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AGENDA 

§ Pathophysiology

§ Which risk factors are most important?

§ Diagnostic challanges

§ Therapeutic options



§ Mortality after HSCT has declined
over the last 30 years

§ cGVHD occurs 30-70% of patients
after HSCT.

§ Non-Infectious Pulmonary
Complications (NIPCs) affect
approximately 20% of HSCT 
recipients

§ NIPCs increase the rate of death
2-fold

THE IMPORTANCE OF NON-INFECTIOUS PULMONARY 
COMPLICATIONS (NIPCs) FOR ALLOGENEIC HSCT



PATHOPHYSIOLOGY
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THE CONCEPT OF NIPCs

when do they occurs? how do they affect the lung?

EARLY
first 3 months

LATE
after 3 months

OBSTRUCTIVE
hard to get air out

RESTRICTIVE
hard to get air in

Diffuse Alveolar
Hemorrhage

Organizing Pneumonia Bronchiolitis Obliterans
Syndrome (BOS)

Diffuse Alveolar 
Hemorrhage 

Idiopathic Pneumonia 
Syndrome

Bronchiolitis Obliterans
Syndrome (BOS)

Interstitial Pneumonia 

Organizing Pneumonia Organizing Pneumonia

Pulmonary Veno-
Occlusive Disease

Lymphocytic Interstitial
Pneumonia

Pluroparenchymal
Fibroelastosis



NIH CLASSIFICATION SYSTEM FOR CHRONIC GVHD

Lee J,  Blood 2017
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BRONCHIOLITIS OBLITERANS SYNDROME

● Most common form of pulmonary GVHD
● Generally, develops in the first 2 years
● Occurs in:

5% of all HCT recipients within 5 years
14% of patients with GVHD
the true prevalence is probably higher

● Defined by progressive disease of small airways
● 5-year survival rate 40-60% and 10-year survival rate 20%
● Prognosis has improved in the last two decades with better

screening and recognition
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TABLE III

Multivariate Predictors of BOS vs No cGVHD Without BOS

Risk factor OR 95% CI P value

Busulfan 6.37 [2.37,17.13] <0.001

ATG 0.08 [0.02, 0.27] <0.001

Unrelated donor 4.01 [1.55,10.42] 0.004

Female donor 4.20 [1.63, 10.86] 0.003

Reduced pretransplant FEV1% 1.04 [1.01, 1.07] <0.01

CMV positive 3.44 [1.34, 8.87] 0.01

Acute GVHD 3.34 [1.29, 8.67] 0.01

Pretransplant history of lung disease 9.99 [1.66, 59.80] 0.01

High-risk disease 2.76 [1.02, 7.45] <0.05

Am J Hematol. Author manuscript; available in PMC 2015 February 02.

RISK FACTORS FOR BOS

Gazourian L et al,  Am J Hematol 2015
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“Listen to your patient, 
he is telling you the diagnosis.”

Sir William Osler
(1849 – 1919)



SYMPTOMS

Earlier diagnosis is associated with better outcomes

● DRY COUGH 60-100%
● WHEEZING 40%
● DYSPNEA 50-70%
● ASYMPTOMATIC 20%



Modality Description

PULMONARY FUNCTION TESTS (PFTs) FEV1
FEV1/FVC

PULMONARY CT Air trapping
Bronchiectasis
Rule out infections

PARAMETRIC RESPONSE MAPPING HR CT upon inspiration and expiration 
(children and during infection)

SIX-MINUTE WALK TEST Early suspicion (obstructive pattern)

MULTIPLE BREATH WASHOUT Early perifery airways pathology

FORCED OSCILLOMETRY Similar to FEV1

NIH CHRONIC GVHD SCORE PFTs + symptoms

DIAGNOSTIC TOOLS

+



Parameters Rif % Rif

SPIROMETRY

FEV1 (liters) forced expiratory volume in one second 3.72 >80

FVC (liters) forced vital capacity 4.46 >80

FEV1/FVC (%) - >0.7 >85

FEF25-75 (L/sec) forced expiratory flow rate 4.36 >70

LUNG VOLUME

TLC (liters) total lung capacity 4200-6400 >90%

DLCO (mL/min/mmHg) diffusing capacity of carbon monoxide 21 >75

PULMONARY FUNCTION TESTs

OBSTRUCTION

RESTRICTION



Bronchiectasis

CT FINDINGS

Air trapping bronchiolitis
TREE IN BUD

Air trapping



DIAGNOSIS CRITERIA

Clinical diagnosis is based on pulmonary function studies and imaging:

