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Ocular adnexal mucosa-associated lymphoid tissue (MALT) lymphoma (OAML) is the most common type of ocular lymphoma with a higher prevalence in Asia than in Western countries. OAML represents 1%–2% of all non-Hodgkin’s lymphoma, 5%–15% of extranodal lymphomas, and approximately 55% of orbital malignancies. “Watch and wait” after biopsy or surgical resection, radiation therapy, and systemic treatment, including antibiotics administration and chemotherapy with various combinations of regimens can be considered for OAML treatment. Radiotherapy is adapted for limited-stage disease with excellent clinical outcomes of 85–100% complete remission and relatively superior local control efficacy and treatment duration. In contrast, chemotherapy has rarely been tested as frontline therapy. Nonetheless, several studies have reported a favorable response and long duration of progression-free survival using chemotherapy adaptations. When the disease involves both eyes or spreads beyond the conjunctiva, the risk of recurrence increases and limited-stage OAML has a recurrence rate of approximately 25% following radiotherapy only. Therefore, although recent consensus in the literature is that patients with limited-stage OAML recommended treating with radiation, physicians may choose the treatment modality not only by its efficiency but also by its adverse events profile and patients’ well-being. Herein, we present a large single-center study on OAML that included 292 patients who were followed up for up to 237 months. We collected and analyzed real-world data focusing on treatment outcomes and the role of radiotherapy as frontline therapy, and aimed to compare outcomes and complication profiles of chemotherapy, especially in limited-stage OAML, to identify an optimal treatment strategy.
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Introduction

Ocular adnexal mucosa-associated lymphoid tissue (MALT) lymphoma (OAML) is the most common type of ocular lymphoma with a higher prevalence in Asia than in Western countries (1, 2). OAML represents 1%–2% of all non-Hodgkin’s lymphoma, 5%–15% of extranodal lymphomas, and approximately 55% of orbital malignancies (2–4). “Watch and wait” after biopsy or surgical resection, radiation therapy, and systemic treatment, including antibiotics administration and chemotherapy with various combinations of regimens can be considered for OAML treatment. However, there is no universally adapted therapy for OAML and other indolent marginal zone lymphomas except for such cases as gastric MALT lymphoma with Helicobacter pylori infection (5). Several retrospective studies reported that the “watch and wait” approach or antibiotic therapies have acceptable clinical outcomes but still have controversial issues with limited indications (6–10). Radiotherapy is adapted for limited-stage disease with excellent clinical outcomes of 85–100% complete remission and relatively superior local control efficacy and treatment duration (11). In contrast, chemotherapy has rarely been tested as a frontline therapy. Nonetheless, several studies have reported a favorable response and long duration of progression-free survival using chemotherapy adaptation (12–14). When the disease involves both eyes or spreads beyond the conjunctiva, the risk of recurrence increases, and limited-stage OAML has a recurrence rate of approximately 25% following radiotherapy only (3, 15–18). Therefore, although the recent consensus in the literature is that it is recommended that patients with limited-stage OAML be treated with radiation, physicians may choose the treatment modality not only by its efficiency but also by its adverse events profile and patients’ well-being. Herein, we present a large single-center study on OAML that included 292 patients who were followed up for up to 237 months. We collected and analyzed real-world data focusing on treatment outcomes and the role of radiotherapy as frontline therapy and aimed to compare outcomes and complication profiles of chemotherapy, especially in limited-stage OAML, to identify an optimal treatment strategy.



Methods


Patient Enrolment, Diagnosis, and Staging Workup

This single-center retrospective analysis included 292 patients diagnosed with OAML at the Catholic University Lymphoma Group between January 2004 and February 2020. OAML was diagnosed according to the morphological and immunophenotypic diagnostic criteria of lymphoma as defined by the World Health Organization (WHO) classification (19). Adequate Immunophenotyping of CD20 (+) with CD5 (-), CD10 (-), Cyclin-D1 (-) and demonstrating light chain restriction were performed with paraffin-embedded tissue specimen from the orbital adnexa lesion to diagnose MALT lymphoma and rule out other indolent lymphomas based on WHO classification. Expert pathologists confirmed the diagnosis of OAML made at the Catholic University Lymphoma Group, and experienced ophthalmologists at Catholic University Lymphoma Group performed tissue biopsies and further surgical treatment of OAML.

