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Introduction

Primary breast marginal zone lymphoma (PBMZL) is a rare occurrence and less is known about its characteristics, treatments, and outcomes.



Methods

We retrospectively reviewed 370 cases of early-stage PBMZL from the Surveillance, Epidemiology, and End Results database. Statistical analyses were performed to describe clinical features, determine prognostic factors, and compare different therapeutic strategies.



Results

At a median follow-up of 68.5 months, the 5-year overall survival (OS) and disease-specific survival (DSS) rate were 81.2 and 95.4%, respectively. We divided the cohort into four treatment groups and compared their characteristics and survival: radiotherapy (RT) ± surgery (Sx) (n = 142, 38.4%), Sx alone (n = 71, 19.2%), any chemotherapy (CT) (n = 63, 17.0%), and none of the above (n = 94, 25.4%). Age of onset and laterality of lesions tended to relate to the choice of different treatments. Multivariate Cox analysis showed that advanced age (>60 years), concomitant tumor, and any CT (vs RT ± Sx) predicted poorer OS, while for DSS, there was no meaningful indicator (P > 0.05). Patients aged >60 years or treated with any CT seemed to have shorter DSS, but the difference only approached statistical significance. Then we applied a propensity score-matched analysis to demonstrate that neither RT- nor Sx-containing therapy could bring a better OS or DSS. The competing risk model suggested that CT was the only contributor to higher PBMZL-specific mortality.



Conclusion

Our results show an indolent behavior of early-stage PBMZL with long-term survival. Conventional oncological treatments fail to bring survival benefits; especially CT is detrimental to survival, suggesting that observation may be advisable in the management of early-stage PBMZL, and further research on novel targeted agents is warranted for patients in need.
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Introduction

Extranodal marginal zone lymphoma (EMZL), a unique type distinguished from other nodal B-cell lymphomas, constitutes 7 to 8% of newly diagnosed lymphomas (1). It can arise in various organ sites, such as orbit, salivary gland, thyroid, lung, breast, stomach, skin, and even the dura, among which the gastric involvement is the most frequent and best-studied. Primary breast lymphoma (PBL) represents approximately 1% of non-Hodgkin lymphomas and 0.5% of all breast malignancies, thus making primary breast marginal zone lymphoma (PBMZL) a rare occurrence despite being the second most common histologic subtype of PBL (2–4). An increase of incidence in PBMZL has been observed from 2000 to 2013 with an annual percentage change of 2.3%, which is of unclear etiology, partly due to the improved recognition of this disease by pathologists (2). Elderly female patients are predominantly affected, with a median age at diagnosis of 68 years, which is owing to an estrogen-related mechanism probably (5).

Early-stage diseases and optimistic outcomes tend to be presented in EMZL, with a 5-year overall survival (OS) rate of nearly 90% and a 10-year OS rate of 70 to 80% (6–8). Comparable good prognosis has been found in PBMZL, with the 5-year progression-free survival and OS 56 and 92% respectively (9). Concerning treatments, surgery (Sx), radiotherapy (RT), and chemotherapy (CT) are mostly recommended and adopted with expert experience. Nevertheless, clinical evidence is very limited. Over the past decade, an increase has been found in the proportion of PBL patients receiving RT alone and no Sx or RT, meanwhile a decrease in Sx alone and Sx plus RT (2). Antibiotic therapies have taken their place in other EMZL owing to an etiologic link between microorganisms and these lymphomas, such as gastric (Helicobacter pylori) and ocular adnexal (Clamydia psittaci) EMZL (10, 11). However, such correlations have not been identified regarding PBMZL. In a recent study, immunochemotherapy showed superior efficacy in EMZL (12). However, concerning PBMZL, information is scarce and unrepresentative for most of the previous publications were small-scale, and the cases of PBMZL accounted for a minority. The principles of the current treatment of PBMZL refer to general early-stage EMZL, mainly local treatment, including RT and Sx, without taking into account the particularity of PBMZL.

As a result, we conducted a comprehensive population-based study, reviewing the clinical characteristics and long-term outcomes of a cohort of early-stage PBMZL from the Surveillance, Epidemiology, and End Results (SEER) database. The study also aims to discover potential prognostic factors and an optimal treatment modality for early-stage PBMZL.



