study showed a significant survival benefit of LTx in our
cohort of COPD patients, with a median survival time
significantly higher than expected prior to transplant.
Considering that almost half of the patients were still alive at
the end of the follow-up (fig. 1) these results are particularly
relevant, as the importance of the survival benefit may have
been underestimated due to a limited follow-up period.
Moreover, a majority of patients had an individual benefit
from the intervention in terms of survival.

These results support two previous studies that have shown a
global survival benefit after 260 days [6] and 369 days [7], as
well as a recent complex statistical simulation on the United
Network for Organ Sharing database which showed a survival
benefit in a majority of transplanted patients [8]. Two other
studies did not demonstrate a survival benefit after 48 months
[9] and 24 months [10] of follow-up, but the follow-up time of
the latter was too short to allow meaningful comparisons.

Methodologically, we used the pre-transplant BODE index to
predict a theoretical survival at time of LTx. In contrast, the
five studies published to date compared, either directly or with
a statistical model, the survival of transplanted patients with
lung recipient candidates who remain on the waiting list.

Patients with LTx for COPD (n=54) 
Status at the end of follow-up:
     Alive, n=29
     Deceased, n=25

Excluded patients due to
insufficient follow-up (n=6)

Patients used for survival analysis (n=48)
Status at the end of follow-up:
   Alive, n=23
   Deceased, n=25

FIGURE 1. Flow-chart of the patients and life status at the end of the follow-up.

LTx: lung transplantation; COPD: chronic obstructive pulmonary disease.

TABLE 1 Patients baseline characteristics

All BODE score p-value#

,7 o7

Subjects 48 13 35

Male 30 (63) 8 (62) 22 (63) 0.93

Age at LTx yrs 55¡6 54¡5 56¡6 0.41

BMI kg?m-2 22.4¡4.2 23.0¡4.1 22.2¡4.3 0.53

FEV1 % pred 23¡7 29¡8 22¡4 ,0.001

MMRC dyspnoea scale

Class 2 5 5 0 ,0.001

Class 3 28 8 20

Class 4 15 0 15

6MWD m 242¡121 358¡106 199¡97 ,0.001

BODE index 7.2¡1.5 5.3¡1.2 7.9¡1.0 ,0.001

Time on waiting list months 6¡4 5¡4 7¡4 0.09

Bilateral lung transplantation 30 (63) 8 (62) 22 (63) 0.93

Transplant period

1993–1999 22 7 15 0.50

2000–2007 26 6 20

Data are presented as n, n (%) or mean¡SD, unless otherwise stated. BODE:

body mass index, airway obstruction, dyspnoea, exercise capacity; LTx: lung

transplantation; BMI: body mass index; FEV1: forced expiratory volume in 1 s;

% pred: % predicted; MMRC: Modified Medical Research Council; 6MWD: 6-

min walk distance. #: comparisons between BODE score ,7 and BODE

scoreo 7 subgroups.
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Conclusion	n°1	

• Pa4ents	mis	sur	liste		=	pa4ents	très	sélec4onnés	+	prise	en	charge	
différente	(réhabilita4on	etc..)	

• Comparaisons	de	cohortes	gréffés/non	gréffés,	gréffés	vs	survie	
aXendue	sans	greffe	etc..		NON	VALIDE	

	 	 		
	



•  Considère	l’ensemble	des	pa4ents	mis	sur	liste	
•  Fait	appel	à	des	modèles	de	survie		
•  Détermine	si	la	transplanta4on	est	associée	au	pronos4c	des	pa4ents	
•  Modèle	de	Cox	le	plus	u4lisé	

Approche	n°2	:	modélisa0on	de	la	survie	sur	liste	



Approche	n°2	:	modélisa0on	de	la	survie	sur	liste	

Prend	en	compte	les	caractéris4ques	des	pa4ents	à	l’inscrip4on	

Thabut	G,	J	Thorac	Cardiovasc	S,	2003	



Hosenpud	JD	S,	Lancet,	1998		

Modèle	=	Hypothèse	
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réduc5on de 69% du risque instantané de décès


Aurora	P,	Lancet,	1999		

Modèle	=	Hypothèse	

T H E LANCET  • Vol 354 • November 6, 1999 1591

Summary
Background Lung transplantation has been available as
therapy for end-stage lung disease since the early 1980s,
but survival after transplantation remains poor, with
continued controversy as to the survival benefit from the
procedure. We examined the effect of lung or heart-lung
transplantation on the survival of a cohort of children with
cystic fibrosis and severe lung disease.

