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Abstract
BACKGROUND
[bookmark: _Hlk215043768][bookmark: OLE_LINK3148][bookmark: OLE_LINK3141]Primary gastric lymphoma is relatively rare, accounting for 5% of primary gastric neoplasms, with the two most common lymphoma subtypes being diffuse large B-cell lymphoma and mucosa-associated lymphoid tissue lymphoma. Many patients with gastrointestinal lymphoma have a delayed presentation involving vague symptomatology. On endoscopy, there are three main injury patterns of gastric lymphoma: Ulceration, diffuse infiltration with enlarged mucosal folds, and the development of a polypoid mass, usually affecting the fundus or antrum. “Double-” and “triple-hit” high-grade B-cell lymphoma are an emerging subtype of B-cell lymphoma characterised by cellular melocytomatosis oncogene and B-cell lymphoma (BCL) 2 and/or BCL6 rearrangement identified by cytogenetic testing or fluorescence in situ hybridisation testing. This is an uncommon variant of B-cell lymphoma, which is associated with an adverse prognosis compared to its standard diffuse large B-cell lymphoma counterparts; however, there is limited literature pertaining to its clinical significance in the context of primary gastric high-grade lymphoma.

CASE SUMMARY
[bookmark: OLE_LINK3142][bookmark: OLE_LINK3143]We present a case of a 71-year-old male with disseminated primary gastric high-grade B-cell lymphoma with bony metastases. This was identified after the patient presented to the emergency department on three separate occasions with vague symptomatology, including chest, abdominal and back pain, and loose stools. Chest X-ray identified an atraumatic left rib fracture, and this was further explored with an outpatient computed tomography chest, which showed left fifth, seventh and eighth rib fractures, with ill-defined lucencies suspicious for underlying lesions. Computed tomography lumbar spine showed possible metastatic disease in the lumbar vertebrae. Positron emission tomography scan revealed non-specific mild to moderate heterogeneous uptake in the stomach, with disseminated, mixed, predominantly lytic bone metastases throughout the axial and appendicular skeletons. Gastroscopy subsequently identified multiple 10 mm to 20 mm semi-sessile polyps in the stomach, and biopsy confirmed high-grade “double-hit” B-cell lymphoma with melocytomatosis oncogene and BCL6 rearrangements. The patient was treated with rituximab, etoposide, prednisolone, vincristine, cyclophosphamide, doxorubicin and intrathecal methotrexate.

CONCLUSION
This case report highlights an uncommon presentation of high-grade primary gastric lymphoma and re-emphasises the aggressive nature of the disease.
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Core Tip: “Double-hit” primary gastric high-grade B-cell lymphoma is a rare variant of B-cell lymphoma that can present quite aggressively and is associated with significant morbidity and potential mortality. Endoscopically, these lesions can present as a polypoid mass, ulceration or prominent mucosal folds, and, in the absence of clinical suspicion, can be easily missed. Timely diagnosis via endoscopy and treatment is important to ensure positive outcomes; however, the literature is limited with regard to the prognosis of “double-hit” primary gastric high-grade B-cell lymphoma compared to its nodal and extra-nodal counterparts.

