Epirubicin in the treatment of canine histiocytic sarcoma: sequential, alternating and rescue chemotherapy
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Introduction
Histiocytic sarcoma (HS) is a localised or disseminated malignant neoplasm arising from dendritic cells.1,2,3 Canine HS generally carries a poor prognosis and the clinical course is often rapid, although dogs with controlled local disease have longer survival times than dogs with disseminated forms.  In localised forms, patients’ outcome can be significantly improved when multi-modal treatments are applied. 4,5   Chemotherapy seems to play a major role in extending survival, even in those patients with gross disease. 5,6,7,8
Various factors have been identified as associated with poor prognosis in canine HS, including: disseminated disease, thrombocytopenia and hypoalbuminaemia.6 Palliative treatment and inclusion of corticosteroids in the treatment have also been reported as negative prognostic indicators, however it is likely that these treatments are offered in more severe cases, resulting in outcome bias.4,9
Lomustine is the chemotherapeutic agent most widely evaluated for treatment of canine HS with reported response rates of 29-46%. Median durations of response are 85-96 days and median reported survival times in treated dogs 106-124 days.6,7 Lomustine is hepatotoxic 10,11 and while concurrent administration of S-adenosylmethionine (SAMe) reduced elevations of alanine aminotransferase (ALT)  associated with lomustine therapy in one study, a significant number of dogs require discontinuation of this drug due to toxicity.12  Given these short response rates, low durations of response and risk of hepatotoxicity, additional treatment options for canine HS, and potentially multi-agent chemotherapy approaches, are required.
Anthracyclines are commonly used chemotherapeutic agents with wide ranging anti-neoplastic effects. Doxorubicin leads to increased cell death in HS cell lines and a clinical response to liposome-encapsulated doxorubicin was documented in one of two dogs with histiocytic sarcoma.13 Other chemotherapeutics have been poorly evaluated for the treatment of HS, although in recent study, two of nine dogs with HS responded to single agent vinorelbine.14  Bisphosphonates may also be of benefit in the treatment of canine HS, 15,16  and response to a cytotoxic T-lymphocyte cell line has  been documented. 17
Recently an alternating lomustine/doxorubicin chemotherapy protocol for the treatment of canine HS has been described. In this study, response rate was 58%, median survival time 185 days and median time to progression was 185 days for responders. This is promising, however only 8/17 dogs in this study had a definitive diagnosis of HS and 5/17 dogs received cyclophosphamide in addition to the reported protocol.8 
Epirubicin is a semisynthetic stereoisomer of doxorubicin which differs from doxorubicin only in the spatial orientation of the hydroxyl group in the 4′ carbon position of the aminosugar moiety. This does not alter its mode of action or spectrum of activity compared with doxorubicin but causes a number of pharmacokinetic and metabolic changes that lead to enhanced total body clearance and a shorter terminal half-life; allowing epirubicin to be given at higher cumulative doses in people. Animal models and human clinical trials revealed the anti-tumour activity of epirubicin to be equivalent to that of doxorubicin.18,19
Epirubicin has been evaluated as part of a combination chemotherapy protocol for the treatment of canine lymphoma and also in the adjunctive treatment of canine HSA and outcomes are comparable to those reported for doxorubicin. 20,21,22 
To date no studies have assessed the efficacy of epirubicin in the treatment of canine HS nor reported the utility of an anthracycline for rescue therapy in lomustine resistant canine HS. The aims of this retrospective study were to report treatment outcomes for dogs with HS treated with both lomustine and epirubicin, and to report response rates to epirubicin as a rescue therapy in dogs previously treated with lomustine. 

