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Absence of significant adverse events following
thalidomide administration in bitches diagnosed
with mammary gland carcinomas

C. B.
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de Campos, G. E. Lavalle, S Fialho Ligdrio, F. Camargo Nunes, R. A. Carneiro,
Amorim, G. D. Cassali

The aim of the study was to evaluate the incidence of adverse events (AEs) in female dogs
diagnosed with advanced clinical stage mammary gland neoplasms following treatment
with thalidomide. A prospective analysis of 29 female dogs treated with a high dose (HD) of
20 mg/kg/day of thalidomide for three months followed by a low dose (LD) of 10 mg/kg/
day of thalidomide for three months was performed. All patients underwent physical
examination, complete blood count, serum biochemistry profile, thoracic radiographs, and
abdominal ultrasound analysis before the treatment and after the HD and LD. Clinical AEs
were absent in 16/29 (55.17 per cent) patients following HD. An initial 3-5 day period of
somnolence was described in 4/29 (13.79 per cent), prolonged somnolence in 5/29 (17.24
per cent), a short period of somnolence lasting only a few hours in 3/29 (10.34 per cent),
and difficulty to rouse was described in 5/29 (17.24 per cent) cases. Two patients (6.89 per
cent) presented with prolonged somnolence that interfered with activities of daily living,
resulting in anticipation of the dose reduction to the proposed LD after 15 days of the HD
treatment. Following dose reduction, AE improvement was observed in all patients. Albeit
remaining within the reference ranges, erythrocytes, haematocrit, total leucocyte count,
neutrophils, lymphocytes, monocytes and y-glutamyltranspeptidase showed significant
alteration associated to thalidomide treatment.

Introduction

The images of devastating birth defects caused by thalidomide
remains firmly embedded in the public consciousness (Stewart
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2014). Thalidomide was synthesised in Germany in 1954 and
marketed in various parts of the world as a sedative and a hyp-
notic, considered most effective as an anti-emetic in early preg-
nancy (McBride 1977). The first toxic effect of thalidomide was
recorded by Florence (1960), who reported the early signs of per-
ipheral neuropathy (PN), followed by reports on malformations
of the extremities (McBride 1961). Thalidomide was associated
with congenital deformities and the drug was withdrawn from
the market (McBride 1977, Lenz 1988).

Angiogenesis inhibition, immunomodulation and cytokine
modulation have been considered, but the exact mechanism of
action of thalidomide for neoplastic diseases remains unknown
(Singhal and Mehta 2002). Anti-angiogenic properties were
described as a possible consequence of thalidomide therapy, but
not the mechanism of action that explained its clinical effect
(Stewart 2014). Chamberlain and others (2014) and Ito and
others (2010) demonstrated the importance of thalidomide and
related immunomodulatory drugs (IMiD) immunomodulatory
agents binding to the Cul4-Rbx1-DDB1-Cereblon E3 ubiquitin
ligase complex, leading to the therapeutic and teratogenic effects
of these drugs. Thalidomide has shown activity in the treatment
of erythema nodosum leprosum, oral ulcers in Behcet disease,
wasting syndrome in patients with acquired human immuno-
deficiency disease, and is under investigation for rheumatoid
arthritis, inflammatory bowel diseases and other autoimmune
disorders (Dimopoulos and Eleutherakis-Papaiakovou 2004).
Thalidomide has also been studied in several types of human
neoplastic diseases, such as multiple myeloma, Kaposi’s sarcoma,
breast cancer, gliomas, colon cancer, prostate cancer, renal cell
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carcinoma and others (Singhal and Mehta 2002, Dimopoulos
and Eleutherakis-Papaiakovou 2004). Although Teo and others
(2001) evaluated the safety profile of thalidomide in healthy
dogs, few studies have attempted to evaluate the efficacy of thal-
idomide in canine clinical trials.

