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ABSTRACT: Until recently, chemotherapy for metastatic melanoma had disappointing results. The identification of immune checkpoints such as CTLA-4

and PD-1/PD-L1 has led to the development of an array of monoclonal antibodies (Mabs). These immunologic approaches against tumoral cells come with

a novel kind of side effects that the clinician needs to be familiarized with. Herein, we report for the first time a case of organizing pneumonia, based on

imaging and cytological analyses of bronchoalveolar lavage, possibly associated with the use of pembrolizumab, an anti-PD-1 Mab recently approved for

the treatment of metastatic melanoma.
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Introduction

New monoclonal antibodies (Mabs) targeting the immune
checkpoint blockade have revolutionized the treatment of
advanced melanoma patients. Although these novel Mab
therapies can induce remarkable antitumor-specific immune
responses, they have distinct side effects as compared with che-
motherapy, including nonspecific immunological activation.!
To our knowledge, we report the first case of organizing pneu-
monia (OP) in a melanoma patient under immunotherapy
with pembrolizumab, a PD-1 targeting Mab. ‘The patient’s
next of kin has given consent for publication of this report.

Case Presentation

A 64-year-old woman presented to our emergency depart-
ment with a 10-day history of progressive dyspnea and dry
cough nonresolving after a 9-day course of oral antibiotics
(levofloxacin 750 mg daily). She had been diagnosed with a
c-kit/BRAF wild-type, stage IV mucosal melanoma of the
nasal cavity with involvement of cervical and mediastinal
lymph nodes and metastases to the liver, brain, and bones
nine months earlier. Initial treatment included two cycles
of dacarbazine 1000 mg/m? and zoledronic acid 4 mg every
three weeks. One month later, the patient experienced disease
progression and was treated with four cycles of ipilimumab
immunotherapy 3 mg/kg and zoledronic acid 4 mg q3 weeks

intravenously (iv). Three months later, the disease advanced
further, and a second-line immunotherapeutic agent with
pembrolizumab was initiated. Thirteen days prior to her
admission, she had received her fourth cycle of immunother-
apy with pembrolizumab. Her pretherapeutic thoracic CT
scan was normal.

On examination, she was pale and tachypneic. The chest
auscultation revealed diffuse bilateral coarse crackles and areas
of bronchial breathing mainly in the right middle lobe. She
was afebrile, but her oxygen saturation on room air was 75%.

Her blood tests were normal except an erythrocyte
sedimentation rate of 200 mm/hour, a white blood count of
10,970 cells/uL (differential: 83.6% neutrophils, 9.7% lym-
phocytes, and 6.7% monocytes), and a C-reactive protein of
173 mg/L (normal value: 0-6 mg/L). A chest radiography
demonstrated patchy alveolar infiltrates mainly on the right
upper, the right middle, and the left upper lobe.

An initial diagnosis of a lower respiratory tract infec-
tion was made, and antibiotics were commenced, including
ceftriaxone 2 g/day iv and azithromycin 500 mg/day orally.
After three days of treatment, there was no improvement of
signs or symptoms. Subsequently, the patient underwent a
high-resolution computed tomography (HRCT) of the chest
and fiberoptic bronchoscopy with bronchoalveolar lavage
(BAL). Samples were submitted for staining and culture for
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Figure 1. Patient’s computed tomography of chest indicating (A) baseline CT scan before pembrolizumab therapy, (B) reverse halo sign (dotted arrow)
and consolidation with air bronchogram (straight arrow) features of OP following therapy of pembrolizumab, and (C) follow-up CT scan indicating complete
resolution of the organized pneumonia, one month after the steroid therapy. Metastatic lesion in the right middle lobe.

