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Background: Primary pulmonary lymphoma (PPL) is a rare extranodal lymphoma originating from the
lung, accounting for 0.5-1.0% of primary lung malignant tumors. Previous case reports or cohort studies
included a limited sample size; therefore, the understanding of the disease remains inadequate, and clinical
data regarding PPL are limited.

Methods: Patients with PPL diagnosed histologically and radiologically between January 2000 and
December 2019 at our center were retrospectively analyzed.

Results: In total, 90 consecutive cases were included in this research. Forty-seven (52.2%) patients were
female, and the median age was 54 years old. Non-Hodgkin’s lymphoma (PPNHL) was the most common
type of PPL (71/90, 78.9%), and mucosa-associated lymphoid tissue (MALT) lymphoma was the most
common pathological subtype of PPNHL (56.3%) followed by diffuse large B-cell lymphoma (DLBCL)
(32.4%). Thirty-nine (43.3%) patients underwent surgical treatment, and the others received chemotherapy
alone or combined with radiotherapy. The estimated 5-year overall survival (OS) rates of MALT lymphoma
and non-MALT lymphoma were 68.9% and 65.9%, respectively. Univariate analysis of PPL showed
that clinicopathological features that significantly correlated with worse OS were age over 60 years
(P=0.006<0.05), elevated LDH (P=0.029<0.05) and B2-MG (P=0.048<0.05) levels, clinical stage II2E and
greater (P=0.015<0.05), and nonsurgical treatment (P=0.046<0.05). Age (P=0.013<0.05) was an independent
prognostic factor for the 5-year OS of patients through multivariate analysis.

Conclusions: Age over 60 years old, elevated LDH and p2-MG levels, clinical stage II2E disease or higher,
and nonsurgical treatment were associated with poor prognosis in patients with PPL. Age can be used as a

potential independent prognostic factor for PPL.
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Introduction Compared with other extranodal lymphomas, PPL is

Primary pulmonary lymphoma (PPL) is a lymphocytic extremely rare, accounting for less than 1.0% of Hodgkin’s
malignant clonal proliferative disease involving one or lymphomas (HLs) and non-Hodgkin lymphomas (NHLs),
both lungs, and there is no extrapulmonary involvement 3.0-4.0% of primary extranodal lymphoma and 0.5-1.0% of
at the time of diagnosis or in the following 3 months (1). primary pulmonary malignant tumors (2-4). The diagnosis
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of PPL is still mainly based on Cordier’s diagnostic
criteria: imaging examination in one case clearly showed
that the tumor involved the lung and bronchus, but there
was no hilar or mediastinal lymph node enlargement and
no evidence of lymphoma in other parts of the lung and
bronchus. There was no history of extrathoracic lymphoma,
and there was no sign of extrapulmonary lymphoma three
months after onset (5). The diagnosis and classification of
pulmonary lymphoma are mainly based on the differences
in morphological and immunological characteristics
between the lesion cells and normal T-cells and B-cells.
Immunohistochemistry IHC), cytogenetics, flow cytometry
and molecular techniques can help to classify lymphoma
by displaying the specific immunophenotype, light chain
monoclonal and specific molecular characteristics.

PPL includes primary pulmonary HL. and NHL (PPHL
and PPNHL), of which PPNHL is the most common.
Most PPLs are B-cell lymphomas, and most lesions
originate from bronchial-associated lymphoid tissue.
Mucosa-associated lymphoid tissue (MALT) lymphoma
is the most common type, accounting for 58.0-90.0% of
PPLs; it is more common in women and is often associated
with autoimmune diseases (6). The second most common
type is diffuse large B-cell lymphoma (DLBCL), which
accounts for approximately 10% of PPLs (7) and is
commonly found in elderly or immunosuppressed patients
(8,9). Other types of PPNHL include follicular lymphoma,
mantle cell lymphoma and lymphoplasmacytic lymphoma.
However, PPHL is extremely rare. To date, fewer than
70 cases have been reported in the literature (10,11). The
existing literature reports that PPL mainly occurs in the
elderly, with a median age at diagnosis of 60 years old, and
is relatively rare in children (12). Clinical manifestations
are usually not clear or are lacking; cough, expectoration,
dyspnea, chest pain, fever and other clinical manifestations
can occur, some of which have no obvious symptoms; and
the clinical manifestations are not specific (13). The imaging
manifestations of PPL are varied, including single or multiple
nodules or masses with uniform density or patchy high-
density shadows, and without characteristic manifestations;
thus, it is easily misdiagnosed (14). At present, pathological
diagnosis is mainly made by surgery or biopsy.