Mammary gland tumours are the most common neoplasms in
intact female dogs (Brodey and others 1983). Surgery is the main-
stay of treatment for canine mammary gland tumours and is the
single most effective modality for local tumour control. More
advanced tumours may require adjuvant therapy (Novosad 2003,
Sorenmo 2003), and chemotherapy is often recommended for dogs
with mammary tumours considered to be at risk for metastasis or
recurrence (Sorenmo and others 2013). However, there is no stand-
ard recommendation for the use of chemotherapy (Cassali and
others 2014). High-quality trials are needed to evaluate the efficacy
of chemotherapy protocols as well as to provide guidance for treat-
ing high-risk mammary gland tumours (Sorenmo 2003, Sorenmo
and others 2013). Previous studies evaluating thalidomide in the
4T1 mice mammary tumour model have demonstrated a clear
benefit in controlling primary tumour development, as well as
metastatic progression (De Souza and others 2012, De Souza and
others 2014, Dos Reis and others 2014). Two pilot studies involv-
ing thalidomide were performed in veterinary medicine: thalido-
mide induced prolonged responses as a single drug in canine
haemangiosarcomas (Woods and others 2004), and a multimodal
approach including bleomyecin, piroxican, thalidomide, radiother-
apy and surgery was considered to have encouraging results in
feline unresectable head and neck squamous cell carcinomas
(Marconato and others 2013).

An adverse event (AE) is defined as any unfavourable and
unintended sign, clinical sign or disease temporally associated
with the use of a medical treatment that may or may not be
considered related to the medical treatment (Veterinary
Co-operative Oncology Group 2004). The aim of the present
study was to evaluate AE in female dogs diagnosed with
advanced clinical stage mammary gland neoplasms following
two different doses of thalidomide.

Materials and methods

A prospective analysis of female dogs admitted to the Veterinary
Hospital of the Federal University of Minas Gerais (UFMG),
Brazil, diagnosed with mammary gland neoplasms was per-
formed. The neoplasms were diagnosed at the Laboratory of
Comparative Pathology of the Institute of Biological Sciences,
UEMG, Brazil.

Clinical staging according to the TNM (tumour, node, metas-
tases) system established by WHO for canine mammary tumours
was performed. This system evaluates: tumour size (Tq: 0-3 cmy;
Ty: 3-5 cm; Ts: >5 cmy); neoplastic involvement of regional [ymph
nodes (Np: non-metastatic; Nj: metastatic); and presence of
distant metastasis (Mg: non-metastatic; M;: metastatic).
Afterwards, cases were divided into five stages: I (T;NoM), 1I
(ToNeMp), TI (T3NeMg), IV (T13N1Mo) and V(T 3Ng.1My)
(Owen 1980, Sorenmo and others 2013). Patients presenting with
advanced clinical staging (stages IV and V) were included in the
study.

Thalidomide was administered in single daily oral doses for
six months. In order to avoid possible undesirable effects of the
drug due to its sedative properties, pet owners were instructed
to administer the medication at night. During the first three
months, patients were subjected to a high dose (HD) (20 mg/kg)
of thalidomide, followed by a low dose (LD) (10 mg/kg) for
three months. The doses used in the present study were based
on two previous canine studies that used daily doses of 100-
400 mg to dogs diagnosed with haemangiosarcomas (Woods and
others 2004) and proposed 3.3-6.5 mg/kg, 6.6-13 mg/kg, 13.3—
26 mg/kg to dogs with varied malignant neoplasms (Jankowski
and others 1999). Neither study found any important AE.
Treatment with thalidomide was initiated following a minimum
period of two weeks after the previous treatment (mainly
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chemotherapy) in order to allow patient recovery. Informed
client consent was obtained in all cases.

Thalidomide tablets were manufactured at the Ezequiel Dias
Foundation (EDEF), Brazil, which meets the Brazilian Health
Surveillance Agency’s good manufacturing practices for this
production. The EDF is the only producer of thalidomide in
Brazil.

Pet owners were instructed to administer the medication
using disposable gloves. Individual prescriptions were given for a
28-day period and pet owners signed an informed-consent form
acknowledging that the intact bitches were not allowed to repro-
duce, that the administration of thalidomide was exclusively for
the dog enrolled in the study and that any unused medication
should be returned for adequate disposal at the EDE
Thalidomide was given to pet owners in tablets weighting
370mg (100 mg of thalidomide + excipients). Doses were
rounded to the nearest whole tablet size since reformulation was
not possible. Therefore, the HD and LD range was approxi-
mately 18-22 mg/kg and 8-12 mg/kg, respectively. The effect of
food intake on thalidomide absorption in human beings is con-
sidered minimal (Teo and others 2004). Pet owners were
instructed to be careful while collecting and disposing of faeces,
urine and other bodily fluids of the animals.

