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This consensus statement established under the auspices of
the German working group on BM and blood stem cell
transplantation (DAG-KBT), the German Society of
Hematology and Oncology (DGHO), the Austrian Stem
Cell Transplant Working Group, the Swiss Blood
Stem Cell Transplantation Group (SBST) and the Ger-
man-Austrian Pediatric Working Group on SCT (Päd-
Ag-KBT) summarizes current evidence for diagnosis,
immunosuppressive and supportive therapy to provide
practical guidelines for the care and treatment of patients
with pulmonary manifestations of chronic GVHD
(cGVHD). Pulmonary cGVHD can present with obstruc-
tive and/or restrictive changes. Disease severity ranges
from subclinical pulmonary function test (PFT) impair-
ment to respiratory insufficiency with bronchiolitis
obliterans being the only pulmonary complication cur-
rently considered diagnostic of cGVHD. Early diagnosis
may improve clinical outcome, and regular post-transplant
follow-up PFTs are recommended. Diagnostic work-up
includes high-resolution computed tomography, broncho-
alveolar lavage and histology. Topical treatment is based
on inhalative steroids plus beta-agonists. Early addition of
azithromycin is suggested. Systemic first-line treatment
consists of corticosteroids plus, if any, continuation
of other immunosuppressive therapy. Second-line therapy
and beyond includes extracorporeal photopheresis,
mammalian target of rapamycin inhibitors, mycopheno-
late, etanercept, imatinib and TLI, but efficacy is limited.
Clinical trials are urgently needed to improve under-
standing and treatment of this deleterious complication.
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Introduction

Chronic GVHD (cGVHD) is still a major complication
of long-term survivors after allo-HSCT, with a 6-year
probability up to 61% in patients receiving PBSC.1–3 Owing
to the increasing number of allo-HSCTs using PBSCs,
mismatched and unrelated donors, the clinical application
of donor lymphocyte infusions or allo-HSCT in elderly or
very young patients, cGVHD will become an even more
common and serious challenge in the clinical follow-up
after transplantation. In addition to its related mortality,
several surveys show that active cGVHD markedly reduces
the quality of life in patients suffering from the moderate or
severe form.4–6

Pulmonary complications significantly contribute to late
mortality after allo-HSCT. In patients surviving longer
than 2 years, Bathia et al.2 found a 15.1-fold increased risk
of late mortality because of pulmonary dysfunction
compared with the general population. Furthermore, late-
onset non-infectious pulmonary complications can present
with restrictive lung function impairment (restrictive
pulmonary function test (PFT) pattern, late interstitial
pneumonitis (IP), cryptogenic organizing pneumonia
(COP) also called bronchiolitis obliterans organizing
pneumonia (BOOP)), or airway obstruction (obstructive
PFT pattern, bronchiolitis obliteratans (BO) or BO
syndrome (BOS)) or a combination of both.7–9 Late-onset
non-infectious pulmonary complication forms are strongly
associated with cGVHD and not pathophysiologically fully
understood.7–15 However, BO/BOS is the only pulmonary
complication, which is currently considered diagnostic of
cGVHD,16 whereas BOOP can also be detected in acute
GVHD and, therefore, is regarded as a ‘common’ symptom
of GVHD. Late IP as well as COP may occur in association

Received 6 May 2010; revised 12 November 2010; accepted 16 November
2010; published online 28 March 2011

Correspondence: Dr GC Hildebrandt, LSU Health Sciences Center-
Shreveport, Feist–Weiller Cancer Center, Blood and Marrow Transplant
Program, 1501 Kings Highway, Shreveport, LA 71130, USA.
E-mail: ghilde@lsuhsc.edu

Bone Marrow Transplantation (2011) 46, 1283–1295
& 2011 Macmillan Publishers Limited All rights reserved 0268-3369/11

www.nature.com/bmt

http://dx.doi.org/10.1038/bmt.2011.35
mailto:ghilde@lsuhsc.edu
http://www.nature.com/bmt


with cGVHD and are regarded as ‘associated’ or ‘other’
symptom of cGVHD. BO/BOS is the most detrimental post-
transplant late pulmonary complication, as it is character-
ized by its frequent non-responsiveness to treatment and
irreversibility, leading to high morbidity and mortality.
A comprehensive review on this entity has been recently
published by Williams et al.17

The Consensus Conference on Clinical Practice in
Chronic GVHD was held in Regensburg, Germany on
6th and 7th November 2009 (http://www.gvhd.eu). It aimed
to summarize the currently available evidence for diagnosis,
immunosuppressive and supportive treatment of pulmon-
ary manifestations and to provide practical guidelines
for the use of treatment modalities. The Consensus
Conference was organized under the auspices of the
German working group on BM and blood stem cell
transplantation (DAG-KBT) and the German Society
of Hematology and Oncology (DGHO), the Austrian
Stem Cell Transplant Working Group of the Austrian
Society of Hematology and Oncology, the Swiss
Blood Stem Cell Transplantation Group (SBST) and the
German-Austrian Pediatric Working Group on SCT
(Päd-Ag-KBT). It was based on a review of published
evidence and two surveys on the current clinical practice
in diagnosis and treatment of cGVHD including BO.
In total, 31 transplant centers from Germany, Austria
and Switzerland participated in the surveys. Moreover,
the consensus was circulated among all transplant
centers performing allo-HSCT in Germany, Austria and
Switzerland, and was discussed during the Consensus
Conference meetings.

