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Abstract

:

Simple Summary


Recent data suggest that feline lymphoma may no longer be strongly associated with viruses like feline leukemia virus (FeLV) and feline immunodeficiency virus (FIV), possibly causing a change in the occurrence of specific anatomical subtypes and treatment outcomes. This study aimed to analyze this shift in disease presentation in a country with a low appearance of FIV/FeLV, such as the Netherlands, to investigate if these changes can be solely attributed to the prevalence of these viruses or if other risk factors should be considered. In total, 174 cats with large cell lymphoma (110 treated) during the last 10 years were included and compared to previous data from the Netherlands. This study demonstrates a shift in patient characteristics of cats with malignant lymphoma in the Netherlands, which could not be ascribed to differences in FIV/FeLV occurrence. While treatment response remained consistent, some anatomical subtypes showed longer disease-free periods.




Abstract


Feline lymphoma is currently less commonly associated with retrovirus infections as the feline leukemia virus (FeLV) and feline immunodeficiency virus (FIV). This is thought to have caused a shift in the distribution of anatomical subtypes and eventually have led to poorer treatment outcomes. The aim of this study was to evaluate whether this change was also notable in the Netherlands, a country historically known for its low prevalence of FeLV and FIV, and to determine its consequences on treatment response. A 10-year cohort of 174 cats with large cell lymphoma (110 treated) were included and compared to historical data from previously published reports in the Netherlands. Of the 90 cats screened, only one tested positive for FeLV and three for FIV. The most current cohort had an increased age (median 8.7 years) and fever Siamese cats (6.3%) compared to previous reports, with alimentary (24.5%) and nasopharyngeal lymphoma (22.7%) being the most common subtypes. Sixty-six of the one hundred and ten cats (60%) went into complete remission, (CR) resulting in a median disease-free period (DFP) of 763 days, with nasopharyngeal and mediastinal having the longest DFP. The median overall survival time was 274 days with an estimated 1-year survival of 41.3% and a 2-year survival of 34.6%, respectively. Patient characteristics of cats with malignant lymphoma in the Netherlands have changed over the years, but this cannot be explained by differences in FeLV/FIV prevalence. Although the overall response rate to therapy did not change over time, for some lymphoma subtypes, longer DFPs were observed compared to 30 years ago.
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1. Introduction


Malignant lymphoma is the most common hematopoietic malignancy in domestic cats [1,2,3], with an estimated incidence of about 100–200 cases per 100,000 cats [4]. The age of presentation in most studies appears to be bimodal, with a first peak at around 2 years of age and the second between 10–12 years [5]. The first peak consists primarily of young, male Siamese and Oriental short-hair cats, which seem to be predisposed compared to other purebred cats, and European domestic shorthair cats [5,6,7,8]. Possible reported risk factors for developing lymphoma are a positive feline leukemia virus (FeLV) and/or feline immunodeficiency virus (FIV) infection [7,9,10,11], environmental influences such as exposure to tobacco [12], radon, agricultural chemicals [13] and immunosuppressive diseases or treatments [7].



Especially the linkage to FeLV/FIV has been thoroughly studied [14,15,16,17,18]. FeLV-associated lymphomas seem to arise most of the time from the T-cell lineage, causing a mediastinal or peripheral form in often younger cats [7,14]. FIV-associated lymphomas, on the other hand, emerge from a B-cell origin [19] and develop in extra-nodal sites and older cats [3,19,20]. Over the last decades, a significant change has been seen in the prevalence of FeLV and FIV infections in multiple countries. Until the 1980s, about 70% of the cats with malignant lymphoma were FeLV positive [10,21,22]. However, since then, the use of effective testing, eradication programs, and vaccination against FeLV numbers have decreased significantly to 5–14.5% [6,7,8]. Although FeLV-associated lymphoma numbers have dropped, the overall incidence of lymphoma in cats does not seem to decrease much and might even have increased [8]. In particular, the alimentary and peripheral forms are seen more frequently these days, while the incidence of the mediastinal form has declined [7,23]. It has been stated that this so-called shift in the anatomic location of the lymphoma may have been caused by the decrease in FeLV and FIV infections. Some countries, such as the Netherlands and Australia, are known for their longstanding history of low FeLV/FIV infection rates, either by eradication programs or by geographic differences [24,25,26]. Given the historically limited role of retroviruses in feline lymphoma in these countries [25,27,28,29], it raises the question whether the beforementioned shifts in anatomical subtypes were observed there as well, and if so, this might support a role for other risk factors than retroviral infections.



Lymphoma can be divided according to its anatomic location, into an alimentary, mediastinal, peripheral, nasopharyngeal, cutaneous, abdominal, and miscellaneous form, the latter containing the remaining locations [30,31]. The preferred treatment for lymphoma exists of a multicyclic, multidrug chemotherapy protocol [21,23,25,29]. A variety of chemotherapeutic protocols have been reported, with a variation in response rates, disease-free periods (DFP), and overall survival times (OST). The COP-protocol (vincristine, cyclophosphamide, and prednisone) has been proven to be effective with response rates as high as 77% and 2 years survival rates of more than 46% [25,29,32]. The efficacy of the treatment seems to depend on the anatomical type of lymphoma, with alimentary and abdominal subtypes being poorly responsive and mediastinal highly responsive to chemotherapy [30,33]. As a result, one could speculate that a shift in the prevalence of the anatomical lymphoma subtype might therefore result in a difference in overall response rates.



As previously mentioned, the global decline in the prevalence of FeLV and FIV may have altered the clinical presentation of feline lymphoma and may therefore have influenced treatment outcomes. The objective of the present study is to test if similar changes in feline anatomical lymphoma subtypes have occurred in the Netherlands, a historically low FeLV prevalence region, as in the rest of the world, and if these changes have had an impact on the overall treatment outcome. Since this is a single institutional study, any changes observed are unlikely to be related to geographic variations, retroviral status, or variations in treatment protocols.