INTRODUCTION
[bookmark: OLE_LINK3145]Gastrointestinal lymphoma is a primary lymphoma of the gastrointestinal tract, which accounts for 1%-4% of all gastrointestinal malignancies[1]. Approximately 40% of extranodal lymphomas involve the gastrointestinal system[2]. The most common sites affected are the stomach, accounting for 65% of gastrointestinal lymphoma cases, and the duodenum, accounting for 20%[3]. Primary gastric lymphoma specifically accounts for 5% of primary gastric neoplasms, with the two most common subtypes of gastrointestinal lymphoma being diffuse large B-cell lymphoma (DLBCL) and mucosa-associated lymphoid tissue lymphoma[4]. Burkitt’s lymphoma, follicular lymphoma and mantle cell lymphoma are rarely seen in the gastrointestinal tract. T-cell/natural killer cell lymphomas are also less common, although an association between enteropathy-associated T-cell lymphoma and coeliac disease has been identified[1].
[bookmark: OLE_LINK3146]Primary gastric lymphoma has been noted to occur more commonly in males over the age of 50. Risk factors include infection with Helicobacter pylori[5], Epstein-Barr virus, hepatitis B virus, human T-lymphotropic virus 1 and/or Campylobacter jejuni, as well as inflammatory bowel disease and immune suppression, for instance in transplant recipients[6]. For gastric DLBCL, atrophic gastritis has also been identified as a risk factor[7]. Many patients with gastrointestinal lymphoma have a delayed presentation involving vague symptomatology, which may include dyspepsia, abdominal pain, nausea, anorexia, weight loss, anaemia, obstruction and malabsorption[3,8]. Up to 30% of patients with gastric DLBCL experience gastrointestinal bleeding[9]. With regards to gastric lymphoma, there are three main endoscopic injury patterns these being ulceration, diffuse infiltration with enlargement of the mucosal folds, and a polypoid mass, none of which are specific for the diagnosis of gastric lymphoma[10].
Diagnosis of gastric lymphoma is primarily achieved through histopathological, immunohistochemical and fluorescence in situ hybridisation (FISH) analysis of biopsied gastric mucosa. Typically, there is diffuse proliferation of large atypical lymphoid cells, with cells expressing CD19, CD20, CD22 and paired box protein 5; and Ki67 is usually high. 30%-40% of gastric DLBCL cases harbour B-cell lymphoma-6 (BCL6) gene translocation at chromosome 3q27, and the translocation partner is most commonly the immunoglobulin heavy chain (IGH) gene. In addition, 30% of gastric DLBCL patients harbour BCL2 translocation, while 15%-25% have melocytomatosis oncogene (MYC) translocation. In contrast, all variants of Burkitt’s lymphoma harbour MYC translocation at 8q24, frequently to the IgH chain gene at 14q32.
Treatment of gastric lymphoma previously centred around surgery for localised disease, but in recent years, there has been a paradigm shift towards treatment focusing on chemotherapy and radiotherapy[11]. The chemotherapy regimen for DLBCL is usually R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone), although vincristine is occasionally omitted due to the perceived risk of gastric perforation. Central nervous system prophylaxis, for example, with intrathecal methotrexate, is usually reserved for high-grade lymphoma (Burkitt’s lymphoma or “double-hit” high-grade B-cell lymphoma, where cellular MYC (c-MYC) and BCL2 and/or BCL6 rearrangement is identified by cytogenetic testing or FISH)[12].
The prognosis of patients with gastric DLBCL is usually determined by disease staging using the Ann Arbour system and the patient’s age, although other factors affecting prognosis include: Tumour bulk, elevated lactate dehydrogenase, male sex, low body mass index, elevated serum free light chains, and concordant bone marrow involvement[13,14]. Reports of primary gastric high-grade “double-hit” B-cell lymphoma are scarce, and its clinical characteristics, diagnostic challenges, and prognosis remain poorly defined. Here, we present a case of a patient with primary gastric high-grade “double-hit” B-cell lymphoma initially deemed to be histopathologically suggestive of primary gastric Burkitt’s lymphoma, which was identified in a patient who presented to our institution with atraumatic back pain and pancytopaenia. 
 
CASE PRESENTATION
Chief complaints
A 71-year-old male presented to our institution with a three-week history of atraumatic chest and lower back pain, on the background of a recent diagnosis of pathological rib fractures.

History of present illness
The patient originally presented to the emergency department (ED) three weeks prior to the current presentation, with a three-day history of chest pain, left lower quadrant abdominal pain and loose stools. He was treated with a course of oral ciprofloxacin for possible colitis. Chest X-ray at this time incidentally identified an atraumatic left rib fracture, and the patient was discharged from the ED with a referral to obtain a computed tomography (CT) chest to further investigate this. Ten days later, the patient re-presented to the ED with persistent chest and now lower back pain, which was also atraumatic. There was no bladder or bowel dysfunction, or saddle anaesthesia. Lumbar spine X-ray showed lumbosacral osteophytes but was otherwise normal. The patient had not yet completed the CT chest, and hence, he was discharged with analgesia and a plan to complete the CT chest in the outpatient setting.
[bookmark: _Hlk215044682]The patient completed the CT chest two days following discharge from the ED. This scan identified left fifth, seventh and eighth rib fractures with pleural and extrapleural thickening, and ill-defined lucencies suspicious for underlying lesions. There was also a suspicious right lower lobe posterior basal spiculated lung nodule. The patient was subsequently referred to a respiratory physician who reviewed him in the outpatient setting and planned to arrange a positron emission tomography (PET) scan. Three weeks later, prior to the PET scan being completed, the patient re-presented to the ED with worsening lower back pain. CT lumbar spine was completed, showing possible metastatic disease in the lumbar vertebrae.

