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Abstract
Bronchiolitis Obliterans (BO) is a clinical syndrome associated with dyspnea and
airflow limitation due to fibroproliferative thickening of the bronchiolar walls which
can progress to the complete obliteration. Varying etiologies have been known to
incite this process, with no definitive course of treatment that has demonstrated
consistent clinical benefit. Rituximab is a monoclonal antibody with antineoplastic
properties, of which bronchiolitis obliterans has been described as a complication
of therapy. This is a case describing Intravenous Immunoglobulin (IVIG) as therapy
for bronchiolitis obliterans refractory to systemic steroids.
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Introduction
Bronchiolitis Obliterans (BO) is a clinical syndrome associated with
dyspnea and airflow limitation that is not reversible to inhaled
bronchodilator medication. This injury pattern has been described
in response to a myriad of insults including inhalational toxins,
infections, various systemic diseases, and after hematopoietic
cell or lung transplantation. Histologically, it has been described
as constrictive bronchiolitis or proliferative bronchiolitis, with
fibroproliferative thickening of the bronchiolar walls causing
narrowing of the bronchiolar lumen, which may progress to
the complete obliteration of bronchioles. Unfortunately, the
pathogenesis of BO is not well defined. Due to the insult, there is
excessive proliferation of granulation tissue in the airway that causes
narrowing or obliteration of the lumen, but sometimes there is
submucosal fibrosis that can cause additional constriction of the
airway. Symptoms are typically dyspnea and cough, but rarely with
sputum production. There is no consistent treatment algorithm
that has demonstrated significant clinical benefit, and the disease
is typically progressive despite therapies leading to respiratory
failure. Symptomatic therapy to improve cough and hypoxia are
often employed. For transplant related BO, the use of macrolide
antibiotics has improved outcomes and would be recommended for
a trial of 3-6 months. Steroids have been tried, but due to lack of
efficacy and high frequency of side effects, it is not ideal.
Rituximab is a genetically engineered chimeric mouse/human
monoclonal antibody directed against the CD20 antigen found
on the surface of normal and malignant B lymphocytes (package
insert). The mechanism of antineoplastic action is through B-cell
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signaling, complement activation and direct apoptosis. Cell lysis
may be the result of complement‐dependent cytotoxicity as
well as antibody‐dependent cellular cytotoxicity. Complement
activation and cytokine secretion, in particular, seems to be the
causative factors associated with rituximab infusion reactions.
TNF-α has been postulated to be the major inflammatory
mediator in ILD pathogenesis by inducing chemokines, other
inflammatory cytokines, and angiogenic factors [1].
Herein, we describe a case of a patient treated with rituximab who
developed bronchiolitis obliterans as a complication of therapy.
He was successfully treated with Intravenous Immunoglobulin
(IVIG) therapy with recovery of lung function and resolution of
symptoms.

Case
Our patient is 62-year-old man with stage III chronic lymphocytic
leukemia/small lymphocytic lymphoma who was treated with
rituximab and bendamustine therapy followed by maintenance
rituximab. He had hypogammaglobulinemia with specific
deficiencies in IgA, IgM, and IgG antibody isotypes, particularly
IgG1, IgG2 and IgG3. The patient was not previously treated with
adoptive immunotherapy as he did not suffer from recurrent
sinopulmonary infections.
After nine months of maintenance rituximab, he developed
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progressive exertional dyspnea prompting pulmonary evaluation.
Imaging demonstrated a diffuse, bilateral mosaic pattern
consistent with air trapping, and pulmonary function testing
showed non-reversible severe obstruction, air trapping and a
severe impairment in gas exchange. Cardiopulmonary exercise
testing showed a limitation to exercise due to his obesity as
demonstrated by a reduced maximum VO2/kg. Pre-exercise
spirometry demonstrated obstruction, and the flow limitation did
not improve on post-exercise testing. Furthermore, his oxygen
saturations dropped to 84% with exercise. Bronchoscopy was
non-diagnostic. The patient was diagnosed with bronchiolitis
obliterans secondary to medication (rituximab). Inhaled therapies
did not alter his symptoms, so he was treated with moderate
dose oral corticosteroids. The severity of airway obstruction
and air trapping slowly improved; however, he was not able to
wean below 18 mg daily of prednisone without worsening of
symptoms. Trials of azithromycin (250 mg three times per week)
and azathioprine (1 mg/kg titrated to 2 mg/kg) were unhelpful as
steroid sparing agents. Mosaic attenuation persisted on repeat
CT chest imaging.
He was then started on intravenous immunoglobulin, 300 mg/
kg every 3 weeks. His IgG level increased to >400 mg/dL after
the first treatment and remained >600 mg/dL after the third
treatment. He received a total of 16 treatments over a period of
12 months. Along with improvement in flow limitation to normal,
air trapping and hypoxia resolved as well as imaging resolution of
the mosaic attenuation pattern. He was then successfully tapered
off the prednisone, and the IVIG was stopped soon thereafter.