All patients underwent complete history evaluation, physical
examination, serum exams consisting of a complete blood count
(CBC), serum biochemistry profile (SBP) and thoracic radio-
graphs, and abdominal ultrasound at the baseline. Patients were
clinically evaluated monthly and serum and imaging exams were
repeated every three months. Additional exams or more frequent
serum and imaging exams were requested when necessary, for
example, respiratory clinical signs leading to additional thoracic
radiographs. Pet owners were interviewed every month to assess
any clinical observations of the patients that could be associated
to the thalidomide treatment.

Clinical history, physical examination, serum and imaging
exams performed during the HD and LD thalidomide treatment
were compared with the baseline evaluation. In addition,
VCOG-CTCAE (Veterinary cooperative oncology group -
common terminology criteria for adverse events) criteria were
applied to describe AEs. AEs were classified as: mild (grade 1),
moderate (grade 2), severe (grade 3), life-threatening (grade 4)
and death related to the AE (grade 5) (Veterinary Co-operative
Oncology Group 2004).

Descriptive statistics are presented for AE findings. Statistical
analyses of CBC and SBP were performed with Student’s ¢ test,
analysis of variance, Wilcoxon signed-rank test, Friedman test
and Kruskal-Wallis test, depending on normality, the number of
observations and whether the observations were paired. Results
were considered statistically significant when P<0.05.

All procedures were performed under the appropriate guide-
lines and with the approval of the Ethics Committee for Animal
Experimentation of the UFMG (protocol number 132/2011) and
the Ethics Committee for Animal Experimentation of the Sdo
Paulo State University (Jaboticabal Campus) (protocol number

021846/14).

Results
Twenty-nine patients were studied. Mean age was 12.6
+2.1 years. Six patients (20.69 per cent) presented with distant
metastases, classified as clinical stage V. All patients were sub-
mitted to surgical excision of the primary neoplasm and adju-
vant chemotherapy was performed in 28/29 (95.55 per cent)
cases. Chemotherapy consisted of carboplatin, one dose every
21 days for a total of four doses given intravenously at 300 mg/
m?. Seven patients were not subjected to the LD treatment: 6/29
(20.69 per cent) patients due to death during the first three
months of the HD treatment, and 1/29 (3.45 per cent) due to
treatment abandonment by the pet owner.

No significant alterations were found when evaluating the
thoracic radiographs following HD and LD of thalidomide.
Abdominal ultrasounds demonstrated spleen enlargement in 4/
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TABLE 1: Complete blood count (CBC) and serum biochemistry profile (SBP) results before thalidomide treatment (BT), following
three months of the high dose (HD) (20 mg/kg/day) treatment and following three months of the low dose (LD) (10 mg/kg/
day) treatment of female dogs with advanced stage mammary neoplasms receiving thalidomide therapy

