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Subcutaneous administration of paclitaxel in dogs with cancer:  
A preliminary study

Daniella M. Silva, Aline I. Franciosi, Paula C.F. Pezzini, Simone D. Guérios

Abstract — Intravenous paclitaxel has been underused in dogs due to severe and acute hypersensitivity reactions. 
Subcutaneous (SC) administration of paclitaxel and its safety are unknown. In this preliminary study, 
SC administration of paclitaxel was evaluated for hypersensitivity reactions and toxicity in 21 dogs with advanced 
cancer. Dogs received 1 to 5 paclitaxel doses, ranging from 85 to 170 mg/m², SC every 14 or 21 days. A total of 
40 paclitaxel doses were administered and none of the 21 dogs developed systemic or acute local hypersensitivity 
reactions. Severe skin lesions at the injection site developed in 2 dogs after the 4th injection at the same location. 
Grade 4 neutropenia was observed in 50% of the dogs 5 days after the first treatment at 115 mg/m² (n = 14). Two 
animals developed Grade 5 diarrhea and died likely due to hemodynamic failure or sepsis. Paclitaxel can be 
administered SC in dogs with no hypersensitivity reaction.

Résumé — Administration sous-cutanée de paclitaxel chez des chiens atteints du cancer  : une étude 
préliminaire. Le paclitaxel intraveineux a été sous-utilisé chez les chiens en raison de réactions d’hypersensibilité 
graves et aiguës. L’administration sous-cutanée (SC) de paclitaxel et son innocuité ne sont pas connues. Dans cette 
étude préliminaire, l’administration SC de paclitaxel a été évaluée pour des réactions d’hypersensibilité et de toxicité 
chez 21 chiens atteints d’un cancer avancé. Les chiens ont reçu de 1 à 5 doses de paclitaxel, allant de 85 à 
170 mg/m² SC tous les 14 ou 21 jours. Un total de 40 doses de paclitaxel ont été administrées et aucun des 
21 chiens n’a développé de réactions d’hypersensibilité systémique ou locale aiguë. Des lésions cutanées graves au 
site d’injection se sont développées chez deux chiens après la quatrième injection au même endroit. Une neutropénie 
de grade 4 a été observée chez 50 % des chiens 5 jours après le premier traitement à 115 mg/m2 (n = 14). Deux 
animaux ont développé une diarrhée de grade 5 et sont morts probablement à cause d’une insuffisance 
hémodynamique ou d’une sepsie. Le paclitaxel peut être administré SC chez les chiens sans une réaction 
d’hypersensibilité.

(Traduit par Isabelle Vallières)
Can Vet J 2015;56:823–830

Introduction

P aclitaxel is a chemotherapeutic agent from the taxane 
family used in human cancer, including ovarian, breast, 

non-small-cell pulmonary carcinoma, and Kaposi’s sarcoma (1). 
Paclitaxel is also used in veterinary oncology for various types of 
tumors, including mammary, pulmonary, anal sac carcinoma, 
osteosarcoma, hemangiosarcoma (2), and mast cell tumors in 
dogs (3). However, paclitaxel (Taxol; Bristol-Myers Squibb, 

Anagni, Italy) has been underused in dogs due to severe and 
acute hypersensitivity related to the cosolvents ethanol and 
polyethoxylated castor oil (cremophor-EL), which are necessary 
to make the drug soluble (2,4). In order to reduce the risk of 
hypersensitivity reactions, pretreatment with corticosteroids, 
histamine 1, and histamine 2 receptor blockers is mandatory. 
Correspondingly, slow (3 to 4 h) and continuous intravenous 
(IV) paclitaxel infusions are recommended (5). In a previous 
clinical study, allergic reactions were observed in 65% of dogs 
after receiving antihistamines and corticosteroids followed by 
IV paclitaxel chemotherapy (2). Furthermore, 56% of the dogs 
required repeated premedication and 24% required hospitaliza-
tion during treatment.

