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Abstract: Primary pulmonary diffuse large B cell lymphoma (PPDLBCL) is extremely rare,
with fewer than 40 cases reported to date and a lack of systemic analysis. Herein, we present
a case of PPDLBCL mimicking metastasis in a heavily treated patient with breast cancer. To
our knowledge, this is the first reported case of PPDLBCL in a patient with breast cancer. A
66-year-old Chinese female diagnosed with breast cancer 7.5 years previously and multiple
bone metastases 31 months later presented with a new-onset subpleural nodule in the inferior
lobe of left lung detected by routine follow-up in November 2017. A 18F-fluorodeoxyglu-
cose (FDG) positron emission tomography-computed tomography scan showed that the
pulmonary nodule was hypermetabolic with a maximum standard uptake value of 14.9,
consistent with lung metastasis in view of her history of breast cancer and multiple bone
involvement. Surprisingly, pathologic investigation revealed primary lung DLBCL, staged
IEA. Systemic chemotherapy with R-CDOP (rituximab, cyclophosphamide, vindesine, dox-
orubicin liposome, and prednisone) achieved complete remission with mild side effects. At
the latest follow-up in August 2019, the patient had disease-free survival of 21 months. The
findings from this case indicate that primary pulmonary lymphoma should be included in the
differential diagnostic checklist of pulmonary occupancy, even in solid tumor patients treated
with multiple modalities. When a newly developed lung nodule is identified in such patients,
clinicians should not take for granted that it is lung metastasis. Pathology results are a
prerequisite for making a correct diagnosis, choosing appropriate treatment, and improving
patient prognosis.
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Introduction

Primary pulmonary lymphoma (PPL) is an extremely rare entity of heterogenous
group, and diffuse large B cell lymphoma (DLBCL) accounts for just 10% of PPL."
With regard to the aggressive subset termed primary pulmonary diffuse large B cell
lymphoma (PPDLBCL), we have little information about its biological characteristics,
optimized therapeutic protocols, and outcomes since less than 40 cases have been
reported.''® Here, we present an instructive PPDLBCL case mimicking lung metas-
tasis in a heavily treated breast cancer patient. In view of the patient’s nonspecific
discomfort, isolated subpleural nodule, and definite history of metastatic breast cancer,
it could easily have been misdiagnosed as lung metastasis. Our case highlights that PPL
should be included in the differential diagnosis of new-onset lung lesions even in solid
tumor patients to avoid misdiagnosis and ensure timely and correct intervention.
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Case Report

In September 2012, a 61-year-old Chinese woman presented
with a 6-month history of a painless mass in her right breast.
A firm 2x1-cm mass was palpated in the inner upper quad-
rant of the right breast. Following mastectomy, pathology
demonstrated breast invasive lobular carcinoma with immu-
nohistochemical results of estrogen receptor (90%+), pro-
gesterone receptor (10%+), human epidermal growth factor
receptor 2 (-), Ki-67 (7%+). The postoperative stage was
TINO (axillary lymph nodes: 0/7). The patient received
adjuvant endocrine therapy with anastrozole.

In April 2015, the patient complained of low back pain.
Subsequent positron emission tomography-computed tomo-
graphy (PET/CT) scanning in a tertiary hospital revealed
hypermetabolic lesions consistent with bone metastases in
T6, L2, and the sacrum. Local radiotherapy with a dose of
39Gy/13F and 30Gy/10F was applied to the sacrum and L2
metastases, respectively, which significantly relieved her
pain. The endocrine therapy was switched to letrozole
based on the local doctor’s advice, and zoledronic acid was
given. Emission computed tomography in November 2016
demonstrated abnormal increased radioactive uptake in T6
and T7. Additional radiotherapy was given for T6 and T7
metastatic lesions.
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In November 2017, the patient had routine follow-up visit
and did not report cough, chest pain, fever, night sweats, or
weight loss. No superficial enlarged lymph nodes were palp-
able on physical examination, but thoracic CT scan found a
subpleural nodule measuring about 1.5 cmx1.5 cm located in
the inferior lobe of the left lung and connected to adjacent
pleura with a broad basal pattern (Figure 1A—C). A subsequent
18F-FDG PET/CT scan showed the pulmonary nodule was
hypermetabolic with a maximum standard uptake value
(SUVmax) of 14.9, and there was no clear boundary with
adjacent pleura. Whole-body PET/CT also showed a FDG-
avid lesion in T6 with a SUVmax of 9.9, and high-density foci
in C6, L2, and the sacrum, indicating bone metastases. In view
of her history of breast cancer and multiple bone involvement,
lung metastasis was considered (Figure 2). Her past history
was unremarkable except for hypertension for 10 years with
regular treatment and good control, left shoulder joint synovial
cystectomy for calcification in 2012, and cholecystectomy in
2017 for cholecystolithiasis and cholecystitis. Her Eastern
Cooperative Oncology Group performance status was 1.
Clinical laboratory tests showed normal serum lactate dehy-
drogenase, erythrocyte sedimentation rate, and slightly ele-
vated B2-microglobulin of 1.84 mg/L (0.7-1.8 mg/L). The
hepatitis B antigen and serum antibodies for hepatitis C,
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Figure | CT lung scan results.

