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Introduction

Extranodal non-Hodgkin’s lymphoma (NHL) with primary 
lung involvement comprises less than 3% of all extranodal 
lymphomas (1). Primary pulmonary lymphoma (PPL), 
which originates from the pulmonary parenchyma or 

bronchi with or without hilar lymph node involvement, is 

an extremely rare primary lung tumor and lymphoma (2). 

Secondary pulmonary lymphoma (SPL), which occurs 

more frequently than PPL, is characterized by secondary 

involvement of the lung with systemic lymphoma. 
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More than 95% of PPLs originate from B-cells, with the 
most common pathological type being mucosa-associated 
lymphoid tissue (MALT) lymphoma (2). Among SPLs, the 
most common subtype is diffuse large B-cell lymphoma 
(DLBCL). The primary subtype of SPL is strongly related 
to clinical behavior. More aggressive subtypes exhibit more 
extensive findings at presentation and rapidly progress (3). 
Finally, MALT the most common subtype of PPL has a 
more favorable clinical outcome than SPL (4,5). 

Owing to its capacity to evaluate both nodal and 
extranodal involvement, computed tomography (CT) 
covering the chest, abdomen, and pelvis was considered 
to be a basic diagnostic investigative tool for pulmonary 
lymphoma in the National Comprehensive Cancer 
Network Guidelines of 2015 (6). CT also has the advantage 
of accurately staging disease and follow-up treatment 
responses (7-9). 

Previous studies have validated the use of CT findings 
in both the diagnosis of PPL and in differentiating it from 
SPL (3,10,11). However, to our knowledge, few studies 
have concentrated on the prognostic role of CT features 
in patients with pulmonary B-cell NHL. Therefore, 
this study aimed to evaluate the value of characteristic 
CT findings in predicting the survival of patients with 
pulmonary B-cell NHL. 

Methods

Study population

This study retrospectively enrolled 84 patients who were 
histopathologically confirmed with pulmonary B-cell NHL 
lymphoma in Shanghai Jiao Tong University School of 
Medicine Affiliated Ruijin Hospital between April 2004 and 
October 2018. Enrolled patients met the following criteria: 
(I) histopathologically confirmed with pulmonary B-cell 
NHL; (II) underwent chest CT scan at initial diagnosis; 
(III) received systemic chemotherapy; (IV) with complete 
clinical and follow-up data. Patient follow-up data were 
obtained through out-patient visits or telephone interviews. 
The study received approval from the Ethics Committee 
of Ruijin Hospital Affiliated to the Shanghai Jiao Tong 
University School of Medicine. Due to the retrospective 
nature of the study, the requirement for informed consent 
was waived.

Analysis of the initial and follow-up data revealed that 
all patients were treated with rituximab, either alone 
(n=5) or combined with CHOP (cyclophosphamide, 

doxorubicin, vincristine, and prednisone, n=69), COP 
(cyclophosphamide, vincristine, and prednisone, n=8), or 
FC (fludarabine and cyclophosphamide, n=2). Two patients 
with primary MALT and one with secondary DLBCL 
also received radiotherapy, and one patient with secondary 
DLBCL was also treated with lenalidomide. The 45 males 
and 39 females included in this study had a median age of 
59 years, with an age range of 15–81 years. Among them, 
36 were diagnosed with PPL (MALT, n=29, DLBCL, n=7), 
and 48 with SPL (DLBCL, n=33, MALT, n=6, follicular 
lymphoma, n=3, Burkitt lymphoma, n=2, mantle cell 
lymphoma, n=2, small lymphocytic lymphoma, n=2).

