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Comparison of efficacy and toxicity of doxorubicin and mitoxantrone  
in combination chemotherapy for canine lymphoma

Shang-Lin Wang, Jih-Jong Lee, Albert Taiching Liao

Abstract — Forty-four dogs with multicentric lymphoma were treated using a cyclophosphamide, doxorubicin, 
vincristine, and prednisolone (CHOP) induction protocol or treated using a cyclophosphamide, mitoxantrone, 
vincristine, and prednisolone (CMOP) induction protocol. There was no statistical difference in signalment and 
the presence of historical negative prognostic factors between the groups. The median progression-free survival 
(PFS) in the CHOP and CMOP groups were 222 d and 162 d, respectively (P = 0.75). The median survival time 
(MST) of dogs in CHOP and CMOP groups were 318 d and 242 d, respectively (P = 0.63). Anorexia and diarrhea 
episodes were significantly higher in the CHOP group than in the CMOP group (P = 0.02 and P = 0.01, 
respectively). These results suggest that the CMOP protocol provides similar PFS, MST and causes fewer side 
effects compared to the CHOP protocol. Therefore, the CMOP protocol may be another treatment choice for 
canine multicentric lymphoma.

Résumé — Comparaison de l’efficacité et de la toxicité de la doxorubicine et du mitoxantrone dans la 
chimiothérapie combinée pour le lymphome canin. Quarante-quatre chiens atteints d’un lymphome 
multicentrique ont été traités à l’aide d’un protocole d’induction au cyclophosphamide, à la doxorubicine, à la 
vincristine et à la prednisolone (CHOP) ou traités en utilisant un protocole d’induction à la cyclophosphamide, 
au mitoxantrone, à la vincristine et à la prednisolone (CMOP). Il n’y a eu aucune différence statistique dans le 
signalement et la présence des facteurs de pronostic négatifs historiques entre les groupes. La survie sans progression 
(SSP) médiane des groupes CHOP et CMOP était de 222 jours et de 162 jours, respectivement (P = 0,75). La 
durée de survie moyenne (DSM) des chiens des groupes CHOP et CMOP a été de 318 jours et de 242 jours, 
respectivement (P = 0,63). Les épisodes d’anorexie et de diarrhée ont été significativement plus élevés dans le 
groupe CHOP comparativement au groupe CMOP (P = 0,02 et P = 0,01, respectivement). Ces résultats suggèrent 
que le protocole CMOP offre une SSP et une DSM semblables tout en causant moins d’effets secondaires 
comparativement au protocole CHOP. Par conséquent, le protocole CMOP peut représenter un autre choix de 
traitement pour les lymphomes multicentriques canins.

(Traduit par Isabelle Vallières)
Can Vet J 2016;57:271–276

Introduction

L ymphoma is the most common hematopoietic neoplasm in 
dogs. The annual incidence rate is estimated to be between 

24 and 114 cases per 100 000 dogs (1,2). The disease predomi-

nantly involves the lymphoreticular system, which includes the 
lymph nodes, spleen, liver, blood, and bone marrow. Alimentary 
tract, skin, central nervous system, mediastinum, and kidney 
involvement have also been reported (3). Untreated dogs usually 
die within 4 to 6 wk (4). Reported negative prognostic factors 
include stage V, substage b, hypercalcemia, T-cell origin, and 
anemia (5,6).

Combination chemotherapy is the most common treatment 
for canine lymphoma, and numerous combination chemo-
therapy protocols have been developed. The most common 
drugs used in these protocols are prednisone, vincristine, cyclo-
phosphamide, doxorubicin, and L-asparaginase. The median 
progression-free survival (PFS) is approximately 9 mo, and 
median survival time (MST) is 7 to 15 mo (7–11). Since 
doxorubicin-containing protocols yield favorable therapeutic 
outcomes, doxorubicin is used in almost all therapeutic pro-
tocols (12). However, doxorubicin can cause severe adverse 
effects, including bone marrow suppression, gastroenteritis, and, 
particularly, cardiac toxicity (13,14). In 1 study, clinical cardiac 
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adverse effects including electrocardiographic abnormalities 
and congestive heart failure developed in 18.3% of dogs after 
doxorubicin treatment (14).