According to the literature, there are only a few
studies on PPL, and the number of cases is limited.
Understanding of this kind of disease, especially among
the Asian population, still needs strengthening. Therefore,
we retrospectively reviewed the clinicopathological
features, treatment and prognosis of PPL patients treated
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in our center; summarized the experience of diagnosis
and treatment; and explored the potential predictors.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3159).

Methods
Patients

The clinical records of 90 patients with PPL between 2000
and 2019 were retrospectively reviewed. The inclusion
criteria of this study were as follows: (I) a diagnosis of
extranodal lymphoma confirmed by operation or biopsy;
and (II) radiological examination that confirmed PPL
according to Cordier’s diagnostic criteria. The pathological
diagnosis of all patients with PPL was based on light
microscopy and IHC. Fluorescence in situ hybridization was
used in 11 patients to achieve accurate diagnosis. Patients
with the following conditions were excluded from the study:
(I) patients diagnosed with secondary pulmonary lymphoma;
(II) patients who lacked the necessary clinical information;
and (III) patients who were lost to follow-up. Of the 669
patients excluded, 563 were confirmed to have secondary
pulmonary lymphoma, 11 lacked complete clinical data, and
5 were lost to follow-up. Ninety patients were ultimately
included in our study (Figure 1). The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study protocol was reviewed and approved
by the ethics committee of the National Cancer Center/
Cancer Hospital, Chinese Academy of Medical Sciences
and Peking Union Medical College (approval number:
20/313-2509). The requirement for informed consent was
waived because of the retrospective nature of this study. All
patients underwent bone marrow biopsy, neck and abdomen
computed tomography (CT) scan or ultrasound, brain
magnetic resonance imaging and radionuclide bone imaging
to exclude extrathoracic diseases. In addition, some patients
underwent positron emission tomography-computed
tomography (PET-CT) examination before treatment.
The follow-up of patients was obtained through outpatient
records or telephone interviews. The last follow-up time
was May 21, 2020, and 5-year overall survival (OS) was set
as the primary endpoint.

Data of samples

In this study, sex, age, smoking, family history of
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Patients with pulmonary
lymphoma (N=669)
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Excluded:

Secondary pulmonary lymphoma (n=563)
Had incomplete medical data (n=11)
Lost to follow-up (n=5)

Y

Final sample (N=90)

Figure 1 The flowchart of patient selection.

cancer, first symptom, ECOG performance status (PS),
international performance index (IPI), CT imaging features,
tumor location, histopathological results and clinical stage
were included. In addition, lactate dehydrogenase (LDH)
and P2-microglobulin (82-MG) levels were also included.

The clinical staging of patients was mainly based on
Ferraro’s extranodal lymphoma staging methods: stage IE:
the tumor only involved the lung or bronchus (unilateral or
bilateral); stage II1E: the tumor involved the lung and hilar
lymph nodes; stage I12E: the tumor involved the lung and
mediastinal lymph nodes; stage IIZEW: the tumor involved
the lung and adjacent chest wall or diaphragm; stage I11I: the
tumor involved the lung and subphrenic lymph nodes; and
stage IV: one or more extralymphatic organ or tissue was
extensively involved (1).

Statistical analysis

The data in this study were analyzed by SPSS 23.0
(IBM Corp., Armonk, NY, USA) and GraphPad Prism
version 8.4.3 (GraphPad Software, San Diego, CA, USA).
Categorical variables were compared by Pearson’s chi-
square test or Fisher’s exact test. The continuous variables
were tested by the Mann-Whitney U test or Student’s
t-test. The survival curves were estimated by the Kaplan-
Meier method and compared with the log rank test. A Cox
regression model was used to analyze the potential factors
affecting survival. Two-sided P<0.05 was considered to
indicate a significant difference.

Results
Sample features

The demographic and clinical data of all 90 patients
included in the study are summarized in Table I. Forty-
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seven (52.2%) patients were female, and the median age was
54 years old, ranging from 16 to 82 years old. The median
age of the MALT lymphoma group was higher than that
of the non-MALT lymphoma group (P=0.004) (Tuble 2).
Most of the patients had pulmonary symptoms or systemic
symptoms before diagnosis, and only 22 (24.4%) were
found by physical examination.

Imaging manifestations and histopathological
characteristics

Among the CT findings, 75 (83.3%) cases of PPL involved
the unilateral lobe, and the most common lesion was located
at the left upper lobe (LUL). There were 12 (13.3%) cases
involving two lobes and only 3 (3.3%) cases involving three
or more lobes. All patients underwent chest CT scans, and
the manifestations of PPL on CT scans were diverse.