Materials and Methods


Patients

Data on patients with PBMZL were extracted from the SEER database, which includes 18 registries that cover 30% of the United States population and collects demographic, clinical, and survival information on cancers. We identified 507 patients with early-stage PBMZL using inclusion criteria of the International Classification of Diseases for Oncology, Third Edition histology code 9699, primary site codes C50.0 through C50.6, C50.8, C50.9, and an Ann Arbor stage I or II. Individuals without complete variables (n = 130) and histological diagnosis (n = 7) were excluded. Ultimately, we incorporated 370 cases diagnosed between 1998 and 2015 into our study. The elements collected for each case were the age of onset, sex, race, primary site, laterality, Ann Arbor stage, concomitant tumor, calendar year of diagnosis, treatment modalities, survival time, survival status, and cause of death.



Statistical Analysis

Study endpoints were OS (calculated from the time of initial diagnosis to death or the last follow-up without events) and disease-specific survival (DSS, defined as the interval from diagnosis until death due to PBMZL or the last follow-up without events). We generated survival curves via the Kaplan–Meier (KM) method and log-rank test and analyzed predictors of survival using the univariate and multivariate Cox regression analyses. A propensity score-matched (PSM) analysis, using the 1:1 nearest neighbor technique with a small caliper of 0.03 to ensure better balance, was performed to re-evaluate the impact of different treatments on survival in matched couples. To further evaluate the factors that contributed to PBMZL- and other cause-specific mortality, a competing risk analysis was used. Categorical variables were compared using Pearson’s χ2 or Fisher’s exact test. We conducted these analyses with STATA MP, version 13.0 (StataCorp LP, College Station, TX). Two-tailed P values <0.05 were considered statistically significant.




Results


Patient Characteristics and Outcomes

A total of 370 PBMZL patients with stage I (n = 323, 87.3%) or stage II (n = 47, 12.7%) disease entered the final analyses. The median age of onset is 69 years (range 24 to 93 years). There is a strong female predominance with a female:male ratio of approximately 23.7:1 (355 vs 15). 97.3% of cases (n = 360) were unilateral breast disease, presentation of which was almost balanced between the left and right breasts (176 vs 184). In regard to the specified primary sites, overlapping lesion (n = 81, 21.9%) was the most common, followed by local lesion including upper-outer quadrant (n = 73, 19.7%), upper-inner quadrant (n = 40, 10.8%), lower-inner quadrant (n = 26, 7.0%), lower-outer quadrant (n = 14, 3.8%), central portion (n = 13, 3.5%), axillary tail (n = 7, 1.9%), and nipple (n = 2, 0.5%). The primary sites of the remaining 114 cases were not specified. 35.9% of cases (n = 133) had concomitant tumor in addition to PBMZL. The therapeutic regimens, in decreasing frequency of occurrence, were as follows: no RT, Sx, or CT (n = 94, 25.4%), RT alone (n = 86, 23.2%), Sx alone (n = 71, 19.2%), Sx + RT (n = 56, 15.1%), CT alone (n = 25, 6.8%), Sx + CT (n = 17, 4.6%), RT + CT (n = 12, 3.2%), and Sx + RT + CT (n = 9, 2.5%). Taken together, RT-, Sx-, and CT-containing treatment strategies, were used in 44.0% (n = 163), 41.3% (n = 153) and 17.0% (n = 63) of patients, respectively. We further divided the 370 cases into four groups: RT ± Sx (n = 142, 38.4%), Sx alone (n = 71, 19.2%), any CT (n = 63, 17.0%), and none of the above (n = 94, 25.4%). When comparing the characteristics among the four groups, it turned out that the choice of treatment modality is related to age of onset and laterality of lesions (Table 1).


Table 1 | Patient and tumor characteristics of primary breast marginal zone lymphoma among different treatments groups.



At a median follow-up of 68.5 months, the 5-year OS and DSS rate were (81.2 ± 2.2) % (95% confidence interval [CI] 76.4–85.2%) and (95.4 ± 1.4%)% (95% CI 91.9–97.5%), respectively. The 10-year OS and DSS rate was (60.7 ± 3.3%) (95% CI 53.9–66.9%) and (90.2 ± 2.5%) (95% CI 83.8–94.1%), respectively. The median OS was (156 ± 7.5) months (95% CI 136–170). The median DSS was not reached. A total of 112 (31.8%) women and five (33.3%) men died, with an all-cause mortality rate of 31.6%. PBMZL- and other cause-specific mortality rates were 5.6% (n = 21) and 25.9% (n = 96), respectively. For the latter, the most frequent cause was angiocardiopathy (n = 21, 5.7%), followed by non-PBMZL hematological malignancies (n = 18, 4.9%), respiratory disorders (n = 17, 4.6%), and cerebrovascular diseases (n = 8, 2.2%).