Methods Between May, 1988, and May, 1998, 124 children
with cystic fibrosis were accepted for lung transplantation.
47 received transplants, 68 died while they awaited organs,
and nine remained on the active waiting list. We constructed
a proportional-hazards model that used variables of
prognostic significance in this population. By including
transplant status as a time-dependent covariate, we were
able to calculate a hazard ratio for transplantation. Date of
entry into the study was the date when children were added
to the list for transplantation, and measurements were
taken at this time. Children were accepted for
transplantation if they had a life expectancy of 2 years or
less, a poor quality of life, and no contraindications to
transplantation.

Findings After 1 year, 35 (74%) children were still alive; after
5 years 12 (33%) children were alive. The univariate hazard
ratio for transplantation was 0·41 (95% CI 0·23–0·74;
p=0·003). Transplantation remained significantly associated
with survival after correction for differences in age, sex,
height-corrected forced expiratory volume in 1 s, minimum
oxygen saturation during a 12 min walk, haemoglobin
concentration, albumin concentration, and age-corrected
resting heart rate (hazard ratio 0·31 [0·13–0·72]; p=0·007).

Interpretation If centres follow our criteria for accepting
patients for transplantation, and achieve similar survival
after transplantation, they could expect a survival benefit for
their patients in line with our results.

Lancet 1999; 354: 1591–93

Introduction
Survival after lung or heart-lung transplantation is less
than that after most other solid-organ transplant
procedures and has improved little in recent years.
Although intraoperative death is not now common, early
mortality is high from overwhelming infection, frequently
associated with acute rejection. Obliterative bronchiolitis
develops in most survivors, which greatly affects long-
term survival. Current international survival figures for
lung transplantation are about 70% at 1 year and 45% at
4 years. Underlying diagnosis and recipient age seem to
have little effect on survival.1 Given these limitations,
most centres will not transplant organs unless the patient
has a life expectancy of 2 years or less, and a poor quality
of life.

Use of this cautious approach when a patient is
accepted for transplantation does not guarantee that the
procedure will improve average life expectancy for
transplant patients, and the survival benefit from the
procedure has been questioned. T he aim of our study was
to examine the effect of lung or heart-lung
transplantation on the survival of a cohort of children
with cystic fibrosis and severe lung disease. Because a
randomised controlled trial was not possible, we used
Cox’s proportional-hazards modelling to analyse survival
data, with patients waiting for organs as a control group.

Methods
Between May, 1988, and May, 1998, 124 children with cystic
fibrosis, aged 4–19 years, were accepted for lung transplantation
at Great Ormond Street H ospital for Children in London.
Children were accepted for transplantation if they had a life
expectancy of 2 years or less, a poor quality of life, and no
contraindications to transplantation. Life expectancy was
estimated from various clinical and physiological measurements,
the most important of which was forced expiratory volume in 1 s
(FEV1) of less than 30% predicted for height. T he only absolute
contraindications were a judgment that the child or the family
was not fully committed to the procedure, and ventilator-
dependent respiratory failure. Children with severe liver disease
were referred to centres that did lung and liver transplantations.
Contraindications for transplantation did not include diabetes
mellitus, previous thoracic surgery, previous distal ileal
obstruction syndrome, colonisation with Burkholderia cepacia,
meticillin-resistant Staphylococcus aureus, and atypical
mycobacteria, or seropositivity for hepatitis C . T he decision on
organ allocation was made by a senior member of the transplant
team when the organs became available, with priority given to
those patients with the worst clinical status. Protocols for donor-
organ preservation, surgical techniques, and postoperative
management have been described elsewhere.2,3 Date of entry to
the study was the date of listing for transplantation, and
measurements were taken at this time.

Seven other variables were also included in the analysis. T hese
were: height-corrected FEV1; minimum oxygen saturation during
exercise; haemoglobin concentration; plasma albumin
concentration; age-adjusted resting heart rate; age; and sex.
T hese seven measurements have previously been identified by
survival analysis (of a larger cohort of children with cystic fibrosis
and severe lung disease) to be of greatest value in predicting

Lung transplantation and life extension in children with cystic
fibrosis

P Aurora, B Whitehead, A Wade, J Bowyer, P Whitmore, P G Rees, V T Tsang, M J Elliott, M de Leval

