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Biodegradable Cisplatin Polymer in Limb-Sparing Surgery for
Canine Osteosarcoma
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Background: Therate of local recurrence of osteosarcomaafter limb-sparing surgery in dogs and
humans has been reported up to 28%. The primary purpose of this study was to determine whether
a biodegradable cisplatin-containing implant (OPLA-PY), inserted into the limb-sparing surgery site
a the time of surgery, would decrease the rate of local recurrence. Secondary aims included
evaluation of systemic toxicity associated with the release of cisplatin from the implant and
identification of prognostic factors associated with limb-sparing surgery for osteosarcoma in dogs.

Methods: Eighty dogs with spontaneously occurring osteosarcoma were treated with limb-
sparing surgery. They were randomized to receive the biodegradable implant either without cisplatin
(control group) or with cisplatin (OPLA-Pt group) and were targeted to receive four doses of an
adjuvant cisplatin chemotherapy protocol.

Results: Although this was not statistically significant (P = .071), dogs in the OPLA-Pt group
were 53.5% less likely to develop local recurrence than dogs in the control group. There were no
significant differences in systemic toxicity between treatment arms. Incomplete surgical resection,
absence of infection, and fewer than four doses of adjuvant chemotherapy had a significant
correlation with local recurrence and survival according to univariate analyses, although only
incomplete surgical resection remained significant for local recurrence after multivariate analysis.

Conclusions: Local tumor recurrence may be decreased after limb-sparing surgery by use of
biodegradable implants impregnated with chemotherapeutic agents.
Key Words: Osteosarcoma—Limb-sparing surgery—Loca chemotherapy—Local tumor recur-

rence.

Thelocal control of appendicular osteosarcoma (OSA)
has undergone a progressive shift from amputation to
various types of limb salvage.*** Limb-sparing surgery
should not negatively affect local recurrence or survival,
delay adjuvant therapy, increase the risk of complica-
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tions, or result in inferior limb function in comparison
with amputation.*2 However, unlike amputation, limb-
sparing surgery often involves marginal resection of the
primary tumor, and this can result in a local recurrence
rate of up to 28%.457:810.12 Neoadjuvant chemotherapy
has been proposed to downstage the tumor and increase
the possibility of achieving wide and complete resec-
tion.2412 However, loca recurrences are till reported,
and, furthermore, amputation is often required to manage
recurrent disease, thus compromising the original inten-
tion of limb-sparing surgery and possibly increasing the
risk of distant metastasis and death.>13.14

Local tumor recurrence occurs as a result of incom-
plete surgical resection or residua neoplastic cellsin the
soft tissue of the surgical site after marginal resection.412
The role of systemic chemotherapy in preventing local
recurrence with residual postoperative microscopic dis-
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ease is unknown. Intracavitary chemotherapy results in
an increased local concentration of chemotherapy when
compared with systemic chemotherapy. Exposure of sur-
face cells within a surgical wound to a high local che-
motherapeutic concentration may effectively kill tumor
cells after incomplete resection.*>20 Furthermore, lethal
injury to tumor cells may be enhanced by sustained
exposure to a cytotoxic agent throughout the cell cy-
cle.21-23 |ntralesional sustained-release cisplatin has been
associated with significant improvements in local tumor
control in a number of different types of naturally oc-
curring canine cancers, including oral malignant mela-
noma,'” cutaneous squamous cell carcinoma,® soft tis-
sue sarcoma,1® and other types of neoplasia.4

A biodegradable implant (open cell polylactic acid;
OPLA; Kensey Nash Corp., Exton, PA) containing 8%
cisplatin (OPLA-Pt) by weight has been investigated in
experimental and naturally occurring tumors in ani-
mals.16.19.2023 The rate of local recurrenceis significantly
reduced for mice with marginaly resected mammary
carcinoma2®23 and dogs with incompletely resected soft
tissue sarcomat® after implantation of OPLA-Pt into the
surgical wound. Furthermore, in the mammary carci-
noma model in mice, metastasis-free interval and sur-
vival time were significantly improved with OPLA-Pt
compared with intraperitoneal cisplatin.20.23