The literature search was performed by the working
group on first-line treatment within the Consensus
conference using the PubMed database. Only English
literature was considered. Abstracts from the Bone Marrow
Transplantation Tandem meetings, the European Bone
Marrow Transplantation meetings and the American
Society of Hematology meetings were cited but were not
included in the evidence rating. The evaluation of
evidence and the subsequent recommendation was graded
according to the system used in grading of supportive
care published by Couriel et al.18 As the evidence of the
majority of treatment options in cGVHD is sparse and
therefore the strength of recommendation falls into
category C for most of the therapeutic options; the category
C and evidence III level were further specified as shown
in Tables 1 and 2. All strength of recommendation and
evidence levels were first rated by an expert panel and
subsequently rated by all the participants of the consensus
process. Only evidence from the use in cGVHD was
included in the evaluation.

Following this, we discuss the diagnostic criteria, screen-
ing methods, systemic and topical immunosuppressive
treatment options for pulmonary manifestations of
cGVHD. We mainly focus on reported clinical trials and
retrospective analyses. The presented overview on current
evidence and the herein deduced recommendations by the
Consensus Conference participants are intended to provide
a platform for collaborative efforts in order to plan and
pursue clinical trials directed to disease pathophysiology,
treatment and outcome.

Diagnosis

I. Symptoms of pulmonary cGVHD
In the early stage, patients with pulmonary cGVHD are
either asymptomatic or often present with nonspecific
and non-diagnostic symptoms such as mild dyspnea on
exertion or dry and non-productive cough. Owing to the
initial lack of the patient’s perception of disease, the
detection of disease is usually delayed until airflow
patterns and lung structure have significantly changed,
and patients suffer from significant dyspnea from exertion,
decreased exercise tolerance and exhibit a more eminent
persistent non-productive cough. Fever (indicating
associated infection), dyspnea and productive vs non-
productive cough can be found in any combination
or not at all.14,19–26 If pulmonary disease progresses,
eventually oxygen dependency, immobility and death will
occur mainly in association with pulmonary infectious
complications.

Table 1 Strength of recommendation

Strength of
recommendation
level

Definition of recommendation level

A Should always be offered
B Should generally be offered
C Evidence for efficacy is insufficient to support for

or against, or evidence might not outweigh adverse
consequences, or cost of the approach. May be
considered/optional

C-1 Use in first-line treatment justified and may be
considered

C-2 Use in Xsecond-line treatment justified and may be
considered

C-3 Use limited to specific circumstances because of
increased risk profile

C-4 Experimental, use only in clinical trials or individual
cases

D Moderate evidence for lack of efficacy or for adverse
outcome supports a recommendation against use.
Should generally not be offered.

Table 2 Quality of evidence supporting the recommendation

Strength of
evidence
level

Definition of evidence level

I Evidence from X1 properly randomized, controlled
trial

II Evidence from X1 well-designed clinical trial without
randomization, from cohort or case–controlled analytical
studies (preferable from more than one center) or from
multiple time series or marked results from uncontrolled
experiments

III Evidence from opinions of respected authorities based on
clinical experience, descriptive studies or reports from
expert committees

III–1 Several reports from retrospective evaluations or small
uncontrolled clinical trials

III–2 Only one report from small uncontrolled clinical trial or
retrospective evaluations

III–3 Only case reports available
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II. Medical history and physical examination
On the basis of the patient’s delayed perception and the
nonspecificity of clinical symptoms and findings on physical
examination, a standardized approach is necessary to
detect pulmonary cGVHD early and—if possible—before
irreversible structural changes have occurred. In addition,
infectious causes need to be ruled out to the best extent.
Proof of underlying viral, bacterial and fungal disease
requires targeted antimicrobial and antiviral treatment,
whereas in pulmonary cGVHD, starting or intensifying
immunosuppression is the mainstay of therapy, which is
often contraindicated in the presence of infection.

