
Drugs 2005; 65 (6): 761-771REVIEW ARTICLE 0012-6667/05/0006-0761/$39.95/0

 2005 Adis Data Information BV. All rights reserved.

Bronchiolitis Obliterans Syndrome
Risk Factors and Therapeutic Strategies

Andrew I.R. Scott,1 Linda D. Sharples1,2  and Susan Stewart1 

1 Transplant Unit, Papworth Hospital NHS Trust, Papworth Everard, Cambridge, UK
2 MRC Biostatistics Unit, University Forvie Site, Cambridge, UK

Contents
Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 761
1. Literature Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 762
2. Risk Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 762

2.1 Immunological Risk Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 763
2.1.1 Acute Rejection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 763
2.1.2 Lymphocytic Bronchitis/Bronchiolitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 763
2.1.3 Human Leukocyte Antigen Mismatching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 763

2.2 Non-Immunological Risk Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 764
2.2.1 Cytomegalovirus (CMV) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 764
2.2.2 Non-CMV Infections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 765

2.3 Other Risk Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 765
3. Clinical Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 765

3.1 Prevention of Bronchiolitis Obliterans (OB)/Bronchiolitis Obliterans Syndrome (BOS) . . . . . . . . . 765
3.2 Treatment of OB/BOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 767

4. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 768

Post-transplantation bronchiolitis obliterans syndrome (BOS) is a clinico-Abstract
pathological syndrome characterised histologically by obliterative bronchiolitis
(OB) and physiologically by airflow limitation. It affects long-term survival with
no consistently effective treatment strategy.

An updated review of risk factors for OB/BOS, and approaches to prevention
and treatment was performed through a systematic review of relevant studies
between January 1990 and February 2005. The initial search identified 853
publications, with 56 articles reviewed after exclusions. Early acute rejection is
the most significant risk factor, with late rejection (≥3 months) also significant.
Lymphocytic bronchitis/bronchiolitis is relevant, with later onset associated with
greater risk. Viral infections are identified as significant risk factors. Human
leukocyte antigen matching and OB/BOS development is a weaker association,
but is stronger with acute rejection. Recipient and donor characteristics have a
minor role. There is limited evidence that altering immunosuppression is effective
in reducing the rate of decline in lung function.

BOS reflects an allo-immunological injury, possibly triggered by cytome-
galovirus and respiratory viral infections, or noninfectious injury. Immunological
susceptibility may be reflected by more frequent acute rejection episodes. Pre-
ventative and therapeutic modifications in immunosuppression remain important.
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Identifying markers of immunological susceptibility and, hence, risk stratification
requires further research.

Obliterative bronchiolitis (OB) following lung and is typified by progressive airflow obstruction.
This staged definition has aided the study of risktransplantation is a histological diagnosis. It is de-
factors and mechanisms for OB. However, attemptsfined by the presence of either an eccentric or, more
to modify these mechanisms, usually with aug-commonly, concentric increase in fibrous tissue be-
mented immunosuppression, has not significantlytween the muscularis mucosa and the epithelium of
reduced the risk of developing of OB. It continues tomembranous and proximal respiratory bronchioles,
result in reduced health-related quality of life[6] andoften in the form of fibrous plaques.[1] Figure 1
a significant increase in the cost of care.[7] It remainsillustrates the pathological finding of more ad-
the major cause of graft dysfunction with as many asvanced OB where the bronchiole is occluded by
55% of affected individuals dying from this compli-cellular fibrous tissue. The aetiology and pathogene-
cation.[8,9] This paper presents an updated systematicsis of OB appears to be multifactorial and may
review of the risk factors for OB and the currentinclude repeated injury to the allograft by is-
approaches to prevention and treatment.chaemic-reperfusion injury, acute rejection, infec-

tion and other inflammatory reactions leading to
1. Literature Searchairway epithelial tissue damage and loss. This then

appears to be followed by an exaggerated healing
A systematic review was conducted using MED-response.[2] Risk factors for OB have been previous-

