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Cisplatin is one of the most widely used chemother-
apeutic agents in human and veterinary oncology.

It has a broad spectrum of activity and is used as an
adjuvant, systemically administered treatment for
humans and dogs with osteosarcoma.1-3 However, its use
in humans and dogs is limited because of dose-depen-
dent toxicosis, in particular nephrotoxic effects.1-4

Several strategies have been developed to avoid the
nephrotoxic effects associated with cisplatin, including

the use of less toxic or more efficacious platinum ana-
logues, concurrent use of nephroprotectants, and use of
hydration protocols.4-7 Another approach is to encapsu-
late cisplatin in liposomes to alter toxic effects, phar-
macokinetics, and biodistribution.8-10

One such liposome-encapsulated formulation of cis-
platin is commercially available.a The formulation has a
typical size of 110 nm, and a proprietary polymer coating
is used; the polymer coating theoretically endows lipo-
some particles with the ability to pass undetected by
macrophages and immune cells, remain in circulation for
long periods in body fluids and tissues, and extravasate
preferentially and infiltrate solid tumors and metastatic
sites through the altered and often compromised tumor
vasculature, as suggested by analysis of results of preclin-
ical studies in mice.11 The ability of this formulation of
liposome-encapsulated cisplatin to concentrate preferen-
tially in tumors has also been documented in cancer
patients by measuring platinum concentrations in the
tumor and healthy tissue during surgery conducted 1 day
after IV infusion of the liposome-encapsulated cisplatin.12

In all patients, the concentrations of platinum were up to
200-fold higher in the tumor, compared with concentra-
tions in the adjacent healthy tissue. Lower nephrotoxic
effects of liposome-encapsulated cisplatin have been
reported in rats11,13 and humans.14,15

During a phase I trial in 27 human patients with
advanced malignancies, liposome-encapsulated cis-
platin had a longer half-life, greater area under the
time-concentration curve, and significantly less toxic
effects, compared with results for unencapsulated cis-
platin.14 Hydration was not required. Myelotoxicosis
(neutropenia) and effects on the gastrointestinal tract
(vomiting) were the only toxic effects observed, even
with repeated doses.14

The maximally tolerated dose (MTD) of unencap-
sulated cisplatin in dogs has been established16,17 as 
70 mg/m2. Furthermore, unencapsulated cisplatin must
be administered concurrently with saline (0.9% NaCl)
solution in accordance with a 6-hour diuresis proto-
col.16,17 We theorized that this commercially available
formulation of liposome-encapsulated cisplatin would
allow the safe and repeated administration of doses
higher than the MTD of unencapsulated cisplatin. This
preclinical study was performed to determine the acute
and short-term adverse effects of a liposome-encapsu-
lated formulation of cisplatin in clinically normal dogs
at increasing dosages of cisplatin (up to twice the MTD
of the unencapsulated product). This was a necessary
prerequisite to enable phase I clinical trials in dogs
with naturally developing cancers that could theoreti-
cally benefit from escalation in the dosage of cisplatin
and the superior pharmacokinetics of the encapsulated
product.
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Objective—To determine the acute and short-term
adverse effects of a liposome-encapsulated form of
cisplatin at increasing dosages of up to twice the
known maximally tolerated dose (MTD) of unencap-
sulated cisplatin in clinically normal dogs. 
Animals—4 healthy 2.5-year-old sexually intact
female hound-type dogs.
Procedure—4 dosages (70, 100, 125, and 150 mg/m2)
were evaluated, and the 4 dogs received a total of 9
infusions (1 to 3 infusions/dog). Dogs were monitored
to detect changes in clinical and clinicopathologic sta-
tus. Evaluations consisting of a physical examination,
CBC, serum biochemical analysis, and urinalysis were
performed before and 7 and 21 days after each infu-
sion. 
Results—Acute anaphylactic-like reactions to lipo-
some-encapsulated cisplatin were common but clini-
cally manageable. Nephrotoxicosis and substantial
myelosuppression, toxic effects commonly associat-
ed with unencapsulated cisplatin, were not observed
in dogs treated with liposome-encapsulated cisplatin
at dosages equivalent to twice the known MTD of
unencapsulated cisplatin. 
Conclusions and Clinical Relevance—Liposome-
encapsulated cisplatin can be safely administered to
clinically normal dogs at dosages of up to 150 mg/m2