According to Ferraro’s staging of extranodal lymphoma
based on Ann Arbor’s lymphoma staging method, there were
24 (26.7%) cases in stage IE, 16 (17.8%) cases in stage II1E, 11
(12.2%) cases in stage II2E, 10 (11.1%) cases in stage II2ZEW,
3 (3.3%) cases in stage III, and 26 (28.9%) cases in stage IV.
Stage II2E-IV cases in the MALT lymphoma group were
fewer than in the non-MALT lymphoma group (P=0.010).

All patients underwent surgical resection or biopsy to
obtain tumor tissue for pathological diagnosis. We found
that 72.2% of PPLs were B-cell-derived lymphomas,
and only one was natural killer (NK)/T-cell lymphoma.
PPNHL was the most common PPL (71/90, 78.9%).
MALT lymphoma accounted for 56.3%, followed by
DLBCL, accounting for 32.4%, and the remaining were
rare pathological types.

Treatment and survival

In our series, 39 (43.3%) patients underwent surgical

7 Thorac Dis 2021;13(2):1106-1117 | http://dx.doi.org/10.21037/jtd-20-3159



Journal of Thoracic Disease, Vol 13, No 2 February 2021 1109
Table 1 Clinicopathological features and treatment of 90 patients Table 1 (continued)
with PPL
- Variable N (%)
Variable N (%)
RML+RLL 3(3.3%)
Age (years)
) RLL+LUL 2 (2.2%)
Median, range 54 [16-82]
RLL+LLL 1(1.1%)
Mean + SD 50.76+16.33
LUL+LLL 1(1.1%)
Female, sex 7 (52.2%)
) ) Multiple lesions of bilateral lungs 3(3.3%)
Smoking history 5 (27.8%) (=3 lobe)
Family history of tumor 4 (15.6%) Pathological results
Presenting symptoms 8 (75.6%) HL 19 (21.1%)
Initial symptoms CHL 19 (100.0%)
Cough 35 (565.6%) NHL 71 (78.9%)
Fever 14 (22.2%) MALT lymphoma 40 (56.3%)
Bloody sputum 7 (11.1%) DLBCL 23 (32.4%)
Chest pain 7 (42.8%) PTCL 5 (7.0%)
Dyspnea 4 (6.3%) FL 1(1.4%)
Fatigue 1(1.6%) PBL 1(1.4%)
Emaciation 1(1.6%) ENKTL 1(1.4%)
LDH Clinical stage
Normal 65 (62.2%) IE 24 (26.7%)
Elevated 25 (27.8%) IHE 16 (17.8%)
p2-MG 1I2E 11 (12.2%)
Normal 55 (61.1%) I2EW 10(11.1%)
Elevated 35 (38.9%) n 3(3.3%)
ECOG PS v 26 (28.9%)
0 24 (26.7%) Treatment methods
1-2 66 (73.3%) Surgery 24 (26.7%)
IPI Surgery + chemotherapy 11 (12.2%)
0-1 30(33.3%) Surgery + radiotherapy 2 (2.2%)
2-5 60 (66.7%) Surgery + chemoradiotherapy 2 (2.2%)
Location of tumor Chemotherapy 40 (44.4%)
RUL 9(21.1%) Chemoradiotherapy 11 (12.2%)
RML 8 (8.9%) PPL, primary pulmonary lymphoma; SD, standard deviation;
RLL 0(11.1%) LDH, lactate dehydrogenase; f2-MG, p2-microglobulin; RUL,
LUL 6 (28.9%) right upper lobe; RML, right middle lobe; RLL, rlght lower lobe;
LUL, left upper lobe; LLL, left lower lobe; HL, Hodgkin lymphoma;
LLL 12 (13.3%) CHL, classical Hodgkin lymphoma; NHL, non-Hodgkin
RUL+RML 2 (2.2%) lymphoma; MALT, mucosa-associated tissue lymphoma; DLBCL,
1 diffuse large B-cell lymphoma; ALCL, anaplastic large cell
RUL+RLL 1(1.1%) lymphoma; LPL, lymphoplasmacytic lymphoma; PTCL, peripheral
RUL+RML+RLL 1(1.1%) T-cell lymphoma; FL, follicular lymphoma; PBL, plasmablastic
RUL+LUL 1(1.1%) lymphoma; ENKTL, extranodal NK/T-cell ymphoma.