The limitations of paclitaxel could be reduced or eliminated 
if another administration route was suitable. Oral paclitaxel 
in combination with cyclosporine A has been used in human 
patients with advanced gastric cancer (6), and with tumors 
refractory to conventional chemotherapy (7–10). Moreover, 
intrapleural paclitaxel has been administered for malignant 
pleural effusion from ovarian and breast cancer with efficacy, 
good clinical response, and easily manageable toxicity (11–13). 
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A subcutaneous (SC) route was used in error to achieve intra-
vascular administration in humans, and there are uncertainties 
about the classification of paclitaxel as a vesicant or irritant 
drug or both (14–16). A review analyzing cases of extravasation 
of paclitaxel with the purpose of determining the potential of 
this drug to cause tissue damage classified paclitaxel as a mild 
vesicant (17). Extravasation injuries due to paclitaxel are rarely 
reported in dogs. In a study of paclitaxel efficacy and toxic-
ity, 1 dog experienced cellulitis due to extravasation that was 
treated symptomatically with no further complications (2). 
Subcutaneous administration of drugs is convenient and practi-
cal for dogs, particularly during long-term treatments. The aim 
of this study was to investigate safety and toxicity following 
SC administration of paclitaxel in dogs with high-risk invasive 
malignant tumors.

Materials and methods
Patient selection
This was a single-institution, investigator-initiated clinical trial 
in client-owned dogs with measurable or microscopic malignant 
tumors. All owners gave written informed consent, using forms 
approved by the Animal Use and Ethics Committee of the 
Federal University of Paraná, Curitiba — Brazil. Patients were 
eligible if they had malignant tumors confirmed by histology 
or cytology and regional or distant metastasis. Another inclu-
sion criterion was disease progression refractory to conventional 
chemotherapy. Previous chemotherapy or surgery was allowed 
as long as the last treatment was at least 4 wk prior to the study 
and any resulting toxicity was resolved. Dogs had to have a 
total leukocyte (WBC) count $ 6.0 3 109/L (neutrophil count 
$ 2.0 3 109/L), hemoglobin $ 7.45 mmol/L, platelet count 
$ 200 3 109/L, and serum creatinine # 132.6 mmol/L.

Treatment
Within 10 to 14 d before the first paclitaxel treatment, the dogs 
were clinically staged based on 3-dimensional measurement of 
all palpable tumors, complete blood (cell) count (CBC), serum 
chemistry, thoracic radiographs (3 exposures) and abdominal ultra-
sonography. Paclitaxel (Taxol, 6 mg/mL; Bristol-Myers Squibb) was 
administered subcutaneously without dilution as a bolus infusion 
(less than 60 s) at an initial dosage of 170 mg/m2, with a reduction 
if toxicity was observed. The dose chosen was based on the results 
of previous studies (IV administration) in dogs (2) and humans 
(18). Prior to each paclitaxel injection the area of application was 
clipped and the skin fold was measured with a manual caliper. 
After chlorhexidine and alcohol antisepsis, the dogs received non-
diluted paclitaxel in the fold-skin on the SC dorsocervical region 
(between the scapulas) or SC dorsal thoracic area every 14 or 21 d, 
for 4 to 5 cycles. No premedication (corticosteroids or antihista-
mines) was done. Dogs were observed for 30 min after injection 
in order to check for acute hypersensitivity reactions.

Clinical assessment and toxicity
After the first treatment the patients were examined on days 5, 
10, and 15 for injection site and systemic reactions. For sub
sequent paclitaxel treatments, the dogs were evaluated on 
day 15. In case of dose adjustment the dogs were reassessed on 
days 5, 10, and 15.

The CBC, patient history, and injection site changes deter-
mined the toxicity resulting from SC paclitaxel chemotherapy. 
During each visit, injection site photographs were taken and 
the skin was measured with a manual caliper. Pet owners were 
also asked about patient history after chemotherapy including 
perception of lethargy, vomiting, diarrhea, appetite loss, pain, 
pruritus, skin flushing, injection site edema, and skin injury.

