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Abstract

Background
Pulmonary marginal zone B-cell lymphoma of the mucosa-associated lymphoid tissue type (MALT) is
recognized as the most common type of primary pulmonary lymphomas. However, due to its relatively-low
proportion, the studies focused on this patient population were limited. We aimed to reveal the status of
surgery and radiotherapy in survival of pulmonary MALT lymphoma patients.

Methods
A retrospective analysis was conducted on patients who were pathologically diagnosed as pulmonary MALT
lymphoma between 1992 and 2013. Their treatment information was collected in Surveillance,
Epidemiology, and End Results (SEER) database. According to the different treatments, they were divided
into four groups: Both Surgery and Radiation(SR), Surgery(S), Radiation(R) and No Surgery Or
Radiation(NSR). The further subgroup analyses were performed according to age of onset and clinical
stages. Overall survival (OS) was calculated from diagnosis up to the date of death or the last follow-up of
each patient. Survival curves constructed by the Kaplan-Meier method and log-rank test were utilized for
comparison.

Results
There were 860 pulmonary MALT lymphoma patients were enrolled. The median OS was 55.0 months (0-
256.0 months). The OS between patients who underwent surgery and/or radiotherapy(S/R/SR) or not(NSR)
(473 VS 387) had shown a signi�cant difference of each other(P < 0.0001), so did the comparison among
the four subgroups(SR VS S VS R VS NSR, P < 0.0001). Although there wasn’t any statistical difference in the
OS between SR and S groups (P = 0.1174), further analysis on the causes of death revealed that, additional
radiation therapy may lead to good short-term e�cacy, while elevated mortality associated with long-term
pulmonary complications was noteworthy. In the subgroup analyses, patients in stage I-II and over 60 years
old shared similar trends with total population involved in the study(P = 0.0001;P < 0.0001).

Conclusions
The present study con�rmed the value of surgery and the possible effects of radiotherapy among patients
with pulmonary MALT lymphoma by clinical data from a large number of samples. If the improved
radiotherapy regimens are chosen or the pulmonary complications caused by radiotherapy are well-
managed, chances will be high that extra bene�ts could be achieved by combining radiotherapy with the
surgical-based therapy.

Background
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Extranodal mucosa-associated lymphoid tissue lymphoma (MALT) lymphoma is an independent subtype of
low-grade B-cell lymphoma which comprises 7–8% of all B-cell lymphomas. Primary pulmonary MALT
lymphoma is recognized as the predominant pathological type in primary pulmonary lymphoma, roughly
90%. Lung (8–9%) is one of the relatively-rare sites of MALT lymphoma, less common than other anatomic
sites, such as stomach (35%), parotid and salivary glands (18–26%), skin (12–26%), eyes and ocular adnexa
(7–12%)[1, 2]. So far, the standard �rst-line treatment regimens for pulmonary MALT lymphoma haven’t been
established. Radiotherapy, surgery, antibiotic therapy, systemic chemotherapy and/or immunotherapy or
even “watch and wait” strategies were considered to be treatment options. In general, involved-site radiation
therapy (ISRT) is preferred and widely used as the primary treatment for patients in early stages with focal
lesions, while for advanced stage patients with treatment indications, systemic immunochemotherapy is
recommended. However, the role of surgery and optional initial treatment is still controversial till now. In this
study, survival analysis was conducted among different treatment combinations of surgery and/or radiation
to evaluate their clinical applications.

Methods
From March 1992 to December 2013, totally 860 patients with a diagnosis of pulmonary MALT lymphoma
whose treatment information was recorded into Surveillance, Epidemiology, and End Results (SEER) were
enrolled in the study. They all went through a histology diagnostic con�rmation. According to WHO
Classi�cation of Tumours of Haematopoietic and Lymphoid Tissues, their diagnoses were made. All
patients were under active follow-up.