2. Materials and Methods


2.1. Animals


Medical records of all cats presented with malignant lymphoma at the Utrecht University Clinic for Companion Animals (UUCCA) between 2010 and 2020 were collected. Cats treated according to the modified COP-protocol established by Teske et al. (2014) were selected and compared to two groups of cats with malignant lymphoma treated at the UUCCA in earlier periods with the same protocol (1984–2002 and 2004–2010) [25,29]. The diagnosis of malignant lymphoma was confirmed in all cats by cytology of a fine-needle aspiration biopsy or histology of a biopsy of a diseased organ or an excised lymph node. In all three periods, all the investigated cases included were only large cell lymphomas. Small cell lymphoma (i.e., low grade) and large granular lymphocyte lymphomas were excluded.




2.2. Data Collection


Animals for this study were selected from the UUCCA patient management system (Vetware® (TIS VetWare, Agfa HealthCare, Vienna, Austria), in use since 2004) from 2010 to 2021. Information obtained from this database included age, breed, gender, exact diagnosis, medical history, drug administration reports, and reports of clinical state and adverse events (AE; vomiting, diarrhea, anorexia, obstipation, fever, pain, hair loss, or dullness). As not all tumors in these cats were staged, stage was not included as part of the prognostic criteria study.



Screening for FeLV and FIV was performed randomly by the SNAP FIV/FeLV Combo test, which has a sensitivity of 93.5% and specificity of 100% for FIV and a sensitivity of 98.6% and specificity of 98.2% for FeLV according to the manufacturer (IDEXX Laboratories, Westbrook, ME, USA). All FeLV-positive test results were confirmed with a real-time PCR [34]. Positive FIV cases were confirmed by Western blot method [26].



The selected cats were classified based on the anatomic location of the lymphoma: peripheral nodal, mediastinal, nasopharyngeal, abdominal extra-alimentary, alimentary, cutaneous, and miscellaneous, including laryngeal, skeletal, and ocular forms [31].




2.3. Treatment


A modified version of the COP chemotherapy protocol described by Cotter et al. [10] was used for all cats [25,29]. During week 1, 2, 3, and 4, induction of remission was established with weekly dosages of vincristine, combined in week 1 and 4 with cyclophosphamide, followed by a maintenance phase using the simultaneous administration of vincristine and cyclophosphamide every 3 weeks till week 52. Prednisolone was installed on the first day and an oral dose of 50 mg/m2 was given daily. Hereafter, prednisolone was continued until relapse or for one year in remission. Vincristine and cyclophosphamide were administered simultaneously intraperitoneally (IP) as previously described [29]. Dosages were based on weight and varied between 0.6 mg/m2 for vincristine and 250 mg/m2 for cyclophosphamide. Prednisolone was given 1 mg/kg/day orally (PO).




2.4. Response Evaluation


Remission was determined on the combination of absence of clinical signs (history), physical examination, and, if appropriate, diagnostic imaging. For cats with mediastinal lymphoma, repeated thoracic radiographs were made; in renal and alimentary lymphoma, repeated abdominal ultrasonography was performed. Complete response (CR) was defined as 100% regression of measurable lesion(s) and clinical signs, partial response (PR) as less than 100% but more than 50% regression of disease, and partial improvement of clinical signs. When less than 50% of tumor volume reduction was achieved or when there was an increase of no more than 25%, this was stated as no change (NC). An increasement of more than 25% or the formation of new tumors was defined as progressive disease (PD). For nasopharyngeal lymphomas, CR was mainly based on the complete disappearance of clinical signs for at least one month.




2.5. Statistical Analysis


Data were tested for normality using the Kolmogorov–Smirnov test, after which non-parametric data were analyzed with the Kruskal–Wallis test to show differences among groups in case of interval data. Differences between groups in case of ordinal or ratio data were measured by using the chi-square test or Fisher’s exact test. Survival curves were calculated by the Kaplan–Meier product limit method. Disease specific survival time was calculated as the interval between the start of treatment until the date the cat was last known to be alive. Cats were censored in the survival analysis when cats were lost in follow-up (1), died from other causes than lymphoma or chemotherapy (2), or when they were alive at the time of analysis (3). The disease-free period (DFP) was calculated for cats that had obtained a complete remission and defined as the interval from start of treatment till relapse or to the date on which the cat was last known to be free of disease. For the DFP analysis cats were censored when they died in remission from causes unrelated to lymphoma or chemotherapy (1), were lost to follow-up (2), or were in complete remission at the time of analysis (3). Comparison between groups in the survival data were made using the log-rank test. A result was considered statistically significant if the p-value was <0.05. All statistical analyses were performed by using IBM Statistics SPSS 26®.





3. Results


3.1. Patient Characteristics


In total, 174 cats were included in this study, of which 110 animals were treated with the modified COP-protocol (Table 1). In order to prove that no selection bias for treatment was performed we compared the two groups to each other. Although the European shorthair and other mixed breeds were most often seen, other frequently affected breeds were the British Shorthair, the Siamese, and the Maine Coon. Male cats were seen more often in both the untreated group (62.5%) and the treated group (66.3%). The mean age of the untreated group was 9.1 years (range, 2–16 years) and of the treated group 8.8 years (range, 1–16 years) (p = 0.529). In both groups, cats with mediastinal lymphoma were significantly (p = 0.002) younger (mean age 3.0/4.4 years) compared to the cats with other anatomic subtypes (9.4/10.8 years), except for the peripheral nodal form (mean age 7.3/7.7 years). Of the 90 cats tested on FIV/FeLV, three were positive for FIV and one was positive for FeLV. Only one positive tested FIV cat was treated with chemotherapy. This cat was diagnosed with nasal lymphoma. The other FIV-positive cats were diagnosed with intestinal and nasal lymphoma, while the FeLV cat was diagnosed with a mediastinal form. The alimentary (27%) and nasopharyngeal (23.6%) forms were seen most often, while only 8% of the cats were diagnosed with mediastinal lymphoma.




