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In this Issue...

Over the last two decades, lung transplantation has emerged as a viable — and often the
only — option for many patients with progressive life threatening obstructive lung disease
and its complications. Most parents of CF patients and CF adults have some knowledge of
transplantation as a treatment option, and most CF caregivers understand and/or have
personal experience with the details regarding transplant referral, listing, and anticipated
outcomes.

In this issue, we review 6 recently published papers relevant to transplant patient selection
and outcome, with specific focus on the risk imposed by prior thoracic surgical procedures,
survival and complications of transplantation in a large transplant center, stratification of
risk based on resistant bacterial pathogens, and the appropriateness of lung
transplantation for children with CF. Taken together, this information will enable the CF
provider to better educate and counsel patients and families regarding the appropriateness
of lung transplantation.
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At the conclusion of this activity, participants should be able to:

B Discuss with colleagues the risks and benefits of lung transplant for CF, including
common complications and outcomes, and the limitations to prolonged survival for lung
transplant recipients.

B Describe to colleagues the impact of various CF airway pathogens on lung transplant
candidacy, and the potential impact of specific pathogens on the Lung Allocation
System.

B Summarize for colleagues the controversy over lung transplant for pediatric CF patients

Lung transplantation has evolved into a widely accepted but imperfect therapeutic option
for patients with end stage lung disease, including Cystic Fibrosis (CF). Analyses from a
large international patient registry reveal that survival for adult and pediatric lung

transplantation has improved over time,:2 with survival half-life for adults increasing from
3.9 years for patients transplanted between 1988 and 1994 to 5.3 years for patients

transplanted between 2000 and 2005.1 Most of the improved survival, however, has
occurred in the first year after transplant, presumably reflecting improvements in surgical
techniques and reduction in early life threatening surgical and infectious complications
(primary graft failure, bronchial dehiscence, and opportunistic pneumonias). The major
obstacle to improved long-term outcomes for lung transplantation remains bronchiolitis
obliterans syndrome (BOS), the typically progressive obstructive lung disease that afflicts

almost 50% of recipients by 5 years after transplantation.! Unfortunately, little progress
has been made towards early recognition and treatment of BOS, as studies of

azithromycin3# have shown only modest efficacy at best, and a multi-center trial of inhaled
cyclosporine is necessary to confirm promising single center results.® Preliminary studies
of perioperative lymphocyte depletion appear very promising;® however, efficacy of all the

current induction strategies’ for the prevention of BOS still need to be defined via
prospective studies. Significant correlation between gastroesophageal reflux disease and
bronchiolitis obliterans syndrome was demonstrated in a retrospective review, and in
subsequent studies, Nissen fundoplication was shown to reverse obstructive lung disease

in some patients and in the majority, slow the rate of FEV1 decline.® Thus, aggressive
identification and management of reflux disease may improve survival in CF transplant
recipients. Ultimately, a better understanding of the pathogenesis of BOS and multi-center,
randomized, prospective trials of immunomodulatory agents are needed.




As lung transplantation involves allocation of a limited number of acceptable organ donors,
a recent focus of activity has been on allocating organs to patients who have the highest
risk of short term mortality and the greatest likelihood of post-transplant survival —
accomplished by identifying risk factors that portend a poor outcome, defined primarily as
limited post-transplant survival. Progress towards improving the allocation system for

lungs arrived in 2005 with institution of the Lung Allocation System (LAS) score.® The
change in allocation from a time-based list to this disease severity allocation has alleviated
the pressure for patients to be evaluated and listed (and perhaps transplanted)

prematurely,1%11 and appears to have achieved its intended goal of reducing mortality on
the waiting list, at least for patients with Idiopathic Pulmonary Fibrosis. Many transplant
directors have the impression that the LAS has not sufficiently shortened waiting times and

reduced mortality for patients with CF, but incorporation of pCO, into the scoring system

will hopefully rectify this shortcoming. Lastly, although a paper published last year by Liou
et al (reviewed herein) questioned the benefit of pediatric lung transplant for CF patients,
the premises of this study appear questionable and the relevance of the dataset are

unclear in the new era of LAS use.12 Most CF physicians strongly believe that lung
transplant is a reasonable option for survival and quality of life in severely ill pediatric
patients.