bacteria, fungi, mycobacteria, and nocardia, special staining
for Pneumocystis jirovecii, cytology, immunophenotyping, and
molecular testing for viral infection. The HRCT demonstrated
patchy consolidation with a predominantly subpleural and
peribronchial distribution, small ill-defined peribronchiolar
nodules, #ree-in-bud sign, and reverse halo sign, involving all
lobes mainly the lower ones (Fig. 1). There was no lymph nodal
enlargement or pleural effusion. Cytology, microbiology, and
molecular testing were negative for malignant or infectious
diseases. The immunophenotyping of the BAL lymphocytes
by flow cytometry revealed macrophage and monocyte pre-
dominance (60.7%) with a lymphocyte count of 28.7% and a
CD4+/CD8+ index of 0.4. Based on the imaging and clini-
cal and BAL findings that were consistent with OP, therapy
with corticosteroids (prednisolone 50 mg/day iv) was initiated
that resulted into rapid clinical and radiographic improvement
of the patient. Her C-reactive protein declined to 20 mg/L
within two days of steroid treatment. The treating physician
assessed that OP represented a grade 3 adverse event,? most
probably related to treatment with pembrolizumab, which was
discontinued. Three months later, the patient died of advanced
metastatic disease in the brain.

Discussion

Advanced melanoma has been a challenge in oncology as the
five-year survival rates were immensely low with standard
chemotherapy.® Newer Mab therapies targeting the immune
checkpoint, ipilimumab (Yervoy; Bristol-Myers Squibb),
nivolumab (Opdivo; Bristol-Myers Squibb), and pembroli-
zumab (Keytruda; Merck Sharp & Dohme Corp) were shown
to prolong progression free and overall survival compared
with chemotherapy.*

Pembrolizumab is a humanized IgG4 Mab raised against
the programmed cell death protein 1 (PD-1) immune check-
point, recently approved by the US Food and Drug Adminis-
tration and the European Medicines Agency for the treatment
of advanced melanoma, as a result of a randomized controlled
phase III trial showing improved overall survival.®

PD-1 is a cell surface receptor that belongs to the immu-
noglobulin superfamily and is normally expressed on B-cells,®

T-cells,” and macrophages.® PD-1 and its ligands, namely,
programmed cell death ligand 1 (PD-L1) and 2 (PD-L2),
have been found to be abnormally expressed by tumor cells.”
These molecules play an important role in inhibiting antitu-
mor immune responses and are responsible for the immune
evasion of cancer cells by the cytotoxic effector immune cells.
Mab therapies against the PD-1 can reverse immune tolerance
and achieve high tumor response rates and improvement of
survival.l

The therapeutic effects of Mabs are not fully understood,
but they are mediated through direct signaling, complement-
dependent cellular cytotoxicity, and antibody-dependent cel-
lular cytotoxicity.!!

Pemprolizumab (previously known as MK-3475 or lam-
brolizumab) is a humanized monoclonal IgG4—kappa isotype
antibody. Its variable region sequences were derived from a
very high-affinity mouse antihuman PD-1 antibody (dissocia-
tion constant, 28 pM) that was grafted into a human IgG4
immunoglobulin with a stabilizing S228P Fc alteration that
does not engage Fc receptors or activate complement, thus
avoiding cytotoxic effects of the antibody when it binds to the
PD-1 receptor of T-cells that are intended to activate against
tumor cells.!? It is reasonable to assume that the mechanism
of action and the resulting side effects of pembrolizumab
are mediated through PD-1 direct signaling on T-cells or
macrophages.

Cryptogenic organizing pneumonia (COP), the idio-
pathic form of OP (formerly called bronchiolitis obliterans
OP), is a type of diffuse interstitial lung disease that affects
the distal bronchioles, respiratory bronchioles, alveolar ducts,
and alveolar walls. The primary area of injury is within the
alveolar wall. Since many cases of COP are secondary, it is
more proper to use the term OP associated with zhe name of
the secondary cause.'®

Histopathologic study through lung biopsy via video-
assisted thoracoscopic surgery or open thoracotomy is the
optimal method for establishing the diagnosis of COP, in
order to have enough tissue for the pathologist to exclude
other processes. Because of the low oxygen saturation level,
we selected to combine the cytological profile of BAL with
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characteristic clinical and imaging features. A previous study
has already described in detail the cytological and immu-
nocytological profile of BAL in COP, which include foamy
macrophages, mast cells, plasma cells, a decreased CD4/CD8
T-cell ratio, an increase in activated T-lymphocytes based on
HLA-DR or interleukin-2 receptor expression and a lympho-
cyte increase of 20%—-40% also documented in our patient
with bronchiolitis obliterans.