Methods and materials
The clinical database of a UK referral hospital from 2008-April 2015 was searched for the terms “histiocytic sarcoma, HS, histiocytic disease”. Dogs treated at another European referral hospital for HS with epirubicin were included from the period November 2013-August 2014. 
Inclusion criteria included a definitive diagnosis of HS (based on either cytology or histopathology +/- immunohistochemistry or immunocytochemistry), treatment with at least one dose each of lomustine and epirubicin, and adequate clinical follow up. 
Data was collected via retrospective review of clinical records and included: breed, age, sex, location of tumour, staging/presence of metastasis, surgical treatment, radiotherapy treatment, dose and number of treatments of lomustine, toxicities attributed to lomustine, relapse/progression, dose/number of doses of epirubicin, reason for changing to/starting epirubicin, epirubicin associated toxicity, time to progression/relapse, overall survival time, cause and date of death.
Dogs with no measurable disease treated in the adjunctive setting and dogs with gross disease receiving radiation therapy subsequent to or in combination with chemotherapy were included in survival data but response to the initial chemotherapy treatment could not be assessed. Response to the later rescue chemotherapy was assessed when possible.  
Survival time was calculated from date of diagnosis to date of death. Time to disease progression (TTP) was calculated from date of first chemotherapy treatment until progressive disease was documented (local or metastatic). Tumour response was assessed using VCOG RECIST criteria 23 and toxicity was graded using VCOG criteria.24 Overall response rate (ORR) was defined as complete response (CR) and partial response (PR). Biological response rate (BRR) was defined as CR, PR and stable disease (SD). Responses had to last 21 days. Survival time for dogs alive at the end of the study or lost to follow up were censored at the last date they were reported to be in remission. Kaplan-Meier product limit was used to estimate median DFI and median ST. Statistical analysis was performed using SPSS version 23.
Results
Population description
Twenty nine dogs with histiocytic sarcoma received epirubicin as part of their treatment.  There were 12 flat coated retriever (FCR), 3 border collies (BC), 3 Bernese mountain dogs (BMD), 2 miniature schnauzer (MS), 2 cross breeds (XB) and one each of 7 other breeds (Table 1).
Six dogs were male entire, 9 were male neutered, 3 were female entire and 11 were female neutered. Median age of the cohort was 7 years (range: 2 years 3 months to 11 years) (Table 1). Weight was recorded for 28/29 dogs and median weight was 29 kg (range 4-49kg).
Multi-modal treatment
26/29 dogs had gross disease at presentation and tumour locations are summarised in table 1. The remaining 3 dogs had complete excision of the primary HS and no evidence of metastasis on staging at presentation (Cases 5, 12 and 27). One had forequarter amputation for an elbow mass, one had a subcutaneous mass excised from the thigh and one had an intestinal mass resected. One dog (Case 21) had complete excision of a peri-occular HS after disease progression occurred on lomustine. In total, 25 of the 29 dogs were treated in the gross disease setting.
Three of the 25 dogs treated with gross disease also had radiation therapy to the primary lesion (4x8 Gy: cases 10, 13 and 26); in two cases concurrently with, and in one case prior to lomustine treatment. 
Treatments in addition to epirubicin and lomustine were not standardised and dependent on clinician preference. Ten dogs received glucocorticoids at some point during treatment and 5 dogs received non-steroidal anti-inflammatory drugs. Other drugs administered included tramadol, paracetamol, metronidazole, maropitant, pro-biotic paste, chloramphenamine, omeprazole, sucralfate, amoxicillin clavulanate, gabapentin, propentofylline, and alendronate. In most cases, medications were for pre-existing co-morbidities.
All dogs received at least 7 days of SAMe (Denamarin ®; Protexin) concurrently with lomustine, duration depending on clinician and client preference. All dogs received oral or subcutaneous maropitant (Cerenia ®; Zoetis Animal Health) at the time of epirubicin treatment and were prescribed up to 4 additional days’ supply, to use at the owner’s discretion.
One dog (case 7) developed a high-grade mast cell tumour while in remission from HS and had a break mid treatment to have surgery and vinblastine/prednisolone treatment.
Decision to include epirubicin in the treatment plan
Twenty seven of 29 dogs started treatment with lomustine as this is the most widely described treatment for canine HS. 2/29 dogs started treatment with epirubicin (Case 2 and case 4), as their initial diagnosis was sarcoma and immunohistochemistry was pending. 
Epirubicin was included in the treatment when dogs had not responded to initial lomustine therapy, when progression was noted after initial response to lomustine, or VCOG grade 3 or 4 ALT elevations (>5x upper reference interval) were documented following lomustine therapy. From 2013 onwards, some clinicians offered an alternating (lomustine/epirubicin) protocol and this was planned in 2 cases included in this study (Case1 and case 3). 
Lomustine treatment
Number of lomustine treatments was recorded in 28/29 dogs and the median was 3 (range 1-7).  Median starting dose was 70mg/m2 (range 63-77mg/m2).
Response to lomustine
Response to lomustine could be assessed in 23/29 dogs and consisted of 4 complete responses (CR), 9 partial responses (PR), 4 stable disease (SD) and 6 progressive disease (PD). The six dogs in which response was not assessed included the 3 treated in the adjunctive setting after surgery, one dog in remission after receiving epirubicin (case 2), and two dogs receiving radiotherapy concurrently (case 13 and case 26).  
Overall response rate (ORR) to lomustine was 57%, biological response was 74%.
Lomustine specific time to progression (TTP) was assessable in three of four dogs with CR and was 73, 127 and 141 days. TTP was assessable in three of the nine dogs with PR and was 42, 67 and 125.  Median TTP for these 7 dogs was 125 days (42-141).
Lomustine toxicity
Twelve dogs had VCOG grade 3 or 4 neutropenia documented following the first dose of lomustine and received subsequent dose reduction. The amount of reduction was documented in 8 dogs and was between 10 and 15% in 6 of these dogs. One dog received a 35% dose reduction and one 25%. Dose reductions were based on individual clinician preference.
Three dogs (2 MS and one FCR-cases 5, 6 & 7) had a treatment delay and then switched to epirubicin due to elevated ALT and presumed lomustine associated hepatotoxicity (HT) following 1 or 2 doses of this drug. One dog (case 2) had elevated ALT following the first lomustine treatment and switched to epirubicin, but then received further lomustine later in an alternating protocol. In total 4 of 29 dogs (14%) had VCOG grade 3 or 4 elevations in ALT.
One dog with CR completed 6 lomustine treatments and then changed to epirubicin due to client concern regarding cumulative hepatotoxicity (Case 11).