Table 1.  Toxicity chart adapted from VCOG-CTCAE v1.11 (19)

	 Toxicity

	 Grade 1	 Grade 2	 Grade 3	 Grade 4	 Grade 5

Hypersensitivity/allergic 	 Transient flushing 	 Rash, flushing,	 Symptomatic	 Anaphylaxis	 Death
reaction	 or rash	 urticaria, dyspnea, 	 bronchospasm,
		  fever	 angioedema, 
			   hypotension	

Injection site reactions	 Tenderness with or 	 Pain, swelling, with	 Ulceration or necrosis	 Life-threatening	 Death
	 without associated 	 inflammation or/and	 (operative intervention	 consequences	
	 signs (itching or 	 edema	 indicated)		
	 erythema)

Neutropenia (cells/mm³)	 , LLN to 1500	 $ 1000 to , 1500	 $ 500 to , 1000	 , 500	 Death

Thrombocytopenia 	 , LLN to 100 000	 $ 50 000 to , 100 000	 $ 25 000 to , 50 000	 , 25 000	 Death
(platelet/mm³)	

Anorexia	 Coaxing or dietary 	 Oral intake altered	 Of . 3-days duration,	 Life-threatening	 Death
	 change required to 	 (# 3 days) without	 associated with	 consequences
	 maintain appetite	 significant weight loss	 significant weight loss		

Vomiting	 , 3 episodes in 24 h	 3 to 10 episodes in 24 h	 Multiple episodes . 48 h	 Life-threatening	 Death

Diarrhea	 Increase of up to 	 Increase of 3 to	 Increase . 6 stools/day	 Life-threatening	 Death
	 2 stools per day 	 6 stools/day	 over baseline	
	 over baseline	 over baseline		

LLN — lower limit of normal.
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Hypersensitivity reactions, skin lesions at the injection site, 
neutropenia, thrombocytopenia, anorexia, vomiting, and diar-
rhea were classified with the use of Veterinary Cooperative 
Oncology Group — Common Terminology Criteria for Adverse 
Events (VCOG-CTCAE) following chemotherapy or biologi-
cal antineoplastic therapy in dogs and cats v1.1 [(19); Table 1]. 
Treatment was discontinued or revised if grade 3 or 4 toxicity 
was observed. Dogs were treated with concomitant medications 
such as antibiotics and antiemetics on a case-by-case basis. 
Observations of death, euthanasia, and treatment discontinua-
tion were counted as events in the analysis.

Patients with measurable disease were monitored for tumor 
response to chemotherapy by caliper measurement or radio-
graphs. A partial response (PR) was defined as $ 50% decrease 
in measurable disease baseline. Tumor increase, new lesions, 
metastatic lesions, or death was designated as disease non-
responsive to chemotherapy.

Results
Patient characteristics
Twenty-one dogs received paclitaxel SC chemotherapy from 
May 2012 to June 2013. There were 15 females and 6 males. 
Breeds included mixed breed (n = 6), boxer (n = 3), rottweiler 
(n = 2), pinscher (n = 2), dachshund (n = 2), and 1 each of 
schnauzer, Jack Russell terrier, poodle, Lhasa apso, French 
bulldog, and beagle. The mean age was 11 y (range: 5 to 15 y). 
Tumor types included carcinoma (3 mammary gland carcino-
mas, 3 inflammatory mammary gland carcinomas, 2 transitional 
cell carcinomas, and 1 thyroid carcinoma), round cell tumors 
(3 multicentric lymphomas and 2 mast cell tumors), and sar-

comas (3 hemangiosarcomas, 1 rhabdomyosarcoma, 1 nasal 
melanoma, 1 osteosarcoma, and 1 undifferentiated soft tissue 
sarcoma). Previous therapy included surgical excision in 10 dogs 
(3 mammary gland carcinomas, 1 inflammatory mammary gland 
carcinoma, 2 spleen hemangiosarcomas, 2 mast cell tumors, 
1 thyroid carcinoma and 1 nasal melanoma), and previous 
chemotherapy treatment in 6 dogs [3 multicentric lymphoma 
treated with CHOP (cyclophosphamide, doxorubicin, vincris-
tine, prednisone) protocol, 1 mast cell tumor treated with VAC 
(vincristine, doxorubicin, cyclophosphamide) protocol, 1 osteo-
sarcoma treated with carboplatin protocol and 1 transitional cell 
carcinoma treated with mitoxantrone and piroxicam protocol]. 
A total of 40 paclitaxel doses were administered, ranging from 
85 to 170 mg/m². Thirteen dogs received only 1 dose of pacli-
taxel, 3 received 2 doses, 4 received 4 doses, and 1 received 
5 doses. The median and mean numbers of doses were 1 and 2, 
respectively. At the time of the first treatment with paclitaxel, 
11 animals had measurable disease, 10 had metastasis to local 
lymph nodes, 9 had lung metastasis, and 4 had lymph node 
and lung metastasis.