Therefore, the following medical history and laboratory
work-up is suggested: donor type (unrelated vs sibling),
HLA match/mismatch, use of TBI or BU, history of donor
lymphocyte infusion, donor and patient gender (female
donor—male recipient), patient age, CMV seropositivity
of donor and recipient, history of smoking, allergies,
chronic infectious complications, lung disease or thoracic
irradiation pre-HSCT, history of acute lung injury follow-
ing allo-HSCT, history of cGVHD at any other site,
complete WBC count including differential for eosinophilia
and serum Ig levels (IgG and IgA).10,11,19,27–31 A thorough
physical examination including heart and lung has to be
performed on each patient visit including the evaluation
for any signs or symptoms of cGVHD at other sites. An
additional echocardiography to address pulmonary artery
pressure and a standardized oxygenation assessment as
suggested by the current guidelines of the American
Thoracic Society, for example, 6-min-walk test, are further
recommended.17,32

III. Pulmonary function testing
PFTs by spirometry, whole-body plethysmography and the
single-breath CO method are a non-invasive, easy-to-do
approach to assess pulmonary function following allo-
HSCT in adults.33 In early childhood, cooperation is often
limited and reliable PFT results can only be achieved from
the age of 5 years. Baby plethysmography in sedation is
a rarely necessary option for testing pulmonary function in
infants. Despite no apparent respiratory symptoms, many
patients develop normal-to-mild restriction (normal or
reduced forced expiratory vital capacity (FVC) or total
lung capacity (TLC) in combination with increased residual
volume (RV)/TLC ratios and normal to mildly reduced
flow rates, suggesting that functional and structural
changes occur before clinical symptoms and physical
impairment become manifest.34 Further, impaired pulmon-
ary function reflected by either decreased TLC, FVC,
diffusion capacity of the lung for carbon monoxide or
forced expiratory volume at 1 s (FEV1) or an increase of
the calculated lung function score (LFS) at day 80 post
SCT has been associated with higher mortality and
decreased survival.35 Specifically for BO/BOS, the National
Institutes of Health consensus defined mild BO/BOS, which
is often asymptomatic, as a manifestation of cGVHD,
which already requires systemic treatment,18 and moderate
BO/BOS—like other moderate-to-severe organ manifesta-
tions of cGvHD—relates to impaired physical functioning
and decreased quality of life.36 BO/BOS can occur at any

time (mostly during the first 2 years following allo-SCT). In
order to identify patients at risk for pulmonary cGVHD or
to detect manifest subclinical disease early, screening seems
justified and has been made a consensus recommendation
of this group as it has also been recommended by the
National Institutes of Health Ancillary Therapy and
Supportive Care Working Group.18 Successful screening
may be most easily warranted by using a standardized lung
function analysis approach, and the following approach
may be considered: Baseline PFT within the last 2 weeks
before starting conditioning therapy, and as follow-up
every 3 months for the first 2 years after transplantation
and every 6 months thereafter.37 Additional PFTs are
needed when patients present with respiratory symptoms in
the absence of acute pulmonary infection or 2–4 weeks after
initiation of treatment following pathological PFTs.

Indicators of a restrictive spirometric pattern are VC
or TLCo80% or FVCo80% of predicted value in combi-
nation with forced expiratory volume in the first second
of expiration (FEV1)/FVC X0.7.10,23 Although restrictive
lung function changes can be easily quantified by PFT
in patients after allo-HSCT, a correct assessment
of true airflow obstruction and its most deleterious form,
BO, is more difficult. According to the current guidelines
of the ATS/ERS taskforce, FEV1 can be used to measure
the severity of obstructive as well as restrictive changes in
pulmonary function, as each concurs with a decrease in
FEV1.38 Further, in patients following allo-HSCT, multiple
factors such as conditioning regimen toxicity, scleroderma-
like cGVHD or steroid treatment-related myopathy can
lead to intrinsic or extrinsic pulmonary restriction.
When applying the FEV1/FVC ratio as parameter for
obstructive airway disease, values appear falsely normal
despite manifest pulmonary obstruction in the presence of
significant restriction.39,40 A decline of FEV1 higher than
5% per year in combination with a FEV1/FVC o0.8 has
been demonstrated indicative of airflow obstruction follow-
ing allo-HSCT.25 Therefore, it is suggested, that FEV1
values will be compared over time in order to detect
obliterative airway disease early at a time point, when
pulmonary damage may still be reversible. In these patients,
reversibility of obstructive changes can be addressed by the
effects of bronchodilator administration (significant
bronchodilator responses (FEV1 or FVC increase X12%
or 0.2 L from pre-bronchodilator)).41,42 In addition, the
combination of FEV1 o75% of predicted normal in
combination with a FEV1/FVC o0.7 may be of higher
validity as a PFT indicator for BO than each parameter
alone.16 In children, the measured effective resistance (Reff)
can be additionally used as indicator of mild (30–60% of
predicted normal), intermediate (60–100%) or severe
(4100%) restrictive ventilatory disorder.

