

[image: image1]
Phenotypical Characterization and Clinical Outcome of Canine Burkitt-Like Lymphoma












	
	ORIGINAL RESEARCH
published: 17 March 2021
doi: 10.3389/fvets.2021.647009






[image: image2]

Phenotypical Characterization and Clinical Outcome of Canine Burkitt-Like Lymphoma

Luca Aresu1*, Chiara Agnoli2, Arturo Nicoletti1, Antonella Fanelli1, Valeria Martini3, Francesco Bertoni4,5 and Laura Marconato2


1Department of Veterinary Sciences, University of Turin, Grugliasco, Italy

2Department of Medical Veterinary Science, University of Bologna, Bologna, Italy

3Department of Veterinary Medicine, University of Milan, Lodi, Italy

4Institute of Oncology Research, Faculty of Biomedical Sciences, University of Italian Switzerland (USI), Bellinzona, Switzerland

5Oncology Institute of Southern Switzerland, Bellinzona, Switzerland

Edited by:
Arianna Miglio, University of Perugia, Italy

Reviewed by:
Elena De Felice, University of Camerino, Italy
 Elvio Lepri, University of Perugia, Italy
 Joaquim Pereira Henriques, Centre Hospitalier Vétérinaire Fregis, France

*Correspondence: Luca Aresu, luca.aresu@unito.it

Specialty section: This article was submitted to Comparative and Clinical Medicine, a section of the journal Frontiers in Veterinary Science

Received: 28 December 2020
 Accepted: 24 February 2021
 Published: 17 March 2021

Citation: Aresu L, Agnoli C, Nicoletti A, Fanelli A, Martini V, Bertoni F and Marconato L (2021) Phenotypical Characterization and Clinical Outcome of Canine Burkitt-Like Lymphoma. Front. Vet. Sci. 8:647009. doi: 10.3389/fvets.2021.647009



In dogs, Burkitt-like lymphoma (B-LL) is rare tumor and it is classified as a high-grade B-cell malignancy. The diagnosis is challenging because of the similar histologic appearance with other histotypes, no defined phenotypical criteria and poorly described clinical aspects. The aim of the study was to provide a detailed description of clinical and morphological features, as well as immunophenotypical profile of B-LL in comparison with the human counterpart. Thirteen dogs with histologically proven B-LL, for which a complete staging and follow-up were available, were retrospectively selected. Immunohistochemical expression of CD20, PAX5, CD3, CD10, BCL2, BCL6, MYC, and caspase-3 was evaluated. Histologically, all B-LLs showed a diffuse architecture with medium to large-sized cells, high mitotic rate and diffuse starry sky appearance. B-phenotype of neoplastic cells was confirmed both by flow-cytometry and immunohistochemistry. Conversely, B-LLs were negative for BCL2 and MYC, whereas some cases co-expressed BCL6 and CD10, suggesting a germinal center B-cell origin. Disease stage was advanced in the majority of cases. All dogs received CHOP-based chemotherapy with or without immunotherapy. Despite treatment, prognosis was poor, with a median time to progression and survival of 130 and 228 days, respectively. Nevertheless, ~30% of dogs survived more than 1 year. An increased apoptotic index, a high turnover index and caspase-3 index correlated with shorter survival. In conclusion, canine B-LL shows phenotypical differences with the human counterpart along with features that might help to differentiate this entity from diffuse large B-cell lymphoma.
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INTRODUCTION

In humans, Burkitt's lymphoma (BL) is classified as a highly aggressive B-cell lymphoma and was first described by Denis Burkitt in 1958. BL derives from mature germinal or post germinal center B-cells and is further divided into three clinical entities (sporadic, endemic, and immunodeficiency-associated), all having in common rearrangements of the MYC oncogene. Sporadic BL occurs in children and young adults, accounting for 30–50% of all lymphomas in children. It is more common in males than females. Endemic BL is typical of equatorial Africa and Papua New Guinea, with a higher incidence in children (4–7 years). Immunodeficiency-associated BL is more common in patients infected with human immunodeficiency virus (HIV), although its occurrence is not related to a low percentage of CD4 positive cells. The variants differ in their association with the Epstein Barr virus, which is present almost always in endemic BL tumor cells and in 20–40% of the other cases.