In the last year, several papers have directly or indirectly addressed issues relevant to
transplant candidacy for patients with CF, and support several important conclusions.
First, a 2008 study by Meachery shows that patients with prior chest surgery (including
pleurodesis and lobectomy) and significant liver disease can have transplant outcomes
comparable to patients with no history of pneumothorax or chest surgery. These data
(reviewed herein) suggest that prior pneumothorax, much like CF liver disease and need

for mechanical ventilation,12 are no longer appropriate contraindications for lung
transplantation. Second, a number of conclusions are emerging regarding the impact of
resistant bacterial infections on transplant outcomes for CF, including: 1) patients with
pan-resistant Pseudomonas aeruginosa infections do not have significantly worse
outcomes (Meachery et al), and patients with sensitive strains of P. aeruginosa may have
improved outcomes compared to other recipients (Hadjiliadis et al, reviewed in this issue);
and 2) patients infected with Burkholderia cenocepacia or B. gladioli appear to have
significantly shorter survival than patients without these organisms with other Burkholderia
species (Alexander, Boussaud, Murray, all reviewed herein); however, patients with B.
multivorans and perhaps those with specific strains of B. cenocepacia appear to have
outcomes similar to patients infected with other typical CF pathogens. Thus, not all B.
cepacia species are created equally, and further investigation is needed before patients
with Burkholderia species are categorically denied an opportunity for lung transplantation.
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An important consideration in discussing lung transplantation with CF patients is
outcomes. A number of single center reports of outcomes for patients with CF have been
published over the last few decades, and the annual report of the Registry of the
International Society for Heart Lung Transplantation summarizes multi-center outcome

data and risk factors for 1 and 5 year survival.! In the most recent large single center
report, Meachery et al report on outcomes of adult and pediatric patients who underwent
lung or heart-lung transplantation at Freeman Hospital (Newcastle-upon-Tyne, England)
from 1989 to 2007.

Of the 176 patients who underwent transplantation, the majority (167) were adults and
most (168) underwent bilateral sequential lung transplantation from cadaveric donors; the
median age at transplantation was 26.2 years. All bilateral transplants were done with
cardiopulmonary bypass, and all patients underwent a 3 day induction protocol with anti-
thymocyte globulin and intravenous methylprednisolone (2 mg/kg), followed by triple
immunosuppressive therapy with cyclosporine, prednisolone, and azathrioprine. Notable
pre-morbid conditions included significant pleural disease (12% had prior therapy for
pleurodesis, including 6 patients with medical or surgical pleurodesis); outcomes were no
worse in these patients compared to the larger cohort. Similarly, 12% of the patients used
non-invasive ventilation, and outcomes in this subgroup were not appreciably different
from larger cohort. Significant malnutrition was common in the population reviewed, with
median BMI of 18.6 and some BMI as low as 12. Survival for the 176 patients was 84% at
one year, 70% at 3 years, 62% at five years, and 51% at ten years. The most frequent
(51%) cause of death was bronchiolitis obliterans syndrome (BOS), a chronic obliteration
of the small airways that eventuates in severe obstructive lung disease; deaths due to
infections accounted for 26% of all recipient deaths. Pulmonary function among survivors
was excellent (78% predicted FEV1 at 1 year), despite frequent acute cellular rejection
(41% at one month). Post-transplant survival for patients with multiply or pan-resistant
Pseudomonas aeruginosa infections pre-transplant were not appreciably different from
those with sensitive P. aeruginosa or other infections.

In this large single center review of lung transplant outcomes for CF, several important
practices are supported by retrospective data. First, patients with prior pneumothoraces,
including pleurodesis procedures, can, in the care of an experienced transplant team,
have comparable outcomes. Second, using an induction protocol of lymphocyte depletion
followed by three-drug immunusuppression, outcomes in this experienced center for a
cohort transplanted from 1989 to the present yielded comparable long-term survival
relative to the aggregate data reported in the international registry for patients transplanted

from 1994 to 2005.1 Third, the major limitation to long-term survival for CF patients is
bronchiolitis obliterans syndrome (BOS). Until the pathophysiology of bronchiolitis
obliterans is understood and new preventive or treatment approaches are identified,
outcomes from lung transplantation are likely to be inferior to those of other solid organs.
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Fourth, patients with multiply or pan-resistant P. aeruginosa and other infections — but
excluding Burkholderia cepacia — did not fare worse than those with sensitive organisms.
This finding supports prior research and indicates that pan-resistant P. aeruginosa
infection should not be perceived as a contra-indication to lung transplant for patients with

CF.
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Beginning with papers by Aris et al in 19971 and others,? there has been some
controversy over the impact of pan-resistant bacteria other than Burkholderia cepacia on
outcome from lung transplantation for CF. In this report, Hadjiliadis and colleagues
retrospectively review the experience at two large lung transplant centers (University of
Toronto and Duke University). The Toronto cohort consisted of 53 patients transplanted
between 1988 and 2001, while the Duke cohort comprised 46 patients transplanted
between 1992 and 2001. Immunosuppression was similar at the two centers, with a
maintenance regimen of cyclosporine (or tacrolimus), azathioprine, and corticosteroids.
Some patients in both centers were treated with rabbit anti-thymocyte globulin (RATG),
and some received mycophenolate mofetil in lieu of azathioprine. Patients routinely
received intravenous antibiotics for two weeks and inhaled tobramycin for three months
post-transplant.