Cardiorespiratory and Critical Care directorate, Great Ormond
Street Hospital for Children NHS Trust
(P Aurora MRCP, B Whitehead FRCP, P Whitmore RSCN, P G Rees FRCP,
V T Tsang FRCS, M J Elliott FRCS, Prof M de Leval FRCS); Institute of
Child Health (A Wade PhD); and Department of Paediatrics,
Greenwich Hospital (J Bowyer MRCP), London, UK
Correspondence to: Dr P Aurora, Respiratory Unit, Level 6,
Cardiac Wing, Great Ormond Street Hospital for Children,
London WC1N 3JH, UK
(e-mail: paulaurora@yahoo.co.uk)



•  L’impact	de	la	transplanta4on	pulmonaire	sur	la	survie	prend	en	compte	les	différences	de	caractéris4ques	
des	greffés	et	des	non	greffés	mesurées	à	baseline	

•  D’autres	modèles	prennent	en	compte	l’évolu4on	des	pa4ents	après	la	mise	sur	liste	

=>		Tous	les	modèles	sont	faux,	certains	moins	que	d’autres	

Autres	hypothèses	faites	par	ces	études	



•  Le	bénéfice	de	la	transplanta4on	pulmonaire	dépend	de	la	sévérité	de	la	maladie	
(BPCO)	

Autres	considéra0ons	
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Thabut G, Am J Respir Crit Care Med, 2008




•  Le	bénéfice	de	la	transplanta4on	pulmonaire	dépend	de	la	sévérité	de	la	maladie	
(mucoviscidose)	

Autres	considéra0ons	

Thabut G, Am J Respir Crit Care Med, 2013


However, understanding the implications of this modeling is
complex, and in general, the implications are largely overlooked.
The first implication is the proportional hazard assumption. The
model assumes that patients receiving transplantation face an in-
stantaneous risk of death that is proportional to the instanta-
neous risk of death of patients on a wait list (multiplied by
a constant quantity), whatever the time elapsed since the surgery.
The beneficial effect of LT, if any, is supposed to take effect im-
mediately after transplantation. This assumption does not hold

true in many transplant settings. This has led several authors to
use nonproportional hazards models (24). However, in the pres-
ent study, we were unable to demonstrate a violation of this
assumption with whatever technique we used.

The second assumption involves computing the impact of LT
on the instantaneous risk of death by directly comparing the
death rates after LT and while on the wait list. The model
assumes that for given values of the covariates, transplanted
patients would have faced the same risk of death while on the
list as those who are not on the wait list. The model must then
incorporate covariates that allow a sensible assessment of the
risk of death while on the list to obtain a reasonable estimate
of the effect of LT. Most prior studies using this methodology
have adjusted only for baseline covariates. For instance, if
LAS is used as a proxy for patient spontaneous prognosis, we
assume that two patients with the same LAS at registration will
share the same risk of death throughout. In general, this assump-
tion is not true. Figure E5 shows that the LASmay not change for
some patients indicating no increase in risk of death while on the
list, but it may greatly increase for other patients, for a steep in-
crease in risk of death.

In this study we used the entire LAS history for each patient
up until the time of transplant to account for the evolution of
patients’ prognosis over time. Because the LAS is updated fre-
quently, we can adjust on the most recent LAS value. However,
because LAS over time is directly correlated with the survival
process, the inclusion of the LAS as a traditional, continuous,
time-dependent covariate would provide biased estimates. Thus,
a model for the joint distribution of longitudinal and survival out-
comes is required to produce valid inferences (14, 16). Using such
an approach, we could demonstrate that LT can confer a survival
benefit for most patients with CF.

This study has limitations. First, we used the LAS as a measure
of patients’ severity on the waiting list, whereas the LAS has been
developed as a scoring system aiming to prioritize patients

Figure 2. Hazard ratio for lung transplantation survival effect (with
95% confidence interval) by lung allocation score measured at regis-
tration for the wait list. Hazard ratio below 1 indicates a survival benefit.

Figure 3. Conditional probability of surviving later times than the last observed time for which a longitudinal measurement was available with (red)
or without (black) a lung transplant. These probabilities are computed based on the true lung allocation score (LAS) history of one of the patients
enrolled in this study. Expected survival is computed at each time a LAS measurement is available (asterisks). The black curve on the left is the fit of
the mixed-effect model.

