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REVIEW

Bronchiolitis obliterans following
haematopoietic stem cell transplantation

A.O. Soubani* and J.P. Uberti*

ABSTRACT: The aim of the present article is to review the available clinical data on bronchiolitis
obliterans following haematopoietic stem cell transplantation (HSCT).

The data sources used were the Medline database and references from the identified articles
related to bronchiolitis obliterans, noninfectious pulmonary complications and HSCT.

HSCT is an important treatment for a variety of malignant and nonmalignant conditions.
However, the procedure is limited by significant complications that may involve every organ of the
body. Pulmonary complications are seen in 40-60% of HSCT recipients. The recent advances in
prophylaxis and treatment of infectious complications have increased the significance of late

noninfectious pulmonary conditions.

Currently, bronchiolitis obliterans is one of the most challenging pulmonary complications
facing clinicians who are taking care of haematopoietic stem cell transplantation recipients. This
article reviews the clinical and pathological features of this condition, sheds some light on
potential mechanisms of pathogenesis, and discusses the available management options.
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ronchiolitis obliterans (BO) is the most
B common late noninfectious pulmonary

complication following allogeneic haema-
topoietic stem cell transplantation (HSCT). It is
characterised by the onset of new air flow
obstruction (AFO) following HSCT. It was first
described following HSCT by BESCHORNER ef al.
[1] in 1978, who reported lymphocytic bronchitis
in 10% of autopsies from patients who died
following HSCT. In 1982, RocA et al. [2] described
fatal BO in a patient with a severe chronic graft
versus host disease (GVHD) following HSCT.
Since then, many reports have described this
complication following HSCT (table 1), however,
these reports are retrospective and are based on
small case series. Furthermore, they lack uniform
diagnostic criteria or management approach. The
present review discusses the incidence, patho-
genesis, clinical features and the management
approaches of BO following HSCT.

INCIDENCE

The incidence of BO varies widely in different
reports, in part due to the lack of a standardised
definition. The reported incidence range is 0-48%
(table 1). In a review of 2,152 allogeneic HSCT
recipients reported in nine studies, the average
incidence of BO was 8.3% [27]. In a recent report
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from Seattle (WA, USA), the incidence of BO in
1,131 allogeneic HSCT recipients was 26%; how-
ever, in patients with chronic GVHD, the inci-
dence of BO was 32% [19]. The International Bone
Marrow Transplantation Registry (IBMTR)
reported that the incidence of BO was 1.7%
2 yrs after transplantation in 6,275 patients who
received matched sibling HSCT [26]. One report
specifically commented on the incidence of BO
following peripheral blood stem cell transplanta-
tion and showed that there was three-fold
increase in the risk of BO compared with bone
marrow transplantation (BMT; hazard ratio 3.35;
95% confidence interval (CI) 1.79-6.27; p=0.0002)
[26]. Regarding the incidence of BO in relation to
the intensity of the conditioning regimen, one
study reported that the incidence of BO following
nonmyeloablative HSCT was 2.3% compared
with 17% following conventional myeloablative
HSCT [25]. The difference between these two
groups was statistically significant, but the
clinical course and outcome of BO was similar.
In general, BO does not develop following
autologous HSCT. There are only a few cases
reported in the literature of BO developing
following autologous HSCT with fatal outcome
[28, 29]. Furthermore, there are very few reports
of BO proven by lung biopsy developing in

VOLUME 29 NUMBER 5

n
#
5
*
SRR B B8

diEEE W PR
FEEY RS,

AFFILIATIONS

*Division of Pulmonary and Critical
Care Medicine, and

#Blood and Marrow Stem Cell
Transplant Program, Karmanos
Cancer Center and Wayne State
University School of Medicine,
Detroit, MI, USA.

CORRESPONDENCE

A.0. Soubani

Division of Pulmonary

Critical Care and Sleep Medicine
Harper University Hospital

3990 John R-3 Hudson

Detroit

MI 48201

USA

Fax: 1 3139930562

E-mail: asoubani@med.wayne.edu

Received:

April 17 2006
Accepted after revision:
October 24 2006

STATEMENT OF INTEREST
None declared.

European Respiratory Journal
Print ISSN 0903-1936
Online ISSN 1399-3003

1007



A.O. SOUBANI AND J.P. UBERTI

BRONCHIOLITIS OBLITERANS FOLLOWING HSCT

‘uopoNIsqo

MOJ} I iV ‘eJel MO[} WNWIXeW-PIW :H\IN ‘SWN|OA [enpisal :AY ‘SnIIA0[eBawolAo (AND ‘DA JO %SG/ Pue Gg usamiaq mojy Alojelidxe Paolo) UesW :%S.-52434 ‘Alioedeo [elin paolo) :QAH ‘PUOOas suo Ul swnjoA Aloyelidxe paoloy (kA4 ‘sulngojbounwiui
:B) ‘v sunodsojoAo :ys) ‘1se} uonouny Areuowind ] 44 ‘eiexaljoyiaw X1\ ‘usbiue 81400xna| uewny iy H ‘pauodal Jou (YN ‘uoleipeul Apoq [e1o} gl ‘9Seas|p 1soy snsien Jelb :gHAD ‘pake|dsip ale sjuaied 810w IO 8Al} PapN|oUl Jey} SaIpnis Ulew 8yl