The transfer factor of the lungs for carbon monoxide
(TLCO) or diffusion capacity measures the ability to
exchange gases at the alveolar capillary interface and
reflects alveolar membrane thickness. However, it may
be affected by Hb levels as well as by cardiac output,
and shows the highest variability between laboratories.
In pediatric populations, correction for Hb levels is not
generally recommended. Furthermore, reproducible TLCO
measurement is only feasible from the age of 10 years,
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because an expiration time of 10 sec is needed for this test,
requiring optimal cooperation. The relevance of TLCO
decreases after allo-HSCT is unclear, as a decline in TLCO
is apparent in up to 80% of all HSCT survivors, may reflect
alveolar–endothelial damage or subclinical fibrosis and has
been associated with improved or decreased survival, as no
association at all has been reported as well.23,30,43–46

The lung function score (LFS) combines FEV1 and
the TLCO in an equally distributed manner
(FEV1: 480%¼ 1, 70–79%¼ 2, 60–69%¼ 3, 50–59%¼ 4,
40–49%¼ 5, o40%¼ 6; TLCO (corrected for Hb levels):
480%¼ 1, 70–79%¼ 2, 60–69%¼ 3, 50–59%¼ 4,
40–49%¼ 5, o40%¼ 6; summary score (FEV1þTLCO):
p2¼LFS I, 3–5¼LFS II, 6–9¼LFS III, 10–12¼
LFS IV).47 The LFS was first proposed by Parimon et al.48

as a potentially better approach to correlate PFT before
allo-HSCT with clinical outcome. It was then revisited and
modified into more precisely subdividing subcategories by the
National Institutes of Health consensus development
project on criteria for clinical trials in cGVHD and suggested
as a score to quantify pulmonary cGVHD and to evaluate
the effect of cGVHD treatment in adults.47 No validated
LFS exists for children so far, hence LFS is not a
recommended tool for the evaluation of pulmonary cGVHD
in childhood. Further, at this time the LFS has not been
validated yet in its proposed form, but we suggest its
inclusion in the follow-up of every adult patient in this setting
for further evaluation.

A further diagnostic option seems to be measurement of
the fraction of exhaled nitric oxide, which has been shown
to have a potential predictive value for BO in adults.49

However, different age-dependent norm values have to
be considered in adults (normal 5–25 p.p.b., intermediate
25–50 p.p.b., high 450 p.p.b.) and children (normal
5–20 p.p.b., intermediate 20–35 p.p.b, high 435 ppb or a
rise of 460% since previous measurement). Fraction
of exhaled nitric oxide measurements can usually be
performed from the age of 4 years with a portable device.

In the performed survey on diagnosis of cGVHD, only
half of the participating centers stated performing lung
function screening of asymptomatic patients. As a result of
the consensus conference, all centers agreed to establish
routine pulmonary function testing at certain time points
because of the fact that symptomatic BO already
significantly interferes with quality of life and physical
functioning and therefore screening of asymptomatic
patients is required.

IV. Imaging studies
Conventional chest X-ray presents a fast and easy method
to determine the likelihood of an infectious vs non-
infectious etiology, when classical radiographical signs of
lobar or bronchial bacterial pneumonia are present and
match clinical findings. However, its sensitivity and
specificity are limited when compared with chest CT, and
the latter should be alternatively considered according
to the clinical setting and institutional policies. If non-
infectious lung injury is suspected and differentiation from
viral or fungal pneumonia is necessary, high-resolution
chest computed tomography (HRCT) is recommended as

the standard imaging technique for addressing lung injury
in adult SCT recipients. In young children up to the age
of about 10 years, sedation can be necessary for the
performance of a chest CT, making the evaluation
of inspiration and expiration difficult. Therefore, early
multislice CT scan (if possible with expiration) may be
considered in children as long as lung injury has not
progressed, which may increase the risk of sedation. In
most cases with COP or BOOP, patchy consolidation and
ground-glass attenuation are seen as characteristic find-
ings.50 In- and expiratory HRCT studies in cooperative
patients are very helpful in the assessment of obstructive
lung injury, which presents with bronchial dilatation,
mosaic pattern of attenuation and air trapping, and
correlates with PFT parameters, including FEV1, FEV1/
FVC, RV and TLCO, but not with TLC or with FVC.50,51

Furthermore, HRCT provides information regarding
potential infectious etiology of lung injury, demonstrating
a higher specificity for fungal vs viral or bacterial
infections.52,53

In patients with clinical symptoms of sinus infection and
suspected sinobronchial syndrome, a CT of the sinuses is
suggested to explore potential foci, driving pulmonary
infections, and may be also strongly considered even in
younger children. In the survey on diagnosis of cGVHD all
but one of the participating centers stated performing
routine HRCT scans in patients with a drop of the FEV1
and suspicion of pulmonary cGVHD.

V. Bronchoalveolar lavage
Respiratory symptoms and pathological findings by HRCT
require further work-up by bronchoalveolar lavage (BAL)
to define or exclude causative infectious agents. BAL is
recommended early and in all patients for various reasons:
(1) proof or exclusion of infection significantly effects
subsequent therapy, (2) pulmonary function may rapidly
decline and invasive ventilator support may become
necessary.

We suggest, that BAL cytology analysis incorporates
absolute cellularity as well as leukocyte sub-populations,
CD4:CD8 ratio and atypical epithelial cells by morphology
and FACS.54 Screening for infection commonly involves
stains, cultures and/or PCR for bacteria, viruses and fungi.
Specific pathogens of interest include pneumococci, Hae-
mophilus influenzae B, Chlamydia pneumoniae, Mycoplasma
pneumoniae, Toxoplasma gondii, Bordetella pertussis, My-
cobaterium tuberculosis and mycobacteria other than
tuberculosis, Pneumocystis jirovecii, adenovirus, CMV,
HHV6, HSV1/2, human metapneumovirus, influenza A/
B, parainfluenza 1–3, coronavirus, rhinovirus, respiratory
syncytial virus and Aspergillus species. In individual cases,
pan-bacterial or pan-fungal PCR screening may be
indicated.