Data collection and follow-up

The SEER-collected clinical data of pulmonary MALT lymphoma patients used in this research mainly
consisted of two parts, one was baseline information including age, gender, Ann Arbor stage, primary
site(Table1A), and the other part was survival information such as survival condition, survival months, cause
of death and �rst-course treatment.The distribution of the four subgroups were shown by the pie
chart(Figure1B).This research mainly discussed the surgical intervention and radiotherapy. Depending on
the different treatment options of surgery and/or radiation they received, these pulmonary MALT lymphoma
patients were classi�ed into four groups: Both Surgery And Radiation (SR, n=21), Surgery(S, n=391),
Radiation(R, n=61) and No Surgery Or Radiation (NSR, n=387). The overall survival (OS) time is de�ned as
the period from diagnosis to death or last follow-up which was up to December 2013.

Statistical Analysis

Statistical analysis was performed by SPSS 21.0, GraphPad Prism 6.0 and Microsoft O�ce 2010 software.
To estimate the impact of different therapies on patients among groups, survival curves were constructed
using Kaplan-Meier method and log-rank test was used for comparisons between groups. The de�nition of
statistically signi�cance was established at P≤0.05.

Results

http://www.baidu.com/link?url=57aywD0Q6WTnl7XKbIHuEzg3thMUswU0N7WVgfgfFaoSap6-XsP20DpnaJpipEmv
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Patients’ characteristics

There were 860 cases of pulmonary MALT lymphoma with positive evidence of histopathology, which
approximately accounted for 5.0% of all MALT lymphoma patients(N=17343) documented in SEER
database between March 1992 to December 2013. There were 356(41.4%) male patients and the rest
504(58.6%) were females, the median age was 66 years old(19-93) at diagnosis. According to Ann Arbor
staging system, the number of these patients were 636(74.0%) in early stages (I-II) and 224(26%) in
advanced stages (III-IV) respectively. The primary sites of lung were various among all the pulmonary MALT
lymphoma patients, including 245(28.5%) cases of which were in the upper lobe, 100 (11.6%) in the middle
lobe, 256(29.8%) in the lower lobe, 20(2.3%) cases of which were with overlapping lesion of lung, and the
remaining 239(27.8%) cases classi�ed into Lung NOS. As for the laterality of lesions, 722(84.0%) patients
were mainly with unilateral lesions at diagnosis. All patients were grouped into four groups in accordance
with different treatment measures: SR (21, 2.4%), S (391, 45.5%), R (61, 7.1%) and NSR (387, 45.0%).
Baseline clinical features of each group were listed in Table1.

Survival analysis

The median follow-up of the 860 patients was 55(0-256) months. Statistics analysis revealed that the
difference in OS was signi�cant among the four groups in which patients treated in different ways
(P<0.0001,Figure2A), their median survival were unreached for SR group, 165months for S group, 119 moths
for R and 120 months for NSR respectively. The OS of four groups were compared in pairs, and P values
were listed in Table2B. The 5-year and 10 year cumulative survival rate were 82.57% and 73.88%. In total,
249 (29.0%) patients died during the period of follow-up, the causes of death were summarized as Figure3A.
The leading causes of death among all patients enrolled in the study were related to non-hodgkin lymphoma
(n=64, 25.7%), cardiovascular and cerebrovascular diseases (n=47,18.9%) and pulmonary
disease(n=45,18.1%). In addition, the constitution of causes of death among the patients who received
radiotherapy was listed in Table3B. The main cause of death in patients treated with radiotherapy was
pulmonary-related diseases (6/15,40.0%), and that proportion is about twice that of the whole population in
the study.

Subgroup analyses

To further clarify the relationship between the OS and different treatment methods that patients received,
subgroup analyses were conducted among patients of different ages of onset and clinical stages.

Age

Notable differences were seen between patients over 60 years old and those under 60 years old, and the OS
of elderly patients(≥60) were signi�cantly inferior to those who were younger than 60(P<0.0001,Figure4A).
Four treatment methods were further analyzed in two subgroups divided according to age, and there was
a statistically signi�cant difference in elderly group(≥60,P=0.0001, Figure4B) while not in the younger
one(<60,P=0.3639, Figure4C). The older participants(elderly group,≥60) underwent both surgery and
radiation exhibited a de�nite survival advantage compared with the other three treatment groups. While in
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the younger group(<60), from the perspective of survival curve, the survival difference caused by four
different treatments was not apparent.