1. Evidence of progressive airflow obstruction:
- Fall in FEV1

- Evidence of air trapping all’imaging (CT)
2. Absence of infection in the respiratory tract:
- Imaging (CT)
- Microbiological tests

- cultures
- testing for viral infections (NAAT preferred)
- sputum culture
- BAL



Jagasia et al Biol Blood Marrow Transplant 2015

NIH CRITERIA FOR CLINICAL TRIALS IN CHRONIC GVHD

If other organs are involved ⇒ first 3 criteria are required
If no other organ are involved ⇒ biopsy is required

1) FEV1/FVC ratio <0.7 or 5th percentile of predicted

2) FEV1 <75% of predicted with ≥10% decline over less than 2 years

3) Absence of respiratory tract infections

4) One of the 2 supporting features of BOS:
- Air trapping by expiratory CT or small airway thickening or 

bronchiectasis by HR CT 
- Air trapping by PFTs (Residual Volume > 120% of predicted or 

RV/TLC elevated outside the 90% confidence interval)



Jagasia et al Biol Blood Marrow Transplant 2015

NIH GRADING FOR CLINICAL TRIALS IN LUNG CHRONIC GVHD

NO GVHD FEV1 ≥80% of predicted
asymptomatic

MILD FEV1 60-79% of predicted
shortness of breath after climbing one flight of steps

MODERATE FEV1 40-59% of predicted
shortness of breath after walking on flat ground

SEVERE FEV1 ≤39% of predicted
shortness of breath at rest - requiring O2



COMPARISON BETWEEN NIH AND ISHLT CRITERIA

Pang et al, Blood Adv 2022



Pang et al, Blood Adv 2022

ADAPTED CRITERIA

3.4% 19.1% 13.4% 11.4%

§ Increased risk of death compared
to non-GVHD patients (HR 1.88; 
p=0.006)

§ Same risk of death compared to 
NIH GVHD patients (p=0.678)

47.4%

All cGVHD



1. Symptoms appear when the disease is advanced

DIAGNOSTIC CHALLENGES
Early diagnosis is associated with better outcomes

Why can’t we diagnose BOS consistently earlier? 

2. Symptoms are subtle and hard to distinguish from other post-HCT problems (COPD, fibrosis)

3. Lack of serial PFTs at well-defined intervals
(occurs every few months, while BOS can occur within a few weeks)

4. It does not show up on chest imaging until it is very severe

Palmer et al Biol Blood Marrow Transplant 2014
Bos et al, Lancet Respir Med 2022

5. Consider pre-existing lung disease



RESPONSE TO DIAGNOSTIC PROBLEMS
PFTs are recommended:

- baseline, d +100, each 3 months in the first year post-allo
- at cGVHD diagnosis
- each 3 months thereafter cGVHD diagnosis

Bos et al, Lancet Respir Med 2022
Jamani et al, Biol Blood Marrow Transplant 2020

Kitko et al, Transplant Cell Ther 2021

Monitoring for FEV1 trajectory decline:
- FEV1 decline >10% from baseline
- FEV1 decline >5%/year

Assessment of the FEF25-75:
- decline >25% pre-HCT baseline (prediction 85%; NPV 98%)
- more representative of small airways function
- usually deteriorate before FEV1 (early stage)

FEV1 can be altered by other causes:
- infections
- deterioration of the general conditions
- technical issues or noise



RESTRICTIVE PULMONARY CHRONIC GVHD

§ Not «officially» recognized as part of pulmonary cGVHD.
§ Prevalence unknown (3-year cumulative incidence 5%).
§ CT imaging can be useful:

bilateral interstitial lung disease
ground-glass, consolidations
pleural attraction and thickening
bronchiectasis