without the need for concurrent hydration protocols.
This was a necessary prerequisite to enable phase I
clinical trials in dogs with naturally developing cancers
that could theoretically benefit from escalation in the
dosage of cisplatin. Determination of an MTD, cumula-
tive and long-term toxic effects, and efficacy can now
be conducted in the context of phase I trials in tumor-
bearing dogs. (Am J Vet Res 2004;65:1474–1478) 
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Materials and Methods
Animals—Four healthy 2.5-year-old sexually intact

female hound-type dogs were used in the study. Body weight
ranged from 23.4 to 29.0 kg (mean, 25.7 kg). All procedures
involving these dogs were approved by the Animal Care and
Use Committee of the University of Wisconsin and were in
compliance with established guidelines.18

Liposome-encapsulated cisplatin—The liposome-
encapsulated formulation of cisplatina was created from cis-
platin and liposomes composed of dipalmitoyl phosphatidyl
glycerol, soy phosphatidyl choline, cholesterol, and
methoxy-polyethylene glycol-distearoyl phos-
phatidylethanolamine. The ratio of cisplatin to lipid (wt:wt)
was 8.9% cisplatin:91.1% total lipids. Repeated extrusions
were performed under pressure in ultrapure nitrogen by use
of a thermal extruderb through membranes with pore sizes of
0.2, 0.1, 0.08, and 0.05 µm. The drug was extruded through
the membranes approximately 15 times, and the typical par-
ticle diameter and size distribution at a 90o angle were con-
trolled by use of dynamic light scattering.c The ratio of total
lipid to cisplatin in the liposome-encapsulated cisplatin was
10.24 mg of lipid/mg of cisplatin. The content of the lipo-
some-encapsulated cisplatin in cholesterol was 11.6%
(weight-to-weight basis) of the total lipid. It has been calcu-
lated that 1.3 mg of cholesterol are injected/mg of cisplatin in
this commercial formulation. The type of liposome particles
used was a proprietary formulation with a mean size of 110
nm. The final product of liposome-encapsulated cisplatin
was provided as a light-sensitive liquid in sealed 50-mL clear
glass vials at a stock concentration of 3 mg of cisplatin/mL.
Vials were produced in a facility that met established certified
good manufacturing practice guidelines. The liposome-
encapsulated cisplatin was stored at 4oC until used.

Drug administration and assessment of toxic effects—
Four dosages were used in the study (70, 100, 125, and 
150 mg/m2). There were a total of 9 infusions for the 4 dogs
(1 to 3 infusions/dog; Appendix). For dogs that received > 1
infusion, there was a minimum of 3 weeks between subse-
quent infusions. 

Evaluations were performed on each dog before each
infusion and consisted of a physical examination (including
measuement of rectal temperature, pulse, and respiratory
rate), CBC, serum biochemical analysis (including elec-
trolytes), and urinalysis. Identical evaluations were per-
formed 7 and 21 days after each infusion. 

A sterile catheter was inserted in a cephalic vein for drug
administration. The first dog that received the liposome-
encapsulated cisplatin at a dosage of 70 mg/m2 also was
administered a sedative (butorphanol tartrated; 0.4 mg/kg,
IM) 30 minutes before onset of the infusion; however, no

preinfusion medications were administered to any of the
other dogs in the study. The liposome-encapsulated cisplatin
was diluted in 500 mL of a 5% solution of dextrose in water
to achieve an appropriate concentration, as determined on
the basis of the body surface area of each dog. A constant rate
infusion was maintained by use of a constant rate infusion
pump.e The infusion rate was designed to deliver the entire
volume during a period of 6 hours. Dogs were monitored
continuously throughout each infusion of liposome-encapsu-
lated cisplatin to detect changes in clinical status. During the
infusion, rectal temperature, pulse, and respiratory rate were
measured 0.5, 2, 4, and 6 hours after start of the infusion and
at additional times as deemed appropriate by the investiga-
tors on the basis of the response to changes in clinical status.
Day of infusion was designated as day 0.