Cisplatin is commonly used in the adjunctive manage-
ment of appendicular OSA in humans and dogs.t~
36,9.11,24-31 Cisplatin, alone or in combination with other
chemotherapeutic agents, significantly improves metas-
tasis-free interval and survival time in dogs after defin-
itive local surgery.12426-29.31 However, adverse effects
after the systemic administration of cisplatin include
nephrotoxicity, thrombocytopenia, and neutrope-
nia.2532-36 |ntracavitary OPLA-Pt is associated with a
very low risk of systemic toxicity, in addition to im-
proved local cytotoxicity, even with doses exceeding the
maximally tolerated intravenous canine dose of 70 mg/
m?.1623.30 Straw et al.16 showed that the area under the
curve (AUC) for the total platinum concentration plotted
against time for the first 21 days after OPLA-Pt implan-
tation was 29 times greater than the AUC for an equiv-
alent single dose of intravenous cisplatin, suggesting that
the systemic benefits and low risk of systemic toxicity
associated with OPLA-Pt are the result of a low but
sustained serum concentration of cisplatin.

The purpose of this prospective, randomized study
was to evaluate the rate of local tumor recurrence after
limb-sparing surgery with and without intracavitary
OPLA-Pt for dogs with appendicular OSA. A secondary
aim was to assess systemic toxicity associated with
OPLA-Pt and prognostic factors for limb-sparing surgery
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in dogs with OSA. We hypothesized that the cisplatin
released from OPLA-Pt would decrease loca tumor re-
currence and have minimal systemic toxicity.

METHODS

Selection Criteria

This was a randomized, prospective trial that included
80 client-owned dogs referred to a single institution for
treatment of spontaneously occurring OSA from 1990 to
1995. Sample size and power estimations were based on
the primary end point (time to local recurrence). With 80
dogs, the power to detect a difference of 25% in the local
recurrence rate was estimated to be 87% if al dogs
survived to 12 months after surgery. However, because
all dogs did not survive to 12 months, the actual power
decreased to 76%. Dogs with OSA of the distal radius
and ulna were selected because of the high frequency of
involvement of this region, the paucity of soft tissue
coverage ensuring marginal resection, and good to ex-
cellent postoperative limb function after limb-sparing
surgery.1246 The Ingtitutional Anima Care and Use
Committee approved all procedures performed in these
dogs.

Procedures

Baseline data included hematology, serum biochemis-
try profile, urinalysis, regional radiographs, three-view
thoracic radiographs, and needle-core biopsy of the bone
lesion. The primary tumor and affected bone were radio-
graphed, and the percentage length of neoplastic involve-
ment of the affected bone was determined. Criteria for
inclusion in the tria included histological confirmation
of OSA, tumor involvement of <60% of the bone length,
absence of clinical and radiographical evidence of distant
metastasis, and otherwise good physical health. Tumors
were staged according to the system recommended by
the American Joint Committee for Cancer at the time this
study was conducted, which included tumor grade, in-
tracompartmental or extracompartmental bone involve-
ment, and presence or absence of metastatic disease.

Limb-sparing surgery was performed as previously
described.t24 Briefly, a longitudinal incision was made
over the radius or ulna, and the tumor was exposed by
using a combination of blunt and sharp dissection. The
distal and proximal extent of bone resection was estab-
lished by disarticulating the distal radius or ulnafrom the
carpus and by performing a transverse osteotomy 5 cm
proximal to the proximal radiographic limit of bone
involvement, respectively. The resected bone specimen
was completely immersed in India ink, fixed in 10%
neutral buffered formalin, decalcified, processed into
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large paraffin blocks, sectioned, stained with hematoxy-
lin and eosin, and assessed histologically for complete-
ness of resection.