3.2. Comparison of Different Time Periods


The current results were compared to the historical data of the two groups of cats with malignant lymphoma treated at the UUCCA between 1984–2002 and 2004–2010 [25,28]. To avoid bias, only the treated animals (n = 110) were used for this comparison.



During 2011–2020, more cats with malignant lymphoma were treated with the COP protocol (n = 110) than in the studies of 1984–2002 (n = 61) and 2004–2010 (n = 26). The proportion of Siamese cats was significantly larger in the period 1984–2002 (26.2%) compared to the period 2004–2010 (3.8%; p = 0.016) and the period 2011–2020 (7.3%; p < 0.001). No significant difference in the frequency of this breed was noted between the last two periods.



No significant gender difference was noted between the three periods. From 1984–2002, 65.6% of the cats were male, while 34.4% were female. From 2004–2010, 50% of the cats were male and 50% female. The neuter status changed significantly over the years. The proportion of intact cats was significantly higher in the period 1984–2002 (27.0%) compared to the periods 2004–2010 (7.7%; p = 0.037) and 2011–2020 (3.6%; p < 0.0001). No significant difference was present between the last two periods. The median age is currently significantly higher (median 9 years; mean age 8.7 years) compared to 30 years ago (median 7 years; mean age 6.8 years) (p = 0.006). In the period between 1984 and 2002, a clear bimodal age distribution was visible [25], while this distribution can no longer be demonstrated in the periods of 2004–2010 and 2011–2020 (Figure 1). The FeLV/FIV status did not change significantly over the three time periods.



A significant (p < 0.001) shift in anatomical subtype is found over the three time periods. Between 1984–2002, the most common form was the mediastinal type (36.1%). During 2004–2010, nasopharyngeal lymphoma (38.5%) was seen most often, while alimentary lymphoma is the most frequent type (24.5%) in the group of cats treated during 2011–2020. The decline in mediastinal lymphoma was not only due to a decrease in Siamese cats, as it was also significant in the non-Siamese breeds (p = 0.0145).




3.3. Response to Treatment and Survival Data


In total, 66 animals (60%) of the 110 cats treated with the COP protocol had a CR, 23 cats (20.9%) had a PR, 10 cats (9.1%) showed an SD, and 11 (10%) cats had PD. The CR rate differed significantly between the various anatomical subtypes (p = 0.003) (Table 2). The miscellaneous (84.6%) and the mediastinal (83.3%) had the highest CR rates, while the cutaneous (0%) and non-alimentary abdominal forms (29.4%) had the lowest CR rates.



The median DFP was 763 days (95% CI, 150–1376) with a 1-year estimated DFP of 58.9%, and a 2-year estimated DFP of 52.7%. (Figure 2) The median survival time was 274 days (95% CI, 179–387), with an estimated 1-year survival of 41.3% and a 2-year survival of 34.6%.



No significant difference (p = 0.105) was found for the median DFP between the different anatomical subtypes. Since none of the cutaneous forms had a CR, no DFP could be calculated (Table 2). The median survival time differed significantly (p = 0.019) between the different anatomical subtypes. The 1-year survival rate was highest for cats with mediastinal lymphoma (66.7%). Abdominal and peripheral lymphoma, on the other hand, had a 1-year survival of 17.6% and 10.1%, while none of the cutaneous lymphoma patients reached the 1-year survival (Figure 3).



Of the 27 alimentary lymphomas, 19 were intestinal (70%) and 8 were gastric (30%) lymphomas. The median DFPs for the gastric type (217 days) and the intestinal type (440 days) were not significantly different (p = 0.823), nor was the median survival (p = 0.727), with median survival times of 260 and 486 days, respectively.




3.4. Comparison Response to Treatment in Different Time Periods


No significant difference in overall response rate was seen in comparison to the earlier periods of 1984–2002 (p = 0.125) and 2004–2010 (p = 0.135) (Table 3). The number of cats per anatomical location was too small to analyze response rates for individual subtypes. The median DFP increased from 251 days (period 1984–2002) to 763 days (period 2011–2020), mainly attributed to a large increase in the median DFP for nasopharyngeal and mediastinal subtypes.





4. Discussion


In the earliest cohort, the population of cats diagnosed with lymphoma consisted to a large extent of young, intact, male cats, and included a high number of Siamese cats [5,7,9,35]. Currently, this group is less commonly presented, resulting in a population predominantly consisting of older castrated European shorthairs [7,23,25]. At the same time, a shift occurred in the proportion of anatomical subtypes. The most common mentioned reason for these developments has been suggested to be the worldwide decline in FeLV/FIV prevalence. However, this study fails to support this assumption and suggests that other risk factors should be considered.



The results of this study demonstrated that cats currently present at an older age compared to 20–30 years ago. The median age of 9 years in the latest cohort in this study, is comparable with the median age reported in other recent studies [5,30,36]. One explanation for this development could be the decrease in prevalence of the mediastinal lymphoma, a form that is well-known for its younger age of onset in both the current study as in others [6,25,35,37]. In addition, another explanation could be that there seems to be an increase in owners’ willingness to treat elderly cats. In combination with an improvement in veterinary (preventative) specialties and diagnostics, this may have led to an increase in the number of presented older cats. In the present study, there was hardly any difference between patients’ characteristics, including age, of untreated cats and treated cats. With respect to this shift towards older animals, the bimodal distribution in age that was noted in previous studies [6,25,27] disappeared. Since FeLV status could earlier not explain this distribution [35], other possibilities were considered, such as the association with the Siamese breed. The prevalence of Siamese cats among animals with lymphomas has changed during the last decade. Where previous studies recorded 19–33% [5,25,35] Siamese cats, current studies report a prevalence of 2.2–5% [7,8,23]. In the older studies, a high proportion of Siamese cats was associated with a high proportion of mediastinal lymphomas. The fact that in the studies of Court et al. (1997) and Teske et al. (2002) the percentage of mediastinal lymphoma in Siamese and Siamese-related breeds was high, while none of the cats were FeLV positive, suggested a genetic predisposition [6,7,25,35]. In addition, there has been evidence that Siamese cats with lymphoma are generally younger [6]. Results of this study have shown that the decrease in the proportion of Siamese cats might be part of the explanation of both the shift in age, as well as in anatomical forms, but this does not seem to be the only reason. Also, in the non-Siamese cats, there was a significant decrease in mediastinal lymphoma.



