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Bronchiolitis Obliterans Syndrome after Allogenic
Hematopoietic Stem Cell Transplantation in Pediatric Patients

Ju Yeon Lim, M D, Seung Min Hahn, MD,, Hyo Sun Kim, MD,
Jung Woo Han, MD, and Chuhl Joo Lyu, MD,, PhD,

Department of Pediatrics, Yonsei University College of Medicine, Seoul, Korea

Background: Bronchiolitis obliterans syndrome (BOS) is a life-threatening lung complica-
tion after allogenic hematopoietic stem cell transplantation (HSCT). As long-term survival
following allogenic HSCT has improved, the number of BOS patients has been steadily
increased. However, the survival and treatment of BOS have not improved significantly
for decades. Identification of risk factors of BOS would improve the clinical outcome
of allogenic HSCT recipients.

Methods: We retrospectively investigated medical records of 147 allogenic HSCT recipi-
ents between 2005 and 2014 in Yonsei Cancer Center, Risk factors for BOS were ana-
lyzed with Chi-square test, logistic regression analysis, and the Student’s t-test,

Results: BOS occurred to 23 patients (15.6%). Pulmonary function test (PFT) results be-
fore transplantation were similar in all patients, but patients with BOS had a significant
decrease in forced expiratory volume in one second (FEV1) after transplantation com-
pared with controls (68.4+26.4% vs. 91.6+21.0%, P<0.05). Acute graft-versus-host dis-
ease (GVHD) (OR 5.98, P=0.009) and peripheral blood as sources of stem cell (OR 4.00,
P=0.031) increased risk for BOS, respectively. On the other hand, previously reported
risk factors, such as age of donors and recipients, pulmonary infection within 100 days
after allogenic HSCT and deference of immunosuppressant were not associated with in-
creased the incidence of BOS in our study.

Conclusion: We report here the result of a single-center study on the incidence, clinical
factors, and outcome of BOS after allogenic HSCT. BOS is an important cause of
post-transplantation morbidity and mortality. Risk reduction can be achieved by better
prevention and control of BOS,
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Table 1. Bronchiolitis obliterans syndrome diagnostic criteria

2005 2014

FEV1<75% FEV1<75% (+albuterol)
FEV1/FVC FEV/VC<O0.7

<0.7 Or

The 51hpercentile of predicted

Absence of Absence of infection

infection
Air trapping  One supportive of BOS: Air trapping or small

on CT airway thickening or bronchiectasis on CT

RV>120% Or
RV or RV/TLC>120%

Confirmed Diagnostic feature of chronic GVHD of the
by lung lungs in the presence if another distinctive
biopsy manifestation of chronic GVHD

FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; VC, vital capacity (forced vital capacity or slow vital
capacity, whichever is greater); CT, computed tomography;
BOS, bronchiolitis obliterans syndrome; RV, residual volume;
TLC, total lung capacity; GVHD, Graft versus Host Disease.
The Sthpercentile of predicted is equivalent to the lower value
of predicted confidence interval.
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confidence interval®] HAgko] o|&A] 9] 5% olatd A. (3)
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second (FEV1)¢]
PZTE 91,6121 liter2 SFAZCE
(P<0.01) (Table 2),

THS BOS $alro| 68.4+26.4 liter,
frog zfolE Holrt

2) BOSQ| 2Ia! 2lxt

BOS Sl = 1470] 104 oj&o g
9] 22.6%9l BN FE Y L(P=0.048), ©]2
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ZERAE EFE
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Table 2. Comparison of Pulmonary function test result between bronchiolitis oblierans syndrome and control group in pre and post

hematopoietic stem cell transplantation

BOS (+) BOS (—) t P-value
Pre FEV1 102.7+13.1 93.0+21.8 1.796 0.076
Pre FEV1/FVC 105.1+8.4 104.3+10.5 0.29 0.77
Post FEV1 68.4+26.4 91.6+21.0 —3.69 <0.01
(D+ 3 month)
Post FEV1/FVC 96.3+16.2 106.0+8.1 —0.255 0.017
(D+ 3 month)
Dx FEV1 49.8+18.6
Dx FEV1/FVC 89.1+21.6
Dx FEV1, forced expiratory volume in 1 second at diagnosis; FVC, forced vital capacity.
Table 3. Risk factors of Bronchiolitis obliterans syndrome by Chi square test
Clinical factors BOS (+) BOS (—) Odd Ratio P-value
Age at diagnosis (years) <10 9 (10.6%) 6 (89.4%) 1
>10 4 (22.6%) 8 (77.4%) 2.46 0.048
HSCT age (years) <10 9 (11.8%) 7 (88.2%) 1
>10 4 (19.7%) 7 (80.3%) 1.82 0.189
Gender Male 15 (16.7%) 5 (83.3%) 1.22 0.669
Female (14.0%) 9 (86.0%) 1
Stem cell source BM 4 (6.3%) 9 (93.7%) 0.005
PB 9 (25.0%) 7 (75.0%)
CB 0 (0.0%) 8 (100.0%)
Conditioning regimen TBI 11 (19.3%) 6 (80.7%) 0.005
Non-TBI 12 (13.3%) 8 (86.7%)
GVHD prophylaxis Cyclosporin 4 (6.5%) 8 (93.5%) 1
GVHD prophylaxis Tacrolimus 19 (22.4%) 6 (77.6%) 6.86 0.01
aGVHD (+) 21 (21.0%) 9 (79.0%) 5.89 0.01
aGVHD (=) 2 (4.3%) 5 (95.7%) 1
Pulmonary infection (—) 18 (16.6%) 0 (83.4%) 1
(After HSCT<D+100)
Pulmonary infection (+) 5 (12.8%) 34 (87.2%) 0.797 0.735
(After HSCT<D+100) Fungal 1 (11.1%) 8 (88.9%)
Viral 0 (0.0%) 16 (100.0%)
Bacterial 4 (28.6%) 0 (71.4%)