Image analysis

The initial chest CT scans were performed by using 
one of the following scanners: LightSpeed 16 (GE 
Healthcare, Chicago, IL, USA), LightSpeed VCT 64 (GE 
Healthcare, Chicago, IL, USA), SOMATOM Definition 
Flash (Siemens Healthcare, Erlangen, Germany), or 
Aquilion ONE (Toshiba Medical Systems, Otawara, 
Japan). Scans covered the region from the top of the 
thoracic cage to the level of bilateral adrenal glands and 
49 patients underwent a contrast-enhanced CT scan 
(non-ionic contrast medium, 60–80 mL). The scanning 
protocols were as follows: 120 kVp; 150–300 mAs; slice 
thickness, 5.0–7.5 mm. All images were viewed with both 
lung window (window width, 1,500 HU; window level,  
−500 HU) and mediastinal window (window width,  
350 HU; window level, 50 HU). 

A series of imaging features defined by radiologists 
demonstrated the characteristics of the lung, lymph 
nodes, and pleura. These features included the number 
of lung lesions (single or multiple), air bronchogram (12)  
(Figure 1A,B; air-filled bronchi through the consolidation or 
nodular/mass lesions, the halo sign (13) (Figure 1C; a solid 
nodule surrounded by a halo of ground-glass attenuation), 
cross-lobe sign (11) (Figure 1D; a consolidative lesion 
invading the interlobar fissure distributed along multiple 
lung lobes), hilar/mediastinal lymphadenopathy (LAP) (14)  
(shorter diameter >10 mm), and pleural involvement (pleural 
thickening including pleural nodularity or diffuse thickening 
and/or pleural effusion). The scans of patients in this study 
were reviewed by two experienced radiologists (ZC Pan 
and Q Song, with 5 and 24 years in diagnostic imaging, 
respectively). The observers were blinded to the clinical and 
pathological diagnoses of the patients and disagreements 
were resolved by consensus.
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Statistical analysis 

All statistical analyses were performed with Statistical 
Package for the Social Sciences (SPSS) 25.0 software (SPSS 
Inc., Chicago, USA). Differences in the characteristic CT 
findings and clinicopathological features of patients were 
compared with Chi-squared or Fisher’s exact tests. 

Overall survival (OS) was measured from the date of 
diagnosis to the date of death or the date of the last follow-
up (30 April, 2019). Progression-free survival (PFS) was 
calculated from the date when treatment began to the date 
of first disease progression, relapse, or death, or the date of 
last follow-up. The data of patients with no progression or 
who were still alive at the date of the last follow-up were 
right censored. For univariate analysis, the Kaplan-Meier 
method was used to estimate survival. Imaging features that 
appeared to be significant in the univariate analyses were 
incorporated into multivariate analyses to determine which 
variables were independently associated with survival. Cox 

regression was used to estimate the hazard ratio (HR) and 
its confidence interval (CI). A P value <0.05 was considered 
to be statistically significant.

Results

Clinicopathological features 

The patients’ clinicopathological features are summarized 
in Table 1. Twenty-eight patients who underwent routine 
radiographic detection of pulmonary lesions presented 
with no clinical symptoms. B symptoms were present in 
31 patients, while 43 patients had non-specific respiratory 
symptoms, such as cough, chest pain, and hemoptysis at 
initial diagnosis. Forty-nine (58%) patients had normal 
serum lactate dehydrogenase (LDH) levels and 52 (62%) 
presented with advanced-stage disease (stages III–IV). 
Indolent and aggressive histological types accounted for 
45% and 55% of all cases, respectively. 

Figure 1 Examples of some characteristic computed tomography (CT) findings of patients with pulmonary B-cell non-Hodgkin’s 
lymphomas. (A,B) A 65-year-old woman with primary pulmonary mucosa-associated lymphoid tissue (MALT) lymphoma with air 
bronchogram on CT. Axial lung-window (A) and axial mediastinum-window (B) images show the air-filled bronchi through the consolidation. (C) 
Diffuse solid nodules in a 40-year-old female patient with secondary pulmonary diffuse large B-cell lymphoma with halo sign on chest CT. (D) 
A 46-year-old woman with primary pulmonary MALT lymphoma showing cross-lobe sign on the axial lung-window image. 
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Differences in characteristic CT findings and 
clinicopathological features 

