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BACKGROUND: Obstructive airways disease (OAD) is a
known complication of allogeneic bone marrow transplan-
tation. The etiology of OAD is unknown but is probably
multifactorial. The identification of a significant human
lymphocyte antigen (HLA) association with the develop-
ment of OAD might offer some insight into its pathogenesis
and serve as a marker to identify prospectively patients at
risk for developing OAD.

OBJECTIVE: The major histocompatibility antigen (MHC)
associations of OAD post-allogeneic bone marrow trans-
plantation were studied to determine whether particular
subsets of patients are more susceptible to this syndrome.
POPULATION: Twenty-one of 244 consecutive patients
with allogeneic transplants performed between 1980 and
1987 were identified as developing OAD after having had

normal pulmonary function tests before transplant. Thirty-
nine controls were selected on the basis of normal pulmo-
nary function tests pre- and post-transplant and comparable
follow-up periods.

METHODS: The study was a retrospective case-control
study. Gene frequencies of the HLA-A and -B types in the
patients and controls were compared and a relative risk of
OAD with a given HLA allele was calculated.
RESULTS: There was a significant correlation of the de-
velopment of OAD with the presence of the MHC antigen,
HLA-B12 (44,45).

CONCLUSIONS: These data support the idea that pa-
tients who express the HLA-B12 (44,45) antigen are at hig-
her risk for the development of OAD post bone marrow tra-
nsplantation. However, the findings are based on retrospec-
tive analysis and accordingly should be considered tentati-
ve until followed by larger and preferably prospective stud-
ies to confirm the findings. (Pour le résumé, voir page 42)
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Association des antigénes HLA a la maladie
pulmonaire obstructive aprés une greffe de
moelle osseuse

CONTEXTE : La maladie pulmonaire obstructive (MPO) est une
complication connue de la greffe de moelle osseuse allogénique.
L’étiologie de la MPO reste inconnue mais est probablement mul-
tifactorielle. L’identification d’une association significative entre
les Human leucocyte antigens (HLA) et le développement de la
maladie pulmonaire obstructive pourrait permettre d’en compren-
dre sa pathogenése et servir de marqueur pour identifier d’une
maniére prospective les patients susceptibles de développer une
MPO.

OBJECTIF : Les associations du complexe majeur d’histo-
compatibilité (CMH) avec la MPO suite a une greffe allogé-
nique de moelle osseuse ont ¢té étudiées pour déterminer si des
sous-groupes de patients particuliers sont plus susceptibles de
développer ce syndrome.

POPULATION : Sur 244 patients consécutifs ayant recu une

greffe allogénique entre 1980 et 1987, 21 ont été identifiés comme
étant en train de développer une MPO. Les épreuves de fonction
respiratoire de ces patients étaient toutes normales avant la
transplantation. Trente-neuf témoins ont été choisis sur la base
d’épreuves de fonction respiratoire normales avant et apres la
greffe et de périodes de suivi comparables.

METHODES : 11 s’agissait d’une étude rétrospective cas/témoins.
On a comparé les fréquences des génes du groupe HLA-A et
HLA-B chez les patients et les témoins, puis on a calculé le risque
relatif de MPO associé a un allele HLA donné.

RESULTATS : La corrélation entre le développement de la MPO
et la présence de I’antigéne du CMH, HLA-B12 (44,45) était sig-
nificative.

CONCLUSIONS : Ces données suggerent que les patients qui
expriment I’antigene HLA-B12 (44,45) sont plus susceptibles de
développer une MPO a la suite d’une greffe de moelle osseuse.
Cependant, ces résultats sont basés sur une analyse rétrospective
et devraient, comme il se doit, étre considérés comme étant provi-
soires jusqu’a ce que de plus grandes études, de préférence pro-
spectives, soient menées pour confirmer ces résultats.

irways obstruction has been reported in approximately

10% of allogeneic bone marrow transplant (BMT) re-
cipients (1-3). The pathology of the disease is thought to
be the same as for bronchiolitis obliterans, although patho-
logical material is not available in all patients. This lung dis-
ease is thought to be a manifestation of chronic graft-ver-
sus-host disease (GVHD) through an immunological attack
on lung epithelium. Other pathogenic mechanisms have not
been ruled out. For example, obstructive airways disease
(OAD) may be due to a persistent viral infection in the immu-
nodeficient state of chronic GVHD, to recurrent aspiration
from esophageal involvement in chronic GVHD, or to drug
or radiation toxicity from the preparative regimen before
BMT.

