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Abstract

The objective of the study was to assess the carboplatin sustained-release (CSR) as an injectable,
biodegradable polymer system designed to uniformly release carboplatin over 30 days at a dose of
350 mg m�2. The study involved seven client-owned dogs with histologically or cytologically confirmed
neoplasia that were treated with CSR intramuscularly. Platinum levels were measured at days 0, 7, 14, 21
and 28. Complete blood cell (CBC) counts, body weight, local toxicity and side effects were also evalu-
ated at the time of platinum measurement at days 0, 7, 14, 21 and 28. CSR released carboplatin steadily
over 30 days. Neutropenia was noted as Grade 3 in one dog (14%) and Grade 4 in two dogs (29%) at
day 14, and Grade 4 in one dog (14%) at day 21. Thrombocytopenia was noted as Grade 2 in four dogs
(57%), Grade 3 in one dog (14%) and Grade 4 in one dog (14%) at day 14; Grade 2 in two dogs (29%)
and Grade 3 in one dog (14%) at days 21 and 28. Grade 1 lethargy in one dog (14%) and Grade 1 nausea
in dog (14%) occurring within 7 days after administration. No obvious local injection site reactions were
noted. CSR administered at 350 mg m�2 intramuscularly resulted in a steady release over 30 days. Myelo-
suppression (Grade 4) was noted in 86% of patients. CSR released the drug slowly and steadily, however
additional studies are needed to assess acceptable dosage requirements.
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Introduction

Carboplatin, diammine [1,1-cyclobutane-dicarboxy-

late(2-)-0,00]-(SP-4-2) platinum (II), is an antineo-

plastic alkylating agent used to treat a variety of

neoplastic diseases in cats and dogs. These diseases

include but are not limited to squamous cell carci-

noma, pleural adenocarcinomas, nasal carcinomas,

thyroid adenocarcinomas, osteogenic sarcomas, uri-

nary transitional cell carcinomas and malignant mel-

anomas (Page et al. 1993; Chun et al. 1997, 2007;

Hahn et al. 1997; Bailey et al. 2003, 2004; Kisseberth

et al. 2008; Rassnick et al. 2001). Carboplatin is a

cell-cycle non-specific platinum compound that is

intracellularly activated to form reactive platinum

complexes that bind to nucleophilic groups. These

complexes interact with intra-strand and inter-strand

DNA to cause strand cross-linkage, thus inhibiting

DNA replication, RNA transcription and protein

translation (Reed 2006). After intravenous (i.v.)

administration, carboplatin is well distributed

throughout the body, with the highest concentrations

found in the liver, kidney, skin and tumour tissue

(Elferink et al. 1987; Reed 2006). It is excreted in the

urine within 24 h of administration, with approxi-

mately 70% of the administered platinum secreted in

the urine after 72 h. The clearance of carboplatin is

predicted by creatinine clearance, and the dose rela-

tionship compared to renal function is used to predict

the dose required to achieve the desired plasma area

under the curve (AUC) (Elferink et al. 1987; Calvert

et al. 1989; Theon et al. 1996; Chatelut et al. 2000).
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The limitations of intravenous chemotherapy

include adverse systemic effects, such as myelosup-

pression, inadequate and fluctuating drug concentra-

tions in the plasma for the desired therapeutic effect

as well as the need for larger doses due to the lack of

susceptibility of neoplastic cells (Elferink et al. 1987;

Page et al. 1993; Hahn et al. 1997; Phillips 1999;

Reed 2006; Kisseberth et al. 2008).

Sustained-release (SR) delivery systems utilize

injectable, biodegradable microspheres for subcuta-

neous or intramuscular administration of chemother-

apy (Kitchell et al. 1995; Gavini et al. 2005; Manunta

et al. 2005;Dunn et al. 1996), opioids (Nunamaker et al.