QHAD 8inde
‘Juaidioal s[ew O} JoUuop S[ewa}
‘syjuow | < sisouBelp o juejd

ejweeyne| BuiAiepun pey siuened |y dN YN -SuBl} ‘s|j80 wels poolq [eleydued skep vrve-99 c 9/ SG00c [92] svinoy oiNvs
sisouBoid asiom sisouBelp
Uim pejeloosse (sAep 00z=>) jesuo Jeilieq 4O sAep 819 UILIM PaIP %05 N uswiBel eAle|qeolRAN shep 05e-20t ot 14 S002 [ge] vavHIHSOA
wioAWoIYNZY
A3 Ul Juswenoiduwl %0z 4o ebeleny uN '¥sO ‘euosiupeld anHD HN S 8 5002 [v2] anvhy
dn-moj|0} syuow gy
uonouny Bun| jo uonesl|igels pey %8/ 4o obelone UE Je paIp %2e Adesey} piosels esing dN dN dN 6 SG00¢ [ee] Narwvy
Ayleyow
1ouing ‘A | Ag 04V JO sl peseaioul aHAD
Uim pejeroosse si skep 001 Aq O4v SIA G Je %G1 s! Alleron "N 9IuOIUYD ‘OA4/AIH LOSH-eid ‘eby shep 001 o 0. 7002 [e2] NaHD
O YIm pejanop st Aljelop 4N UeJInsng ‘GHAD OluoIyQ dN S €L ¥00C [1e] svuaviy
yleap Jo asneo dn-moj|o} snuwiljoioe)
Arewnd ayy sem ainjiey Alojesidsay SUIUOW 9f UILIM PaIP %EY 'ysO ‘auosiupald SWOIPUAS BODIS ‘GHAD 2IUOIYD skep 0vS—v6 6 / €002 [02] vavivs
uoloaul [elin Alojelidsal ‘eses
-sip BuiApapun ‘Aoueubijew JuslNosl uonosjul [eliA
‘AHAD 21U0IYd ‘DA/1AIH LOSH-eid sik g Aiojesidsel ‘GHAD 9IUOIYD ‘DAL
Jemo ‘8B JBpI0 UM BWIODINO 8SION Ul %gl SI AlleHow 8|qeinguiy dN /A3 1OSH-eud Jemol ‘abe J1ep|O uN 9 662 €002 [61] NaHD
yieap Jo asneo ulngo|f sikoowAyiue
urew s| ainjie} Alojesdses ‘Adelayy ‘plosals esop asind ‘swnd aHAD
aU-}sIlj 0} 8sUodsal ou JI BWOINO 8SION SIA G UIYIM PaIp %GS  -OlUieze ‘ysO ‘auosiupald ajnoe ‘jualdioal o Jouop Jep|0 skep glee—/L € Ly €002 [gL] »3ang
ueynsng Sl LL 666+ [£1] NagoNiy
‘Yresp
JO @sneo ulew si ain|ie) Alojesidsey
"3WODIN0 SSIOM B UJIM PSJEIO0SSE SEM swiudolyeze
IA34 JemoT “Adeleuy 0} papuodsel %0z paIp %6€ '¥sO ‘auosiupald AHAD ouoIyD skep Gz6-18 € S 8661 [91] svmivd
sisouBoid dn-mojjo} syjuow g9 swidojyieze
asIom pey Y4 Jemo| pue AY JeybiH  uo Adelsy} 0} asuodsal ou %0t ‘SO ‘euosiupald aHAD syluow zy-zg' 6 0z 1661 [S1] zZaHoNVg
sisoj|ifiadse Jo AWND JUBHWOOUOD
pey uaneg "seisdoine uo peseq Apnig paIp I HN aHAD skep 0ey—01 1 or 8 1661 [1] 10%0A
sisoubelp Jo sAep /6€
ain|rey Alojeuidsal jo paip ||y Jo abeiane ue Aq palp %95  ewudolyieze ‘euosiupald dN sAep 055501 (¢} 6 G661 [e1] LruHg
09 Jo swoydwAs apadaid Aew pouad dn-moj|o4 apiwoplfey}
9%G.-52494 PUB OA4/LAF4 Ul uoRonpey  Buunp Og O} pejejel suesp oN 'vsO ‘euosiupald aHAD syluow £2-9 9l 8 G661 [g1] susng
sisouBelp JUBLLIBA|OAUI
Og J0 uonnjosal pey %Eee JO Syluow g UM paIp %Ec aN JeAIl yim dHAD o1uoiyg syjuow £'65-¢ 6L € 7661 [11] z1nHOg
0g 1surebe pejosjoid ysO dN VSO 'Spl0I8}sooio) SO Buisn Jou ‘gHAD 21uoIyD dN 8L 6l €661 [01] anavd
yleap Jo sesneo sisouBelp apILopI[ey}
urew sy} aiem suonoajul Alojelidsay  JO SLIUOW Zi—| UIYIM PaIp %lg ‘ewudolyjeze ‘suosiupaid aHAD syuow g|—| el 8l 2661 [6] H3HYMHOS
(9%0e<) A3 ul doip pides pue (skep awd
0S| uiyIm) yresp Aes 4o st JeybiH sik € Ag peIp %G9  -Olyjeze 'ys) ‘suosiupald B mo| ‘GHAD o1uoIyD shep 00508 HN o153 6861 [8] »uv1D
10SH
ainjiej Aiojeiidsal Jo paip %98 1sod sAep 209-89 PaIP %00+ dN B paonpas ‘gHAD ouoIyd skep 00v—0v @ L 8861 [2] anvTiOH
LOSH 1sod VSO
ain|iey Aiojelidsel o paip Iy SUIUOW (G —g UIUIM PaIp %€/  ‘duwiudolyeze ‘euosiupeld aHAD suyluoW £2-G'| L Ll 1861 [9] NvHD
$10108} ¥sii juepoduwi 14d suljeseq
sow a1em X1\ pue HAD 2Iuolyd N IN XL ‘QHAD ‘Buiyolew vH 8By skep 005-05 LL 6v /861 [g] »uv1d
panoidwl Jo pesl(igels %El peIp %.S uN aHAD shep 069-06 9 L 1861 [] pisnvaun
sisouBelip
Jyoueq ou pey sioje(ipoyouoig 4O syuow g Jeye peip %5 SPI0JBISOO0D uonodul ‘Ig L ‘aHAD Seem 02-G'L gl 8 7861 [€] LLVAM
sjuswwon awoonQ juawyeal) S10)08} YSIy 04 Jo 18suQ % d9uUapIou| u sjoalgns Jeap ['Jod] Joyine jsaig

(1OSH) uonejueidsuel; (90 wals onalodojewsey Buimolo) (Og) SUeJsl|go SII0IyduUOIg UO S8Ipnis ulew ay |

I 3719Vl

EUROPEAN RESPIRATORY JOURNAL

VOLUME 29 NUMBER 5

1008



A.O. SOUBANI AND J.P. UBERTI

patients who received umbilical cord blood stem cell trans-
plantation [30, 31].