§ PFTs are useful (DLCO)
§ Can be seen after:

drug exposure
radiation
HD chemotherapy

Bos et al, Lancet Respir Med 2022
Archer et al, BMT 2023



Archer et al, BMT 2023

OUTCOMES ACCORDING TO THE TYPE OF DIGNOSIS: BOS vs. ILD

OVERALL SURVIVAL HEMATOLOGICAL RELAPSE



TREATMENT

early introduction of therapies may mitigate progression to more severe BOS [71]. If ACR is diagnosed, it
should be treated as per standard protocols avoiding prolonged courses of high-dose steroids [3, 24]. There
is evidence suggesting that the prevalence of BOS after lung transplantation is lower in patients receiving
tacrolimus versus cyclosporine [72] and that switching from cyclosporine to tacrolimus stabilises lung
function [24, 73].

Among available treatments, the most evidence exists for azithromycin [74–81], including data from a
randomised, placebo-controlled trial [82]. In observational studies, azithromycin was associated with a
FEV1 increase of 16–18% predicted [74, 75, 78], and an absolute FEV1 increase of 0.11–0.86 L [74, 78–
80]. However, response rates were only 29–50% in these studies, indicating that ⩾50% of patients showed
no improvement [74, 75, 78–81]. Factors associated with a greater likelihood of response were airway
neutrophilia (detected by BAL) [79, 81] and early treatment initiation [76]. In the randomised study, nine
out of 23 patients on azithromycin (39%), but none of those in the placebo group, responded to treatment
with a FEV1 increase of ⩾10% predicted (p=0.002). The difference in FEV1 between the azithromycin and
placebo groups was 0.278 L (p<0.001) [82]. Where safety data were reported, azithromycin was generally
well tolerated [75, 82]. One patient developed laryngeal oedema (serious) that resolved after azithromycin
discontinuation [75]. The most frequent adverse effects were gastrointestinal disorders. The recent ISHLT
consensus states that azithromycin should be initiated as early as possible, even before any definite BOS
diagnosis has been made [3], based on its effects on lung function [76, 77, 81]. The optimal dosage and
duration of azithromycin have not been established [78, 80, 81]. BOS may occur despite long-term
maintenance azithromycin.

The leukotriene antagonist montelukast has also been investigated for BOS treatment [83–85]. Montelukast
is an oral treatment for persistent asthma [86], showing antifibrotic effects in animal models of BOS after
lung transplantation [87]. In a pilot study of 11 patients with low neutrophilia on BAL (<15%) who were
expected to be poor responders to azithromycin, montelukast slowed FEV1 decline [85]. Similarly,
attenuation of FEV1 decline was seen in a retrospective study of 153 BOS patients, which also showed
significantly longer survival in patients with response to montelukast than in those who did not respond
[83]. However, a randomised, placebo-controlled trial failed to demonstrate any effect of montelukast on
FEV1 or graft survival in BOS patients, although benefit was seen in patients with early-stage BOS [84].
As this study only included 15 patients in each treatment arm, further research in larger patient cohorts
is warranted.

Second-line options include extracorporeal photopheresis (ECP) or total lymphoid irradiation (TLI) [3].
ECP slows the rate of FEV1 decline in patients with CLAD-BOS [88] and is probably more effective in

CLAD-BOS a!er lung transplantationa) b)

First-line
CNI switch

Azithromycin
Montelukast

Second-line
ECP
TLI

ATG (rabbit or equine), IVIG, 
rituximab (with AMR suspicion)
Experimental therapies (LCsA, 

antifibrotics, alemtuzumab, JAK 
inhibitors, stem cell therapy, etc.)

Ultimate therapy option
Retransplantation

BOS a!er HSCT

Second-line
ECP

JAK inhibitor
Experimental therapy (LCsA, 

antifibrotic therapy, stem cell 
therapy, etc.)

First-line
Systemic steroids

Fluticasone-azithromycin-montelukast
Inhaled long-acting bronchodilator

Ultimate therapy option
Lung transplantation

Optimise immunosuppression/
AUC monitoring

Rule out/treat associated ACR and 

AMR

Treat infections

Treat contributing factors (GERD, etc.)

