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Abstract

	Aim: This study aimed to characterize canine splenic lymphoma through a comprehensive evaluation of gross, cytological, histopathological, and immunophenotypic features in both biopsy and necropsy specimens, and to distinguish primary splenic lymphomas from splenic involvement in multicentric disease.
Study Design: An observational, descriptive investigation was undertaken on confirmed cases of canine splenic lymphoma submitted for routine diagnostic evaluation.
Place and Duration of Study: The study was conducted in the Department of Veterinary Pathology, Madras Veterinary College, Chennai - 07, for one year (June 2011 to June 2012].
Methodology:
Eight canine cases were diagnosed as splenic lymphoma, comprising six multicentric diffuse large B-cell lymphomas (DLBCL) and two primary splenic B-cell lymphoblastic lymphomas (B-LBL). Specimens were obtained from surgically excised splenic biopsies and post-mortem examinations. Grossly, all spleens exhibited marked splenomegaly, with weights ranging from 120 to 560 g. Patient data revealed a mean age of 8.56 years, with no sex predilection and representation from multiple breeds. Cytological and histopathological classification was performed according to the updated Kiel and World Health Organization (WHO) criteria. Immunohistochemical analysis employed a Pan T-cell marker (CD3) and a B-cell marker (CD79a) to determine lineage.
Results:
All cases demonstrated a CD3-negative/CD79a-positive immunophenotype, consistent with high-grade B-cell lymphoma. Six cases represented splenic involvement in multicentric lymphoma, whereas two were classified as primary splenic lymphomas. Histomorphological features corresponded to their cytological classification, and gross lesions were characterized by diffuse enlargement and loss of normal splenic architecture.
Conclusion:
The integration of gross pathology, cytology, histopathology, and immunohistochemistry enables accurate subtyping of canine splenic lymphoma, with CD3 and CD79a serving as reliable markers for lineage determination. In this series, high-grade B-cell lymphoma was the predominant subtype, underscoring its clinical relevance and the value of immunophenotyping in routine diagnostic practice.
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1.Introduction
Lymphoma constitutes third most common malignant neoplasm accounts for approximately 7-24% of all canine neoplasms and 83% of all canine hematopoietic malignancies (Vail and Young, 2007).  Multicentric form is the most common presentation which involves all the peripheral lymphnode and internal organs spleen, liver, bonemarrow and extranodal sites (Vail et al., 2013). In USA, the incidence was about 107 cases per 100,000 (Chiu and Hou, 2015) and in UK, it was about 63 cases per 100,000 dogs (Pittaway et al., 2019). The etiology of canine lymphoma (cL) is multifactorial and environmental factors play a pivotal role (Valli et al., 2013). Canine lymphoma can affect any breed with no gender predilection and at any age group, but more predominantly affects middle to aged dogs with mean age .vary from 6.3 to 7.7 years (Zandvliet, 2016). 
The cytological and histological aspects of canie splenic diseases were correlated by Christensen et al. (2009), who discovered intermediate to large cell lymphoma in the affected spleen. According to the updated Kiel classification, the six subtypes like diffuse large B cell lymphoma, marginal zone lymphoma, peripheral T cell lymphoma not otherwise specified, nodal T zone lymphoma, T lymphoblastic lymphoma and follicular lymphoma were the common entities (Valli et al., 2011). The histologic appearance of splenic marginal zone and mantle zone lymphoma is irregular and coalescing follicular structures with loss of T cells between merging follicles (Sabattini et al. 2018). Fracácio et al. (2018) annotated the histopathological and immunophenotypical study of the canine splenic lymphoma and performed IHC by using the CD3 antibody for T-cell and CD79a for B-cell identification.

2. Methodology
Cases included in this study consisted of six splenic tissues from the necropsy examination of dogs with multicentric lymphoma and two surgically splenectomised tissues suspected for splenic neoplasm. The impression smears from the necropsied and excised spleen tissues for cytological study and stained with Leishman stain. The tissues were then fixed in 10% neutral buffered formalin and routinely processed and sectioned at 4 µm and stained with haematoxylin-eosin stain. Immunophenotyping in all cases were labeled with CD3 (Epsilon, Ref.No:AM477-5M, Rabbit polyclonal antibody) and CD79a (Clone 11E3, Ref.No. AM 414-5M, Mouse monoclonal antibody) for T-cell and B-cell at a dilution of 1:100, then processed with the superenhancer and immunoreactions chromogen kit (Biogenex Laboratories, USA). The IHC slides were counter stained with Mayer’s haematoxylin and examined for immunostaining of the sections.

3. Results and discussion
	The clinical presentation of the multicentric lymphoma cases were non-specific and vague such as dullness, anorexia and generalized peripheral lymphadenopathy and in the splenectomised cases anorexia, abdominal enlargement with palpable mass in physical examination and hyperechoic mass in ultrasound imaging (Sabattini et al., 2018). The demographic details like age, sex and breed, classification and immunophenotype subtypes are given in the Table 1. 