LINE, EMBASE and the Cochrane Controlled Tri-ly published by our group.[3] Diagnosis is usually
als Register. The defined topic area used the termsbased on a combination of clinical, radiological and
obliterative bronchiolitis, bronchiolitis obliteransfunctional markers. Bronchoscopy and trans-
syndrome, and lung transpl*. Subsequent handbronchial biopsy remain useful to exclude other
searching of identified journal articles and reviewsabnormalities; however, this is an insensitive diag-
was performed for the period January 1990 to Feb-nostic test for this patchy histological process. The
ruary 2005. We excluded studies for the followingphysiological surrogate bronchiolitis obliterans syn-
reasons: non-human studies; publications prior todrome (BOS) has been defined[4] and recently re-
1990; small (<25 patients) studies that werevised[5] for use in clinical management and research,
predominantly concerned with investigating the
pathogenesis of OB; studies solely concerned with
diagnosis of OB; and centre reports superceded by
more recent studies. Onset of BOS, defined accord-
ing to the unrevised international classification of
lung dysfunction,[4] or OB, defined histologically,
was the primary outcome of interest.

The initial search identified 853 publications.
After exclusions, 56 articles were reviewed in detail.

2. Risk Factors

Almost all information on risk factors was de-
rived from observational studies in single centres.
Risk factors can be divided into immunological and
non-immunological categories.

Fig. 1. Typical histological presentation of a bronchiole occluded by
cellular fibrous tissue as seen in advanced obliterative bronchiolitis.
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2.1 Immunological Risk Factors

2.1.1 Acute Rejection
Acute rejection is defined as a perivascular infil-

tration of mononuclear cells, including lympho-
cytes, into the graft, and classified according to
internationally accepted criteria.[10] Acute rejection
was the single most important risk factor for OB/
BOS (table I). In the most recent reports from 15
transplant centres, 13[2,8,9,11-20] reported a significant
association with acute rejection using a variety of
clinical and histologically based definitions of acute
rejection, and irrespective of whether or not both
surveillance and symptomatic biopsies were includ-
ed (table I). For two of these studies[13,14] the effect
was only evident for later episodes. In lung trans-
plantation, acute rejection frequently occurs beyond
3 months and a prolonged period of acute rejection
post-transplantation may be an important marker for
chronic problems.

In the two studies that failed to demonstrate a
significant association,[21,22] one involved only 22

Table I. Association between acute rejection and obliterative
bronchiolitis (OB)

Centres Number of lung Number of
transplants cases of

OB/BOS

Centres reporting a significant association

St Louis, MO, USA[15] 500 Not stated

Papworth, UK[9] 230 109

Duke University, NC, USA[16] 225 93

Pittsburgh, PA, USA[12] 160 55

New York, NY, USA[19] 152 Not stated

Maywood, IL, USA[13] 134 66

Minneapolis, MN, USA[14] 121 Not stated

Charlottesville, VA, USA[17] 115 48

Manchester, UK[2] 76 26

Groningen, The 94 36
Netherlands[18]

Stanford, CA, USA[11] 74 48

Houston, TX, USA[8] 32 16

Total 1913 >497

Centres not reporting a significant association

Boston, MA, USA[21] 69 34

Copenhagen, Denmark[22] 62 22

Total 131 56
BOS = bronchiolitis obliterans syndrome.

cases of BOS and did not find a significant associa-
tion despite a greater mean number of rejection

acute rejection when other causes, particularly in-episodes in the BOS group (4.33 vs 2.34[22]) and the
fection, have been excluded.[13] It has been associat-other involved surveillance biopsies only, which
ed with onset of OB/BOS,[2,11,13] with the strength ofalone may not be sufficiently sensitive to pick up
the relationship increasing over time followingassociations, as the majority of these were low grade
transplantation.[13] This may account for the lack ofrejection.[21]

association reported by the Papworth group,[9] whoFurther evidence of the role of acute rejection is
only studied risk factors occurring in the first 6provided by the association between BOS and de-
months and did not perform surveillance biopsiescreased immunosuppression.[13] Ciclosporin (cy-
beyond this time. In addition, there are difficulties inclosporin) levels were <200 ng/mL on two or more
attributing histological appearances of lymphocyticoccasions in 21 of 66 BOS patients, compared with
bronchitis/bronchiolitis to acute rejection due to thethree of 68 non-BOS patients (p < 0.001). In the 21
frequent coexistence of infection and the variableBOS patients, immunosuppression was decreased
presence of bronchioles, if any, in transbronchialfor clinical reasons in 5 patients and was presumed
biopsy samples.[9]

to result from non-compliance in the remaining 16
patients. Regular reinforcement in the necessity of