Hypersensitivity reactions
No signs of acute hypersensitivity/anaphylactic reaction associ-
ated with paclitaxel administration were detected during treat-
ment (n = 40 SC paclitaxel injections; 21 dogs).

Injection site reactions
Injection site evaluation was performed in 18 dogs after the first 
paclitaxel treatment (3 dogs did not return for evaluation). Skin 
pruritus or local pain was not observed at the injection site after 

Figure 1.  Mild darkening of the skin and enlargement of the subcutaneous area at the injection site (white arrows) after second 
administration of subcutaneous paclitaxel in a mixed breed dog (A) and boxer (B). “Target” skin lesion at the injection site of paclitaxel 
(black arrow) in a boxer (B).

A B
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Figure 2.  Pinscher presenting with local swelling and mild inflammation after first subcutaneous paclitaxel treatment (black arrow) (A). 
The same dog after the fourth subcutaneous paclitaxel treatment (B). Skin ulceration and necrosis after the fourth paclitaxel injection at 
the same location in a poodle (C). The same dog 3 months after the end of treatment (D).

A B

C D
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paclitaxel administration in any evaluation during treatment in 
all cases. Skin fold measurement was not altered after injection. 
However, increased thickness of the subcutaneous area around 
the injection site was noticed during palpation.

Injection site reactions were absent in 14 dogs (78%), grade 2 
in 2 dogs (11%), and grade 3 in 2 dogs (11%). In general, 
dogs had mild darkening of the skin and enlargement of the 
subcutaneous area at the injection site (Figures 1A and 1B). 
Five dogs (28%) had a “target” skin lesion at the injection site 
(Figure 1B), which healed rapidly without treatment. Grade 2 
dogs had local swelling and mild inflammation (Figure 2A). 
These patients did not have treatment discontinued and did not 
require wound management (Figure 2B). Clinically important 
signs (grade 3) described as local skin ulceration and necrosis 
were observed after the 4th paclitaxel injection at the same 
location (between the scapulas) in 2 dogs (Figure 2C). For 
grade 3, surgical and chemical debridement with collagenase 
(Iruxol, Abbott, Brazil) was done and healing was observed  
(Figure 2D).

Hematological toxicity
Hematological toxicity was evaluated by neutropenia and throm-
bocytopenia 4 to 7 d (median 5 d) after the first subcutaneous 
paclitaxel injection or after dose adjustment; the results are 
shown in Table 2.

The first dog included in this study received 170 mg/m² 
and experienced a grade 4 neutropenia and grade 1 thrombo-
cytopenia at day 5. Both neutropenia and thrombocytopenia 
were resolved at day 10. Twenty-one days after the first treat-
ment a second paclitaxel treatment with a 50% dose reduction 
(85 mg/m²) was administered and a grade 4 neutropenia at 
day 5 was observed. Treatment was discontinued for this patient 
and euthanasia was performed due to the progression of pulmo-
nary metastatic disease.

Subsequent dogs included in this study (n = 20) had an ini-
tial dose established at 115 mg/m² and were given a 20% dose 
reduction (92 mg/m²) if clinically relevant toxicity (grade 3 
or 4) occurred. Twenty-seven doses at 115 mg/m² and 11 doses 
at 92 mg/m² were administered. Four animals did not return 
for CBC 5 d after the first treatment.