RISK FACTORS

The main risk factors for BO following HSCT are summarised
in table 2 [3-19, 20-22, 25, 32-34]. The most important
association with BO is the presence of chronic GVHD. Earlier
studies suggest that BO does not develop in patients without
evidence of chronic GVHD [6, 11]. However, more recent
studies from large HSCT centres report that BO may develop
in a small percentage of patients who do not have manifesta-
tions of GVHD. In the IBMTR, 7% of patients with a diagnosis
of BO did not have chronic GVHD [26]. In a study of 360
patients with AFO following allogeneic HSCT, 63 (18%) had no
history of acute or chronic GVHD [19]. In this regard, the risk
of BO appears to be higher in those with progressive chronic
GVHD (which evolves without hiatus from active acute
GVHD) as compared with those with quiescent chronic
GVHD (that develops after an interval of response to treatment
of acute GVHD) or de novo chronic GVHD (in patients who
never had acute GVHD). In the study by CHIEN et al. [19], the
adjusted relative risk for AFO obstruction was: 1.5 (95% CI 0.8
2.0) with de novo chronic GVHD; 1.6 (1.3-2.4) with quiescent
chronic GVHD; and 1.9 (1.4-2.4) with progressive chronic
GVHD. The difference between these different forms was
statistically significant. In the majority of reports, acute GVHD
alone does not appear to significantly increase the risk of BO.
Other frequently observed risk factors for BO include: an older
age of the recipient (>20 yrs); the presence of AFO (forced
expiratory volume in one second (FEV1)/forced vital capacity
(FVC) <70%) prior to HSCT; and respiratory viral infections,
such as influenza, parainfluenza and respiratory syncytial
virus, in the first 100 days following HSCT [19, 22]. There are
other risk factors for BO that have been described by some
studies, but not consistently so, and these include a busulfan-
based conditioning regimen, mismatched or unrelated donor,
hypogammaglobulinaemia (especially immunoglobulin (Ig)G
and IgA), methotrexate prophylaxis against GVHD, older age
of the donor, and HSCT for chronic myelogenous leukaemia [5,
7,8,17, 21]. In the report by the IBMTR [26], the risk factors for
BO on multivariate analysis were blood-derived stem cells, a
busulfan-based conditioning regimen, interval from diagnosis
of leukaemia to transplantation >14 months, female donor to
male recipient, prior interstitial pneumonitis, and an episode of
moderate-to-severe acute GVHD.

CLINICAL PRESENTATION

BO is a late complication of allogeneic HSCT that usually
presents after the first 100 days following transplantation [3, 5,
7,8, 14, 18, 22]. Although there are reports of BO as early as
30 days following HSCT, ~80% of cases present between 6 and
12 months post-transplantation [7, 6, 13]. In the report by the
IBMTR, the median interval from HSCT to diagnosis of BO was
431 days (range 65-2,444 days) post-transplantation [26]. The
presentation of BO is usually insidious. In total, 23% of patients
describe antecedent upper respiratory tract symptoms [8]. The
main symptoms associated with BO are dry cough (60-100%)
and dyspnoea (50-70%) [6, 8, 12, 35]. Wheezing and sinusitis
are other frequent symptoms [8]. Fever is rare unless there is a
concomitant infectious process. Approximately 20% of patients
are asymptomatic and the diagnosis is suspected based on
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pulmonary function test (PFT) findings [8]. In the advanced
stages of BO, the patients are physically limited due to severe
obstructive airway disease and may require home oxygen
therapy. Some patients may develop features of bronchiectasis
with recurrent respiratory tract infections and colonisation of
the airways by Pseudomonas spp., Staphylococcus aureus and,
occasionally, Aspergillus spp.

On examination, the patients usually have signs of hyperin-
flation and decreased breath sounds. Wheezing and inspira-
tory squeaks may also be present. Basal crackles are rare.
Conversely, the thoracic examination may be completely
normal, especially in early stages [8, 36]. Almost all patients
with BO have signs and symptoms of chronic GVHD,
especially skin changes and sicca syndrome, with dryness in
the eyes and mouth. In the data provided by the IBMTR on
6,275 patients, all except five had manifestations of GVHD [26].

The clinical course of BO is variable. The majority of patients
have a slow progressive AFO, with episodes of acute
exacerbation of AFO. In the minority of patients, the AFO
progresses rapidly and patients develop respiratory failure
within a few months. However, some patients may have
stabilisation or even improvement in the AFO [11, 16].

RADIOLOGICAL EVALUATION

In the early stages of BO, the chest radiograph is normal. The
presence of parenchymal changes suggests an infection or an
unrelated process. As BO becomes more advanced, there are
signs of hyperinflation on the chest radiograph and, later, there
are changes consistent with bronchiectasis with dilated and
thickened bronchi and areas of scarring. Pneumothorax,
pneumomediastinum, and pneumopericardium may develop
in advanced cases, and are usually associated with significant
morbidity and mortality [5, 37-39].

High-resolution computed tomography (HRCT) of the chest is
much more sensitive in detecting signs of BO and is the
radiological procedure of choice in evaluating these patients
[40-42]. While the study may still be normal in the early stages
of BO, it usually shows signs of hyperinflation with areas of
decreased attenuation. Bronchiectasis is seen in advanced
cases. However, the most common radiological sign of BO on
HRCT of the chest is the presence of air trapping during the
expiratory phase of imaging. These views show areas of
hypoattenuation that correspond to obstructed airways inter-
spaced with areas of ground glass appearance corresponding
to the pulmonary lobules with patent airways. This ““mosaic”
appearance is highly suggestive of BO, and has sensitivity and
specificity in the diagnosis of BO with ranges between 74-91%
and 67-94%, respectively [43—45]. Some studies demonstrated
that the presence of expiratory air trapping preceded the PFT
criteria for BO [44]. In a study of 11 patients with BO following
HSCT who underwent HRCT of the chest, all were found to
have abnormal findings, and all patients had progression of
radiological findings over time [41]. The most common finding
was decreased lung attention, especially in the lower lobes,
and expiratory air trapping (n=11). Other common findings
were subsegmental bronchial dilatation (n=6), diminishing of
peripheral vascularity (n=6), centrilobular nodules, believed to
be due to inspissated secretions in the distal airways, or
plugging of the terminal bronchioles by granulation tissues
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a)-\:18 5 The risk factors for bronchiolitis obliterans
following haematopoietic stem cell
transplantation (HSCT)

Consistent Allogeneic HSCT

Progressive chronic GVHD

De novo or quiescent chronic GVHD
Older age of recipient

AFO prior to HSCT

Early respiratory viral infection

Acute GVHD

Busulfan-based conditioning regimen
Total body irradiation
Methotrexate-based GVHD prophylaxis
Hypogammaglobulinaemia

CMV infection

Older age of donor

Underlying diseases (CML)
Gastro-oesophageal reflux disease

Probable

Possible

GVHD: graft versus host disease; AFO: air flow obstruction; CMV: cytomega-
lovirus; CML: chronic myelogenous leukaemia.