Epirubicin treatment
Dogs received a median of 2 doses of epirubicin (range 1-7). The median starting dose administered was 30mg/m2 and 21 dogs received this. 6 dogs had starting doses of 25-28mg/m2 and 2 dogs under 10kg were dosed at 1mg/kg.

Epirubicin treatment: alternating protocol 
Two dogs (cases 1 and 3) received planned alternating lomustine (70mg/m2) and epirubicin (30mg/m2) at three week intervals, so epirubicin specific response was not assessed. One of these dogs (Case 1) had disseminated pulmonary disease and a partial response to treatment. The patient was censored alive for data analysis at 123 days and was known to be alive at the time of writing 360 days after diagnosis. Case 3 had disseminated sub-cutaneous HS, a partial response to treatment and overall TTP of 200 days, and OST 203 days. Neither dog had any chemotherapy associated toxicity. 
Two of the remaining dogs started treatment with epirubicin, and both had a biological response; one CR and one SD. The dog with a CR (Case 2) received both epirubicin and lomustine for a total of 7 treatments with each drug before progression was noted and hence drug specific TTP was not assessed. The dog with SD (Case 4) achieved this for 62 days and received 3 treatments of epirubicin before changing to lomustine when PD was evident.
Epirubicin treatment: sequential protocol 
Three dogs switched to epirubicin after developing hepatotoxicity on lomustine.  One dog achieved CR (100 days) and one SD (69 days).  The third dog was treated in the adjunctive setting (no measurable disease) and was alive at the time of writing. All three clients declined further treatment with lomustine (Cases 5-7), either as a reintroduction or as a rescue option.
One dog (Case 13) had epirubicin added to the protocol at the owner’s request after 5 lomustine treatments, and response could not be documented as the dog also received radiation therapy. This dog relapsed days after the second epirubicin treatment, having previously received a total of 6 treatments with lomustine.
One dog (Case 21) received 4 treatments of epirubicin in the adjunctive setting after PD with lomustine prior to surgery and was censored from the response data.
Six dogs changed to epirubicin after completing 6 planned doses of lomustine. 
Five of these six dogs had progressive disease noted within 1-4 weeks after the 6th lomustine dose i.e. before receiving epirubicin, so were treated in the rescue setting (discussed further below). Response could be assessed in four and consisted of 2 SD (40 and 42 days) and 2 PD.
One dog was case 11 which was euthanised in complete remission 3 days after the first epirubicin treatment due to gastro-intestinal toxicity.
Rescue treatment with epirubicin
Four dogs received epirubicin as a rescue agent early in the disease course having had no response to lomustine.  Ten further dogs had epirubicin added to the protocol after progressive disease was documented following initial biological response to lomustine, one of which had only one dose of epirubicin and then stopped due to mild gastro-intestinal toxicity and went on to receive further lomustine. 
Of these 14 dogs treated in the rescue setting, response could be evaluated in 12 and consisted of 1 CR (58 days), 2 PR (62 and 125 days), 5 SD (duration documented in 2 dogs, 42 and 105 days) and 4 PD. Including the previous 4 dogs having completed six treatments with lomustine; 16 responses were evaluable, 1 CR, 2 PR, 7 SD and 6 PD. This gives an ORR 19% and BRR 63% in the rescue setting 
Median TTP in the nine of these sixteen dogs in which it was assessable was 62 days (Range: 40-125 days).
Response rates to epirubicin 
Of all 29 dogs receiving epirubicin, response could be assessed in 20 (16 above in the rescue setting, 2 starting treatment and 2 changing treatment for hepatotoxicity). This consisted of 3 CR, 3 PR, 9 SD and 6 SD for an ORR of 29% and BRR of 71%. Median TTP in twelve of these 20 dogs in which it was recorded was 69 days (Range: 40-125 days).
Epirubicin toxicity
Six of the 21 dogs (29%) receiving starting doses of 30mg/m2 epirubicin had subsequent dose reductions of 10-20%, mainly due to GI toxicity. Haematological toxicity was not documented in any case.  
One dog (Case 11) developed VCOG grade 4 GI toxicity three days after epirubicin and was euthanised at the referring veterinary practice while in remission (based on staging on the day of treatment). 
Overall survival
Two dogs were alive in apparent remission at the time of data analysis (Censored at 123 and 137 days), two dogs were lost to follow up (Censored 240 and 425 days, both treated in the adjunctive setting).
The remaining 25 dogs all died, 23 of HS, one euthanised for epirubicin toxicity and one for neurological signs which may or may not have been HS related. Median overall survival time for the 23 dogs with known HS related mortality was 169 days (Range 27-500) (Figure 1A). Median overall survival time for all 25 dogs that died was 185 days (Range 27-500) (Figure 1B).