Table. 1: Demographic information of lymphoma-affected dogs, their classification and immunophenotype characterization
	S.No
	Breeds 
	Age
	Sex
	Classification
	Sample obtained
	Immunophenotype subtypes
(CD3-/CD 79a+)

	1
	Non- Descript
	7
	Female
	Multicentric lymphoma
	Necropsy
	B- cell

	2
	Labrador Retriever
	7
	Male
	Multicentric lymphoma
	Necropsy
	B- cell

	3
	Non- Descript
	12
	Female
	Multicentric lymphoma
	Necropsy
	B- cell

	4
	Labrador Retriever
	3.5
	Male
	Multicentric lymphoma
	Necropsy
	B- cell

	5
	German Shepherd
	10
	Male
	Multicentric lymphoma
	Necropsy
	B- cell

	6
	Boxer
	7
	Male
	Multicentric lymphoma
	Necropsy
	B- cell

	7
	Spitz
	11
	Female
	Extranodal form
	Splenectomy
	B- cell

	8
	Dachshund
	11
	Female
	Extranodal form
	Splenectomy
	B- cell



The age recorded in our study ranges from 3.5 to 12 years with mean of 8.2 years and found equal distribution of sex. Kimura et al. (2011) reported that the incidence of canine lymphoma was higher between 5 and 9 years (45%), followed by 10 to 13 years (34%); 17 per cent had an age below 4 years and 5 per cent had an age above 13 years. The mean age was 8.7 years with a range of 5 months to 15 years. The two each case observed in Non-descript and Labrador retriever scored, followed by one each in German shepherd, Boxer, Spitz and Dachshund (Wilkerson et al., 2005). Comazzi et al. (2018) observed in their studies that the breeds like Labrador retriever, boxer, German shepherd and Rottweiler were overrepresented The breed prevalence will vary depends on the different geographical area and its local canine population.
Among the eight cases, six were multicentric lymphomas from the necropsy and two were primary splenic lymphoblastic lymphoma obtained from splenectomy. The weight of the spleen ranges from 120g to 560g, Mallinckrodt and Gottfried (2011) reported that dog’s normal spleen weight is about 0.2% to 0.7% of the body weight. He further suggested that the splenic weight as a percentage of body weight might be useful in differentiating between malignant and benign lesions in dogs with splenic masses. Grossly, in multicentric lymphoma, all the lymph nodes were enlarged which was very prominent in a seven-year-old male Labrador (Fig.1). Cut section of enlarged lymph nodes were grey-white (Fig.2). The spleen was mild to moderately enlarged and diffuse in nature, pale red (Fig.3) to grey brown. Cut section of spleen showed multifocal pale white, mild to prominent raised foci about 0.2 to 0.4mm (Fig.4). 
Fry and McGavin (2012) reported that in all canine lymphomas, multicentric lymphomas were 80-85 per cent and the majority of these were intermediate to high grade tumours (80%). Necropsy findings included enlarged lymph nodes that bulged and on gray white cut section. Splenic and hepatic involvement was common and infiltration of tumour cells could result in diffuse enlargement or nodule formation. Lymphoma is the third most commonly occurring splenic neoplasm reported by da Silva et al. (2016) and Figueiredo et al. (2019) followed by haemangiosarcoma and haemangioma.

Christopher et al. (2012) and Cardona et al. (2020) reported the normal splenic aspirate cytology which was highly cellular with a mild increase in the number of medium and large lymphocytes and plasma cells. Cytologically, all six cases showed large round monomorphic population of lymphoid neoplastic cell (Fig.5). The cells contained uniformly round nucleus, multiple prominent nucleoli with thin rim of basophilic cytoplasm and numerous mitotic figures (Cienava et al., 2004 and Cardona et al., 2020). Fry et al. (2003) observed the same histopathological changes as like our study, splenic capsule was irregularly thinned out due to compression of neoplastic cells and was characterised by presence of large multiple nodules of lymphoid proliferation (Fig.6). The follicular patterns were extensive and bigger than germinal centre. Lymphoid depletion around PALS and infiltration of neoplastic cells in the red and white pulp giving ‘starry sky pattern’ (Fig.7) with disruption of follicular structure, occasional necrosis of germinal centre, multifocal haemosiderin deposits and presence of numerous mitotic figures suggestive of diffuse large B cell lymphoma. DLBCL was recorded upto 5% in splenic parenchyma among the high frequency of about total 40% incidence (Valli et al., 2011 and Martini et al., 2021). 

