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Purpose: The clinical characteristics and prognoses of immunoglobulin G4-positive (IgG4+) and IgG4-negative (IgG4−) lacrimal lymphomas were comparatively analyzed to screen for clinical indicators with differential diagnostic significance.

Methods: This was a retrospective and single-center clinical study. From June 2011 to June 2018, clinical data of 39 patients with lacrimal lymphoma, diagnosed by histopathology were collected from the Department of Ophthalmology, Beijing Tongren Hospital, Capital Medical University.

Results: According to inclusion and exclusion criteria, 30 (76.9%) were in the IgG4− group and 9 (23.1%) were in the IgG4+ group. In the IgG4+ group, the sex ratio of male to female was 2:1 and the mean age was 56.67 ± 13.29 years old. In the IgG4− group, the sex ratio of male to female was 3.29:1 and the mean age was 61.47 ± 12.87 years old. Statistical analysis of the clinical indicators showed significant differences between the two groups in affected eye, preoperative history of glucocorticoids, ocular nerve thickening, the expression of serum IgG4 and prognosis (P < 0.05). There was no significant statistical difference in laboratory indicators between the two groups, including C3, C4, RF, ASO, CRP, IgA, IgM, IgG, IgG1, IgG2, and IgG3 (P > 0.05). The event-free cumulative percentages at 3 and 5 years for the 39 lacrimal lymphomas were 81.1 and 62.4%, respectively, with recurrence and death as end events. In 34 lacrimal gland MALT lymphoma cases, the event-free cumulative percentages at 3 and 5 years were 84.4 and 69.1%, respectively. In the IgG4+ and IgG4− groups, the event-free cumulative percentages at 3 years were 75.0 and 87.7%, respectively. The event-free cumulative percentage at 5 years was 62.6% in the IgG4-group and insignificant in the IgG4+ group. There was no statistical difference in event-free cumulative percentage between the two groups (P = 0.983).

Conclusion: The pathogenesis and disease characteristics of IgG4-positive lacrimal lymphoma may differ from IgG4-negative lacrimal lymphoma, but the positive expression of IgG4 may not have significant influence on the recurrence of lacrimal lymphoma.
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INTRODUCTION

Ocular adnexal lymphoma can involve multiple tissues, such as the conjunctiva and lacrimal gland, and accounts for 5–15% of extranodal lymphomas (1, 2). Among these, mucosa-associated lymphoid tissue (MALT) lymphoma is the most common pathological type, accounting for about 50–70% of ocular adnexal lymphoma, and has been found to be as high as 90% (3, 4). IgG4-related ocular disease can involve all orbital tissues and is characterized by extensive lymphocyte infiltration and sclerosis formation (5). Studies have found that the presence of a large number of IgG4+ plasma cells can be detected in lymphoma, suggesting a certain relationship between lymphoma and IgG4-related ocular disease (6, 7). At present, the role and mechanism of IgG4-positive expression in the pathogenesis of lymphoma are still unclear.

In this study, the pathological features, laboratory indicators, treatment, and prognosis of patients with IgG4+ and IgG4− lymphomas were compared and analyzed in order to find clinical and laboratory indicators with differential diagnosis significance.



METHODS


Patients

The current study is a retrospective, single-center clinical study conducted between June 2011 and June 2018. The medical records of lacrimal lymphoma confirmed by pathology were collected from the medical records database of the Department of Ophthalmology, Beijing Tongren Hospital, Capital Medical University, by professional ophthalmologists. The number of IgG4 positive expression was counted and confirmed by two professional pathologists. Since some patients had a history of IgG4-related ocular disease before the diagnosis of lymphoma and were treated with glucocorticoids, the inclusion criteria for IgG4+ lymphoma in this study were as follows: (1) diagnosed as lymphoma by histopathology; (2) histopathological findings > 10 IgG4+ plasma cells per high power field (HPF) and an IgG4+/IgG+ cell ratio > 30%; (3) a serum IgG4 concentration > 135 mg/dl; and (4) the patient had a history of IgG4-related ocular disease clearly diagnosed by pathology. Inclusion criteria for IgG4− lymphoma were as follows: (1) diagnosed as lymphoma by histopathology; (2) histopathological findings ≤ 10 IgG4+ plasma cells per HPF and an IgG4+/IgG+ cell ratio ≤ 30%; (3) a serum IgG4 concentration ≤ 135 mg/dL; (4) no history of IgG4-related ocular disease. Exclusion criteria: (1) other ocular lymphoproliferative lesions; (2) Other lacrimal tumors, including lacrimal pleomorphic adenoma, adenoid cystic carcinoma, and adenocarcinoma. A total of nine IgG4+ lymphomas (IgG4+ group) and 30 IgG4− lymphomas (IgG4− group) were identified that met two or more inclusion criteria. The study was approved by the Institutional Review Board of Beijing Tongren Hospital and carried out according to the tenets of the Declaration of Helsinki.