The identification of a significant human lymphocyte
antigen (HLA) association with the development of OAD
might offer some insight into its pathogenesis. Diseases with
specific HLA associations are felt to be ‘autoimmune’ in na-
ture (4). Alternatively, HLA molecules may not be able to
present peptides from microbial proteins with the result that
an infectious process can proceed unchecked (4).

A significant HLA association might also serve as a
marker to identify prospectively those patients who are at
risk for developing OAD and to allow for prediction of the
severity of the ensuing disease.

For these reasons, the HLA types of patients with OAD
post-BMT were contrasted with an appropriate control popu-
lation in this study.

PATIENTS AND METHODS

Two hundred and thirty-four patients had allogeneic BMT
performed at the Ontario Cancer Institute, Toronto, Ontario
between 1979 and 1987. One-year event-free survival in
these patients is 70% (5). By examination of patient charts,
serial pulmonary function tests, lung biopsies and autopsy
materials, if available, 21 patients were identified who devel-
oped OAD consistent with bronchiolitis obliterans post-
BMT. The criteria for OAD to warrant inclusion in the study
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TABLE 1
Control data
Whole population Controls
(n=234) (n=39)
Male:female ratio 1.3:1 2.0:1
Age (years) 29 (range 16-49) 30 (range 17-41)
Chronic GVHD (%) 68 67
Disease state:
CML (%) 36 38
AML (%) 30 28
ALL (%) 20 20
Aplastic anemia (%) 10 10
MM (%) 2 3

ALL Acute lymphocytic leukemia; AML Acute myelogenous leuke-
mia; CML Chronic myelogenous leukemia; GVHD Graft-versus-host
disease; MM Multiple myeloma

were, first, normal pulmonary function tests pretransplant;
and second, development of airflow obstruction, as defined
by forced expiratory volume in 1 s (FEV1) less than 80% of
predicted; less than 15% improvement in the flow rates with
inhaled beta-agonist; residual volume greater than 120% pre-
dicted; and maximal expiratory flow rate at 50% vital capac-
ity (Vs0) less than 65% predicted. Some of these patients also
underwent helium-oxygen maximal expiratory flow studies
in order to localize obstruction at the small airways.

Seven of 21 patients fulfilling the above criteria for OAD
had pathological lung specimens confirming the presence of
bronchiolitis obliterans.

As controls, 39 patients from the same period were chosen
from those who had serial surveillance pulmonary function
tests without evidence of OAD. Routinely, at the authors’
centre, pulmonary function tests are done every three months
for the first year and then yearly thereafter depending on
symptoms. Controls and cases were followed for comparable
periods of time. The following matching criteria were used:
genetic age * five years; survival longer than 40 days post-
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transplant; and normal pulmonary function tests pre- and
post-BMT. The details of the controls are shown in Table 1
and their HLA types in Table 2. Patients with acute lympho-
cytic leukemia were treated with vincristine (2 mg), predni-
sone (100 mg/day for five days), L-asparaginase (30,000
units/day for five days) and cyclophosphamide (60 mg/kg/
day for two days). Patients with severe aplastic anemia re-
ceived cyclophosphamide (50 mg/kg/day for four days) and
300 cGy of total body irradiation. Several patients received
busulfan (1 mg/kg every 6 h for a total of 16 doses) and cy-
clophosphamide (60 mg/kg/day for two days) in a ‘high risk’
protocol for advanced diseases.

GVHD prophylaxis: Most patients received methotrexate
(days 1,3,6 and 11) post-transplant and prednisone starting
on day 9 post-BMT (40 mg/m? for 40 days tapering over 120
days). Several patients received methotrexate as above plus
cyclosporin (12.5 mg/kg/day orally or 5 mg/kg/day intrave-
nously starting on day —1 pretransplant for 40 days and then
tapering over 42 days).

Development of GVHD was treated by a variety of
approaches including high dose methylprednisolone, oral cy-
clophosphamide, azathioprine and cyclosporin.

Pulmonary function tests: Patients were assessed with pul-
monary function tests pretransplant and at least at day 100
and yearly, or more frequently depending on symptoms. Pul-
monary function tests were done with standard laboratory
equipment. Flow volume curves were generated using a
model 750 wedge spirometer (Med Science Electronics In-
corporated, Missouri) combined with an XY recorder (Hew-
lett Packard Corp, Massachusetts) equipped with a 1 s timer.
Total lung capacity and residual volume were determined by
body plethysmographic techniques using a PK Morgan body
plethysmograph (Kent, United Kingdom) and by single-
breath helium dilution techniques using a PK Morgan modu-
lar lung analyzer.

