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Purpose: To assess the performance of high-resolution computed tomography (HRCT) in
discriminating the consolidation pattern of pulmonary mucosa-associated lymphoid tissue
(MALT) lymphoma from lobar pneumonia.

Patients and Methods: This retrospective study comprised 26 patients with pathologically
confirmed consolidation pattern of pulmonary MALT lymphoma (12 men and 14 women;
mean age, 59.4+12.1 years) and 36 patients with lobar pneumonia confirmed by body fluids
or respiratory secretion culture (16 men and 20 women; mean age, 41.8426.3 years). Two
radiologists independently evaluated the CT images. The effectiveness of these variables in
distinguishing lobar pneumonia from MALT lymphoma was analyzed using logistic regres-
sion analysis.

Results: The average age of lobar pneumonia patients was younger than that of MALT
lymphoma patients (p=0.002). The respiratory symptom was more common in lobar pneu-
monia than MALT lymphoma (p=0.002). Signs of bronchiectasis within the consolidation
and bulging of interlobar fissure occurred significantly more often in MALT lymphoma than
pneumonia (69.2% vs 11.1%, p<0.0001; 46.2% vs 19.4%, p=0.024). We used the predictors
with p<0.05 (age, respiratory symptoms, bronchiectasis, and bulging of interlobar fissure) to
construct a logistic regression model. The area under curve (AUC), negative predictive value
(NPV), positive predictive value (PPV), sensitivity, specificity, and accuracy were 0.891,
84.21%, 83.33%, 88.89%, 76.92%, and 83.87% for discriminating lobar pneumonia from
MALT lymphoma.

Conclusion: Middle-aged, presence of mild clinical symptoms, bronchiectasis and bulging
of the interlobar fissure on chest CT images are potential markers to distinguish pulmonary
MALT lymphoma from lobar pneumonia.

Keywords: high-resolution computed tomography, pulmonary mucosa-associated lymphoid
tissue lymphoma, lobar pneumonia, diagnosis

Introduction

Primary pulmonary lymphoma (PPL) is a rare type of extranodal lymphoma, and is
defined as lymphoid proliferation involving bronchi and/or lung parenchyma with
no evidence of extra pulmonary lymphoma within 3 months of initial diagnosis."
PPL accounts for 0.4% of all lymphomas, 0.5% of the primary pulmonary malig-
nancies, and 3.6% of all extranodal lymphomas. Pulmonary mucosa-associated
lymphoid tissue (MALT) lymphoma is the most common type of PPL, also
known as extra nodal marginal zone B cell lymphoma, which can arise from any
mucosal site. Among them, the lungs are the commonly involved organs, especially
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the MALT of the bronchus.”> Some patients with pulmon-
ary MALT lymphoma may have chest pain, cough, mild
dyspnea, and hemoptysis. However, all these symptoms
are not specific, and some patients are asymptomatic.’
Pulmonary MALT lymphoma remains a diagnostic chal-
lenge in clinic, and histologic confirmation is mandatory
for definitive diagnosis of this disease.

Computed tomography (CT) is widely used to evaluate
pulmonary lesions, and the imaging manifestations of pul-
monary MALT lymphoma observed on CT scans are
diversiform.* Based on the pattern of parenchymal
abnormalities, pulmonary MALT lymphoma is classified
into four types: pneumonia-like consolidation pattern, nod-
ular or mass pattern, ground-glass opacity pattern, and
diffuse interstitial lung disease pattern.” Among them,
consolidation is the most common pattern with lesions
present consolidation in polygon-based pleura consolida-
tion involving lobe/segment. Similar to lobar pneumonia,
consolidation pattern can be easily misdiagnosed as
pneumonia.®’ Pulmonary MALT lymphoma is usually
treated with chemotherapy, immunotherapy or surgery,
treated  with
antibiotics.® Based on the fact, it is important to distin-

while lobar pneumonia is usually
guish MALT lymphoma from lobar pneumonia accurately
in order to institute appropriate treatment to improve their
prognosis.