Clinical stage

Although the survival curves constructed between early-(Stage I-II)and advanced-(Stage III-IV)stage patients
showed no difference in survival(P=0.0638,Figure4D), due to the various treatments recommended for
patients with different clinical stages, subgroup analyses were still performed for the four kinds of
treatments in patients with Stage I-II and III-IV. In the term of survival curves, patients with stage I-II shared
similar trends with total  population involved in the study(P<0.0001,Figure4E). As for patients in stage III-IV,
the survival analysis was carried out only between the remaining two groups, as the amount of patients in
the R and NSR group were too small to analyze. From the comparison, S group was not statistically superior
to NSR group (P=0.2846,Figure4F).

Discussion
Pulmonary MALT lymphoma is a rare mature B-cell lymphoma that presents with an indolent clinical course
and lacks of speci�c manifestations in clinical ,imaging and laboratory examination, and about one-third of
patients are asymptomatic at initial diagnosis[3]. Because of its low incidence rate and nonspeci�c clinical
features, It‘s often confounded with other lung diseases with higher morbidity in China, including lung
cancer, pneumonia and tuberculosis, without pathologically con�rmation[4]. In addition, the speci�city of this
anatomical site makes it di�cult to obtain tumor tissues from pulmonary lesion, and it is frequent that the
tissues acquired by transbronchial lung biopsy or computed tomography-guided percutaneous lung
puncture are too small to make a de�nite diagnosis. Therefore, diagnostic biopsy is essential at some cases.
Meanwhile, surgical intervention possesses a therapeutic effect for those patients with localized lesions.

So far, only a few prospective small-scale studies on the treatment of pulmonary MALT lymphoma have
been reported because of the extremely-low prevalence and �ne clinical outcome. In a single-institution,
retrospective study of 21 patients with bronchial-associated lymphoid tissue (BALT) MALT lymphomas who
were initially managed with combination chemotherapy (n = 7), surgery (n = 5), observation (n = 4), single-
agent rituximab (n = 3) and radioimmunotherapy (n = 2).There were 10 complete remission(CR),3 partial
remission(PR),7 stable disease and 1 disease progression in the observation period, and PFS and OS were
90% and 95% at 80 months in the study. Besides, additional 326 BALT lymphoma patients recorded in the
SEER database were generalized. Treatment modalities such as surgery (alone or with RT and/or
chemotherapy), chemotherapy (single agents or combination chemotherapy, alone or with RT and/or
surgery), radiotherapy (alone or with chemotherapy and/or surgery), immunotherapy or observation have
been assessed and favorable treatment responses and clinical outcomes were observed. Moreover, there
were no signi�cant differences in outcomes between patients at different stages[5–10].In another
retrospective study of patients with pulmonary MALT lymphoma(n = 51, Ann Arbor stage IE 76.5%),compared
with advanced-stage disease group, longer PFS (40.7 months vs 24.9 months in median; P < .001) and lower
probability of progression (hazard ratio, 9.24) were observed in early-stage pulmonary MALT lymphomas, in
which the most common treatment modality was surgical resection(33/43,76.7% vs 0/8,0%;P < .001), during
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the follow-up period in a median of 40.7months. Among the 43 cases of patients with low-stage pulmonary
MALT lymphoma,33 of them received complete surgical excision while the rest 10 cases underwent systemic
chemotherapy(n = 6) or watch and wait(n = 4) instead. More patients have achieved complete remission (CR)
through surgery resection (32/33, 97%) than those who didn’t take surgery resection (3/10,30%), and the
difference of continuous CR rate between the two groups was statistically signi�cant(P < .001). Nevertheless,
no statistical differences were found not only in the proportion of patients with disease progression
(1/33,3.0% vs 2/10, 20.0%;P = 0.256) but also in PFS(P = 0.319) between the two groups[11]. Watch-and-wait
policy has also been evaluated in 11 patients who didn’t accept immediate treatment after initial diagnosis.
Among them, the lesions of 5 patients were restricted to the lungs while the remaining 6 patients with
pulmonary MALT lymphoma were found additional extrapulmonary sites when detected for staging.
Extensive staging and restaging every three months were taken in all patients. During the long-term follow-
up(28.1 months in median),there were 6 patients experienced spontaneous regressions without any
manifestations outside the lung, one patients was received treatment for MALT lymphoma due to disease
progression in the lung and 2 cases of extrapulmonary progression were found out. All of these patients
were alive and kept in a stable state of disease, and 8 of whom were still only being closely watched. The
�ndings of this retrospective study suggested that watch-and-wait policy was adoptable especially in those
who were asymptomatic at diagnosis[12].