To compare CT findings between patients with various 
clinicopathological features, the patients were divided into 
groups according to CT characteristics based on whether 
single or multiple lung lesions were present, and whether 
air bronchogram, halo sign, cross-lobe sign, pleural 
involvement, and hilar/mediastinal LAP were present or 
absent. The patient clinicopathological features assessed 
included sex, age, clinical symptoms, LDH level, PPL or 
SPL, histological type, and stage. Patients were staged 

according to the Ann Arbor classification into the early (I 
and II) or advanced (III and IV) stage (15). PPL was staged 
according to the Ann Arbor stages modified by Ferraro 
et al. (5) as follows: stage IE: unilateral or bilateral lung 
presentation; stage IIE: lung presentation and hilar and/
or mediastinal lymph node involvement; stage IIEW: 
lung presentation and adjacent chest wall or diaphragm 
involvement; stage III: lung presentation and involvement 
of lymph nodes below diaphragm; and stage IV: diffused 
involvement of one or more extralymphatic organs or 
tissues.

The differences in characteristic CT findings and 
clinicopathological features between groups are shown in 
Tables 2,3.

Comparisons of sex, age, clinical symptoms, LDH level, 
stage, PPL or SPL, and histological type between the single 
and multiple lung lesion groups showed no significant 
differences (all P>0.05).

The presence of air bronchogram in patients with early-
stage disease, PPL, and the indolent histological type was 
higher than that among those with advanced-stage disease, 
SPL, and the aggressive histological type (P<0.001, P<0.001, 
and P=0.002, respectively). Thirty-five patients with air 
bronchogram had normal LDH levels, while elevated levels 
were present in 16 patients (P=0.017). In terms of sex, age, 
and clinical symptoms, no significant differences were found 
between the two groups (all P>0.05). 

The halo sign was observed more in the SPL group 
(19/48, 40%) than in the PPL group (4/36, 11%; P=0.004), 
and cross-lobe sign was observed in 13 patients (36%) 
with PPL and 6 patients (13%) with SPL (P=0.010). 
Other clinicopathological features showed no significant 
differences between patients with or without the halo and 
cross-lobe signs (all P>0.05).

Twenty-six patients with pleural involvement and 22 with 
hilar/mediastinal LAP had an elevated LDH level (P=0.007, 
and P=0.002, respectively). The presence of pleural 
involvement and hilar/mediastinal LAP in patients with 
SPL and the aggressive histological type were higher than 
those in patients with PPL and the indolent histological 
type (P=0.013 and P=0.037; P=0.004 and P=0.005, 
respectively). Advanced-stage patients presented with hilar/
mediastinal LAP more frequently than early-stage patients 
(P=0.032).

The role of characteristic CT findings in predicting survival

At a median follow-up of 26 months (range, 2–154 months), 

Table 1 Clinicopathological features of 84 patients at initial 
diagnosis

Features Patients, n [%]

Sex

Male 45 [54]

Female 39 [46]

Age

Median age at diagnosis [range] 59 [15–81]

≤60 years 45 [54]

>60 years 39 [46]

Clinical symptoms

Asymptomatic 28 [33]

B symptoms 31 [37]

Respiratory symptoms 43 [51]

LDH level

Normal 49 [58]

Elevated 35 [42]

Stage

I–II 32 [38]

III–IV 52 [62]

PPL/SPL

PPL 36 [43]

SPL 48 [57]

Histological type

Indolent 38 [45]

Aggressive 46 [55]

LDH, lactate dehydrogenase; PPL, primary pulmonary 
lymphoma; SPL, secondary pulmonary lymphoma.
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Table 2 Differences in characteristic CT findings and clinicopathological features between groups

Characteristics Groups

Number Air bronchogram Halo sign

Single 
(n=35)