Clinical Data Collection

General information was collected from medical records database, including medical record number, age, gender, affected eye, previous history (including preoperative glucocorticoid therapy, operations, and sinusitis), clinical manifestations, course, imaging findings, immunohistochemical indicators, and prognosis. Imaging findings, including magnetic resonance imaging (MRI) or computed tomography (CT), were obtained and confirmed by professional radiologists. Course refers to the duration of clinical symptoms. The cases that did not meet the inclusion criteria and had incomplete medical history were excluded by two professional ophthalmologists.



Laboratory Data Collection

Peripheral venous blood samples were collected from the two groups of patients. The enzyme-linked immunosorbent assay was used to test indicators, including complement C3 and C4, rheumatoid factor (RF), c-reactive protein (CRP), hemolysin against streptococcus O (ASO), IgA, IgM, IgG, and IgG-subtypes (IgG1, IgG2, IgG3, IgG4). Enzyme-linked immuno sorbent assay (ELISA) kits were purchased from eBioscience (USA). The 96-well microplates were coated with captured antibodies. Plasma samples and standards were added and incubated for 2 h. The wells were washed and HRP-conjugated detection antibodies were added into each well. Plates were washed three times, and the reactions were stopped after incubation with the TMB substrate reagent and optical density read at 450 nm using a micro-plate reader (PerkinElmer, USA).



Treatment and Prognosis

All patients were treated with surgical resection. Lesions were removed via the anterior temporal eyebrow arch skin incision or the double eyelid skin incision depending on the size of the lesion. Adjuvant therapy, including radiotherapy and chemotherapy, were selected depending on the disease. The appropriate radiation range or chemotherapy regimen was chosen according to the pathological type of tumor and the extent of lesion involvement. The common methods used were external gamma radiation therapy and the CHOP regimen, which included cyclophosphamide, doxorubicin, vincristine, and prednisone.

The effective follow-up time was from definitive diagnosis of the first biopsy to the death of the patient or June 2020. The observation indicators during follow-up were general condition, including eyesight, eyelid swelling, and proptosis and imaging findings. In order to objectively evaluate the therapeutic effect and observe whether the lesions had recurred, preoperative and postoperative MRI examination was required for each patient. The specific time points were pre-surgery, 6 months, 1–3 years, and 5 years post-surgery. CT scans were done in patients with contraindications to MRI. Criteria for recurrence was as follows: eyelid swelling or lacrimal gland enlargement, accompanied by objective imaging evidence of lacrimal gland involvement, and confirmed by histopathological examination.



Statistical Analysis

GraphPad Prism 8.0 and SPSS 25.0 software were used for analysis. Measurement data were tested by One-sample Kolmogorov-Smirnov test. Mean ± standard deviation and independent sample t test were used to test the data of two groups consistent with normal distribution. Median and non-parametric rank sum test were used for data that did not conform to normal distribution. The chi-square test or Fisher's exact test were used for counting data. Survival curves for events were generated using the Kaplan–Meier method and compared between the two groups using log-rank tests. The influencing factors were analyzed via binary Logistic regression analysis. A P-value < 0.05 was considered statistically significant.