Table 1 (continued)
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Table 2 Clinical Characteristics and treatment of primary pulmonary MAL'T lymphoma and non-MALT lymphoma

Variables MALT lymphoma (n=40) n (%) Non-MALT lymphoma (n=50) n (%) P value

Age

Median age (range) 57.5 [30-82] 44.5[16-77] 0.004
<60 years 24 (60.0) 36 (72.0) 0.230
>60 years 16 (40.0) 14 (28.0)

Sex
Male 18 (45.0) 25 (50.0) 0.637
Female 22 (55.0) 25 (50.0)

Smoking history
Smoking 10 (25.0) 15 (30.0) 0.599
Never 30 (75.0) 35 (70.0)

Family history of cancer
Yes 8(20.0) 6 (12.0) 0.298
No 32 (80.) 44 (88.0)

Initial symptoms

Yes 25 (62.5) 38 (76.0) 0.165
No 15 (37.5) 12 (24.0)

ECOG PS
0 14 (35.0) 10 (20.0) 0.110
1-2 26 (65.0) 40 (80.0)

IPI
0-1 21 (52.5) 9 (18.0) 0.001
2-5 19 (47.5) 41 (82.0)

LDH
Normal 35 (87.5) 30 (60.0) 0.004
Elevated 5 (12.5) 20 (40.0)

B2-MG
Normal 22 (55.0) 33 (66.0) 0.287
Elevated 18 (45.0) 17 (34.0)

Extent of tumor invasion

Single lobe 8 (20.0) 6 (12.0) 0.298
>2 lobes 32 (80.0) 44 (88.0)

Location
Left lung 13 (32.5) 26 (52.0) 0.066
Right lung 23 (57.5) 21 (42.0)
Bilateral lungs 4 (10.0) 3 (6.0)

Table 2 (continued)
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Table 2 (continued)
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Variables MALT lymphoma (n=40) n (%) Non-MALT lymphoma (n=50) n (%) P value
Clinical stage
IE-IME 21 (52.5) 13 (26.0) 0.010
l12E-IV 19 (47.5) 37 (74.0)
Therapeutic method
Surgery 27 (67.5) 13 (26.0) <0.001
Non-surgery 13 (32.5) 37 (74.0)

MALT, mucosa-associated lymphoid tissue; ECOG PS, eastern cooperative oncology group performance status; IPI, international

prognostic index; LDH, lactate dehydrogenase; f2-MG, p2-microglobulin.

100
90
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40
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Figure 2 Overall survival curve of the whole population.

treatment, 34 (87.2%) patients underwent lobectomy
or combined lobectomy, 4 (10.2%) patients underwent
sublobectomy, and one (2.6%) patient underwent
pneumonectomy. All patients underwent mediastinal
lymph node biopsy or systemic dissection at the same
time. Patients with MALT lymphoma were more likely
to receive surgery than those with non-MALT lymphoma
(P<0.001). Of patients who received chemotherapy, whether
adjuvant chemotherapy or direct chemotherapy, most
HL patients (14/18, 77.8%) received the ABVD regimen
(doxorubicin, bleomycin, vinblastine and dacarbazine),
and the majority of NHL patients (46/50, 92%) received
CHOP (cyclophosphamide, doxorubicin, vincristine and
prednisone) or R-CHOP (rituximab+ CHOP) regimens.

All 90 patients were followed up successfully (median
follow-up time was 43.5 months, ranging from 0 to
190 months). The estimated 3- and 5-year OS rates of
PPL were 76.8% and 66.6%, respectively (Figure 2). The
estimated 5-year OS rates of MALT lymphoma and non-
MALT lymphoma were 68.9% and 65.9%, respectively
(Figure 3). Up to the end of the follow-up, 43 (47.8%)
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Figure 3 Comparison of overall survival between MALT
lymphoma (n=40) and non-MALT lymphoma (n=50) patients.
MALT, mucosa-associated lymphoid tissue.

patients survived without progression, and 17 (18.9%)
patients survived with disease progression. The remaining
30 (33.3%) patients died; 24 died of disease progression or
treatment-related complications, and 6 died of other causes.