Seven dogs (50%) experienced grade 4 neutropenia, 4 dogs 
(29%) grade 3, 2 dogs (14%) grade 1 and 1 dog (7%) no 
neutropenia toxicity at the dosage of 115 mg/m² (n = 14 dogs 
evaluated after the first paclitaxel treatment). One dog still had 
a grade 4 neutropenia after the 20% dose reduction (92 mg/m²) 
and 1 dog developed grade 1 neutropenia at this dose. A leuko-
gram was within the reference range on day 10 for all dogs at 
doses of 115 mg/m² or 92 mg/m².

Evaluation of thrombocytopenia was not performed in all 
dogs because platelets aggregated in blood samples from some 

Table 2.  Hematological toxicity evaluated 5 days after the first subcutaneous 
paclitaxel injection or after dose adjustment, adapted from VCOG-CTCAE v1.1 (19)

Dose 
[number 
of doses]	 Grade 0	 Grade 1	 Grade 2	 Grade 3	 Grade 4	 Grade 5

Neutropenia
  170 mg/m² [1]	 —	 —	 —	 —	 1	 —
  115 mg/m² [14]	 1	 2	 —	 4	 7	 —
  92 mg/m² [3]	 1	 1	 —	 —	 1	 —
  85 mg/m² [1]	 —	 —	 —	 —	 1	 —

Thrombocytopenia
  170 mg/m² [1]	 —	 1	 —	 —	 —	 —
  115 mg/m² [7]	 —	 5	 1	 —	 1	 —
  92 mg/m² [3]	 3	 —	 —	 —	 —	 —
  85 mg/m² [1]	 1	 —	 —	 —	 —	 —

Table 3.  Gastrointestinal toxicity 5–10 days after first treatment (n = 19 dogs) with 
subcutaneous paclitaxel, adapted from VCOG-CTCAE v1.1 (19)

Dose 
[number 
of doses]	 Grade 0	 Grade 1	 Grade 2	 Grade 3	 Grade 4	 Grade 5

Anorexia					   
  170 mg/m² [1]	 —	 1	 —	 —	 —	 —
  115 mg/m² [15]	 3	 3	 5	 4	 —	 —
  92 mg/m² [3]	 1	 2	 —	 —	 —	 —

Vomiting
  170 mg/m² [1]	 —	 —	 1	 —	 —	 —
  115 mg/m² [15]	 6	 5	 1	 3	 —	 —
  92 mg/m² [3]	 3	 —	 —	 —	 —	 —

Diarrhea					   
  170 mg/m² [1]	 —	 1	 —	 —	 —	 —
  115 mg/m² [15]	 7	 1	 4	 1		  2
  92 mg/m² [3]	 3	 —	 —	 —	 —	 —
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animals. One dog experienced grade 4 thrombocytopenia, 
1 grade 2, and 5 grade 1 at the 115 mg/m² dosage. No throm-
bocytopenia was observed at the 92 mg/m² dosage.

Gastrointestinal toxicity
Gastrointestinal toxicity after the first paclitaxel treatment was 
evaluated in 19 dogs (Table 3). Gastrointestinal side effects were 
usually observed 4 to 7 d (median 5 d) after treatment. Dogs 
that experienced gastrointestinal toxicity after the first paclitaxel 
injection received antiemetic medications such as ondansentron 
(Nausedron, 2 mg/mL; Cristália, São Paulo, Brazil) or maropi-
tant (Cerenia, 10 mg/mL; Pfizer Animal Health, Paris, France) 
for subsequent paclitaxel injections. The dog that received 
170 mg/m² experienced grade 1 anorexia and diarrhea and grade 
2 vomiting. This patient did not have gastrointestinal side effects 
after a dose adjustment to 85 mg/m2.

Adverse effects were identified in 80% (12/15) of patients 
receiving 115 mg/m². Anorexia was the most frequent gastro-
intestinal toxicity observed in these patients. Nine dogs had 
grade 2 or 3 anorexia and 3 had grade 1. Grade 2 or 3 vomit-
ing was observed in 4 dogs and grade 1 in 5. Five patients had 
grade 2 or 3 diarrhea and 1 had grade 1. Grade 5 diarrhea 
was documented in 2 dogs (1 with bladder transitional cell 
carcinoma and 1 with inflammatory mammary carcinoma). 
These 2 patients required hospitalization and died 3 and 6 d 
after paclitaxel administration. For these patients diarrhea and 
hematochezia were unresponsive to treatment and they probably 
died of hemodynamic failure or sepsis.