HLA typing: HLA-A and HLA-B were typed by a standard
two-stage lymphocytotoxicity method, using lymphocytes
separated from fresh samples of peripheral blood. Well-char-
acterized antisera, capable of recognizing all common A, B
and C specificities, including most splits, were used. In 1984,
HLA-B12 was split into B44 and B45 (6). B12 and B44 are
used equivalently in this paper since about half of the present
study’s cases were typed before 1984 when this split oc-
curred. Other relevant splits include A9(23,24), A10(25,26),
AW19(29,30,31,32), B5(51,52), BIS(W62,W63), B16(38,39),
B17(W57,258) and B40(W60,W61) (6). Class II HLA
(HLA-DR) typing was not routinely available during this pe-
riod, and a mixed lymphocytic reaction was performed to in-
dicate minimum antigen disparity between donor and host.
Patient performance: The Karnofsky scale (7) was used in
an attempt to compare the severity of the lung disease with
other aspects of the patient’s chronic GVHD. Patients were
rated according to their degree of impairment from their lung
disease, and then another rating was made for the severity of
other aspects of their chronic GVHD, excluding lung status.
This latter rating included morbidity from other affected or-
gans, such as liver disease or the effects of medication
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TABLE 2
HLA-A and -B Gene frequencies
Controls Cases  Whole group General
(n=39) (n=21) (n=60) population*®

HLA-A

1 15.4 23.8 HLA-A 14.2

2 26.9 26.2 26.7 28.9

2 141 14.3 14.2 13.2
11 5.1 24 42 6.3
23 1.3 24 1.7 14
24 9.0 438 7.5 10.3
26 26 0 1.7 3.2
28 6.4 24 5.0 47
29 1.3 71 3.3 2.9
30 6.4 24 5.0 35
31 26 24 25 2.9
32 1.3 24 1.7 3.9
HLA-B

7 10.3 14.3 11.7 11.5

8 6.4 7.1 6.7 9.6
13 2.6 0 1.7 2.9
18 6.4 9.5 7.5 55
27 26 24 25 34
35 11.5 438 9.2 10.5
37 1.3 24 1.7 1.6
38 2.6 24 25 25
39 1.3 0 0.8 2.0
44 5.1 26.2 12.5 12.3
51 6.4 4.8 5.8 6.2
52 5.1 0 3.3 2.0
57 2.6 9.5 5.0 2.9
60 3.8 438 42 3.8
61 26 0 1.7 21
62 5.1 24 4.2 6.1
64 1.3 9.5 4.2 1.1

*North American Caucasian population (data from reference 6). HLA
Human lymphocyte antigen

needed to control ongoing chronic GVHD such as infections
or osteoporosis from prolonged steroid use. A rating of 0 was
given to the organ system mainly responsible for the patients’
death.

Statistical analysis: y’ analysis was performed using a
Minitab program. The level of significance was determined
from the appropriate statistical tables. Probabilities were cor-
rected by multiplying by the number of HLA -A and -B anti-
gens studied (a total of 29) as previously described (8).
P<0.05 was considered to be significant.

RESULTS

OAD post-BMT has been reported in approximately 10%
of cases (1-3). Our finding of 21 in 234 cases is in agreement
with this observation. The clinical course of the patients is
detailed in Table 3.

Gene frequencies of the most common HLA-A and -B
types are shown in Table 2 for the patients with OAD and the
control group. The gene frequency in the whole study popu-
lation is compared with that of the Caucasian North Ameri-
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TABLE 3
Bone marrow transplant patient data

