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Infectious and non-infectious pulmonary complications are
reported in 30–60% of all hematopoietic cell transplant (HCT)
recipients and result in a high morbidity and mortality.1–3

Non-infectious pulmonary complications encompass a hetero-
geneous group of conditions including chronic GvHD, frequently
manifested as bronchiolitis obliterans and cryptogenic organizing
pneumonia (COP), pulmonary edema, diffuse alveolar hemorrhage
and idiopathic pneumonia syndrome.1 Acute organizing fibrinous
pneumonia (AFOP) was first described by Beasley et al.3 in 2002 as
a unique histological pattern of acute lung injury that is
histologically different from diffuse alveolar damage, eosinophilic
pneumonia, bronchiolitis obliterans and COP. AFOP is recognized
in the classification of idiopathic interstitial pneumonias as a rare
histological pattern differentiated from other causes of acute lung
injury by a histologic pattern of diffuse alveolar damage and
organizing pneumonia with intra-alveolar fibrin within the alveolar
space without hyaline membranes.4 AFOP is a rare presentation of
acute lung injury and the etiology is unknown. AFOP has been
described in patients to be caused by idiopathic, drug associated
(decitabine, amiodarone, abacavir),collagen vascular disease
(systemic lupus erythematosus), infectious (Whipple disease) and
occuring following HCT. To date there is only one documented
case of AFOP following allogeneic HCT. Unfortunately, the patient
died after treatment with methylprednisolone.5 Here, we describe
the first reported case of AFOP following HCT successfully treated
with etanercept, suggesting TNF in the pathogenesis of AFOP.
A 52-year-old male was diagnosed with stage IV angioimmuno-

blastic T-cell lymphoma with bone marrow involvement in 2011.
He was originally treated with CHOP x6. Owing to refractory
lymphoma, he received salvage ifosphamide, carboplatin, etopo-
side x2, a clinical trial with high-dose cyclosporine discontinued
due to seizures, and reached a partial response with seven cycles
of romidepsin before matched unrelated donor hematopoietic cell
transplant (HCT). His conditioning regimen was reduced intensity
with rabbit anti-thymocyte globulin, 2.5 mg/kg from day − 9 to − 7
followed by TBI to a total dose of 4.5 Gy, delivered in three 1.5 Gy
fractions on day − 1 to 0. For GvHD prophylaxis, he received
tacrolimus and mycophenolate.
His post-transplant course was uncomplicated by day +180. His

days +60 and +100 bone marrow, blood and T cells were 100%
donor and no evidence of disease recurrence was found on
radiographic imaging. Pulmonary function testing day +100
revealed a FEV1 of 93% and DLCO of 78%; pre-transplant FEV1
and DLCO were 93 and 80%, respectively. The patient had mild
classic chronic GvHD of skin and eyes treated with topical
hydrocortisone and Refresh eye drops. He was off immunosup-
pression by day +168. He started his vaccination protocol on day
+240 for meningococcal, haemophilus influenza type B, influenza,
pneumococcal 13, Hepatitis A and B, inactivated polio and Dtap.
On day +325 after transplant he presented to the outpatient

bone marrow transplant clinic with subacute cough, dyspnea,
hypoxemia and no other clinical symptoms of GvHD. Pulse
oximetry showed oxygen saturations of 68% on room air.

Computed tomography (CT) of the chest showed rapidly
progressive pulmonary infiltrates (Figure 1a). He was admitted
to the inpatient bone marrow transplant floor, started on broad-
spectrum antimicrobials, and subsequently underwent broncho-
scopy that was non-diagnostic. Over the next 2 days he developed
worsening hypoxemia requiring transfer to the medical intensive
care unit for hypoxemic respiratory failure. High-dose methyl-
prednisolone 125 mg every 6 h was initiated. On day +328 he
underwent video-assisted thoracoscopic surgery (VATS) and left
upper lobe/left lower lobe wedge resection.
He was extubated on day +329, but remained hypoxic,

requiring non-invasive ventilation. On day +331 the pathology
from the wedge resections showed Acute organizing fibrinous

Figure 1. CT of chest. (a) Day +325. (b) Day +364.
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pneumonia (AFOP) (Figure 2a). Given the lack of clinical
improvement, methylprednisolone was increased from 125 to
250 mg every 6 h, tacrolimus was continued (goal trough level 10)
and we started etanercept 25 mg SC twice weekly for a total of