Mitoxantrone is a synthetic antitumor antibiotic with simi-
lar action to doxorubicin, but it induces less cardiotoxicity in 
humans and animals (15,16). It can be used to treat multiple 
tumor types including lymphoma (17). Mitoxantrone has been 
used as an alternative in treating cancer patients who cannot 
tolerate the adverse effects of doxorubicin. Mitoxantrone is also 
used to replace doxorubicin after the life time dose of doxorubi-
cin has been reached. For canine lymphoma patients, mitoxan-
trone exhibits therapeutic activity and low toxicity when used 
as single-agent therapy (18). Mitoxantrone was administered 
at a dose of 5.0 mg/m2, IV, every 3 wk in that study, and the 
response rate was 41% (18). However, combination therapy that 
includes mitoxantrone has not been evaluated widely. Daters 
et al (19) evaluated a mitoxantrone-containing chemotherapy 
protocol for treating canine lymphoma, but that study did not 
directly compare the efficacy of mitoxantrone and doxorubicin.

The purpose of this study was to compare the response rate, 
disease-free interval, overall survival time, and side effects of 
doxorubicin and mitoxantrone in combination chemotherapy 
administered to canine multicentric lymphoma patients. The 
hypothesis is that mitoxantrone can provide a similar therapeutic 
effect as doxorubicin in combination chemotherapy for canine 
lymphoma.

Materials and methods
Patient selection and evaluation
Dogs diagnosed with multicentric lymphoma, according to 
either histopathology or cytology, at the National Taiwan 
University Veterinary Hospital from December 1, 2009 to 
December 31, 2013, were enrolled in this prospective study. 
Patients which had life expectancy less than 6 wk or had previ-
ously received any chemotherapeutic drugs or corticosteroids 
were excluded from the study.

Pretreatment evaluation included physical examination, a 
complete blood (cell) count (CBC), a biochemistry panel, tho-
racic and abdominal radiographs, an abdominal ultrasound, and 
immunophenotype identification. The immunophenotype was 
determined using flow cytometry or immunohistochemistry. 
Clinical staging was performed according to the World Health 
Organization (WHO) staging criteria for canine lymphoma 
(20). Bone marrow aspiration was not routinely performed 
unless the CBC indicated bone marrow involvement.

Treatment protocol
The enrolled dogs were divided into 2 groups by random 
allocation. We administered a modified 25-week Madison-
Wisconsin chemotherapy protocol that excluded L-asparaginase 
in the cyclophosphamide, doxorubicin, vincristine, and pred-
nisolone (CHOP) group, and administered mitoxantrone 
instead of doxorubicin to the cyclophosphamide, mitoxan-
trone, vincristine, and prednisolone (CMOP) group (Table 1). 
Doxorubicin and mitoxantrone were diluted with normal saline 
and administered intravenously over 2 h. Treatment was delayed 
1 wk if neutropenia (, 3000 cells/mL) or thrombocytopenia 
(, 100 000 cells/mL) was identified in the pretreatment assess-
ment, or if a clinical condition indicated that chemotherapy 
was contraindicated. We delayed treatment for 1 wk rather 
than reducing the dose in order to maintain the same dosage 
during the entire course of therapy. Patients that vomited were 
treated with metoclopramide (Siuguan, Chiayi City, Taiwan),  
0.5 mg/kg body weight (BW), PO, q12h and patients with diar-
rhea were treated by oral anti-diarrhea compound prescription 
(each tablet contained kaolin 0.167 g, bismuth subcarbonate 
0.167 g, and albumin tannate 0.167 g), 1 tablet per 10 kg BW, 
q12h.