Although pulmonary MALT lymphoma has been
reported from clinical, pathologic and radiological ima-
ging perspectives, few reports have focused on its differ-
ential diagnosis from lobar pneumonia. Thus, the aim of
the study was to retrospectively evaluate whether consoli-
dation pattern of pulmonary MALT lymphoma can be
distinguished from lobar pneumonia on the basis of CT

imaging features and clinical characteristics.

Patients and Methods

The retrospective study was approved by the Institutional
Review Board for Health Sciences Research at the
Affiliated Hospital of Nanjing University of Chinese
Medicine. Due to the retrospective, observational, and
anonymous nature of the study, informed consent for was
waived. The work has been carried out in accordance with
the Declaration of Helsinki.

Patients

From September 2014 to October 2020, 69 consecutive
patients with pathologically confirmed pulmonary MALT
lymphoma were identified from our medical records. The

diagnosis of pulmonary MALT lymphoma was based on
surgical resection (n = 27), CT-guided percutaneous lung
11).
Inclusion criteria were as follows: Chest CT scan showed

biopsy (n = 31), and bronchoscopic biopsy (n =
patchy consolidation of lung parenchyma. The lesions pre-
sented consolidation in polygon-based pleura consolidation
involving lobe/segment. The exclusion criteria were as fol-
lows: 1) patient with incomplete histopathologic evaluation
(n=9); 2) suboptimal image quality (n = 2); 3)the morpholo-
gical pattern was nodule, mass, and ground-glass opacity
(n=25); 4) chemotherapy therapy before CT examination
(n=7). As a result, a total of 26 patients (12 men and 14
women; mean age, 59.4+12.1 years; age range, 32—78 years)
were enrolled in MALT group (Figure 1).

Similarly, from April 2017 to December 2020, 58 con-
secutive patients with lobar pneumonia confirmed by body
fluids or respiratory secretion culture were identified from
our medical records. Inclusion criteria were as follows: 1)
chest CT scan showed patchy consolidation of lung par-
enchyma and 2) the lesions presented consolidation in poly-
gon-based pleura consolidation involving lobe/segment.
The exclusion criteria were as follows: 1) patient with
negative of body fluids or respiratory secretion culture
(n=7); 2) anti-inflammatory therapy is ineffective (n=2); 3)
suboptimal imaging quality (n=4); 4) previous history of
steroid or immunosuppressant therapy before CT scan
(m=9). As a result, a total of 36 patients (16 men and 20
women; mean age, 41.8+£26.3 years; age range, 4-76 years)
were enrolled in lobar pneumonia group (Figure 1).

CT Technique

All patients underwent chest CT scanning using Light
Speed 64VCT (GE Healthcare) and Brilliance 64
(Phillips Healthcare) following the standardized protocol.
Scanning was performed from the top of the thoracic
cavity to the level of bilateral adrenal glands. Helical
scanning protocol was as follows: 120 kVp; 70-200
mAs; beam pitch, 0.516-0.98; slice thickness, 5 mm;
slice interval, 5 mm; matrix, 512x512. Sections of 1 mm
thickness were reconstructed with a sharp reconstruction
algorithm. All images were displayed in both lung window
(window width, 1500 HU; window level, =700 HU) and
mediastinal window (window width, 400 HU; window
level, 20 HU).

Imaging Analysis
All the chest CT images were evaluated by two independent
experienced thoracic radiologists (WQ and HZ) with more
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Chest CT scan showed patchy consolidation of lung parenchyma. The lesions presented

consolidation in polygon-based pleura consolidation involving lobe/segment

Patients with pathologic diagnoses of
pulmonary MALT lymphoma by CT-guided

percutaneous lung biopsy, bronchoscopic biopsy,

Patient with body fluids or
respiratory secretions culture proved
lobar pneumonia between April 2017

evaluation (n=9)
- suboptimal imaging quality (n=2)
- The morphological pattern was nodule,
mass, and ground glass opacity (n=25)
- chemotherapy therapy before CT
examination (n=7)

26 patients with pulmonary

MALT lymphoma were included

Figure | Flow diagram of patients’ selection.

and surgical resection between September 2014 and December 2020.
and October 2020. (n=69) . (n=58)
Exclude: Exclude:
- with incomplete histopathologic - negative of body fluids or