BL often presents as a rapidly growing tumor, being characterized by a very short doubling time and a quick dissemination to extranodal sites, including central nervous system (CNS) and bone marrow (BM) (1–4). Based on their origin, BL cells express PAX5, CD19, CD20, CD22, CD79a antigens, as well as germinal center origin antigens (CD10 and BCL6) (3, 5, 6). Proliferation rate (Ki-67-index) as well as apoptosis are markedly high. Morphologically, human BL is characterized by a diffuse architecture and severe tingible body starry sky appearance; furthermore, cells are monotonous with nuclei of intermediate size and a moderate volume of cytoplasm containing small lipid vacuoles. However, a proportion of cases may show variation in cellular, nuclear and nucleolar size, and some may have more prominent plasmacytoid features. These borderline cases, exhibiting some of the morphologic features of BL but lacking some of the characteristic immunophenotypic findings of classic BL, lie within a continuum between BL and diffuse large B-cell lymphoma (DLBCL), and are currently referred to unclassifiable aggressive B-cell lymphomas (7–9). These distinctions have significant therapeutic implications. Indeed, increasing knowledge of molecular drivers of lymphomas has allowed subclassification and opportunity for clinical investigations to personalize therapy in human patients and moving the field significantly forward (10). Unfortunately, despite improved delineation of lymphoid malignancy biology in dogs and the cooperative efforts of pathologists and oncologists worldwide, a long-standing problem refers to the description of specific canine entities, which occur rarely and for which the literature is scarce, including BL (11). Canine BL is described as a rare high-grade B-cell malignancy accounting for 2% of nodal canine lymphomas in dogs (12), but there is a very limited knowledge about its clinical behavior and response to therapy as well as its pathological and immunophenotypical features. Thus, the term Burkitt-like lymphoma (B-LL) is generally preferred to diagnose those borderline lymphomas of intermediate size, B-cell phenotype, and high mitotic rate that are not classified as DLBCL. In the World Health Organization (WHO) classification, canine B-LL was used to designate high-grade B-cell neoplasms that had the cellular size of classical BL but a variable nuclear size (13). Histologically, B-LL shows a diffuse architecture, a high mitotic rate and a starry sky pattern. Rarely, some centroblasts are present. The most consistent characteristic is anisokaryosis; nuclei show smooth contours without indentations. In contrast, DLBCL is characterized by the proliferation of medium to large B-cells consisting of centroblasts and immunoblasts; also, the starry sky appearance is less frequent. Furthermore, the mitotic count is quite heterogeneous compared with B-LL. These elements are generally taken into consideration when differentiating between the two histotypes (13). Due to the rarity of canine B-LL and the absence of dedicated studies, a detailed morphological description associated with immunophenotypic characterization is lacking. Also, prognostic information as well as therapeutic guidelines is currently unavailable to veterinary oncologists. To the authors' knowledge, only four studies have described canine B-LL or BL. In 2004, Ponce et al. (14) described 4 BLs, and in 2010 the same group of researchers expanded the BL population to 10 additional cases (15). In their series, BLs showed a marked starry-sky appearance and were composed by medium-sized cells with a diffuse infiltrative pattern, round nuclei, markedly clumped chromatin, multiple nucleoli, and a small ring of hyperbasophilic cytoplasm. Mitotic index was high, as was Ki-67 index. Extranodal involvement was common. In both studies, staging was not complete or treatment and outcome were not investigated. In 2013, Valli et al. (12) reported three B-LLs, which were grouped among high-grade lymphomas. Because of the above, no detailed information regarding staging and treatment response could be retrieved. Finally, one retrospective study including only BLs described a good response to chemotherapy, with 26% of dogs alive at more than 2 years (16). The results of this study were presented at a congress, and no follow-up study has been published. The aims of this retrospective study were to characterize the morphology and immunophenotypic profile in relation to the human counterpart and describe the clinical features and outcome variables, including time to progression (TTP) and lymphoma specific survival (LSS) of 13 dogs with B-LL receiving treatment.