Response and toxicity criteria
Treatment response was determined by conducting physical 
examinations and taking lymph node measurements. The size 
of each lymph node was obtained with caliper measurements of 
tumor diameter in the largest dimension and then perpendicular 
to that diameter before each treatment. Lymph node sizes were 
compared with previously recorded sizes. Response evaluation 
criteria for peripheral nodal lymphoma in dogs (v1.0) were used 
to evaluate the therapeutic response (21). Complete response 
was characterized by a complete disappearance of all measurable 
disease; partial response was characterized by a . 30% decrease 
but , 100% decrease in the Mean Sum longest diameter of tar-
get lesions; stable disease was characterized by a , 30% decrease 
or , 20% increase in target lesions; and progressive disease was 
characterized by a . 20% increase in target lesions or the devel-
opment of a new lesion. The PFS was calculated from initiation 
of treatment to the time of disease progression. The MST was 
calculated from initiation of treatment to the time of patient 
death. Dogs were censored in analysis of the duration of remission 
if they were alive in remission or lost to follow-up in remission. 
Dogs were censored in survival analysis if they died from causes 
other than lymphoma or were alive at the end of the study.

Table 1.  Modified Madison-Wisconsin protocol without maintenance

	 Week

	 1	 2	 3	 4	 5	 6	 7	 8	 9	 11	 13	 15	 17	 19	 21	 23	 25

Vincristine (0.7 mg/m2 IV)	 •		  •			   •		  •		  •		  •		  •		  •

Cyclophosphamide (250 mg/m2 PO, single dose)		  •					     •				    •				    •

Doxorubicin (30 mg/m2 IV) or Mitoxantrone (6 mg/m2 IV)				    •					     •				    •				    •

Prednisolone (PO q24h)	� 2 mg/kg BW 3 7 d, then 1.5 mg/kg BW 3 7 d, then 1.0 mg/kg BW 3 7 d, then 
0.5 mg/kg BW 3 7 d, then stop
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A CBC and physical examination were performed before each 
chemotherapy. After doxorubicin and mitoxantrone adminis-
tration, treatment-associated hematologic and gastrointestinal 
toxicities were recorded from grades 1 to 5, according to the 
Veterinary Cooperative Oncology Group Common Terminology 
Criteria for Adverse Events (22). Gastrointestinal toxicity was 
recorded by the owner at home and reported to the veterinar-
ian for scoring. Echocardiographic examination was performed 
prior to each dose of antitumor antibiotic to measure fraction 
shortening (FS) in order to monitor cardiac contractility. The 
formula of FS is as follows: FS (%) = (left ventricular internal 
dimension, diastole) — (left ventricular internal dimension, 
systole)]/(left ventricular internal dimension, diastole) 3 100.

Statistical analysis
Continuous variables (age and body weight) were compared 
using Student’s t-test. The proportion of dogs in each group with 
known prognostic factors (clinical stage, substage, immunophe-
notype, and hypercalcemia), the proportion of dogs experiencing 
toxicity, and the response rate were compared using Fisher’s exact 
test. Fraction shortening was compared using linear regression 
equations. The median PFS and MST were determined using 
Kaplan-Meier analysis, and differences between the 2 groups 
were assessed using the log-rank test. All statistical analyses were 
considered significant at P , 0.05.

Results
Forty-four canine lymphoma patients met the inclusion cri-
teria during the period of study. Most dogs in the study were 
mixed breed (n = 11), followed by golden retrievers (n = 10), 
Labrador retrievers (n = 4), beagles (n = 4), Maltese terriers 
(n = 3), schnauzers (n = 2), shih tzus (n = 2), and 1 each of 
bull terrier, cocker spaniel, Chihuahua, dachshund, Welsh 
corgi, Rottweiler, West Highland white terrier, and Yorkshire 
terrier. The continuous variables were normally distributed 
(P = 0.20). Ages (mean 6 SD) of the dogs in the CHOP and 
CMOP groups were 7.6 6 2.9 y (median: 7 y; range: 1 to 14 y) 