VYV

respiratory secretions culture (n=7)

- suboptimal imaging quality (n=4)
- anti-inflammatory therapy is
ineffective(n=2)

- previous history of steroid or
immunosuppressant therapy before
CT scan (n=9)

36 patients with lobar pneumonia
were included

Abbreviations: CT, computed tomography; MALT, mucosa-associated lymphoid tissue.

than 5 years of experience. If disparities in opinion were
encountered, a consensus opinion was obtained by discus-
sion with a senior radiologist (ZW) with more than 30 years
of experience. The observers were blinded to the laboratory,
clinical, and histopathological outcome. The following CT
imaging features were evaluated: lung lesion distribution,
location, size, air bronchogram sign, bronchiectasis and
calcification within the consolidation, bulging of interlobar
fissure, mediastinum or hilar lymph nodes enlargement

(shorter diameter >10mm), and pleural effusion.

Statistical Analysis

Data were analyzed using a software package SPSS22.0
(IBM, Chicago, IL, USA). The continuous data were
compared by Student’s #-test, and categorical data were
compared by Chi-square test. Statistical significance was
denoted as p<0.05. Logistic regression was used to analyze
the effectiveness of variables with statistical significance

for distinguishing lobar pneumonia from MALT lym-
different
Receiver operating characteristic (ROC) curve was con-

phoma and construct predicting models.
structed, and the area under curve (AUC), negative pre-
dictive value (NPV), positive predictive value (PPV),
sensitivity, specificity, and accuracy were used to validate

the performance of these models.

Results

Clinical Characteristics

The clinical characteristics of 26 MALT lymphoma and 36
lobar pneumonia patients are described in Table 1. There
was no significant difference in gender between the two
groups. The average age of lobar pneumonia patients was
younger than that of MALT lymphoma patients [41.8+26.3
(4-76) vs 59.4+12.1 (32—78)] with a p-value of 0.002. The
respiratory symptoms such as fever, cough, expectoration,
dyspnea, chest pain, and chest distress were more common
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Table | Clinical Features of Patients

Table 2 Chest CT Findings and Features of Patients

Clinical MALT Pneumonia p-value CT Features MALT Pneumonia | p-value
Characteristics (n=26) n=36) (n=26) (n=36)
Age (years) Distribution, n (%)
Mean + SD 59.4+12.1 41.8426.3 0.002#* Laterality 0.093
(Range) (32-78) (4-76) Unilateral 21 (80.8) 34 (94.4)
cong ) Bilateral 5 (19.2) 2 (5.6)
el‘r’ll Ien " 12 (46.2 16 (44.4 0.894 Location 0634
- ae | » (53‘8) 2 (55'6) ' Right upper lobe | 12 (28.6) 15 (39.5)
emate (538) (556) Right middle lobe | 7 (16.7) 7 (18.4)
Symptoms r, n(%) Right lower lobe | 7 (16.7) 4 (10.5)
Respiratory Symptoms | 13 (50.0) 31 (86.1) 0.002%* Left upper lobe 9 (21.4) 9 (23.7)
Asymptomatic 13 (50.0) 5(13.9) Left lower lobe 7 (16.7) 3(7.9)
Note: *p<0.0l. A o o Lesion size (cm?) 0.613
Abbreviations: MALT, mucosa-associated lymphoid tissue; SD, standard deviation. Mean + SD 39.5]1425.68 42.83425.16
(range) (9.24-102.60) | (7.99-100.48)
in .lobar pneumonia patients than MALT lymphoma Air bronchogram sign, 0393
patients (86.1% vs 50.0%, p = 0.002). n (%)
Yes 23 (88.5) 34 (94.4)
. . No 3(11.5) 2 (5.6)
CT Manifestations
CT manifestations of MALT lymphoma and lobar pneumo- Bronchiectasis, n (%) <0.001
. . . . Ye 18 (69.2 4 (1.1
nia are summarized in Table 2. A total of 42 lesions were o (69.2) (11-1)
. . No 8 (30.8) 32 (88.9)
observed in 26 pulmonary MALT lymphoma patients,
including 21 with unilateral lesions and 5 with bilateral Calcification 0.091
. . . Yes 2(7.7) 0 (0.0)
lesions. A total of 38 lesions were observed in 36 lobar
. . _ : : . . No 24 (92.3) 36 (100.0)
pneumonia patients, including 34 with unilateral lesions
and 2 with bilateral lesions. The distribution of lesions was Bulging of interlobar 0.024*
. _ . . fissure, n (%)
random, without statlstlcal. dl.fference be.tw.een lc?bes 12 Ves 12 (462) 7 (194)
0.634). There were no significant statistical differences No 14 (53.8) 29 (80.6)
between MALT lymphoma (Figures 2—4) and lobar pneu-
. . . . . . . Lymph node 0.125
monia (Figure 5) patients regarding lesion size, air broncho-
. i . . enlargement, n (%)
gram sign, calcification (Figure 2), lymph node enlargement, Yes 2 (7.7%) 8 (22.2)
and pleural effusion (p>0.05). Bronchiectasis within the No 24 (92.3%) 28 (77.8)
consolidation was more frequent in MALT lymphoma )
. . . . Pleural effusion, n (%) 0.111
patients than in lobar pneumonia patients [69.2% (18 of Yes 4(15.4) 12 (33.3%)
26) vs 11.1% (4 of 36), p<0.001] (Figures 2 and 3). Cystic No 22 (84.6) 24 (66)