2.1.3 Human Leukocyte Antigen Mismatchingcompliance remains important.[13]

The association with mismatches at specific loci
2.1.2 Lymphocytic Bronchitis/Bronchiolitis remains unclear. Some studies report no associa-
Non-fibrosing lymphocytic inflammation of the tion.[11,13,23] In an analysis of 3549 lung transplants

airways (lymphocytic bronchitis/bronchiolitis) has no significant association could be found between
been seen in bronchial biopsies of lung transplant human leukocyte antigen (HLA) mismatching and
recipients and is thought to be a manifestation of development of OB, but there was a significant
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association with acute rejection.[23] In studies from ing technology, including quantitative polymerase
single centres OB/BOS has been associated with chain reaction (PCR) viral analysis is currently
fewer mismatches,[12] mismatches at the A lo- evolving. Table II summarises the major relation-
cus,[2,14,19,24,25] two mismatches at the DR locus[18] ships.
and with total mismatches.[9,14,16,26] In general, stud- OB/BOS onset has been associated with CMV
ies that have demonstrated the detrimental effects of

infection but only in a univariate analysis[9] or when
HLA mismatches have been based on large regis-

expressed as a severity score.[11] Once BOS hastries.[27] Single-centre studies have limited power
developed there is some evidence that CMV infec-due both to the small absolute effect of mismatching
tion confers greater risk of progressive disease.[17]

and to the lack of prospective tissue matching, re-
There is more evidence of a link between CMVsulting in few beneficial transplants.
pneumonitis or disease and chronic lung dysfunc-
tion (table II). The CMV serological status of donor2.2 Non-Immunological Risk Factors
and recipients, particularly the implantation of a
graft from a CMV positive donor into a negative2.2.1 Cytomegalovirus (CMV)
recipient, has been considered a risk factor for BOS/The impact of cytomegalovirus (CMV) is diffi-
OB, presumably as a surrogate for damage causedcult to evaluate and may have varied with time,
by introduction of the virus. However, serology hasreflecting the relatively recent development of new-
not proved a consistent risk factor (table II). Theer treatment protocols, including ganciclovir pro-
association between serological mismatching mayphylaxis. A wide range of analyses and definitions
have been attenuated by the increased use ofwere employed in the literature, making synthesis of
ganciclovir prophylaxis.[29-32]the available evidence problematic. Newer screen-

Table II. Association between markers of cytomegalovirus (CMV) and obliterative bronchiolitis

Significant association No significant association

centre number of transplants centre number of transplants

CMV infection

Papworth, UK[9] 230 Pittsburgh, PA, USA[12] 160

Charlottesville, VA, USA[17] 115 New York, NY, USA[19] 152

Stanford[11] 74 Manchester, UK[2] 76

Total 419 388

CMV pneumonitis/disease

Papworth, UK[9] 230 Duke University, NC, USA[16] 225

Pittsburgh, PA, USA[12] 160 Maywood, IL, USA[13] 134

New York, NY, USA[19] 152 St Louis, MO, USA[24] 94

Minneapolis, MN, USA[14] 121 Stanford, CA, USA[11] 74

Duke University, NC, USA[28] 90 Sydney, Australia[29] 341

Houston, TX, USA[8] 32

Total 785 868

CMV serology/mismatching

Papworth, UK[9] 230 St Louis, MO, USA[15] 500

Duke University, NC, USA[16] 225 Pittsburgh, PA, USA[12] 160

New York, NY, USA[19] 152

Groningen, The Netherlands[18] 94

Stanford, CA, USA[11] 74

Sydney, Australia[29] 341

Total 455 1321
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2.2.2 Non-CMV Infections OB/BOS in an International Society for Heart and
A small number of studies have implicated non- Lung Transplantation registry report of >5000 trans-