and 8.3 6 2.6 y (median: 8 y; range: 4 to 13 y), respectively 
(P = 0.42). Body weights of dogs in the CHOP and CMOP 
groups were 19.0 6 12.0 kg (median: 17.5 kg; range: 1.9 to 
44.5 kg) and 18.2 6 10.1 kg (median: 17.5 kg; range: 2.2 to 
28.3 kg), respectively (P = 0.82). The CHOP group comprised 
13 female (4 intact) and 9 male (6 intact) dogs, and the CMOP 
group comprised 8 female (3 intact) and 14 male (8 intact) dogs 
(P = 0.13). Thirteen, 7, and 2 dogs in the CHOP group and 12, 
8, and 2 dogs in the CMOP group had WHO stage III, WHO 
stage IV, and WHO stage V lymphomas, respectively. There 
were 20 and 17 dogs classified as substage a, 2 and 5 dogs classi-
fied as substage b in the CHOP and CMOP groups, respectively. 
One and 21 dogs in each group were diagnosed as T-cell and 
B-cell lymphoma, respectively. There was no significant differ-
ence in the proportions of historical negative factors such as 
clinical stage (P = 1), substage (P = 0.22), immunophenotype 
(P = 1), and presence of hypercalcemia (P = 0.31) between 
the 2 groups (Table 2). Then, we used multivariate analysis to 
assess the prognostic factors listed. No significant difference was 
observed between the CHOP and CMOP groups (P = 0.42).

The response rates of the 2 groups were similar. The overall 
response rate was 90.9% in the each group (P = 1). Eighteen 
dogs (81.8%) exhibited complete remission (CR) and 2 dogs 
(9.1%) exhibited partial remission (PR) in the CHOP group, 
whereas 17 dogs (77.3%) exhibited CR and 3 dogs (13.6%) 
exhibited PR in the CMOP group (Table 3). There was no 
difference between the 2 groups regarding the PFS and sur-
vival time (ST). The median PFS and ST of the CHOP group 
were 222 d [95% confidence interval (CI): 185 to 259 d] 
and 318 d (95% CI: 215 to 421 d), respectively, and those 
of the CMOP group were 162 d (95% CI: 44 to 280 d) and 
242 d (95% CI: 121 to 363 d) (P = 0.75 and 0.63, respectively; 
Figures 1, 2). The power of this study was 6%.

Only 1 episode of neutropenia (P = 1) and no episode of 
thrombocytopenia (P = 1) occurred in each group, and there was 
no significant difference between the groups. Sixteen dogs in the 
CHOP group experienced gastrointestinal toxicity, consisting of 
21 episodes of anorexia, 19 episodes of diarrhea, and 12 episodes 
of vomiting. Details of the grading of gastrointestinal toxicity are 
listed in Table 4. Seven dogs in the CMOP group experienced 
gastrointestinal toxicity, consisting of 6 episodes of anorexia, 
2 episodes of diarrhea, and 1 episode of vomiting. All gastroin-
testinal toxicity episodes were classified as grade 1. Anorexia and 
diarrhea episodes were significantly higher in the CHOP group 
than in the CMOP group (P = 0.02 and P = 0.01, respectively). 

Table 2.  Patient characteristics

	 CHOP	 CMOP	
	 (n = 22)	 (n = 22)	 P-value

Age (years)	   7.6	   8.3	 0.42

Body weight (kg)	 19.0	 18.2	 0.82

Gender
  Female	 13 (59.1%)	 8 (36.4%)	 0.13
  Male	 9 (40.9%)	 14 (63.6%)

Clinical stage
  III	 13 (59.1%)	 12 (54.5%)	 0.50
  IV	 7 (31.8%)	 8 (36.4%)	 0.73
  V	 2 (9.1%)	 2 (9.1%)	 1

Substage
  a	 20 (90.9%)	 17 (77.3%)	 0.22
  b	 2 (9.1%)	 5 (22.7%)	 0.22

T-cell	 1 (4.5%)	 1 (4.5%)	 1

B-cell	 21 (95.5%)	 21 (95.5%)	 1

Hypercalcemia	 0 (0%)	 1 (4.5%)	 0.31

Table 3.  Outcome characteristics

	 CHOP	 CMOP
	 (n = 22)	 (n = 22)	 P-value

Response rate
  Overall (CR 1 PR)	 20 (90.9%)	 20 (90.9%)	 1
  Complete response	 18 (81.8%)	 17 (77.3%)	 0.71
  Partial remission	 2 (9.1%)	 3 (13.6)	 0.63
  Stable disease	 2 (9.1%)	 2 (9.1%)	 1

Progression free survival	 222 days	 162 days	 0.75

Median survival time	 318 days	 242 days	 0.63

CR — complete remission; PR — partial remission.
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Vomiting occurred in 8 (36.4%) dogs in the CHOP group and 
1 (4.6%) dog in the CMOP group. Vomiting episodes were not 
significantly different between groups (P = 0.08; Table 4). No 
significant differences between the 2 groups existed in the linear 
regression equations of the FS over time (P = 0.89; Figure 3). 
No dog died or was euthanized as a result of toxicity.

