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Abstract
BACKGROUND
Anaplastic lymphoma kinase (ALK)-positive large B-cell lymphoma (LBCL) is an aggressive and rare variant of diffuse LBCL. Herein, we report an uncommon case of stage IE extranodal ALK-positive LBCL initially originating in the bulbar conjunctiva.

CASE SUMMARY
A 63-year-old woman presented with a mass in the left bulbar conjunctiva that had persisted for six months, accompanied by swelling and pain that had persisted for 3 d. Eye examination revealed an 8 mm slightly elevated pink mass in the lower conjunctival sac of the left eye. Microscopically, the tumor was composed of large immunoblastic and plasmablastic large lymphoid cells with scattered anaplastic or multinucleated large cells. Immunophenotypically, the neoplastic cells were positive for ALK, CD10, CD138, Kappa, MUM1, BOB.1, OCT-2, CD4, CD45, EMA, CD79a, CD38, and AE1/AE3, and negative for CD20, PAX5, Lambda, BCL6, CD30 and all other T-cell antigens. The results of gene rearrangement tests showed monoclonal IGH/IGK/IGL and TCRD rearrangements. Fluorescence in situ hybridization studies did not reveal any BCL2, BCL6 or MYC rearrangements. Furthermore, Epstein-Barr virus was not detected by in situ hybridization in the lesions. Based on the histopathological and imaging examinations, the neoplasm was classified as stage IE ALK-positive LBCL. No further treatments were administered. At the 6, 15, and 21 mo postoperative follow-up visits, the patient was in good condition, without obvious discomfort. This case represents the first example of primary extranodal ALK-positive LBCL presenting as a bulbar conjunctival mass, which is extremely rare and shares morphological and immunohistochemical features with a variety of other neoplasms that can result in misdiagnosis.

CONCLUSION
Awareness of the condition presented in this case report is necessary for early and accurate diagnosis and appropriate treatment. 
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Core Tip: Anaplastic lymphoma kinase (ALK)-positive large B-cell lymphoma (LBCL) is an aggressive and rare variant of diffuse LBCL. Herein, we report an uncommon case of stage IE extranodal ALK-positive LBCL initially originating in the bulbar conjunctiva. This case represents the first example of primary extranodal ALK-positive LBCL presenting as a bulbar conjunctival mass, which is extremely rare and shares morphological and immunohistochemical features with a variety of other neoplasms that can result in misdiagnosis. Awareness of the condition presented in this case report is necessary for early and accurate diagnosis and appropriate treatment.

INTRODUCTION
Anaplastic lymphoma kinase (ALK)-positive large B-cell lymphoma (LBCL) is an aggressive B-cell non-Hodgkin’s lymphoma, a rare variant that accounts for < 1 % of diffuse LBCL (DLBCL). This condition shows distinctive immunoblastic and/or plasmablastic morphology, consistent absence or focal and weak expression of pan-B-cell markers while acquiring plasma cell-associated markers, abnormal ALK expression resulting from a chromosomal translocation t(2;17)(p23;q23) which fuses Clathrin and ALK genes, and originates from post-germinal center B cells[1] . However, primary extranodal site involvement is extremely rare, such as in the nasopharynx, tonsil, tongue, digestive tract, ovary, soft tissue, breast, pancreas, and skin[2-5]. 
Herein, we present the first uncommon case of primary extranodal ALK-positive LBCL manifesting as a bulbar conjunctival mass with aberrant T-cell receptor (TCR) rearrangement, which is unfamiliar to most pathologists and shares morphological and immunohistochemical (IHC) features with other neoplasms that can result in misdiagnosis. Awareness of this condition is necessary for early and accurate diagnosis and appropriate treatment.

CASE PRESENTATION
Chief complaints
A 63-year-old woman presented with a mass in the left bulbar conjunctiva that had persisted for six months, accompanied by swelling and pain that had persisted for 3 d. 

History of present illness
The mass had not significantly increased in size since its discovery. It was not taken seriously at the time and was not treated. However, swelling and pain appeared 3 d ago.

