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Herein, we describe cases of pulmonary acute graft-versus-host disease (aGVHD) in two
patients occurring after allogeneic hematopoietic stem cell transplantation (HSCT) due to pre-
cursor B-cell acute lymphoblastic leukemia in a 6-year-old patient and in acute myeloid leukemia
in a 14-year-old boy. In both cases, chest CT revealed confluent ground-glass attenuation
along the bronchovascular bundles, as well as some bronchial dilatation. Microscopically, in
both cases we noted a characteristic bronchiolocentric pattern and bronchiolar epithelial
changes, which included denudation of the bronchiolar epithelium, regenerating atypical
cells, and wall thickening with subepithelial or transmural fibroblast proliferation, along with
some lymphocytic infiltration. One patient died on day 86 after allogeneic HSCT due to sud-
den acute respiratory distress syndrome, and the other patient currently remains alive with-
out active aGVHD. The authors’ experiences in these two cases demonstrate that intense
awareness of the pathologic findings of GVHD is mandatory after allogeneic HSCT.
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Pulmonary complications occur in approximately 40 to 60%
of patients after allogeneic hematopoietic stem cell transplanta-
tion (HSCT).1,2 However, the widespread use of infection pro-
phylaxis has substantially reduced the rates of infectious com-
plications, and noninfectious complications are currently the
principal pulmonary cause of morbidity and mortality in patients
after HSCT.3 Acute graft-versus-host disease (aGVHD) is a well-
recognized life-threatening complication occurring after HSCT,
and is independently associated with an increased incidence of
post-HSCT alveolar hemorrhage.4 The acute, noninfectious, and
diffuse lung injury that occurs within the first 120 days after allo-
geneic HSCT is referred to as idiopathic pneumonia syndrome
(IPS),5 and GVHD may be an underlying cause of this condition.6

GVHD may be either acute or chronic; aGVHD accounts for
two-thirds of GVHD patients, whereas cGVHD accounts for
the remainder.7 The organ systems affected predominantly by
GVHD are the skin, liver, gastrointestinal tract, and lung.8-12

Histologic findings of aGVHD in the skin, liver, and gastroin-
testinal tract have been relatively well-described, but this is not

the case for the lung. Additionally, no report has yet been pub-
lished detailing the histologic findings of GVHD in the bronchus
and bronchiole of the lung following alllogeneic HSCT. Here,
we report cases of pulmonary aGVHD in two patients after allo-
geneic HSCT, owing to precursor B-cell acute lymphoblastic
leukemia (ALL) in a 6-year-old boy, and to acute myeloid leuk-
emia (AML) in a 14-year-old boy.

CASE REPORTS

Case 1

A 6-year-old boy evidenced tachypnea during supportive
management after the second allogeneic HSCT, which was per-
formed 26 days previously for the treatment of second relapsed
precursor B-cell ALL. He had been diagnosed 33 months pre-
viously with ALL. Chest CT revealed confluent ground-glass
attenuation along the bronchovascular bundles and some bron-
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chial dilatation with focal patchy consolidation (Fig. 1A). A video-
associated thoracostomy (VAT) resection of the right lower lobe
of the lung was performed on day 28 after allogeneic HSCT.

The pathologic finding was of a bronchiolocentric lesion under
scanning power view (Fig. 1B). Furthermore, bronchial wall
thickening owing to fibroblast proliferation with lymphocytic
infiltration (Fig. 1C-E), and denuded bronchiolar epithelium
with regenerating atypical epithelial cells were also identified
(Fig. 1F). Immunohistochemical staining for cytomegalovirus
was negative. A palm skin rash was detected on day 7, diarrhea
and fever occurred on day 11, and a trunk skin rash was noted
on day 28 after allogeneic HSCT. Unfortunately, the patient
died on day 86 after allogeneic HSCT as the result of sudden
acute respiratory distress syndrome.

Case 2

A 14-year-old boy visited the emergency room due to aggra-
vating dyspnea that had persisted for 1 week. He was diagnosed

with AML 14 months previously, and a second allogeneic HSCT
was performed 105 days previously as the result of relapsed AML.
A chest CT showed bilateral ground-glass opacity along the bron-
chovascular bundles with bronchial dilatation (Fig. 2A, B). VAT
resection of the right lower lobe of the lung was performed.