Notes: (A—C) Thoracic CTon November 2, 2017 revealed a new-onset nodule located in the LLL. (A) Transverse view; (B) coronal view; (C) sagittal view; (D) thoracic CT
demonstrated CR after three cycles of chemotherapy with R-CDOP. (E-G) Lung CT in August 2019 still showed a CR status. (E) Transverse view; (F) coronal view; (G)
sagittal view.

Abbreviations: CT, computed tomography; LLL, left lower lobe of lung; CR, complete remission; R-CDOP, rituximab, cyclophosphamide, vindesine, doxorubicin liposome,
and prednisone.
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Figure 2 Whole-body PET/CT findings.

Notes: PET/CT demonstrated a subpleural hypermetabolic nodule in the LLL measuring about I.5cmX[.5cm with SUVmax of 14.9. This nodule had an unclear boundary
with the adjacent pleura (A, PET images; B, CT images; C, fused PET/CT images of the FDG-avid lung lesion; D, coronal image of whole-body PET).
Abbreviations: PET, positron emission tomography; CT, computed tomography; LLL, left lower lobe of lung; SUVmax, maximum of standard uptake value; FDG,

fluorodeoxyglucose.

syphilis, and human immunodeficiency virus (HIV) were
negative. Bone marrow aspiration tests showed no involve-
ment. A percutaneous lung lesion biopsy revealed diffuse
medium to large neoplastic cells with obvious nuclear atypia,
obvious nucleoli, vacuolar chromatin, and invasion of small
vessels (Figure 3A). Furthermore, no low-grade B-cell lym-
phoma components such as marginal zone lymphoma or folli-
cular lymphoma were found around the tumor. This indicated
that was de novo rather than transformed from marginal B cell
lymphoma or follicular lymphoma. The neoplasm exhibited a
high Ki-67 proliferation index of 80% (Figure 3B). Tumor
cells were strongly immunoreactive to CD20 (Figure 3C),
Bcl-2 (Figure 3D), Bcel-6 (Figure 3E), and MUMI1 (Figure
3F) but negative for CD10 (Figure 3G) and cyclin DI
(Figure 3H). Tumor immunohistochemistry showed PAX-5

(+), CD5 (-) (Figure 3I), and c-Myc (30%+). B cell gene
rearrangement was positive for immunoglobulin IGH and
IGk by polymerase chain reaction. Epstein-Barr virus encoded
RNA in situ hybridization was negative (Figure 3J). The
neoplastic cells of pleomorphic mantle cell lymphoma gener-
ally have unobvious nucleoli, rich chromatin, and scarce cyto-
plasm, and blastic mantle cell lymphoma is immunoreactive to
cyclin D1. In our patient, the tumor cells were medium to large
with obvious nuclear atypia, apparent nucleoli, and vacuolar
chromatin, but negative for Cyclin D1. Based on morphology
and immunohistochemistry, the diagnosis was DLBCL (non-
germinal center subtype) staged as IEA with an International
Prognostic Index score of 1.

Systemic chemotherapy with R-CDOP (rituximab, cyclo-
doxorubicin liposome, and

phosphamide, vindesine,
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Figure 3 Pathological results of the pulmonary lesion biopsy.

Notes: (A) HE staining showing infiltration of medium to large tumor cells with obvious nuclear atypia, nucleoli, vacuolar chromatin, and invasion of small vessels (original
magnification, 400x). (B) The neoplasm exhibited a high Ki-67 proliferation index (80%, original magnification, 200x) and stained positive for CD20 (C, original
magnification, 200%), Bcl-2 (D, original magnification, 200%), Bcl-6 (E, original magnification, 200x), and MUMI (F, original magnification, 200x) but negative for CDI0
(G, original magnification, 200x), cyclin DI (H, original magnification, 200x) and CD5 (I, original magnification, 200x). (J) Epstein-Barr virus encoded RNA in situ

hybridization was negative (original magnification, 200x).