Multiple 
(n=49)

P value
Absent 
(n=33)

Present 
(n=51)

P value 
Absent 
(n=61)

Present 
(n=23)

P value

Sex Male 20 25 0.579 19 26 0.554 29 16 0.071

Female 15 24 14 25 32 7

Age ≤60 years 18 27 0.739 17 28 0.761 31 14 0.410

>60 years 17 22 16 23 30 9

Clinical symptoms Asymptomatic 13 15 0.531 9 19 0.343 21 7 0.729

B symptoms 11 20 0.379 14 17 0.399 19 12 0.075

Respiratory 
symptoms

16 27 0.396 16 27 0.690 33 10 0.385

LDH level Normal 19 30 0.525 14 35 0.017 38 11 0.230

Elevated 16 19 19 16 23 12

Stage I–II 17 15 0.095 5 27 <0.001 27 5 0.058

III–IV 18 34 28 24 34 18

PPL/SPL PPL 19 17 0.074 4 32 <0.001 32 4 0.004

SPL 16 32 29 19 29 19

Histological type Indolent 16 22 0.941 8 30 0.002 30 8 0.237

Aggressive 19 27 25 21 31 15

CT, computed tomography; LDH, lactate dehydrogenase; PPL, primary pulmonary lymphoma; SPL, secondary pulmonary lymphoma.

relapse or progression of disease occurred in 37 patients, 
with an average time of 33 months (range, 2–154 months), 
and death occurred in 21 cases, with an average time of 
41 months (range, 2–154 months). The median PFS was 
24 months (range, 2–154 months), the median OS was  
26 months (range, 2–154 months), and the estimated 2-year 
PFS and OS rates of patients with pulmonary B-cell NHLs 
were 61% and 76%, respectively. 

In the univariate analyses, the number of lung lesions, 
cross-lobe sign, pleural involvement, and hilar/mediastinal 
LAP were significantly correlated with PFS (P=0.040, 
P=0.012, P<0.001, and P=0.023, respectively), and the halo 
sign and pleural involvement were independent prognostic 
factors for OS (P=0.010 and P=0.007).

In the multivariate analyses (Table 4, Figures 2-4), 
the number of lung lesions, cross-lobe sign, and pleural 
involvement were found to be independent prognostic 
factors for PFS (P=0.003, P=0.005, and P=0.047, 
respectively), and the halo sign and pleural involvement 
were significantly correlated with OS (P=0.012 and 
P=0.027). In the multivariate analyses for PPL, pleural 

involvement was shown to be an independent prognostic 
factor for PFS (P=0.013), and the number of lung lesions 
was significantly correlated with PFS in patients with 
aggressive pulmonary B-cell NHLs (P=0.001). 

The outcomes of patients with the aggressive histological 
type were significantly worse than those of patients with 
the indolent histological type (2-year PFS: 40% versus 
90%, 2-year OS: 57% versus 100%, all P<0.001). A 2-year 
OS of 61%, OS was found to be lower in patients at an 
advanced stage than in patients at an early stage (P=0.002). 
Furthermore, the 2-year PFS of male patients was 51%, 
which was lower than that of female patients (72%; 
P<0.001).

No other clinicopathological features (age, serum LDH 
level, PPL, and SPL) were found to contribute to the 
survival outcome.

Discussion

The results of this study show that air bronchogram 
occurred more frequently in patients with early-stage 
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Table 3 Differences in characteristic CT findings and clinicopathological features between groups

Characteristics Groups

Cross-lobe sign Pleural involvement Hilar/mediastinal LAP

Absent 
(n=65)

Present 
(n=19)

P value
Absent 
(n=36)

Present 
(n=48)

P value
Absent 
(n=48)

Present 
(n=36)