Relationship Between Survival and Clinical Features

When comparing the KM survival curve for OS among the four treatment groups, the P value among groups is 0.023, and the RT ± Sx group had the best OS graphically (Figure 1A). In the univariate Cox analysis, it was further demonstrated that patients treated with any CT (hazard ratio [HR] = 1.793, 95% CI 1.065–3.017, P = 0.028) and without RT, Sx, or CT (HR = 2.019, 95% CI 1.248–3.265, P = 0.004) had worse OS compared to those with RT ± Sx. Besides, age >60 years (HR = 7.297, 95% CI 3.798–14.019, P < 0.001) and concomitant tumor (HR = 1.969, 95% CI 1.369–2.833, P < 0.001) were also correlated with significantly poorer OS. In the multivariate analysis, age>60 years (HR = 6.819, 95% CI 3.518–13.217, P < 0.001), concomitant tumor (HR = 1.661, 95% CI 1.152–2.394, P = 0.007), and CT (vs RT ± Sx, HR = 1.733, 95% CI 1.028–2.921, P = 0.039) were independent adverse predictors for OS (Table 2). About the KM curves for DSS, there was no significant difference among the four groups (Figure 1B). Both in univariate and multivariate analysis, patients aged >60 years or treated with CT seemed to have shorter DSS, but all P values were just near statistical significance (Table 2). Considering that age of onset and laterality of lesions have shown significant correlations with interventions in Table 1, we further evaluated the impact of conventional treatments on survival in subgroups of different ages. Neither OS nor DSS differed significantly among the four treatment groups, whether in young (age ≤60 years) or old (age >60 years) cohorts (Supplementary Figure 1) cohorts. Given the bilateral lesion was a rare event in our cohort (n = 10, 2.7%) and had no prognostic implication, subgroup analysis was not conducted. Notably, half of the 10 bilateral PBMZL underwent CT-containing treatments.




Figure 1 | Kaplan–Meier curves of overall survival (A) and disease-specific survival (B) stratified by treatments. CT, chemotherapy; RT, radiotherapy; Sx, surgery. Number at risk indicates the number of patients with early-stage PBMZL at risk at the indicated time interval. Differences were considered statistically significant at P < 0.05.




Table 2 | Univariate and multivariate Cox regression analyses of overall survival and disease-specific survival.





Propensity Score-Matched Analysis

To further corroborate the influence of different strategies on prognosis, a PSM analysis was carried out (Figure 2). Considering the imbalance in characteristics between patients treated with and without a specific modality, we applied a 1:1 PSM ratio with a small caliper of 0.03 for matching the potential cofounders including the age of onset, sex, race, laterality, Ann Arbor stage, concomitant tumor, calendar year of diagnosis and other treatment modalities not analyzed. The distribution of covariates was adequately balanced and evenly distributed in the matched groups (Supplementary Table 1 and Supplementary Table 2). Before matching, patients receiving RT-containing treatments had a superior OS than those who did not. Nevertheless, after matching, RT-containing treatment failed to show its efficacy in OS. As for DSS, no significant difference was found between the above two groups, whether unmatched or matched. Neither OS nor DSS differed significantly between patients treated with Sx-containing therapy and those who did not, before or after matching. These results suggest that neither RT nor Sx can bring survival benefits for early-stage PBMZL. PSM for CT was not achieved due to the limited number of cases, but the any CT group had a poorer OS than the RT ± Sx group, which demonstrated that CT-containing therapy fails to bring a better OS as well.