History of past illness
The patient had undergone aortic valve replacement surgery 8 years ago. 

Personal and family history
The personal history had no abnormalities. There was no immunodeficiency, particularly human immunodeficiency virus (HIV) infection. The patient had no family history of lymphoid hematopoietic system tumors and hereditary diseases.

Physical examination
Eye examination revealed an 8 mm slightly elevated, sessile, pink-colored sub-epithelial mass described as a “salmon patch” in the conjunctival sac of the left eye (Figure 1, anterior segment image), which could move with eyeball rotation, accompanied by congestion and edema of the surrounding conjunctiva. 

Laboratory examinations
No abnormalities were found in routine blood, biochemical tests and lactose dehydrogenase levels.

Imaging examinations
For in-depth diagnosis and treatment of this patient, positron emission tomography/computed tomography examination was performed after conjunctival mass resection, and revealed no other positive signs in the body.

Histopathology
Macroscopically, the surface of the specimen was smooth and the cross section was solid, grayish-white, and focally darkish red, and it measured 1.3 cm × 0.9 cm × 0.6 cm.
[bookmark: OLE_LINK7294][bookmark: OLE_LINK7293]Microscopically, the tumor was well-demarcated in low-power fields and showed diffuse infiltration of monomorphic lymphoid cells in the stroma of the conjunctival subepithelium (Figure 2A) and focal involvement of the accessory lacrimal gland (Figure 2B). Most of the superficial epithelium was exfoliated and absent. The neoplasm comprised uniformly moderate to large immunoblastic and plasmablastic cells. In tumor cells with an immunoblastic appearance, the cytoplasm was abundant and pale eosinophilic, basophilic, or amphophilic. The nuclei were large and round with vesicular chromatin; a clear nuclear membrane; and a single prominent, centrally located eosinophilic nucleolus (Figure 2C). Plasmablastic cells were slightly smaller with basophilic or amphophilic cytoplasm and had a large, round, centrally or eccentrically placed nucleus with clumped chromatin and a conspicuous nucleolus or several small peripherally located nucleoli (Figure 2D). Pleomorphic neoplastic giant cells with multinucleation or binucleation were observed focally (Figure 2E). In addition, mitotic activity was brisk and easily observable, with up to 16 cells per high-power field. Furthermore, focal necrosis, abundant apoptotic debris, and hemorrhage were observed (Figure 2F).

Molecular analysis findings
A polymerase chain reaction-based clonality study was performed for immunoglobulins (Ig) and TCR according to BIOMED-2 protocols. The results showed monoclonal IGH/IGK/IGL and TCRD rearrangements; however, monoclonal TCRB and TCRG rearrangements were not detected. Fluorescence in situ hybridization (FISH) studies did not reveal any BCL2, BCL6, and MYC rearrangements. Furthermore, in situ hybridization did not detect an Epstein-Barr virus (EBV) infection in the lesions.

IHC results
Given that the first IHC only showed CD79a patchily weak positive, an extensive IHC panel was performed using a streptavidin-peroxidase assay in batches to further confirm the nature of the neoplasm with appropriate reactive controls. 
Immunophenotypically, the neoplastic cells were diffusely positive for ALK (cytoplasmic with perinuclear intensification) (Figure 3A), CD10 (Figure 3B), CD138 (Figure 3C), Kappa, MUM1, BOB.1 (Figure 3D), OCT-2 (Figure 3E), CD4 (Figure 3F), CD45, EMA (Figure 3G), and Vimentin. Furthermore, they were focally weak positive for CD79a (Figure 3H), CD38, IgA (Figure 3I), CK (AE1/AE3), and CD99 (plasmalemma staining) and negative for CD20 (Figure 3J), PAX5, Lambda, IgG, IgM, BCL6, CD30, CD21, CyclinD1, c-MYC, BCL2, CD3, CD5, CD43, CD8, TIA-1, CD56, CD117, MPO, TDT, S-100, HMB45, Desmin, INI-1, and BRG1. The proliferation index (Ki67) was approximately 70%. ALK showed a cytoplasmic distribution and a perinuclear pattern, reflecting Golgi localization.