For staging work-up, we evaluated the routine imaging of the orbit area using magnetic resonance imaging and computed tomography of the neck, chest, abdomen, and pelvis, as well as 18-fluoro-2-deoxy-D-glucose (FDG) positron emission tomography (PET)-CT torso scan to detect distant lymph node or organ involvement. In our institution, bilateral iliac bone marrow crest biopsy is the routine and standard procedure for any lymphoma patients for staging work-up and initially conducted to identify bone marrow involvement in all patients suspected of having lymphoma regardless of its subtypes. All enrolled patients were stratified using the MALT-lymphoma International Prognostic Index (MALT-IPI) as reported (20), with the Ann-Arbor classification. Primary OAML was defined as a malignant neoplasm involving the conjunctiva, lacrimal gland, orbit, and eyelid. Therefore, bilateral ocular adnexal involvement was described as Ann-Arbor stage IE rather than IVE (21). We report according to the American Joint Committee on Cancer (AJCC) TNM staging system using orbital magnetic resonance imaging at the time of diagnosis, and as our group previously reported, we also identified patients who were more suitable for treatment strategies for localized OAML (15, 21). This AJCC TNM staging system is presented in Table S1.



Treatment Strategy

The primary therapeutic modalities were determined using the TNM staging system combined with Ann-Arbor staging. Patients diagnosed with localized T1 or T2 stage with N0M0 or most Ann-Arbor stage IE generally underwent radiotherapy as first-line therapy. T3 to T4 with N0M0 patients were treated with either chemotherapy or radiotherapy according to the patients’ general status and the clinician’s decision. In the case of radiotherapy (n=179), the median treatment dose was 30 Gy (range, 20 to 40 Gy) with 1.8 to 2.0 Gy daily fraction size. Radiation dose was determined based on the location and extent of the lesion, and electron beams (5 to 10 MeV) were given to superficial lesions such as conjunctiva or eyelid. However, a 3D conformal plan and intensity-modulated radiotherapy were treated for deep-seated tumors. For lens protection, either a contact lens shield or hanging block was used in order not to reduce the target coverage. Target volume for any conjunctival or lacrimal glands mass lesions was defined as the entire conjunctiva, and for retrobulbar lesions, the whole orbital socket was treated. Patients with bilateral lesions were treated simultaneously.

Chemotherapy was administered to patients with an advanced Tx stage with N1 to N4 or M1, malignant cells involving bone marrow (n=44), or selected patients with bilateral involvement of the ocular adnexal area (n=53). The primary chemotherapy regimen was 8 cycles of R-CVP applied as the local standard, consisting of cyclophosphamide 750 mg/m2, vincristine 1.4 mg/m2, rituximab 375 mg/m2 on day 1, and prednisolone 60 mg/m2 on days 1–5 every 21 days. Several Ann-Arbor IE, T1 or T2 stage with N0M0 patients without any advanced nature also underwent chemotherapy because they refused treatment with radiotherapy for fear of ophthalmologic complications.