No controlled study on the benefits, risks and value of
BAL in patients with pulmonary cGVHD has been
reported yet. However, as BAL has been shown to be a
well tolerated and safe procedure even in pediatric
populations, with a high informative value in patients with
acute pulmonary dysfunction following allo-HSCT,55 it
seems also safely applicable to patients at later time points.
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In the survey on diagnosis of cGVHD only one-third of the
participating centers stated performing BAL in patients
with a drop of FEV1. If radiological signs of pulmonary
cGVHD are present, the majority of centers stated
performing BAL as a diagnostic procedure.

VI. Transbronchial biopsy and open lung biopsy
Definitive diagnosis of different forms of pulmonary
cGVHD needs histopathological confirmation. Transbron-
chial biopsy may be helpful in diffuse lung pathology with
typical HRCT findings such as ground-glass appearance or
fibrosis or when lesions larger than 1 cm are located in very
close proximity to major bronchi, whereas open lung
biopsy may be considered in patients with small focal
processes located in the peripheral lung parenchyma.
Although transbronchial biopsy is associated with low
sensitivity and with a relatively poor predictive value for
BO,56 its value is higher in patients with late IP. In contrast,
open lung biopsy remains the gold standard for the
diagnosis of BO or COP/BOOP, but at the same time it is
associated with an overall morbidity of 43% by day þ 30
after the procedure, and can result in severe and life-
threatening complications in every seventh patient.57,58

Therefore, the decision, whether a transbronchial or an
open lung biopsy may be performed, has to be made
carefully on a case by case base in the context of
radiographical findings, the risk of potential complications
and the expected clinical consequences to be made
depending upon biopsy results, but still be pursued
consequently. In the survey on diagnosis of cGVHD only
half of the participating centers stated performing trans-
bronchial lung biopsies during diagnostic work-up for
cGVHD. In this connection, the need for experienced
second-opinion pathologists was stated to improve the
quality of histological diagnosis of pulmonary cGVHD.

Establishing the diagnosis of BO/BOS
In 2005, the consensus project on cGVHD of the National
Institute of Health, USA, has provided a definition for BO/
BOS, which is primarily based on PFT and HRCT, and
requires the following criteria16 in order to characterize BO/
BOS as a manifestation of cGVHD:

(1) FEV1 o75% of predicted normal and FEV1/FVC
o0.7.

(2) Either signs of air trapping by PFT (RV 4120% of
predicted normal) or signs of air trapping, small airway
thickening or bronchiectasis by in- and expiratory
HRCT or pathological confirmation of constrictive
bronchiolitis.

(3) Absence of active respiratory tract infection.
(4) In case of lacking histological proof of BO, at least one

other distinctive manifestation of cGVHD in an
additional organ system is required.

The International Consensus Conference on diagnosis
and treatment of cGVHD of the German, Austrian and
Swiss transplantation groups agreed to apply this definition
in clinical routine and clinical trials. For pediatric patients,
however, the requirement of cGVHD involvement of other
organs besides lung in the absence of histological proof of

BO may not be seen as stringent, as performing biopsies in
these patients is often clinically impossible, and isolated
BOS can be observed frequently without other organ
cGVHD.59 A less stringent modification of these criteria
has been recently proposed to potentially broaden the
inclusion of patients into clinical trials.60

Treatment of pulmonary cGVHD
In early BO, bronchiolar inflammation has been shown to
be present,39,61 and therefore, early treatment may prove
more promising than initiation of therapy once structural,
fibrotic changes have occurred. When FEV1 drops more
than 5% within the last year in combination with a FEV1/
FVC o0.8,25 or when FEV1 o80% (GOLD I) with FEV1/
FVC 40.7, and no air trapping by PFT or HRCT can be
found by PFT or HRCT, or when patients have a LFS of
pII and present with no or mild clinical symptoms, the
indication for topical treatment (Table 3) is given.

Bergeron et al.62 retrospectively analyzed the role for
topical treatment early in the course of progressive airflow
obstruction using a combination of budenoside as an
inhalative steroid and formoterol as a long-acting bronch-
odilator. A total of 13 patients with mild-to-moderate BO
were treated with this regimen and showed a durable
improvement both clinically and in PFTs over the follow-
up of 12.8 months (5–29 months). This combined regimen
may be a promising approach (B III-2). Currently a
prospective trial evaluating the efficacy of budesonide
and formoterol in treatment of BO after allo-HSCT is
ongoing.63 In contrast to the results in BO after lung
transplantation, a recently published retrospective analysis
on inhaled high-dose fluticasone in treatment of BO after
allo-HSCT showed some efficacy in a group of 17
patients.64 However, when inhaled corticosteroids (ICS)
are used as topical antiinflammatory treatment as recom-
mended for children, fluticasone or ciclesonide may be
considered in combination with short-acting beta-agonists
as salbutamol rather than with long-acting beta-agonists, as
the latter are not recommended in infants or toddlers.