P value

Sex Male 38 7 0.096 19 26 0.899 28 17 0.312

Female 27 12 17 22 20 19

Age ≤60 years 33 12 0.341 18 27 0.570 27 18 0.570

>60 years 32 7 18 21 21 18

Clinical symptoms Asymptomatic 23 5 0.461 16 12 0.061 20 8 0.061

B symptoms 23 8 0.593 9 22 0.050 15 16 0.215

Respiratory 
symptoms

31 12 0.235 16 27 0.284 23 20 0.488

LDH Normal 39 10 0.567 27 22 0.007 35 14 0.002

Elevated 26 9 9 26 13 22

Stage I–II 22 9 0.138 17 15 0.136 23 9 0.032

III–IV 43 10 19 33 25 27

PPL/SPL PPL 23 13 0.010 21 15 0.013 27 9 0.004

SPL 42 6 15 33 21 27

Histological type Indolent 30 8 0.755 21 17 0.037 28 10 0.005

Aggressive 35 11 15 31 20 26

CT, computed tomography; LDH, lactate dehydrogenase; PPL, primary pulmonary lymphoma; SPL, secondary pulmonary lymphoma; LAP, 
lymphadenopathy.

disease, PPL, and the indolent histological type, while the 
halo sign was observed more frequently in those with SPL 
and the cross-lobe sign more frequently in patients with 
PPL. Pleural involvement and hilar/mediastinal LAP were 
observed more frequently in patients with SPL and the 
aggressive histological type. The survival analyses revealed 
that the number of lung lesions, cross-lobe sign, and 
pleural involvement were independent prognostic factors 
for PFS, while the halo sign and pleural involvement were 
significantly correlated with OS. 

Air bronchogram is regarded as a remarkable CT 
finding for pulmonary lymphoma. Chen et al. (11) reported 
this sign to be more commonly observed in patients with 
primary pulmonary MALT lymphoma than in those with 
non-MALT lymphoma, due to differences in biological 
invasiveness. In our study, air bronchogram presented 
more frequently in patients with PPL than in those with 
SPL, which was in line with previous studies. We speculate 
that PPL, of which MALT is the most common subtype, 
infiltrates along the peribronchovascular interstitium 

without invading the vascular wall, while SPL, which 
includes more aggressive subtypes of lymphoma, develops 
rapidly and can invade the pulmonary vessels at an early 
stage. 

The halo sign is an area of ground-glass attenuation 
surrounding a pulmonary nodule (13). It is an early and 
specific sign for diagnosing invasive pulmonary aspergillosis, 
which is characterized pathologically by foci of infarction 
surrounded by alveolar hemorrhage (16). In our study, 
this sign was found more frequently in patients with SPL 
than in the PPL group. In pulmonary lymphoma, this 
sign represents tumor-cell infiltration of the surrounding 
interstitium, which is related to the invasiveness of the 
disease. Cross-lobe sign occurred more frequently in 
patients with PPL, and there was no difference in its 
distribution between primary pulmonary MALT lymphoma 
and non-MALT lymphoma, which was also in accordance 
with the findings of a previous study (11). A previous study 
found that pleural involvement, which is determined by 
pleural thickening and/or pleural effusion, rarely occurred 



778 Wang et al. Prognostic value of CT features in lung B-cell lymphoma 

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(2):772-783 | http://dx.doi.org/10.21037/qims-20-1139

in patients with PPL11. In our study, the rate of pleural 
involvement was higher in patients with SPL and the 
aggressive histological type. Compared with PPL, SPL is 
the secondary involvement of systemic lymphoma and more 
frequent. Malignant lymphoid cells from direct mediastinal 
node extension or from lymphatic or hematogenous 
dissemination from distant sites reach the pulmonary 
parenchyma (3). This may explain why hilar/mediastinal 
LAP was more commonly observed in patients with SPL in 
our study.