Prognostic factors of overall patients and subgroups

Fourteen factors, including sex, age, smoking, family
history of cancer, initial symptoms, ECOG PS score,
IPI, LDH level, B2-MG level, extent of lobe invasion,
tumor location, pathological type, clinical stage and
therapeutic method, were included in the univariate Cox
regression analyses (Table 3). The results showed that there
were significant differences between OS and 5 factors,
including age (P=0.006<0.05), LDH (P=0.029<0.05), B2-
MG (P=0.048<0.05), clinical stage (P=0.015<0.05) and
therapeutic method (P=0.046<0.05) (Figure 4). Subsequently,
six factors with P values less than 0.1 were included in the
multivariate analysis. Only age (P=0.013) could be used as an
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Table 3 Univariate and multivariate of OS in 90 cases of PPL

Univariate analysis

Multivariate analysis

Factors No. (%)
HR 95% CI P value HR 95% CI P value

Sex

Male 43 (60.5) Ref

Female 47 (72.3) 0.596 0.288-1.230 0.161
Age

<60 years old 61 (67.8) Ref Ref

>60 years old 29 (32.2) 2.801 1.352-5.801 0.006 2.686 1.235-5.842 0.013
Smoking history

Smoking 25 (27.8) Ref

Never 65 (72.2) 0.96 0.425-2.169 0.922
Family history of cancer

Yes 14 (15.6) Ref

No 76 (84.4) 0.839 0.318-2.210 0.722
Initial symptom

Yes 68 (75.6) Ref

No 22 (24.4) 0.566 0.214-1.499 0.252
ECOG PS

0 24 (61.5) Ref

1-2 66 (38.5) 0.557 0.132-2.352 0.426
IPI

0-1 30 (33.3) Ref Ref

2-5 60 (66.7) 2.379 0.972-5.827 0.058 0.45 0.094-2.141 0.316
LDH

Normal 65 (62.5) Ref Ref

Elevated 25 (27.8) 2.26 1.086-4.702 0.029 1.431 0.603-3.395 0.416
p2-MG

Normal 55 (61.1) Ref Ref

Elevated 35 (38.9) 2.062 1.005-4.230 0.048 1.723 0.791-3.755 0.171
Extent of tumor invasion

Single lobe 76 (84.4) Ref

>2 lobes 14 (15.6) 0.551 0.167-1.820 0.328
Location

Left lung 39 (43.3) Ref

Right lung 44 (48.9) 2.762 0.361-21.113 0.328

Bilateral lungs 7(7.8) 2.714 0.358-20.595 0.334

Table 3 (continued)
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Table 3 (continued)

Univariate analysis Multivariate analysis
Factors No. (%)
HR 95% ClI P value HR 95% Cl P value

Pathological type

HL 19 (21.1) Ref

NHL 71 (78.9) 3.006 0.908-9.955 1.722
Pathological subtype

MALT lymphoma 40 (44.4) Ref

Non-MALT lymphoma 50 (55.6) 1.169 0.569-2.403 0.67
Clinical stage

IE-INE 34 (37.8) Ref Ref

l12E-IV 56 (62.2) 3.303 1.264-8.632 0.015 4.889 0.894-26.741 0.067
Therapeutic method

Surgery 40 (44.4) Ref Ref

Non-surgery 50 (55.6) 2.179 1.015-4.679 0.046 1.45 0.562-3.740 0.442

OS, overall survival; PPL, primary pulmonary lymphoma; HR, hazard ratio; Cl, confidence interval; Ref, reference; ECOG PS, eastern
cooperative oncology group performance status; IPI, international prognostic index; LDH, lactate dehydrogenase; p2-MG, p2-
microglobulin; HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma; MALT, mucosa-associated tissue lymphoma.
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£ 504 g 504 g
£ 404 S 404 g
@9 304 @ 304 n
204 20 4
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0 T — T T T 1T L 0 — T T T T T T T 1 0 — T 1T T T T T T 1
0 24 48 72 96 120144168 192 216 0 24 48 72 96 120144168 192 216 0 24 48 72 96 120144168 192 216
Time from diagnosis (months) Time from diagnosis (months) Time from diagnosis (months)
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90 == IE-INE 904 —— Surgery 90 1 —— -1
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Figure 4 Comparison of overall survival rates among different groups in 90 patients with PPL: (A) age, (B) LDH level, (C) p2-MG level, (D)
clinical stage, (E) treatment method, (F) IPI. PPL, primary pulmonary lymphoma; LDH, lactate dehydrogenase; B2-MG, B2-microglobulin.
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independent predictor for PPL patients’ OS.

We also included these factors in the subgroup analysis.
We found that, in the non-MALT lymphoma group,
age over 60 years old (P=0.047<0.05), elevated LDH
(P=0.023<0.05), and elevated B2-MG (P=0.017<0.05)
suggested poor prognosis, but these factors, including age,
could not be used as potential prognostic factors (Table S1).
However, neither the univariate analysis nor the
multivariate analysis showed significant differences in the
survival of MALT lymphoma patients according to these
factors. Therefore, no potential prognostic factor was
identified (Table S2).