(n=4). In addition, HRCT of the chest is very helpful in
excluding co-existing conditions such as infections, bronchio-
litis obliterans organising pneumonia (BOOP), or idiopathic
pneumonia syndrome [16]. In summary, it is recommended
that a HRCT of the chest with inspiratory and expiratory views
be performed on all patients under evaluation for BO following
HSCT.

BRONCHOSCOPY

Bronchoscopy has a limited role in the diagnosis of BO
following HSCT. Bronchoalveolar lavage (BAL) is mainly
carried out to rule out an infectious process in HSCT recipients
who present with respiratory symptoms suggestive of BO. This
is especially the case when there are infiltrates on chest
radiograph or HRCT of the chest, or in the presence of fever.
The main infections to be considered in this setting, and in
which BAL may be useful, are viral infections such as
cytomegalovirus (CMV), respiratory syncytial virus, influenza,
parainfluenza, or herpes simplex virus. In addition, fungal
infections and Pseudomonas carinii need to be considered if the
patient is on systemic corticosteroids and/or immunosuppres-
sive therapy [46].

BAL has also been studied to evaluate the cellular and
chemical profile in patients with BO following HSCT. A few
studies have demonstrated that there is neutrophil predomi-
nance in the BAL fluid in patients with BO following HSCT
[47]. In a study of 12 patients with BO in whom BAL was
carried out, five patients had predominance of neutrophils,
while three had mainly lymphocytes in the lavage fluid [48]. In
addition, BAL may be useful in the analysis of cytokines in
patients with BO. A study compared HSCT recipients who had
infectious pneumonia (n=14) to another group with idiopathic
pneumonia syndrome or BO (n=6). The level of tumour
necrosis factor (TNF)-o in the BAL fluid was significantly
higher in the latter group [49]. Higher levels of TNF-a were
associated with a worse outcome.
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Bronchoscopy and BAL is generally well tolerated in patients
with BO; however, caution should be exercised in patients with
advanced disease, since the procedure may precipitate an
acute AFO or pneumothorax [38, 50]. Another observation is
that the BAL fluid return is usually scarce in patients with
advanced BO due to the narrowing and collapsibility of the
smaller airways [34].

Transbronchial biopsy has a limited role and is generally not
recommended for the diagnosis of BO following HSCT. This is
due to the fact that the disease is patchy and peripheral, and the
biopsy sample obtained by this procedure is usually too small to
show bronchiolar pathology. If histological confirmation of BO is
necessary, then the best approach is a surgical lung biopsy
obtained by video-assisted thoracoscopy. However, this proce-
dure is rarely indicated for the diagnosis of BO following HSCT
in clinical practice. YOUSEM [51] reviewed the histological
findings of lung biopsies in 17 HSCT patients with GVHD-
related pulmonary disease. Five patients had BO, and the
biopsies showed cicatricial BO, in which the lumens of airways
were obliterated by dense fibrous scar tissue. Some of these
airways displayed eccentric subepithelial fibrous plagues. The
epithelial cells were flattened at some locations, while other sites
displayed metaplasia or hyperplasia. There was peribronchiolar
mononuclear cellular inflammation, but no alveolar or interstitial
involvement. The author’s theory on the sequence of events
leading to BO in these patients is that infiltration of the
submucosa of the smaller airways by lymphocytes occurs.
These cells migrate through the basement membrane of
respiratory epithelium leading to epithelial cell necrosis and
areas of ulceration. Myofibroblasts then grow through these
denuded areas and deposit young collagen, creating intralum-
inal granulation tissue and scarring.

PULMONARY FUNCTION TESTS

Spirometry is the main study used to diagnose and follow-up
patients with BO following HSCT. Spirometry usually shows
evidence of AFO with reduction in FEV1 and FEV1/FVC.
However, there has been a lack of consensus on the spirometric
criteria for the diagnosis of BO following HSCT. Most of the
studies define AFO as the new onset of drop in FEV1, with an
FEV1/FVC ratio <0.7 [6-8, 13, 20]. Some specify the drop in
FEV1 to >20% from baseline, or FEV1<80% of predicted with
FEV1/FVC <0.7 [8, 52]. Others focus on the reduction in the
FEV1/FVC ratio alone, and consider a drop in this ratio of
>20% following HSCT to be suggestive of BO [21]. In a large
study of 1,131 allogeneic HSCT recipients, the authors used the
definition of AFO as an annualised decline in FEV1 post-
transplantation of >5% per year with the lowest documented
FEV1/FVC <0.8 [19]. Furthermore, there are some studies that
suggest that a reduction in mean forced expiratory flow
between 25 and 75% of FVC (FEF25-75%) may precede the
decline in FEV1, and is a sensitive but nonspecific indicator of
subsequent development of BO [53-56]. Another study defined
AFO as FEV1 <80% and FEF25-75% <60% of predicted [11]. It
appears from the collective literature that the most clinically
relevant spirometric criteria of BO following HSCT are FEV1/
FVC <0.7, and a reduction in FEV1 >20% from the pre-
transplantation value. A drop in FEV1 <20% from baseline
should alert clinicians to follow-up on those patients more
carefully for signs of BO.
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Other PFT findings consistent with BO include lack of
significant improvement in FEV1 post-bronchodilator treat-
ment, increased residual volume and residual volume/total
lung capacity ratio (consistent with air trapping), and
increased airway resistance [6, 8]. Reduction in diffusion
capacity is not a feature of BO, however, these patients
commonly have a reduced diffusing capacity of the lung for
carbon monoxide [57]. This finding is most likely to be related
to other factors, such as high-dose chemotherapy, idiopathic
pneumonia syndrome, or infections.