Thabut, Christie, Mal, et al.: Lung Transplantation in Cystic Fibrosis 1339



•  Varie	au	cours	du	temps	(cas	de	la	mucoviscidose)	

Autres	considéra0ons	

6 

OVERVIEW OF THE HEALTH OF PEOPLE WITH CF

The Patient Registry is a tool used to measure the improvements in the health and survival of 
people with CF in the United States. This section is an overview of the data from diagnosis 
through adulthood. 

The median predicted age of survival for people with CF has risen steadily over the last 25 
years. The chart below shows the rise in median predicted survival. In 2011, the age was 36.8 
years. This is less than what it was in 2010. However, year-to-year fluctuations are normal when 
measuring health outcomes for any disease or medical condition. What is important is the 
steady increase in survival over time.

Median predicted age of survival is calculated using a standard method called life table analysis. 
This is best known for its use in the life insurance industry. Using this calculation, half of the 
people in the patient registry are expected to live beyond the median predicted survival age, and 
half are expected to live less than the median predicted survival age.

The graph on the next page shows another way to look at how survival is improving. Of 
people with CF born between 1987 and 1991 (gray line), 94.7 percent were alive at age 14. 
For children with CF born between 1997 and 2001 (purple  line), 96.6 percent were alive 
at age 14. The younger the group of children with CF, the better they are doing. There are 
many reasons for this increase in survival. A key reason is people with CF, their families and 
CF care center working together to improve CF care.
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•  Fibrose	pulmonaire	:	bénéfice	non	débaXu	
•  Mucoviscidose	:	bénéfice	reconnu	dans	les	études	les	plus	récentes	(Vock	DM,	
Ann	ATS,	2017;	Thabut	G,	AJRCCM	2013)	

•  HTAP	:	peu	d’études	
•  BPCO	:	bénéfice	variable,	fonc4on	de	la	sévérité	de	la	maladie	(Hosenpud	JD,	
Lancet	1998;	Thabut	G;	AJRCCM	2008)	

En	pra0que	



FEV1	
(%	pred)	

FVC	
(%	pred)	

DLCO	 Pa-aO2	
(mm	Hg)	

Reference	

BLT	 78	±	16	 66	±	15	 Bando,	1995	

101	±	10	 92	±	10	 76	±	12	 6	 Williams,	1992	

80	 90	 Pocheuno,	2000	

SLT	(COPD)	 50	±	8	 59	±	11	 Bando,	1995	

53	±	13	 -	 25	±	11	 Mal,	1989	

50		 65	 Pocheuno,	2000	

SLT	(IPF)	 79	±	15	 69	±	10	 62	±	16	 23	±	16	 Grossman,	1994	

SLT	(PAH)	 95	±	19	 90	±	9	 56	±	13	 Maurer,	1991	

From	Williams	TJ,	Clinics	in	Chest	Medicine,	1997	

Fonc0on	respiratoire	



Transplant	
type	

n	 VO2	
(ml/kg/min)	

VO2	
(%	pred.)	

Reference	

BLT	 19	 17.8	 52	 Levy,	1993	
Miyoshi,	1990	
Williams,	1992	

SLT	 36	 13.9	 45	 Levy,	1993	
Miyoshi,	1990	
Williams,	1992	

From	Williams	TJ,	Clinics	in	Chest	Medicine,	1997	

Capacité	à	l’exercice	



Gerbase	M,	Chest,	2005	

Capacité	à	l’exercice	–	test	de	marche	



1608 Original Research

The physiologic data supporting the presence of mus-
cular and peripheral limitations to exercise can be 
seen in several fi ndings: (1) the lack of improvement in 
the level at which VT was achieved from pretransplant 

posttransplant indicate good exercise effort. Finally, 
the patient-stated reason for termination of exercise 
was overwhelmingly leg fatigue posttransplant, whereas 
dyspnea was the most common reason pretransplant. 

  Figure  1. A, Exercise capacity before and after transplantation. Maximum exercise capacity pre/post 
transplant as measured in % predicted peak wattage obtained on cycle ergometry demonstrates that 
regardless of diagnosis, all patients have a relative plateau in performance at about 50% predicted peak 
wattage. Additionally, each group signifi cantly improved their exercise capacity from pretransplant 
to post transplant. * P   ,  .005. B, VO 2  before and after transplant. Volume of oxygen consumed on max-
imum cardiopulmonary exercise testing before and after lung transplant demonstrates a signifi cant 
improvement for all groups, except the patients with IPF/ILD, and a similar improvement within all 
disease groups. * P   ,  .005. C, VCO 2  before and after transplant. There is a signifi cant improvement in 
the volume of carbon dioxide produced on maximum cardiopulmonary exercise testing before and after 
lung transplant overall and within all disease groups. * P   ,  .005. A1A  5   a  1 -antitrypsin defi ciency; 
CF  5  cystic fi brosis; ILD  5  interstitial lung disease; IPF  5  idiopathic pulmonary fi brosis; VCO 2   5  volume 
of CO 2 ; VO 2   5  volume of oxygen.   