Figure 2 | Kaplan-Meier survival curves stratified by treatments before and after propensity score matching. (A, B) Kaplan-Meier curves of overall survival stratified by RT-containing treatments before (A) and after (B) propensity score matching. (C, D) Kaplan-Meier curves of disease-specific survival stratified by RT-containing treatments before (C) and after (D) propensity score matching. (E, F) Kaplan-Meier curves of overall survival stratified by Sx-containing treatments before (E) and after (F) propensity score matching. (G, H) Kaplan-Meier curves of disease-specific survival stratified by Sx-containing treatments before (G) and after (H) propensity score matching. CI, confidence interval; HR, hazard ratio; RT, radiotherapy; Sx, surgery.





Competing Risk Analysis

Considering the unclear impact of CT on DSS in the Cox regression, we performed a competing risk analysis to explore the risk factors that account for PBMZL- and other cause-specific mortality. According to the results above, age of onset, concomitant tumor, and CT were brought into the analysis. As shown in Table 3, model 1, taking into account other cause-specific mortality as the competing risk, illustrated that CT-containing treatment contributed to death from early-stage PBMZL (subdistribution hazard ratio [SHR] = 2.618, 95% CI 1.098–6.240, P = 0.030). Model 2, taking into account PBMZL-specific mortality as the competing risk, revealed that age of onset (SHR = 8.930, 95% CI 3.940–20.238, P < 0.001) and concomitant tumor (SHR = 2.109, 95% CI 1.406–3.163, P < 0.001) correlated to death due to other causes. The P values of the above models were 0.034 and <0.001, respectively. In conclusion, although age and concomitant tumor are independent prognostic factors for OS of early-stage PBMZL, they do not independently predict the survival of PBMZL itself. CT is unfavorable to the survival of early-stage PBMZL.


Table 3 | Two competing risk models for early-stage PBMZL.






Discussion

To the best of our knowledge, this work has been the largest contemporary series investigating early-stage PBMZL. Patient and tumor characteristics of our cohort are similar to those reported previously (2, 9, 13). Consistent with the increasing incidence mentioned above, patients diagnosed from 2006 to 2015 were twice the population from 1998 to 2005. The good outcome confirmed the indolent nature of this lymphoma, as a 5-year OS rate of 81.2% and 10-year OS rate of 60.7%, along with a 5- and 10-year DSS rate of higher than 90%. In the survival analysis, we applied the PSM analysis to minimize the chance for error and bias, finding out that neither RT nor Sx can bring better survival. Moreover, considering the median age of onset was 69 years, there was a high risk of death from other causes. Under these circumstances, a competing risk analysis was performed and the three significant variables in the multivariate analysis were included. Noticeably, CT, rather than age and concomitant tumor, is shown to associate with higher PBMZL-specific mortality.

Due to the small number of publications reviewing PBMZL, no definite guidelines for treatment have emerged. RT, offering effective local control, appeared to be the preferred remedy for most patients (9, 14–16). Nevertheless, our study reveals that the addition of RT failed to bring a better OS or DSS. Similarly, in a large cohort of early-stage EMZL, the association of OS with RT was not significant except for cutaneous and ocular sites (17). Moreover, an inferior outcome and higher risk of recurrences were more common for other organ sites, including the breast, than gastric and thyroid EMZL among those who underwent RT (14–16). Part of the answer may be that breast radiation can cause a broad spectrum of complications including lung injury, myocardial fibrosis, and secondary malignancies (18–20). These results indicate that RT, though a suitable option for localized diseases, is met with skepticism for treating early-stage PBMZL. The role of Sx in the treatment of EMZL has declined since it has not been shown to achieve superior outcomes than less invasive interventions, supported by our study and those describing other organ sites (21, 22). In a study abstracting 465 patients’ information with PBL from 92 publications, mastectomy provided no survival benefit or protection from recurrence (23). Sx is better as an approach to obtain histopathology when faced with a diagnostic dilemma, rather than a curative strategy. A previous study of 180 nongastric EMZL (2% PBMZL) from the International Extranodal Lymphoma Study Group (IELSG) demonstrated that CT, with or without anthracycline, had no significant effect on OS, cause-specific survival, and progression-free survival, neither in localized nor in advanced-stage disease (24). Furthermore, patients with EMZL, both localized and disseminated disease, receiving CT had the worst prognosis (25). Our findings confirmed this result and further pointed out that CT is not only an independent adverse prognostic factor for OS but also a contributor to specific death from early-stage PBMZL. It is noteworthy that in our research, there is no clear advantage for any type of therapy, including RT, Sx, and CT, alone or in combination, consistent with the study from IELSG (24). The clinical activity of immunotherapy in EMZL has been proved in different extranodal organs (26–28). In the recent IELSG-19 study, immunochemotherapy (rituximab in combination with chlorambucil) showed superior efficacy compared to immunotherapy or CT alone in EMZL. However, improvements in short term control did not translate into longer OS (12). It is noteworthy that these studies tended to include cases with the gastric site, advanced stage, and relapse disease, early-stage PBMZL rarely seen. Regarding the group undergoing none of the conventional treatments in our cohort, it was not homogenous. We infer that observation and immunotherapy were the most likely policies, considering almost half of these patients were diagnosed before 2006 and the remaining were diagnosed in the post-rituximab era. Both univariate and multivariate analysis indicated that the calendar year of diagnosis (≤2005) was of no significance, leaving room to consider the non-inferiority of observation and doubt the superiority of immunotherapy for early-stage PBMZL. If corroborated by prospective studies, this conclusion is of great importance because patients can avoid overtreatment and benefit physically, psychologically, and economically, especially under the worldwide epidemic of COVID-19. Given the indolent course of this lymphoma and the non-superiority of conventional oncological modalities, the policy of watch and wait may be worthwhile considering in the management of early-stage PBMZL. For patients in need of systemic treatment, further research is warranted on novel targeted agents, which have shown significant efficacy and a manageable safety profile in relapsed or refractory EMZL (29, 30).