CMV pulmonary infections,[9] community respirato- plants,[40] with one study demonstrating increased
ry viruses (particularly respiratory syncytial virus BOS incidence in recipients where organs were
[RSV], parainfluenza virus [PIV] 3 and influenza from donors with traumatic brain injury as the cause
A),[33] bacterial/fungal pneumonias, chlamydial in- of death.[15] Otherwise, donor characteristics appear
fections[34,35] and Pneumocystis jiroveci (carinii)[11] to have little impact on the development of chronic
in the pathogenesis of OB/BOS. A seasonal varia- allograft dysfunction or the development of OB.
tion in the onset of OB/BOS has been described in Although considered an important factor in the
lung transplant recipients, with a peak incidence in development of OB, the definition of, and results
late winter correlating with the peak incidence of from, studies of an ischaemic-reperfusion injury
viral infection in the community.[33] It is possible have varied, with some showing weak evidence of
that a low index of suspicion by clinicians results in an association with OB[11,12,41] and others no associ-
infrequent utilisation of viral diagnostic assays to ation.[19,42] It has also been suggested that gastro-
screen for these viruses. In one retrospective review oesohageal reflux may predispose to allograft dys-
of 122 patients following respiratory tract viral in- function,[43] although this requires further analysis.
fection (RSV, PIV, influenza, adenovirus) OB/BOS Initial reports suggesting that bronchial arterial
occurred in 50% of patients who survived.[36] A revascularisation might reduce the incidence[44,45] or
recent review evaluating the effect of parainfluenza postpone the development of OB[22] have not been
virus reported that 32% of the 22 patients with active substantiated.[46]

infection subsequently developed OB during the A positive response to panel reactive antibody
following 18 months.[37] Treatment options include (PRA) testing, defined by lymphocytotoxic an-
aerolised and intravenous ribavirin (a synthetic gua- tibody activity in ≥10% of cell panels, has been
nosine analogue and broad-spectrum antiviral associated with BOS in Pittsburgh (PA, USA)
agent), based on small case series and anecdotal [p = 0.007[12]] and St Louis (MO, USA).[24] A small
cases.[36,38,39] A small case-control series demon- study from Duke University (NC, USA) has demon-
strated that ribavirin and high-dose corticosteroids strated that new, post-transplant, anti-HLA antibo-
in lung transplant recipients with RSV respiratory dies detected by flow-PRA are associated with sig-
tract infection was more effective than corticoste- nificantly increased BOS onset and progressive dis-
roid therapy alone in improving rate of recovery in ease.[28] Two studies[47,48] demonstrated an
pulmonary function and reducing the rate of OB/ association between anti-HLA class 1 antibodies
BOS development.[39]

and chronic decline in lung function, and showed
There was evidence that post-BOS onset infec- that detection of these antibodies preceded BOS

tions were associated with a more rapid progression development.
through BOS stages and to death.[9]

A relationship between the presence of organis-
ing pneumonia on transbronchial biopsy and OB has

2.3 Other Risk Factors been reported.[9,11,49]

Younger recipient age,[8,11,24] transplantation for 3. Clinical Management
primary pulmonary hypertension[14] and single lung
transplantation[16] have been associated with OB/ 3.1 Prevention of Bronchiolitis Obliterans
BOS. However, recipient characteristics have not (OB)/Bronchiolitis Obliterans Syndrome (BOS)
been found to be risk factors in the over-riding
majority of centres. Early detection remains critical, with both patient

Older donor age, prolonged graft ischaemia time and physician vigilance being required. The diagno-
and their combination was significantly related to sis requires evidence of progressive airflow obstruc-
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tion on pulmonary testing,[5] and the absence of rejection there are no randomised trials to evaluate
clinical effect, if any, in patients with OB/BOS.other causes of airflow obstruction. Bronchoscopy

and transbronchial biopsies allow the exclusion of Given that acute rejection appears to be the most
anastomotic stricture, bronchomalacia, infection and important risk factor for OB/BOS, some centres use
acute rejection, which may present a similar clinical cytolytic induction therapy. Garrity et al.[54] studied
picture. The role of surveillance bronchoscopy and 27 patients treated with daclizumab, a humanised
transbronchial biopsies remains controversial. monoclonal antibody, as induction therapy and com-