The spirometric findings of AFO are usually detected after the
first 100 days following HSCT. The relation between detecting
AFO prior to the first 100 days following HSCT and the
development of long-term AFO and BO mortality was studied
by CHIEN et al. [22]. The authors reviewed 1,892 myeloablative
allogeneic HSCT who had PFT during the first 100 days
following transplantation. Of these, 40% had AFO by day 100;
however, only 26% had AFO 1 yr following transplantation.
The presence of early AFO was associated with an increased
risk of long-term AFO, but not with increased mortality.
Moreover, patients who had the fastest decline in FEV1 (>10%
per year) between day 100 and 1 yr, had the highest mortality
risk. This study suggests that it is useful to monitor PFT early
(around 100 days) following HSCT, and closely monitor those
with evidence of AFO, since these patients are at an increased
risk for long-term AFO. Conversely, the study suggests that
early AFO may be reversible in some patients. More studies are
needed to identify the clinical characteristics of those patients
who demonstrated reversible AFO.

As suggested above, one of the main problems facing the
management of BO following HSCT is a lack of standardised
criteria for its diagnosis. Recently, the National Institutes of
Health (NIH) sponsored a consensus development project for
clinical trials on chronic GVHD [58]. The workshop considered
BO as the only diagnostic manifestation of chronic GVHD in
the lung, and suggested that the diagnosis of BO is made
when: 1) there is evidence of AFO with FEV1/FVC <0.7 and
FEV1 <75% of predicted; 2) there is evidence of air trapping or
small airway thickening or bronchiectasis on HRCT of the
chest with inspiratory and expiratory cuts, residual volume on
PFT >120% of predicted or pathological confirmation of
constrictive bronchiolitis; and 3) absence of infection in the
respiratory tract documented by clinical symptoms, radiologi-
cal studies or microbiological cultures, obtained by sinus
aspirate, upper respiratory tract viral screen, sputum culture or
BAL. In addition, the statement mentioned that BOOP, not due
to an infectious process, may represent a manifestation of
either acute or chromic GVHD. Table 3 proposes diagnostic
criteria of BO following HSCT that are based on clinical
features, radiological and spirometric studies, and absence of
infectious processes. Another significant decision by the NIH
Consensus Development Project is to include BO in the scoring
system for chronic GVHD following HSCT. Table 4 sum-
marises the pulmonary scoring of chronic GVHD suggested by
this workshop [58].

It is important in this context to differentiate between BO and

BOOP [51, 59]. Although these two terms are commonly used
interchangeably, they are two different entities with different
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clinical and pathological features and different outcomes.
Table 5 shows the differences between these two diagnoses.

PATHOGENESIS

The pathogenesis of BO is not completely understood. Several
theories have been suggested, although none satisfactorily
explains the pathogenesis of BO. One of these theories is that
BO is a lung injury precipitated by the conditioning regimen.
This is based on the higher incidence of BO in busulfan-based
conditioning regimen [17, 21], and the apparent lower
incidence of BO in nonmyeloablative HSCT compared with
conventional regimen [25].

Another proposed mechanism for the development of BO is
that it is related to infectious processes. This mechanism is
supported by different observations including the association
of BO with low serum Igs [6, 7, 36]. This may lead to abnormal
local defence mechanisms in the lungs, predisposing to
unidentified infections that precipitate BO. This is also
suggested by the observation that allogeneic HSCT recipients
who develop respiratory viral infections early in the course
following transplantation are at an increased risk of develop-
ing BO [19]. In addition, there is some evidence that chronic
GVHD is associated with impaired mucociliary transport,
which may lead to recurrent bronchial infections that may
precipitate BO [60]. Also, CMV infection has been suggested as
one causative agent of BO following lung transplantation,
which is similar to BO following HSCT [61]. Furthermore, BO
is known to develop following infection by respiratory
syncytial virus, parainfluenza, influenza, adenovirus, measles,
and mycoplasma in nontransplant patients [36, 62]. Thus, a
subtle infection may still be an important mechanism in the
pathogenesis of BO, although there is no exclusive evidence to
prove this theory.

There are a few reports that suggest BO to be the end of the
spectrum of acute lung injury following HSCT. In a case report
of a patient who underwent allogeneic HSCT, and was
thoroughly investigated for pulmonary problems by serial
PFT, HRCT of the chest, bronchoscopies with BAL examination
and transbronchial biopsies, and eventually by open lung
biopsy, the authors argued that the patient developed
interstitial pneumonitis, then BOOP, and eventually BO [47].
In discussing the histological findings of pulmonary disease
associated with GVHD following HSCT, Yousem [51] sug-
gested that BO seemed to represent the late stages of BMT-
associated lymphocytic bronchiolitis and BOOP, and reflected
irreversible pulmonary GVHD.

Another potential mechanism contributing to BO is recurrent
aspiration due to oesophagitis associated with chronic GVHD.
Microaspirations may promote chronic inflammation and
recurrent infections in the lower airways that may lead to
BO. Recurrent microaspiration has been suggested as one of
the mechanisms of BO following lung transplantation [63-65].
Furthermore, gastro-oesophageal reflux disease (GERD) with
recurrent microaspirations has been suggested as contributing
to the pathogenesis of other pulmonary diseases [66].

The most important mechanism contributing to BO is probably
an alloreactive immune process in which the donor
T-lymphocytes target the epithelial cells of the bronchioles,
leading to the inflammatory reaction seen in BO. This
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a1 B Suggested diagnostic criteria of broncholitis obliterans (BO) following haematopoietic stem cell transplantation (HSCT)

Allogeneic HSCT

Chronic GVHD*

Insidious onset of dyspnoea, cough and wheezing after 100 days following transplantation

Normal chest radiograph

HRCT of the chest (with inspiratory and expiratory views) showing areas of air trapping on expiratory views, hyperinflation or bronchial dilatation, with no parenchymal
involvement

PFT showing new onset of airflow obstruction (FEV1/FVC <0.7 and FEV1 <75% of predicted), not responsive to bronchodilators

Exclusion of an infectious process by appropriate radiological, serological and microbiological studies (obtained by sinus aspirate, upper respiratory tract viral screen,
sputum culture or BAL)

GVHD: graft versus host disease; HRCT: high-resolution computed tomography; PFT: pulmonary function test; FEV1: forced expiratory volume in one second; FVC:
forced vital capacity; BAL: bronchoalveolar lavage. *: The risk of BO is highest with progressive chronic GVHD, but it may develop in patients with quiescent or de novo

GVHD, or without chronic GVHD.