bronchiectasis was observed in 11 patients with MALT
lymphoma group. In these patients, the dilated cystic
bronchus might contain air, liquid, or both, with an air-
liquid level (Figure 3). Bulging of interlobar fissure was
more common in MALT lymphoma patients than in lobar
pneumonia patients [46.2% (12 of 26) vs 19.4% (7 of 36)]
with a p-value of 0.024 (Figure 4).

Diagnostic Performance
We used predictors with p<0.05 in univariate analysis to

construct three logistic regression models to distinguish

lobar pneumonia from MALT lymphoma: model

Notes: *p<0.05; ***p<0.001.
Abbreviations: MALT, mucosa-associated lymphoid tissue; SD, standard deviation.

A (clinical characteristic-based model), agetrespiratory
symptoms; model B (CT manifestation-based model),
bronchomatic + bulging of interlobar fissure; model
C (model A+B), age + respiratory symptoms+broncho-
matic + bulging of interlobar fissure. ROC curve was
used to measure their diagnostic performances in differ-
entiating lobar pneumonia from MALT lymphoma
(Figure 6). As shown in Table 3, the AUC value for
model A was 0.765, while its NPV, PPV, sensitivity,
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Figure 2 Pulmonary MALT lymphoma in a 65-year-old man. (A) Axial lung-window HRCT showed consolidation with air bronchogram (red arrow). There was cystic
bronchiectasis (blue arrow) within the lesion in the right middle lobe and left lower lobe. (B) Mediastinum-window showed consolidation with air bronchogram (red arrow)
and cystic bronchiectasis (blue arrow), and spot calcification in the lesion (yellow arrow).

Abbreviations: HRCT, high-resolution computed tomography; MALT, mucosa-associated lymphoid tissue.

A

Figure 3 Pulmonary MALT lymphoma in a 71-year-old man. (A) CT imaging showed consolidation with air bronchogram (red arrow) in the right lower lobe. (B) There was
cystic bronchiectasis (blue arrow) in the area of consolidation. (C) Mediastinum-window showed the cyst of the dilated bronchus contained fluid (red dashed box) and little

pleural effusion on the right.

Abbreviations: CT, computed tomography; MALT, mucosa-associated lymphoid tissue.

specificity, and accuracy were 71.43%, 70.00%, 83.33%,
53.85%, and 70.97%, respectively. The AUC value for
model B was 0.826, while its NPV, PPV, sensitivity, spe-
cificity, and accuracy were 80.00%, 81.82%, 88.89%,
69.23%, and 80.65%, respectively. The AUC of model
C was 0.891, with 84.21% NPV, 83.33% PPV, 88.89%
sensitivity, 76.92% specificity, and 83.87% accuracy for
discriminating lobar pneumonia from MALT lymphoma.