Results
Clinical observations—The calculated dose was

administered for all 9 infusions. Seven of the 9 infu-
sions were administered during the anticipated time
frame and at the appropriate rate (Table 1). For those
7 infusions, changes in clinical signs were mild, self-
limiting, and detected within 15 minutes after initia-
tion of infusion and did not require interruption or
slowing of the infusion. All clinical signs resolved
within 30 minutes after the onset of the infusion, and
the remainder of the infusion period was uneventful. 

Two infusions could not be administered during
the prescribed time frame, and medical intervention
was required for completion of those infusions as a
result of the development of abnormal clinical signs
(Table 1). During the second infusion for 1 dog (first
infusion, 70 mg/m2; second infusion, 100 mg/m2), the
dog began to smack its lips and defecated within 10
minutes after the start of the infusion. This dog then
became clinically weak, lethargic, and poorly respon-
sive to external stimuli. The infusion was interrupted,
and the dog was treated for apparent anaphylactic-like
signs. Dexamethasone sodium phosphatef (1 mg/kg,
IV) and diphenhydramine hydrochlorideg (0.75 mg/kg,
IV) were injected, and 850 mL of a high-sodium crys-
talloid solution (500 mL of lactated Ringer’s solution
and 350 mL of saline solution) was administered IV as
a volume expander. The dog’s pulse rate decreased
from 90 to 66 beats/min; therefore, atropine sulfateh

(0.03 mg/kg, IM) was also administered. Within 20
minutes after this intervention, the dog was again
responsive to stimuli and clinically normal. The infu-

Table 1—Summary of clinical signs and required responses during infusion of liposome-encapsulated
cisplatin to 4 hound-type dogs.

Dosage (mg/m2)

Variable 70 100 125 150 Total

Defecation 1/2 2/2 1/3 2/2 66//99
Tachypnea 2/2 1/2 2/3 1/2 66//99 
Nausea 1/2 1/2 2/3 1/2 55//99 
Emesis 0/2 1/2 0/3 1/2 22//99
Weakness and lethargy 0/2 1/2 2/3 1/2 44//99
Recumbent and nonresponsive 0/2 1/2 0/3 0/2 11//99
Hyperemia, wheals, and urticaria 0/2 0/2 0/3 2/2 22//99
Required change in infusion rate 0/2 1/2 0/3 1/2 22//99
Required medical intervention 0/2 1/2 0/3 1/2 22//99

Values reported are the number of infusions in which the clinical sign or required intervention was detect-
ed divided by the total number of infusions administered for that dosage.  
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sion was resumed (approx 45 minutes after interrup-
tion). Within 1 hour after resumption of the infusion,
the dog had 1 emetic event and its pulse had increased
to 132 beats/min. The infusion was again interrupted,
an antiemetic (ondansetroni; 0.5 mg/kg, IV) was
administered, and the infusion was again resumed.
Within 15 minutes after injection of the antiemetic, the
dog’s activity increased, with pacing, chewing, and dig-
ging. This activity resolved within 30 minutes, and the
remainder of the infusion was uneventful. 