mechanism is evident from the exclusive occurrence of BO
following allogeneic HSCT, and the strong association between
BO and chronic GVHD. Indeed, some authors suggest that BO
is a manifestation of chronic GVHD [51]. Also, the reported
stabilisation of BO in some HSCT recipients by systemic
corticosteroids and intensification of immunosuppressive
therapy supports the immune basis of BO following HSCT.
In a well-characterised murine BMT model, significant non-
infectious damage occurred in the animals with GVHD that
was characterised by a decrease in dynamic lung compliance
and airway conductance [67]. There was also expansion of
reactive donor T-lymphocytes in the recipient lungs, with
increased levels of inflammatory cytokines, such as TNF-o and
interferon-y, in the BAL fluid of the affected animals.
Pathological examination of those animals that had GVHD
with lung involvement revealed pneumonitis and mono-
nuclear infiltration of the bronchi. Depletion of the donor T-
lymphocytes prevented the development of systemic GVHD
but did not eliminate the lung injury, indicating that the lungs
are probably susceptible to smaller number of T-lymphocytes.
The lungs may also represent a sanctuary site for the donor T-
lymphocytes, even when systemic tolerance between the donor
and host is established.

These immune mechanisms are thought to trigger inflamma-
tory reactions that lead to BO. These inflammatory reactions
are characterised by an increase in inflammatory cytokines,
such as interleukin (IL)-1, IL-6, IL-8, IL-18 and TNF-a [68, 69].
In one study [49], 11 patients with pulmonary complications
following allogeneic HSCT (six patients had idiopathic

pneumonia syndrome and/or BO) who had BAL fluid analysis
were compared with 11 healthy volunteers. The HSCT
recipients with BO had significantly higher levels of lavage
fluid TNF-o. and IL-18 compared with the controls. It is also
possible that the nitric oxide (NO) pathway plays a role in the
inflammatory changes that lead to BO. In lung transplantation
recipients with BO, there are increased levels of inducible NO
synthase (iNOS) mRNA activity in the epithelial cells and other
cells in a heterotropic rat tracheal allograft [70]. Inhibition of
iNOS was associated with increased intensity of BO in these
animals, while treatment with L-arginine, a precursor of NO,
significantly reduced the bronchiolar obliteration. Further-
more, increased concentration of exhaled NO was demon-
strated in lung transplantation recipients with BO [71], and one
case report of a patient with BOOP following HSCT [72].

In summary, while the exact mechanisms leading to BO are not
known, there are theories that chemotherapy, infection and
alloreactive immune reaction play a role in the pathogenesis of
this condition. It is also possible that combinations of the
different mechanisms lead to the development of BO following
HSCT.

MANAGEMENT

There are no controlled trials on the management of BO. The
treatment approaches are based on small uncontrolled trials
and expert opinions. However, in general, the management of
BO is similar to that of chronic GVHD and consists of high-
dose systemic corticosteroids and reinstitution or augmenta-
tion of immunosuppressive therapy. Systemic corticosteroids

1y\:1E= 8 Scoring pulmonary chronic graft versus host disease based on symptoms and lung function score (LFS)*T

Score 0

Score 1

Score 2 Score 3

Symptoms No symptoms

one flight of steps
FEV1 60-79% or LFS 3-5

PFT FEV1 >80% or LFS 2

Shortness of breath on climbing Shortness of breath after walking ~ Shortness of breath at rest,

on flat ground
FEV1 40-59% or LFS 6-9

requiring oxygen
FEV1 <39% or LFS 10-12

Data modified from [58]. PFT: pulmonary function test; FEV1: forced expiratory volume in one second. #: LFS is the sum of FEV1 % predicted and the % predicted

diffusing capacity of the lung for carbon dioxide corrected for haemoglobin. The values are converted to numeric score as follows: >80%=1, 70-79%=2; 60-69%=3; 50—
59%=14; 40-49%=>5; <40%=6. The possible range of LFS is 2-12. ¥: When there is discrepancy between the symptoms and PFT scores, the higher value is used.
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17:\:1B 38 Comparison between broncholitis obliterans (BO) and broncholitis obliterans organising bacteria (BOOP) following

haematopoietic stem cell transplantation (HSCT)

Features BO

BOOP

Incidence % 0-48

Onset following HSCT Late (around 1 yr)
Clinical presentation
Radiological findings

Insidious; dyspnoea, cough, wheezing

PFT Obstructive; normal DL,co
BAL Predominantly neutrophils
Diagnosis Clinical criteria

Histopathology

Treatment
Outcome
mortality

Normal; hyperinflation, air trapping, bronchiectasis

Granular plugs obliterating the bronchioles with inflammation
and scarring; sparing of the alveoli and alveolar ducts

Corticosteroids and immunosuppressive therapy

Poor response to therapy; progressive disease with high

<2

Usually in the first 100 days

Acute; dyspnoea, cough, fever

Patchy consolidation (usually peripheral), ground
glass attenuation, nodular opacities

Restrictive; reduction in DL,cO

Predominantly lymphocytes

Usually requires tissue, best by surgical lung biopsy

Granular plugs of bronchioles, extending to alveoli;
interstitial inflammation and fibrosis

Corticosteroids

Good response to therapy; potentially reversible

PFT: pulmonary function test; DL,co: diffusing capacity of the lung for carbon monoxide; BAL: bronchoalveolar lavage.