Treatment Response and Adverse Events Assessment

All patients underwent a response evaluation every 3 months for 1 year, followed by every 6 months for 3 years, and then an annual check-up for local or systemic relapse by ophthalmologic and imaging studies. FDG PET-CT evaluation was always included in routine imaging workup if patients were initially diagnosed with extranodal involvements. However, if patients were diagnosed in localized OAML, only CT was performed to monitor systemic relapse. The following revised response criteria for malignant lymphoma were used for response assessment: complete remission was defined as the disappearance of all disease evidence, partial remission as at least 50% regression, but measurable remnant disease without a new lesion, progressive disease as any newly occurring lesion that had increased by more than 50% of the previously involved sites, and stable disease as the failure to attain complete remission, partial remission, or progressive disease (22). Adverse events related to chemotherapy or radiotherapy were assessed by an ophthalmologist, hematologist, and radiation oncologist according to the National Cancer Institute-Common Toxicity Criteria Adverse Events (version 5.0). Regular base questioning for subjective ophthalmologic symptoms, slit-lamp examination, visual field examination, Schirmer’s test, tear film break-up time, best-corrected visual acuity using the Snellen chart, and cataract evaluation using the Lens Opacity Classification System III was performed in radiotherapy-treated patients to assess ophthalmic complications.



Ethical Approval

The study protocol was approved according to the guidelines of the institutional review board and ethics committee of the Catholic Medical Center, Republic of Korea. Consent for publication was not applicable for this study and was permitted by the institutional review board and ethics committee guidelines of the Catholic Medical Center (KC21RISI0358).



Statistical Analysis

Overall survival was defined as the time from pathologic diagnosis to death or the last follow-up. Progression-free survival was calculated from the pathologic diagnosis until disease progression, transformation to aggressive lymphoma, relapse after complete remission, or death. Patients who remained disease-free at the time of the last follow-up were censored. Overall survival and progression-free survival were estimated using the Kaplan–Meier method, and the log-rank test was used to compare the differences between groups. Using cumulative incidence estimation, we calculated the cumulative incidence of relapse and non-relapsed mortality and compared the groups using Gray’s test. We treated death by any event without relapse and relapse incidence as competing risks for cumulative incidence of relapse and non-relapsed mortality calculations. Univariate analysis variables were selected based on prior literature on currently known factors or potential factors affecting survival outcomes according to the researcher’s prediction (13, 23). Multivariable analyses were performed using stepwise selection among candidate variables chosen from univariate analysis and excluding highly correlated variables. Demographic and clinical characteristics were analyzed using Student’s t-test and Chi-squared test. The R software version 3.4.1 (R Foundation for Statistical Computing, Vienna, Austria) was used for statistical analyses and a p-value <0.05 was considered statistically significant.




Results


Patients’ Characteristics and Clinical Manifestations

Table 1 presents the demographic and clinical characteristics of the patients with OAML. The median age at diagnosis was 47 years (range, 18–84 years), and there were slightly more women (59.6%, n=174) than men (40.4%, n=118). OAML was diagnosed in the conjunctiva, orbital, eyelid, and lacrimal glands or ducts in 181 (61.9%), 58 (19.9%), 30 (10.3%), and 23 (7.9%) patients, respectively. At presentation, 247 (84.6%) patients had Ann-Arbor stage IE disease, including 159 (54.4%) patients with a TNM-AJCC stage T1N0M0 (n=104) or bT1N0M0 (n=55), representing OAML involving a single or both conjunctivas without orbital involvement. Moreover, 60 (20.5%), 24 (8.2%), and 4 (1.4%) patients presented with T2N0M0 involving the orbital area, T3N0M0 involving the preseptal eyelid, and T4N0M0 with lesions extending beyond the orbit to adjacent structures, respectively. Eighty-nine (30.5%) patients had bilateral involvement of ocular adnexal lesions, and 23 (7.9%) complained of B-symptoms. Advanced Ann-Arbor stage with extraocular involvement was present in 5 (1.7%) patients with stage II disease, 5 (1.7%) with stage III disease, and 35 (12.0%) with stage IV disease. The majority of patients (n=221, 75.7%) were classified as MALT-IPI low risk.


Table 1 | Clinical characteristics of primary ocular adnexal MALT lymphoma (total n=292).