Discussion
This study demonstrates that epirubicin can be an effective treatment option for canine HS patients and supports the growing evidence base for the use of anthracycline chemotherapy in the treatment of this disease.8
In all dogs, the overall response rate to epirubicin was 29% with median TTP of 69 days. Given that in the majority of cases, epirubicin was used in a rescue setting, this is encouraging.  Interestingly, the two dogs that received planned alternating lomustine and epirubicin had higher than median survival time, similar to that observed in patients receiving alternated lomustine and doxorubicin, and more encouraging than published reports regarding single agent lomustine in the gross disease setting.6,7,8
While the overall response to epirubicin in the rescue setting was 19% with a median TTP of 62 days, the dogs in which this was assessed had progressive disease on lomustine. While the two drugs have different mechanism of action it remains possible that chemoresistance may have developed in some patients, prior to epirubicin treatment, and additionally most of these patients had extensive disease burdens and advanced disease. Clinical benefit was seen in 63% of this assessed population and suggests that anthracycline rescue chemotherapy is likely to result in some improvement in outcome in affected dogs.
The overall MST of 185 days in this study is better than those in the region of 100-122 days reported for dogs receiving single agent lomustine in previous studies.6,7 While this is relatively modest improvement based on a small number of cases, the majority of dogs in our population had extensive disease burdens and were treated in the gross disease setting.   Additionally, this is the first study in European dogs, which may present or respond differently to the previously described USA populations. Our survival times are similar to a recent study evaluating alternating doxorubicin and lomustine in the treatment of HS, suggesting that epirubicin and doxorubicin may have similar efficacy in the treatment of HS.8 Our median TTP on lomustine prior to epirubicin treatment (125 days) was comparable with previous studies.
Most of the dogs in this study had disseminated disease and were considered poor candidates for aggressive local treatments; hence it was not possible to assess the impact of local therapy in this small population of dogs. Given that previous studies have documented improved survival times with multi-modal therapy, it is possible that alternating anthracyclines with lomustine alongside local treatments may further improve outcomes in dogs with localised HS, and larger, prospective studies should assess this going forward.
While lomustine is efficacious in the treatment of some dogs with HS, RR of only 29-47% are reported 6,7 and given the aggressive systemic behaviour of this neoplasm, additional treatment options are necessary. The dose limiting toxicity for lomustine is hepatotoxicity and concurrent administration of SAMe reduced elevations in liver enzymes associated with lomustine therapy in one study; however, in many patients treatment related hepatotoxicity is still a concern and may result in treatment withdrawal in individual patients.10,11,12 In this study only 4 patients had presumed lomustine associated toxicity (based on serum ALT), and all had received prophylactic SAMe, though many did not receive high cumulative lomustine doses. Interestingly, two of the four dogs developing significant ALT elevations were the two miniature schnauzers, and this may suggest a breed related sensitivity to lomustine.  Alternating lomustine with an anthracycline increases the dosing interval for the former, allowing more time for mild hepatopathies to improve, and potentially reducing the need for a high cumulative lomustine dose. The dose limiting toxicity of epirubicin is usually GI toxicity, as with doxorubicin.21,25  
In this study 25% of dogs had dose reductions due to GI signs associated with epirubicin treatment, however it is impossible to compare this with other studies as protocols were not standardised and another 20% of this cohort started treatment with lower than 30mg/m2. Interestingly, no lomustine related GI toxicity was documented in this cohort of dogs, possibly in part due to the retrospective nature of the study.
Multi agent chemotherapy protocols are commonly employed for the treatment of canine lymphoma and many human cancers. The assumption is that different actions of the drugs in different stages of the cell cycle result in overlapping mechanism of cell death while minimising toxicity. The principles of using multiple agents allows selective cell killing by each individual agent, cells resistant to one agent may be sensitive to another drug in the regimen and multiple drugs discourages the outgrowth of malignant clones which have developed resistance to a single agent. Anthracyclines and lomustine have different modes of action and hence are unlikely to have cross-resistance; they also have differing toxicity profiles. 