The presence of multiple lesions has been found to 
indicate a poor prognosis in several different malignancies 
in previous studies (17-19). Tirtei et al. (17), for instance, 

reported that osteosarcoma patients with a single pulmonary 
metastasis displayed better 5-year post-relapse survival 
than those with multiple metastases. Studying the survival 
outcomes of patients with primary melanoma, Rowe  
et al. (18) found that patients with multiple lesions were 
more at risk of death from melanoma. Our study showed 
that patients with multiple lung lesions had a worse PFS 
than those with single lesions, which had not been reported 
previously in pulmonary lymphoma. We speculate that the 
higher burden of tumors may result in a worse outcome for 
patients.

In our study, air bronchogram was not found to 
be significantly correlated with OS or PFS; however, 
previous studies (20,21) have suggested that it could be 
an independent prognostic factor for other malignancies. 
Onoda et al. (20) found that air bronchogram was a 
favorable prognostic factor for pulmonary pleomorphic 
carcinoma. They speculated that air bronchogram may 
indicate a less aggressive tumor, as it shows that the 
intratumoral bronchi have remained intact, without 
destruction by tumor invasion or expansion. Supporting 
this, Yoshino et al. (21) reported that patients without air 
bronchogram for stage I pulmonary adenocarcinoma had a 
worse prognosis than those with it.

Patients with the halo sign had a shorter OS than 
patients without it in this study. The presence of this sign is 
related to disease invasiveness; however, there are no reports 
of its prognostic role in patients with pulmonary lymphoma. 
Greene et al. (22) found that the initiation of antifungal 
treatment based on the identification of a halo sign on chest 
CT was related to a significantly better treatment response 
and improved survival, although Mucha et al. (23) suggested 
that a thoracic halo sign in patients with post-transplant 
lymphoproliferative disease might reflect a worse prognosis. 

In the present study, patients with cross-lobe sign tended 
to relapse or progress and this sign was shown to be an 
independent prognostic factor for PFS. We speculate that 
infiltration of the lesion through the interlobar fissure 
to the adjacent lobe is associated with high interstitial 
invasiveness. However, to date, few reports have focused 
on the prognostic role of cross-lobe sign, and more studies 
on its role in predicting the survival of patients with B-cell 
lymphoma with lung involvement are needed.

Patients with pleural involvement have poor clinical 
outcomes (24-27). Our study revealed that pleural 
involvement is an independent prognostic factor for PFS 
and OS in both patients with pulmonary B-cell NHLs 
and the PPL subgroup. El-Galaly et al. (24) reported that 

Table 4 Results of multivariate Cox hazard analysis in patients with 
pulmonary B-cell NHL

Variable
Multivariate analysis

P value HR (95% CI)

PFS

Sex male 0.014 2.843 (1.235–6.544)

Age ≤60 years 0.767 0.891 (0.416–1,910)

SPL 0.861 1.111 (0.343–3.600)

Aggressive 0.006 4.674 (1.541–14.179)

Advanced stage 0.202 2.033 (0.683–6.049)

Normal LDH level 0.215 0.578 (0.243–1.375)

Multiple 0.003 4.282 (1.663–11.027)

With cross-lobe sign 0.005 3.567 (1.482–8.588)

With pleural involvement 0.047 2.831 (1.012–7.917)

With hilar/mediastinal LAP 0.384 1.506 (0.599–3.785)

OS

Sex male 0.691 1.256 (0.408–3.863)

Age >60 years 0.806 1.134 (0.415–3.096)

SPL 0.253 2.128 (0.584–7.762)

Aggressive 0.010 17.995 (2.014–160.778)

Advanced stage 0.046 5.381 (1.030–28.107)

Elevated LDH level 0.875 1.095 (0.353–3.398)

With halo sign 0.012 3.541 (1.321–9.491)

With pleural involvement 0.027 3.591 (1.159–11.130)