MATERIALS AND METHODS


Sources of Cases

Medical records were reviewed to identify dogs with treatment-naïve and histologically confirmed B-LL. All specimens were obtained under the formal consent from the owners. To be included in the analysis, dogs had to undergo a complete staging and lymphadenectomy of a peripheral enlarged lymph node (LN) with a final diagnosis of B-LL based on the WHO classification of canine lymphoma (17). Haematoxylin-eosin glass slides were reviewed by two independent pathologists (L.A., A.N.); discrepancies among authors were solved by consensus. Information on clinical stage was obtained by means of the following: hematological and biochemical analysis, thoracic radiographs, abdominal ultrasound, fine-needle aspiration of spleen and liver regardless of their sonographic appearance, fine needle aspiration of any altered organ, and BM evaluation.



Flow Cytometry

Flow cytometry (FC) was performed on lymph node (LN) aspirates, BM and peripheral blood (PB) samples. Sample processing was performed with a multicolour approach, as previously described (18). Antibody clones, sources, and reactivity are listed in Supplementary Table 1. The extent of PB and BM infiltration was calculated as the percentage of cells showing the morphological and phenotypic characteristics detected in LN, out of the total CD45+ cells (19).



Histologic Analysis

Histologic variables included mitotic count (MC) and apoptotic index (AI). MC was calculated as the absolute number of mitotic figures counted in 2.37 mm2 area (20). AI was calculated as the percentage of apoptotic cells and apoptotic bodies on the total number of tumor cells in in 2.37 mm2 area; areas of highest apoptotic activity were selected (21).



Immunohistochemistry

For immunohistochemistry (IHC), serial paraffin sections were processed as previously described (22) using an automatic immunostainer (Ventana Benchmark XT, Ventana Medical Systems Inc.). Immunohistochemical analysis was performed in accordance with the guidelines of the American Association of Veterinary Diagnosticians (AAVLD) Subcommittee on Standardization of Immunohistochemistry (23). The following markers were assessed by IHC: CD3, CD10, CD20, BCL2, BCL6, PAX5, MUM1, Ki-67, caspase-3 and MYC. The panel of antibodies was also employed in a reactive LN to define the IHC profile. Supplementary Table 2 lists sources, clones, dilution for each antibody and references in the canine species. IHC-labeled slides were blindly reviewed by three authors (L.A., A.N., A.F.). The immunoreactivity for CD20, CD10, BCL2, BCL6, PAX5, MUM1, and MYC was assessed as positive if >50% of neoplastic cells showed strong, diffuse, and marker-specific labeling. The Ki-67 index was determined by counting the number of positive cells per 1,000 randomly selected cells excluding necrotic areas. The caspase-3 and CD3 index was calculated as the percentage of positive cells in 10 consecutive high-power fields (x40); the most intense stained areas were selected. Finally, the percentage of Ki-67 positive cells and AI were coupled to calculate proliferation/apoptosis ratio (PAR, % Ki-67 positive cells/AI) and turnover index (TI, % Ki-67 positive cells plus AI) (24).



Treatment

All dogs were treated with chemotherapy with or without immunotherapy (25) and had a complete follow-up. Treatment response was classified as complete remission (CR), partial remission (PR), stable disease (SD) or progressive disease (PD) (26). Response was evaluated at each therapeutic session and was required to last for at least 28 days. Follow-up evaluation consisted of monthly physical examination, peripheral LNs size measurement and cytological evaluation during the first year, and every other month thereafter. Relapse was defined as the clinical reappearance and cytological evidence of lymphoma with or without FC confirmation in any anatomical site in dogs having experienced complete remission (CR). Once relapse was confirmed, a complete restaging work-up was undertaken, and a second round of chemotherapy was offered.