Discussion and Conclusion
Although pulmonary MALT lymphoma is a rare disease, it
is the most common type of PPL, accounting for 90% of

PPL.° Pulmonary MALT lymphoma is often delayed in
diagnosis or misdiagnosed due to lack of specific clinical
manifestations, biological markers, and characteristic ima-
ging features.'® The most frequent pattern of pulmonary
MALT lymphoma is consolidation pattern, which is simi-
lar to lobar pneumonia in CT imaging.'" Misdiagnosis of
lobar pneumonia as MALT lymphoma may result in over-
treatment, and misdiagnosis of MALT lymphoma as lobar
pneumonia may result in delayed chemotherapy or surgical
treatment.'> In the present study, we analyzed the CT
imaging features and clinical characteristics of 26 patients
with pulmonary MALT lymphoma and 36 patients with
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Figure 4 Pulmonary MALT lymphoma in a 68-year-old woman. (A and B) Thin-section CT and multi-planar reconstruction showed a consolidation with a bulging fissure
(red arrow) in right lower lobe. (C and D) The patient received chemotherapy. However, | year later, chest CT imaging showed that area of the consolidation in lower right
lobe became larger than before, and the dilated bronchus could be seen (blue arrow), which means the condition progressed.

Abbreviations: CT, computed tomography; MALT, mucosa-associated lymphoid tissue.

lobar pneumonia, and developed three logistic regression
models to distinguish pulmonary MALT lymphoma from
lobar pneumonia. The results demonstrated that age, mild
clinical symptoms, bronchiectasis, and bulging of interlo-
bar fissure demonstrated great potential in distinguishing
lobar pneumonia from MALT lymphoma.

Patients with MALT lymphoma tend to present around
the age of 60, but there are also reports of young patients,
while the patients with lobar pneumonia are mostly young
and middle-aged, and the age of the patients are relatively
young. In our study, the average age of MALT lymphoma

patients was older than that of lobar pneumonia patients,
consistent with previous studies.'”> Previous studies have
shown that nearly 30% of the patients with MALT lym-
phoma were asymptomatic,6 while most patients with lobar
pneumonia have respiratory symptoms such as fever, cough,
expectoration, dyspnea, chest pain, and chest distress.'* Our
result also shown that the respiratory symptoms was more
common in lobar pneumonia than MALT lymphoma of
consolidation pattern (p = 0.002). Therefore, we speculate
that this may be due to the most frequent pathogen of lobar
pneumonia is Streptococcus pneumoniae, and the main
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A

Figure 5 Lobar pneumonia in a 64-year-old man. (A) CT imaging showed consolidation with air bronchogram (red arrow) in the right middle lobe. (B) After two weeks of
antibiotics treatment, thoracic CT showed the area of consolidation in the right middle lobe was reduced, which means the condition improved.

Abbreviation: CT, computed tomography.
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Figure 6 Receiver operating characteristic curves. Model A: agetrespiratory
symptoms, Model B: bronchiectasis + bulging of interlobar fissure, and Model C:
age + respiratory symptoms+ bronchiectasis + bulging of interlobar fissure.

pathogenic mechanism is allergic reaction. The young
highly

Streptococcus pneumonia, the pathogenic bacteria prolifer-

adults are reactive, once infected with
ate rapidly and produce a large amount of exudate, so the
clinical manifestations are more obvious. However, the
elderly are poorly reactive, and the clinical manifestations

are often atypical or covered by other symptoms.

Chest CT is the imaging modality of choice for evalu-
ating pulmonary lesions, and in this study, all patients
underwent chest CT scans. In both transverse and long-
itudinal distributions, most lobar pneumonia and MALT
lymphoma cases were randomly distributed, with no pre-
dominant central distribution trend, which is consistent
with previous studies.®

MALT lymphoma, pneumonia, and lung adenocarci-
noma can all be manifested as chronic lung consolidations
with air bronchogram sign. In MALT lymphoma, tumor
cells infiltrated and grew along the bronchial submucosal
epithelium and interstitial lung, while bronchial wall is
inviolable, therefore, residual bronchus can be seen in
the consolidation area.'> The consolidation in lobar pneu-
monia is caused by inflammatory cells and fluid filling the
alveoli, and bronchial lumen can also stay smooth. In our
study, there was no significant difference in air broncho-
gram sign between MALT lymphoma and lobar pneumo-
nia (88.5% vs 94.4%, p = 0.39). We also found there was
no significant difference in lesion size, calcification, med-
iastinum or hilar lymph nodes enlargement, and pleural
effusion between MALT lymphoma and lobar pneumonia
with p>0.05, consistent with previous studies.

