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Two vectors of rejection in HSCT
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EBMT Activity survey on HSCT in 2008: 
main indications

Allogeneic
1st Tx.

Autologous
1st Tx. Total

Leukaemias*
Lymphoproliferative 
disorders
Bone marrow failures 
Solid tumours
Non-malignant disorders
Others

Total

7538
1664

608
62

696
75

10643

973
13220

2
1409

167
26

15797

8511
14884

610
1471
863
101

26440

Indication

* includes CLL 2008: preliminary data



EBMT Activity survey on HSCT in 2008: 
donor type and source

BM PBSC

Allogeneic total
HLA-id
HLA-nid
Twin
Unrelated

Autologous

2422
1270
117

13
1022

199

10643
4860
517

42
5224

15797

Total

7530
3544
398

29
3559

15598

Donor

Source

Cord

691
46

2
0

643

0

2008: preliminary data



EBMT Activity Survey on HSCT 1990-2008 changes 
in PBSC and Cord
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Donneur

Jumeaux univittelins 2%
Fratrie HLA-identique 25%
Volontaire HLA-identique 50%
Famille avec mismatch 90%
CS du cordon ombilical avec mm 90%



Chimiothérapie & Irradiation
Effet antileucémique
immunosuppression

Radiation:
•kills leukemia
•immunosuppressive
•independent of blood supply
•no crossresistance with chemotherapy
•no sanctuary sites
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Immunology of aGvHD: the vicious circle



inflammation
-

 
skin

-
 

mucosal
-

 
gut

-
 

liver

Acute GvHD j14-100



Infections
Endocrine
Metabolism
Nutrition
Pain
Quality of life
Disability

Dry eyes

Oral lesions

Nail dystrophy

Skin sclerosis

Deep sclerosis

Bronchiolitis obliterans

Loss of bile ducts

Fasciitis

Skin ulcers

Spectrum of 
manifestation 

s 
In cGVHD



Clinical course of cGvHD

aGvHD: inflammatoire
 

cGvHD: fibrotique



Mortalität nach allogener HSZT:   Rezidiv (GvL ungenügend) ~ GvHD (Infektionen)

GvH

Ø GvL



DD: atteinte pulmonaire

•
 

Toxicité

•
 

Infection (virale, bacterienne, fongique, 
 parasites)

•
 

Réaction immunologique (GvHD)

•
 

Associé
 

à
 

la transfusion (TRALI)

•
 

Hémorragie alvéolaire diffuse (DAH)

•
 

Interstitial Pneumonitis précoce

•
 

Est‐ce que les poumons sont une cible de la 
 GvHD?



Periengraftment RDS



Vascular
Invasion

Crescent
Sign

Peripheral
Infiltrates



Pneumopathie
Interstitielle

CMV?
RSV?
Toxicité?







Late complications after HSCT

•
 

Three characteristic courses of non‐malignant complications
–

 
Clinical presentation

–
 

Time of appearance
–

 
Main risk factors 

•
 

Conditions appearing after early phase of HSCT with clinical consequences 
 on the long term survivorship 

early complicationearly complication late complicationlate complication

delayed 
events

 

delayed 
events

late 
events

 

late 
events

very late 
events

 

very late 
events







Case of Bronchiolitis Obliterans

HSCT historyHSCT history
•

 
42‐year old woman, AML 

•
 

Allogeneic HSCT in 2. CR, 
 February 2006

•
 

Unrelated matched donor

•
 

AML in complete remission

•
 

Complications
–

 
Acute GvHD grade II, skin and 

 liver
–

 
Chronic extensive GvHD, skin 

 and liver

Bronchiolitis obliteransBronchiolitis obliterans
•

 
First diagnosis, May 2006

•
 

Relapsing pulmonary infections
•

 
Pneumothorax twice
–

 
October 2007 

–
 

January 2008

Flow-volume loopFlow-volume loop



Late
pulmonary 

complications
•

 
Involving both airway and lung 

 parenchyma

•
 

Infectious complications

•
 

Non‐infectious complications

–
 

Bronchiolitis obliterans (BO)