Statistical Analysis

TTP was calculated as the interval between initiation of treatment and PD or relapse, whereas LSS was measured as the interval between initiation of treatment and lymphoma-related death. Dogs lost to follow-up or dead for lymphoma-unrelated causes before PD, as well as those still in CR at the end of the study, were censored for TTP analysis. Dogs alive at the end of the study, lost to follow-up or dead due to causes other than lymphoma were censored for LSS analysis.

Response rate (RR) was defined as the sum of all dogs achieving CR and PR. Survival was analyzed according to the method of Kaplan-Meier. Univariate Cox's proportional hazard regression analysis was performed to determine possible associations between TTP or LSS and the following variables: MC (absolute value), AI (%), Ki67 index (%), PAR, TI, caspase-3 index, BCL6 expression (positive or negative), CD3-positive cells (%). Significance was set at P < 0.05. A Shapiro-Wilk test was performed to assess normal distribution of AI and caspase-3 index. Thereafter, Pearson's test was performed to assess the degree of linear correlation between them. All statistical analysis was performed using SPSS Software version 20.0.




RESULTS


Clinical Results

Between 2012 and 2019, 13 dogs with B-LL were identified. There were three (23.1%) mixed-breed dogs, three (23.1%) Golden retrievers, and one (7.7%) each of the following: Beagle, Dobermann, Basset Hound, Rottweiler, Labrador retriever, Welsh Corgi, and Galgo. Seven (53.8%) dogs were male (one castrated), and six (46.2%) were female (five spayed). Median age was 9 years (range, 5–12 years) and median weight was 30.8 kg (range, 9.1–41.8 kg). At admission, all dogs had generalized peripheral lymphadenopathy of 7–90 days duration (median, 20 days). Eight (61.5%) dogs were asymptomatic (substage a), whereas five (38.5%) dogs showed clinical signs (substage b). Anemia (PCV <35%) was documented in two (15.4%) dogs, thrombocytopenia in three (23.1%), and increased LDH level in six (46.2%). None of the dogs was hypercalcaemic. The majority of cases had stage V (n = 8, 61.5%) or IV (n = 4, 30.8%) disease, with only one dog (7.7%) having stage III disease. Three (23.1%) dogs had pulmonary infiltration at diagnosis. Signalment, clinical presentation, clinico-pathological variables, and outcome for each case are listed in Supplementary Table 3.



Cytopathology and Flow Cytometry

Cytologically, lymphomas were characterized by a prevalent population of medium-sized cells, having round nuclei with clumped chromatin and a scant, deeply basophilic, occasionally vacuolated cytoplasm. Nucleoli were inconsistently observed. Mitoses were frequently identified (Figure 1A).


[image: Figure 1]
FIGURE 1. Burkitt-like lymphoma (B-LL), lymph node, dog. (A) Medium-sized cells, with round nuclei, scant deeply basophilic cytoplasm and mitotic figure. MayGrunwald-Giemsa, x100 magnification. (B) Sheets of densely packed neoplastic cells effacing the entire lymph node and compressing the peripheral sinus. Haematoxylin and eosin (HE), x4 magnification. (C) Intermediate to large neoplastic lymphoid cells with distinct cell borders, moderate anisokaryosis with cleaved or oval-shaped nuclei and vesicular appearance. HE, x40 magnification. (D) Numerous tingible body macrophages phagocytizing apoptotic debris and starry-sky appearance. HE, x40 magnification.


FC on LN aspirates revealed a dominant population (>60%) of cells being larger in size than residual T-lymphocytes. These cells were consistently positive for CD45, negative for CD5 and CD34, and showed a higher expression of CD21 compared with residual small-sized B-cells. Two B-LLs were also tested for Ki-67 expression (27), revealing a high-grade lymphoma (27.0 and 29.7%, respectively).

Median PB infiltration was 1.4% (range, 0.2–17.6%), whereas median BM infiltration was 0.9% (range, 0.2–35.4%). Seven (53.8%) PB samples and five (38.5%) BM samples had a percentage of large CD21-positive cells exceeding those encountered in non-neoplastic controls (28), thus being considered positive for infiltration.