Abbreviations: HE, hematoxylin-eosin; CD, cluster of differentiation; RNA, ribonucleic acid.

prednisone) was administered, and the PPDLBCL strongly
responded. After three cycles, lung CT showed a complete
remission (CR) response (Figure 1D). Whole-body PET-CT
also confirmed CR after four cycles of R-CDOP (Figure 4).
The patient then underwent two cycles of rituximab. The
endocrine therapy was switched to fulvestrant for breast
cancer, and treatment was well tolerated. At the patient’s
most recent follow-up in August 2019, her quality of life
was good, lung CT demonstrated CR status (Figure 1E-G),
and her disease-free survival (DFS) had reached 21 months.

Discussion
PPL is exceedingly rare, accounting for just 0.5-1% of all the
primary lung malignancies and 3-4% of extranodal non-
Hodgkin lymphoma.* The most common subset of PPL is
mucosa-associated lymphoid tissue (MALT)-associated lym-
phoma, accounting for 70-80% of all PPL and showing an
indolent clinical course. The 10-year overall survival rate of
pulmonary MALT is about 90%.%° In contrast, DLBCL only
constitutes ~10% of PPL." Given its rarity, there remains
considerable uncertainty regarding the clinical and radiolo-
gical features and best treatment strategy for PPDLBCL.
PPL is defined as malignant lymphoma that originates
from the one or both pulmonary parenchyma or bronchi.?!
The PPL diagnostic criteria proposed by Cordier et al state
the following: 1) definite pathological results supporting
PPL; 2) the lesions at diagnosis are limited in the thorax;
and 3) within 3 months after diagnosis, there is no evidence
of extrathoracic involvement of lymphoma. As shown in

Table 1, PPL staging refers to the stage standard of extra-
nodal lymphoma.*?

PPL diagnosis is challenging since the symptoms are gen-
erally non-specific. The chief complaints can be pulmonary
such as cough (dry or productive), chest pain, shortness of
breath, dyspnea, and hemoptysis and/or systemic such as
fever, fatigue, night sweats, and unintentional weight loss.
Occasionally, patients are asymptomatic as in the present
case, but routine thoracic radiologic follow-up reveals the
abnormality. Radiological manifestations are highly variable;
the lesion can be single or multiple, mass or nodule-like, solid
(including air bronchograms) or cavitated. Ground-glass opa-
cities can be an uncommon radiological finding in PPL. Pleural
involvement is infrequent, manifesting as pleural effusions,
extensive areas of pleural calcification, or pleural plaques.
Some studies analyzed imaging differences between PPL and
secondary pulmonary lymphoma (SPL). Dong et al reported
that large size (>3 cm), cavitation, consolidation, and periph-
eral location were suggestive of PPL while hilar and mediast-
inal Ilymph node enlargement were more common in SPL. In
view of the insidious onset and lack of specificity in clinical
symptoms and imaging findings, PPL is frequently misdiag-
nosed as refractory pneumonia, lung abscess, asthma, primary
lung cancer, or lung metastasis.>*'%'?

As a functional whole-body imaging modality, PET/CT
plays an important role in the initial assessment and response
evaluation of lymphoma. In individuals with symptoms sug-
gestive of pulmonary lymphoma, if the first PET/CT reveals
FDG-avid lesions in both the lung and extrathoracic sites, we
cannot define it as PPL or SPL despite the radiological
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Figure 4 Whole-body PET/CT after four cycles of R-CDOP demonstrated CR.

Notes: (A) PET images; (B) CT images; (C) fused PET/CT images; (D) coronal image of whole-body PET.
Abbreviations: PET, positron emission tomography; CT, computed tomography; R-CDOP, rituximab, cyclophosphamide, vindesine, doxorubicin liposome, and prednisone;

CR, complete remission.

difference mentioned above. Our patient could easily have
been misdiagnosed with lung metastasis of breast cancer
based on the subpleural hypermetabolic nodule revealed by
whole-body PET/CT, no symptoms, typical radiological fea-
tures (eg, oval shape with regularity), and definite history of
metastatic breast cancer. CT-guided or transbronchial needle
biopsy is frequently inconclusive. Generally, excisional
biopsy or surgery leads to the final diagnosis. Our patient
was heavily treated and had definite multiple bone metastases
of breast cancer. Furthermore, the new oval nodule was
located in the subpleural region and an unclear boundary
with the adjacent pleura, mimicking lung metastasis. In
refractory or metastatic settings, patients often refuse
rebiopsy due to poor physical tolerance. Our case highlights
that clinicians should keep the possibility of a second primary

tumor in mind and encourage patients to undergo biopsy to
allow pathology studies.