During the second infusion of another dog (first
infusion, 100 mg/m2; second infusion, 150 mg/m2), the
dog defecated twice and vomited once within 15 min-
utes after initiation of the infusion. The infusion was
interrupted, and dexamethasone sodium phosphate
(0.5 mg/kg, IV) was administered. The infusion was
resumed at 50% of the preceding infusion rate. Within
10 minutes of resuming the infusion, the dog vomited
and defecated again. The infusion was again interrupt-
ed, ondansetron (0.5 mg/kg, IV) was administered, and
20 minutes was allowed to elapse. The constant rate
infusion was again resumed, and within 15 minutes of
resuming the infusion, the dog began to shake its head,
aggressively rub its muzzle on the bottom of the cage,
and display signs of anxiety (pacing in cage). The dog
developed wheals and urticaria on its abdomen, flanks,
and ventral portion of the thorax. Rectal temperature
increased from a baseline of 37.9o to 39.7oC. The infu-
sion was again interrupted, and diphenhydramine
hydrochloride (0.75 mg/kg, IV) and another dose of
dexamethasone sodium phosphate (0.5 mg/kg, IV)
were administered. Twenty minutes was allowed to
elapse, and the infusion was again resumed (50% of the
original infusion rate). The abdominal rash began to
resolve during the next 30 minutes, and the infusion
rate was increased to 100% of the original infusion
rate. Within 30 minutes after increasing the infusion
rate, the aforementioned clinical signs (ie, pacing, dig-
ging, head shaking, and development or enlargement
of the wheals and urticaria) recurred. The infusion rate
was decreased (50% of the original infusion rate), and
diphenhydramine hydrochloride (0.75 mg/kg, IV) with
famotidine (0.5 mg/kg, IV) was administered. Thirty
minutes after this injection, the wheals and urticaria
were nearly resolved. This lower infusion rate was
maintained for 1 hour without evidence of additional
complications. The infusion rate was gradually
increased to 100% of the original infusion rate during
the subsequent 2 hours; the remainder of the infusion
was uneventful. 

Hematologic analysis—Hematologic changes
were rare and transient. Only 1 dog had mild neu-
tropenia (2.52 X 103 cells/µL; reference range, 3.0 X 103

cells/µL to 11.5 X 103 cells/µL) 7 days after receiving an
infusion at a dosage of 125 mg of cisplatin/m2.
However, neutropenia resolved by the evaluation at
day 21. This dog subsequently received a second infu-
sion (150 mg/m2) and did not develop neutropenia fol-
lowing that infusion. 

The only other hematologic abnormalities were
recorded for one of the dogs that had an acute clinical
reaction during its second infusion (dosage of 100

mg/m2). A CBC obtained at the time of the reaction
during the infusion revealed thrombocytopenia (47 X
103 platelets/µL; reference range, 175 X 103 platelets/µL
to 500 X 103 platelets/µL), neutropenia (0.79 X 103

cells/µL; reference range, 3.00 X 103 cells/µL to 11.500
X 103 cells/µL), monocytopenia (0.60 X 103 cells/µL;
reference range, 0.15 X 103 cells/µL to 1.35 X 103

cells/µL), eosinopenia (0.09 X 103 cells/µL; reference
range, 0.10 X 103 cells/µL to 0.75 X 103 cells/µL), and
increased numbers of circulating nucleated RBCs (15
nucleated RBCs/100 RBCs; reference range, 0 nucleat-
ed RBCs/100 RBCs). Mild monocytosis (1.81 X 103

cells/µL) was the only hematologic abnormality still
evident at the evaluation 7 days after infusion; results
of the hematologic evaluation for this dog 21 days after
infusion were within the reference ranges.

Serum biochemical analysis and urinalysis—
Serum biochemical changes were rare, mild, and tran-
sient. One dog that received cisplatin at a dosage of 
70 mg/m2 developed mild azotemia by 7 days after
infusion, as indicated by increases in BUN (44 mg/dL;
reference range, 9 to 27 mg/dL) and creatinine 
(1.6 mg/dL; reference range, 0.7 to 1.5 mg/dL) concen-
trations. These slight increases were concurrent with
an increase in serum total protein concentration 
(9.0 g/dL; reference range, 5.2 to 7.8 g/dL) and urine
specific gravity (> 1.060). By 14 days after infusion,
these values had returned to within the reference
ranges. One other abnormality, a mild increase in activ-
ity of alanine transaminase (172 U/L; reference range,
15 to 84 U/L), was detected in 1 dog at 7 days after
infusion at a dosage of 150 mg/m2; however, this value
was within the reference range by day 21 after infusion.
This was the dog that received 2 dexamethasone treat-
ments as a result of an acute clinical reaction during
infusion of liposome-encapsulated cisplatin. We did
not detect a decrease in urine specific gravity or sub-
stantial changes in results of urinalysis following any
infusion in any dog.