Dogs that received 92 mg/m² paclitaxel did not develop 
emesis or diarrhea. Grade 1 anorexia occurred in 2 patients.

Responses and clinical outcome
Seven of 11 dogs (64%) with measurable disease achieved PR 
after the first treatment (2 multicentric lymphoma, 1 mast cell 
tumor, 1 rhabdomyosarcoma, 1 undifferentiated soft tissue 
sarcoma, 1 maxillary osteosarcoma and 1 inflammatory mam-
mary carcinoma). Four dogs (3 with mammary carcinoma and 
metastatic lymph nodes at the time of surgery and 1 with spleen 
hemangiosarcoma) treated with adjuvant paclitaxel chemo-
therapy after surgical treatment had no signs of metastasis and 
tumor recurrence by the 4th or 5th scheduled treatment. These 
patients are still in remission 780 d after treatment.

Two dogs, 1 with mast cell tumor and 1 with spleen hem-
angiosarcoma, had therapy discontinued by the owners for 
unknown reasons after the first and second scheduled treat-
ments, respectively. These animals did not have signs of gastro-
intestinal or severe hematological toxicity.

Seven of 21 dogs (33%) died as a consequence of disease 
progression, including 3 with multicentric lymphoma, 1 with 
cardiac hemangiosarcoma, 1 with undifferentiated soft tissue 
sarcoma, 1 with nasal melanoma, and 1 with bladder transi-
tional cell carcinoma. The dog with nasal melanoma completed 
4 scheduled chemotherapy cycles. Four dogs were euthanized 
because of progression of metastatic disease after the first (dog 
with 1 thyroid carcinoma) or second paclitaxel treatment (2 dogs 
with inflammatory mammary carcinoma and 1 with rhabdo-
myosarcoma). Two dogs were euthanatized for primary tumor 

progression associated with severe reduction in quality of life 
(1 mast cell tumor and 1 maxillary osteosarcoma). The causes of 
death and treatment discontinuation are summarized in Table 4.

Discussion
The high rate of hypersensitivity reactions in dogs and humans 
with IV paclitaxel protocols is the principal limitation on the 
use of this drug in dogs with cancer (2,20). To the authors’ 
knowledge, this was the first study evaluating safety and toxicity 
following SC administration of paclitaxel in dogs. We did not 
observe hypersensitivity reactions after SC paclitaxel administra-
tion and injection site reactions were mild.

Paclitaxel is a lipophilic hydrophobic compound. Several 
approaches have been reported to solubilize paclitaxel with 
cosolvents and inclusion complexes such as nanoparticles, 
nanosuspensions, liposomes, emulsions, micelles, implants, 
pastes, and gels (1,4,21,22). Recently, the United States Food 
and Drug Administration (USFDA) approved a paclitaxel 
formulation without cremophor-EL to be used exclusively in 
dogs (23). However, this formulation is not distributed world-
wide; therefore, the commercial formulation of paclitaxel most 
widely used in the clinical setting is still the solubilized form 
with the excipient cremophor-EL, which is associated with life-
threatening hypersensitivity reactions (21). Our results suggest 
that the use of SC administration of paclitaxel is a promising 
alternative to IV administration, since hypersensitivity reactions 
were not observed via this route, even without premedication. 
Furthermore, SC administration eliminates the need for repeated 
intravenous access or insertion of long-term central venous 
access devices, reducing pain and stress associated with repeated 
venipuncture, especially in the management of patients with 
poor venous access (24).