Histologically, an airway-centered lesion was observed under
scanning power view (Fig. 2C). Additionally, there was an epithe-
lial sloughing or total epithelial loss in the bronchioles associat-
ed with subepithelial fibroblast proliferation (Fig. 2E-F), and
diffuse interstitial widening due to lymphocytic infiltration and
intraalveolar macrophages were observed with several foci of loose
myxoid tissue (Fig. 2D). Immunohistochemical staining for
cytomegalovirus was also negative. After immunosuppressive
therapy, the patient’s dyspnea was improved, and a third allo-
geneic HSCT was performed.

DISCUSSION

GVHD is a mediated discrepancy in the match between the

Fig. 1. (A) Chest CT image showing bilateral increased interstitial marking and confluent ground-glass opacity along bronchovascular bun-
dles with focal patchy consolidation. (B) A bronchiolocentric lesion in scanning power view. (C) to (E) Bronchial wall thickening due to
fibroblast proliferation with lymphocytic infiltration. (F) Denudated bronchiolar epithelium with regenerating atypical epithelial cells.
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human leukocyte antigens (HLAs) of a donor graft and the recip-
ient.13 A variety of pulmonary complications have been previous-
ly described as manifestations of GVHD. The lungs of cGVHD
patients are frequently abnormal, but findings in aGVHD pati-
ents have been minimal.14 In 1995, Yousem et al. studied the
histological spectrum of “pulmonary GVHD” in 17 recipients
of allogeneic HSCT.15 They divided the observed morphologi-
cal changes into four categories: diffuse alveolar damage, lym-
phocytic bronchitis/bronchiolitis with interstitial pneumonitis,
bronchiolitis obliterans organizing pneumonia, and cicatricial
bronchiolitis obliterans.15 Patients with active lymphocytic bron-
chitis/bronchiolitis, cicatricial bronchiolitis obliterans, and dif-
fuse alveolar damage have particularly poor outcomes.15 Benesch
et al. described the following pathologic findings of GVHD:
lymphoplasmacellular infiltration of bronchioles with moder-
ate extension of mononuclear infiltrates into alveolar septa, focal
and incomplete bronchiolitis obliterans with intraluminal inflam-
matory granulation tissue, and interstitial and peribronchiolo-

vascular infiltrates consisting predominantly of lymphocytes and
histiocytes.16

The clinical manifestation of case 1 involved tachypnea and
skin rash, which is similar to measles pneumonia. However, the
most characteristic histologic finding of measles pneumonia is
the presence of large multinucleated giant cells harboring eosino-
philic, Feulgen-negative intranuclear and intracytoplasmic inclu-
sions. Additionally, the radiologic finding of case 2 was bron-
chilolitis, which is similar to respiratory syncytial virus infection.
The bronchial epithelium is usually sloughed, and necrotic debris
fills the bronchial lumens in the respiratory syncytial virus infec-
tion; this is also found in cases of GVHD of the lung. However,
the lymphoplasmacellular infiltration of bronchioles is not gen-
erally detected in respiratory syncytial virus infections. There-
fore, an awareness of the difference between measles and respi-
ratory syncytial viral infection of the lung and GVHD is impor-
tant for the selection of appropriate treatment.

By definition, aGVHD occurs prior to day 100 after HSCT.17

Fig. 2. (A) and (B) Chest CT image showing bilateral ground-glass opacity along bronchovascular bundles with bronchial dilatation. (C)
Scanning power view image showing an airway-centered lesion. (D) Bronchial wall thickening due to fibroblast proliferation and diffuse
interstitial widening due to lymphocytic infiltration. (E) and (F) Epithelial sloughing or totally epithelial loss in bronchioles associated with
the proliferation of subepithelial fibroblasts.
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According to the interval after allogeneic HSCT and the patho-
logic findings, case 1 is consistent with aGVHD and case 2 with
a combined form of aGVHD and cGVHD. Chest CT images in
the two patients revealed characteristic ground-glass attenuation
along the bronchovascular bundles and some bronchial dilatation
with focal patchy consolidation, and these results correlated well
with the histologic findings. The pathologic findings of aGVHD
in our two patients included epithelial necrosis and a subepithe-
lial fibroblastic reaction with a bronchiolocentric pattern and
some lymphocytic infiltration and/or interstitial widening, which
are similar to the findings associated with aGVHD in the skin.
The interstitial fibrosis with some lymphocytic infiltration obse-
rved in case 2 appears to have been a manifestation of cGVHD,
and resembled scleroderma-like changes in the skin, which is
suggestive of a close association between the occurrence of GVHD
and the progression of IPS.