Based on the aforesaid small-sample size, single-center studies on pulmonary MALT lymphoma, in
combination with several previous retrospective studies on non-gastric MALT Lymphomas with small
sample size of pulmonary MALT lymphoma, different clinical e�cacies achieved by ISRT (24-30Gy), surgery,
targeted therapy (rituximab), systemic chemotherapy, antibiotics(clarithromycin) and observation, either
alone or in combination, were observed [1,2,13−18].Some patients even presented a potential of spontaneous
regression within long-term follow up [12, 14, 19, 20]. Generally, local therapies such as surgical resection and
radiotherapy are widely used for focal lesions, and diffuse lesions are more likely to be treated with systemic
immunochemotherapy[9]. However, till now, optimal treatment as well as the role of surgery in pulmonary
MALT lymphoma still remains controversial[21].

In the current study, survival analyses were conducted relied on the data of pulmonary MALT lymphoma
patients from SEER database to investigate the value of surgery in treatment. Various treatment
combinations of surgery and/or radiation were compared in all patients as well as patients strati�ed with
different age of onset, clinical stages, laterality and primary site of lung. There was not any statistical
difference in pulmonary MALT lymphoma patients with unilateral or bilateral sites(P = 0.7279),so was in
those patients whose primary lesions were in the upper/middle/lower lobe or with overlapping lesion of
lung(P = 0.4223). The other two indicators, different age of onset(P < 0.0001) and clinical stages(P = 
0.0638),were further analyzed.

The group of patients that received both surgery and radiation demonstrated its survival superiority, and
pairwise comparisons conducted between SR group and the other three groups revealed that, except for S
group, differences between R and SR, NSR and SR groups had obvious statistical signi�cance. The
remaining three groups were compared pairwise as well, and the S group had a signi�cant advantage of
survival over the NSR group while the OS difference between the S and R group was insigni�cant.
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Statistically, the survival of the S group was neither inferior to the survival of the SR, nor better than the R
group, while the OS of R group was not different from NSR group signi�cantly. Possible explanation for the
contradiction exhibited by the survival analysis results between S and SR, S and R groups was that,
radiotherapy is a kind of treatment method with relatively excellent short-term e�cacy but more pulmonary
complications. It may be as effective as surgical resection in a certain period of time. After a long-term
follow-up, the e�cacy from radiotherapy would lapse and treatment-related side effects gradually emerged
while positive results of surgical treatment were continuous. It could be due to the condition that the time
span of follow-up was not long enough so that no statistical difference in OS between the S and R group
was observed. As for the comparison between R and NSR group, patients undergoing radiotherapy gained
therapeutic bene�ts over a period of time and then it appeared a cliff-like survival reduction on the survival
curve, which narrowed the survival difference between the R and NSR group in some degree (Fig. 5A/B).
Further investigation into the causes of death among patients who have received radiotherapy(R and SR) or
not(S and NSR) revealed that the leading cause of death in patients treated with radiotherapy was
pulmonary-related diseases (6/15,40.0%), including chronic obstructive pulmonary disease(n = 2),
pneumonia and in�uenza (n = 1) or other lung and bronchus diseases(n = 3), and the proportion of patients
in R and SR group dying from pulmonary-related diseases was approximately twice that of S(16/101, 15.8%)
and NSR(23/131,17.6%) group. Therefore, it was reasonable to conjecture that lung injury and consequent
pulmonary complications induced by radiotherapy were one of the possible reasons for the decline in
survival of patients who received radiation therapy.