 © 2011 American College of Chest Physicians
 by Kimberly Henricks on December 7, 2011chestjournal.chestpubs.orgDownloaded from 

Bartels	MN,	Chest,	2011	

Capacité	à	l’exercice	



Gerbase M, Chest, 2005


Bénéfice	sur	la	qualité	de	vie	



COPD	 47.7	(44.3	–	51.0)	
		

PAH	 36.3	(30.3	–	42.3)	

CF	 46.0	(42.0	–	49.9)	

IPF	 38.5	(35.4	–	41.7)	

Bénéfice	sur	la	qualité	de	vie	(SGRQ)	



example, the mean improvement in total
SGRQ in appropriate surgical candidates
after lung volume reduction surgery in the
National Emphysema Treatment Trial was
12.6, which was about a quarter of the
observed change of 46.6 units with lung
transplantation in our cohort (36). The
mean differences in total SGRQ change
reported in clinical trials of idiopathic
pulmonary fibrosis treatments range from
about 0 to 7 (37). We also found that most
patients experience significant HRQL
improvements after lung transplantation
relative to their pretransplant HRQL
measures, and these improvements are
sustained over long-term follow-up.
Although there is a decrement in HRQL over
time after transplantation, the rate of decline
in HRQL is significantly attenuated
compared with the pretransplant rate.

The shifting demographics of lung
transplantation have raised concerns that the
overall benefit of this scarce therapy is being
diminished by allocation of donor lungs to
patients less likely to experience favorable
outcomes. The LAS was designed in part to
optimize survival benefit over the first post-
transplant year, but did not take longer-term
survival or other outcomes into consideration.
Indeed, patients with higher LAS scores have
worse post-transplant survival (38). Older
patients have been shown to have worse
post-transplant survival, and survival
patterns also differ by diagnosis with patients
with COPD and patients with ILD having
the lowest long-term survival conditional on
survival to 1-year post-transplant (3).

However, it could be argued that HRQL
is an equally important outcome, especially
given the low survival after lung
transplantation relative to transplantation of
other organs. The international guidelines
for the selection of lung transplant
candidates state that quality-of-life
improvements should be used along with
survival to assess the effectiveness of
transplantation (39). Although the first
successful lung transplant occurred more
than three decades ago (40), there have
been few longitudinal studies of HRQL in
lung transplantation (9, 41–44), and very
few with long-term follow-up (43, 45). A
recent thematic analysis of the published
literature on HRQL in lung transplantation
identified many gaps that are addressed by
this study including the use of both generic
and disease-specific instruments,
multivariate adjustment, accounting for
survivor bias, and a longitudinal design

Much BetterA

Total

COPD
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0

2.43

2.65

3.00 0.33 0.45 1.22

2.60 0.50 0.51 1.39
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Total
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3.27 1.39
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Figure 3. Predicted proportion of time spent in each health state over the first 5 years post-
transplant, by recipient diagnosis. (A) “Much Better” denotes a 10-point or greater improvement,
“Better” denotes 5- to 10-point improvement, and “Same/Worse” denotes less than a 5-point
improvement in Short Form-36 Physical Component Summary score compared with last
pretransplant value. (B) “Much Better” denotes an 8-unit or greater improvement, “Better” denotes
a 4- to 8-unit improvement, and “Same/Worse” denotes less than a 4-unit improvement in
St. George’s Respiratory Questionnaire total score compared with the last pretransplant score.
CF = cystic fibrosis; COPD = chronic obstructive pulmonary disease; ILD = interstitial lung disease;
PAH = pulmonary arterial hypertension.
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Bénéfice	sur	la	qualité	de	vie	
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•  Le	bénéfice	de	la	transplanta4on	pulmonaire	sur	la	survie	varie	en	fonc4on	de	
l’indica4on	

•  Le	bénéfice	sur	la	fonc4on	respiratoire	et	sur	la	qualité	de	vie	est	très	supérieur	à	
celui	observé	avec	les	autres	techniques	de	prise	en	charge	de	l’IRC	

En	conclusion	
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