(BC/SBP| BT+HDT P value BT+HD+LD# P value
Erythrocytes§ (106/mm?) BT 5.6+0.9 0.2903 BT 5.5+1 0.0201°
HD 5.8+1.1 HD 6.1+1
LD 6.4+1.2
Haemoglobing (%) BT 13.1x2.3 0.6184 BT 13.3£2.5 0.1010
HD 13.3+2.4 HD 14.1+1.8
LD 14.7+2.4
Haematocrit{] (%) BT 41 (24-51) 0.2124 BT 40.5 (26-44) 0.0121*
HD 41 (27-50) HD 43.5 (34-48)
LD 43 (29-50)
mevy (fl) BT 70.9 (61.4-80.7) 0.8124 BT 70 (61.4-76.1) 0.2359
HD 70.2 (61-95.7) HD 70.2 (61-77.6)
LD 64.8 (58.5-79)
MCHS§ (pg) BT 23.5+1.9 0.6818 BT 23.9:2.5 0.3910
HD 23.3+2.5 HD 23.2+1.8
LD 22.7+1.7
MCHC§ (%) BT 32.9+3.8 0.8392 BT 34.1x4.4 0.4595
HD 32.8+2.6 HD 33.4£1.2
LD 34.7+1.4
RDWI] (%) BT 14.1 (0-19.3) 0.6944 BT 14.4 (13.4-19.3) 0.3519
HD 14.2 (0-19.5) HD 14.8 (12.1-19.5)
LD 13.1 (0-16.2)
Total leucocyte count§] (/mm?) BT 8540 (1970-22300) 0.0073* BT 8540 (2010-13500) 0.1870
HD 10900 (5850-44000) HD 9150 (5850-23200)
LD 10435 (8260-30200)
Segmented neutrophils{] (/mm?) BT 6448 (281.4-20516) 0.0064" BT 6536 (281.4-11745) 0.3046
HD 8719 (4471-41360) HD 7247 (4856-21576)
LD 9877 (4862-27180)
Lymphocytes{] (/mm?) BT 1364 (476-2291) 0.0451* BT 1467 (956.2-1806) 0.0854
HD 751.4 (240-4128) HD 758.7 (351-1926)
LD 1416 (712-1830)
Eosinophils{] (/mm?) BT 272 (0-3060) 0.9999 BT 258 (0-956.2) 0.9563
HD 332.5 (0-2091) HD 321 (105-520.1)
LD 302 (0-1791)
Monocytes{] (/mm?) BT 165.8 (0-2314) 0.0064* BT 40.2 (0-751.3) 0.0272%
HD 494 (0-2976) HD 420 (148.6-929)
LD 472 (341.2-1661)
Platelet countf] (/mm?) BT 180500 (27000-715000) 0.3683 BT 265500 (106000-715000) 0.9674
HD 277500 (64400-834000) HD 267000 (99000-399000)
LD 208000 (160000-532000)
BUN{] (mg/dL) BT 41.2 (20.8-100.8) 0.1688 BT 28.93 (20.8-57) 0.6197
HD 49.9 (15.4-165.5) HD 43.18 (28.9-61.1)
LD 42.5 (20.3-69)
Creatinef] (mg/dL) BT 1(0.6-2.6) 0.9880 BT 1.1 (0.6-1.6) 0.9563
HD 1(0.2-4.9) HD 0.9 (0.6-1.6)
LD 1.5 (0.5-1.8)
AST{] (U/L) BT 54.4 (0-117.8) 0.1726 BT 50.7 (0-117.8) 0.9537
HD 60.2 (29-216.9) HD 64.5 (40.2-77)
LD 37.3 (33.8-103.2)
ALTY] (U/L) BT 815 (34.2-423.2) 0.7609 BT 138.5 (60.2-313) 0.5705
HD 93.9 (31.5-271) HD 95.3 (75.8-271)
LD 67.9 (38-136.1)
GGTY] (U/L) BT 1.8 (0-17) 0.3101 BT 4.5 (0-17) 0.0206*
HD 2.3 (0-38.5) HD 8.9 (0-38.5)
LD 0.6 (0-1.2)
Alkaline phosphatasef] (U/L) BT 59 (6-889.2) 0.2334 BT 75.4 (10-348) 0.6914
HD 82 (13.5-500) HD 108.8 (15-500)
LD 61.4 (25-266.5)
Amylase{] (U/L) BT 650 (484-2115) 0.9453 BT 694 (627-761) 0.5000
HD 818.5 (5.8-1230) HD 784.6 (547-1022)
LD 905.2 (671-1139)
Total protein] (g/dL) BT 6.6 (5.5-12.8) 0.9460 BT 6.1 (5.5-12.8) 0.7682
HD 6.7 (5.6-9.2) HD 7.4 (5.6-9.2)
LD 6.6 (6.1-7.9)
Albumin (g/dL)§ BT 2.80.3 0.6642 BT 3:0.5 0.4940
HD 2.7+0.5 HD 3.1+0.1
LD 2.8+0.5
Globulin) (g/dL) BT 4 (2.6-9.3) 0.7493 BT 3.8 (2.9-9.3) 0.6528

HD 4.1 (2.7-6.1)

HD 4.625 (3-6.1)
LD 4 (2.9-5.8)

“Statistically significant values.