The above-mentioned results con�rmed the effectiveness and sustainability of surgery in the treatment of
pulmonary MALT lymphoma. Further subgroup analyses were performed on different ages of onset and
clinical stages. Differences among the four treatment groups were statistically signi�cant in the group in
which patients were over 60 years old (P < 0.0001), especially in SR group(P = 0.0403) and S group(P < 
0.0001) which demonstrated superior to NSR group statistically. For early-stage patients, the survival
comparison of the four treatment groups were signi�cant (P < 0.0001), especially the SR VS NSR groups(P = 
0.0065) and S VS NSR groups(p < 0.0001), and the SR group indicated a prominent advantage than R group
as well(P = 0.0283). Besides, In the young group, the four treatment methods didn’t show any advantages
and disadvantages between each other. The phenomenon, on the one hand, may be attributed to the better
physical status and treatment tolerance of the patients in this group, on the other hand, due to the
insu�cient follow-up time of the current study. The OS of advanced-stage patients (stage III-IV) also weren’t
different between S group and NSR group.

The 5-year and 10 year cumulative survival rate of the patient population involved in the study were 82.57%
and 73.88% respectively, which were similar to former reports[5, 21].During the period of follow-up, a total of
249 (29.0%) patients died, and the causes of death were classi�ed in this study. Despite of the high survival
rate in the patients with pulmonary MALT lymphoma, non-hodgkin lymphoma remained to be the major
cause of death(n = 64,25.7%). Cardiovascular and cerebrovascular diseases were the second leading cause
of death, and 47(18.9%) patients died because of them. Old age of onset may contribute to this
phenomenon, as this kind of disease is one of the most common causes of death in the elderly patients
originally. Besides, there were 45(18.1%) pulmonary MALT lymphoma patients died of pulmonary-related
diseases.
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Conclusions
The OS data supported the cognition that pulmonary MALT lymphoma is an indolent disease. And it can be
drawn from the comparative research that, the combined therapy of surgery and radiation had clearly
manifested its survival advantage in pulmonary MALT lymphoma patients, and surgery itself demonstrated
its effectiveness and sustainability in the treatment of those patients, especially stage I-II or elderly patients
(≥ 60). To some extent, this study veri�ed the value of surgery among patients with pulmonary MALT
lymphoma, which was superior to traditionally-recommended radiotherapy in the persistence of therapeutic
effectiveness and less treatment-related complications. And if improved radiotherapy regimens are chosen
or the pulmonary complications caused by radiotherapy are well-managed, it’s highly possible that to
combine radiotherapy with the surgical-based therapy may lead to extra e�cacy. Based on the results
obtained, we can infer that surgery-based combination therapy may serve as an appropriate �rst-line
treatment recommended for pulmonary MALT lymphoma patients and optimized dose and methods of
radiotherapy are needed.

This study is the largest retrospective analysis on pulmonary MALT lymphoma, by far. For the �rst time, it
points out that the survival advantage of the combined treatment option based on surgical treatment in
patients with pulmonary MALT lymphoma, especially in those over 60 years old and in the early-stage of the
disease. Meanwhile, there are still some limitations of this study. First of all, the number of patients in both
SR and R group were relatively small. Moreover, due to the lack of information on systemic treatment in this
data set from SEER, associated contents were not involved in the present study. It was unclear whether these
patients had ever been treated with concomitant medication or not, so that the potential impact of systemic
drugs can’t be ruled out completely.
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Tables
Table 1A Baseline clinical features among the four treatment groups of pulmonary MALT lymphoma patients

 
Characteristics

ALL(n=860) Both Surgery and
Radiation(n=21 )