History of past illness
The patient had a history of ischaemic heart disease, with previous acute myocardial infarction and cardiac arrest four years prior, resulting in coronary artery bypass surgery, tissue aortic valve and mitral valve annuloplasty and dual-chamber pacemaker insertion. He also had a history of hypertension, hyperlipidaemia, type 2 diabetes mellitus with chronic kidney disease, gout and a previous prostatectomy for prostate cancer. In terms of his regular medications on admission, the patient was taking dapagliflozin 10 mg mane, metformin-XR 1000 mg twice daily, pantoprazole 40 mg mane, metoprolol succinate 47.5 mg nocte, rosuvastatin 10 mg nocte, sacubitril/valsartan 24.3 mg/25.7 mg nocte, allopurinol 100 mg mane, and spironolactone 12.5 mg nocte. He had no allergies. He was a previous social smoker but had ceased 42 years prior to presentation. He reported occasional alcohol consumption. He lived in a retirement village and was independent with his activities of daily living, mobilising with a walking stick.

Personal and family history
There was no significant family history.

Physical examination
Initial examination was significant for L3-5 spinal tenderness on palpation. The patient was haemodynamically stable. There was no significant lower limb neurological deficit identified. The abdomen was soft and non-tender. His chest was clear with equal air entry. Heart sounds were dual with no murmur.

Laboratory examinations
[bookmark: _Hlk106196977]Initial biochemical assessment revealed bicytopaenia with a haemoglobin level of 101 g/L, white cell count of 3.9 × 109/L with predominant lymphopaenia at 0.8 × 109/L, and thrombocytopaenia at 44 × 109/L. The patient was also hypercalcaemic with a corrected calcium level of 3.10 mmol/L. On later testing, Epstein-Barr virus immunoglobulin G was positive, cytomegalovirus immunoglobulin M and immunoglobulin G were negative, and human immunodeficiency virus was negative.

Imaging examinations
PET scan revealed disseminated, mixed, predominantly lytic bone metastases throughout the axial and appendicular skeletons, including throughout the spine, pelvis, bilateral mid to proximal humeri and femora, bilateral ribs, sternum and bilateral scapulae. There was no definite fluorodeoxyglucose-avid primary neoplasm, particularly in the lung. There was non-specific mild to moderate heterogeneous uptake in the stomach, most intensely in the proximal stomach along the greater curvature, and distal stomach along the lesser curvature and pylorus (Figure 1). There was no significant focal fluorodeoxyglucose uptake seen elsewhere to suggest other metastatic disease. Following this PET result, the patient underwent a gastroscopy with gastric nodule biopsies to further investigate the malignant process. Multiple 10-20 mm semi-sessile polyps were noted in the gastric fundus, antrum, greater and lesser curvature and the incisura (Figure 2). There were no other overt lesions identified.

MULTIDISCIPLINARY EXPERT CONSULTATION
Histopathology and FISH analysis
[bookmark: _Hlk215044821]The histopathology from the gastric mucosal biopsies showed features that were initially suggestive of Burkitt’s lymphoma. There was diffuse infiltration by discohesive malignant cells that expanded the lamina propria and infiltrated between the glands. The neoplastic cells had a high nuclear/cytoplasmic ratio with hyperchromatic atypical nuclei, occasional prominent nucleoli and a limited amount of cytoplasm (Figure 3A). There was brisk mitotic activity with many abnormal forms. Ki67 was reported as 100% (Figure 3B). Immunohistochemical stains revealed that the neoplastic cells were CD20, CD19, CD10, BCL6 and c-MYC positive (Figure 3C). Negative stains included BCL2, CD3, CD5, CD21, Mum-1, CD30 and cyclin D1. No Helicobacter pylori microorganisms were identified on immunohistochemical stain. Further FISH analysis showed MYC and BCL6 rearrangement with a lack of IgH/MYC rearrangement, which is specific for Burkitt’s lymphoma. Hence, the favoured diagnosis was high-grade “double-hit” B-cell lymphoma with MYC and BCL6 rearrangements.