In the present study, there was an overrepresentation of male cats, which is comparable to other studies [5,6,24,25,30,35,36]. One study even presented an increased odds ratio of 1.7 for male cats compared to females [8]. Especially in the cohort of Siamese cats, this correlation seems to be more evident [25]. In humans, a similar predisposition has been reported [38,39]. The cause for this sex predisposition has yet to be discovered, but altogether, these results could be suggestive of a hormonal influence. The increase in neutering status seen in this study, on the other hand, might contradict this theory. Chromosomal differences should therefore be considered as another possible cause.



As mentioned before, there seems to be a worldwide shift in the anatomical subtype of feline lymphoma [7,23]. This shift has always been assigned to the change in FeLV/FIV prevalence. In studies from the 1970s and 1980s, about 80% of the cats with malignant lymphoma tested positive for FeLV [3,40], while mediastinal lymphoma was one of the most common forms, accounting for 48% of the cases [41]. Currently, studies from the US, Germany, and the United Kingdom report that due to vaccination programs, less than 14.5% of the lymphomas are FeLV/FIV-associated [7,8,24,36], and these lymphomas are mostly of an alimentary or nasopharyngeal origin. There are, however, arguments that the change in FeLV prevalence might not be such an important factor. Firstly, there are no studies that demonstrate that the decrease in FeLV prevalence in the cat population is associated with a decrease in lymphoma incidence. On the contrary, even increases in lymphoma cases are being reported [7]. Secondly, in countries where FeLV prevalence among cats with lymphoma has always been very low (2–8%), like Australia [27,28] and the Netherlands [25,26,29] where a testing and removal program has been responsible for very low prevalence in the cat population since the early 1980s, the same shift towards alimentary and nasopharyngeal lymphomas is seen. The results of the present study confirm this finding.



Not only the present study, but also several other recent studies have reported an increase in nasopharyngeal and alimentary lymphomas in cats [7,23,29,31,42]. This increase is not only a relative increase, but also an absolute increase [7]. Better diagnostic and reliable options, especially endoscopy, can perhaps partly explain this increase. Both sites, however, are frequently appointed as places where inflammation occurs. It has been suggested that chronic immune stimulation might be an underlying cause of malignant transformation, suggesting that this could be the reason for the high prevalence of nasopharyngeal and alimentary lymphoma in recent studies. This correlation between chronic inflammation and lymphoma has already been demonstrated in humans [3] where a direct association between coeliac disease and lymphoma has been established, as well as a causative role was found for H. pylori in the pathogenesis of gastric MALT lymphoma [43]. A similar correlation has been tried to discover in feline alimentary lymphoma cases, as multiple studies demonstrated that up to 60% of intestinal T-cell lymphoma patients had pre-existing or concurrent chronic clinical illnesses [44,45,46]. However, the histological subtypes in these studies were small cell, low grade intestinal lymphomas, while the reported shift in the current study is for large cell, high grade alimentary lymphomas, including gastric. Of interest is therefore the finding of an association of Helicobacter spp. with large cell gastric lymphoma in cats [47]. A complete explanation for the increase in prevalence of the alimentary and nasopharyngeal lymphomas, however, is still lacking.



Regarding the response rate to the COP-protocol, the 60% CR seen in the present study is comparable to the results seen before in the Netherlands [25,29]. The COP protocol has remained the same over the three time periods. The only modification has been that since 2004 vincristine and cyclophosphamide were administered intraperitoneally instead of intravenously. It was proven that pharmacokinetics, bioavailability, and efficacy were similar between the two ways of administration [29,48]. In other studies worldwide in which the COP-protocol is used, a similar treatment response is seen, varying between 47–72% [6,31,37,49,50]. Some studies added doxorubicin to the protocol. Surprisingly, the complete response rate did not differ [23] or only showed a slight improvement, without affecting survival [23,51]. In the present study, the highest response rates were seen for mediastinal lymphoma, alimentary lymphoma, and miscellaneous lymphoma, including laryngeal, skeletal, and ocular forms (83.3%, 70.4%, and 84.6%, respectively). The results of mediastinal lymphoma are consistent with the results obtained by others [21,38]. The study of Fabrizio et al. (2014), on the other hand, found a lower response rate for this lymphoma type (61.5%). However, an explanation for this could be that a quarter of the patients had involvement of other organs as well, possibly influencing the final outcome [6].



The DFP for alimentary lymphoma in the current study is surprisingly favorable compared to other published results [25,29,51]. Explanations for this difference in response rate were first thought to be related to the suspected difference in survival time between gastric lymphoma and intestinal lymphoma [34], as both of them were included in the alimentary group. However, the current study could not demonstrate a similar beneficial effect on survival time for gastric lymphomas. Another suitable explanation for the increase in DFP for alimentary lymphoma could be the lack of follow-up using diagnostic imaging. In the majority of cases, the response to treatment was based on clinical signs instead of measuring the response on total tumor volume. The intention was to perform regular check-ups by repeated abdominal ultrasonography; however, owner compliance is a necessity for this and was therefore not always feasible. The same applies to the nasopharyngeal lymphomas, in which owners often declined control imaging under anesthesia when the cats seemed to be in remission and doing fine. However, the fact that there are so many longtime survivors in CR in our study with hardly any relapses assumes that the treatment was most of the time sufficient enough.



The median survival time for all cases (274 days) is comparable to or even better than some of the older studies [31,37,50] as well as compared to the results from studies reported in the past in the Netherlands. The median DFP for cases that went into CR in the present study (763 days) was much better than in the two periods before. Especially the nasopharyngeal, mediastinal, and miscellaneous subtypes had a large increase in median DFP with >1357, 1071, and 763 days, respectively. Possible explanations are still lacking.