Clinical Outcomes of Chemotherapy and Radiotherapy as First-Line Treatment

A total of 179 (59.3%) patients underwent radiotherapy as first-line therapy, including 178 patients with Ann-Arbor stage IE and one with Ann-Arbor stage II. By reclassifying the AJCC-TNM stage, 137 patients were either T1N0M0 or bT1N0M0, and the remaining 41 were beyond bT1N0M0 in the Ann-Arbor stage IE patient group. Overall, 158 (88.8%) patients who underwent radiotherapy with either ≥3,000 cGy (n=92, 51.7%) or <3,000 cGy (n=86, 48.3%) and achieved complete remission without relapse, which represented excellent outcomes of radiotherapy alone in limited-stage OAML. After radiotherapy, relapses were diagnosed from a median of 43 months (range, 12–91 months), and all 20 (11.2%) patients showed local relapse patterns without distant systemic relapse. Among the 20 relapsed patients, 13 presented with contralateral eye relapse. However, one patient with a third relapse found to be systemic, initially relapsed as a contralateral eye, eventually died due to refractoriness, and also possessed central nervous system lesions and bone marrow involvement of lymphoma with complex karyotype abnormalities.

Chemotherapy was used to treat 97 patients with OAML, of whom 53 (54.6%) were Ann-Arbor stage IE OAML. In the chemotherapy group of limited-stage, interim response evaluation was performed four cycles after R-CVP; 32 (60.4%) patients were in complete remission, and 21 (39.6%) patients were in either partial remission (n=20) or stable disease (n=1). However, 49 (92.5%) patients presented complete remission in response, and 4 (7.5%) remained in partial remission without stable disease or progressive disease, as the best response during follow-up. Ultimately, 44 (83.0%) patients achieved complete remission, and 9 (17.0%) relapsed after first-line chemotherapy. Among the 97 entirely chemotherapy-treated patients, 84 (86.6%) patients achieved complete remission, and 13 (13.4%) patients experienced a relapse. Relapse after frontline chemotherapy was diagnosed from a median of 41 months (range, 9–89 months) after treatment, and 9, 2, and 2 patients were initially Ann-Arbor stage IE, stage IIE, and stage IV, respectively. Six patients relapsed locally in the initially involved areas. Five patients relapsed locally advanced, beyond the initially involved field, and involving the eye socket. Two patients experienced recurrence at a distant location (spleen, kidney, cervical or mesenteric lymph nodes, and central nervous system). Locally relapsed patients (n=6) were treated with involved-field radiotherapy, and complete remission was achieved without treatment-related death or a third relapse. Relapsed as locally advanced (n=5) and systemic relapsed patients (n=2) were treated with salvage chemotherapy, two of whom were diagnosed with diffuse large B-cell lymphoma transformation. All patients with locally advanced relapse achieved complete remission after salvage chemotherapy. The responses to each first-line chemotherapy regimen and radiotherapy dose are summarized in Table 2 and Table S2.


Table 2 | The first-line treatment and clinical response stratified according to disease stage at diagnosis (total n=292).





Adverse Events of Each Primary Therapeutic Modality

Among 292 enrolled patients, 178 and 53 patients went through radiotherapy and chemotherapy as first-line treatment in limited-stage IE OAML, respectively. The other sixteen patients underwent surgical resection of OAML lesions only and achieved long-term complete remission. Permanent radiotherapy-related ophthalmic complications, including dry-eye syndrome (38.8%, median 4.2 months after beginning radiotherapy, range 0.8 to 12.3) and cataracts (26.4%, median 41.5 months, range 10.8 to 61.9), caused a persistent decline in quality of life (QoL). Twenty-three patients (12.9%) diagnosed with cataracts related to radiotherapy were less than 50 years old, and nineteen patients (10.7%) were treated with cataracts extraction surgery. Other significant ophthalmic complications included 25.3% of adnexal inflammation (median 2.0 months, range 0.5 to 9.1), 10.1% of radiation retinopathy (median 7.4 months, range 1.0 to 15.2), and 3.4% of nasolacrimal duct obstruction requiring surgical correction (median 3.8 months, range 1.5 to 9.8).