In the survey, 27 of 31 centers stated using the
combination of inhalative and systemic steroids, whereas
six centers applied systemic steroids only. Two centers
used both options. With regard to the use of inhalative
bronchodilators, seven centers stated using short-acting
sympathomimetic inhalative agents. In total, 24 centers use
long-acting sympathomimetic agents and eight centers
apply parasympatholytic agents. Four centers did not use
one of both options.

In pediatric and adult patients, the use of dornase
alpha inhalations65 may be considered, if a sinobrochial
syndrome or chronic mucus plugging with suspected
mucociliary dysfunction is present, leading to further
infections and bronchiectasis. In case of chronic bacterial
colonization of the airways, inhalation with tobramycin
can be considered.

Pulmonary hypertension may develop if chronic restric-
tive airway disease is persisting. In these patients, inhalative
iloprost may be a therapeutic option.66,67

Following 2- to 4-weeks of treatment, the patient needs
to be re-evaluated. If no improvement or even progressive
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disease is observed, initiation of systemic immunosuppres-
sion (Table 3) is suggested. We recommend, that systemic
immunosuppressive therapy may also be started up-front
in those patients initially presenting with moderate-to-
severe clinical symptoms, a LFS 4II, a FEV1 o75% in
combination with a FEV1/FVC o0.7 or when air-trapping
is present by PFT or HRCT.

First-line treatment usually involves corticosteroids,
for example, prednisolone 1mg/kg body weight (A II)
(maximum 100mg prednisolone/day) plus, if any, conti-
nuation of other immunosuppressive therapy, for example,
calcineurin inhibitors, and clinical responses can be
observed in about one-fifth of patients.13,25,68,69 Alterna-
tively, steroid pulse treatment with prednisolone at a dose
of 10mg/kg body weight/day for 3 days can be applied
(C-2 III-2).70 In this study, a median number of four cycles
was given with a 4-week interval between cycles. FEV1
improved after 2 months of treatment and disease progres-
sion was halted in 5/9 patients over a mean follow-up for
4219–67 months.70 Steroids also present standard first-line
treatment for restrictive late-onset non-infectious pulmon-
ary complications, including COP/BOOP and late IP, and
are given at a dose of at least prednisolone 1mg/kg body
weight (A II).14 As in most cases, this leads to improvement
or stabilization of disease,14 and tapering steroids can be
usually initiated after 2 weeks of treatment.

However, treatment success specifically for BO often
does not persist, and other immunosuppressive drugs or

immunomodulatory approaches become necessary. Extra-
corporeal photopheresis has been reported with some
success in the treatment of cGVHD including BO in several
studies (C-1 III-1) and also in the treatment of COP.71–75

Response rates up to 40 and 67% for restrictive and
obstructive lung involvement, respectively, have been
reported.76–78 Interestingly, a recent study demonstrated a
response in about two-thirds of patients, who suffered from
refractory BO, despite a median number of five treatment
approaches.78 However, criteria for pulmonary cGVHD so
far have not been uniformly defined and patient numbers in
general are low, and larger prospective studies are needed
to better determine the role of extracorporeal photopheresis
in the treatment of cGVHD-related lung disease.

Although efficacy for calcineurin inhibitors, such as CyA
or tacrolimus, mammalian target of rapamycin inhibitors,
such as sirolimus and everolimus, or mycophenolate
mofetil has been shown in patients with BO following lung
transplant,79–83 and these substances are frequently used in
treatment of cGVHD,84,85 usage of these drugs in patients
with BO after allo-HSCT remains empirical, as no clinical
trials exist. Replacement strategies, for example, changing
from CyA to tacrolimus82 or combinative approaches such
as CyA plus mycophenolate mofetil83 or sirolimus plus
mycophenolate mofetil,79 may prove beneficial in HSCT
recipients and warrants further investigation. However,
in light of their common clinical use outside of trials
for patients with BO after allo-HSCT and the mainly

Table 3 Treatment options in pulmonary manifestations of chronic GvHD

Agent Recommendation Evidence Side effects Comments

Systemic treatment
Steroids first-line A II Osteoporosis, -necrosis,

diabetes
Most effective agent in chronic GvHD

Steroids second-line B III-1 Osteoporosis, -necrosis,
diabetes

Important but need to spare steroids because of side effect
profile

Photopheresis C-1 III-1 Venous access required Spares steroids, may be effective in BO without increased risk
for infectious complication

mTOR inhibitors C-2 III-1 TAM, hyperlipidemia,
hematotoxicity

Increased risk for TAM in combination with CNI; if part of
immunosuppressive regimen at time of pulmonary cGvHD
onset, continuation suggested