Pan-resistant Pseudomonas aeruginosa was defined as those isolates having resistant or
intermediate susceptibility to one antibiotic from each class effective against these bacteria
(anti-pseudomonal penicillins, cephalosporins, carbapenems, quinolones, and
aminoglycosides). Patients in the group with pan-resistant P. aeruginosa (n=45) had
worse outcomes by overall comparison of survival to those with sensitive organisms
(n=58). The difference in survival was appreciable up until two years after transplant, after
which the survival curves were comparable. In addition, patients in the pan-resistant P.
aeruginosa group tended to have infection as a more common cause of death than the
sensitive group; however, pan-resistant P. aeruginosa was directly responsible for death in
only 3 of the 45 patients in this group.

This is one of the larger series comparing outcomes in CF patients infected with pan-
resistant P. aeruginosa, and provides several interesting findings. Patients in the pan-
resistant group comprised almost half the study population, highlighting the commonality
of highly resistant P. aeruginosa in the CF population with end stage lung disease. While
the authors’ conclusion that patients with pan-resistant P. aeruginosa have a statistically
worse outcome than those with sensitive P. aeruginosa appears substantiated, outcomes
in the pan-resistant group were comparable to those in the UNOS registry. Thus, a
corollary point to emphasize is that patients with sensitive P. aeruginosa appear to have a
better outcome than other CF patients undergoing transplantation. A mechanism for this
epidemiological observation is unclear; however, one possibility is that the sputum cultures
reflect both sinus and lung microbiology. In turn, those in the sensitive group may have
more common eradication of P. aeruginosa in the remaining trachea and sinuses, leading
to lesser levels of airway stimulation by residual bacteria or bacterial products (like

lipopolysaccharide) that may stimulate an immune response in the lung allograft3, leading
to allograft dysfunction and worse outcome. Against this notion is that the incidence of
bronchiolitis obliterans syndrome appeared similar in the 2 groups. Nevertheless, as the




authors propose, both groups had very good outcomes, leading to the conclusion that
patients with more resistant P. aeruginosa species should not be excluded from
consideration for transplantation. Rather, the results of this study can be used to more
carefully inform potential transplant candidates of their risks and outcomes, and also
elevate the level of surveillance for early complications in this common group of CF lung
transplant recipients.
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There remains considerable debate regarding whether CF patients infected with
Burkholderia species are appropriate candidates for lung transplantation. Studies in the
1990s indicated that patients infected with B. cepacia had a high risk of post-transplant

mortality,> and over time, fewer and fewer transplant centers have offered transplant
evaluation and listing for patients with this infection. Over the last decade or more, Lipuma
(one of the authors of this report) and colleagues have contributed immensely to
understanding the microbiology of Burkholderia species, first by distinguishing this group
of pathogens from Pseudomonas, then more recently identifying genotypically distinct
species that appear to impact differently on transplant outcomes. Two recent reviews
focus on Burkholderia cepacia complex (discussed below), while this paper by Murray et al
examines the impact of the common Burkholderia species on transplant outcome.

The authors performed a multivariate Cox survival analysis of transplant outcomes for CF
patients infected with Burkholderia species, using two large databases (the CF Foundation
patient registry, and the Scientific Registry of Transplant Recipients [SRTR]) to identify
cohorts of over 1000 transplant candidates and over 500 recipients. Using the data
available from the Burkholderia Research Laboratory and Repository, the authors were
able to assess the hazards of different Burkholderia species, and model changes in the
UNOS Lung Allocation Score to incorporate the impact of Burkholderia infection on
transplant outcome.