Conversely, the most significant chemotherapy-related complications were mainly temporal hematological adverse events. None of these adverse events lasted more than three months (median 26.5 days, range 4.5 to 86.7). Grade III-IV neutropenia (26.4%), anemia (5.7%), and thrombocytopenia (1.9%) were observed during chemotherapy as hematological adverse events. Among 14 patients who experienced Grade III-IV neutropenia during chemotherapy, only three patients required hospitalization to manage neutropenic fever. Grade III-IV hepatotoxicities (5.7%), acute renal injury (1.9%), and peripheral neuropathy (1.9%) were observed as non-hematological adverse events but were manageable and transient. Furthermore, both treatment modality groups did not show treatment-related mortality. Tables 3 and Table S3 list the adverse events after first-line treatment, either radiotherapy or chemotherapy for primary OAML in the limited-stage IE subgroup and the entire cohort.


Table 3 | Adverse events by treatment modalities in Stage IE (n=231)†.





Factors Affecting Clinical Outcomes

During a median follow-up of 68.1 months (range, 3.2–237.3 months), the overall survival and progression-free survival were 97.2% (95% confidence interval [CI], 89.3–99.3%), and 80.7% (95% CI, 73.1–86.4%), respectively. Cumulative incidence of relapse and non-relapsed mortality after completing the first-line treatment were 17.6% (95% CI, 12.2–23.9%) and 1.6% (95% CI, 0.1–7.7%), respectively. Associations between age, sex, location of lesions limited to conjunctivas or extended, bilaterality, stage, initial treatment modality, radiation dose, and progression free survival or cumulative incidence of relapse were evaluated. Univariate analyses of each survival outcome in the entire cohort and in the stage IE subgroup are presented in Tables S4 and S5. Multivariable analysis showed the statistical significance of inferior progression-free survival in bilateral OAML involvement (hazard ratio [HR] = 2.62, p = 0.005 in the entire cohort and HR = 3.28, p = 0.001 in stage IE subgroup) and initial TNM stage beyond bT1N0M0 (HR = 2.35, p = 0.015 in the entire cohort and HR = 3.15, p = 0.002 in the stage IE subgroup) in both the entire cohort and stage IE subgroup. Multivariable analysis also showed similar results of significant inferior cumulative incidence of relapse in bilateral OAML involvement (HR = 2.67, p = 0.004 in the entire cohort and HR = 3.30, p < 0.001 in stage IE subgroup) and initial TNM stage beyond bT1N0M0 (HR = 2.22, p = 0.022 in the entire cohort and HR = 2.94, p = 0.003 in the stage IE subgroup). These results are presented in Figure 1.




Figure 1 | Multivariable analysis of factors affecting progression-free survival and cumulative incidence of relapse. Multivariable modes were derived using stepwise selection among candidate variables, based on evident factors from previous reports or researcher’s prediction, with the Wald test for overall p-value for factors with >2 levels and p-value <0.05 to warrant inclusion in the model. As a result, multivariable analysis showed the statistical significance of inferior progression-free survival and cumulative incidence of relapse in bilateral OAML involvement and initial TNM stage beyond bT1N0M0 in both the entire cohort (A) and stage IE subgroup (B). All survival outcomes were defined as the time from pathologic diagnosis until each indicated time point (PFS; disease progression, transformation to aggressive lymphoma, relapse, or death, CIR; pathological diagnosis of relapse).






Discussion

We retrospectively analyzed 292 patients with OAML, with a median observation time of 68.1 months. A more extended follow-up period with 84 additional OAML patients was included compared with a previous report, and assessed patients treated with a homogeneous chemotherapy regimen of R-CVP or radiotherapy delivered a median dose of 30Gy (17 23). Although radiotherapy is the treatment of choice for limited-stage OAML, we focused on treatment outcomes in patients with limited-stage OAML using different frontline therapeutic modalities. OAML constitutes approximately 35%–80% of all ocular malignancies, and there is a higher proportion of primary OAML cases in Asian countries, such as Korea (2). Furthermore, in the Korean population, the initial presentation at a younger age with female predominance, mostly without distant organ involvement, is an important clinical characteristic of OAML (2, 15, 23).