Sequential chemotherapy is the sequential administration of chemotherapy agents (rather than concurrently) for a defined number of cycles using non-cross-resistant agents.  It is often used to minimise toxicity. In a sequential regimen, the switch from one treatment to another does not require documented progression, in contrast to the switch from first line to rescue treatment. Alternating chemotherapy is the alternating administration of non–cross-resistant chemotherapeutic compounds, either for a defined number of cycles or until disease progression. The rationale for suggesting alternating chemotherapy over sequential strategies is provided by the Goldie and Coldman hypothesis: maximum tumour killing should be better predicted when alternating non–cross-resistant agents are used at their optimal doses as early as possible in the neoplastic process. In addition, the alternating administration of different drugs may avoid or limit the cumulative toxicity observed with the concomitant administration of the same drug.  
Based on the data presented here and recent published literature, chemotherapy strategies including lomustine and epirubicin or doxorubicin seem to represent an interesting and advantageous option for the treatment of canine HS. Although the numbers treated so far are too small to draw solid conclusions, it is the authors’ opinion that alternating protocols should be prioritised over sequential strategies.8 Specifically in HS, lomustine/anthracycline alternating chemotherapy would allow for reduced hepatotoxicity and potentially improve outcomes and survival times. Of course, in an alternating schedule, the evaluation of the response to each drug to identify the most active may remain difficult even in larger patient cohorts.
In this study the drugs were administered every 3 weeks, as this is an accepted dosing regimen for the single agents. The study by Cannon et al, demonstrated that lomustine and doxorubicin can safely be alternated every 2 weeks with similar outcomes and it is likely that this would be the case for lomustine and epirubicin also; allowing for increased dose intensity.8 Whether this would translate into improved outcomes remains to be investigated.
The limitations of the current study include its retrospective nature and lack of a standardised treatment regime, as well as the heterogenous disease population. Due to the small number of patients we did not assess prognostic factors, however it is probable that a few patients presented with known negative prognostic factors such as thrombocytopenia. The impact of prednisolone use in this population was also not assessed. Although 10/29 dogs received glucocorticoids, this was for a variety of reasons, including concurrent IMP in one patient, long term pruritis in another and to reduce pulmonary inflammation in another dog in which histopathology was consistent with mast cell tumour prior to IHC confirmation of HS. Another interesting finding in this study, which cannot be quantified, is the apparent high prevalence of miniature schnauzers affected with HS; this breed was recently documented as being at increased risk of developing HS in another study.9
The retrospective nature of this study did not allow for review of cytology/histopathology samples. Whilst it can be challenging to diagnose HS without immunohistochemistry or immunocytochemistry it is policy in the institutes to perform biopsy and immunohistochemistry on any case where the initial diagnosis was not conclusive, and the high number of cases diagnosed by immunostaining methods demonstrates this.  Given the breeds included in this study and their known predisposition to HS, it is unlikely, although not impossible that other sarcomas were included in this population.
In summary, this study shows that epirubicin can be safely alternated with lomustine; that some patients with HS have clinical responses to this drug and that single agent epirubicin is a valid rescue therapy for canine histiocytic sarcoma. Overall, the addition of epirubicin to the treatment of this cohort of dogs resulted in modestly improved survival times in responding patients. Further studies assessing the role of anthracyclines and potentially their incorporation into multi-agent chemotherapy regimens for the treatment of canine HS should be conducted, ideally in a multi-centre and prospective setting. 
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Table 1: Summary of disease presentation and treatment regimen in the study population