CNI C-2 III-1 Renal toxicity,
hypertension

Spares steroids; if part of immunosuppressive regimen at time
of pulmonary cGvHD onset, continuation suggested

MMF C-2 III-1 GI complaints, infectious
and relapse risk

Increased risk for viral reactivation, spares steroids; if part of
immunosuppressive regimen at time of pulmonary cGvHD
onset, continuation suggested

Imatinib C-2 III-1 Fluid retention Potentially effective in mild and moderate BO in combination
with immunosuppression

Thoraco–abdominal
irradiation

C-4 Hematotoxicity Efficacy reported in BO after lung transplantation, no specific
experiences in BO in cGvHD

Pulse of steroids C-2 III-2 Infectious risk Experience limited to BO in infants
Azithromycin C-1 III-2 GI complaints Limited experiences with additive efficacy in chronic GvHD,

reduction of infectious complications
Montelukast C-2 III-1 Headaches, GI complaints May be effective in BO
Infliximab C-4 III-3 Infectious risk Experimental, last resort
Etanercept C-4 III-3 Infectious risk Experimental, may be used in late IPs
Topical treatment
Topical steroids B III-2 Tachycardia if combined

with beta-agonists
Improved efficacy if combined with beta agonist agents
(no use of long acting beta-agonist in infants)

Topical CyA C-4 (III-1)* Local side effects *Experimental, evidence relates to clinical trials for BO after
lung transplantation; no specific experiences in BO in
cGVHD

Abbreviations: BO¼ obliterative bronchiolitis; CNI¼ calcineurin inhibitor; GI¼ gastrointestinal; IP¼ interstitial pneumonitis; MMF¼mycophenolate
mofetil; mTOR¼mammalian target of rapamycin; TAM¼ transplant-associated microangiopathy.
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unchanged clinical outcome, the ability and efficacy of
these drugs to significantly alter the progressive course of
disease has to be seen critically, even more as additional
immunosuppressive measures need to be balanced against
an increased risk of opportunistic infections.

In small case series, azithromycin, a macrolide antibiotic,
showed potency with high efficacy and low toxicity in the
treatment of BO following lung transplantation.86–88

However, there has been only one report published on
azithromycin and BO following HSCT.89 In this study, 8/
153 patients had developed BO after HSCT (seven allo, one
auto) and were treated with azithromycin 500mg q.d. for 3
days, followed by 250mg 3� /week for 12 weeks. Clinically
significant improvement was achieved in both FEV1 and
FVC in seven out of eight patients. Therefore, azithromycin
provides a well-tolerated therapeutic approach and we
recommend its routine use in patients with mild airflow
obstruction in addition to topical therapy (C-1 III-2).
Further, it is recommended to continuously add azithro-
mycin to other immunosuppressants such as CyA or
steroids in patients with moderate and severe obstructive
lung disease. Although the mechanism of action for
azithromycin is not fully understood, it seems that it not
only leads to a reduction of neutrophilc inflammation88,90

but also functions through its prokinetic properties on the
upper gastrointestinal tract, thereby reducing gastroeso-
phageal reflux, a recently established risk factor for BO.91,92

Interestingly, two different forms of BO have been
described, that can be discriminated by their response to
azithromycin: a responsive neutrophilic partially reversible
and a non-responsive fibroproliferative form,88,93 and
further research may aid in understanding, whether these
confer to the neutrophilic vs lymphocytic form of BO,
described two decades ago,94 or present different stages
of disease.

TNF is a critical factor in the development of acute
lung injury following allo-HSCT, and neutralization
significantly improves clinical outcome in those patients.95

However, the role of TNF in the development of
pulmonary cGVHD has not been established, and anti-
TNF treatment is still fully investigational. So far, the
successful use of TNF blockade has been reported only in
case reports both for infliximab (C-4 III-3) in BO96 and for
etanercept (C-4 III-3) in late IP,97 and its use remains
experimental and we recommend its restriction to special
circumstances because of the associated infectious risk.

Profibrotic cytokines and receptors are significantly
involved in the pathophysiology of BO, BOOP and other
fibrotic manifestations of cGVHD.98–101 Therefore, target-
ing fibrosis presents a promising therapeutic approach and
has led to the use of the tyrosine kinase inhibitor imatinib
in patients with pulmonary cGVHD based on its anti-
fibrotic properties.102–106 Majhail et al.102 reported one
patient with BO, who demonstrated a significant and
durable response to imatinib at a dose up to 400mg
daily for more than 5 years. In patients with combined
obstructive–restrictive chronic lung injury, imatinib
(100–400mg daily) led to a significant improvement in
lung function following a treatment period of 6 months
in 6 out of 11 cases.103 Imatinib was combined with
concurrent immunosuppression in both studies, and in

future may prove an efficient additive arm of treatment in
patients with pulmonary cGVHD. Currently, imatinib may
be considered as additive agent in second-line treatment of
BO (C-2 III-1).