pared them with 34 historical controls. Therapy withTraditionally, maintenance immunosuppression
daclizumab resulted in a significant reduction in thefor lung transplant recipients has included ci-
incidence of acute rejection of grade A2 or worse. Inclosporin, azathioprine and prednisolone.
a randomised controlled trial of anti-rejection induc-Tacrolimus has emerged as an effective alternative
tion therapy, Brock et al.[55] compared theto ciclosporin and has been used for patients with
monoclonal antibody muromonab-CD3 (OKT3),recurrent acute rejection. However, there is no con-
antithymocyte globulin (ATG) and daclizumab. Thevincing evidence that it is more effective in prevent-
muromonab-CD3 group had more infection epi-ing BOS. More recently, azathioprine has been re-
sodes early (2–12 months) following transplanta-placed by mycophenolate mofetil (MMF) in many
tion, but there were no significant differences be-transplant centres either for all patients de novo or
tween the three groups with acute rejection episodesselectively for patients with recurrent/persistent
or BOS onset. Similarly Barlow et al.[56] found ATGacute rejection. Despite promising results in renal
and muromonab-CD3 induction therapy to be equal-and cardiac transplant recipients, preliminary results
ly effective in preventing biopsy-proven OB. Snellfrom a randomised controlled trial in lung transplant
et al.[57] evaluated ATG with high-dose corticoste-recipients has failed to demonstrate a reduction of
roids in ten patients, where nine patients demon-acute rejection episodes with MMF,[50] with the
strated significant attenuation of the decline in lungimpact on BOS development pending. The Zurich
function, with mean follow-up of 310 days.group demonstrated that BOS incidence decreased

over time following the introduction of ganciclovir There is evidence that CMV incidence has
prophylaxis and the replacement of azathioprine fallen since the introduction of ganciclovir prophy-
with MMF in 93 de novo recipients.[51] laxis.[30-32] As stated, the Zurich group reported a

reduced BOS incidence with the introduction ofIn lung transplantation there are similarities be-
ganciclovir prophylaxis and MMF.[51] Ganciclovirtween the pathophysiology of chronic obstructive
resistance has been associated with earlier BOSpulmonary disease and BOS with an infiltration of
onset in one isolated study.[58] Addition of CMVCD8+ T cells, macrophages and neutrophils.[52] In-
hyperimmune globulin with prophylactic ganci-flammation of the airways can be a feature of BOS,
clovir therapy has coincided with a reduced inci-but it remains apparent that it can be regarded as a
dence of OB in a study of matched patients fromsteroid-resistant disease at both the clinical and mo-
non-overlapping time periods at Stanford (CA,lecular level. De Soyza et al.[53] provided some
USA).[59]

evidence that inhaled corticosteroids are useful in
treating lymphocytic bronchiolitis in a group of 14 Up-regulation of major histocompatibility com-
patients. However, a small randomised double-blind plex class II loci has been correlated with greater
trial in 30 patients evaluated whether inhaled fluti- frequency and severity of graft dysfunction. HMG-
casone propionate twice daily for 3 months reduced CoA reductase inhibitors (statins) have been report-
the incidence in BOS development: there was no ed to inhibit the facultative expression of these mol-
evidence in this study of any beneficial effect.[52] ecules,[60] hence inhibition may alter this component
Despite the well established role of high-dose intra- of allogeneic graft injury. A recently published ret-
venous and oral corticosteroids with acute allograft rospective study from Pittsburgh (PA, USA) com-
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pared statin use with non-statin use in 200 lung developed BOS at a median of 165 days after trans-
transplant recipients. Statin use was associated with plantation and were switched to tacrolimus. All but
a significant reduction in the development of OB one patient had improved lung function after switch-
and high-grade BOS, and also a lower frequency of ing therapy. The remaining patient died from infec-
acute allograft rejection. Additional favourable ef- tion-related respiratory failure. Conversely,
fects included higher pulmonary function measure- Sarahrudi et al.[69] reported on 11 patients changed
ments, lower maintenance global immunosuppres- from ciclosporin to tacrolimus with the onset of
sion, less frequent treatments with intensive immu- BOS. There was no significant reduction in func-
nosuppressives, lowered rate of lethal infections and tional decline.[69] All of these studies have involved
neoplasms, and improved overall survival (91% vs small numbers of patients and have lacked a concur-
58% at 6 years).[61] rent control group. Such ‘before and after’ studies

are to be treated with caution since they are inherent-
3.2 Treatment of OB/BOS ly biased in favour of the ‘after’ therapy; that is, we

do not know how many patients would have
BOS treatment generally consists of either aug- stabilised spontaneously.