Discussion

Primary extranodal lymphoma mainly involves the central
nervous system, gastrointestinal tract and skin, while PPL
is extremely rare (15). Our study is the largest single-
center study reported thus far, especially within the Asian
population. In our study, the average age of patients was
50.76+16.33 years old, which was consistent with the results
reported in previous studies (5,16). PPL was more common
in middle-aged and elderly patients, and the median age at
diagnosis of MALT lymphoma was older than that of non-
MALT lymphoma (57.5 vs. 44.5, P=0.004). We found that
nearly 72.0% of patients were over 40 years old, while cases
in young adults and children were relatively rare (12,17).
There was no obvious gender preference for PPL, and
the ratio of males to females was 1.1:1, which is similar to
previous research results (5,18,19). However, Brian and
colleagues reported that the ratio of males to females is 1:2,
which suggests that women are more likely to have PPL (16).

With the popularity of low-dose chest CT, a considerable
number of patients have been found to have PPL during
physical examination. In our case series, 24.6% of the
patients did not exhibit any respiratory symptoms or
systemic symptoms; their disease was found incidentally
during their regular health examination, even though some
patients had tumors at a late clinical stage. Ferraro et 4/. also
found that cough was the most common symptom and that
fever, chest pain, dyspnea, and hemoptysis were among the
other symptoms (1,16). The difference between our studies
is that approximately 30.0% of their patients experienced
fatigue and weight loss, and 15.0% of the patients had
diaphoresis (1). In our case, only one patient had emaciation
and fatigue as the first symptom, and no patient showed
diaphoresis.

PPL is more likely to invade the unilateral lobe, both
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in our study as well as previous studies (16,20,21). Up to
83.3% of PPLs involved single lobes, of which the LUL was
the most common site, which was slightly higher than the
results of previous studies (61.0-68.4%) (16,22). This may
be related to our larger sample size. In addition, compared
with the left side, tumor involvement on the right side was
more common (48.9% vs. 43.3%); in Ferraro’s study, the
right side was also more common than the left side (33.0%
vs. 23.0%) (1).

The imaging findings of PPL are nonspecific and
easily confused with common non-small cell lung cancer
(NSCLC). Zhang and Albano ez 4/. found that consolidation
was the most common CT finding, followed by masses
and nodules (18,23). However, in our study, masses were
the most common CT finding (67.8%), with regular or
irregular shapes, smooth edges or lobulated shapes, which
could appear in the lung or subpleural. Single lesions were
more common than multiple lesions (51.1% vs. 7%), and
consolidation and pneumonia were the other common
CT findings. A previous retrospective study reported that
the main imaging features of PPL were consolidation and
ground-glass opacity, accompanied by bronchiectasis (14).
It has also been reported that air bronchography and
CT angiography in high-resolution CT (HRCT) are
significantly less common in the non-MALT lymphoma
group than in the MALT lymphoma group (24). However,
these findings are not sufficient to help radiologists make
differential diagnoses before treatment. PET-CT is rarely
used as a routine examination; thus, the characteristics of
PPL in PET-CT also lack research.

PPNHL accounted for 78.9% of PPL in our series,
which was close to the previous report that PPL is mainly
NHL (25). PPNHL is mainly B-cell lymphoma, of which
MALT lymphoma is the most common. B-cell-derived
MALT lymphoma is also the most common pathological
type of PPL. In our study, the proportion of MALT
lymphoma cases among PPL was 44.4%, which was lower
than the 66.6-80.0% frequency reported in earlier studies
(1,16,18). This may be related either to the fact that our
study involved more cases than other studies or to the
exclusion of patients with incomplete information and those
lost to follow-up. DLBCL is the second most common
PPL, accounting for 32.4% of PPNHL and 25.6% of
PPL. DLBCL can be transformed from indolent MALT
lymphoma to aggressive malignant lymphoma and can
also occur through primary proliferation (3,26). Although
the proportion of DLBCL in PPL is low, it is one of the
pathological types that needs active treatment because of
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its high degree of malignancy and rapid progression. T-cell
lymphoma is extremely rare in the lung. In our series,
there were only 5 cases of T-cell lymphoma, of which
3 were ALK-positive ALCL. ALCL is characterized by
large cell anaplastic morphology, strong expression of CD30
and frequent activation of phospho-STAT3 (27). ALK
expression in ALK-positive ALCL is induced by fusion of
the ALK gene with different partners, of which NPMI is
the most common. ALK-positive ALCL rarely occurs in
lymph nodes and extranodal tissues (28).