Fifteen dogs in the CHOP group and 11 in the CMOP group 
completed the 25-week chemotherapy protocol. Two dogs in 
the CHOP group and 4 dogs in the CMOP group did not 
relapse until the study closed. Four dogs in the CHOP group 
and 3 dogs in the CMOP group that completed the 25-week 
protocol in CR were treated with the same protocol at the time 
of relapse, and all dogs achieved a second CR. The dogs which 
did not complete the 25-week protocol or did not respond to 
re-induction therapy when relapsed were treated with rescue 
therapy. Rescue protocol was administered with L-asparaginase, 
lomustine, and prednisolone. Two and 4 dogs in the CHOP and 
CMOP groups that were still in CR were censored from remis-
sion analysis. Six dogs in each group were still alive when the 
study closed and were censored from survival analysis. Thirty-
two dogs died of lymphoma progression. The median follow-up 
of the censored dogs were 895 d and 727 d in remission and 
survival analysis, respectively.

Discussion
Combination chemotherapy protocols often include drugs with 
various mechanisms of action, thereby potentially delaying the 
onset of multidrug resistance. Each drug in a combination 
should be known to be effective as a single agent, should not 
share resistance mechanisms, and, ideally, should not result in 
overlapping toxicities (23). Most combination chemotherapy 
protocols currently used in veterinary medicine for canine 
lymphoma are CHOP-based. A previous study indicated that 
patients treated using combination chemotherapy without doxo-
rubicin were at an approximately two-fold higher risk for relapse 
and death than patients treated with doxorubicin (12). That 
study compared CHOP and COAP (A, cytosine arabinoside) 
protocols for evaluating the PFS and ST. Since doxorubicin is 
an antitumor antibiotic and cytosine arabinoside is an antime-

tabolite, the reason for the different results with the CHOP and 
COAP protocols is unclear. In this study, mitoxantrone was used 
to replace doxorubicin in a combination chemotherapy proto-
col. These drugs belong to the same category and share similar 
mechanisms of action. Our results indicate that the responses 
to both drugs in combination protocols for induction therapy 
were similar. Since antitumor antibiotics should be considered 
the main drug in multiagent chemotherapeutic protocols for 
canine lymphoma, we believe that mitoxantrone-containing 
combination chemotherapy protocol is an alternative therapeutic 
choice for canine lymphoma.

Daters et al (19) investigated CHOP and mitoxantrone-based 
maintenance chemotherapy protocols to treat canine lymphoma. 
The PFS and MST in that study were 302 and 622 d, respec-
tively, which were longer than our results. One possible reason 
was that the cumulative doses of doxorubicin and mitoxantrone 
in that study were higher than in our study. The cumulative 
dose of antitumor antibiotics may play an important part in 
combination chemotherapy. Another potential reason was that 
we used maintenance-free and consolidation-free protocols. 
Discontinuous protocols have the possibility of reducing the 
development of drug resistance and improving the chances of 
second remission following relapse. Although a recent report 
(24) indicated that short discontinuous chemotherapy was bet-
ter than longer protocols that included maintenance, further 
prospective, randomized, well-controlled studies are needed to 
verify this.

During this study, the patients in the CHOP group had more 
episodes of anorexia and diarrhea than did those in the CMOP 
group. Two patients in the CHOP group experienced severe gas-
trointestinal toxicity and required hospitalization for intensive 
care, increasing therapeutic costs. All episodes of gastrointestinal 
toxicity in patients in the CMOP group were self-limited and 
did not require medication. Therefore, we believe the CMOP 
protocol is a safer and less expensive therapy for canine lym-
phoma than is the CHOP protocol.