It is important to mention that survival time depends on multiple risk factors. For example, the MST in the study of Fabrizio et al. (2014) was 484 days [6], which seems to be higher compared to others [31,37,50]. However, this study only included mediastinal lymphoma, which, as mentioned earlier, has a better response to therapy. Differences in anatomical forms included in a study could therefore influence the overall end result. Another strong predictor of the overall response seems to be the FeLV status [37,52]. Differences in FeLV prevalence could eventually influence the overall median survival time. Clear conclusions between the different studies are therefore difficult to make.




5. Conclusions


The patient characteristics and anatomic subtypes of cats with malignant lymphoma in the Netherlands have changed over the years. Where previously younger, Siamese cats were involved and mostly mediastinal lymphomas were seen, today the most frequent forms of lymphoma are the nasopharyngeal and alimentary types in cats of an older age. The results of this study suggest that this shift cannot be explained by the changes in FeLV/FIV prevalence. Despite this change in patient characteristics, the overall response rate to chemotherapeutic treatment did not differ. However, the median DFP for cats with a complete response has impressively increased for especially the nasopharyngeal, mediastinal, and miscellaneous subtypes.







Author Contributions


Conceptualization, M.M.J.M.Z. and E.T.; methodology, M.M.J.M.Z. and E.T.; software, E.T.; validation, H.V., M.M.J.M.Z. and E.T.; formal analysis, E.T.; investigation, H.V., L.R.F., F.E.M.M.v.d.S., M.M.J.M.Z. and E.T.; resources, L.R.F., F.E.M.M.v.d.S., M.M.J.M.Z. and E.T.; data curation, H.V. and E.T.; writing—original draft preparation, H.V.; writing—review and editing, L.R.F., F.E.M.M.v.d.S., M.M.J.M.Z. and E.T.; visualization, H.V. and E.T.; supervision, M.M.J.M.Z. and E.T.; project administration, H.V. and E.T. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Dorn, C.R. The Epidemiology of Cancer in Animals. Calif. Med. 1967, 107, 481–489. [Google Scholar]

	



Dorn, C.R.; Taylor, D.O.; Hibbard, H.H. Epizootiologic characteristics of canine and feline leukemia and lymphoma. Am. J. Vet. Res. 1967, 28, 993–1001. [Google Scholar]

	



Hardy, W.J. Hematopoietic tumors of cats. J. Am. Anim. Hosp. Assoc. 1981, 17, 921–940. [Google Scholar]

	



Essex, M.; Francis, D.P. The risk to humans from malignant diseases of their pets: An unsettled issue. J. Am. Anim. Hosp. Assoc. 1976, 12, 386–390. [Google Scholar]

	



Gabor, L.J.; Malik, R.; Canfield, P.J. Clinical and anatomical features of lymphosarcoma in 118 cats. Aust. Vet. J. 1998, 76, 725–732. [Google Scholar] [CrossRef] [PubMed]

	



Fabrizio, F.; Calam, A.E.; Dobson, J.M.; Middleton, S.A.; Murphy, S.; Taylor, S.S.; Schwartz, A.; Stell, A.J. Feline mediastinal lymphoma: A retrospective study of signalment, retroviral status, response to chemotherapy and prognostic indicators. J. Feline Med. Surg. 2014, 16, 637–644. [Google Scholar] [CrossRef]

	



Louwerens, M.; London, C.A.; Pedersen, N.C.; Lyons, L.A. Feline lymphoma in the post-feline leukemia virus era. J. Vet. Intern. Med. 2005, 19, 329–335. [Google Scholar] [PubMed]

	



Economu, L.; Stell, A.; O’Neill, D.G.; Schofield, I.; Stevens, K.; Brodbelt, D. Incidence and risk factors of feline lymphoma in UK primary-care practice. J. Small Anim. Pract. 2020, 62, 97–106. [Google Scholar] [CrossRef] [PubMed]

	



Shelton, G.H.; Grant, C.K.; Cotter, S.M.; Gardner, M.B.; Hardy, W.D., Jr.; DiGiacomo, R.F. Feline immunodeficiency virus and feline leukemia virus infections and their relationships to lymphoid malignancies in cats: A retrospective study. J. Acquir. Immune Defic. Syndr. 1990, 3, 623–630. [Google Scholar]

	



Cotter, S.M.; Hardy Jr, W.D.; Essex, M. Association of feline leukemia virus with lymphosarcoma and other disorders in the cat. J. Am. Vet. Med. Assoc. 1975, 166, 449–454. [Google Scholar]

	



Rezanka, L.J.; Rojko, J.L.; Neil, J.C. Feline Leukemia Virus: Pathogenesis of Neoplastic Disease. Cancer Investig. 1992, 10, 371–389. [Google Scholar] [CrossRef]

	



Bertone, E.R.; Snyder, L.A.; Moore, A.S. Environmental tobacco smoke and risk of malignant lymphoma in pet cats. Am. J. Epidemiol. 2002, 156, 268–273. [Google Scholar] [CrossRef] [PubMed]

	



Hayes, H.M.; Tarone, R.E.; Cantor, K.P.; Jessen, C.R.; McCurnin, D.M.; Richardson, R.C. Case-Control Study of Canine Malignant Lymphoma: Positive Association with Dog Owner’s Use of 2, 4-Dichlorophenoxyacetic Acid Herbicides. J. Natl. Cancer Inst. 1991, 83, 1226–1231. [Google Scholar] [CrossRef] [PubMed]

	



Hardy, W.D. Feline Oncoretroviruses. In The Retroviridae; Springer: Boston, MA, USA, 1993; pp. 109–180. [Google Scholar]

	



Fujino, Y.; Ohno, K.; Tsujimoto, H. Molecular pathogenesis of feline leukemia virus-induced malignancies: Insertional mutagenesis. Vet. Immunol. Immunopathol. 2008, 123, 138–143. [Google Scholar] [CrossRef]