Surgical treatment for stage IE-II1E patients can
facilitate a clear diagnosis and can also completely remove
lesions with a satisfying therapeutic effect, especially for
low-grade MALT lymphoma (29). In our study, 87.2%
(34/39) of the patients receiving surgical treatment had
MALT lymphoma and classical HL, and 70.5% (24/34) of
these patients were still alive at the end of follow-up. For
PPL, surgical treatment should be recommended when
imaging examination indicates that the lesion is limited
and there is no distant invasion. Considering the high
recurrence rate of malignant tumors in situ, complete
resection of lesions can benefit patients. In our study,
patients with surgical treatment had better survival benefits
than patients without surgical treatment (P<0.05), which
is consistent with previous research (1,22,30). However,
most PPLs were found because the lesions were not limited
to one area; the lymph nodes or adjacent tissues were
involved, and surgery could not completely remove the
lesions to achieve effective treatment effects. In these cases,
chemotherapy and radiotherapy should be recommended.
For MALT lymphoma, the CHOP chemotherapy regimen
has achieved good results. The advent of rituximab has been
beneficial for patients with MALT lymphoma, especially
CD20-positive patients. For invasive DLBCL, the R-CHOP
regimen has a good effect, achieving a complete remission
rate of 70-80% (31).

In our study, we found that patients aged over 60,
with elevated LDH and B2-MG, clinical stage II2E and
greater, and patients without surgical treatment had a poor
prognosis. However, smoking, PS score, tumor location and
extent of involvement often affect the prognosis of patients
with other tumors, but there is no significant difference
in PPL, which may be related to the limited number of
cases or may not truly affect the prognosis of patients.
There was no significant difference in OS between primary
pulmonary MALT lymphoma and non-MALT lymphoma
(P=0.670>0.05), which corresponds to the finding reported
by Ferraro er al. (1). Previous studies have found that IPI
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has an impact on the prognosis of lymphoma patients
(18,19). In our series, although there was no significant
difference between IPI and OS (P=0.058), the trend was
relatively close. LDH was confirmed as a risk factor for
poor prognosis of NHL in early studies (32,33). In our
study, LDH was also a risk factor affecting the prognosis
of the PPL and non-MALT lymphoma groups. The major
histocompatibility complex (MHC) class I antigen is formed
by noncovalent binding of B2-MG with heavy chain or a.
Cancer cells can evade T-cell recognition by downregulating
or completely losing MHC class I molecules (34). The
structural deficiency of MHC may change the expression of
epitopes and increase the expression of p2-MG (35). Chen
et al. found that a higher level of B2-MG was significantly
associated with greater invasion potential and tumor burden.
The serum B2-MG level is a powerful indicator to predict
the survival outcome of DLBCL (36). Zhang et al. also
found that elevated p2-MG can be used as an independent
prognostic factor for secondary pulmonary lymphoma (18).
Although it was not an independent prognostic factor in
our study, it was still a risk factor for the prognosis of PPL
and non-MALT lymphoma groups. PPL was more common
in the elderly, and age older than 60 years was significantly
associated with poor prognosis, which is similar to previous
studies (18). In our survival analysis, age could be used as a
potential independent prognostic factor, which provides a
reference for patients in the choice of treatment options.

However, there are still several limitations to our study.
First, because of the inherent limitations of retrospective
studies and single center research, the bias of patient
selection and the limited number of patients are inevitable
issues. Second, since the data included in the study were
from the past 20 years, the disease-free survival (DFS)
data of some patients were missing in the follow-up.
Therefore, we did not analyze the relationship between the
clinicopathological characteristics and the DFS of patients.
Third, the number of patients in each subgroup of the non-
MALT lymphoma group was very limited, and there was
no deep subgroup analysis in this study. We hope that the
subgroup will be further analyzed and summarized when
more cases are accumulated.

Conclusions

In summary, our study further confirmed that PPL is
mainly B-cell lymphoma and that MALT lymphoma is
the most common pathological subtype. Most of the
patients were found to have PPL due to respiratory or
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systemic symptoms, such as cough, chest tightness, fever,
expectoration or chest pain. The CT imaging features of
nodules or masses are not specific, and the diagnosis mainly
depends on pathological results. Chemotherapy alone or
combined with radiotherapy is still the main treatment
for PPL, but active surgical treatment for stage IE-II1E
patients can confer survival benefits. Age over 60 years old,
elevated LDH and B2-MG levels, clinical stage II2E disease
or higher, and nonsurgical treatment were associated
with poor prognosis. Age over 60 years old can act as a
prognostic indicator of poor outcome in patients with PPL.
The clinical significance of age as a prognostic indicator
must be further validated.
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Supplementary