Discussion
Acute and short-term toxic effects associated with

administration of liposome-encapsulated cisplatin to
clinically normal dogs were evaluated in a dose-esca-
lating manner. Most dogs tolerated each drug infusion
with only mild, self-limiting, acute clinical changes.
During 2 infusions, acute toxic effects were evident,
characterized by signs compatible with anaphylactic-
like reactions. These reactions did not appear to be
related to the dose of liposome-encapsulated cisplatin
because they were detected soon after the onset of the
infusions and in dogs scheduled to receive 100 or 
150 mg/m2. In both cases, continuation and comple-
tion of the infusion were accomplished following treat-
ment with corticosteroids, antihistamines, and
ondansetron and a lowering of the infusion rate.
Similar acute reactions have been reported10,19-21 in a
small proportion of humans and tumor-bearing dogs
receiving other liposome-encapsulated chemothera-
peutics. In 1 dog with an acute anaphylactic-like reac-
tion in the study reported here, we documented a
severe, acute, and transient pancytopenia that was
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probably secondary to anaphylactoid margination or
sequestration in the pulmonary vasculature; this phe-
nomenon has been documented for other liposomal
chemotherapeutics administered to humans.22 This
pulmonary vascular sequestration is likely responsible
for the tachypnea that was observed in dogs during two
thirds of our infusions; tachypnea has also been docu-
mented in people receiving liposomal chemotherapeu-
tics.22 Pancytopenia in our study was accompanied by
an increase in circulating nucleated RBCs that may
have represented early release from marrow or other
vascular compartments in response to hypoxia related
to the anaphylactic-like event. 

Nephrotoxicosis is usually the dose-limiting
toxic effect in dogs following treatment with unen-
capsulated cisplatin and necessitates an MTD of 70
mg/m2 for this species and concurrent administration
of saline solution in accordance with a diuresis pro-
tocol.16,17 In the study reported here, we documented
that liposome-encapsulated cisplatin can safely be
administered at twice the MTD of unencapsulated
cisplatin without concurrent administration of saline
solution for diuresis. Only once did we detect
azotemia, and the slight increase in BUN and creati-
nine concentrations was concurrent with an increase
in serum total protein concentration and a concen-
trated urine specific gravity indicative of prerenal
azotemia. This, in combination with a lack of subse-
quent azotemic events in this dog (even when high-
er dosages were administered), supports the renal-
protective qualities of the liposomal formulation.

Myelosuppression can also be a dose-limiting
response in dogs receiving cisplatin.23,24 In our study,
only 1 dog developed clinicopathologic evidence of
neutropenia following administration of liposome-
encapsulated cisplatin, and this was detected follow-
ing infusion at a dosage of 125 mg/m2. This dog’s
neutropenia was mild and not clinically relevant,
and the dog subsequently received an infusion with
a higher dosage (150 mg/m2) that was not associated
with neutropenia. This does not support a cumula-
tive myelosuppressive effect.

The only other abnormality evident for serum
biochemical analysis was a mild and transient
increase in activity of serum alanine transaminase in
a dog that had received 2 injections of dexametha-
sone because of an acute anaphylactic-like event.
This increase could have been a result of cortico-
steroid treatment, a hypoxic event secondary to the
acute anaphylactic-like reaction, or the liposome-
encapsulated cisplatin. 

Although the preclinical study reported here
represents a small number of clinically normal, non-
tumor-bearing dogs, it serves as a necessary prereq-
uisite for phase I clinical trials in client-owned ani-
mals. Because nausea or emesis was observed in
dogs during more than half of the infusions, prein-
fusion administration of antiemetics in subsequent
phase I trials is recommended. In addition, careful
observation for signs indicative of anaphylaxis or
preinfusion administration of corticosteroids or
antihistamines (or both) is advisable. One potential
limitation of the study reported here was a lack of

histologic examination of renal tissues to determine
subclinical or subclinicopathologic renal toxicosis.
Because this was not a terminal study, necropsy tis-
sues were not available and biopsy specimens were
not procured. However, the lack of azotemia for bio-
chemical analysis and continued ability of the kid-
neys to concentrate urine supports the safety of lipo-
some-encapsulated cisplatin with regard to renal
toxicosis. 

