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A B S T R A C T

Background: Pulmonary lymphoma arises primarily from the lung, which is extremely rare, or be secondarily
involved by lymphoma. The clinical features, management, and prognostic factors have not been clearly iden-
tified.
Methods: Sixty-three patients with primary pulmonary lymphoma (PPL) and 117 patients with secondary pul-
monary lymphoma (SPL) treated in our institution between June 2003 and December 2017 were retrospectively
reviewed.
Results: MALT (67%) was the most common pathological subtype of PPL, while DLBCL (48%) was the most
common subtype of SPL. Compared to the patients with PPL, the presence of B symptoms, advanced disease
stage, intermediate-high or high risks of IPI and NCCN-IPI, elevated inflammatory parameters, and elevated
cytokine levels were all observed in patients with SPL. Consolidation was the most frequent radiological finding
in PPL cases, while nodules were the most frequent finding in SPL. With a median follow-up of 35 months (range
2–176), the estimated 3-year OS rates were 95%, 100%, 70% and 50% in indolent PPL, indolent SPL, aggressive
PPL, and aggressive SPL, respectively. In indolent pulmonary lymphoma, none of the prognostic factors we
studied significantly influenced survival of the patients. In aggressive pulmonary lymphoma, univariate analysis
showed that NCCN-IPI was related to OS in PPL. Multivariate analysis showed that β2-MG was an independent
prognostic factor for OS in SPL.
Conclusions: Primary and secondary pulmonary lymphoma differ in their clinical features and outcome.
Furthermore, β2-MG is the independent prognostic factor for OS in patients with aggressive SPL.

1. Introduction

Primary pulmonary lymphoma (PPL) is extremely rare, accounting
for only 0.4% of all lymphomas and less than 0.5% of all primary lung
tumors [1,2]. PPL is defined as a lymphoma confined to the lung with or

without hilar lymph node involvement at the time of diagnosis or up to
3 months thereafter, and predominantly affects adults with a median
age of about 60 years [1,3–5]. Approximately 30% to 40% of patients
are asymptomatic at initial presentation. Other patients may present
non-specific clinical symptoms that are difficult to distinguish from
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other lung cancers, such as cough, dyspnea, hemoptysis and chest pain.
Fever, diaphoresis, or weight loss were reported in 15% to 27% of
patients with PPL [1]. The radiological findings of PPL are hetero-
genous and present as solitary mass lesions, pulmonary infiltrates, and
solitary/ multiple bilateral nodules [6,7]. The majority of PPL cases are
of B-cell origin, among which mucosa-associated lymphoid tissue
(MALT) lymphoma encompasses 70% to 80% [2]. The survival of PPL
patients is favorable, with 68% 5-year survival rate and 53% 10-year
survival rate in MALT lymphoma [1].

Secondary pulmonary lymphoma (SPL) is more frequent and de-
fined as secondary involvement of pulmonary by a systemic lymphoma.
The radiological features of SPL may present with solitary or multiple
nodules, mass or mass-like consolidation, alveolar or interstitial in-
filtrates, pleural effusions and mediastinal lymph node enlargement.
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of
SPL, followed by mantle cell lymphoma (MCL), MALT, follicular lym-
phoma (FL), and Burkitt lymphoma (BL). The response and outcome of
SPL are significantly worse compared to those without pulmonary in-
volvement [8]. National Comprehensive Cancer Network-International
Prognostic Index (NCCN-IPI) considered lung as one of the major ex-
tranodal organs [9].

The aim of this study is to analyze the clinical characteristics,
treatment and outcome of pulmonary lymphoma and to identify prog-
nostic factors.

2. Patients and methods

2.1. Patients

A total of 180 patients were included in this study, including 63 PP L
[MALT, n=42, DLBCL, n= 17, peripheral T-cell lymphoma (PTCL),
n= 3, FL, n=1] and 117 SPL [DLBCL, n=56, PTCL, n= 37, MALT,
n=7, FL, n=6, BL, n= 4, small lymphocytic lymphoma (SLL), n= 4,
MCL, n=3). Pulmonary tissue samples were obtained from surgical
resection, bronchoscopic biopsies or computed tomography (CT)-
guided percutaneous lung biopsies. The histological diagnosis was es-
tablished according to the World Health Organization (WHO) 2008
classification [10].