Worst pulmonary

cGVHD OAD function tests Karnofsky
Patient Age onset onset (% predicted) score
number HLA-A HLA-B (years) Diagnosis Sex (day) (day) FEV; Vs RV Lung Other Outcome
35 25, 33 44,17 41 Other F 126 207 52 29 133 90 0 Died of pneumonia
46 28 12,14 19 ALL F 354 811 29 71 201 80 0 Died of pneumonia and
Gl GVHD
50 1,23 12,14 22 CML F 100 756 66 47 121 100 80 Alive with severe eye
GVHD
67 3,24 44,18 37 CML M 100 170 48 42 72 80 80 Alive with severe skin
GVHD
98 11, 29 44,62 24 CML F 110 356 16 4 363 0 80 Died of lung disease
108 1,24 18, 44 26 AML M 261 381 26 7 320 40 80 Alive with severe lung
disease
114 1,2 8, 44 17 CML M 136 187 22 12 234 0 90 Died of pneumonia
129 1,2 44,18 33 CML F 52 1200 62 93 141 90 80 Alive with severe skin
disease
140 3,29 14,12 31 CML F 187 187 66 31 138 90 0 Died of relapse
141 1,2 12,17 22 CML F - 96 65 27 153 20 90 Died of relapse
179 1,32 12, 37 19 AML M 354 410 63 61 64 90 80 Alive with severe skin
and eye disease
12 2, - 35, 40 20 CML M 161 1669 58 83 147 80 70 Alive with severe skin
disease
96 3,30 7,27 30 CML F 161 738 70 54 131 80 70 Alive with severe osteo-
porosis from steroids
119 1,3 7,8 16 AA M 88 102 30 11 179 80 90 Alive
136 1,3 7,16 40 CML M - 53 66 42 117 80 80 Alive with severe skin
disease
152 1,2 8,14 37 AML M 100 109 48 21 282 0 90 Died of lung disease
170 2,29 7,14 29 CML M 100 111 20 6 255 20 20 Died of relapse
186 1,2 5,35 22 CML M 88 117 15 4 181 0 80 Died of lung disease
190 2,3 7, 35 CML M 92 100 29 11 231 0 70 Died of lung disease
W60
212 2,2 17,18 32 AML F 300 300 31 11 232 60 80 Alive with severe lung
disease
251 2,31 51, 31 AML M 100 180 70 50 107 80 80 Alive with severe
w57 steroid side effects

AA Aplastic anemia; ALL Acute lymphocytic leukemia; AML Acute myelogenous leukemia; BMT Bone marrow transplant; CML Chronic myelo-
genous leukemia; FEV1 Forced expiratory volume in 1 s; Gl Gastrointestinal; GVHD Graft versus host disease; HLA Human lymphocyte antigen;
OAD Obstructive airways disease; RV Residual volume; V5o Maximal expiratory flow rate at 50% vital capacity

can population in general (6). It is important that they be
fairly close in order to prevent spurious HLA associations
due to the small study populations involved, as is the case.

The most significant association is seen with B12(44,45).
Eleven of 21 OAD patients had B12 or B44 while only four
of 39 controls without OAD had this antigen. The relative
risk (RR) of OAD with B12(44) is 9.6 with X2:12~92 and
P<0.001 and corrected P<0.03. Since the numbers of subjects
in the two groups was small, with Yates’ correction (9)
%*=9.4 with P<0.005; the association remains significant.

The association rests on the fact that the gene frequency of
B44 in the control population is only 5.1 compared with that
in the general population of 12.3 It is unlikely that this low
frequency arose by chance since the total gene frequency in
the controls and cases was 12.5, similar to the frequency in
the general population.

For reassurance that the association of B44 with OAD was
not a spurious result due to an unfortunate choice of the con-
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trol population, the patient group was compared with all pa-
tients who developed chronic GVHD post-BMT at the
Princess Margaret Hospital between 1980 and 1986. These
patients have been described elsewhere (5). Ninety-two such
patients were identified, of which 19 were previously identi-
fied patients and 73 did not get OAD post-BMT. Thirteen pa-
tients with HLA-B44 were found in the latter group. In other
words, of 92 patients with chronic GVHD, 19 had OAD and
73 did not. Eleven of 19 patients with OAD expressed B12
while 13 of 73 without OAD expressed the B12 allele.
RR=6.2 for OAD with B12(44), with y*=13.5 and P<0.001.
Therefore, even compared with this group, the association of
HLA-B44 with the development of OAD post-BMT remains
significant.

Insignificant associations were seen with B17 and A29, as
shown in Table 4. The association of A29 may be because
A29 and B44 show haplotype linkage in the population (4).
An insignificant protective association was seen with B35.
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TABLE 4

Human lymphocyte antigen (HLA) associations with obstructive airways disease post bone marrow transplantation
Patients Controls Corrected

HLA n (%) n (%) Relative risk xz P value P value

B12 (44, 45) 11 (52%) 4 (10%) 9.6 12.92 <0.001 <0.03

B17 (57, 58) 4 (19%) 2 (5%) 4.4 2.94 >0.05 -

A 29 3 (14%) 1 (3%) 6.3 3.01 >0.05 -

B35 2 (10%) 9 (23%) 0.3 1.68 >0.1 -

The 11 patients with OAD and B12 or B44 were com- TABLE 5

pared with the remainder who did not carry the B12(44,45)
allele to determine whether their disease was any different in
its clinical course. The results are shown in Table 5. Al-
though no significant differences, except for sex, were noted,
some interesting trends emerged. The patients with HLA-
B12(44,45) tended to have a milder disease in terms of higher
FEV] and V50 and lower residual volume. They were less
disabled in terms of their lung disease, and the obstructive
symptoms occurred later after transplant. However, they
were more subjectively disabled in terms of active skin, liver
or gastrointestinal symptoms of chronic GVHD. More
women than men with OAD had the B12 (44,45) antigen.