are suggested in the form of prednisone at 1-1.5 mg-kg™-day™
(up to 100 mg-day) for 2-6 weeks. If there is clinical and
physiological stabilisation, the dose is tapered every 2 weeks
for 6-12 months. This regimen is based on expert opinions and
small case series rather than controlled trials [3, 8, 10, 15, 18, 27,
34, 73, 74]. The immunosuppressive agents used are similar to
those used in the treatment of chronic GVHD, namely
cyclosporine A or tacrolimus [10, 15, 16, 18, 20, 75]. In addition,
azathioprime has been added in several studies in doses up to
3 mg~1<g'1~clay’1 (maximum 200 mg‘day'l) [8, 15, 16, 18]. The
dose of cyclosporine A should be adjusted to serum level. It is
possible that early treatment may prevent the progression of
AFO [22]. Conversley, it was observed that the rapid taper of
cyclosporine A (for prophylaxis against GVHD) was associated
with increased late noninfectious pulmonary complications,
including BO [76]. Treatment is recommended for 3-
12 months; however, some studies suggest that further
improvement is unlikely after 9 months of treatment [15].
Other treatment options include ““pulse” dose corticosteroid
therapy. In a study of nine children with BO, treatment with
methylprednisolone at 10 mg-kg™-day™ for 3 days on monthly
bases for 1-6 cycles led to stabilisation of FEV1 after 2 months
of treatment; this was maintained during an average of
42 420 months of follow-up [23]. Thalidomide and antithymo-
cyte globulins have been used in few studies with variable
results [77-82]. Also, i.v. immunoglobulins have been given to
patients with BO, with no proven benefit [83]. More recently,
few reports suggest treating BO using anti-TNF-o (infliximab)
[84]; however, there is no adequate data on the effectiveness of
this therapy. Based on the experience using macrolides in the
treatment of diffuse panbronchiolitis, cystic fibrosis and
treatment of BO following lung transplantation, this class of
medication is increasingly considered in the management of
BO following HSCT [85-87]. Macrolides apparently down-
regulate pro-inflammatory cytokines, such as TNF-a, so they
may decrease the inflammatory reaction that leads to BO [87].
In a recent report of eight patients with BO, azithromycin was
added at a dose of 250 mg three times a week for 12 weeks,
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and the authors reported an average of 281 mL (20.58%)
improvement in FEV1 [24]. However, the value of adding such
agents to the treatment regimen of patients with BO following
HSCT is still not known, and it appears that the response to
this treatment is variable.

The role of inhaled corticosteroids in the prevention and
management of BO following HSCT has not been studied.
There are very few reports on the addition of inhaled
corticosteroids to the standard immunosuppressive regimen
in the management of BO following lung transplantation [88-
92]. These reports do not show clinically significant benefit in
the prevention or treatment of BO. One study reported that the
addition of high-dose inhaled corticosteroids to the manage-
ment of BO in 14 lung transplantation recipients resulted in
reduction of exhaled NO concentration and improvement in
FEV1 in the majority of these patients after 1-2.5 months of
treatment [90]. Until large, placebo-controlled, multicentre
trials are conducted to examine the role of inhaled corticoster-
oids in the prevention and management of BO following
HSCT, it is reasonable to consider a trial of inhaled
corticosteroids for 3 months, especially if there is evidence of
reversibility in AFO on spirometry. If there is no benefit, then
they may be discontinued. Patients should be treated with
bronchodilators if they are symptomatic and during acute
exacerbations of respiratory symptoms; however, most of the
studies show that the reversibility in AFO with these agents is
generally negligible [3, 8, 13].

Extracorporeal photodynamic (ECP) therapy is another immuno-
therapeutic modality that has been used in the treatment of
chronic GVHD and BO. This therapy is commonly used in
the management of cutaneous T-cell lymphoma, scleroderma
and other autoimmune disorders. It involves extracorporeal
exposure of peripheral blood mononuclear cells to photo-
activated 8-methoxypsoralen, by exposure to ultraviolet A
light, followed by re-infusion of the treated cells [93]. The
treatment is repeated every 2-3 weeks and continued for
several months [94, 95]. It is believed that the photoactivated
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17:\:{8=8G3 Suggested approach to the management of broncholitis obliterans following haematopoietic stem cell transplantation

Excluding an acute pulmonary infection (by clinical, radiological, serological and microbiological studies; consider bronchoalveolar lavage in selected cases)
Systemic corticosteroids (prednisone 1-1.5 mg-kg'-day™); taper gradually over 6-12 months
Immunosuppressive therapy (cyclosporine A or tacrolimus with or without azathioprime)

Maintenance macrolide treatment

Inhaled bronchodilators

Prophylactic therapy against Pseudomonas carinii, fungi and CMV
Anti-reflux measures

Consider inhaled corticosteroids

Consider extracorporeal photodynamic therapy

Consider i.v. immunoglobulins

In advanced cases: 1) long-term oxygen therapy; 2) outpatient pulmonary rehabilitation; and 3) lung transplantation

CMV: cytomegalovirus.

8-methoxypsoralen binds to DNA, leading to initiation of
apoptosis, and that it has a selective effect on autoreactive T-
cells [93, 96, 97]. These observations led to the use of ECP in
the management of refractory acute and chronic GVHD.
Several studies reported improvement in skin, mucus
membrane, liver and pulmonary GVHD, resulting in fewer
symptoms and tapering or discontinuation of immunosup-
pressive therapy [94, 95, 98]. The studies show that the best
results are when ECP was started in the first 10 months
following HSCT [99, 100]. Furthermore, these studies showed
that this therapy is well tolerated and that there is no
increased risk of infectious complications [99, 100].

The role of ECP in the management of BO following HSCT has
not been well studied. The benefits are limited to case reports or
small numbers of cases in small trials [95, 101, 102]. In a
prospective study of 25 patients with steroid-refractory chronic
GHVD, two patients had pulmonary GVHD, and both had
partial improvement in lung function following ECP [95]. In
another study of 22 patients with chronic GVHD treated by ECP,
the overall response rate was 70%, including two patients with
BO who demonstrated improvement in lung function [101].

Supportive treatment is essential in the management of patients
with BO following HSCT. Infectious processes should be
excluded prior to starting immunosuppressive therapy. This is
generally achieved by clinical and radiological evaluation, and
routine serological and microbiological studies. Bronchoscopy
with BAL is generally not necessary, except if there are
pulmonary infiltrates or if the clinical presentation is atypical.
Once immunosuppressive therapy is started, patients should be
maintained on appropriate prophylactic measures against P.
carinii. Prophylaxis against fungi and CMV should be considered
in high-risk patients. In addition, appropriate vaccinations
including influenza and pneumococcus are recommended.
Prompt treatment of pulmonary infections is essential, since
these tend to worsen the course and outcome of BO. Patients
with advanced BO may require long-term oxygen therapy and
may benefit from outpatient pulmonary rehabilitation.

Treatment of BO following HSCT is generally frustrating and
response to the above approaches is marginal. Some patients
may be considered for lung transplantation. There are a few
reports of lung transplantation in patients with advanced BO
with encouraging results [103-109]. In a review of nine patients
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who underwent such treatment, five patients had single lung
transplantation, and four had double lung transplantation. The
patients were followed up 9-72 months following lung
transplantation. Three patients died of recurrent BO, chronic
rejection or infection. The rest were doing well with no signs of
BO [109]. The role of lung transplantation in the management
of BO following HSCT remains limited by the availability of
donor organs, the small number of centres that would consider
HSCT recipients, the risks of intensive immunosuppressive
therapy, and the potential for recurrence of BO. Table 6
summarises the management approaches to BO following
HSCT.