The incidence of hematologic toxicity after doxorubicin 
or mitoxantrone administration was low in both groups. The 
possible reason was that nadir checks were not performed, and 

Figure 1.  Kaplan-Meier curves for the first remission duration for 
lymphoma dogs. Dogs were treated with CHOP (dashed line) or 
CMOP (solid line) protocol. 
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Figure 2.  Kaplan-Meier curves for the survival times for lymphoma 
dogs. Dogs were treated with CHOP (dashed line) or CMOP 
(solid line) protocol. 
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blood tests were conducted before subsequent treatments, which 
occurred 2 wk after the previous administration. Therefore, the 
actual hematologic toxicity may have been underestimated. The 
other reason was the use of delayed chemotherapy. In our experi-
ence, many patients with neutrophil counts between 2000 and 
3000 cells/mL had side effects and infection after chemotherapy. 
Therefore, the criterion for delayed chemotherapy in our study 
was a neutrophil count , 3000 cells/mL, which is higher than 
most oncologists would use.

The dose of doxorubicin was 30 mg/m2 for all dogs in order 
to avoid the bias of size of dog. Previous studies showed that 
small dogs had higher levels of neutropenia than large dogs 
when administered cytotoxic drugs at doses based on body 
surface area (25). Similarly, studies in humans revealed that 
chemotherapy doses based on body surface area calculations 
are higher in children than in adults (26). In this study, there 
was no significant difference in body weight between the dogs 
with and without gastrointestinal toxicity. Small sample sizes 
of small dogs may be a possible reason for this. Mitoxantrone 
was used with 6 mg/m2 dosage in our clinic for many types of 
tumors and caused no obvious side effects including myelosup-
pression and gastrointestinal toxicity. Chemotherapeutic drugs 
should be used at their maximally tolerated dosages. Therefore, 
we used mitoxantrone at 6 mg/m2, which is higher than other 
oncologists used.

In our study, the CMOP protocol provided similar efficacy 
and less side effects than the CHOP protocol. Therefore, when 
the CMOP protocol is applied in induction therapy for canine 
lymphoma, doxorubicin can be saved as part of combina-
tion rescue therapy. Although tumor cells that are resistant to 
mitoxantrone may develop cross-resistance to doxorubicin, the 
mechanism of mitoxantrone resistance may be different than 
that for doxorubicin resistance (17,27).

Dogs of large breeds are at a higher risk of developing lym-
phoma and dilated cardiomyopathy (28,29). Doxorubicin is 

the most common drug used to treat canine lymphoma, but it 
potentially induces cardiomyopathy (30). No evidence of drug-
induced cardiotoxicity caused by mitoxantrone was observed. In 
our study, the trends in FS after each treatment in both groups 
were not statistically different. A possible reason for this was 
the short observation period (approximately 27 wk). Since the 
cardiotoxicity of doxorubicin is cumulative and irreversible (31), 
future studies should address whether the cardiotoxicity of the 
2 drugs changes after a longer period. Another possible reason 
is that cardiotoxicity is related to the peak plasma doxorubicin 
concentration (32). Infusion of diluted doxorubicin over several 
hours in our study could have lowered the peak plasma concen-
tration, potentially reducing the amount of doxorubicin entering 
myocardial cells (33).

This study had some limitations. The number of patients is 
small, making it difficult to draw broad conclusions regarding 
efficacy and toxicity. The number of dogs required for an 80% 
power for PFS was 810 for a difference of 1 mo, and 90 per 
group for a 3-month difference. A longer and more rigorously 
controlled prospective study may be needed to clarify our results. 
Clinical staging was typically minimal because bone marrow 
aspiration, spleen, and liver fine-needle aspiration were not 
performed on every dog. Stage migration may lead some dogs 
to have been falsely classified into lower clinical stages than 
warranted. Relapsed patients did not uniformly respond to the 
re-induction protocols; additional rescue protocols were used 
according to patient response. The different rescue protocols 
may have influenced the ST. Gastrointestinal toxicity scoring 
was assessed by owners at home rather than by clinicians; this 
may have overestimated or underestimated the scores.

In conclusion, the present study indicated that the CMOP 
protocol was effective for treating canine lymphoma. There was 
no significant difference in response rate, PFS and MST between 
the 2 protocols. Gastrointestinal toxicity was less prominent in 
the CMOP group than in the CHOP group; hematotoxicity 
and cardiotoxicity were not significant during the study period. 
	 CVJ
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