The authors identified 5 controls (not infected with Burkholderia species) for each wait-
listed patient infected with a Burkholderia species, yielding a data set of 171 wait-listed
Burkholderia infected patients and 855 controls. Multivariate analysis of these cohorts,
using factors known to impact outcome in CF patients, and factored into the Lung
Allocation System score, revealed that while there were no appreciable statistical
differences, there was wide variability in hazard ratios and 1 and 5 year survival among
Burkholderia-infected and uninfected transplant candidates. In contrast, Burkholderia

infection significantly impacted on post-transplant survival:

e Patients infected with B. gladioli (n=14) had a significantly higher post-transplant
mortality than uninfected recipients and recipients infected with B. multivorans (a

conclusion similar to the recent paper by Kennedy et al.?)
e Recipients infected with B. multivorans (n=32) prior to transplant had no
appreciable difference in mortality compared to uninfected patients.
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e Overall, transplant recipients infected with B. cenocepacia (n= 31) prior to
transplant did not have an overall worse 1 and 5 year survival compared to

uninfected patients.

e |n contrast, subgroup analysis revealed that patients infected with non-epidemic B.
cenocepacia strains (ie, strains other than the 2 epidemic strains in this dataset —
the Midwest clone and PHDC) prior to transplant had a significantly higher risk of
mortality compared to uninfected recipients or recipients infected with B.

multivorans.

e Incorporation of the outcome data from this dataset into the LAS score would
reduce the score for transplant candidates infected with B. gladioli and non-
epidemic strains of B. cenocepacia, but have no significant impact for patients

infected with other Burkholderia strains.

This report has several important conclusions that are relevant to potential CF transplant
patients, to transplant centers that evaluate CF patients, and to the organ allocation
system in the US. First, the data strongly support previous reports from other smaller
series that transplant candidates infected with Burkholderia species other than B.
cenocepacia and B. gladioli do not have excessive mortality compared to CF candidates
not infected with Burkholderia species. Second, among patients infected with B.
cenocepacia, there appear to be strain differences such that the excess mortality is
attributable entirely to non-epidemic strains (in this series, strains other than the Midwest
and PDHF clones). This result was surprising to the authors and is currently not easily
explained. Clearly, there may be discordance between transmissibility and virulence,
though previous reports regarding the ET12 strains of B. cenocepacia prevalent in Canada
and the United Kingdom suggest that this epidemic strain is more virulent in CF,
irrespective of transplant status. Third, the authors propose an interesting and logical
modification to the Lung Allocation System that would incorporate the impact of
Burkholderia infection on survival into the individual score. The size of this dataset and the
robustness of the statistical analysis suggest that this is reasonable; however, ideally the
proposed changes would be validated against a separate dataset, and the impact of the

pCO, on outcome and LAS would be analyzed prior to being incorporated. Lastly, this

report indicates that the excess mortality associated with B. gladioli and non-epidemic
strains of B. cenocepacia occurs in the first 6 months after transplant, and while the cause
of death is not reported in this important manuscript, these data suggest that more
aggressive or alternative antibiotic regimens targeted at preventing early infection may
improve outcome and make transplant a reasonable option for all CF patients.
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Alexander et al. and Boussaud et al. report comparative analyses of transplant outcomes
for CF patients infected with Burkholderia cepacia complex (Bcc). The Alexander study
compares outcomes for 16 patients infected with Bcc (7 with B. cenocepacia) and
transplanted at Duke University between 1992 and 2002 to 59 patients not infected with
Bcc. The Boussaud study reports on 22 CF patients infected with Bcc (8 with B.
cenocepacia) and transplanted between 1990 and 2006 at 2 centers in France. All patients
received triple immunosuppression therapy with a calcineurin inhibitor, azathioprine or
mycophenolate, and corticosteroids; some patients in the French study received induction
lymphocyte depletion with anti-thymocyte globulin, while patients in the Duke study
received an interleukin-2 receptor agent perioperatively. All received post-operative
systemic antibiotics for at least 2 weeks after transplantation, and inhaled antibiotics were
continued for variable time periods after transplantation.

In the Alexander study, survival rates for patients infected with B. cenocepacia were
significantly lower than for patients infected with other species, and patients with B.
cenocepacia were 6 times more likely to die in the first year after transplantation (1 year
survival 89-92% for non-Burkholderia and Bcc species other than B. cenocepacia versus
29% for B. cenocepacia infected patients). Similarly, in the Boussaud study, patients
infected with B. cenocepacia prior to transplant (n=8) had higher mortality rates than
patients infected with other Burkholderia species (n=14), while patients infected with
strains other than B. cenocepacia did not have a statistically higher mortality risk
compared to patients not infected with Bcc species. Three of the 6 deaths in B.
cenocepacia patients occurred in the post-operative period and were directly attributable
to B. cenocepacia infection, and 5 year survival in the B. cenocepacia patients was 0%
compared to ~60% in the non-B. cenocepacia cohort.