menting or adjusting immunosuppressive therapies.
Interestingly, a recent observational pilot studyImmunosuppressive augmentation may involve

evaluated the macrolide azithromycin following theazathioprine, corticosteroids, antilymphocyte an-
diagnosis of BOS stage 1.[70] This study was basedtibody preparations and aerolised ciclosporin. Once
upon reports demonstrating clinical improvement inBOS develops it rarely demonstrates full arrest with
patients with cystic fibrosis with maintenanceany of these therapies. However, there are no
azithromycin,[70] with the authors suggesting an im-randomised double-blind trials involving these ther-
munomodulatory role. Maintenance azithromycin,apies, including high-dose corticosteroids, which
with the continuation of each patient’s baseline im-most transplant units will empirically trial.
munosuppressive therapy, occurred for a mean ofAerolised ciclosporin has been used in small
13.7 weeks. Five of the six recipients demonstratednumbers of lung recipients with histologically active
a significant improvement in pulmonary functionOB, with one group demonstrating stabilisation in
(mean increase in forced expiratory volume in 1five of seven cases.[62] A subsequent study has
second of 46%). No significant alteration indemonstrated a survival advantage in patients treat-
ciclosporin or tacrolimus concentrations occurreded with aerolised ciclosporin.[63]

with the introduction of azithromycin. Verleden andImmunosuppressive adjustments may include
Dupont[71] found similar effects in eight patientschanging ciclosporin to either tacrolimus or
treated with azithromycin. Although limited bysirolimus (rapamycin) and/or changing azathioprine
small sample sizes and lack of a placebo controlto MMF. In a multicentre study, Klepetko et al.[64]

group, these studies require further investigation.demonstrated that patients who develop BOS while
Similarly, a number of other therapies have beenreceiving ciclosporin are more likely to have stable
evaluated on small groups of patients and earlylung function after changing to tacrolimus. Revell et
reports of successful halting of functional declinedal.[65] reported a reduced rate at which lung function
remain to be confirmed in larger, controlled trials.declined in 11 patients given tacrolimus as rescue
These include cytolytic therapy,[72,73] photophore-therapy. Roman et al.[66] reported on 12 patients who
sis,[74] total lymphoid irradiation,[75] cyclophos-were switched to tacrolimus alone or tacrolimus and
phamide[76] and methotrexate.[77] Sirolimus is anMMF, and the development of BOS. In all patients,
additional agent currently being studied, on the basislung function stabilised by 12 months after changing
of promising results in animal models that havetherapy. Cairn et al.[67] demonstrated that these im-
demonstrated inhibition in airway obliteration andprovements can last 12 months after switching.
infiltration of the graft by macrophages.[78] EarlyFieguth et al.[68] reported on seven patients who
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experience of 12 patients with newly diagnosed limited response, which is to be expected given the
BOS is promising.[79] typical histological finding of small airway fibrosis

and the established damage that has already oc-Retransplantation has been performed success-
curred when lung dysfunction is observed clinically.fully in 145 patients with OB, but with reduced
However, increasing and modifying the immu-survival compared with first lung transplant.[80]

nosuppressive regimen remains the first-line ap-Apart from the retransplant registry,[80] only a few
proach to therapy, including within our transplantseries from single centres have been reported to
centre. This immunosuppressive load requires a cau-date, with wide differences in reported surviv-
tious approach as each recipient is at significantlyal.[81-84] Retransplantation continues to remain a via-
increased risk of opportunistic infection, which mayble therapeutic option in selected transplant recipi-
accelerate loss in lung function and be the cause ofents with BOS. However, with the chronic shortage
death.of donor organs and an ever-increasing pool of

potential recipients, retransplantation remains con-
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