Differences in BT and HD values int and #are due to different sample sizes (seven more animals int)

§Parametrical values expressed as meantsd

{INon-parametrical values expressed as median (range)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; GGT, y-glutamyltranspeptidase; MCH, mean corpuscular haemoglobin; MCHC,
mean corpuscular haemoglobin concentration; MCV, mean corpuscular volume; RDW, red cell distribution width

18 (22.22 per cent) cases, increased renal cortical echogenicity in Pet owner interviews demonstrated some AE related to the
3/18 (16.66 per cent) cases and diffuse hepatomegaly in 2/18  thalidomide treatment. HD was not associated with AE in 16/29
(11.11 per cent) cases. (65.17 per cent) patients. An initial three-day to five-day period
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of somnolence was described in 4/29 (13.79 per cent) cases, a
short somnolence period lasting only a few hours following thal-
idomide administration in 3/29 (10.34 per cent), while prolonged
somnolence during the entire HD treatment period was found in
5/29 (17.24 per cent), and 5/29 (17.24 per cent) animals were
found to be difficult to rouse in the morning. The somnolence
AEs described were considered grade 2. In addition, loss of appe-
tite with no significant association to weight loss (grade 1) was
found in 3/29 (10.34 per cent). One (3.44 per cent) animal pre-
sented with transient mild ataxia (grade 2) during the first days
of thalidomide administration and clinical signs disappeared
without additional treatment or thalidomide interruption.
Following dose reduction, all patients that reported AEs pre-
sented with a significant improvement of all clinical findings.
Two patients (6.89 per cent) presented with prolonged somno-
lence that was found to interfere with activities of daily living,
resulting in anticipation of the dose reduction to the proposed
LD after 15 days of the HD treatment. Following dose reduction,
AE improvement was observed in all patients. However, 1/29
(3.44 per cent) animals still presented with a short period som-
nolence lasting only a few hours following thalidomide adminis-
tration and 1/29 (3.44 per cent) animals was found to be
difficult to rouse in the morning.

Patients did not present with significant bodyweight alter-
ation and gastrointestinal, cardiac, dermatological, endocrine,
respiratory, genitourinary or neurological signs associated to the
studied treatment. No definitive signs of PN were observed.

CBC and SBP results at the baseline, following three months
of the HD, and three months of the LD thalidomide administra-
tion are presented in Table 1. Basophils and band neutrophils
were only found in four and six CBCs, respectively, not allowing
statistical analysis. Baseline evaluations were performed after
chemotherapy in the majority of patients, which explains the
relatively low CBC values.

Mean and median values of the CBC and SBP components
were also compared with reference laboratory values for each com-
ponent. CBC evaluation demonstrated a statistically significant
increase in erythrocytes, haematocrit, total leucocyte count, seg-
mented neutrophils and monocytes, and a statistically significant
decrease in lymphocytes after the thalidomide treatment.
However, erythrocyte, haematocrit, total leucocyte count, segmen-
ted neutrophil, and monocyte median and mean values remained
within reference ranges. I?/mphocyte median values were slightly
lower than the 1000/mm® minimum reference value. Thalidomide
administration did not statistically influence haemoglobin, mean
corpuscular volume, mean corpuscular haemoglobin, mean corpus-
cular haemoglobin concentration, red cell distribution width,
eosinophil, and platelet median and mean values.

SBP evaluation demonstrated HD thalidomide associated with
a statistically significant decrease in y-glutamyltranspeptidase
(GGT) values following the LD thalidomide treatment. However,
GGT values remained within reference ranges. Thalidomide
administration did not statistically influence blood urea nitrogen,
creatine, aspartate aminotransferase (AST), alanine aminotransfer-
ase, alkaline phosphatase, amylase, total protein, albumin, and
globulin median and mean values.

CBC and SBP evaluation through VCOG-CTCAE criteria
demonstrated an absence of grade 5 AE and only one grade 4 AE.
The grade 4 finding referred to serum creatine levels of a patient
presenting with bilateral renal metastasis, and therefore was not
considered an AE related to therapy. No statistically significant
difference was found when evaluating the frequencies of grade 1,
grade 2 and grade 3 findings at the baseline and after three
months of the HD and LD of thalidomide.

Discussion

Standard treatment for dogs with mammary gland tumours con-
sists of surgery and there are no established guidelines for
adjunctive therapy. However, systemic therapy is routinely
recommended in high-risk cases characterised by regional lymph
node metastasis, large tumours and aggressive histology
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(lymphatic and vascular invasion or high histological grade)
(Sorenmo 2003, Sorenmo and others 2013). Lavalle and others
(2012) described a benefit in canine malignant mammary gland
neoplasms with advanced clinical staging from complementary
therapy with chemotherapy with or without Cox-2 inhibitors.
Clinical benefit of adjuvant chemotherapy in disease-free interval
and overall survival was also described by Karayannopoulou and
others (2001). More studies involving different effective adjuvant
therapeutic protocols are warranted.