	



Sheets, R.L.; Pandey, R.; Jen, W.C.; Roy-Burman, P. Recombinant feline leukemia virus genes detected in naturally occurring feline lymphosarcomas. J. Virol. 1993, 67, 3118–3125. [Google Scholar] [CrossRef] [PubMed]

	



Stützer, B.; Simon, K.; Lutz, H.; Majzoub, M.; Hermanns, W.; Hirschberger, J.; Sauter-Louis, C.; Hartmann, K. Incidence of persistent viraemia and latent feline leukaemia virus infection in cats with lymphoma. J. Feline Med. Surg. 2011, 13, 81–87. [Google Scholar] [CrossRef]

	



Rohn, J.L.; Linenberger, M.L.; Hoover, E.A.; Overbaugh, J. Evolution of feline leukemia virus variant genomes with insertions, deletions, and defective envelope genes in infected cats with tumors. J. Virol. 1994, 68, 2458–2467. [Google Scholar] [CrossRef] [PubMed]

	



Callanan, J.J.; Jones, B.A.; Irvine, J.; Willett, B.J.; McCandlish, I.; Jarrett, O. Histologic classification and immunophenotype of lymphosarcomas in cats with naturally and experimentally acquired feline immunodeficiency virus infections. Vet. Pathol. 2016, 33, 264–272. [Google Scholar] [CrossRef]

	



Gabor, L.J.; Love, D.N.; Malik, R.; Canfield, P.J. Feline immunodeficiency virus status of Australian cats with lymphosarcoma. Aust. Vet. J. 2008, 79, 540–545. [Google Scholar] [CrossRef]

	



Cotter, S.M. Treatment of lymphoma and leukemia with cyclophosphamide, vincristine, and prednisone: II treatment of cats. J. Am. Anim. Hosp. Assoc. 1983, 19, 166–172. [Google Scholar]

	



Francis, D.P.; Cotter, S.M.; Hardy, W.D., Jr.; Essex, M. Comparison of virus-positive and virus-negative cases of feline leukemia and lymphoma. Cancer Res. 1979, 39, 3866–3870. [Google Scholar]

	



Milner, R.J.; Peyton, J.; Cooke, K.; Fox, L.E.; Gallagher, A.; Gordon, P.; Hester, J. Response rates and survival times for cats with lymphoma treated with the University of Wisconsin-Madison chemotherapy protocol: 38 cases (1996–2003). J. Am. Vet. Med. Assoc. 2005, 227, 1118–1122. [Google Scholar] [CrossRef]

	



Meichner, K.; Kruse, D.B.; Hirschberger, J.; Hartmann, K. Changes in prevalence of progressive feline leukaemia virus infection in cats with lymphoma in Germany. Vet. Rec. 2012, 171, 348. [Google Scholar] [CrossRef] [PubMed]

	



Teske, E.; van Straten, G.; van Noort, R.; Rutteman, G.R. Chemotherapy with Cyclophosphamide, Vincristine, and Prednisolone (COP) in Cats with Malignant Lymphoma: New Results with an Old Protocol. J. Vet. Intern. Med. 2002, 16, 179–186. [Google Scholar] [CrossRef] [PubMed]

	



Duijvestijn, M.B.H.M.; Schuurman, N.N.M.P.; Vernooij, J.C.M.; van Leeuwen, M.A.J.M.; Bosch, B.; van den Brand, J.M.A.; Wagenaar, J.A.; Kuppeveld, F.J.M.; Egberink, H.F.; Verhagen, J.H. Serological Survey of Retrovirus and Coronavirus Infections, including SARS-CoV-2, in Rural Stray Cats in the Netherlands, 2020–2022. Viruses 2023, 15, 1531. [Google Scholar] [CrossRef] [PubMed]

	



Gabor, L.J.; Jackson, M.L.; Trask, B.; Malik, R.; Canfield, P.J. Feline leukaemia virus status of Australian cats with lymphosarcoma. Aust. Vet. J. 2001, 79, 476–481. [Google Scholar] [CrossRef]

	



Malik, R.; Kendall, K.; Cridland, J.; Coulston, S.; Stuart, A.J.; Snow, D.; Love, D.N. Prevalences of feline leukaernia virus and feline immunodeficiency virus infections in cats in Sydney. Aust. Vet. J. 1997, 75, 323–327. [Google Scholar] [CrossRef] [PubMed]

	



Teske, E.; van Lankveld, A.J.; Rutteman, G.R. Intraperitoneal antineoplastic drug delivery: Experience with a cyclophosphamide, vincristine and prednisolone protocol in cats with malignant lymphoma. Vet. Comp. Oncol. 2014, 12, 37–46. [Google Scholar] [CrossRef]

	



Sato, H.; Fujino, Y.; Chino, J.; Takahashi, M.; Fukushima, K.; Goto-Koshino, Y.; Uchida, K.; Ohno, K.; Tsujimoto, H. Prognostic analyses on anatomical and morphological classification of feline lymphoma. J. Vet. Med. Sci. 2014, 76, 807–811. [Google Scholar] [CrossRef]

	



Krupa, A.; de Vos, J.; Van Eetvelde, L.; Teske, E. Pegylated asparaginase in feline high-grade lymphoma: Clinical results of single injection and continued incorporation into a modified COP regimen. J. Feline Med. Surg. 2022, 24, e203–e213. [Google Scholar] [CrossRef]

	



Taylor, S.S.; Goodfellow, M.R.; Browne, W.J.; Walding, B.; Murphy, S.; Tzannes, S.; Gerou-Ferriani, M.; Schwartz, A.; Dobson, J.M. Feline extranodal lymphoma: Response to chemotherapy and survival in 110 cats. J. Small Anim. Pract. 2009, 50, 584–592. [Google Scholar] [CrossRef]

	