The most commonly occurring clinical findings in COP
are similar to our patient’s symptoms, including nonproductive
persistent cough, dyspnea, and malaise without fever.'* Since
the most common manifestations are nonspecific, diagnosis is
often delayed (6-13 weeks), and similar to our patient, a lack
of response to empiric antibiotics for community-acquired
pneumonia may be the initial clue to the presence of a non-
infectious, inflammatory pneumonia.!® Similar to that in our
patient, HRCT has findings that are characteristic for COP
and include peripheral bilateral patchy opacities, more fre-
quently in the periphery and in the lower lung zone, air bron-
chogram, and reverse halo sign.!® Once the diagnosis of COP
is made, rapid clinical and imaging improvement is obtained
with corticosteroid treatment, but relapses are common after
stopping treatment, indicating an established immune reac-
tion requiring long-term therapy.'®

When COP is suspected in cancer patients, differential
diagnoses that need to be considered include disease progres-
sion, cardiogenic edema, radiation pneumonitis, allergies,
pulmonary hemorrhage, and infections that cause diffuse inter-
stitial infiltrates in the lungs such as gram-negative or gram-
positive bacteria, fungi (Aspergillus, Candida, and P. jirovecii),
parasites (Toxoplasma gondii), or viruses (herpes simplex, vari-
cella zoster, and cytomegalovirus).'”

On the other hand, pneumonitis in cancer patients may
hold a heterogeneous pathological background based on vari-
ous antineoplastic agents including chemotherapy, such as
taxanes, targeted therapy, such as everolimus, and Mabs, such
as rituximab, a chimeric IgG1.1”

In retrospective analysis of patients with non-Hodgkin
lymphoma treated with rituximab, 8 of 23 patients, diagnosed
with COP and treated with corticosteroids, died, indicat-
ing that COP although rare may become a fatal pulmonary
toxicity and the oncologists or internists must maintain a high
index of suspicion to recognize this complication early.

Little is known regarding the clinicopathologic features
of pneumonitis related to the novel immune checkpoint inhib-
itors. A recent study indicated the development of pneumo-
nitis in three patients treated with nivolumab, an anti-PD-1
Mab, 7-24.3 months after treatment initiation.!® Two patients
were radiographically found with acute interstitial pneumo-
nia/acute respiratory distress syndrome, and one patient was
with nonspecific interstitial pneumonia. Two of these patients
required admission in the intensive care unit, and one suc-
cumbed four weeks after diagnosis of pneumonitis. Com-
puted tomography findings differed from COP, and BAL or

transbronchial biopsy was not performed in these patients.
Another report involving a patient treated with nivolumab
described an OP diagnosed both radiographically and patho-
logically.! Similar to our case, CT of the chest showed the
typical reversed halo sign and had a favorable response to cor-
ticosteroid therapy.

With novel immunotherapies, the incidence of auto-
immune phenomena is rising; therefore, it is important to
recognize an OP early in any patient receiving anti-PD-1
and presenting with symptoms of new cough or shortness
of breath. The diagnosis needs to be supported by imaging
and cytological investigations. Although the exact causative
mechanism of OP by anti-PD-1 Mab therapy cannot be
established as yet, a T-cell or macrophage-driven effect is the
most plausible explanation, and further studies are warranted
to define the pathogenic mechanism underlying this possibly
lethal side effect.
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