Woods and others (2004) suggested that, while the optimal
dose and schedule of thalidomide administration in dogs remains
to be determined, the absence of myelosuppressive and other
important AEs enables thalidomide to be used in combination
with chemotherapy, possibly representing a novel treatment
approach that targets tumours and their microenvironment.

Severe teratogenicity, drowsiness, constipation, nausea, weak-
ness, fatigue, lethargy, tingling and/or numbness in the hands
and the feet, dizziness, thromboembolism, headache and skin
rash are predominant AEs of thalidomide in human beings.
Sedation is a major AE. Furthermore, PN has been described in
30-70 per cent of patients (Escudier and others 2002, Singhal
and Mehta 2002, Dimopoulos and Eleutherakis-Papaiakovou
2004). PN is defined as any form of damage, inflammation or
degeneration of peripheral nerves, and is typically symmetrical
and characterised by painful paraesthesia of the hands and feet,
often accompanied by sensory loss in the feet. Dose and treat-
ment duration of thalidomide are the two muost crucial risk
factors for development of PN (Delforge and others 2010). Teo
and others (2001) suggest a difference in thalidomide toxicity
among species. In contrast to human beings, Teo and others
(2000) did not describe thalidomide-induced PN in beagles. The
lack of PN in dogs might be due to the absence of a particular
neurotoxic product, possibly resulting from the production of
different metabolites or hydrolysis products by dogs and human
beings that may be involved in thalidomide-induced PN.

In addition, the incidence of canine PN may be underesti-
mated due to limitations in the perception of clinical signs by
human beings and insufficient thorough routine neurological
examination and exclusion of PN is not possible without more
invasive tests. In the present study, the short thalidomide treat-
ment length may also be associated to lower risk of PN.
Nonetheless, PN should not be considered a limiting factor for
canine thalidomide treatment (Teo and others 2000).

In human beings, if the AEs are tolerable, patients should be
encouraged to continue the drug at the same dose. Occasionally,
the drug may need to be discontinued for a period of two to
three weeks and then started again at a lower dose. Most studies
have utilised thalidomide in a single bedtime dose. Patients with
excessive drowsiness in the morning may occasionally divide the
dose. Since the half-life of the drug in human beings is six to
seven hours, this may be a better way to administer the drug
(Singhal and Mehta 2002). In general, management of AE is
based on four principles: dose adjustment or temporary interrup-
tion; avoidance of agents that enhance thalidomide-induced
AE; administration of agents or measures that prevent or relieve
side effects; and clinical and laboratory monitoring for detection
or prevention of toxicity (Dimopoulos and Eleutherakis-
Papaiakovou 2004). The effort in altering the dosing strategy in
order to maintain dose intensity is expected to be beneficial in
tumour control.

Teo and others (2001) evaluated the safety profile of thalido-
mide in beagles in higher dosages (43-1000 mg/kg) than the
present study, and the daily administration of thalidomide for
53 weeks was generally well tolerated. The 200 mg/kg dose was
conservatively regarded as the no-observed-adverse effect level.
Green-coloured urine, white particulate matter in the faeces,
enlarged female mammary tissue with dilatation of ducts and
hyperplasia of the glandular epithelium, prolonged duration of
oestrus, osseous yellow discoloration and accumulation of bile
pigment in the liver were attributed to different doses of thalido-
mide administration.
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Sedation in healthy dogs following up to 1000 mg/kg of thal-
idomide administration was not observed (Teo and others 2001).
In contrast, somnolence was present in approximately 50 per
cent of the patients submitted to HD, and less than 10 per cent
presented with a significant impact in the quality of life and
activities of daily living. The difference in sedation observations
may be due to an increased perception of somnolence by
client-owned dogs compared with study dogs, the subjective
evaluation of pet owners in the present study and differences in
studied populations: healthy and young beagles (Teo and others
2001) and older patients presenting with advanced clinical stage
mammary gland neoplasms and other comorbidities.