Two cases of primary splenic B-lymphoblastic lymphoma (B-LBL) obtained from the splenectomy, One in an 11-year-old female Spitz and its gross morphology showed a large red brown subcapsular nodule measuring 4.14 x 4.58 x 5.37 cm (Fig.9) on the body of the spleen. Cut section was grey white distinct interspersed with dark red irregular haemorrhagic areas (Fig.9 Inset). The other in Dachshund breed specimen revealed diffuse splenomegaly (Holm et al., 2018). Cytology of these two cases revealed more number of blast cells (Fig.10) with large amount of basophilic cytoplasm and prominent nuclei were noticed. Large binucleated cells and a few mitotic figures (Fig.10 Inset) were present (Sapierzyński et al., 2010). Histopathologically, the capsule was irregularly thickened, with heavily infiltrated neoplastic lymphoid cells (Fig.11). The white and red pulps were completely substituted by B-LBL neoplastic cells (Holm et al., 2018).  Cells showed anisokaryosis, prominent nuclei, chromatin margination. Neoplastic cell showing nuclear indentation with large single prominent nucleolus were also found. In addition, areas of infarct, lacy fibrin, neutrophilic infiltration were observed. Megakaryocytes with multilobulated nucleus were present in the midst of neoplastic cells. Valli, 2006 and Martini et al. (2021) described B-lymphoblastic lymphoma affects spleen in a focal or multifocal manner that resulted in a symmetrical splenomegaly and irregular masses which distended the capsule. Histopathologically, the neoplastic proliferation started from PALS with large round cells with large prominent nucleoi and the underlying lymphoid tissue was pale or dark and haemorrhagic.
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	Fig.1: Dog - Multicentric lymphoma - Sub mandibular and prescapular lymphnode enlargement
	Fig.2: Multicentric lymphoma - Cut Section – affected lymphnodes – grey white to pale dirty pink
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	Fig.3: Multicentric lymphoma – Diffuse splenomegaly

	Fig.4: Multicentric lymphoma – Spleen – Cut section -  prominent multifocal pale white  raised foci
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	Fig.5: DLBCL – Cytology - Monomorphic large round cell, round nuclei with, multiple prominent nucleoli and thin rim of basophilic cytoplasm. Mitotic figure at the centre, LG bar, 5 µm
	Fig.6: DLBCL - Large nodules of lymphoid proliferation with lymphoid depletion in white pulp, H&E bar = 100 µm
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	Fig.7: DLBCL – Large neoplastic cells with multiple mitotic figure, H& E = 5µm
	Fig.8: DLBCL – IHC: CD79a  (DAB Brown) - Positive signals in cytoplasm of neoplastic cells near PALS, 50 µm
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	Fig.9: B-Lymphoblastic Lymphoma – Red mixed white, firm, big solitary nodule. Inset: Cut section- grey white interspersed with dark red areas
	Fig.10: B-LBL – Cytology- Large blast cells with marked basophilic cytoplasm, Inset Top: Binucleated cell, Bottom: Mitotic figure, LG bar, 
5 µm
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	Fig.11: B-LBL – Neoplastic cells showing nuclear indentation with large single prominent nucleoli, H& E =  10 µm
	Fig.12: B-LBL - IHC – CD79a+ (DAB Brown) – Positive signals in cytoplasm of lymphoblasts, 10 µm



Immunohistochemistry was performed in all the eight spleen tissues. In our study, all the splenic tissues showed high immunostaining with CD79a+/ CD3- antibodies in the cell cytoplasm (Fig.8, DLBCL and Fig.12, B-LBL), suggested that neoplastic lymphoid cells are of B-cell origin. Stein et al. (2019) evaluated the expression of series of antibodies and found strong immunoreactivity with CD20 and PAX 5 in eight splenic follicular derived B-cell lymphoma.  Ponce et al. (2010) and Fracácio et al. (2018) assessed the histopathogical and immununophenotyping in canine splenic lymphoma the most prevalent histological type was marginal zone B-cell lymphoma (60.7%) followed by diffuse large B-cell lymphoma (12.1%) and lymphoblastic T-cell lymphoma (12.1%). This study was in concordance with our findings except the T-cell lymphoma. Due to the non-availability of different panel of leucocyte antibodies like CD4, CD5, CD8, CD4, CD20, CD21, PAX 5 and flow cytometry in our study much detailed subtyping and lineage assessment was not done during the study period.
4. Conclusion
	Most of the authors reported and reviewed the high prevalence of high grade B cell lymphoma. The fundamental aid in diagnosing lymphoma is cytopathology, thus it can be used as initial screening test. Then the histopathological criteria can be used to predict the grade as high or low and further to assess the immunophenotypic characterization, other ancillary test like immunocytochemistry or immunohistochemistry can be employed. Flow cytometry helps to check the involvement of lymphoid lineage. The Polymerase chain reaction antigen receptor reaarangement (PARR) can support in clonality assessment and early diagnosis. The IHC and FC correlation gives significant sensitivity and specificity in predicting the prognosis and the overall survival time of the dogs. Canine lymphoma is treatable neoplasm with single agent or multiple agent chemotherapy; thus, the early diagnosis ensures the longer survivability with appropriate therapy.
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