2013; Chum et al. 2014) and non-steroidal anti-inflam-

matory drugs (NSAID) (Bauer et al. 2014). SRdelivery

systems have been shown to have a prolonged release

and duration of effect (Nunamaker et al. 2013; Bauer

et al. 2014; Chum et al. 2014), with little to no evidence

of local or systemic toxicity (Kitchell et al. 1995; Gavini

et al. 2005;Manunta et al. 2005; Nunamaker et al. 2013;

Bauer et al. 2014; Chum et al. 2014). They have

enhanced the dispersibility and syringeability of drug

formulations while allowing for a broader therapeutic

range without long-term toxicity (Kitchell et al. 1995;

Gavini et al. 2005; Manunta et al. 2005) (Nunamaker

et al. 2013; Bauer et al. 2014; Chum et al. 2014).

In this investigation, a proprietary, biodegradable

polymer designed for the sustained-release of carbo-

platin (CSR) was evaluated. The matrices for CSR

are formulated from a safe, reliable biodegradable

polymer, which are eliminated via the tricarboxylic

acid cycle as carbon dioxide and water. These matri-

ces were the same as those used to formulate

buprenorphine SR (Nunamaker et al. 2013; Chum

et al. 2014) and Meloxicam SR (Bauer et al. 2014).

The drug was intramuscularly administered to dogs

with various types of cancer.

The hypothesis was that CSR would release the

drug over a 4-week period at a dose of 350 mg m�2.

Materials and methods

Subjects and pre-treatment evaluation

This study involves seven client-owned dogs with

cytologically or histologically confirmed malignan-

cies between June 2009 and June 2010, and was

approved by the Institutional Review Board and the

Institutional Animal Care and Use Committee

(IACUC). Each dog was initially assessed by review-

ing the history, physical examination, tumour mea-

surement, lymph node measurement, pathologic

confirmation of the malignancy, prior blood work,

current complete blood cell count (CBC) and serum

chemistry panel.

Dogs were excluded from the study if they were

cachectic or had received any chemotherapy, exoge-

nous steroids or anaesthesia in the 30 days before

initial presentation at the clinical site.

Investigational agent

Carboplatin sustained-release was supplied in a

100 mg mL�1 suspension of carboplatin in a propri-

etary liquid polymer delivery system (SR Veterinary

Technologies, Windsor, CO). The polymer consisted

of poly(DL-lactide-co-caprolactone) dissolved in N-

methyl-2-pyrrolidone to achieve an injectable viscos-

ity. Molecular weight was determined by gel perme-

ation chromatography with multi-angle light-

scattering detector (GPC-MALS). Carboplatin pow-

der was suspended in the liquid polymer system to

produce 100 mg mL�1 concentration test formula-

tion. A 2-mL drug suspension and polymer system

were loaded into 3 cc syringes, then capped and

placed in a foil-lined package with a 3 cc mixing or

re-suspension syringe. The sealed package was then

sterilized by gamma irradiation. The polymer

released carboplatin over 30 days.

The CSR injection was calculated at a dose of

350 mg m�2 and intramuscularly administered in the

epaxial musculature. Under the direction of the

attending clinician, 0.1 mg kg�1 i.v. butorphanol (bu-

torphanol tartrate – 10 mg mL�1, Merck Animal

Health, Summit, NJ) per dog was administered as an

analgesic for the possible pain associated with the

CSR injection. The injection site for CSR was shaved

and sterilized prior to the CSR injection. Appropri-

ate biosafety precautions were implemented when

preparing and administering the CSR, including the

use of latex, powder-free gloves, protective gowns

and eyewear.
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Platinum quantification

Serum samples for platinum analysis were sampled

weekly after CSR was administered. Six millilitres

of blood was obtained, centrifuged and the resul-

tant plasma was placed into heparinized blood col-

lection tubes that were then frozen at 0°F (�18°C)

to determine serum platinum levels by mass spec-

troscopy. The platinum concentrations were quan-

tified using inductively coupled plasma mass

spectroscopy (ICP-MS). A quality control (QC)

test sample was analysed with every five samples.

Test materials were diluted in screw-cap Teflon

tubes on a heat block at 90°C for 2 h. The plasma

samples were digested in an equivalent volume of

trace mineral grade nitric acid. The plasma digests

were diluted in the ratio 1:10 with 18.2 MOhm

ultrapure water to a 5% nitric acid matrix prior to

analysis. The plasma analysis results are reported

on a wet weight basis. This method resulted in a

matrix match to the standards and QC samples.