Table S1 Univariate and multivariate analyses of OS in 50 cases of non-MALT lymphoma

Univariate analysis

Multivariate analysis

Factors No. (%)
HR 95% ClI P-value HR 95% CI P value
Sex
Male 25(50.0) Ref
Female 25(50.0) 0.724 0.269-1.950 0.523
Age
<60 years old 36(72.0) Ref Ref
>60 years old 14(28.0) 2.83 1.014-7.897 0.047 1.427  0.441-4.617 0.553
Smoking history
Smoking 15(30.0) Ref
Never 35(70.0) 1.017 0.352-2.935 0.976
Family history of cancer
Yes 6(12.0) Ref
No 44(88.0) 1.104 0.249-4.885 0.897
Initial symptom
Yes 43(86.0) Ref
No 7(17.0) 0.992 0.225-4.377 0.991
ECOG PS
0 10(20.0) Ref
1-2 40(80.0) 1.581 0.359-6.961 0.544
IPI
0-1 9(18.0) Ref
2-5 41(82.0) 4.205 0.552-32.059 0.166
LDH
Normal 30(60.0) Ref Ref
Elevated 20(40.0) 3.257 1.175-9.026 0.023 2.294  0.746-7.054 0.148
p2-MG
Normal 33(66.0) Ref
Elevated 17(34.0) 3.357 1.242-9.074 0.017 2.328 0.766-7.076 0.136
Extent of tumor invasion
Single lobe 6(12.0) Ref
>2 lobes 44(88.0) 26.089 0.054-12587.107 0.301
Location
Left lung 26(52.0) Ref
Right lung 21(42.0) 1.086 0.402-2.938 0.871
Bilateral lungs 3(6.0) 0 0.000-0.000 0.983
Clinical stage
IE-IME 13(26.0) Ref
[12E-IV 37(74.0) 6.176 0.814-46.830 0.078
Therapeutic method
Surgery 13(26.0) Ref
Non-surgery 37(74.0) 7.539 0.982-57.851 0.052

OS, overall survival; MALT, mucosa-associated lymphoid tissue; HR, hazard ratio; Cl, confidence interval; Ref, reference; ECOG PS,
eastern cooperative oncology group performance status; IPI, international prognostic index; LDH, lactate dehydrogenase; p2-MG, p2-

microglobulin.
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Table S2 Univariate and multivariate analyses of OS in 40 cases of MALT lymphoma

Univariate analysis Multivariate analysis
Factors No. (%)
HR 95% Cl P-value HR 95% ClI P value

Sex

Male 18(45.0 Ref

Female 22(55.0) 0.484 0.167-1.404 0.182
Age
<60 years old 24(60.0) Ref
>60 years old 16(40.0) 2.597 0.891-7.572 0.081
Smoking history

Smoking 10(25.0) Ref

Never 30(75.0) 0.898 0.240-3.358 0.873
Family history of cancer

Yes 8(20.0) Ref

No 32(80.0) 0.622 0.166-2.324 0.480
Initial symptom

Yes 25(62.5) Ref

No 15(37.5) 0.412 0.108-1.564 0.192
ECOG PS

0 14(35.0) Ref

1-2 26(65.0) 2.176 0.567-8.350 0.257
IPI

0-1 21(52.5) Ref

2-5 19(47.5) 1.896 0.632-5.689 0.254
LDH

Normal 35(87.5) Ref

Elevated 5(12.5) 1.060 0.237-4.753 0.939
p2-MG

Normal 22(55.0) Ref

Elevated 18(45.0) 1.198 0.419-3.425 0.735
Extent of tumor invasion

Single lobe 8(20.0) Ref

>2 lobes 32(80.0) 0.845 0.235-3.037 0.797
Location

Left lung 13(32.5) Ref

Right lung 23(57.5) 0.998 0.326-3.057 0.997
Bilateral lungs 4(10.0) 0.830 0.096-7.169 0.866
Clinical stage

IE-INE 21(52.5) Ref

l12E-IV 19(47.5) 2.365 0.738-7.582 0.147
Therapeutic method

Surgery 27(67.5) Ref

Non-surgery 13(32.5) 1.242 0.413-3.732 0.700

OS, overall survival; MALT, mucosa-associated lymphoid tissue; HR, hazard ratio; Cl, confidence interval; Ref, reference; ECOG PS,
eastern cooperative oncology group performance status; IPI, international prognostic index; LDH, lactate dehydrogenase; f2-MG, p2-
microglobulin.
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