eight doses. After the initiation of etanercept the patient had
significant improvement in respiratory status. His hypoxemia
improved, he was off non-invasive ventilation after two days and
supplemental oxygen was rapidly weaned. He completed 8 doses
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Figure 2. Lung Biopsy with pathology of AFOP. (a) Arrow shows fibrin ball (b) HO-1, TNF-α and controls at 25x and 100x. Samples were
deparaffinized and rehydrated. Ag retrieval was performed with 0.01 M citrate buffer (pH6.0) for 20 min. Then endogenous peroxidase was
blocked with 3% H2O2/PBS for 5 min. Tissue samples were blocked in 1% normal swine serum (NSS) for 15 min, before incubation with primary
antibodies for TNFα (clone 2C8, Novus Biologicals, Littleton, CO, USA) 670 μg/mL or HO-1 (clone HO-1-1, Enzo Life Sciences, Farmingdale, NY, USA)
20 μg/mL overnight in 1% normal swine serum/PBS. Next day, sections were stained with biotinylated secondary goat anti mouse Ab (1:1500,
Millipore, Darmstadt, Germany) for 1 h followed by streptavidin/HRP solution (Vector laboratories, Burlingame, CA, USA) 1:200 for 45 min.
Samples were stained with DAB chromogen (Dako, Carpinteria, CA, USA) and counterstained with Mayer’s hematoxylin. Negative staining with
isotype Ab run in parallel.
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of etanercept; continued tacrolimus and steroids were tapered off
over 2 weeks. His VATS was complicated by pneumothorax and
pneumomediastinum, which required small bore thoracostomy
placement and eventually mechanical pleurodesis due to persis-
tent air leak. On day +364 he was discharged home off
supplemental oxygen with significant clinical and radiographic
improvement (Figure 1b). His post hospitalization FEV1 was 72%
and DLCO was 58%.
Currently, the patient is 2.5 years from HCT and remains in

remission from his lymphoma; he is on tacrolimus and twice
weekly every other week extracorporeal photopheresis for GVHD
as a steroid sparing agent that was started after day +364 upon
discharge from the hospital. Prednisone was discontinued at day
+393. He has had no other symptoms of GVHD except for an
erythematous rash on day +519. He was started on 20 mg of
prednisone, which was tapered off by day +756. He is off
supplemental oxygen and recent CT scans reveal mild air trapping,
however, a significant improvement from prior CT scans and his
spirometry is normal, FEV1 (96%) and DLCO 89.
AFOP has been reported post allogeneic HCT and has two

subtypes, one indolent and one very aggressive that carries a high
morbidity (as in our patient). The pathogenesis of AFOP is unknown,
but our patient’s response to etanercept suggests a role of TNF-
alpha as part of a cytokine-modulated immune response causing
inflammation and fibrosis. Hara et al. report two cases of AFOP in
non-HCT transplant patients. They demonstrated overexpression of
heme oxygenase-1 (HO-1) in the macrophages within the fibrin
balls and type II pneumocytes.6 In another study, Terry et al.
demonstrated that the inflammatory cytokines IL-1 and TNF-α are
effective inducers of HO-1 in vascular endothelial cells and oxidative
stress is implicated in the pathogenesis of many pulmonary diseases
associated with inflammation, including acute respiratory distress
syndrome.7 Therefore, the initial insult/injury could have led to
increased TNF-α and HO-1 that have been described in AFOP.
Murine models of induced pluripotent stem (IPS) after HCT,

suggest the lung is a target of immune-mediated injury by
two distinct and related pathways involving soluble inflammatory
effectors including TNF-α and the other driven by antigen specific
donor T-cell effectors, which synergize to cause inflammation and
cellular injury.8 Etanercept has been used as a treatment in
transplant-related lung injury after HCT with 24% of patients
surviving hospital stay.9 Yanik et al. studied the TNF inhibitor,
etanercept, combined with corticosteroids in treating 15 patients
with IPS after HCT. Etanercept was administered SC at a dose of
0.4 mg/kg (maximum 25 mg) twice weekly, for a maximum of
eight doses.10 Therapy was well tolerated and 10 of 15 patients
had a complete response, defined as the ability to discontinue
supplemental oxygen support during study therapy. The 28-day
survival was 73%. The combination of etanercept and corticoster-
oids is safe and is associated with high response rates and
improved survival in patients with IPS after HCT.10

To our knowledge this is the first case AFOP after HCT,
successfully treated with etanercept. Although, there is a lack of
clinical evidence to support the use of entanercept in patients
with AFOP. Our rational for the use of etanercept in this critically ill
patient with a non-infectious lung injury was that AFOP may be
driven by oxidative stress, which may be modulated by TNF-α.
Interestingly, the lung biopsy was positive for both HO-1 and
TNF-α (Figure 2b). This supports our hypothesis that AFOP may be
driven by oxidative stress induced by TNF-α. Therefore, we
propose that etanercept may be responsible for the marked
clinical improvement in the patient because with high-dose
steroids and tacrolimus the patient was requiring non-invasive
ventilation and high-flow oxygen 15 L nasal canula until the
addition of etanercept. We speculate that AFOP is a manifestation
of GvHD, and that TNF-α is implicated in its pathogenesis. Until

more information is available on the pathogenesis of AFOP after
HCT, we recommend early use of etanercept in patients with AFOP
post HCT because of rapidly progressive respiratory failure and
high mortality.
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