PROGNOSIS

BO following HSCT is a progressive disease that leads, in the
majority of patients, to irreversible AFO. Aggressive therapy
results in improvement of lung function in only 8-20% of
patients [4, 7, 11, 16, 110]. The best expectations in the
management of patients with BO are to stabilise and prevent
further drops in FEV1. The mortality rate in patients with BO
following HSCT varies 14-100%, with a median of 65% [3, 6-8,
13, 16, 27, 34]. In a large cohort study of patients with AFO
following HSCT, the attributable mortality was 9% at 3 yrs,
12% at 5 yrs, and 18% at 10 yrs, while the attributable mortality
in those with associated chronic GVHD was 22% at 3 yrs, 27%
at5 yrs, and 40% at 10 yrs [19]. Most patients with BO progress
to respiratory failure, and some patients develop bronchiecta-
sis with frequent bacterial exacerbations. Patients with
advanced BO usually die from pneumonia [7, 13, 18, 20].

Factors that are associated with increased mortality related to
BO following HSCT include rapid deterioration of FEV1 (>10%
per year), age >60 yrs, progressive chronic GVHD, underlying
disease risk at transplantation, underlying disease relapse and
history of respiratory viral infection [19, 22, 26]. Another study
showed that the prognosis of BO following HSCT is worse in
patients who develop AFO early (<150 days) following
transplantation, and have rapid decline in FEV1 (>30%) [8].
In addition, the prognosis of BO is worse if the patients do not
respond to the primary treatment regimen [18]. The prognosis
of BO appears not to be influenced by the presence of AFO
prior to transplantation, the source of stem cells, degree of
matching, CMV serological status or the type of GVHD
prophylaxis [26].
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BRONCHIOLITIS OBLITERANS SYNDROME FOLLOWING
LUNG TRANSPLANTATION

The present review focuses on BO following HSCT; however, it
is important to discuss the similarities and differences of this
syndrome in lung transplantation and HSCT recipients. The
diagnostic criteria for BO following lung transplantation are
better defined and are universally adopted. The International
Society for Heart and Lung Transplantation proposed the
following classification of BO syndrome (BOS) following lung
transplantation: BOS 0: FEV1 >90% of baseline and FEF25-75%
>75% of baseline; BOS 0—p: FEV1 81-90% of baseline and/or
FEF25-75% <75% of baseline; BOS 1: FEV1 66-80% of baseline;
BOS 2: FEV1 51-65% of baseline; and BOS 3: FEV1 <50% of
baseline [52].

While chronic GVHD is the only established risk factor for BO
following HSCT, there are several factors strongly implicated
in the pathogenesis of BO following lung transplantation, and
these include allograft rejection and that BO represents chronic
rejection. In addition, there is evidence that the severity of BO
following lung transplantation correlates well with the onset,
number and severity of acute rejection episodes, and that early
and aggressive treatment of acute rejection appears to prevent
BO [52, 111-113]. Conversely, it is not clear that aggressive
treatment of GVHD is protective against BO following HSCT.
Alloimmune independent factors also play an important role
in the pathogenesis of BO following lung transplantation, and
are mainly related to airway ischaemia during the time interval
between organ procurement and transplantation, and inter-
ruption of bronchial arterial supply after re-implantation of the
graft [45, 114, 115]. This ischaemia leads to lymphocytic
infiltration and the development of lymphocytic bronchitis
and bronchiolitis which is a precursor of BO following lung
transplantation [116]. Similar to BO following HSCT, CMV,
other respiratory viral infections and GERD may play a role in
the onset or exacerbation of BO following lung transplantation.

The clinical and radiological presentations of the BO in both
patient populations appear to be similar; however, the
incidence of BO following lung transplantation is higher and
is reported to range 50-60% in patients who survive for 5 yrs
after surgery (versus 0-48% following HSCT) [117, 118]. In
addition, BO following lung transplantation is diagnosed later,
with median time to diagnosis 1620 months (versus 6-12
months following HSCT) [45]. Transbronchial biopsies play a
more important role in the management of BO following lung
transplantation than in HSCT recipients. The role of this
procedure is not to confirm the diagnosis of BO, but rather to
detect acute rejection. Some studies show that surveillance
transbronchial biopsies have led to resolution or stabilisation
of the condition in a large percentage of patients with early-
stage BO following lung transplantation [113, 119]. In addition,
the role of exhaled gases and condensates, such as exhaled NO
and carbonyl sulphide, in detecting and monitoring BO has
been better studied in lung transplantation recipients than for
HSCT, but their role remains poorly established [71].

The management of BO following lung transplantation is
generally similar to that outlined for HSCT. Intensification of
immunosuppressive therapy is the mainstay of therapy.
Minimising the graft ischaemia time, early treatment of
respiratory infections, and treatment of GERD have been

EUROPEAN RESPIRATORY JOURNAL

BRONCHIOLITIS OBLITERANS FOLLOWING HSCT

emphasised in the prevention and management of BO
following lung transplantation [61, 63-65]. There are more
reports on BO following lung transplantation describing the
improvement of lung function using maintenance therapy with
macrolides [86]. In addition, a recent report suggests that
inhaled cyclosporine A may extend the periods of chronic
rejection-free survival, and may have an impact on the
development of BO following lung transplantation [120].
Mortality due to BO following lung transplantation is
generally higher than that reported following HSCT [117].

FUTURE DIRECTIONS

Advances in haematopoietic stem cell transplantation techni-
ques, and prophylaxis and treatment of infections, have
significantly decreased the risks of infectious complications
following transplantation. As a result, late complications,
including broncholitis obliterans, are increasingly becoming a
major cause of morbidity and mortality following haemato-
poietic stem cell transplantation. The management of bronch-
olitis obliterans has been frustrating, with patients developing
progressive air flow obstruction. Future efforts should focus on
establishing uniform diagnostic criteria for broncholitis oblit-
erans following haematopoietic stem cell transplantation that
could guide clinical practice and research efforts. More animal
models and clinical studies are needed to elucidate the
inflammatory and immune mechanisms that lead to bronch-
olitis obliterans following haematopoietic stem cell transplant-
ation. At the same time, multicentre prospective trials are
essential to define the risk factors, clinical course and the best
management approach to this condition.
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