Supportive measures

Optimise immunosuppression/
AUC monitoring

Treat infections

Manage extrapulmonary GVHD

Treat contributing factors

Supportive measures 
  (pulmonary rehabilitation, etc.)

FIGURE 1 Treatment approach for BOS after a) lung transplantation and b) HSCT. ACR: acute cellular rejection; AMR: antibody-mediated rejection;
ATG: antithymocyte globulin; AUC: area under the plasma concentration–time curve; BOS: bronchiolitis obliterans; CNI: calcineurin inhibitor; CLAD:
chronic lung allograft dysfunction; ECP: extracorporeal photopheresis; GERD: gastro-oesophageal reflux disease; GVHD: graft-versus-host disease;
HSCT: haematopoietic stem cell transplant; IVIG: intravenous immunoglobulin; JAK: Janus kinase; LCsA: aerosolised liposomal cyclosporine; TLI:
total lymphoid irradiation.
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basis for further evaluation of low-dose IL-2 as primary therapy for
chronic GVHD, and prospective comparative trials are currently
being planned.

Considering the important role of IL-2 in the development and
maintenance of Tregs, many efforts are underway to enhance the
efficacy and utility of IL-2 therapy to promote immune tolerance.
Approaches being evaluated at the Dana-Farber Cancer Institute
include combining daily low-dose IL-2 with infusions of highly
purified donor-derived Tregs (#NCT01937468). This combined
therapy provides healthy donor Tregs to augment endogenous Tregs
that may be dysfunctional in patients with chronic GVHD and also
provides low-dose IL-2 as a growth factor to promote the proliferation
and persistence of adoptively transferred Tregs. Another approach in
pediatric and adult patients with chronic GVHD is evaluating whether
individual IL-2 dose-escalation schedules can better sustain Treg cell
activation in vivo (#NCT02318082). Alternatively, low-dose IL-2 can
be combined with immune suppressive agents that facilitate Tregs,
such as sirolimus, MMF, or ECP (#NCT02340676). Because of
aldesleukin’s short half-life, current GVHD regimens employ daily
dosing schedules that are inconvenient and cumbersome for prolonged
therapy. Previous reports have described long-acting IL-2 formula-
tions such as IL-2/albumin fusion proteins95 or IL-2/monoclonal
antibody combinations96 and genetically engineered IL-2 variants that
have greater selectivity for individual components of the trimeric IL-2
receptor expressed on different cell types.97,98 Use of modified IL-2
agents may enhance the ability of patients to continue therapy for
prolongedperiods and increase the ability of these agents to induce and
maintain immune tolerance.

Ultra-low-dose IL-2 has also been tested in healthy volunteers and
early after haploidentical (#NCT02226861), related, and unrelated
donor transplantation.99,100 IL-2 has been safe and well tolerated and
also promotes Tregs despite short periods of therapy in these studies.
These observations suggest that low-dose IL-2 may also be useful for
the prevention of chronic GVHD in different settings. With early
posttransplant therapy as well as with prolonged treatment late after
transplant, further studies will be necessary to determine whether GVL
responses and pathogen responses are compromised.While early-phase
clinical results and preclinical data are promising, additional trials are
necessary before these options can be considered for routine clinical use.

Conclusions

With improved understanding of the immunologic mechanisms that
lead to the inability to establish immune tolerance and subsequent
development of chronic GVHD, it is now possible to conceive of new
therapeutic approaches that target specific immunologic mechanisms.
These new approaches have been tested in preclinical models, and
several promising therapies have also been evaluated in early-phase
clinical trials. Figure 1 provides an overview of current therapies and
new agents and identifies the immunologic cells and pathways targeted
by different approaches. While results of recent clinical studies are
promising, further studies in larger multicenter cohorts of patients are
needed to identify the most effective and least toxic regimens. As these
agents undergo clinical evaluation, by themselves and in combination,
it seems likely that more effective and less toxic therapies will soon be
available for the prevention and treatment of chronic GVHD.
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Stem cell graft engineering
• Anti-thymocyte globulin
• Post-transplant cyclophosphamide
• CD34 selection
• Ex vivo pan-T cell depletion
• Ex vivo selective T cell depletion
• Donor IL-2 therapy