2.2. Data collection

The following clinical data was collected: age, gender, presenting
symptoms, Eastern Cooperative Oncology Group performance status
(ECOG PS), clinical stage, extranodal involvement, IPI and NCCN-IPI.
Laboratory data at diagnosis were reviewed, including hemoglobin
level, neutrophil and platelet counts, absolute lymphocyte count (ALC),
absolute monocyte count (AMC), lymphocyte-monocyte ratio (LMR),
neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR);
serum levels of lactate dehydrogenase (LDH), albumin (ALB), β2-mi-
croglobulin (β2-MG), C-reactive protein (CRP), ferritin; tumor markers
such as neuron specific enolase (NSE), carbohydrate antigen (CA)12-5
and CA19-9; and levels of cytokines such as interleukin-2 receptor (IL-
2R), IL-6, IL-8, IL-10 and tumor necrosis factor (TNF)-α.

All patients underwent a bone marrow biopsy, computed tomo-
graphy (CT) scans of thorax, chest, abdomen and pelvic cavity, or
fluorine-18-fluorodeoxyglucose positron emission tomography/CT (18F-
FDG PET/CT) scans before treatment. Disease stage was assessed ac-
cording to the Ann Arbor system. The stage of PPL was determined
according to the Ann Arbor stages modified by Ferraro et al.: patients
with unilateral or bilateral presentation of the lung were defined as
stage IE; patients with lung presentation and hilar lymph node in-
volvement were defined as stage IIE; patients with lung presentation
and chest wall or diaphragm involvement were defined as stage IIEW;
patients with lung presentation and abdominal lymph node involve-
ment were defined as stage IIIE; and patients with lung presentation
and extra-lymphatic organs or tissue involvement were defined as stage

IVE [1]. The treatment response was evaluated according to WHO
criteria for response [11]. Patient follow-ups were obtained through
out-patient visits or by telephone interview.

2.3. Statistical analysis

All statistical analyses were performed with Statistical Package for
the Social Sciences (SPSS) 23.0 software (SPSS Inc., Chicago, USA).
Overall survival (OS) was calculated from the date of diagnosis to the
date of death or the date of last follow-up (1 st October 2018).
Progression-free survival (PFS) was measured from the date when
treatment began to the date when the disease progression was re-
cognized or the date of last follow-up. Patients with no progression or
that were still alive at last follow-up date were considered right cen-
sored. Survival analyses were estimated by the Kaplan-Meier method.
The log-rank tests were used to compare survival curves between
groups. Categorical measures were compared by Fisher exact test or chi-
square test. All P values were two-sided and P values of less than 0.05
were considered statistically significant.

3. Results

3.1. Clinical and laboratory characteristics

The median age at diagnosis was 55 (range 15–83) years, and 100

Table 1
Clinical characteristics at diagnosis according to the type of pulmonary in-
volvement.

PPL (n= 63) n
(%)

SPL (n= 117) n
(%)

P value

Age
Median age at diagnosis
(range)

56 (15-81) 55 (15-83) 0.661

≤60 years 36 (57) 71 (61) 0.644
> 60 years 27 (43) 46 (39)

Sex
Male/female 29 (46)/34 (54) 71 (61)/46 (39) 0.059

Clinical symptoms
Respiratory symptoms 35 (56) 38 (32) 0.003
B symptoms 17 (27) 66 (56) <0.001
Asymptomatic 23 (36) 21 (18) 0.006

Stage
I-II 33 (52) 3 (3) <0.001
III-IV 30 (48) 114 (97)

LDH
Normal 50 (79) 42 (36) <0.001
Elevated 13 (21) 75 (64)

ALB
<35 g/L 28 (44) 61 (52) 0.345
≥35 g/L 35 (56) 56 (48)

β2-MG n=54 n=106
≤3500 ng/mL 6 (11) 39 (37) 0.001
> 3500 ng/mL 48 (89) 67 (63)

Ferritin n=56 n=107
≤500 ng/mL 52 (93) 43 (40) 0.001
> 500 ng/mL 4 (7) 64 (60)

IPI
0–1 24 (38) 2 (2) <0.001
2 15 (24) 22 (19)
3 17 (27) 45 (38)
4–5 7 (11) 48 (41)