The staging of EMZL involving paired organs bilaterally remains contentious. Bilateral PBL was thought to be stage IV disease and associated with aggressive diseases and adverse outcomes in some publications (31, 32). It should be noted that most of those cases were diffuse large B-cell lymphoma. In our study, 10 cases with bilateral PBMZL were included and considered stage I or II. Laterality of lesions was related to the choice of treatment and half of the 10 patients received CT, which was unfavorable to survival in our results. Under these circumstances, proper stage and treatment are particularly important for bilateral PBMZL. In our study, laterality was not a predictor for OS or DSS in the univariate analysis. It seems that in the group of patients with disseminated disease, bone marrow infiltration or nodal disease rather than involvement of multiple mucosal sites is associated with a worse prognosis (24). Furthermore, 18F-FDG PET/CT finds active disease involving only the breasts in a case of PBMZL (33), supporting that bilateral involvement is a biologic phenomenon. Based on these observations, it appears to be appropriate to classify bilateral PBMZL without bone marrow or extensive nodal involvement as an early-stage disease, thus avoiding unnecessary CT.

Limitations of our study include those inherent in observational population-based studies. First, the role that other covariates describing the disease aggressiveness and individual situation, such as tumor size, laboratory indexes, and performance status, play in prognosis remains unknown on account of unavailable data from SEER. In this instance, the conclusion that CT is unfavorable to disease-specific survival has limitations to some extent as a finite number of variables were included in the multivariate analysis. The frequency and pattern of relapse, which is commonly seen in EMZL (34), is also not currently available in this database. Second, we cannot classify and assess the CT program in detail as a result of the unspecified composition of different schemes. Additionally, the group receiving no RT, Sx, or CT is not homogenous and it is unclear whether these patients underwent watch and wait strategies or immunotherapy, or other treatments. Thus, it would be better to extrapolate our conclusions to the whole population more conservatively.



Conclusion

In conclusion, our study reviewed the clinical features, treatments, and outcomes of 370 early-stage PBMZL from the SEER database. The survival data shows the indolent course of the disease, comparable to other EMZL. Neither RT nor Sx can improve OS and DSS. Though older age, concomitant tumor, and CT predict poorer OS, only CT accounts for higher PBMZL-specific mortality. Since traditional oncological treatments fail to bring survival benefits, observation may be advisable in the management of early-stage PBMZL, and further research on novel targeted agents is warranted for patients in need.
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Supplementary Figure 1 | Kaplan-Meier survival curves stratified by treatments in the young and old patients. (A, B) Kaplan-Meier curves of overall survival (A) and disease-specific survival (B) stratified by treatments in the young (age≤60 years) patients. (C, D) Kaplan-Meier curves of overall survival (C) and disease-specific survival (D) stratified by treatments in the old (age>60 years) patients. CT, chemotherapy; RT, radiotherapy; Sx, surgery.
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