Histopathology

Histologically, LNs were characterized by a diffuse proliferation of intermediate to large-sized cells, with moderately abundant cytoplasm and frequent vesicular appearance round to oval nuclei, presenting multiple nucleoli and only rarely a single nucleolus (Figures 1B,C). Moderate anisokaryosis was observed and the MC ranged from 5 to 10 (mean 7, median 6). Necrosis occupied only small focal areas of the sections. Numerous tingible body macrophages, phagocytizing abundant apoptotic debris and creating a starry-sky pattern, were observed diffusely (Figure 1D) and AI ranged from 23.5 to 68.5% (mean 42.5%, median 39.5%). All examined histologic variables are shown in Supplementary Table 4.



Immunohistochemistry

A detailed description of immunohistochemical results are shown in Table 1. All B-LLs stained strongly and diffusely with CD20 (Figure 2A) and PAX5; conversely, neoplastic cells were negative to CD3. Few small CD3 positive lymphocytes were always observed within the tumor (Figure 2B). The mean rate of CD3 index was 10% by IHC (range, 5–25%) and 7.5% by FC (range, 2.5–14.2%). Ki-67 index ranged from 17.1 to 42.7% (mean 32.8%, median 35.8) (Figure 2C). Mean PAR value was 0.9 (median 0.8; range, 0.4–1.7) and mean TI was 75.4% (median 69.1%; range 43.1–101.3%). CD10 staining was diffusely positive (Figure 2D), whereas only six cases showed a diffuse cytoplasmic labeling for BCL6 (Figure 2E). Conversely, all B-LLs were negative for MUM1, BCL2, and MYC. Finally, caspase-3 index was evaluated similarly to AI and a linear correlation was identified (P = 0.009, r2 = 0.513) (Figure 2F).


Table 1. Immunohistochemical profile of 13 canine Burkitt-like lymphomas.
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FIGURE 2. Burkitt-like lymphoma (B-LL), lymph node, dog. Representative images of CD20, CD3, Ki-67, CD10, BCL6, and caspase-3 immunoreactivity, x40 magnification. (A) The neoplastic cells show strong membranous positive immunolabeling. Immunohistochemistry (IHC) for CD20. (B) Few small lymphocytes show cytoplasmatic positive immunolabeling. IHC for CD3. (C) The neoplastic cells show multifocal to diffuse nuclear immunolabeling. IHC for Ki-67. (D) The neoplastic cells show diffuse cytoplasmic positive immunolabeling. IHC for CD10. (E) The neoplastic cells show diffuse cytoplasmic positive immunolabeling. IHC for BCL6. (F) Tingible body macrophages and apoptotic debris distinctly immunostained. IHC for caspase-3.




Treatment and Outcome

Two (15.4%) dogs had received steroids before admission. All dogs were treated with a CHOP-based protocol of various dose-intensity, consisting of an induction phase of 12–19 weeks with no maintenance phase. Five (38.5%) dogs also received a concomitant autologous vaccine with hydroxylapatite and tumor-derived heat shock protein-peptide complexes. The RR was 92.3% (12/13), consisting of 10 (76.9%) CR and two (15.4%) PR. Only one (7.7%) dog progressed. The median TTP was 130 days (range, 1–493 days) and median LSS was 228 days (range, 14–733 days). All dogs relapsed before data analysis closure. At the end of the study, 10 (76.9%) dogs had died for their lymphoma and three (23.1%) dogs were still alive after 446, 537, and 733 days, respectively. Among those, two received concurrent immunotherapy.

Among the tested variables, increased AI correlated with shorter TTP (P = 0.016, HR 1.058, 95% CI 1.011–1.108) and LSS (P = 0.045, HR 1.042, 95% CI 1.001–1.085), and a high TI value correlated with shorter LSS (P = 0.041, HR 1.040, 95% CI 1.002–1.080). Moreover, increasing of caspase-3 index was associated with shorter LSS (P = 0.038, HR 1.072, 95% CI 1.004–1.146).