	Case no.
	Signalment
	Disease location
	Method of diagnosis
	Treatment order/number
	Response to lomustine
	Response to epirubicin
	Outcome
	Other medication

	1. 
	5y F Bulldog
	Pulmonary mass & pulmonary nodules
	IHC 
	LELELE
	PR
	NA as in PR from lomustine
	Censored alive at 123 days. (Known alive 365 days)
	Prednisolone

	2. 
	7y9m FN FCR
	Left thigh musculature & inguinal LN
	IHC 
	EL(HT)EEELELLELELL
	NA
	CR
	OST 431 days
	Tramadol

	3. 
	11y MN XB
	Right elbow, left dorsum and nasopharynx
	 IHC 
	LLELEL
	PR
	NA
	OST 203 days
	Firocoxib

	4. 
	9y11m FN FCR
	Pulmonary nodules, spleen & right PSLN
	ICC 
	EEELLLL
	PR 
	SD 62 days
	Alive at 137 days with SD 
	Occasional prednisolone and chlorphenamine for pruritis

	5. 
	6y FN MS
	Lateral thigh. Complete excision prior to presentation
	IHC 
	LL(HT)EEE
	Adjunctive/NA
	Adjunctive/NA
	In remission 425 days then LTF
	None

	6. 
	11y M MS
	Liver and hepatic LN
	IHC  
	LL (HT)EEE
	PR 

	SD 69 days
	OST 196 days
	Prednisolone, SAMe*

	7. 
	9y6m M FCR
	SMLN, RPLN, liver
	IHC 
	L (HT)E++EE
	PR 
	CR 100 days
	OST 138 days
	Gabapentin, tramadol

	8. 
	7y MN Ridgeback
	Right PSLN & PPLN
	Histology 
	LLLLLLEE
	CR 141 days
	SD 42 days
	OST 294 days
	None during protocol. Subsequently COP, interferon and 2 additional lomustine

	9. 
	6y MN FCR
	Triceps muscle
	IHC 
	LLLLLLE
	CR 127 days
	PD
	OST 169 days
	Maropitant, Sucralfate, Meloxicam

	10. 
	11y F XB
	Right elbow, PS LN, Ax LN
	IHC 
	LLLLEEE
	CR 73 days
	CR 58 days
	OST 161 days
	Tramadol, Prednisolone, RT

	11. 
	2y3m MN BC
	Right nare, pulmonary
	IHC 
	LLLLLLE
	CR 
	NA
	OST 185 days
	None

	12. 
	7y FN FCR
	Left elbow-complete excision prior to presentation via amputation
	Histology
	LLLLLLEE
	Adjunctive/NA
PD documented at re-staging after 6 lomustine
	SD 40 days
	OST 218 days
	None

	13. 
	7y11M FN FCR
	Right shoulder/pectoral muscles
	Histology
	LLLLLELE
	NA as RT
	NA
	OST 228 days
	RT, robenocoxib, paracetamol, tramadol, aldronate, omeprazole