Prepared samples that showed higher mineral con-

tent than the high standard were diluted in the

ratio 1:10 in 5% nitric acid and re-analysed. The

standard curves consisted of five concentrations

between 10 and 500 ng mL�1. The QC sample had

to be � 5% of the known platinum specifications

to pass. Any group of samples that yielded a failed

QC test was re-analysed.

Efficacy and safety evaluations

The following variables were serially monitored

over the 4-week period: packed cell volume

(PCV), white blood cell count (WBC), neutrophils

and platelets (PLTs). In addition, local toxicity

and systemic side effects were noted at the time of

each evaluation following administration of CSR.

The total granulocyte count was assessed sepa-

rately from the total white cell count. Side effects

were noted in the medical history obtained from

owners and based on the physical examination,

body weight measurement and clinicopathological

data. The haematological and other toxic effects

were graded in accordance with the Veterinary

Co-operative Oncology Group (VCOG, 2004)

Common Terminology Criteria for Adverse

Events. Side effects were noted in the medical his-

tory obtained from owners and based on the phys-

ical examination, body weight measurement and

clinicopathological data.

Results

Ten dogs were enrolled in this study and seven dogs

completed the 4-week follow-up. Breeds included

were mixed breed (n = 4), Golden Retriever (n = 1),

Labrador Retriever (n = 1) and Border collie

(n = 1). There were five spayed females and two

neutered males. The median age was 10 years (range

7–13 years) and median weight was 30.9 kg (range

17.2–47 kg).

Tumour types included melanoma (n = 3), transi-

tional cell carcinoma (n = 2), osteosarcoma (n = 1)

and trichoepithelioma (n = 1).

Platinum determination

The diffusion of CSR in tissues and the time of drug

release were evaluated based on the platinum con-

centration in the plasma over 28 days (Table 1). The

dogs were evaluated at the pre-treatment physical

examination and each week for an additional

4 weeks. Platinum concentrations were detectable in

all seven dogs, with a steady and gradual decline over

the course of 28 days.

Table 1. Plasma concentration in PPM released over 28 days after

intramuscular injection of carboplatin sustained-release (CSR) at

350 mg m�2

Dog Carboplatin concentration (PPM)

Day 0 Day 7 Day 14 Day 21 Day 28

1 <0.002 0.499 0.274 0.156 0.103

2 <0.002 0.36 0.194 0.126 0.095

3 <0.002 0.757 0.268 0.164 0.108

4 <0.002 0.352 0.217 0.118 0.095

5 <0.002 0.626 0.341 0.196 0.135

6 <0.002 0.578 0.23 0.156 0.127

7 <0.002 0.28 0.116 0.061 0.044

Mean carboplatin

level (PPM)

<0.002 0.499 0.23 0.156 0.103
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Toxicities

Weekly haematology results with CSR administra-

tion are reported in Table 2.

Constitutional clinical signs included Grade 1

lethargy in one dog (14%) and Grade 1 nausea in dog

(14%) occurring within the first 7 days after adminis-

tration. No local injection site reactions were noted.

Discussion

Slow release chemotherapy using cisplatin has been

evaluated in canine nasal tumours (Lana et al. 1997),

soft tissue sarcomas (Dernell et al. 1997), osteosar-

coma (Withrow et al. 1995) and squamous cell

carcinomas (Kitchell et al. 1995). Carboplatin

chemotherapy, an analogue of cisplatin, has been

used in a variety of tumours as an intravenous or

intracavitary injection. The extended exposure of

cells to a cytotoxic drug at an adequate concentra-

tion is critical to achieve effectiveness. The half-life

of carboplatin is approximately 60 min in dogs

(Gaver et al. 1988) when injected intravenously, and

this drug is undetectable 24 h after injection (Page

et al. 1993).

This study revealed that CSR, when administered

as an intramuscular injection, slowly releases carbo-

platin over 30 days. When compared to baseline

levels at day 0, the highest concentration of CSR was

noted at day 7 and declined by 46% by day 14. At

day 21, the PPM dropped by 69% and at day 28

dropped to 79%. Platinum levels were not evaluated

past day 28. As there was still detectable drug at day

28, additional studies are needed to evaluate the

duration of time CSR persists in serum thus allowing

for more accurate dosing intervals and assessment of

possible cumulative toxicity. In addition, preliminary

PK data are not yet available and would need to be

evaluated prior to moving forward with a phase I

clinical trial.