Until this study, the safety of SC injection of paclitaxel was 
unknown in dogs. The low incidence of injection site toxicity 
in the present study is encouraging, supporting the non-vesicant 
potential of paclitaxel (25). Skin ulceration was observed in 
2 dogs, in both cases after the 4th injection at the same site. 
The effects of a cumulative dose at the same site could not be 
established in this study, but it is expected that changing the 
injection site may decrease the local inflammatory reaction and 
discourage further ulceration. We suggest that injections at the 
same location should be avoided; a controlled rotation through 
a short roster of SC paclitaxel injection sites may be applied for 
successive treatments.

Table 4.  Summary of study dog disposition and reason for study 
discontinuation (n and %)

Dogs	 Total (n)	 %

Treated	 21	 100
  Treated for all 4 or 5 cycles	   5	   24

Discontinued (for reason below)	 16	   76
  Death due to progressive disease	   8	   50
  Euthanasia due to progressive disease	   4	   25
  Death due to adverse eventa	   2	   12.5
  Other reasonb	   2	   12.5
a	 Grade 5 diarrhea (3 and 6 days after first cycle), probably died due to 

hemodynamic failure or sepsis.
b	Protocol noncompliance, withdrawal of owner consent, or reason not recorded.
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Severe neutropenia is expected 5 to 7 d after IV paclitaxel 
injection. This is a transient and sometimes “silent” event (3,22). 
The present study revealed significant neutropenia when com-
pared to IV paclitaxel doses previously recommended for dogs, 
even when a lower dose was used. A subcutaneous route prob-
ably promotes an increase in the area under the time concentra-
tion curve, increasing the time of exposure of bone marrow cells 
to the chemotherapy with consequently more notable leukopenia 
when compared to IV administration (2). We observed severe 
neutropenia at day 5 and rapid bone marrow recovery, with 
normal leukogram, at day 10 in all dogs. Several dogs did not 
have clinical signs related to severe neutropenia, in accordance 
with clinically “silent” neutropenia events related to the drug’s 
mechanism (3,22). A limitation of our study is that we did not 
undertake a pharmacokinetic and pharmacodynamic substudy 
of SC paclitaxel absorption; such data could have been useful 
for evaluating the systemic absorption and to compare with 
IV administration.

The optimal dose of paclitaxel for SC injection is unknown. 
Two dogs developed severe grade 5 diarrhea with death as a 
consequence after 115 mg/m² paclitaxel. Interestingly, these 
dogs did not have other gradated toxicities. However, the dog 
that received the highest dosage used in this study (170 mg/m²) 
did not experience major gastrointestinal toxicity. A previous 
study with IV paclitaxel in dogs found 132 mg/m² to be an 
appropriate dosage (2). The initial dose chosen in our study was 
based on a previous study with IV administration (2), however 
the grade 4 neutropenia observed in the first dog of this study 
lead to a reduction of the dose for subsequent dogs included 
in our study. Even with dose reduction, when compared with 
the first dog of this study, several dogs had grade 3 or 4 adverse 
events, requiring another dose reduction. While a dose escalation 
protocol was not performed, the grades 3, 4 and 5 hematologi-
cal and gastrointestinal toxicities observed here suggest that the 
maximum tolerated dose of SC paclitaxel in dogs is between 
92 mg/m² and 170 mg/m².

Due to the clinical nature of this study we were unable to 
control, in all cases, the times that dogs returned for clinical 
and laboratory assessment, as well as the course of disease pro-
gression. Most dogs in this study had relapsed, progressive, and 
pretreated diseases, limiting the study. Unfortunately, the deaths 
of some dogs due to disease progression did not allow the sched-
uled injections and injection site evaluation to be completed. 
The mortality rate observed in our study (12.5%) was similar to 
that in another study with IV paclitaxel in dogs with advanced 
stage disease (2). These dogs died possibly due to sepsis related 
to diarrhea after paclitaxel administration. However, malignant 
progressive disease may also have contributed to deaths, and it 
is impossible to assess the real contribution of adverse effects 
of paclitaxel in these deaths. Future studies should evaluate the 
value of SC paclitaxel as a first choice chemotherapy in dogs 
with cancer.