Both restrictive and obstructive forms of lung injury
following allo-HSCT are the result of persistent and
dysregulated inflammation. Leukotrienes are eicosanoid
lipid mediators, that contribute to the inflammatory
processes involved in the development of asthma, alveolitis,
pulmonary fibrosis and BO following lung transplantation,
and promote bronchoconstriction as well as eosinophil and
neutrophil recruitment.107–111 Preliminary clinical observa-
tions demonstrated potential therapeutic efficacy for
montelukast, a leukotriene receptor antagonist in patients
with BO following allo-HSCT,112 and is currently tested
by an ongoing National Institutes of Health phase 2 trial.
In addition, combined treatment with fluticasone, azithro-
mycin and montelukast demonstrated comparable efficacy
as prednisone in stabilizing FEV1 in patients with BO, but
allowed a significant reduction in total dose prednisone
exposure, thereby may proof as an steroid sparing
treatment alternative in this disease.113 Currently, monte-
lukast may be considered as additive agent in treatment of
BO (C-2 III-1).

TLI and inhalative CyA present treatment options,
which have been successfully used in small numbers of
patients with BO after lung transplantation, but their
use has not yet been reported for patients with BO after
allo-HSCT.114–120 Therefore, the use of these treatment
modalities may be considered experimental and used in
clinical trials or in individual cases only (C-4).

When medical treatment fails to prevent the progression
of pulmonary disease, eventually lung transplantation as
the therapeutic ultima ratio may be indicated. Several
reports have demonstrated the clinical efficacy and value
of this procedure in adult HSCT recipients.121–126 The
indication for lung transplantation, including progressive
deterioration despite immunosuppression for more than
3–6 months, acute respiratory distress, total dependence on
oxygen support, severe limitation in exercise and life quality
because of lack of oxygen or severe pulmonary hyperten-
sion, has to be counterbalanced with the general state of
health and age of the patients and with transplantation-
associated limitations, such as risk of relapse, infections or
secondary neoplasia because of prolonged immunosuppres-
sion following lung transplantation.

In the survey on treatment of cGVHD, all centers
agreed on the central role of systemic steroids in treatment
of pulmonary GVHD. Moreover, 16 of 31 centers apply a
pulse of steroids during the course of BO with six centers
applying at time of diagnosis of pulmonary cGVHD and
four centers using it second line. Calcineurin inhibitors are
applied by 24 centers with 24 centers using CyA and 13
centers using also tacrolimus. The majority of centers
regard calcineurin inhibitors as second- and third-line
treatment option. Mycophenolate mofetil is used by
21 centers in treatment of BO with the majority applying it
as second- and third-line therapies. Extracorporeal photo-
pheresis is applied by 15 of 31 centers in the treatment of
BO mainly as third- and fourth-line treatment options.
The mammalian target of rapamycin inhibitors sirolimus
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(10 centers) and everolimus (11 centers) are applied mainly
after failure of first-line treatment and were regarded as
treatment of first choice by two centers.

Imatinib is currently applied by four centers only in
more advanced treatment lines. Etanercept is considered
by six centers mainly as third- and fourth-line treatment.
Azathioprine, pentostatin, infliximab and basiliximab are
applied by 2 of 31 centers only.

Summary

The diagnostic complexity and the vast variety in the choice
and algorithm of treatment approaches between centers
reflects the current dilemma of pulmonary cGVHD: until
today, criteria and definitions of cGVHD of the lung have
not been uniformly applied; the clinical spectrum reaches

from subclinial PFT changes to severe, life-threatening
pulmonary impairment; the knowledge of when and how to
treat has rather been based on anecdotal experiences or
small numbered case series from single centers than on data
derived from clinical multicenter trials and treatment may
often be started too late at a time point when irreversible
structural remodeling of the pulmonary parenchyma has
occurred. Translating the conclusions and recommenda-
tions of this Consensus Statement into routine diagnostics,
clinical care and follow-up of patients after allo-HSCT
(Figures 1 and 2) may help to achieve a more uniform
treatment of disease at different HSCT centers, there-
fore allowing a better assessment of response data and
comparability of experiences, as well as an optimization of
patient care. Better experimental models may help improv-
ing the understanding of pulmonary cGVHD pathophy-
siology127 and future clinical multicenter trials addressing
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Figure 1 Diagnostic and clinical care work-up algorithm for lung injury following allo-SCT. (1) Routine PFT screening is recommended 3, 6, 9, 12, 18 and
24 months after allo-SCT and then once per year. (2)Impaired PFT should be at least a drop in FEV1 45% over the last 12 months or a LFSX2 or a FEV1
o80% (GOLD I) with FEV1/FVC 40.7. (3) The decision, whether a transbronchial or an open lung biopsy may be performed, has to be made carefully on
a case by case basis in the context of radiographical findings, the risk of potential complications and the expected clinical consequences to be made depending
upon biopsy results.
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risk factors, patient management and follow-up, as well as
evaluating specific therapeutic options (e.g., in order to
better define the role of extracorporeal photopheresis vs
azithromycin as added treatment option to first-line
steroids) are eagerly needed.
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