We did not determine the MTD for liposome-
encapsulated cisplatin in dogs; however, we did
establish that the liposomal formulation can be
safely administered to clinically normal dogs at
doses of up to twice the MTD for unencapsulated
cisplatin without hydration protocols. Cumulative
dosages administered in this study ranged from 170
to 345 mg/m2. This is not sufficient to rule out the
possibility of unobserved cumulative toxic effects
or toxicoses that may develop with prolonged
repeated administration of liposome-encapsulated
cisplatin in dogs. However, on the basis of the ini-
tial data on dosages and safety that was generated in
this preclinical trial, we can now move forward with
the determination of an MTD and the elucidation of
cumulative and long-term toxic effects in the con-
text of phase I trials in client-owned, tumor-bearing
companion animals. It remains to be determined
whether administration of higher dose equivalents
of cisplatin by use of this liposomal formulation
will translate to greater antitumor efficacy. Such a
determination will require phase II or III clinical
trials in tumor-bearing dogs. 

aLipoplatin, Regulon Inc, Mountain View, Calif.
bThermobarrel extruder, Northern Lipids Inc, Vancouver, BC,

Canada.
cN4+ nanoparticle analyzer, Beckman-Coulter, Fullerton, Calif.
dTorbugesic, Baxter Anesthesia Inc, Deerfield, Ill.
eFlo-Guard 6201, Baxter Inc, Deerfield, Ill.
fDexamethasone sodium phosphate, American Regent Laboratories

Inc, Shirley, NY.
gDiphenhydramine hydrochloride, Elkins-Sinn Inc, Cherry Hill, NJ.
hAtropine sulfate injection, Baxter Healthcare Inc, Deerfield, Ill.
iZofran, GlaxoSmithKline, Research Triangle Park, NC.

References
1. Dernell WS, Straw RC, Withrow SJ. Tumors of the skeletal

system. In: Withrow SJ, MacEwen EG, eds. Small animal clinical
oncology. 3rd ed. Philadelphia: WB Saunders Co, 2001;378–417.

Appendix
Summary of the number of infusions and dosage for each infu-
sion of liposome-encapsulated cisplatin in 4 hound-type dogs.

Cumulative
dosage

Dog 70 100 125 150 (mg/m2)

1 1 0 1 1 345
2 1 1 0 0 170
3 0 0 2 0 250
4 0 1 0 1 250

*Dogs were allowed a minimum of 3 weeks between subse-
quent infusions. Infusion rates were designed to enable administra-
tion of the entire dose during a period of 6 hours. Infusion rates for
the various dosages were as follows: 70 mg/m2, 11.7 mg/m2/h; 
100 mg/m2, 16.7 mg/m2/h; 125 mg/m2, 20.8 mg/m2/h; and 150 mg/m2,
25.0 mg/m2/h.

Dosage (mg/m2)*

04-03-0111r.qxd  10/13/2004  2:03 PM  Page 1477



1478 AJVR, Vol 65, No. 11, November 2004

2. Malawer MM, Link MP, Donaldson SS. Sarcomas of bone. In:
Devita VT, Hellman S, Rosenberg SA, eds. Cancer principles and practice
of oncology. 5th ed. Philadelphia: Lippincott-Raven Co, 1997;
1789–1852.

3. Chun R, Garrett L, MacEwen EG. Cancer chemotherapy. In:
Withrow SJ, MacEwen EG, eds. Small animal clinical oncology. 3rd
ed. Philadelphia: WB Saunders Co, 2001;92–118.

4. Hacker MP. Toxicity of platinum-based anticancer drugs. In:
Powis G, Hacker MP, eds. The toxicity of anticancer drugs. New York:
McGraw-Hill Book Co, 1991;82–97.