Inhibit T cell signaling
• ITK inhibition - ibrutinib
• JAK1/2 inhibition - ruxolitinib
• ROCK2 inhibition - KD025
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Inhibit B cell signaling
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• sirolimus
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In vivo Treg expansion
• ECP
• low-dose IL-2

Figure 1. Mechanistic interventions for the pre-

vention or treatment of chronic GVHD. Current and
new approaches for the prevention or treatment of
chronic GVHD primarily target alloreactive donor

T cells, allo- and autoreactive B cells, or CD41

FoxP31 regulatory T cells. As advances in our un-
derstanding of the role of each of these cell types in the

development of chronic GVHD has advanced in recent
years, it is now possible to develop and select for

clinical testing a variety of therapeutic interventions that
focus on specific mechanistic pathways. Professional
illustration by Patrick Lane, ScEYEnce Studios.
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STUDIES ON BOS THERAPY
Author Study type Intervention Size Response definition Response

Child 1999 retrospective ECP 5 PFTs 40%

Khalid 2005 prospective Azithromycin 8 symptomatic and PFTs 87%

Ratejan 2005 retrospective HD steroids 9 - CR=20%; PR=30%

Zaja 2007 retrospective Rituximab 9 CR=100% resolution; PR=50% improved CR=0; PR=37%

Kim 2010 prospective, open label, phase II Rituximab 11 CR=100% resolution; PR=clinical score CR=0; PR=9%

Ueda 2010 retrospective Steroids 44 symptomatic and radiologic ?

Lucid 2011 retrospective ECP 9 symptomatic and PFTs 67%

Lam 2011 prospective, randomized, DB, 
placebo-controlled

Azithromycin 12 symptomatic and PFTs 0

Norman 2011 retrospective FAM+steroids 9 symptomatic, PFTs, lung function score 0

Yanik 2012 prospective, open label Etanercept 22 PFTs 32%

Del Fante 2016 retrospective ECP 20 symptomatic and PFTs 76%

Williams 2016 prospective, open label, single-arm FAM 36 PFTs 94% → 64%



Author Trial design Treatment Lung response Sample 
size

Redondo, 2022 Retrospective RUXO+CS ORR 33% 48

Zeiser, 2021 Open-label, randomized, multicenter, Phase III RUXO+CS vs BAT+CS ORR 9% 329

Wel, 2021 Retrospective RUXO+CS ORR 44% 32

Moiseev, 2020 Prospective RUXO+CS vs other IS No response 43

Gomez, 2020 Retrospective, multicenter RUXO+CS ORR 61.5% 27

Modi, 2019 Retrospective RUXO+CS vs other IS 12-mo ORR 10% 46

RUXOLITINIB FOR CHRONIC PULMONARY GVHD



THE ROLES OF ROCK2 IN PULMONARY cGVHD
§ Controls the balance between pro-

inflammatory and Treg
§ Regulates cytoskeletal dynamics
§ Regulates profibrotic gene expression
§ Drives chronic inflammation
§ Enhances fibrosis in cGVHD.

Zhanin-Zharov et al, Clin Immunol 2021 

ROCK2 INHIBITORS



EXTRACORPOREAL PHOTOAPHERESI

Hefazi et al Biol Blood Marrow Transplant 2018
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Glanville et al, ERJ Open Res 2022
of BOS after HSCT or bone marrow transplantation. To date, published data are limited to small case
series or case studies in adults or children with steroid-resistant BOS [120–123]. However, some studies
have suggested a potential role for these agents in the treatment of BOS [120–123]. An open-label phase II
study (NCT03674047) is underway in the USA in patients with newly diagnosed or established BOS after
HSCT (completion expected in March 2023).

B-cell-directed therapies
B-cells are important mediators of chronic GVHD [124, 125] and are implicated in the development of
CLAD [126]; thus, treatments inhibiting B-cell activation may be useful for BOS treatment after lung
transplantation or HSCT. However, B-cell-directed therapies tend to be associated with significant safety
concerns, including cytopenias, immunosuppression and infections [127, 128].