Wolfesberger, B.; Skor, O.; Hammer, S.E.; Flickinger, I.; Kleiter, M.; Rütgen, B.C.; Schwendenwein, I.; Tichy, A.; Hittmair, K.M.; Degasperi, B.; et al. Does categorisation of lymphoma subtypes according to the World Health Organization classification predict clinical outcome in cats? J. Feline Med. Surg. 2016, 19, 897–906. [Google Scholar] [CrossRef] [PubMed]

	



Tandon, R.; Cattori, V.; Gomes-Keller, M.A.; Meli, M.L.; Golder, M.C.; Lutz, H.; Hofmann-Lehmann, R. Quantitation of feline leukaemia virus viral and proviral loads by TaqMan real-time polymerase chain reaction. J. Virol. Methods 2005, 130, 124–132. [Google Scholar] [CrossRef]

	



Court, E.A.; Watson, A.; Peaston, A.E. Retrospective study of 60 cases of feline lymphosarcoma. Aust. Vet. J. 1997, 75, 424–427. [Google Scholar] [CrossRef] [PubMed]

	



Vail, D.M.; Moore, A.S.; Ogilvie, G.K.; Volk, L.M. Feline Lymphoma (145 Cases): Proliferation Indices, Cluster of Differentiation 3 Immunoreactivity, and Their Association with Prognosis in 90 Cats. J. Vet. Intern. Med. 1998, 12, 349–354. [Google Scholar] [CrossRef]

	



Sunpongsri, S.; Kovitvadhi, A.; Rattanasrisomporn, J.; Trisaksri, V.; Jensirisak, N.; Jaroensong, T. Effectiveness and Adverse Events of Cyclophosphamide, Vincristine, and Prednisolone Chemotherapy in Feline Mediastinal Lymphoma Naturally Infected with Feline Leukemia Virus. Animals 2022, 12, 900. [Google Scholar] [CrossRef] [PubMed]

	



Morton, L.M.; Wang, S.S.; Devesa, S.S.; Hartge, P.; Weisenburger, D.D.; Linet, M.S. Lymphoma incidence patterns by WHO subtype in the United States, 1992–2001. Blood 2006, 107, 265–276. [Google Scholar] [CrossRef]

	



Wilson, L.D.; Hinds, G.A.; Yu, J.B. Age, Race, Sex, Stage, and Incidence of Cutaneous Lymphoma. Clin. Lymphoma Myeloma Leuk. 2012, 12, 291–296. [Google Scholar] [CrossRef]

	



Jackson, M.L.; Haines, D.M. Feline Leukemia Virus Detection by Immunohistochemistry and Polymerase Chain Reaction in Formalin-fixed, Paraffin-embedded Tumor Tissue from Cats with Lymphosarcoma. Can. J. Vet. Res. 1993, 57, 269–276. [Google Scholar]

	



Gruffydd-Jones, T.J.; Gaskell, C.J.; Gibbs, C. Clinical and radiological features of anterior mediastinal lymphosarcoma in the cat: A review of 30 cases. Vet. Rec. 1979, 104, 304–307. [Google Scholar] [CrossRef]

	



Waite, A.; Jackson, K.; Gregor, T.P.; Krick, E.L. Lymphoma in cats treated with a weekly cyclophosphamide-, vincristine-, and prednisone-based protocol: 114 cases (1998–2008). J. Am. Vet. Med. Assoc. 2013, 242, 1104–1109. [Google Scholar] [CrossRef]

	



Nakamura, S.; Hojo, M. Diagnosis and Treatment for Gastric Mucosa-Associated Lymphoid Tissue (MALT) Lymphoma. J. Clin. Med. 2022, 12, 120. [Google Scholar] [CrossRef] [PubMed]

	



Briscoe, K.A.; Krockenberger, M.; Beatty, J.A.; Crowley, A.; Dennis, M.M.; Canfield, P.J.; Dhand, N.; Lingard, A.E.; Barrs, V.R. Histopathological and immunohistochemical evaluation of 53 cases of feline lymphoplasmacytic enteritis and low-grade alimentary lymphoma. J. Comp. Pathol. 2011, 145, 187–198. [Google Scholar] [CrossRef] [PubMed]

	



Lingard, A.E.; Briscoe, K.; Beatty, J.A.; Moore, A.S.; Crowley, A.M.; Krockenberger, M.; Churcher, R.K.; Canfield, P.J.; Barrs, V.R. Low-grade alimentary lymphoma: Clinicopathological findings and response to treatment in 17 cases. J. Feline Med. Surg. 2009, 11, 692–700. [Google Scholar] [CrossRef]

	



Carreras, J.K.; Goldschmidt, M.; Lamb, M.; McLear, R.C.; Drobatz, K.J.; Sorenmo, K.U. Feline epitheliotropic intestinal malignant lymphoma: 10 cases (1997–2000). J. Vet. Intern. Med. 2003, 17, 326–331. [Google Scholar] [PubMed]

	



Bridgeford, E.C.; Marini, R.P.; Feng, Y.; Parry, N.M.A.; Rickman, B.; Fox, J.G. Gastric Helicobacter species as a cause of feline gastric lymphoma: A viable hypothesis. Vet. Immunol. Immunopathol. 2008, 123, 106–113. [Google Scholar] [CrossRef]

	



Voorhorst, M.J.; van Maarseveen, E.M.; van Lankveld, A.J.; Teske, E. Bioavailability of cyclophosphamide and vincristine after intraperitoneal administration in cats. Anti-Cancer Drugs 2014, 25, 1211–1214. [Google Scholar] [CrossRef]

	



Smedby, K.E.; Akerman, M.; Hildebrand, H.; Glimelius, B.; Ekbom, A.; Askling, J. Malignant lymphomas in coeliac disease: Evidence of increased risks for lymphoma types other than enteropathy-type T cell lymphoma. Gut J. 2005, 54, 54–59. [Google Scholar] [CrossRef]

	



Moore, A.S.; Cotter, S.M.; Frimberger, A.E.; Wood, C.A.; Rand, W.M.; L’Heureux, D.A. A Comparison of Doxorubicin and COP for Maintenance of Remission in Cats with Lymphoma. J. Vet. Intern. Med. 1996, 10, 372–375. [Google Scholar] [CrossRef]