–
 

Bronchiolitis obliterans 
 organizing pneumonia 

 (BOOP)

–
 

Idiopathic pneumonia 
 syndrome (IPS)

•
 

Overlap between early and late 
 complications

Yoshihara S et al. BBMT. 2007; 13:749-759Yoshihara S et al. BBMT. 2007; 13:749-759



Outcome of late‐onset of non‐infectious pulmonary 
 complications after HSCT

•
 

Cumulative incidence of pulmonary 
 complications 

–
 

in 438 patients surviving > 3 
 months

–
 

10% at 2 years

•
 

Outcome of patients with pulmonary 
 complications

–
 

23/41 (56%) died
–

 
median follow‐up: 14 months

–
 

13 deaths due to respiratory 
 failure

All patientsAll patientsAll patients

Only patients with cGvHDOnly patients with cGvHDOnly patients with cGvHD

Patriarca F. et al. Haematologica. 2006; 91:1268-1272Patriarca F. et al. Haematologica. 2006; 91:1268-1272



Pulmonary function tests

ObstructiveObstructive
patternpattern

Restrictive Restrictive 
patternpattern

Parenchymal Parenchymal 
diseasedisease

FEV1 
FEV1/FVC 

FVC no
TLC no

FEV1 no
FEV1/FVC no

FVC 
TLC 

DLCO 

Flow-volume loopFlowFlow--volume loopvolume loop



Pulmonary function test pattern after HSCT

Expiratory flow
(FEV1/FVC)

Lung volume
(TLC)

Gas transfer
(DLCO)

Bronchiolitis obliterans normal

Bronchiolitis obliterans 
organizing pneumonia normal

Interstitial pneumonia 
syndrome normal





Pulmonary function tests (PFT)
 after allogeneic HSCT

•
 

69 patients with 5‐year follow‐up

•
 

Decrease in PFT in 31/69 (44%) 
 patients 

–
 

25 restrictive pattern

–
 

6 obstructive pattern

•
 

Symptomatic patients

–
 

12/31 (38%)

•
 

Risk factors

–
 

Chronic GVHD

–
 

Abnormal PFT before HSCT

Savani B. et al. BBMT. 2006; 12:1261-1269Savani B. et al. BBMT. 2006; 12:1261-1269
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Prospective long‐term follow‐up of PFT 
 in children after allogeneic HSCT

Uderzo C. et al. BMT. 2007; 39:667-675Uderzo C. et al. BMT. 2007; 39:667-675

Présentateur
Commentaires de présentation
In a prospective long-term-follow-up study over 5 years in children cumulative incidence of decrease of PFT (Volume capacity and FEV1) was 35% at 5 years.
At basline 21 had pathological PFT. The hazard ration was higest at one year and decreased
Patients with normal PFT at HSCT showd a slight decrease and patient with abnormal a slight increase after HSCT
Impact of pretransplant factors.
Clinical and su8bclinical changes important. None of the child died of pulmonary disease
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Bronchiolitis Obliterans (BO)

•
 

Severe pulmonary manifestation

–
 

Non‐specific inflammatory 
 injury

–
 

Affecting primarily the small 
 airways

•
 

At initial stage

–
 

Mainly an obstructive disease

•
 

At more advanced stage

–
 

progressive peribroncheolar 
 fibrosis



Incidence and Time of Onset

•
 

Incidence rate
–

 
Broad ranges between studies

–
 

Among 2152 patients from 9 studies, median incidence of 8.3%
–

 
Among 6’275 patients from the CIBMTR, 76 patients (1.7%)

Afessa B et al. Review. BMT. 2001; 28:425-434
Santo T. et al. Chest. 2005;126:153-161
Afessa B et al. Review. BMT. 2001; 28:425-434
Santo T. et al. Chest. 2005;126:153-161