NCCN-IPI
0–1 0 1 (1) <0.001
2–3 39 (62) 36 (31)
4–5 21 (33) 60 (51)
6–8 3 (5) 20 (17)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance
status; LDH, lactate dehydrogenase; ALB, albumin; β2-MG, β2-microglobulin;
IPI, International Prognostic Index; NCCN-IPI, National Comprehensive Cancer
Network-International Prognostic Index.
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patients were male. The main clinical characteristics at diagnosis are
summarized in Table 1. Thirty-three (33/63, 52%) PPL patients pre-
sented with early stage (stages I-II), 50 patients (50/63, 79%) with
normal serum LDH, 39 patients (39/63, 62%) with low or low-inter-
mediate risks of IPI (IPI 0–2) and 39 patients (39/63, 62%) with low or
low-intermediate risks of NCCN-IPI (NCCN-IPI 0–3). Thirty-five patients
(35/63, 56%) had non-specific respiratory symptoms, such as cough,
dyspnea, hemoptysis and chest pain. Twenty-three patients (23/63,
36%) were asymptomatic at diagnosis. The majority of SPL patients
(114/117, 97%) presented advanced stage disease (stages III-IV), ele-
vated LDH (75/117, 64%), intermediate-high or high risks of IPI (IPI
3–5, 93/117, 79%) and NCCN-IPI (NCCN-IPI 4–8, 80/117, 68%). B
symptoms were more commonly presented in SPL compared to PPL
(56% vs 27%, P < 0.001).

Inflammatory factors (LDH, AMC, CRP, β2-MG and ferritin), tumor
marker (NSE), and cytokine (IL-2R, IL-6 and IL-10) levels were all
significantly elevated in patients with SPL, as compared to those with
PPL (Supplementary Table S1).

3.2. Radiological findings

Radiological features were shown in the non-contrast enhanced
images. Tumor lesions of 25 cases (25/41, 61%) of primary pulmonary
MALT lymphoma were multiple and 49% (20/41) were bilateral. On CT
scans, the lesions presented as lobar consolidation (24/41, 58%)
(Fig. 1), multiple nodules (12/41, 29%), lung mass (11/41, 27%)
(Fig. 2), bronchiectasis (6/41, 15%), solitary nodule (4/41, 10%) and
diffuse intestinal disease (5/41, 12%) (Fig. 3). Hilar or mediastinal
lymph nodes were observed in 15 cases (15/41, 36%). Primary pul-
monary DLBCL manifested as mass (7/17, 41%), consolidation (5/17,
29%), multiple nodules (4/17, 24%) and solitary nodule (2/17, 12%).
All three cases of primary pulmonary PTCL presented as mass lesions.
Primary pulmonary FL presented as multiple nodules. Most of the SPL
cases presented as multiple nodules (70/117, 60%) (Fig. 4), followed by
mass or mass-like consolidation (39/117, 33%), alveolar or interstitial
infiltrates (25%), and solitary nodule (18/117, 15%).

3.3. Treatment and outcome

Except for 4 patients with primary MALT lymphoma who did not
receive systemic treatment (two patients underwent surgery alone, one
patient with radiotherapy and the other with observation), patients
with B-cell lymphoma were treated with rituximab, either alone (n= 2)
or combined with CHOP (cyclophosphamide, doxorubicin, vincristine,
and prednisone, n= 113), COP (cyclophosphamide, vincristine, and
prednisone, n=15), FC (fludarabine, and cyclophosphamide, n=3),
lenalidomide (n= 2), or ibrutinib (n= 1). Patients with PTCL received
CHOP (n=30) or CHOP with etoposide (n=10). Treatment response
was reported in Supplementary Table S2. The CR rate (CRR) and overall
response rate (ORR) were 58% and 77% in PPL and 47% and 66% in
SPL, respectively.

With a median follow-up of 35 months (range 2–176), 49 deaths
were reported, including 1 case of indolent PPL, 5 cases of aggressive
PPL, 2 cases of indolent SPL and 41 cases of aggressive SPL. The esti-
mated 3-year OS rates were 95%, 70%, 100% and 50%, respectively
(Fig. 5A and B, P < 0.001). Survival analyses were performed sepa-
rately for indolent PPL, indolent SPL, aggressive PPL, and aggressive
SPL. Indolent lymphoma included MALT, FL, and SLL. Aggressive
lymphoma included DLBCL, PTCL, BL and MCL. The OS curves did not
show significant difference in terms of IPI in all the four groups. Fig. 5C
and D showed the OS curves of aggressive pulmonary lymphoma stra-
tified by NCCN-IPI. Aggressive PPL patients with intermediate-high or
high risks of NCCN-IPI (NCCN-IPI 4–8) experienced a worse prognosis
than patients with low or low-intermediate risks of NCCN-IPI (NCCN-
IPI 0–3) (P=0.023). However, this tendency was not presented in
patients with aggressive SPL (P=0.299).