RESULTS


Results of Clinical Characteristics Analysis

The gender, age, affected eye, and previous histories of the 39 lymphoma patients were retrospectively analyzed. The results (Table 1) showed that the male-female ratio was 2:1 in the IgG4+ group and 3.29:1 in the IgG4− group. The mean age was 56.67 ± 13.29 years in the IgG4+ group and 61.47 ± 12.87 years in the IgG4− group. There was no statistically significant difference in the male to female ratio (P = 0.669) or age (P = 0.336) between the two groups. There was one case of right eye, five cases of left eye, and three cases of binocular disease in the IgG4+ group. There were 15 cases of right eye, 11 cases of left eye, and four cases of binocular disease in the IgG4− group. The incidence of monocular disease was more common in both groups and IgG4− group had a higher significantly incidence of monocular disease (P = 0.031). IgG4+ group had a significantly higher incidence of preoperative glucocorticoid therapy (P = 0.003). In the IgG4+ group, three patients had a history of previous surgery and three patients had a history of sinusitis. In the IgG4− group, two patients had a history of sinusitis. There were no statistically significant differences in history of previous surgery or sinusitis between the two groups (P > 0.05).


Table 1. Clinical characteristics of the IgG4+ and IgG4− lacrimal lymphoma.
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The clinical manifestations in the IgG4+ group were eyelid swelling in seven cases (77.8%), proptosis in two cases (22.2%), eyelid mass in one case (11.1%), and tearing in one case (11.1%). The clinical manifestations in the IgG4− group were eyelid swelling in 13 cases (43.3%), proptosis in nine cases (30.0%), eyelid mass in nine cases (30%), tearing in two cases (6.7%), dry eye in one case (3.3%), decreased vision in one case (3.3%), pain in one case (3.3%), and diplopia in one case (3.3%). Eyelid swelling was the main clinical manifestation in both groups and was not statistically significantly different between the two groups (P > 0.05). Imaging findings are shown in Figure 1. Lacrimal gland enlargement (100%), extraocular muscle thickening (33.3%), thickening of sinus mucosa (33.3%), and ocular nerve thickening (22.2%) were observed in the IgG4+ group, and lacrimal gland enlargement (100%), extraocular muscle thickening (10%), and sinus mucosa thickening (6.7%) were observed in the IgG4− group. There was a statistically significant difference in ocular nerve thickening between the two groups (P = 0.049); however, there was no statistically significant difference in sinus mucosa or extraocular muscle thickening (P = 0.070, P = 0.123). The mean course was 26.00 ± 33.99 months in the IgG4+ group and 20.57 ± 25.10 months in the IgG4− group and was not statistically different between the two groups (P = 0.603).


[image: Figure 1]
FIGURE 1. Imaging findings of lymphoma.




Results of Laboratory Indicators Analysis

Twelve laboratory indicators, including C3, C4, RF, ASO, CRP, IgA, IgM, IgG, IgG1, IgG2, IgG3, and IgG4, were analyzed in the 39 patients via the ELISA method. According to statistical analysis, C3, C4, IgA, IgG, and IgG1 were normal distribution, while IgM, RF, ASO, CRP, IgG2, IgG3, and IgG4 were not normal distribution. The results are shown as shown in Figure 2 and Table 1. There was no significant statistical difference in laboratory indicators between the two groups, including C3, C4, RF, ASO, CRP, IgA, IgM, IgG, IgG1, IgG2, and IgG3 (P > 0.05). And the expression of serum IgG4 was higher in IgG4+ lymphoma than IgG4− lymphoma (P = 0.000).


[image: Figure 2]
FIGURE 2. Comparative analysis of laboratory indicators between IgG4+ and IgG4− lymphoma. Comparison of C3 concentration, P = 0.948; comparison of C4 concentration, P = 0.424; comparison of RF concentration, P = 0.682; comparison of ASO concentration, P = 0.332; comparison of CRP concentration, P = 0.909; comparison of IgA concentration, P = 0.690; comparison of IgM concentration, P = 0.961; comparison of IgG concentration, P = 0.068; comparison of IgG1 concentration, P = 0.528; comparison of IgG2 concentration, P = 0.059; comparison of IgG3 concentration, P = 0.315; comparison of IgG4 concentration, P = 0.000. P < 0.05 indicates statistical significance.