DISCUSSION

In 2008, a high level of reproducibility of canine lymphoma diagnosis fulfilling the morphological criteria described in the WHO classification was reported (29). While for the six most common diagnoses, the overall agreement level reached 87% (29), B-LL and BL were not specifically discussed and were considered a together with DLBCL. Here we report the clinical, histological and immunohistochemical characterization of a canine subset of MYC and BCL2-negative, high-grade B-cell lymphomas sharing similarities with B-LL.

Applying the WHO morphological criteria, all lymphomas showed a diffuse growth pattern. When compared to the study of Valli et al. (12), MC was moderately lower, however the counting method in our case series was different, since we evaluated a defined area of 2.37 mm2 for the analysis. Also, analogous comparison cannot be performed with Ponce et al. (15) data because the proliferation rate was expressed as mitotic index. Similarly to MC, Ki-67 index was severely affected by the presence of macrophages and, when recalculating the index excluding these cells, the index increased to 84%. However, an association between Ki-67 index and outcome was not identified. Conversely, an increased AI correlated with shorter TTP and LSS. To date, in human oncology it is still controversial whether a relationship exists between apoptosis and prognosis, but, as a general rule, an increased AI is associated with a worse clinical outcome (30) and this may hold true in canine B-LL as well. In addition, a correlation between AI and caspase-3 index was observed in the current series. Caspase-3 immunoreactivity was identified in the cytoplasm of apoptotic cells and occasionally neoplastic lymphocytes showed nuclear staining. Immunoreactivity was also evident in a few cells having a normal cellular and nuclear morphology, reflecting an early stage of apoptosis. Interestingly, TI was associated with LSS, possibly predicting the clinical response in dogs undergoing treatment. However, a larger number of cases is needed to reinforce these data.

In recent years, several groups have attempted to discover molecular similarities of the most frequent canine B-cell lymphoma histotypes with the human counterparts, but B-LL was never considered (31, 32). This is attributable to the low incidence of this particular lymphoma subtype and the diagnostic conundrum to frame such lesion. Here, we investigated the immunophenotypic profile and included a panel of antibodies that are routinely used to characterize human BL. In details, BCL6 and CD10 positive expression associated with BCL2 negative immunostaining are considered highly suggestive of BL in people. BCL2 protein was absent in all samples of the present study. Conversely, Curran et al. (33) reported a large number of canine DLBCL expressing BCL2. Even if a larger number of cases is needed to confirm this result, BCL2 immunostaining might represent a distinctive feature for differentiating these two histotypes in dogs. BCL2 is typically not expressed in human BL, but a weak positivity is still considered compatible with this diagnosis if clinical, morphological and further immunohistochemical characteristics are consistent with it. Conversely, if BCL2 intensity is moderate to strong and Ki-67 is <95%, a diagnosis of unclassifiable B-cell lymphoma is given with features in between DLBCL and BL (3). The immunostaining of BCL6 was heterogeneous in our cases, whereas CD10 was always expressed. At least, for the BCL6 and CD10 double positive B-LLs, an origin from germinal center B-cells may be hypothesized. However, more advanced technology, such as RNA-seq, is needed to accurately determine the cell of origin.

MYC protein was not expressed in our case series, and indeed there are no reports in the literature of the canine homolog of the human t(8;14)(q24;q32) chromosomal translocation juxtaposing the MYC oncogene to the immunoglobulin heavy chain genes locus. While MYC is highly expressed in canine DLBCL (31), its lack of expression in B-LL is striking. However, this peculiar behavior was previously observed both in human HIV-B-LL where MYC genetic lesions were not identified and in Simian negative immunodeficiency virus-infected rhesus monkeys B-LL (34, 35).

In this respect, other members of the MYC family, MYCN and MYCL, have similar oncogenic potential (36–38) and could be the drivers of the canine disease compensating the absence of MYC protein, sharing targets and activating similar pathways. Although MYCN is more commonly deregulated in human solid tumors (especially for childhood onset) (36), it has also been reported translocated in human lymphomas (39, 40), mouse plasma cell tumors (41, 42), and, importantly, expressed in the very few human BL cases apparently lacking MYC deregulation (43, 44). Future studies are needed to define this peculiar observation of MYC negativity in canine B-LL.