Rituximab is a chimeric human/mouse monoclonal antibody against CD20 that has cytolytic activity
against B-cells and is approved for the treatment of B-cell lymphomas [127]. Small case series suggest that
rituximab may be effective in improving lung function in patients with BOS after lung transplantation with
concurrent antibody-mediated rejection [129–131]. There are less data regarding its use in patients with
BOS after HSCT. One report of three cases described lung function stabilisation in only one patient, but
the authors acknowledged that rituximab was only initiated in severely ill patients, and its efficacy if used
at an earlier stage of BOS could not be precluded [131].

Alemtuzumab is an anti-CD52 monoclonal antibody approved for use in B-cell lymphomas [128]. A
database analysis suggested that using alemtuzumab as part of the induction regimen reduced the 5-year
risk of BOS after lung transplantation compared with basiliximab-based induction or no induction [132].
Two retrospective studies and a case series (n=10) reported slowing or reversal of lung function decline
with alemtuzumab in a high proportion of patients with BOS after lung transplantation [133–135].
Alemtuzumab appeared to be similarly effective to ECP [134]. Patients with early-stage BOS were more
likely to respond to alemtuzumab than those with late-stage BOS [132]. Notably, this strategy would
mitigate anticancer and anti-infection control in patients with BOS after HSCT and would thus be
associated with higher risk.

TABLE 2 Clinical trials with aerosolised liposomal cyclosporine

Study Clinical trial
registration
number

Phase Design (n) Treatments Primary end-point Completion
date

BOS after single or double lung transplantation
IACONO et al.
2019 (single or
double LTx)
[118]

NCT01650545 IIb Open-label,
parallel (21)

LCsA 5 or 10 mg
+SOC versus
SOC

1) A composite of BOS PFS, defined as
time from randomisation to ⩾20%
decline in FEV1, re-transplantation or
death, whichever occurred first
(prolonged mechanical ventilation and
irreversible respiratory failure equivalent
to ⩾20% decline of FEV1), and

2) BOS grade progression by grade
changes from randomisation to study
completion

Sep 2017

BOSTON-1
(single LTx)

NCT03657342 III Randomised,
single-blind
(110)

LCsA 5 mg+SOC
versus SOC

Mean change in FEV1 from baseline to
week 48

July 2023

BOSTON-2
(double LTx)

NCT03656926 III Randomised,
single-blind
(152)

LCsA 10 mg
+SOC versus
SOC

Mean change in FEV1 from baseline to
week 48

July 2023

BOSTON-3 (OLE
for BOSTON-1
and -2)

NCT04039347 III Open-label (220) LCsA 5 mg or
10 mg

Mean change in FEV1 from baseline to
week 24

Apr 2024

BOS after HSCT
BOSTON-4 NCT04107675 II Randomised,

single-blind
(24)

LCsA 2.5, 5 or
10 mg versus
placebo

Safety and tolerability May 2022

BOS: bronchiolitis obliterans syndrome; LTx: lung transplantation; LCsA: aerosolised liposomal cyclosporine; SOC: standard of care; OLE: open-label
extension; PFS: progression-free survival; FEV1: forced expiratory volume in 1 s; HSCT: haematopoietic stem cell transplant.
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Antifibrotic treatments
The antifibrotic agents pirfenidone and nintedanib are used in the treatment of chronic fibrosing pulmonary
conditions, such as idiopathic pulmonary fibrosis [136, 137], leading to speculation that they may
ameliorate the fibrotic changes in BOS after transplantation. Preclinical studies demonstrated antifibrotic
effects with pirfenidone in animal models of BOS or post-transplant pulmonary complications [138–141].
Preliminary data from a case series of 11 RAS patients showed that pirfenidone stabilised lung function
during long-term treatment and provided a bridge to a second lung transplant in three patients (27%) [142].
Published data with nintedanib are limited to case reports: one showed a clinical benefit in a patient with
BOS after HSCT [143], and another showed no benefit in a patient with BOS after lung transplantation [144].