FINAL DIAGNOSIS
Based on the above observations, a final diagnosis of primary ALK-positive LBCL of the left bulbar conjunctiva was made, and the neoplasm was subsequently classified as stage IE using the Ann Arbor staging system, and the International Prognostic Index score was 0.

TREATMENT
Surgical resection was performed with no complications. No further treatments were administered for any indication.

OUTCOME AND FOLLOW-UP
During the return visit and four weeks postoperative follow-up, a scar was present in the conjunctiva; however, the patient had no clinical symptoms and blood counts, biochemical tests, and lactose dehydrogenase levels were within normal ranges. At 6, 15, and 21 mo postoperative follow-up visits, the patient was in good condition without obvious discomfort and remained in regular follow-up.

DISCUSSION
Based on the best of our knowledge and extensive literature search, we believe that ALK-positive LBCL is a rare variant of DLBCL that has not been previously reported in the conjunctiva. Its identification in routine pathological examinations remains challenging; however, recognition of this condition is important, as it possesses an aggressive clinical course and the conventional therapy used for typical DLBCL has limited efficacy. Therefore, pathologists should be aware of this lymphoma to make an accurate diagnosis.
Clinically, ALK-positive LBCL can occur in all age groups (range: 9–90 years old). It affects men more than women (male/female: 5:1), and usually presents as a mediastinal mass or diffuse lymphadenopathy. Approximately half of the patients present with B symptoms[1-3,6], whereas a male patient had spontaneous tumor lysis syndrome[7]. Most cases have no association with immunosuppression, whereas one case was comorbid with an HIV infection[8]. Notably, one case was treated with azathioprine for ulcerative colitis[9]. At present, there are no reports of human herpesvirus-8 infection; however, two cases of EBV infection have been reported[10,11].
Histopathologically, ALK-positive LBCL features a monomorphic immunoblastic and/or plasmablastic appearance, diffuse or sinusoidal infiltrative patterns in the lymph nodes, and diffuse or sheet-like growth patterns in extranodal sites. Small lymphocytes and mature plasma cells are present in the background, whereas in a rare case, this condition was accompanied by prominent neutrophilic infiltration[12].
The immunophenotype of ALK-positive LBCL is consistent with plasmablastic differentiation; therefore, the neoplastic cells are diffusely positive for plasma cell markers and CD45 and B-cell-specific transcriptional factors (including BOB.1 and OCT-2), whereas the mature pan-B cell markers are downregulated and present as mostly negative or focally weakly positive occasionally. Neoplastic cells are usually negative for T-cell and cytotoxic markers; however, the T helper marker CD4 is abnormally positive in half of the cases. The EMA is generally positive, whereas cytokeratin AE1/AE3 is patchy and weakly positive (perinuclear dots or cytoplasm), which may raise the hypothesis of a poorly differentiated carcinoma. CD30 is usually negative; however, 12% of the cases are focal and weakly positive. ALK expression was detected by immunohistochemistry in 99% of the cases, most of which appeared as cytoplasmic granular staining, whereas in two ALK-negative cases, ALK translocation was detected by FISH[2,3,13]. Moreover, ALK translocation is a key event in the oncogenesis of this tumor, which activates the STAT3 signaling pathway and further upregulates downstream PRDM1/BLIMP1 (a master regulator of plasma cell differentiation) and the overexpression of c-MYC without MYC translocations[14]. The aberrant expression of CD3[15], CD33[16], and CyclinD1[11] has recently been reported. 
Furthermore, germinal center-associated antigens, comprising CD10 and BCL6, are either expressed by themselves or together in some cases, similar to the reported case here. ALK-positive LBCL is postulated to originate from post-germinal center B cells with plasmablastic differentiation. This raises the following possibilities that some subpopulations may: (1) Be derived from germinal center B cells; (2) be influenced by the germinal center microenvironment; or (3) acquire CD10 expression through somatic mutations. Coexpression of CD10 and BCL6 has also been reported, supporting the hypothesis that at least a subset of ALK-positive LBCL may be derived from germinal center B cells (germinal center plasmablasts)[5]. However, in this case, the patient was CD10-positive, BCL6-negative, and MUM-1-positive. Considering that BCL-6 expression is predominantly restricted to germinal center B cells, the absence of BCL-6 in the present case may indicate that these cells did not originate from germinal center B cells. 
Cytogenetically, ALK-positive LBCL shows characteristic ALK gene rearrangements, all of which lead to overexpression and oncogenic activation of the ALK protein. Clonal gene rearrangement tests for Ig/TCR clonality assays in B-NHL showed that the sensitivity of IgH and IgK gene rearrangement detection was 91.18%, and the rate of TCR gene rearrangement detection was 3.68%[17]. ALK-positive LBCL usually shows Ig rearrangements and the absence of TCR gene rearrangements. However, monoclonal Ig rearrangements are absent in some cases[2,18], which may be the result of a lack of consensus on target sequences or target site alterations as a result of somatic hypermutation. Moreover, TCR rearrangements are detected in some reported cases[19], as well as in our case showing Ig/TCR rearrangements, which may be formed from the earliest stages of B- and T-cell development. Otherwise, only a few reactive T cells within a high load of B-cell lymphoma are not sufficient to produce a polyclonal background[20]. Traditionally, TCRG and TCRB are the gold standard targets, whereas TCRD (generally combined with TCRG) should only be used as a target for well-defined clinical requests, and the paucity of TCRD templates may easily give rise to preferential amplification and pseudoclonality. Moreover, authentic clonal TCRD rearrangements may not be associated with malignant lymphoid proliferation[20]. This case can be explained from this viewpoint.
As the condition presented in this case originated in the conjunctiva, the main differential diagnoses may have included poorly differentiated carcinoma, small round cell tumors such as rhabdomyosarcoma and amelanotic melanoma, ALK-positive anaplastic large cell lymphoma, myeloid sarcomas, EBV-positive LBCL, DLBCL, and NOS. However, the integration of clinicopathological data, including clinical history, site, histomorphology, a panel of immunophenotypes, and molecular genetic characteristics, is necessary for the accurate diagnosis of lymphomas, and multiparametric marker evaluation is of critical value. 