These studies contribute to an emerging consensus that for CF patients, infection with B.
cenocepacia (Genomovar ll) is a strong risk factor for increased post-operative morbidity
and mortality. The sub-species of B. cenocepacia was not defined in the Alexander study.
In the Boussaud study, 7 of the 8 B. cenocepacia strains were recA A and not the
epidemic strain ET12, suggesting that the patients in their study would be categorized in
the Murray study with the group non-epidemic strains of B. cenocepacia. These data raise
the intriguing possibility that the recA A strains of B. cenocepacia are responsible for the
increased mortality observed in the numerous studies published over the last few years.
Clearly, further correlation of molecularly characterized species with outcomes is needed
to fully resolve this question and determine definitively whether it is ethically appropriate to
exclude all patients with B. cenocepacia from lung transplantation. As of now, the French
centers are not excluding B. cenocepacia, and at least some centers in the US
(Pittsburgh) and Canada (Toronto) are evaluating patients with B. cenocepacia.




Lastly, the Boussaud study highlights the high rate of airway colonization and infection
with all Burkholderia species after transplantation, as 15 of the 20 patients with evaluable
cultures had Burkholderia species identified in post-operative cultures (5 of 6 cenocepacia,
9 of 11 multivorans, and 3 of 3 vietnamiensis or stabilis). This raises the possibility that
outcomes could be improved in these patients with more effective antibiotics, perhaps by
inhalation, particularly given the limited activity of colistin and tobramycin against
Burkholderia species.

Liou TG, Adler FR, Cox DR, Cahill BC. Lung Transplantation and Survival in Children
with Cystic Fibrosis. N Engl J Med. 2007;357(21): 2143-2152.

(For non-journal subscribers, an additional fee may apply for full text articles.)

View journal abstract = View full article

Previous studies have suggested that lung transplantation for CF confers both survival and
quality of life benefits in appropriately selected patients. As pediatric lung transplantation is
much less common compared to adult lung transplantation, some have questioned
whether the prior studies had adequate power to be valid. Liou and colleagues therefore
performed a proportional hazards analysis on a cohort of CF patients identified using the
CF Foundation patient registry and data from the Organ Procurement and Transplant
Network to identify variables that were associated with change in survival. They then used
3 identified covariates to estimate the effect of transplantation on patient survival.

In addition to transplantation, 4 variables were identified that impacted on survival —
Burkholderia cepacia infection, diabetes, infection with Staphylococcus aureus, and age.
B. cepacia infection was associated with shortened survival with or without transplantation,
whereas diabetes was associated with shorter pre-transplant survival, and age and S.
aureus infection were associated with shorter post-transplant survival. Using these
variables as covariates, the authors estimated the benefit or harm of transplant: of the 514
children on the waiting list during the analysis period of 1992-2002, they estimated clear
survival advantage for only 5 patients, risk of harm for 315 patients, and neither benefit nor
harm for 194 patients. The authors conclude that benefit from lung transplantation cannot
be assumed for children with CF, and suggest that a randomized trial is warranted to
resolve this uncertainty definitively.

This study has created significant consternation among CF caregivers, transplant
physicians, and parents of patients with CF. The provocative conclusion based on a state
of the art statistical analysis that appears sound has led to a rapid re-analysis of the data

and detailed critiques.2 The cruxes of the argument against the Liou et al paper’s
conclusions are:

e the covariates used for the survival model were obtained 2 or more years prior to
transplant, thereby introducing bias against transplantation;
e Many covariates thought to predict short-term mortality, such as pCO,, need for

mechanical ventilation, use of supplemental oxygen, and change in pulmonary
function over time, were not included in the model, potentially biasing against
transplant benefit;

e the identified covariates may have changed between listing and transplant;
however values from listing were used to calculate hazard ratios. This may have
over-estimated survival on the transplant list and biased against transplant as a
beneficial procedure;

e the analysis was limited to survival as the only outcome measure and was not able
to evaluate for quality of life benefit.
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Perhaps most importantly, the data set was derived when decisions regarding transplant
listing and procedure were not based on severity of illness. The LAS score was instituted
in 2005, applies to patients 12 and older, and attempts to direct organs to patients with the
highest risk of death and greatest benefit after transplantation. Thus, only an analysis of
outcomes with the LAS will determine the relative benefit of lung transplantation for
children, and the proposal for a randomized trial has been resoundingly opposed by most
in the CF and transplant communities.
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