Immunosuppression might be a risk factor for
PPDLBCL development.
immune deficiency syndrome-associated PPL is high-
grade B cell lymphoma including DLBCL. Additionally,
methotrexate can be carcinogenic in a subset of patients.-

The majority of acquired

81116 Eheo et al described a patient with rheumatoid
arthritis and Epstein-Barr virus infection in whom metho-
trexate induced PPDLBCL, even when given at a low
dose. After the patient discontinued methotrexate, the
lymphoma had not recurred 2 years later.'® Our patient
had no HIV infection, methotrexate use, or toxic exposure.
The immunocompromised state due to metastatic breast
cancer might have contributed to the development of PPL.
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Table | PPL Staging System

PPL Stages

Stage | E: Involvement of lung only (single or bilateral)

Stage II-E: Involvement of lymph nodes above the diaphragm and
pulmonary parenchyma

Stage Il |1E: Lung and hilar lymph nodes

Stage Il 2E: Lung and mediastinal lymph nodes

Stage Il 2EW: Lung and adjacent chest wall or diaphragm

Stage lll: Lung and lymph nodes below the diaphragm

Stage IV: Diffuse involvement of one or more extralymphatic organs

or tissues

Note: Data from Ferraro et al.??
Abbreviations: E, extranodal; PPL, primary pulmonary lymphoma.

The relationship between breast cancer and lymphoma is
worthy of attention. There is increasing evidence that breast
implants can induce the development of anaplastic large
cell lymphoma (ALCL).*® Up to February 2018, 516 patholo-
gically identified breast-implant-associated (BIA) ALCL
cases were described globally.”>** BIA-ALCL generally pre-
sents as a late-developing seroma after an average of 7-13
years after implant exposure.”> We should pay special atten-
tion to this issue given the cosmetic needs and use of prosthetic
implants during breast cancer treatment. Additionally, males
with a past history of lymphoma might have a higher than
expected risk of primary breast cancer.>

The pathogenetic features of PPL have been explored.
The identification of MALT-1 gene rearrangement by fluor-
escence in situ hybridization in bronchoalveolar fluid cells
contributes to the definitive diagnosis of MALT PPL.*°
Approximately 40-50% of MALT PPL harbors the typical
translocation of t(11;18)(q21;q21), generating a fusion gene
of API2-MALT1 and subsequent activation of nuclear factor-
kB signaling. Other cytogenetic abnormalities such as t(1;14)
(p22;q32)(IgH-BCL10) and trisomy 3 have also been
documented.?” Additionally, MYC-inactivation was effec-
tive in sustained regression of lymphoma.?®

The optimal treatment for PPDLBCL remains to be
clarified. Surgery, followed by adjuvant chemotherapy or
not or chemotherapy alone can be available.'® Hilar or
mediastinal lymph node involvement is not a contraindica-
tion for resection.'” Any individual up to stage IIE with
complete resection is surgical candidate.'® Whether adju-
vant chemotherapy after RO resection should be given
remains controversial. Kawashima et al recommended
complete resection plus regional lymph node dissection
followed by adjuvant chemotherapy to achieve a satisfac-
tory DFS. The two PPDLBCL cases in their report had

DFS of 81 and 20 months. Wei et al described a large
PPDLBCL in a 25-year-old female involving the superior
vena cava (SVC). She underwent extensive resection and
reconstruction of the pulmonary artery, SVC, and right
bronchus followed by six cycles of R-CHOP (rituximab,
cyclophosphamide, adriamycin, vincristine, and predni-
sone) with long-term DFS."” However, in another young
female with PPDLBCL who presented with SVC syn-
drome, involved field radiotherapy was initiated to rapidly
relieve symptoms, followed by R-CHOP chemotherapy.”
As an aggressive subtype, PPDLBCL has a poorer prog-
nosis compared with lung MALT lymphoma, intensive
chemotherapy is essential especially for those who refused
surgery just like our patient.

Conclusion

Despite the rarity of PPL, clinicians should consider it
when a new-onset lung lesion is identified, even in solid
Due to
PPDLBCL, early recognition is critical. Pathology is

tumor patients. the aggressive nature of
prerequisite for selecting appropriate treatment and
improving prognosis. In the future, multi-center clinical
trials should be performed to extend our understanding of
the biological features of PPDLBL to guide treatment
choices.
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