Bone marrow biopsy and trephine
Bone marrow biopsy showed a mildly hypercellular aspirate with mildly increased trilineage haematopoiesis. There was no evidence of marrow involvement. There were reduced iron stores. Trephine was hypercellular with increased trilineage haematopoiesis and increased fibrosis. There was no evidence of involvement by lymphoproliferative disorder or non-haematopoietic malignancy.

Lumbar puncture
Lumbar puncture showed no evidence of cerebral involvement.

FINAL DIAGNOSIS
The clinical and radiological findings were consistent with primary gastric high-grade “double-hit” B-cell lymphoma with bony metastases.

TREATMENT
The patient was reviewed by the Haematology team and discussed at the lymphoma multidisciplinary team meeting. He was commenced on dose-adjusted rituximab, etoposide, prednisolone, vincristine, cyclophosphamide, and doxorubicin chemotherapy. He also subsequently had a lumbar puncture with intrathecal methotrexate.

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK3153]Chemotherapy was complicated by thrombocytopenia, possibly reflecting idiopathic thrombocytopaenic purpura. Human leukocyte antigen (HLA) testing showed HLA class I antibodies, not requiring HLA-matched platelets. He was treated with intravenous immunoglobulins and avatrombopag. Unfortunately, the patient also experienced rectal bleeding in the setting of haemorrhoids and profound thrombocytopenia, which resolved with tranexamic acid administration. He was also diureticized for fluid overload in the setting of multiple blood product transfusions on the background of heart failure with preserved ejection fraction. With this, the patient made a significant recovery and was discharged from the hospital with a view to ongoing outpatient treatment. On discharge, he was reviewed monthly in the outpatient haematology clinic with regular blood tests. His post-discharge course was complicated by anaemia necessitating transfusions, which subsequently resolved. Four months post-discharge, he had an outpatient PET scan, which was consistent with radiological remission with improvement in his cell counts with a haemoglobin of 85 g/L, white cell count of 1.6 × 109/L, and improvement in his thrombocytopenia with a platelet count of 92 × 109/L. 