The following factors were included in our univariate analyses: Ann
Arbor stage, LMR, NLR, PLR, and serum LDH, ALB, β2-MG, ferritin and
cytokines. None of these factors were found to have a significant in-
fluence on OS in indolent pulmonary lymphoma. For univariate ana-
lysis of aggressive pulmonary lymphoma, patients older than 60 years
had a worse OS both in PPL (3-year OS: 85% vs 50%, P=0.045) and
SPL (3-year OS: 56% vs 42%, P=0.049). Univariate analysis of ag-
gressive SPL showed that clinical characteristics significantly correlated
with poor OS were patients older than 60 years, NLR>4.6, decreased
serum ALB, elevated serum β2-MG, and ferritin (Supplementary Table

Fig. 1. Representative presentation of con-
solidation pattern of pulmonary lymphoma.
Axial CT (A, B), axial PET (C) and axial PET/CT
(D) images demonstrated two areas of con-
solidation with air bronchograms in middle
lobe of right lung and upper lobe of left lung in
a 46-year-old female, showing an FDG uptake
with SUV max of 5.5–6.5, lesion-to-liver SUV
max ratio of 1.6–1.9 and lesion-to-blood pool
SUV max ratio of 3.4–4.1. Biopsy of the con-
solidation revealed MALT lymphoma.
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S3). From the multivariate analysis of aggressive SPL, the significant
independent prognostic factor for OS was elevated serum β2-MG level
(RR: 4.442, 95% CI: 1.567–12.591, P=0.005).

4. Discussion

Approximately 25% of non-Hodgkin’s lymphoma arises in extra-
nodal sites, most often the gastrointestinal tract [12,13]. Primary pul-
monary involvement is a very rare entity, accounting for only 3% of
extranodal lymphoma [13]. The majority of PPL is of B-cell origin,
accounting for more than 90% of cases, with MALT lymphoma as the
most common subtype. In our study, 67% of PPL were MALT, 27% were
DLBCL, 5% were PTCL, and 1% was FL, confirming the epidemiologic
data previously reported [2]. Meanwhile, all histological subtypes of
lymphoma may also secondarily involve the lung. Here, SPL patients
were most commonly affected by DLBCL (48%), followed by PTCL
(32%), MALT (6%), FL (5%), BL (3%), SLL (3%), and MCL (2%). As
expected, we observed more frequent presence of B symptoms, ad-
vanced stage disease, intermediate-high or high risks of IPI and NCCN-
IPI, elevated inflammatory parameters (AMC, CRP, β2-MG and ferritin)
and cytokine levels (IL-2R, IL-6 and IL-10) in patients with SPL, com-
pared to patients with PPL.

PPL is insufficient to be diagnosed with radiology alone. The ima-
ging manifestations of pulmonary MALT lymphoma are various and
often presented as multiple and bilateral disease. The most frequent
findings are consolidations, followed by nodules and masses [14]. Si-
milar results were confirmed in our study. In consolidative forms,
bronchial dilatation is a common feature [6]. Unexpected persistence or
progression of consolidation lesions during appropriate antibiotic
therapy may indicate PPL. Moreover, although pneumonia may pro-
duce mediastinal or hilar nodal enlargement, internal mammary nodal
enlargement is rare and is highly suggestive of lymphoma [15]. Imaging
manifestations of SPL are similar to those of PPL. Nodules, masses, and
mass-like consolidation are common and may cavitate, particularly in
aggressive lymphoma [15]. Metabolic activity at PET/CT may also be
helpful. Pulmonary lymphoma is FDG avid in most cases and FDG is
correlated with tumor size [14,16,17]. Secondary pulmonary involve-
ment should be considered in patients with known extrapulmonary
lymphoma, particularly in the disseminated disease.