Results of Treatment and Outcome Analysis

There were 39 cases of lymphoma, including two NK/T cell lymphomas, two diffuse large B cell lymphomas, one mantle cell lymphoma, and 34 MALT lymphomas. In the IgG4+ group, one case underwent surgical resection, two cases underwent surgery combined with glucocorticoid therapy, four cases underwent surgery combined with radiotherapy, and two cases underwent surgery combined with chemotherapy. In the IgG4− group, five cases underwent surgery, 10 cases underwent surgery and glucocorticoid therapy, eight cases underwent surgery and radiotherapy, and seven cases underwent surgery and chemotherapy. In the IgG4+ group, the mean follow-up time was 4.03 ± 1.75 years and included two cases of recurrence, six cases of no recurrence, and one case of loss to follow-up. The mean follow-up time in the IgG4− group was 3.48 ± 1.44 years and included three cases of recurrence, 17 cases of no recurrence, four cases of loss to follow-up, and six cases of death (two cases of NK/T cell lymphoma, one case of diffuse large B-cell lymphoma, one case of mantle cell lymphoma, and two cases of MALT lymphoma). The results showed that there was a significant difference in prognosis between the IgG4+ and the IgG4− groups (P = 0.009), which may have been due to five cases of lymphoma with a high degree of malignancy included in the IgG4− group.

An event-free survival analysis was performed, with recurrence and death as endpoint events, as shown in Figure 3A. The event-free cumulative percentages for 3 and 5 years were 81.1 and 62.4%, respectively. Since NK/T cell lymphoma, diffuse large B cell lymphoma, and mantle cell lymphoma with higher degrees of malignancy influenced the prognosis, non-MALT lymphoma cases were excluded. A total of 34 MALT lymphomas were then analyzed and the results are shown in Figures 3B,C. The event-free cumulative percentages for 3 and 5 years were 84.4 and 69.1%, respectively. The event-free cumulative percentages for 3 years in the IgG4+ and IgG4− MALT lymphoma groups were 75.0 and 87.7%, respectively. The event-free cumulative percentage for 5 years in the IgG4− group was 62.6%, while the event-free cumulative percentage for 5 years in the IgG4+ group was insignificant, which may be related to the small sample size and insufficient follow-up time. There was no statistically significant difference between the IgG4+ and IgG4− groups (P = 0.983).
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FIGURE 3. Event-free survival analysis for lymphomas. (A) A total event-free survival analysis of 39 lymphomas; (B) A total event-free survival analysis of 34 MALT lymphomas; (C) Comparative analysis of event-free survival in nine IgG4+MALT lymphomas and 25 IgG4-MALT lymphomas, P = 0.983.





DISCUSSION

In recent years, the relationship between lymphoma and IgG4-related disease (IgG4-RD) has garnered extensive attention of researchers at home and abroad. Some patients with lymphoma, especially MALT lymphoma, have previous histories of IgG4-RD or significantly increased expression levels of IgG4, which are found in the serum and when doing histopathology in primary lymphoma. Thus, it is speculated that IgG4-RD can develop into lymphoma and IgG4 may be involved in the pathogenesis of lymphoma. Oleś (7) et al. considered that lymphoma could occur in the background of IgG4-RD, and that IgG4 may be produced by lymphoma cells. Sohn (8) et al. studied 30 cases of ocular adrenal lymphoma and found that 43.3% were IgG4+ plasma cell MALT lymphomas and 69% had conjunctival involvement. Furthermore, IgG4+ MALT lymphoma had a significantly higher incidence of bilateral ocular addendum involvement and a higher recurrence rate than IgG4− lymphoma (8). Go (9) et al. reported two cases of IgG4-RD that developed into MALT lymphoma. Cheuk (10) et al. reported that three cases of IgG4-associated chronic sclerosing dacryoadenitis developed into lymphoma. In addition, it has been reported that IgG4-RD can develop into diffuse large B-cell lymphoma and follicular lymphoma (10–12). Therefore, IgG4-RD has been found to develop into different pathological types of lymphoma, with MALT lymphoma the most common, though the incidence was low. Since IgG4-RD is a systemic disease, we should notice that lymphoma occurring in other sites may also be associated with this disease.