Mass spectrometry methods tend to be highly sen-

sitive and are the standard method for determining

Table 2. Haematological evaluation and toxicity at day 0 (baseline) and days 7, 14, 21 and 28 following carboplatin sustained-release (CSR)

administration at 350 mg m�2

Dog 1 2 3 4 5 6 7 % Toxicity

White blood cell count 103

Day 0 7.5 8.2 5 7.7 4.27 9.82 6.93 0

Day 7 5.3 6.3 3.8 5.2 4.26 8.76 2.77 0

Day 14 6 7.5 0.5 8.1 1.35 6.92 1.01 14

Day 21 4.5 5.8 5.3 3.7 0.69 15.61 4.76 14

Day 28 8.7 13.1 8.4 10.1 2.48 11.66 9.88 0

Granulocyte count 103

Day 0 5.6 5.3 3.8 6.1 3.07 7.1 4.25 0

Day 7 4.1 4.2 3 3.7 3.02 6.21 1.88 0

Day 14 4.1 4.8 0.1 6.6 0.62 4.73 0.06 43

Day 21 3.2 2.3 3.5 2.3 0.19 11.83 2.81 14

Day 28 4.8 6.7 6.7 8.3 1.77 8.81 7.21 0

Packed cell volume (%)

Day 0 45 42 49 45 58.6 41.6 37.6 0

Day 7 43 44 44 42 59.4 45.8 37.2 0

Day 14 41 42 40 44 49.4 41.2 29.6 14

Day 21 40 42 40 35.3 44.8 39 32.4 0

Day 28 42 40 41 40 42 37 41 0

Platelet count 103

Day 0 305 293 231 343 133 342 277 0

Day 7 223 291 214 287 137 312 194 0

Day 14 59 123 45 75 8 88 65 86

Day 21 323 361 514 304 46 491 383 14

Day 28 254 85 692 431 54 700 639 14

© 2016 The Authors. Veterinary Medicine and Science Published by John Wiley & Sons Ltd.
Veterinary Medicine and Science (2016), 2, pp. 147–153

C.T. Baldwin et al.150



platinum levels in plasma and serum (ICH Q2 (R1),

2005). The QC sample was analysed every five test

samples, thus the method and analysis appear to be

accurate, despite the lack of any pre-clinical or

in vitro data available for this particular polymer sys-

tem. According to the ICH requirements, this study

did adhere to guidelines with the assay qualification;

however, pre-clinical and in vitro data would need to

be tested – should this product move forward in addi-

tional clinical trials.

The clinical dose of carboplatin as an i.v. injection

is 300 mg m�2, however this study utilized a higher

dose of 350 mg m�2. The haematological toxicity

overall was highest at day 14 with thrombocytopenia

noted in six (86%) out of seven dogs and neutrope-

nia noted in three (43%) out of seven dogs. The two

smallest dogs appeared to experience the highest

grade haematological toxicity that persisted over

2 weeks. Smaller dogs may experience increased tox-

icity with body surface area dosing (Ogilvie et al.

1989; Frazier & Price 1998; Price & Frazier 1998,

1998), so more thorough drug dosing studies are

needed to assess therapeutic requirements while

minimizing haematological toxicity.

Three dogs that did not complete the study all expe-

rienced progressive disease and were euthanized.

Several limitations were noted in this study,

including an overall small number of dogs enrolled

and lack of a homogenous cancer population. Assess-

ment of renal function with urinalysis and serum

BUN/creatinine at baseline and weekly after admin-

istration would also be ideal as platinum agents are

nephrotoxic, although no dogs in the study showed

evidence of renal failure during the study period.

Due to its low oral bioavailability, additional

routes of administration and delivery systems are

being explored to help increase the exposure of can-

cer cells to cytotoxic amounts of carboplatin. The

results showed that CSR was slowly released over

4 weeks. Additional studies are needed to assess effi-

cacy, safety and dosage requirements.
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