Clinical trials with both agents are underway in post-transplant patients with BOS (table 3). The results of
the EPOS trial (pirfenidone versus placebo) were negative [145]. Another small phase II study (PIRCLAD;
NCT03359863) is also investigating pirfenidone in patients with RAS (n=10), with completion expected in
October 2021. A potential role for mesenchymal stem cell therapy is being explored in a randomised
controlled study in Australia, but results are not yet available.

Conclusions
Management strategies for BOS after lung transplantation or HSCT are similar, although a key difference
is the need to manage systemic GVHD in HSCT patients. Currently, treatment options for either condition
are limited and novel treatments are urgently needed, particularly treatments which not only slow or
stabilise disease progression but also potentially reverse the pathological changes and thereby provide
clinically meaningful survival and quality of life outcomes.
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TABLE 3 Clinical trials with antifibrotic treatments

Clinical trial
registration
number (name)

Patients
(target n)

Phase Design Treatments Primary end-point Completion
date

Nintedanib
NCT03805477 BOS after

HSCT (40)
II Open-label Nintedanib 150 mg

twice daily
Adverse events leading to treatment
interruption or discontinuation

Feb 2021

NCT03283007
(INFINITY study)

Grade 1–2
BOS after
LTx (80)

III Randomised,
quadruple-blind

Nintedanib 150 mg
twice daily versus
placebo

Reduction in the rate of FEV1 decline
from baseline to month 6

Jun 2023

Pirfenidone
NCT03315741 BOS after

HSCT (30)
I Open-label Pirfenidone

⩽2403 mg·day−1
Number of patients requiring a dose
reduction for >21 days due to
adverse events

Feb 2022

NCT03473340
(STOP-CLAD)

CLAD after
LTx (60)

II Randomised,
double-blind

Pirfenidone 801–
2403 mg·day−1

versus placebo

Per cent change in functional small
airways disease as measured by
parametric response mapping
(HRCT) at week 24

Mar 2022

NCT02262299
(EPOS)

Grade 1–3
BOS after
LTx (90)

II/III Randomised,
double-blind

Pirfenidone 801–
2403 mg·day−1

versus placebo

Change in FEV1 decline from baseline
to month 6

Dec 2019

BOS: bronchiolitis obliterans syndrome; HSCT: haematopoietic stem cell transplant; LTx: lung transplantation; FEV1: forced expiratory volume in 1 s;
CLAD: chronic lung allograft dysfunction; HRCT: high-resolution computed tomography.
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WHAT IS PULMONARY REHABILITATION?

• Comprehensive, multimodal rehab approach intended to:

- Improve aerobic conditioning

- Improve muscle strength and balance

- Teach patients how to lessen symptoms of shortness of breath

- Individually tailored progression plan (like a personal trainer!) 

• Requires 2-3 sessions per week, usually 60-90 minutes in length for 2-6 months

• In one study, 10/11 patients with BOS who completed pulmonary rehabilitation walked
an average of 307 feet longer in 6 minute walk testing, had less shortness of breath and 
better perceived physical function

Palmer et al Biol Blood Marrow Transplant 2014



LUNG TRANSPLANTATION 
FOR LUNG GVHD

Author Study type Size Outcome

Koeneck
2010

multicenter 13 5-year OS  63%

Chen 
2011

retrospective 19 5-year OS  100%

Yousef
2012

multicenter 11 1-year OS 80%
5-year OS 60%

Holm
2013 

retrospective 13 1-year OS 90%
5-year OS 75%

Cheng
2016

retrospective 9 1-year OS 89%
5-year OS 37%

Yung
2016

singlecenter 9 1-year OS 68%

Gao 
2017

singlecenter 6 OS 100%

Chen-Yoshikawa
2018

multicenter 62 1-year OS 85%
5-year OS 64%

Greer
2018

multicenter 105 1-year OS 85%
5-year OS 67%

Kilman
2019

multicenter 18 5-year OS 80%

Shitenber
2023

singlecenter 15 1-year OS 80%
Hakim et al, BMT 2019
Shitenberg et al, IMAG 2023
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MANAGEMENT OF PULMONARY CHRONIC GVHD

symptoms PFTs

obstructive restrictive mixed

CT scan

BAL
(rule out infections)

START TREATMENT
MONITOR PFTs

not improved improved
INCREASE TREATMENT

follow up

CONTINUE TREATMENT

3 months

monitoring

FEV1 >30%FEV1 <30%

fitrefer to lung 
transplant



TAKE HOME MESSAGES

§ Polmonary cGVHD shows a 10-year survival <20%.