PFS, progression-free survival; HR, hazard ratio; CI, confidence 
interval; SPL, secondary pulmonary lymphoma; LDH, lactate 
dehydrogenase; LAP, lymphadenopathy; OS, overall survival.
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Figure 2 Progression-free survival curves of pulmonary B-cell non-Hodgkin’s lymphoma according to histological type (indolent versus 
aggressive) (A), sex (female versus male) (B), lung lesions (single versus multiple) (C), cross-lobe sign (with versus without) (D), pleural 
involvement (with versus without) (E), and hilar/mediastinal lymphadenopathy (LAP) (with versus without) (F).
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pleural involvement in patients with DLBCL was associated 
with an inferior OS and PFS. Chang et al. (25) studied the 
clinical outcomes of patients with lymphoblastic lymphoma. 
They found that the presence of pleural effusion was a 
poor prognostic factor for OS and PFS, and suggested that 
it might reflect tumor burden. Other studies (26,27) have 
also demonstrated poor prognosis in patients with pleural 
effusion at presentation. 

In our study, hilar/mediastinal LAP was shown to be 
related to PFS in the univariate analysis, but it was not an 
independent prognostic factor in the multivariate analysis. 
Hu et al. (28) studied prognostic factors in 22 Chinese 
patients with PPL and found that hilar/mediastinal LAP 
was an independent prognostic factor in the Cox-regression 
analysis. However, Kurtin et al. (29) reported that lymph 
node involvement was not associated with an adverse 
outcome in patients with pulmonary MALT lymphoma. The 

prognostic role of regional LAP in several malignancies has 
been considered in previous studies (30,31) and reviews (32). 
Cahoon et al. (32) indicated that understaging of internal 
thoracic LAP in patients with breast cancer significantly 
impacted patient outcomes. 

Disease stage was an independent prognostic factor 
for OS in our study, and an advanced stage indicated a 
worse prognosis. However, the role of stage classification 
in predicting survival is controversial. Olszewski et al. (33)  
reported that advanced-stage patients with marginal zone 
lymphoma had poor outcomes. Other reports (34-36)  
suggested that an advanced stage of disease might be 
associated with poor prognosis in patients with lymphoma 
of various pathological types. However, while Ueda  
et al.’s study involving patients with advanced extranodal 
MALT lymphoma (37) revealed a shorter PFS in univariate 
analysis, subsequent multivariate analysis failed to confirm 
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Figure 3 Overall survival curves of pulmonary B-cell non-Hodgkin’s lymphoma according to histological type (indolent versus aggressive) (A), 
stage (early versus advanced) (B), halo sign (with versus without) (C), and pleural involvement (with versus without) (D). 

this finding. 
The current study also confirmed that histological type 

(indolent or aggressive) was significantly correlated with OS 
and PFS, and found that male patients had a worse outcome 
than females, which has not been reported previously.  

There are some limitations to this study. The first 
of these is the small sample size and the retrospective 
study design. Secondly, a detailed pathological study was 
absent to be correlated to the characteristic CT findings. 
Therefore, further investigation using larger samples with 
a detailed radiological-pathological correlation study is 
needed to confirm our results. Thirdly, our study used 
different CT equipment. Finally, different pathological 

subtypes of pulmonary B-cell NHLs were involved, and 
each subtype may have different clinicopathological 
features and treatment response. However, this problem 
was unavoidable, due to the limitations associated with a 
retrospective study. Despite these limitations, to the best of 
our knowledge, the present study is the first large series of 
pulmonary B-cell NHLs investigated through an analysis 
of characteristic CT findings and their possible role in 
predicting survival. 

Conclusions

In conclusion, the halo sign and pleural involvement are 
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Figure 4 Progression-free survival (PFS) curves. (A) PFS curves of primary pulmonary B-cell non-Hodgkin’s lymphoma (NHL) without 
versus with pleural involvement. (B) PFS curves of aggressive pulmonary B-cell NHL with single versus multiple lung lesions.

independent prognostic factors for OS, and the number of 
lung lesions, cross-lobe sign, and pleural involvement are 
correlated with PFS.
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