The low incidence of discrete ultrasound alterations found in
the present study were considered incidental and possibly unre-
lated to thalidomide administration. No thalidomide-related dif-
ferences in the absolute and relative organ weights or
microscopic changes were observed in healthy beagles (Teo and
others 2001). Patients were staged again every three months,
which may not be enough to precisely diagnose the moment of
the disease progression in advanced clinical stage mammary
gland neoplasms. Disease progression may not be associated to
clinical signs and the chosen interval may be inadequate to
evaluate the clinical benefit of the thalidomide treatment.

Blood work in most dogs with mammary gland tumours is
normal, unless they have other concurrent medical problems or
non-specific age-related changes (Sorenmo 2003). Most of the
significant haematological and serum biochemistry changes fol-
lowing thalidomide administration described in healthy beagle
dogs were small in magnitude, with no morphological and histo-
pathological correlates, and all parameters returned to normal in
the recovery dogs (Teo and others 2001). The significant CBC
and SBP alterations of the present study were also considered
small in magnitude, and were not related to treatment interrup-
tion or dose reduction. The majority of patients enrolled in the
present study had been recently submitted to chemotherapy
before thalidomide treatment was initiated. Therefore, the
increases described in CBC following thalidomide administration
may be partially due to a reversal of the myelosuppressive effects
of chemotherapy. The bone marrow is sensitive to the toxic
effects of chemotherapy, and neutropenia, thrombocytopenia,
and, rarely, anaemia are described (Lana and Dobson 2011).

CBC analysis in mice treated with carboplatin followed by
thalidomide demonstrated an increase in haematocrit, erythro-
cytes, haemoglobin, MCV, total leucocyte count, lymphocytes
and platelets, and a decrease in eosinophils, neutrophils and
monocytes, when compared with the control group. No altera-
tions were found in the biochemical evaluation of AST GGT
urea and creatine (De Souza and others 2014). Leucocytosis may
be an important event in the anti-neoplastic immunomodula-
tory response of thalidomide and should be considered a relevant
clinical parameter (Dos Reis and others 2014). Haematological
improvement of the erythroid and, to a lesser extent, the mega-
karyocytic lineages, and rare neutrophil responses, were also
described in acute myeloid leukaemia in human beings (Steins
and others 2003). The limited CBC and SBP alterations described
in HD and LD thalidomide were desirable, particularly for
elderly patients with advanced neoplasms. The frequency of
CBC and SBP monitoring every three months was considered
adequate due to the limited alterations caused by thalidomide
administration. However, specific patients may need more
careful monitoring, especially in cases with pre-existing abnor-
malities or progressive disease.

A restricted programme under a Risk Evaluation and
Mitigation Strategy (REMS) of the USA, the THALIDOMID
REMS programme, recommends that if there is contact with
non-intact thalidomide capsules or powder contents or if health-
care providers or other caregivers are exposed to bodily fluids
from patients receiving thalidomide, the exposed area should be
washed with soap and water. Appropriate precautions should be
utilised, such as wearing gloves to prevent the potential cutane-
ous exposure to the drug (Celgene 2015). Teo and others (2001)

periodically observed a white particulate residue in the faeces of
beagles treated with thalidomide that appeared to be unabsorbed
thalidomide, although chemical analysis was not performed. For
safety reasons, the pet owners of the present study were
requested to avoid cutaneous exposure to the drug by wearing
disposable gloves and to avoid contact with bodily fluids of the
animals. In the case of an accidental exposure, the recommenda-
tion was to wash the exposed area with soap and water.
Thalidomide administration was well tolerated in canine
patients presenting with advanced clinical staging mammary
gland neoplasms. Both studied doses did not impair the activities
of daily living of most of the studied population; however, the
proposed LD should be considered when excessive somnolence is
found. Further studies are warranted to investigate the thera-
peutic benefit of thalidomide in canine mammary gland neo-
plasms and other neoplasms. The lack of a washout period
between the HD and LD is a limitation of the present study and
the toxicity evaluation of the LD individually were therefore hin-
dered. Future thalidomide kinetic studies should be performed in
dogs in order to better evaluate the absorption and metabolisa-
tion of the drug in several different moments in order to choose
optimal doses and administration periods for specific diseases.
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