Surgery
(n=391 )

Radiation
(n= 61)

No Surgery or
Radiation(n=387 )

Median,
(range)/n

% Median,
(range)/n

% Median,
(range)/n

% Median,
(range)/n

% Median,
(range)/n

%

Age, y (range) 66(19-93)   58(40-83)   64(19-87)   69 (41-
91)

  67 (25-
93)

 

Gender Male 356 41.4% 9 42.9% 149 38.1% 29 47.5% 169 43.7%
Female 504 58.6% 12 57.1% 242 61.9% 32 52.5% 218 56.3%

Ann
Arbor
Stage

I-II 636 74.0% 19 90.5% 317 81.1% 58 95.1% 242 62.5%

III-IV 224 26.0% 2 9.5% 74 18.9% 3 4.9% 145 37.5%

 
Primary
Site of
lung

 

Upper lobe 245 28.5% 8 38.1% 118 30.2% 30 49.2% 89 23.0%
Middle lobe 100 11.6% 2 9.5% 54 13.8% 4 6.5% 40 10.3%
Lower lobe 256 29.8% 10 47.6% 136 34.8% 20 32.8% 90 23.3%

Overlapping lesion of
lung

20 2.3% 0 0.0% 9 2.3% 0 0.0% 11 2.8%

Lung, NOS 239 27.8% 1 4.8% 74 18.9% 7 11.5% 157 40.6%

 
Laterality

Bilateral Sites 138 16% 0 0.0% 36 9.2% 2 3.3% 100 25.8%

 
Unilateral

Site

Left 280 32.6% 12 57.1% 135 34.5% 23 37.7% 110 28.4%

Right 439 51% 9 42.9% 219 56.0% 36 59.0% 175 45.2%

Unspecified 3 0.4% 0 0.0% 1 0.3% 0 0.0% 2 0.5%

Table2B Statistical analysis of overall survival, according to treatment;

Treatment/P value Both Surgery and Radiation Surgery Radiation No Surgery or Radiation
Both Surgery and Radiation / 0.1174 0.0292 0.0116

Surgery 0.1174 / 0.1586 0.0001
Radiation 0.0292 0.1586 / 0.3833

No Surgery or Radiation 0.0116 0.0001 0.3833 /

Table3B The constitution of causes of death among the patients who received radiotherapy;
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Cause of Death Number Percentage
Pulmonary Disease 6 40.0%

Cardiovascnlar and Cerebrovascular Diseases 2 13.3%

Miscellaneous Malignant Cancer 2 13.3%

Digestive Disease 2 13.3%

Non-Hodgkin Lymphoma 1 6.7%

Other Cause of Death 1 6.7%

Endocrine Diseases 1 6.7%

In Total 15 100.0%

 

Table 4G Pairwise comparisons between the four treatment methods in subgroups divided according to age and clinical stage;

Groups/P value Age Clinical stage
≥60 <60 Stage I-II Stage III-IV

SR VS S 0.1695 0.6515 0.0643 /
SR VS R 0.1581 0.2491 0.0283 /

SR VS NSR 0.0403 0.3953 0.0065 /
S VS R 0.4185 0.2154 0.1938 /

S VS NSR <0.0001 0.1700 <0.0001 0.2846
R VS NSR 0.1825 0.5998 0.3078 /

Figures

Figure 1

B. Distribution of the four subgroups
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Figure 2

A. Kaplan-Meier actuarial curves of four treatment strategies

Figure 3

A. Classi�cation of Causes of Death



Page 14/15

Figure 4

A. Survival curves by Kaplan-Meier method between two groups of patients aged over or less than 60 years
old  B/C. Survival curves of four treatment methods in ≥60/ <60 group  D. Survival curves by Kaplan-Meier
method between two groups of patients in Stage I-II and III-IV  E/F. Survival curves of four treatment
methods in Stage I-II/III-IV group
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Figure 5

A/B. Survival curves by Kaplan-Meier method between S and R / R and NSR group.