Clinical presentation of BO

•
 

Insidious 

•
 

Dry cough, progressive dyspnoe, 
 wheezing

•
 

No fever

•
 

Asymptomatic presentation with 
 abnormal PFT in 20% of the cases

•
 

At more advance phase

–
 

Evidence of hyperinflation

•
 

Pulmonary function tests





Risk Factors for Bronchiolitis Obliterans 

•
 

Strong association with chronic GvHD
–

 
BO is considered a manifestation of GvHD

–
 

Few cases of BO in autologous HSCT

Risk factors HR 95% CI P Value
Busulfan based conditioning 2.24 1.4 -3.6 0.0009
Time from diagnosis (>14 months) 1.93 1.2 –

 
3.07 0.0053

Peripheral blood 3.35 1.8 –
 

6.3 0.0002
Female donor into male recipient 1.78 1.1 –

 
2.8 0.0152

Acute GvHD Grade ≥II 2.12 1.3 –
 

3.4 0.0014
Interstitial pneumonitis 2.28 1.3 –

 
3.9 0.0029

Santo T. et al. Chest. 2005;126:153-161Santo T. et al. Chest. 2005;126:153-161



Chronic GvHD of the Lung 
 and Bronchiolitis Obliterans 

•
 

Biopsy proven BO 

–
 

is the only diagnostic 
 manifestation of chronic 

 GVHD

•
 

Clinically diagnosis of BO

–
 

FEV1/FVC ration <75% of 
 predicted

–
 

Evidence of air trapping or 
 small airway thickening, or 
 bronchectasis on HRCT

–
 

Absence of infection in the 
 respiratory tract

Filipovich A. et al. BBMT. 2005;11:945-955.Filipovich A. et al. BBMT. 2005;11:945-955.





Therapeutic Recommendations

•
 

No prospective studies available

•
 

Treatment of infections

•
 

Treatment of chronic GvHD

•
 

Fractionated TBI instead of single 
 dose TBI

•
 

Systemic steroids 

–
 

1‐2mg/kg/day 

–
 

for 2‐6 weeks

•
 

Inhaled steroids with 
 bronchiodilatators

Bashoura L. et al. BMT. 2008;41:63-67.Bashoura L. et al. BMT. 2008;41:63-67.

Inhaled steroids with bronchiodilatatorsInhaled steroids with bronchiodilatators



Bronchiolitis Obliterans Organizing Pneumonia;
 Cryptogenic Organizing Pneumonia (COP)

•
 

Clinicopathological syndrome involving

–
 

Bronchioles, alveolar ducts, and alveoli

–
 

Lumen of the alveoli filled with granulation tissue

•
 

In HSCT presents as an interstitial pneumonia rather than an airway 
 disease



Clinical presentation of BOOP/COP

•
 

Acute onset of dry cough, dyspnea and fever
•

 
Chest X‐ray
–

 
Peripheral patchy consolidation

•
 

Pulmonary function
–

 
Restrictive pattern with FVC & DLCO 

•
 

Bronchoscopy with BAL to rule out infection
•

 
Diagnosis proven by lung histology

•
 

In a retrospective biopsy review
•

 
817 surgical lung biopsy after HSCT

•
 

49 cases of histology proven BOOP/COP
•

 
In a case control study with 161 controls

•
 

All BOOP/COP cases related with acute or chronic GVHD
•

 
78% remained stable, 22% were progressive, 

•
 

5‐year survival 33%
•

 
8/11 with progressive disease died

Freudenberger T. et al. Blood. 2003;102:3822-3828.Freudenberger T. et al. Blood. 2003;102:3822-3828.











Hyothetical cumulative incidence of the very long 
 term?

Primary effect
- TBI
-

 
GvHD

-
 

Calcineurin inhibitors

Primary effect
-

 
TBI

-
 

GvHD
-

 
Calcineurin inhibitors

Secondary effects
-

 
Vascular effects

-
 

Premature aging
-

 
Others (?)

Secondary effects
-

 
Vascular effects

-
 

Premature aging
-

 
Others (?)



25 de greffe aux HUG

500 UPN

1000 Cord Blood units in the Bank
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