DISCUSSION
Primary gastric lymphoma represents 40% of extranodal lymphomas and is the second most common malignancy of the stomach. Although primary gastric lymphomas possess the ability to spread or transform, the disease itself is relatively indolent, with most cases remaining confined to the stomach for years after diagnosis. With an increasing incidence of the disease, a better understanding of diagnosis and treatment has developed, translating to a change in treatment paradigm from surgery to systemic therapy, along with an improved prognosis and quality of life. Although gastric DLBCL is a well-known entity, with advances in molecular profiling, the concept of “double-hit” lymphomas (DHL) and “triple-hit” lymphomas (THL) is a relatively new phenomenon[12]. These specific subtypes of high-grade B-cell lymphoma are morphologically and biologically distinct from other B-cell lymphoma subtypes, in that they harbour c-MYC and BCL2 and/or BCL6 rearrangements, and have a high proliferation rate, with large cells (that may be over twice the size of a lymphocyte). There is a spectrum of morphology associated with DHL/THL, with some similar to DLBCL or Burkitt’s lymphoma, as demonstrated in the presented case, while others have blastoid, lymphoblastic morphology or grey zone features[15].
DHL/THL are a relatively rare subtype of primary gastric high-grade lymphoma[16]. In the case of nodal lymphoma, double rearrangement, or “double-hit”, of the MYC and BCL2 genes and the double expression of the MYC and BCL2 proteins have been previously associated with poor prognosis[17]. Despite it being well documented in the case of localised DLBCL and nodal DLBCL, making up 6%-14% of DLBCL cases, its clinical significance in the context of primary gastric lymphoma is poorly understood[18-20]. In a study by Choi et al[21], there were only 2 cases with MYC and BCL6 rearrangement in the stomach among 101 cases of B-cell lymphoma in the gastrointestinal tract. He et al[22] evaluated 188 cases of primary gastric B-cell lymphoma, which showed no cases involving DHL. In contrast to this, “double-hit” primary gastric lymphoma has been reported to make up to 15%-25% of DHL/THL cases[23], with Guo et al[15] performing a small retrospective study where they identified 15 cases of primary DHL/THL in a cohort of 57 patients, of which 8 were primary gastric in origin. With regards to their presentation, the main manifestations at disease onset were abdominal pain, bloating, vomiting, melaena or a change in stool frequency and consistency. Despite its documented poor prognosis in the context of nodal DLBCL, there is conflicting evidence with reference to prognosis in primary gastric high-grade B-cell lymphoma, with Kawajiri et al[24] reporting no difference in patient outcomes, namely overall and progression free survival, in those with “double-hit” primary gastric lymphoma compared with the other cases of primary gastric DLBCL included in their retrospective study. Rosenthal and Younes[25] challenged this with patients diagnosed with gastrointestinal DHL/THL having a worse prognosis compared to those with gastrointestinal DLBCL. Further large prospective studies should aim to determine what patient and tumor factors influence patient outcomes in those diagnosed with “double-hit” primary high-grade gastric B-cell lymphoma.
Alongside its rarity, the morphologically and biologically distinct nature of DHL/THL has implications for their investigation and treatment. Patients with high-grade B-cell lymphoma more often present with high-risk clinical features and advanced-stage disease, which is rapidly progressive, has high rates of central nervous system involvement, is usually refractory to conventional therapy and as such conveys a poorer prognosis. Furthermore, DHL/THL must be treated with more intensive chemotherapy due to their perceived poor prognosis. The mainstay of therapy for DLBCL, R-CHOP, does not typically yield a good response. Instead, treatment with rituximab, etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin has been shown to lead to better event-free survival compared to R-CHOP.
This case highlights an uncommon presentation of a “double-hit” primary gastric B-cell lymphoma. The patient was initially diagnosed with Burkitt’s lymphoma based on the histopathological analysis of the gastric specimen; however, following FISH testing, was subsequently diagnosed as a high-grade “double-hit” primary gastric B-cell lymphoma. This demonstrates the critical importance of FISH testing in these patients, as it can dictate the treatment and ultimately the prognosis. It is vital that ongoing research should aim to determine what patient factors predispose to the development of “double-hit” primary gastric B-cell lymphoma, as well as whether it is indeed associated with a poorer prognosis compared to those who lack the “double-hit” or “triple-hit” molecular phenotype. The fact that the presented patient had a normal gastroscopy less than one year prior to his diagnosis highlights the aggressive nature of the disease compared to its more indolent counterparts.

CONCLUSION
Primary gastric lymphoma is a relatively common site for extranodal lymphoma, with DLBCL being commonly implicated. High-grade “double-hit” and “triple-hit” B-cell lymphoma has emerged as a relatively new entity over the past decade, likely in the context of advanced molecular analysis of tumour tissue. This case report highlights an uncommon presentation of a high-grade “double-hit” primary gastric B-cell lymphoma that presented with back pain secondary to metastatic disease. It highlights the aggressive behaviour of the disease and reaffirms that studies are required to further characterise this disease entity.
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Figure 1 Positron emission tomography scan showing non-specific mild to moderate heterogeneous uptake in the stomach, most intensely in the proximal stomach along the greater curvature, and distal stomach along the lesser curvature and pylorus.
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Figure 2 Gastroscopy showing multiple 10-20 mm semi-sessile polyps in the gastric fundus, antrum, greater and lesser curvature and the incisura.
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Figure 3 Histopathology from the gastric mucosal biopsies. A: Haematoxylin and eosin staining of gastric polyp tissue demonstrating diffuse infiltration by discohesive malignant cells (Yellow yellow arrows) (100 ×); B: Ki67 staining demonstrating 100% positivity (100 ×); C: Cellular melocytomatosis oncogene stain positivity (100 ×).
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