	14. 
	5y11m M BMD
	Disseminated haemophagocytic 
	Cytology
	LLLEEE
	PR 42 days
	PR 62 days
	OST 117 days
	Prednisolone*, Omeprazole

	15. 
	10y M BMD
	Disseminated (pulmonary, hepatosplenic, cutaneous)
	Cytology
	LLLE
	PR 67 days
	PD
	OST 83 days
	None

	16. 
	6y M BC
	SLLN & perianal mass
	Cytology
	LLLLLLEL
	PR 125 days
	PD
	OST 160 days
	Tramadol, paracetamol, prednisolone

	17. 
	9y MN FCR
	Pulmonary & TBLN
	Histology 
	LLE**LL
	PR 
	NA
	OST 279 days
	Prednisolone

	18. 
	10y FN Labrador
	Pulmonary, TBLN & hepatic
	Cytology
	LLLE
	SD 
	PD
	OST 103 days
	Omeprazole

	19. 
	8y3m F FCR
	Pulmonary
	Cytology
	LLLLEEEEEE
	SD 
	PR 125 days
	OST 258
	Propanthyline, meloxicam

	20. 
	6y M BMD
	Thoracic LN
	Cytology
	LLE
	SD
	SD
	OST 55 days
	None

	21. 
	5y6m MN Chihuahua
	Right periocular tissue
	IHC 
	L (Sx) EEEE
	PD 
	Adjunctive/NA

	No recurrence 240 days then LTF
	None

	22. 
	6y FN FCR
	Left stifle, spleen & liver
	Cytology
	LLEE
	PD 42 days
	SD 42 days
	OST 93 days
	Tramadol, meloxicam

	23. 
	9y FN BC
	Right proximal femur and acetabulum, MILN, IILN, ILN
	IHC 
	LEEEE
	PD 
	SD 105 days
	OST 282 days
	Meloxicam,  subsequent PD on toceranib

	24. 
	6y3m MN FCR
	Right axilla
	IHC 
	LE
	PD 
	SD
	
OST 151 days
	Paracetamol, tramadol

	25. 
	4y6m MN FCR
	Triceps, Popliteal LN, pulmonary nodules
	IHC 
	LE
	PD 
	PD
	OST 27 days
	Paracetamol, Amoxicillin clavulanate, Prednisolone, Omeprazole

	26. 
	8y MN Old English Sheepdog
	Right elbow and pulmonary
	 IHC 
	LLLE
	N/A up to day 28 as received RT. PD noted at 40 days
	PD
	OST 145 days
	RT, Prednisolone,
Amoxicillin clavulanate

	27. 
	6y3m FN Basset
	Intestine-complete excision prior to presentation via enterectomy
	IHC 
	LLLLLLEE
	PD at restaging 4 weeks after last lomustine
	NA
	OST 201 days
	None

	28. 
	9y FN Rottweiler
	Spleen & liver
	Cytology
	LLEE
	PD
	NA
	OST 69 days
	Metronidazole, maropitant, pro-koalin

	29. 
	4y9m FN FCR
	Aural, PSLN & hepatic
	Cytology  
	LLEEEEEE
	SD 
	SD
	OST 500 days 
	None



All patients received one week of SAMe at the time of lomustine, maropitant was administered for 5 days with epirubicin treatment
*Immune mediated thrombocytopenia possible
**Number of doses of lomustine not recorded, stopped epirubicin due to gastrointestinal toxicity
++Epirubicin delayed 2 weeks to allow surgery and vinblastine for high grade MCT
Data analysis 14/4/2015
L=lomustine, E=epirubicin, LN=lymph node, MI=medial iliac, II-internal iliac, TB=tracheobronchial, SM=sub-mandibular, PS=pre-scapular, PP=peri-portal, Ax=axillary, FCR=Flat coated retriever, BC=border collie, MS=miniature schnauzer, BMD=Burmese mountain dog XB=cross breed  MCT=mast cell tumour, RT=radiotherapy, CR=complete response, PR=partial response, SD=stable disease, PD=progressive disease, OST=overall survival time, NA=not assessed MN=neutered male, FN=neutered female, M=male, F=female, Sx=surgery, IHC=immunohistochemistry, ICC=immunocytochemistry