We observed bronchiectasis within the consolidation
was more frequent in patients with MALT lymphoma
than those with lobar pneumonia (69.2% vs 11.1%,
p<0.001). Therefore, we speculate that bronchiectasis

within the consolidation is one of relatively characteristic
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Table 3 Diagnostic Performance of Clinical Characteristics, Bronchiectasis, and Bulging of Interlobar Fissure in Differentiating Lobar

Pneumonia from MALT

Model AUC (95% CI) NPV (%) PPV (%) SEN (%) SPE (%) Accuracy (%)
Model A 0.765 (0.649-0.881) 71.43 70.00 83.33 53.85 70.97
Model B 0.826 (0.714-0.938) 80.00 81.82 88.89 69.23 80.65
Model C 0.891(0.806-0.975) 84.21 8333 88.89 76.92 83.87

Notes: Model A—age+respiratory symptoms; Model B—bronchomatic + bulging of interlobar fissure; Model C—age + respiratory symptoms + bronchomatic + bulging of

interlobar fissure.

Abbreviations: MALT, mucosa-associated lymphoid tissue; AUC, area under the curve; Cl, confidence interval; NPV, negative predictive value; PPV, positive predictive

value; SEN, sensitivity; SPE, specificity.

CT manifestations of MALT lymphoma.'® It is different
from the traditional bronchiectasis in that there is no
bronchial wall destruction or tumor necrosis in the dilated
bronchus. The pathological basis may result from the
destruction of parenchyma adjacent to bronchus or alveo-
lar collapse due to infiltration of lymphoid tissue, as well
as the proliferation and stretching of surrounding fibrous
tissue.’

In our study, we also found bulging of interlobar fissure
was more frequent in patients with MALT lymphoma than
those with lobar pneumonia (46.2% vs 19.4%, p=0.024).
In pulmonary MALT lymphoma, the mucus secreted by
tumor cells raises swelling of the lung lobes, leading to
bulging of interlobular fissures. In the case of pneumonia,
it is due to the secretion of inflammatory cells and body
fluids that result in bulging of interlobular fissures.'’

We constructed a logical model with clinical character-
istics (age and respiratory symptoms) and CT manifesta-
tions (bronchomatic, and bulging of interlobar fissure)
with p-value less than 0.05. Our data indicated that the
model could obtain high AUC of 0.891, sensitivity of
88.89%, specificity of 76.92%, accuracy of 83.87%,
83.33% PPV, and 84.21% NPV, suggesting that these
features may help distinguish lobar pneumonia from pul-
monary MALT lymphoma. Based on this result, we con-
clude that if these features are in favor of pneumonia, then
patients can be treated with antibiotics, but if these fea-
tures are in favor of MALT lymphoma, then a histologic
confirmation should be done.

We know our study has several limitations. First, it was
a retrospective study, which may imply selection bias.
Second, due to some patients lack contrast-enhanced CT
information, we only analyzed unenhanced CT scan in this
study. Third, although the number of MALT lymphoma
patients in our study was larger than most previous reports,
the number of enrolled MALT lymphoma patients was still

relatively small due to our strict inclusion criteria.

Therefore, further larger-cohort multicenter prospective
program may be needed to confirm our results.

In conclusion, middle-aged, presence of mild clinical
symptoms, bronchiectasis and bulging of the interlobar
fissure on chest CT images present high diagnostic accu-
racy in distinguishing pulmonary MALT lymphoma from
lobar pneumonia. These clinical characteristics and CT
features can provide diagnostic clues and lead the clinician
to make a reasonable treatment plan.
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