DISCUSSION

Previous studies (2) have identified chronic GVHD and
prolonged methotrexate treatment as risk factors for OAD
post-BMT. Holland and co-workers (3) reported an associa-
tion of OAD with chronic GVHD and hypogammaglobuline-
mia. However, it was not clear whether the humoral
immunodeficiency was simply a consequence of chronic
GVHD or represented the immune defect that resulted in the
development of OAD. Patients with primary hypogamma-
globulinemia get bronchiectasis and OAD but not the patho-
logical picture seen in BMT (10). The only models in which
bronchiolitis obliterans in experimental animals is repro-
ducible involve clinically irrelevant methods such as in-
tratracheal instillation of activated T cells (11). A model of
GVHD in immunodeficient C.B-17-scid mice, where effects
of conditioning and infection are minimized (12), also does
not show any lung involvement in GVHD. Chronic GVHD is
likely a T cell-mediated process like the bronchiolitis obliter-
ans that occurs in lung transplant patients undergoing rejec-
tion of their graft. The bronchiolitis obliterans that occurs
after BMT in patients with chronic GVHD may also have an
immunopathogenesis.

Other possibilities for the causes of OAD post-BMT in-
clude characterized or uncharacterized infectious processes
in the immunosuppressed state that is present post-BMT, re-
current aspiration due to sclerodermatous esophageal in-
volvement in chronic GVHD, and drug or radiation toxicity
from the preparative regimen in BMT. The methotrexate as-
sociation has already been noted.

There has recently been interest in the possibility that cy-
tomegalovirus (CMV) infections are responsible for OAD
post-BMT (13). Of our patients, only BMT patients 212 and
136 had documented CMV infections as shown by a positive
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Comparison of lung disease in patients with and
without HLA-B12 (44,45)

Patients +B12 (n=11) -B12 (n=10)
Age (years) 26.417.6 29.316.96
% Female 64 20*
Onset of lung disease 432.8+18.8 437.94479.9
(day post-BMT)
Worst pulmonary function test
FEV1 46.8+18.8 43.7+20.1
Vso 38.5+26.6 29.31+25.2
Residual volume 176.3£91.0 186.2+58.1
Karnofsky rating
For lung 68.2+35.4 48.0+36.0
For other organ disease 60+36.9 73.0£19.0

*2=4.073, P< 0.05. The error is the standard error in the mean. BMT
Bone marrow transplantation; HLA Human lymphocyte antigen

culture of CMV or a rise in antibody titre. Patient 212 had
CMYV pneumonitis several months before the development of
biopsy-proven bronchiolitis obliterans. At the time of his
open lung biopsy CMV was not found. The second patient
was treated successfully for systemic CMV infection with
gancyclovir about two years before the onset of OAD. All
CMYV cultures were negative at onset of his lung disease.

In this paper, we report an association of OAD post-BMT
with HLA-B12 (44,45). Previously Storb et al (14) reported
an association of HLA-B8 with acute GVHD. Recently
Smyth et al (15) showed an association between HLA-B44
and acute GVHD in an Australian population. Holmes and
Whittaker (16) showed an association of HLA-DR4 with
chronic GVHD in the South Wales population. However an
HLA association with organ-specific GVHD has not, to our
knowledge, previously been reported. Different target organs
in GVHD, including the lung, liver, skin and gastrointestinal
tract, may well have different HLA associations accounting,
in part, for patient variation in presentation. The form of
bronchiolitis associated with rheumatoid arthritis has been
reported to have an HLA association that is not with B44
(17).

There may well be a stronger association between OAD
post-BMT and the expression of HLA with HLA-DR. Until
recently, class II typing has not been as complete as class I
typing in our patients. More data with more complete HLA
typing for individual patients are needed before a possible
class II major histocompatibility complex association with
OAD post-BMT can be determined.
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This study suffers from the obvious drawback that it is a
retrospective analysis of a small number of patients. How-
ever, the model is consistent in that the control population is
representative of the entire BMT population and the study
population is representative of the Caucasian North Ameri-
can population for HLA gene frequency.

Many of the patients with OAD and B12/44 came from
the early years of our transplant program. If the incidence of
B12 in all referred patients was high initially and has de-
creased over time, the incidence of OAD has decreased over
time for unrelated reasons, and the majority of the controls
were chosen from more recent years, then the association of
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