BOS, bronchiolitis obliterans syndrome; BM, bone marrow; PB, peripheral blood; CB, cord blood; TBI, total body irradiation; aGVHD,
acute Graft-versus-Host disease; HSCT, hematopoietic stem cell transplantation.
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S} oAM= 6.5% (4/62) 08 EAZH R o3t 2fo]2 B
9 3(P=0.01), 34 GVHD7} BHA3E 82} 3 BOsol| gk
H 3= AA 54 GVHD 34+ 9 21% (21/100) (P=0,01)
2 H#4 GVHD7} EH*QZI Aot Shatel] wlg] FAA R
Fo]3HA BOS7E Zlekd EHgo] =Jth(P=0.01) (Table 3).

BOSd| 2€

o] E9ith £9 #4 GVHDT} 99
Sol v @A) ) Bosol WeHE ol 5 98

Ao 2 lHQtH(P=0.019) (Table 4),

a2y 23 & Pvalue 0,25 0]t FEE 9

M e
fo 3L

multivariate

logistic regression testollAl & &3 GVHD7]- Ay sAEat

Univariate logistic regression test oA o] 2%l TA|3Z2] 4 o] &olms}A BOSsd FAgtd #Eo] o 7L 3ols g}
7} BE55 OR 1.05 (P=0.035), ZEEA XS] F7e 928 (P=0.034) (Table 5).
Al ¢ OR 4,92 (P=0.006), HAAAA|E TacrolimusZ A}
£ AL OR 4.714 (P=0.0149)2 BAAOZ Fo5H
Table 4. Risk factors of Bronchiolitis obliterans syndrome by univariate logistic regression analysis
Odd ratio Cl (95%) P-value
Age (Diagnosis) <10 1
>10 2.463 0.99-6.13 0.053
T-cell N=101) 1.049 1.00-1.09 0.035
Source BM 1
PB 4917 1.57-15.34 0.006
CB 0.999
HLA type (N=63) Full match 1
Mismatch 1.267 0.47-3.37 0.635
A 5.816 1.25-27.01 0.025
DR 8.345 1.84-37.76 0.006
Type of GVHD prophylaxis  Cyclosporin 1
Tacrolimus 4.174 1.34-12.98 0.014
Immunosuppressant <3 mo 1
Tapering off duration 3-6 mo 1.370 0.28-6.56 0.693
>6 mo 3.869 1.051-14.25 0.042
Acute GVHD (—) 1
(+) 5.981 1.34-26.69 0.019
Pulmonary infection (—) 1
(After HSCT <D+ 100) (+) 0.735 0.25-2.14 0.572
BM, bone marrow; PB, peripheral blood; CB, cord blood; Age Dx, age at diagnosis; GVHD, Graft-versus-Host disease.
Table 5. Risk factors of Bronchiolitis obliterans syndrome by multivariate logistic regression analysis
Odd ratio Cl (95%) P-value
Age (Diagnosis) <10
>10 3.02 0.91-10.06 0.071
T-cell (N=101) 1.03 0.97-1.09 0.268
Source BM
PB 1.74 0.32-9.31 0.516
CB
Type of GVHD prophylaxis  Cyclosporin
Tacrolimus 1.04 0.19-5.31 0.997
Immunosuppressant <3 mo
Tapering off duration 3-6 mo 0.20 0.02-1.75 0.148
>6 mo 1.25 0.23-6.73 0.796
Acute GVHD (=)
(+) 6.33 1.15-34.95 0.034
Clin Pediatr Hematol Oncol 131
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Fig. 1. Survival rate after HSCT (Hematopoietic stem cell trans-
plantation). BOS, Bronchiolitis obliterans syndrome.
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Fig. 2. Comparison of survival rate according to the age at
hematopoietic stem cell transplantation between <10 years and
>10 years age subgroups in bronchiolitis obliterans syndrome.
BOS, Bronchiolitis obliterans syndrome; HSCT, Hematopoietic
Stem Cell Transplantation.
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Fig. 3. Comparison of survival rate according to the conditioning
regimen between including total body irradiation and control
group in bronchiolitis obliterans syndrome. TBI, Total body
irradiation.
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Fig. 4. Comparison of survival rate according to treatment

between including steroids pulse treatment and control group in

bronchiolitis obliterans syndrome. Steroid pulse tx, steroid pulse
treatment.
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