5. Bergman PJ, MacEwen EG, Kurzman ID, et al. Amputation
and carboplatin for treatment of dogs with osteosarcoma: 48 cases
(1991 to 1993). J Vet Intern Med 1996;10:76–81.

6. McKeage MJ, Mistry P, Ward J, et al. A phase I and pharma-
cology study of an oral platinum complex, JM216: dose-dependent
pharmacokinetics with single-dose administration. Cancer
Chemother Pharmacol 1995;36:451–458.

7. Schilder RJ, LaCreta FP, Perez RP, et al. Phase I and phar-
macokinetic study of ormaplatin (tetraplatin, NSC 363812) adminis-
tered on a day 1 and 8 schedule. Cancer Res 1994;54:709–717.

8. Working PK, Newman MS, Sullivan T, et al. Comparative
intravenous toxicity of cisplatin solution and cisplatin encapsulated
in long-circulating, pegylated liposomes in cynomolgus monkeys.
Toxicol Sci 1998;46:155–165.

9. Thamm DH, Vail DM. Preclinical evaluation of a sterically
stabilized liposome-encapsulated cisplatin in clinically normal cats.
Am J Vet Res 1998;59:286–289.

11. Boulikas T. Low toxicity and anticancer activity of a novel
liposomal cisplatin (Lipoplatin) in mouse xenografts. Oncol Rep 2004;
12:3–12.

12. Boulikas T, Stathopoulus GP, Volakakis N, et al. Systemic
Lipoplatin infusion results in preferential tumor uptake in patients.
Ann Oncol 2004;15:in press.

13. Devarajan P, Tarabishi R, Mishra J, et al. Low renal toxicity

of Lipoplatin compared to cisplatin in animals. Oncol Rep 2004;12:in
press.

14. Boulikas T, Stathopoulos GP, Deliconstantinos G, et al.
Pharmacokinetics and adverse reactions of a new liposomal cisplatin
(Lipoplatin): a phase I study. Br J Cancer 2004;vol:in press.

15. Boulikas T, Vougiouka M. Cisplatin and platinum drugs at
the molecular level. Oncol Rep 2003;10:1663–1682.

16. Ogilvie GK, Krawiec DR, Gelberg HB, et al. Evaluation of a
short-term saline diuresis protocol for the administration of cis-
platin. Am J Vet Res 1988;49:1076–1078.

17. Straw RC, Withrow SJ, Richter SL, et al. Amputation and cis-
platin for treatment of canine osteosarcoma. J Vet Intern Med 1991;
5:205–210.

18. National Research Council. Guide for the care and use of labo-
ratory animals. Washington, DC: National Academy Press, 1996;8–116.

19. Uziely B, Jeffers S, Isacson R, et al. Liposomal doxorubicin:
antitumor activity and unique toxicities during two complementary
phase I studies. J Clin Oncol 1995;13:1777–1785.

20. Vail DM, Kravis LD, Cooley AJ, et al. Preclinical trial of dox-
orubicin entrapped in sterically stabilized liposomes in dogs with
spontaneously arising malignant tumors. Cancer Chemother
Pharmacol 1997;39:410–416.

21. Vail DM, Chun R, Thamm DH, et al. Efficacy of pyridoxine
to ameliorate the cutaneous toxicity associated with doxorubicin con-
taining pegylated (Stealth) liposomes: a randomized, double-blind
clinical trial using a canine model. Clin Cancer Res 1998;4:1567–1571.

22. Skubitz KM, Skubitz AP. Mechanism of transient dyspnea
induced by pegylated-liposomal doxorubicin (Doxil). Anticancer
Drugs 1998;9:45–50.

23. Page R, Matus RE, Leifer CE, et al. Cisplatin, a new 
antineoplastic drug in veterinary medicine. J Am Vet Med Assoc
1985;186:288–290.

24. Knapp DW, Richardson RC, Bonney PL, et al. Cisplatin ther-
apy in 41 dogs with malignant tumors. J Vet Intern Med 1988;2:41–46.

04-03-0111r.qxd  10/13/2004  2:03 PM  Page 1478