The Ann-Arbor staging system often does not accurately reflect the stage of the extranodal organ involving lymphoma. To compensate for this limitation, the TNM staging system suggested by the AJCC includes additional staging categories based on greater detail, an accurate definition of local tumor extent, a description of multiple tumors, and a precise definition of regional nodal involvement concurrent with involvement of extranodal sites in the parotid or submandibular glands (21). Especially in limited-stage OAML, the accurate location of tumor involvement and its extent by TNM staging is related to a different prognosis (15). A previous study showed that bilaterality, non-conjunctival location, and nodal involvement were related to poor prognosis (16). In this study, 30.5% of patients had bilaterality, and 45.6% of them presented with non-conjunctival disease; accordingly, these patients had poor progression-free survival. A previous phase II study demonstrated that R-CVP was an efficient frontline regimen showing a durable response in limited-stage OAML with adverse factors, such as bilaterality or involvement beyond the conjunctiva (12). Furthermore, the clinical outcomes between the radiotherapy and chemotherapy group in this study showed no significant difference in the entire cohort and limited-stage OAML. Therefore, chemotherapy can be considered an alternative treatment option when physicians encountered cases of limited-stage but beyond bT1N0M0 or with bilateral involvement to prevent disease relapse or permanent radiotherapy-related complications.

Therapeutic strategies for OAML include surgical resection or biopsy with “watch and wait”, radiotherapy, and systemic treatment, including applying antibiotics and chemotherapy with various combinations of regimens. In our report, 16 patients diagnosed Ann-Arbor stage IE OAML with a localized unilateral conjunctival lesion of T1N0M0, and ophthalmologists decided to perform complete resection of the macroscopic lesion with careful observation. They remained in remission without relapse at a median of 32.4 months (range, 9.9-162.7 months) follow-up, suggesting that “watch and wait” might be a reasonable option after ruling out remnant lesions with potential ophthalmological damage. Previously, a few cases of the “watch and wait” approach have been reported with acceptable outcomes, but most of them were either from the refused initial treatment or asymptomatic OAML patients with uncertainty in selection criteria who might benefit without initial treatment (6, 7). Therefore, this issue warrants a prospective study. Several reports presented that antibiotics administration, such as doxycycline or clarithromycin, in OAML resulting a high response rate of up to 45-65% (8–10). However, the correlation between Chlamydia psittaci infection and OAML incidence is still controversial with geographic differences and not a universally adapted therapy as gastric MALT lymphoma (5, 16). Unfortunately, a Chlamydia psittaci infection study was not routinely performed in our institute; therefore, we did not analyze the clinical outcomes of antibiotics therapy.

Radiotherapy is currently the recommended first-line therapy in limited-stage OAML due to excellent treatment outcomes, low incidence of relapse, and the short treatment period of approximately three weeks without severe systemic adverse events. However, patients with OAML were relatively young (median age, 47 years), and radiotherapy as first-line therapy was more likely to lead to persistent complications, resulting in a lower QoL. Previous studies using radiotherapy demonstrated that the disease relapsed predominantly in an area that was not irradiated, mainly in the contralateral eye and rarely in distant extranodal organs (18, 24–26). In this study, 60.0% of relapsed OAML cases after RT were contralateral. In addition, there is controversy on the optimal radiation dose, and if the disease extends beyond the conjunctiva, the whole orbit should be covered during radiotherapy without lens shielding, thereby increasing the risk of cataracts considerably (27). Radiotherapy-related cataract may lead to early loss of near vision or other ophthalmic complications, including dry-eye syndrome and keratitis, resulting in a severe decline in QoL (28, 29). Furthermore, depending on the size and if involving sites in the orbit, the clinician could face patients complaining about radiotherapy induced ptosis (6.7%) or deformity of the orbital structure-related diplopia (5.1%). Several studies reported that low-dose radiotherapy with 4 Gy (2 Gy x 2) is effective and well-tolerated in patients affected with indolent non-Hodgkin lymphoma, including MALT lymphoma (30–33). OAML probably benefits the most from the 4 Gy protocol to avoid concomitant toxicities and achieve favorable outcomes. We did not have experience in low-dose radiotherapy of 4 Gy for OAML, but performing a prospective study to compare the safety and efficacy of conventional dosage versus low-dose radiotherapy in OAML will be a future task.