Despite the advanced disease in all dogs in this study, a PR 
was observed in 64% of patients with measurable disease, in 
agreement with previous clinical efficacy studies with pacli-
taxel in dogs with cancer (2,3,22). This result supports that 
SC paclitaxel absorption and efficacy are similar to IV pacli-

taxel. However, further confirmatory clinical investigations are 
required. In this preliminary study, paclitaxel could be adminis-
tered by the SC route in dogs without eliciting hypersensitivity 
reactions and with a low incidence of skin lesions, especially if 
the injection site was varied during treatment.

Unfortunately, few dogs in the already small trial had more 
than 1 or 2 SC paclitaxel injections and the maximum toler-
ated dose could not be established. These limitations should 
be considered to avoid the premature use of our results in the 
clinical setting.	 CVJ
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Animal Suffering: From Science to Law, 
International Symposium

Thierry AVDK, Lachance M. Carswell, Toronto, ON. 2013. 
356 pp. ISBN 9782-8963-5919-6. $64.00 CDN.

I n Paris, on October 18 and 19, 2012, 200 delegates met in 
the conference room of the World Organization for Animal 

Health (OIE) to discuss “the current state of scientific knowl-
edge about animal suffering and its legal transposition into 
national laws on three continents.” The multidisciplinary group 
was composed of veterinarians, biologists, lawyers, professors, 
sociologists, and psychologists, to name a few. The organizers 
of the symposium were members of The Foundation for Animal 
Law, Ethics and Science (LFDA) and The International Research 
Group in Animal Law (GRIDA).

In his welcoming address, Thierry Auffret Van Der Kemp 
spoke of “ethical philosophy” as the silent mediator between 
science and the law and quoted the English philosopher, Jeremy 
Bentham in saying “The question is not, can they reason? Nor 
can they talk? But can they suffer?” This textbook is the writ-
ten compilation of the symposium, in which multiple speakers 
addressed this question using scientific data, rational thought, 
and an evidence-based clinical approach to consider whether 
science has progressed adequately enough to pull the legal 
process forward.

Divided into two parts, the symposium began with a series 
of talks on pain and suffering, while the second half involved 
discussion of legislation and legal recognition of and protec-
tion from pain from the perspective of numerous countries 
worldwide.

If we accept that the vast majority of species are capable of 
“nociception,” or reflexive avoidance of a stimulus, then “pain” 
is defined as the associated emotional reaction and “suffering” 
requires a cognitive awareness of one’s surroundings. Pain and 
suffering require a higher order of cognition and to declare that 
a species experiences either, one must first declare it possible 

based on these definitions. How do we measure pain and suffer-
ing, what behaviors might we assess and how are these expressed 
in differing species? What physiologic mechanisms are at work 
responding to pain?

We may be fairly comfortable assessing the pain experience in 
mammals and perhaps birds, but what about reptiles, amphib-
ians, or fish? What is the evidence to suggest that they also 
experience pain and how might it be assessed? Do pain models 
exist that could be of use? Several presentations discuss whether 
cephalopods experience pain and suffering. Our understanding 
of these concepts blur when analyzing species so dissimilar to 
ours. Pain receptors, brains, and neurological pathways no lon-
ger mimic those within mammals, if they exist at all.

Welfare, which might be described as the daily level of qual-
ity in life versus level of suffering, is discussed in some detail. 
Human obligation to other species and the morality involved 
in decisions that might inflict pain are encompassed in difficult 
questions such as “Should we respect the life of this animal?” 
or “Should we consider the needs of the animal if we interfere 
with its life?”

These are difficult questions to answer. The presentations 
on the legalities of pain and suffering included discussion on 
how society has historically valued sentient beings other than 
humans, and how this is evolving and perhaps improving. The 
overall feeling is that scientific understanding far outreaches 
the legal system.

 This symposium of research is well worth some thoughtful 
consideration. Although I did not formally peer review each 
presentation, on the whole they appear scientific and offer 
rational perspectives to a topic that can easily become subjec-
tive and emotional. My impression is that this symposium was 
successful in furthering our overall understanding of the topic 
and I wish the organizers well in planning a future symposium.

Reviewed by Janeen Junaid, BSc, DVM, Certificate in Shelter 
Medicine, Private Veterinarian Hamilton, Ontario.
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