At present, the pathogenesis of IgG4-RD developing into lymphoma is still unclear. Studies have shown that it may be related to chronic antigenic stimulation that drives lymphoid proliferation, and the residue of reactive lymphoid follicles may provide conditions for malignant development (8). Yuka (11) et al. reported a patient with diffuse large B cell lymphoma that developed from IgG4-RD and concluded that chromosome t (14; 19) (q32; Q13.1) translocation may be associated with malignant transformation. Ohno (13) et al. believe that IgG4+ marginal zone lymphoma is characterized by the up-regulation of Th2 and regulatory cytokines, and which is similar to IgG4-RD, but different from IgG4− marginal zone lymphoma, suggesting that the pathogenesis of IgG4+ lymphoma might be different from IgG4− lymphoma. Adzavon (14) et al. preliminarily detected differentially expressed genes and pathways in IgG4-related dacryoadenitis and lymphoma using gene expression profile microarray analysis, which mainly focused on the B cell receptor signaling pathway, the NF-κB signaling pathway, FcγR mediated phagocytosis, the FcεRI signaling pathway, the EB virus infection signaling pathway, and the cancer signaling pathway.

Due to insufficient understanding of IgG4+ lymphoma and the low incidence of IgG4-RD developing into lymphoma, a large number IgG4+ lymphoma cases could not be compared with IgG4− lymphoma. The results of this study showed that there were significant differences between the two groups in laterality, preoperative glucocorticoid history, nerve thickening, serum IgG4 and prognosis. These results indicated that IgG4− lymphoma was most common in monocular disease, while IgG4+ lymphoma was more common in binocular disease, which is consistent with reported literature (7). Preoperative glucocorticoid administration was more common in IgG4+ lymphoma, which may be related to the previous history of IgG4-related ocular disease. And the expression of serum IgG4 was higher in IgG4+ lymphoma than IgG4− lymphoma. IgG4+ lymphomas showed more nerve thickening and extraocular muscle thickening on imaging, which may be a specific way to differentiate the two groups of disease. However, only ocular nerve thickening was statistically significant between the two groups, and there was no statistically significant difference in extraocular muscle thickening. Due to the small sample size and the subjectivity of imaging evaluation, this result needs to be further verified. The number of deaths was more in the IgG4− group, which may be due to a higher degree of malignancy in the cases of diffuse large B-cell lymphoma, NK/T cell lymphoma, and mantle cell lymphoma. Among these, four cases died of recurrent lymphoma, which led to a worse prognosis in the IgG4− group. However, the above results may indicate differences in pathogenesis and disease characteristics between IgG4-positive and IgG4-negative lymphoma.

Kubota (15) et al. analyzed 114 cases of ocular adrenal marginal B-cell lymphoma, and found that IgG4+ cases accounted for 9%, and the serum IgG, IgG1, IgG4, IgE, and soluble interleukin-2 receptors in the IgG4+ group were significantly higher than in the IgG4− group. These results suggest that IgG4+ lymphoma may have similar histological and serological characteristics as IgG4 related ocular disease. In our study, laboratory indicators including C3, C4, RF, ASO, CRP, IgA, IgM, IgG, IgG1, IgG2, and IgG3 were not significantly different between the two groups, which needed to be further verified.

Lee (16) et al. analyzed three cases of IgG4+ lymphoma and 40 cases of IgG4− lymphoma, and the results showed that the survival period for IgG4− lymphoma was longer, but this result was not statistically significant. And there was no statistically significant difference in event-free cumulative percentages between the IgG4+ and IgG4− groups in our study, which indicated that IgG4 positive expression may not have a significant effect on the prognosis of MALT lymphoma. However, this results may be influenced by the small sample size and short follow-up time. To determine whether IgG4+ expression has an impact on the prognosis of lymphoma, further studies may need to be conducted with a longer follow-up period.

In conclusion, the clinical features and prognosis of IgG4 positive and IgG4 negative lacrimal lymphoma were analyzed contrastively. The results of this study showed that binocular disease, ocular nerve thickening and the higher expression of serum IgG4 were more common in IgG4-positive lacrimal lymphoma than IgG4-negative lacrimal lymphoma. The pathogenesis and disease characteristics of IgG4-positive lacrimal lymphoma may differ from IgG4-negative lacrimal lymphoma, but the positive expression of IgG4 may not have significant influence on the recurrence of lacrimal lymphoma.
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