A wide range of chemotherapy regimens is available with or without anti-CD20 antibody rituximab for OAML or other indolent lymphomas (12, 14, 23, 34). In addition, rituximab monotherapy or investigational regimens, such as lenalidomide, were applied in the clinical trial setting (35–38). OAML patients also benefited from those chemotherapy, but a standard regimen is not currently established. Rituximab is an essential part of chemotherapy, and rituximab monotherapy or other combined regimens could be considered (such as CHOP consisting of cyclophosphamide, doxorubicin, vincristine, and prednisolone). However, the accredited standard chemotherapy regimen for indolent lymphoma was R-CVP, and national insurance covers only stage III or IV MALT lymphoma in Korea. Therefore, with our previous prospective study as evidence, we mainly utilize R-CVP regimen when considering systemic treatment in OAML patients (12). Although chemotherapy took a more extended treatment period than radiotherapy, requiring about six months to complete eight cycles of R-CVP, and should be carefully considered in patients with poor performance status or planning to become pregnant, chemotherapy demonstrated durable efficacy with more tolerable toxicity than radiotherapy and minimal delayed systemic or ophthalmologic adverse events. In addition, we routinely suggest sperm or ovum banking who decide to receive chemotherapy to release concerns about fertility issues in the younger patients. Hence, chemotherapy could be considered an alternative first-line therapy for relatively younger, limited Ann-Arbor stage, but beyond bT1N0M0 stage, patients with OAML, whereas radiotherapy could be reserved for older chemotherapy-ineligible or T1-bT1N0M0 stage patients.

There was a relatively small probability of events occurring with many censored patients because of the indolent nature of OAML with a long time-to-event, which may introduce bias in the study results. Therefore, the median follow-up duration of 68.1 months might not be sufficient to demonstrate the long-term course of this disease, especially for overall survival analysis. Although, given the fact that our study was retrospective and many previously known negative prognostic variables were not reproducible because of possible bias, relatively sufficient cohort size and the follow-up periods allowed us to analyze meaningful clinical parameters associated with distinguishing outcomes.

We demonstrated that Ann-Arbor limited-stage OAML patients should be re-staged based on AJCC-TNM staging and those with bilaterality or disease beyond the bT1N0M0 stage extending to orbital, eyelid, or eyelid adjacent structures beyond the orbit should be considered as a higher risk of relapse and poor progression-free survival. Since there were no clinical outcome differences between radiotherapy and chemotherapy in the limited-stage, these patients may carefully consider chemotherapy as an alternative to radiotherapy. Furthermore, younger patients who wish to avoid radiotherapy-related ophthalmic complications, often permanent, should also consider first-line chemotherapy. Radiotherapy can be reserved for older patients who may have difficulty bearing temporary but severe hematologic complications. In conclusion, chemotherapy may be regarded as a first-line treatment modality, except for patients with tumors limited to the uni- or bilateral conjunctiva or older OAML patients deemed unfit for chemotherapy.
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CR, complete remission; PR, partial remission; RT, radiotherapy.
*This patient relapsed as a high-grade transformation and finally achieved CR after six cycles of salvage chemotherapy with subsequent allogeneic hematopoietic transplantation and alive

since.

*One systemic relapsed patient received Ibritumomab tiuxetan (ZEVALIN®) therapy after failure of several conventional salvage regimens and achieved CR and alive since.