Discussion
Patients with chronic lymphocytic leukemia are at risk for
pulmonary complications, including recurrent respiratory
infections due to impaired humoral and cell-mediated immunity.
Patients with Chronic Lymphoblastic Lymphoma (CLL) are at risk
of developing chemotherapy-related pneumonitis as well as
developing a second malignancy such as primary lung cancer.
Our patient had BO diagnosed with functional assessment and
imaging that developed several months into treatment with
rituximab. Bronchiolitis obliterans complicating rituximab therapy
has previously been described among several other pulmonary
toxicities including interstitial pneumonitis, Bronchiolitis
Obliterans with Organizing Pneumonia (BOOP), and alveolar
hemorrhage [2-6]. Treatment of such pulmonary complications
has had variable success, and no standard approach exists. Most
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have used steroids with or without other medications aimed at
minimizing treatment side effects. Unfortunately, outcomes of
rituximab-related lung disease are poor.
Bronchiolitis obliterans has been described in association with
Paraneoplastic Autoimmune Multi-organ Syndrome (PAMS)
complicating CLL and other hematologic malignancies and
develops in the absence of exposure to autoimmune therapies
[7]. In fact, this syndrome has been treated with rituximab;
however, the BO component did not respond suggesting a
possible independent etiology [8]. Because our patient’s course
was progressing on steroid therapy and refractory to macrolid
and azathioprine as adjuncts, we sought alternative therapy with
intravenous immunoglobulins.
Primarily comprised of IgG, IVIG has been demonstrated to
inactivate T-cells, down-regulate B-cell antibody production, block
B-cell surface receptors responsible for inducing proliferation,
prevent compliment activation, reduce pro-inflammatory
cytokines and down-regulate the activity of macrophages [9]. The
mechanism of IVIG’s therapeutic effects has in part been attributed
to the polyclonal binding specificities encoded in the variable
domains of the administered antibodies that may counteract the
activity of auto-antibodies or inflammatory mediators. It has also
been attributed to the anti-inflammatory component of the IgG
Fc portion [10]. In a murine model, it was demonstrated that IVIG
induces surface expression of an inhibitory Fc receptor in treating
ITP. Modulation of the inhibitory signaling pathway attenuated
the autoantibody-triggered, inflammatory disease [11].
Intravenous immunoglobulin has been used as an oral
glucocorticoid –sparing agent in patients with steroid-dependent
asthma, and resulted in significant reductions in both oral
glucocorticoid requirements and hospitalizations in a group of
patients with severe asthma [12]. There is limited data pertaining
to IVIG replacement therapy for the treatment of bronchiolitis
obliterans. IVIG therapy to target a serum IgG level greater
than 500-600 mg/dL has been shown to improve spirometry in
patients with bronchiolitis obliterans by reducing pulmonary
infections [13,14].

Conclusion
In patients with bronchiolitis obliterans refractory to
conventional therapies, including systemic steroids, intravenous
immunoglobulin should be considered as a steroid sparing agent,
even without overt pulmonary infections.
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