In conclusion, the pathologic findings of aGVHD are bron-
chiolocentric epithelial changes, characterized by epithelial necro-
sis, reparative fibroblast proliferation, and lymphocytic infiltra-
tion of the bronchial epithelium. On the other hand, the patho-
logic findings of cGVHD are interstitial pneumonitis, intersti-
tial fibrosis, and lymphocytic infiltration. A keen awareness of
these pathologic findings of GVHD is, therefore, necessary, be-
cause the early use of corticosteroids alters immune function. 

REFERENCES

1. Lim DH, Lee J, Lee HG, et al. Pulmonary complications after hemato-

poietic stem cell transplantation. J Korean Med Sci 2006; 21: 406-11.

2. Krowka MJ, Rosenow EC 3rd, Hoagland HC. Pulmonary compli-

cations of bone marrow transplantation. Chest 1985; 87: 237-46.

3. Griese M, Rampf U, Hofmann D, Fuhrer M, Reinhardt D, Bender-

Gotze C. Pulmonary complications after bone marrow transplanta-

tion in children: twenty-four years of experience in a single pediatric

center. Pediatr Pulmonol 2000; 30: 393-401.

4. Ratajczak P, Desveaux A, Socie G, Janin A. Alveolar hemorrhage

and acute graft-versus-host disease. Biol Blood Marrow Transplant

2007; 13: 1244-5.

5. Zhu KE, Hu JY, Zhang T, Chen J, Zhong J, Lu YH. Incidence, risks,

and outcome of idiopathic pneumonia syndrome early after allogene-

ic hematopoietic stem cell transplantation. Eur J Haematol 2008; 81:

461-6.

6. Cone RW, Hackman RC, Huang ML, et al. Human herpesvirus 6 in

lung tissue from patients with pneumonitis after bone marrow trans-

plantation. N Engl J Med 1993; 329: 156-61.

7. Breuer R, Lossos IS, Berkman N, Or R. Pulmonary complications of

bone marrow transplantation. Respir Med 1993; 87: 571-9.

8. Kolb HJ, Bender-Gotze C. Late complications after allogeneic bone

marrow transplantation for leukaemia. Bone Marrow Transplant

1990; 6: 61-72.

9. Snover DC, Weisdorf SA, Vercellotti GM, Rank B, Hutton S, McGlave

P. A histopathologic study of gastric and small intestinal graft-ver-

sus-host disease following allogeneic bone marrow transplantation.

Hum Pathol 1985; 16: 387-92.

10. Shulman HM, Sharma P, Amos D, Fenster LF, McDonald GB. A

coded histologic study of hepatic graft-versus-host disease after

human bone marrow transplantation. Hepatology 1988; 8: 463-70.

11. Fujii H, Hiketa T, Matsumoto Y, et al. Clinical characteristics of chron-

ic cutaneous graft-versus-host disease in Japanese leukemia patients

after bone marrow transplantation: low incidence and mild mani-

festations of skin lesions. Bone Marrow Transplant 1992; 10: 331-5.

12. Schultz KR, Green GJ, Wensley D, et al. Obstructive lung disease in

children after allogeneic bone marrow transplantation. Blood 1994;

84: 3212-20.

13. Watkins TR, Chien JW, Crawford SW. Graft versus host-associated

pulmonary disease and other idiopathic pulmonary complications

after hematopoietic stem cell transplant. Semin Respir Crit Care Med

2005; 26: 482-9.

14. Soubani AO, Miller KB, Hassoun PM. Pulmonary complications of

bone marrow transplantation. Chest 1996; 109: 1066-77.

15. Yousem SA. The histological spectrum of pulmonary graft-versus-

host disease in bone marrow transplant recipients. Hum Pathol 1995;

26: 668-75.

16. Benesch M, Kerbl R, Schwinger W, et al. Discrepancy of clinical, radio-

graphic and histopathologic findings in two children with chronic

pulmonary graft-versus-host disease after HLA-identical sibling stem

cell transplantation. Bone Marrow Transplant 1998; 22: 809-12.

17. Glucksberg H, Storb R, Fefer A, et al. Clinical manifestations of graft-

versus-host disease in human recipients of marrow from HL-A-ma-

tched sibling donors. Transplantation 1974; 18: 295-304.