§ Early diagnosis is associated to better outcome.

§ Periodic surveillance with PFTs is reccomanded.

§ Consider all therapeutic options.

§ Patients who undergo to lung transplant for cGVHD have similar

survival to lung transplant recipient for other indications.
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HOW DOES THE LUNG WORK?

● Breath is initiated by diaphragm contraction that 
expands the thoracic cavity.

● The lung passively expands and inflates with air because 
the pressure inside is lower than outside.

● This continues until these pressures equalize at full 
inspiration.

● Air enters the airways and eventually into the alveoli.
● Oxygen diffuses into the blood while carbon dioxide 

diffuses out of the alveoli.
● Finally, the blood is oxygenated and carbon dioxide is 

removed.



Nonclassical manifestations of acute GVHD

Zeiser et al Blood 2021

Emerging evidence indicates that acute GVHD can target non-classical organs



TREATMENT

Bos et al, Lancet Respir Med 2022

Treatment type Bronchiolitis Obliterans Syndrome Restrictive Pulmonary cGVHD

PREEMPTIVE
No azithromicyn

compliance with IS
anti-infective
vaccinations
IVIG prevention

compliance with IS
anti-infective
vaccinations
IVIG prevention

INHALED steroind ± long-acting 𝜷 agonist
steroind ± long-acting muscarinic antagonist

steroind ± long-acting 𝜷 agonist
steroind ± long-acting muscarinic antagonist

SYSTEMIC pulse corticosteroids (FIRST LINE)
azithromycin + montelukast
ruxolitinib
ibrutinib/imatinib
belumosudil
rituximab
calcineurin inhibitor
mycophenolate mofetil

pulse corticosteroids (FIRST LINE)
azithromycin + montelukast
antibiotic agents

OTHER ECP
lung transplantation

lung transplantation

SYMPTOMATIC oxygen therapy
rehabilitation

oxygen therapy
rehabilitation
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TREATMENT

1. The mainstay of BOS treatment is systemic immunosuppression and inhaled corticosteroids
2. No accepted gold-standard therapy, but, historically, we used FAM + systemic steroids:
- F→ Fluticasone
- A→ Azithromycin
- M→Montelukast
3. No recommendation for preemptive therapy with azithromycin:
- interference with anti-tumor immune surveillance ⇒ relapse and new neoplasm risk                                               

(FDA black box warning and the cessation of azithromycin for BOS at many institutions)
4. Second-line therapies (e.g. ruxolitinib, belumosudil) generally do not work as well for lung
GVHD as for other types of GVHD
5. ECP showed an ORR <30% and it is used in combo
6. Consider pulmonary rehabilitation

Palmer et al Biol Blood Marrow Transplant 2014
Bos et al, Lancet Respir Med 2022



Hakim et al, BMT 2019



Treatment type Bronchiolitis Obliterans Syndrome Restrictive Pulmonary cGVHD

PREEMPTIVE
No azithromicyn

compliance with IS
anti-infective
vaccinations
IVIG prevention

compliance with IS
anti-infective
vaccinations
IVIG prevention

INHALED steroind ± long-acting 𝜷 agonist steroind ± long-acting 𝜷 agonist

SYSTEMIC pulse corticosteroids (FIRST LINE)
azithromycin + montelukast
ruxolitinib
ibrutinib/imatinib
belumosudil
rituximab
calcineurin inhibitor
mycophenolate mofetil

pulse corticosteroids (FIRST LINE)
azithromycin + montelukast
antibiotic agents

OTHER ECP
lung transplantation

lung transplantation

SYMPTOMATIC oxygen therapy
rehabilitation

oxygen therapy
rehabilitation

TREATMENT

Bos et al, Lancet Respir Med 2022