	



Simon, D.; Eberle, N.; Laacke-Singer, L.; Nolte, I. Combination Chemotherapy in Feline Lymphoma: Treatment Outcome, Tolerability, and Duration in 23 Cats. J. Vet. Intern. Med. 2008, 22, 394–400. [Google Scholar] [CrossRef]

	



Mooney, S.C.; Hayes, A.A.; MacEwen, E.G.; Matus, R.E.; Geary, A.; Shurgot, B.A. Treatment and prognostic factors in lymphoma in cats: 103 cases (1977–1981). J. Am. Vet. Med. Assoc. 1989, 194, 696–702. [Google Scholar] [PubMed]








[image: Animals 13 02667 g001] 





Figure 1. Age distribution of 110 cats treated for malignant lymphoma with cyclophosphamide, vincristine, and prednisolone (COP) at the Utrecht University Clinic for Companion Animals, between 2011 and 2020. 
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Figure 2. Disease-free survival curve for 66 cats treated according to the COP protocol for malignant lymphoma that went into complete remission (CR). The vertical bars demonstrate censored observations. The median DFP was 763 days with a 1-year estimated DFP of 58.9%, and a 2-year estimated DFP of 52.7%. 
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Figure 3. Kaplan–Meier survival curves for 110 cats with malignant lymphoma, categorized according to their anatomical location. The vertical bars demonstrate censored observations. The median survival time was 274 days, with an estimated 1-year survival of 41.3% and a 2-year survival of 34.6%. The 1-year survival rate differed significantly (p = 0.019) between the anatomical locations. 
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Table 1. Patient characteristics.
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Variable

	
Category

	
1984–2002

	
2004–2010

	
2011–2020 (Treated)

	
2011–2020 (Untreated)




	
N = 61

	
N = 26

	
N = 110

	
N = 64




	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%






	
Breed

	
European shorthair

	
41

	
67.4

	
19

	
73.1

	
66

	
60.0

	
48

	
75.0




	
British shorthair

	

	

	
1

	
3.8

	
8

	
7.3

	
4

	
8.9




	
Oriental shorthair

	

	

	

	

	
4

	
3.6

	
2

	
3.1




	
Siamese

	
16

	
26.2

	
1

	
3.8

	
8

	
7.3

	
3

	
4.7




	
Main Coon

	

	

	

	

	
7

	
6.4

	
3

	
4.7




	
Norwegian Forest

	

	

	
1

	
3.8

	
4

	
3.6

	
1

	
1.5




	
Other

	
4

	
6.6

	
4

	
15.5

	
13

	
11.8

	
3

	
4.7




	
Gender

	
Male intact

	
10

	
16.4

	

	

	
2

	
1.8

	

	




	
Male castrated

	
30

	
49.2

	
13

	
50.0

	
71

	
64.5

	
40

	
62.5




	
Female intact

	
7

	
11.5

	
2

	
7.7

	
2

	
1.8

	

	




	
Female castrated

	
14

	
23.0

	
11

	
42.3

	
35

	
31.8

	
18

	
37.5




	
Age

	
<5 years

	
20

	
32.8

	
4

	
15.4

	
22

	
20.0

	
9

	
14.1




	
5–10 years

	
29

	
47.5

	
7

	
26.9

	
42

	
38.2

	
20

	
31.3




	
>10 years

	
12

	
19.7

	
15

	
57.7

	
46

	
41.8

	
26

	
54.6




	
FeLV

	
Positive

	
4/54

	
7.4

	
0/15

	

	
0/61

	
0.0

	
1/29

	
3.4




	
Negative

	
50/54

	
92.6

	
15/15

	

	
61/61

	
100

	
28/29

	
96.6




	
FIV

	
Positive

	
n.d.

	

	
0/15

	

	
1/61

	
1.6

	
2/29

	
6.8




	
Negative

	
n.d

	

	
15/15

	

	
60/61

	
98.4

	
27/29

	
93.2




	
Anatomical location

	
Alimentary

	
11

	
18.0

	
3

	
11.5

	
27

	
24.5a

	
20

	
31.3




	
Abdominal

	

	

	
2

	
7.7

	
17

	
15.5

	
16

	
25.0




	
Mediastinal

	
22

	
36.1a

	
1

	
3.8

	
12

	
10.9

	
2

	
3.1




	
Peripheral nodal

	
7

	
11.5

	
3

	
11.5

	
11

	
10.0

	
9

	
14.1




	
Nasopharyngeal

	
8

	
13.1

	
10

	
38.5a

	
25

	
22.7

	
16

	
25.0




	
Cutaneous

	

	

	

	

	
5

	
4.6

	

	




	
Miscellaneous

	
13

	
21.3

	
7

	
26.9

	
13

	
11.8

	
1

	
1.5








a Anatomical location with significant higher prevalence than in other periods.













 





Table 2. Response rates and survival data in 110 cats with malignant lymphoma treated with a COP-protocol.
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Anatomical Location

	
n

	
CR

	
PR

	
DFP

	
Survival




	
(n;%)

	
(n;%)

	
(days)

	
(days)






	
Alimentary

	
27

	
19 (70.4)

	
3 (11.1)

	
440

	
486




	
Abdominal non-alimentary

	
17

	
5 (29.4)

	
4 (23.5)

	
>410

	
87




	
Mediastinal

	
12

	
10 (83.3)

	
1 (8.3)

	
1071

	
1071




	
Peripheral nodal

	
11

	
6 (54.5)

	
3 (27.3)

	
157

	
157




	
Nasopharyngeal

	
25

	
15 (60.0)

	
7 (28.0)

	
>1357

	
274




	
Cutaneous

	
5

	
0

	
4 (80.0)

	
-

	
167




	
Miscellaneous

	
13

	
11 (84.6)

	
1 (7.7)

	
763

	
763











 





Table 3. Comparison of the median DFP bet