CONCLUSION
Herein, we report an extremely rare case of ALK-positive LBCL that presented as a bulbar conjunctival mass and shared morphological and IHC features with a variety of other neoplasms, which could result in misdiagnosis. Our experience suggests that awareness of this condition is necessary for an early and accurate diagnosis and appropriate treatment. For any subtype of conjunctival lymphoma, long-term follow-up is necessary because systemic disease may develop months or years after the initial diagnosis.
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Figure Legends
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Figure 1 Anterior segment image showed an 8 mm slightly elevated, sessile, pink-colored sub-epithelial mass described as a “salmon patch” in the conjunctival sac of the left eye.
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Figure 2 Anaplastic lymphoma kinase-positive large B-cell lymphoma. A: The tumor was well-demarcated and showed a diffusely infiltrate of monomorphicatypical lymphoid cells in the stroma of the conjunctival subepithelial [hematoxylin and eosin (HE) ×100]; B: The accessory lacrimal glands were involved (HE × 400); C: The lymphoid cells displayed immunoblastic morphology (HE × 1000); D: The lymphoid cells with plasmablastic morphology (HE × 1000); E: the pleomorphic neoplastic giant cells were present focally (HE × 400); F: Necrosis, abundant apoptotic debris and haemorrhage were observed (HE × 400).
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Figure 3 Immunohistochemical stains of anaplastic lymphoma kinase-positive large B-cell lymphoma (× 400). A-G: The large atypical cells were diffusely positive for anaplastic lymphoma kinase with a characteristic cytoplasmic granular staining pattern (A), CD10 (B), CD138 (C), BOB.1 (D), OCT-2 (E), CD4 (F) and EMA (G); H-J: Focally positive for CD79a (H) and IgA (I); negative for CD20 (J).
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