The B-cell phenotype of B-LL was always confirmed by FC and IHC. The staining for CD20 and PAX5 was diffuse and intense in neoplastic cells. Few CD3+ T cells infiltrating the LN were always retrieved, but differently from DLBCL, no association with prognosis was identified.

From a clinical standpoint, approximately 40% of dogs showed symptoms and had widespread disease at admission, indicating the aggressive nature of canine B-LL. Three (23%) dogs had pulmonary involvement; this finding is in line with the human counterpart, where 16% of patients have pleural/pulmonary involvement (45). In the current series, seven (53.8%) and five (38.5%) dogs had PB and BM involvement, respectively, similarly to what has been reported for canine DLBCL (46).

Given the lack of studies specifically focusing on B-LL, there is currently no gold standard treatment. All dogs in our study were treated with a CHOP-based chemotherapy, consisting of cyclophosphamide, vincristine, doxorubicin and prednisone, and five of them concurrently received an HSPPC autologous vaccine with hydroxylapatite and tumor-derived heat shock protein-peptide complexes. Despite treatment, the prognosis was disappointingly poor, with a median TTP and median LSS of 130 and 228 days, respectively. Nevertheless, three (23.1%) dogs survived more than 1 year, and one (7.7%) dog was alive after 2 years from diagnosis, suggesting that a long survival may be achieved in some dogs despite relapse. Of note, these four dogs had stage V disease and three of them received chemo-immunotherapy; further studies are warranted to confirm the role of active immunotherapy for the treatment of B-LL.

In the only published study in which outcome has been described (14), the median OS was 15 days, and the dog that lived longer survived for 21 days only. Compared with the dogs of our series, the outcome was significantly worse. There are several reasons behind these findings. In that previous study, all dogs were severely symptomatic and had intestinal involvement; clinical signs had been present for <1 week. In our series, the majority of dogs were asymptomatic, and none had alimentary involvement. Second, doxorubicin was scheduled to be introduced only after the second relapse, which means that none of the dogs had received one of the most effective drugs against lymphoma, which may have accounted for the worse prognosis. Another explanation for discrepant outcomes between previous and current datasets relies on MYC expression. As outlined in human studies, MYC-positive BLs have a worse outcome compared with MYC-negative BLs (47). While in the Ponce study MYC expression was not investigated, all dogs in the current series were MYC-negative, possibly having a better treatment response.

In human patients with BL, central nervous system (CNS) prophylaxis with intrathecal methotrexate or cytarabine is a component of first-line CHOP chemotherapy, given the high risk of CNS involvement or relapse (6, 48, 49). In the current series, although autopsy or cerebrospinal fluid analysis was not carried out in any of the dogs, CNS involvement was not clinically evident.

Finally, unlike human BL, results from previous canine studies tend to exclude an association between Epstein Barr virus (EBV) and lymphoma. This was demonstrated in dogs both by cancer virome analysis and investigating specifically EBV in lymphoma samples (50).



CONCLUSIONS

Herein we report the clinical and pathological features of 13 canine B-LLs. Similarities with human BL were observed both at histological and immunophenotypical level, but one main difference was the absence of MYC expression. Caution is warranted before concluding that canine B-LL indeed represent true MYC-negative BL. The cases described in the current series may rather represent a distinct subset of MYC-negative unclassifiable high-grade B-cell lymphomas. The high AI and caspase-3 index should be considered as a valid feature to differentiate canine B-LL from DLBCL in association with the lack of BCL2 expression. Given these preliminary results, we suggest using the term of B-LL over BL until a more accurate molecular and genetic description of this lymphoma histotype is available. Finally, due to the rarity of canine B-LL, a cooperative effort among researcher groups worldwide is critical if we are to move the bar higher for meaningfully treating each subtype of aggressive lymphoma.
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