"One patient experienced 3 relapse as CNS infiltration after successtful local relapse treatment and eventually died.
*Patients relapsed as locally advanced OAML compared to the initial stage who received salvage chemotherapy with rituximab and bendamustine.
SThis patient was diagnosed with leiomyosarcoma and died without OAML relapse.
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Dry eyes 51 (28.7%) 18 (10.1%) Hematologic Neutropenia® 13 (24.5%) 14 (26.4%)
Cataract 22 (12.4%) 25 (14.0%) Anemia 1 (39.6%) 3(5.7%)
Cataract diagnosis <50yrs 14 (7.9%) 9 (5.0%) Thrombocytopenia 7 (13.2%) 1(1.9%)
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Adnexal inflammation* 28 (15.7%) 17 (9.6%) Acute renal injury 2 (3.8%) 1(1.9%)
Retinopathy 12 (6.7%) 6 (3.4%) Infection 7 (13.2%) 0(0%)
Nasolacrimal duct obstruction 0 6 (3.4%) Peripheral neuropathy* 16 (30.2%) 1(1.9%)
Therapy-related mortality 0 0 Therapy-related mortality 0 0

'Sixteen out of 247 limited-stage patients underwent surgical resection of OAML lesions only and achieved CR.
*Adnexal inflammation includes keratitis, blepharitis, or conjunctivitis.

SAmong 14 patients experienced Grade lli-IV neutropenia during chemotherapy, 3 patients required hospitalization to manage neutropenic fever.

*There were no Grade IV peripheral neuropathies, which requires delayed chemotherapy, pain controlled by anesthetic intervention, and excluded vincristine in subsequent treatment

regimen.
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Characteristics Values

Age (years), median (range) 47.0 (18 - 84)
Age >60 years 65 (22.3%)
Age =70 years 26 (8.9%)

Sex

Male 118 (40.4%)

Female 174 (59.6%)

Lactate dehydrogenase (IU/L), median (range) 347.0(177.0 - 780.0)

Normal 272 (93.2%)

Elevated 20 (6.8%)

B symptom

No 269 (92.1%)

Yes 23 (7.9%)

ECOG performance status

0 260 (89.0%)

1 30 (10.3%)

2 2(0.7%)

Anatomical location (biopsy-proven)

Conjunctiva 181 (61.9%)"

Orbit 58 (19.9%)

Eyelid 30 (10.3%)

Lacrimal gland or duct 23 (7.9%)

0D/0S/Both eye involvement 109 (37.3%)/94 (32.2%)/89 (30.5%)

Ann-Arbor stage/AJCC-TNM stage®

IE* 247 (84.6%)
T1NOMO 104 (35.6%)
bTTNOMOS 55 (18.8%)
T2NOMO 60 (20.5%)
T3NOMO 24 (8.2%)
TANOMO 4 (1.4%)

n 5(1.7%)
NIMO 4 (80.0%)
Na2Mo 1(20.0%)

m 5(1.7%)
N3MO 3 (60.0%)
Namo 2 (40.0%)

v 35 (12.0%)
Mia 23 (65.7%)
Mi1b 1(2.9%)
Mic 11 (31.4%)

Bone marrow involvement 12 (4.1%)

Ki-67 >10% 63 (21.6%)

MALT-IPI score

Low risk (0) 221 (75.7%)

Intermediate risk (1) 58 (19.9%)

High risk (2-3) 13 (4.5%)

AJCC-TNM stage, American joint committee on cancer proposed the tumor, node, metastasis staging system; ECOG, eastern cooperative oncology group; IPI, international prognostic
index; IU, international unit.

"The 167 patients were diagnosed with OMAL only in the conjunctiva, but the other 14 presented with conjunctiva and distant lymph node or extranodal organ involvement (1 with Ann-
Arbor stage Il and 13 with stage IV).

*Detailed TNM clinical staging system description is presented in Table SA.

*Ann-Arbor IE represents a single isolated anatomical site of extranodal disease without nodal involvement or distant metastasis.

SPresenting bilateral conjunctival involvement without any other lesions outside the conjunctiva.