Various therapeutic modalities have been applied in clinical prac-
tice, such as surgery, chemotherapy, immunotherapy, and radiation

Fig. 2. Representative presentation of mass pattern of pulmonary lymphoma.
Axial CT (A), axial PET (B) and axial fused PET/CT (C) images in a 68-year-old
male demonstrated a large, well-circumscribed mass of 6.9 cm of diameter in
the lower lobe of right lung, showing an FDG uptake with a SUV max of 10.4,
lesion-to-liver SUV max ratio of 2.5 and lesion-to-blood pool SUV max ratio of
4.5. The patient visited the clinic with no symptoms and percutaneous core
needle biopsy revealed a diagnosis of MALT lymphoma.

Fig. 3. Representative presentation of interstitial disease pattern of pulmonary
lymphoma.
Axial CT scan of a 73-year-old male demonstrated ground-glass opacities and
cysts. There was also an area of consolidation in the lower lobe of right lung.
This was proven to be a MALT lymphoma on percutaneous core biopsy.
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therapy (alone or in combination), but currently no optimal manage-
ment of pulmonary MALT lymphoma has been defined. Surgery may
provide diagnostic purpose and therapeutic resection. Some in-
vestigators suggest surgical resection for patients with localized or
peripherally located lesions [1,12]. In our study, the majority of en-
rolled cases presented with extensive disease or symptoms. Under these
circumstances, patients received chemotherapy alone at diagnosis, or
following partial surgical resection. Response to first-line treatment of
primary MALT lymphoma was similar to a previous study reported by
the International Extranodal Lymphoma Study Group (IELSG) [4], with
a CRR of 54% and ORR of 78%. R-CHOP is recognized as the standard

regimen for DLBCL, resulting in 70%–80% of CR [18,19]. Forty-two
cases of primary pulmonary DLBCL with stage IE, age 65 years or
younger were reported. All patients were IPI 0–2, of which 91% with IPI
0-1. Upon R-CHOP treatment, 83% of patients achieved CR [20]. To our
knowledge, our study represents the first series of Chinese primary
pulmonary DLBCL patients in the literature. More than 50% of patients
presented with advanced stage (59%) and intermediate-high or high
risks of IPI (IPI 3–5, 53%). The CRR and ORR were 76% and 82%,
respectively, suggesting primary pulmonary DLBCL may respond well
to R-CHOP. However, the response was poor in secondary pulmonary
DLBCL, with a CRR and ORR of only 53% and 71%, respectively.

Because of the different clinical course of indolent NHL and ag-
gressive NHL, we performed the survival analysis separately. Since
pulmonary involvement is selected as a predictive factor in NCCN-IPI
[9], whether NCCN-IPI can still perform well in pulmonary lymphoma
is unknown. We found that NCCN-IPI only predicted survival in ag-
gressive PPL. Patients with intermediate-high or high risks of NCCN-IPI
experienced significantly worse outcomes than patients with low or
low-intermediate risks of NCCN-IPI. This tendency was not presented in
aggressive SPL. Our study further explored prognostic factors in ag-
gressive SPL. Age is an important predictive factor in several clinical
prognostic indexs, including IPI and NCCN-IPI. Elderly patients often
experienced poor prognosis. Recent studies indicated that inflammatory
status is essential on lymphoma progression and associated with in-
ferior outcome in lymphoma. The inflammatory-IPI model was first
proposed to predict prognosis in DLBCL based on inflammatory factors
(LDH, ALC, serum ALB, CRP, β2-MG, and ferritin) [21]. In terms of β2-
MG, it is related to tumor burden in many tumors and has been reported
as an adverse prognostic factor in various subtypes of lymphoma
[22,23]. β2-MG level was likely to add significant predictive informa-
tion in aggressive SPL.

In conclusion, our study confirmed that the presence of B symptoms,
more advanced disease stage, intermediate-high or high risks of IPI and
NCCN-IPI, elevated inflammatory parameters (AMC, CRP, β2-MG and
ferritin) and elevated cytokine levels (IL-2R, IL-6 and IL-10) were pre-
sented in SPL compared to PPL. Indolent pulmonary lymphoma pre-
sented favorable outcomes. In aggressive pulmonary lymphoma, uni-
variate analysis showed that NCCN-IPI was related to OS in PPL, and
multivariate analysis showed that β2-MG was an independent prog-
nostic factor for OS in SPL.
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