A massive cortical alograft was used to reconstruct
the osseous defect. The cortical alograft was harvested
by using an aseptic technique and stored at —70°C.
During surgery, the intramedullary cavity of the allograft
was filled with antibiotic-impregnated methylmethacry-
late, and the allograft was secured to the adjacent bony
column with a bone plate.r Reconstruction of the distal
radius necessitated pancarpal arthrodesis, athough this
was not required for ulnar resection. The surgical wound
was copiously lavaged with isotonic saline, and a closed-
suction drain was inserted adjacent to the reconstructed
diaphyseal bone. Open cell polylactic acid (OPLA) im-
plants, divided into 10 to 15 segments, were placed into
the wound adjacent to the allograft and previous tumor
site (Fig. 1).

The biodegradable polymer was composed of two
groups of D,L-polylactic acid synthesized from the same
monomer but with two different molecular weights. Fifty
percent of the polymer was high molecular weight
(350,000), and 50% was low molecular weight (34,000).
Cisplatin was added to the low-molecular-weight poly-
mer at a dose of 40 mg cisplatin per 500 mg of polymer,
resulting in an 8% yield of cisplatin by total weight of
polymer. The polymer was then sterilized with 25 kGy of
gamma radiation.*¢6 After irradiation, the molecular
weights of the high and low fractions were 235,067 and
52,938, respectively. In a surgeon-blinded process, 40
dogs were randomly assigned, by using a computerized
randomization algorithm, to receive OPLA with cisplatin

FIG. 1. Intraoperative image of an allograft-arthrodesis limb spare of
the distal radius in a dog with OPLA-Pt (arrows). C, carpus; A,
alograft; R, radius.

60 mg/m? (OPLA-Pt group), and 40 dogs received an
equivalent amount of OPLA without cisplatin (control
group).

Two milliliters of wound fluid was collected from the
active suction drain on postoperative day 1, immediately
before removal of the drain, and 2 mL of serum was
collected ondays 1, 2, 3, 5, 7, and 21. The total platinum
concentration in wound fluid and serum was calculated
by using atomic absorption spectrophotometry and was
evauated by using a curve-stripping software package
(Rstrip Exponential Stripping and Parameter Estimation;
Micromath Scientific Software, Salt Lake City, UT). The
AUC of the mean serum total platinum concentration
versus time curve was calculated for integrals to infinity
by use of the trapezoidal rule of numerical integration.3”

Dogs were allowed to recover from surgery and were
returned to the care of their owners within 3 days. An-
tibiotics and chemotherapy were administered to all
dogs. Antibiotic prophylaxis consisted of cephazolin (ad-
ministered intravenously during surgery and for 24 hours
after surgery) and cephalexin or trimethoprim-sulfadia-
zine (administered oraly until 3 weeks after finishing
systemic chemotherapy).

Cisplatin was administered intravenously at 70 mg/m?
concurrently with a previously published diuresis proto-
col.r All dogs were targeted to receive four doses of
cisplatin starting 3 weeks after surgery and at 3-weekly
intervals. Carboplatin (300 mg/m?) was administered
instead of cisplatin if nephrotoxicity developed, and che-
motherapy was stopped if bone marrow suppression or
renal toxicity was sustained after any given dose of either
cisplatin or carboplatin.

Dogs were assessed at regular intervals. Physical ex-
amination and regional and three-view thoracic radio-
graphs were performed monthly for 3 months and then
every 3 months thereafter. Local recurrence or metastasis
was confirmed by biopsy. In some dogs, recurrent or
metastatic disease was further treated with a variety of
techniques such as repeat limb spare and OPLA-Pt (n =
7), amputation (n = 5), pulmonary metastasectomy (n =
5), and paliative radiotherapy (total dose of 20 Gy
divided into three to five fractions; n = 16).

The development of an infection at the surgery site
was confirmed by microbial culture. Dogs were treated
with appropriate antibiotics on the basis of antimicrobial
sensitivity results. If the infection was resistant to anti-
biotic therapy, then wound debridement, removal of re-
sidual polymer material, and implantation of antibiotic-
impregnated methylmethacrylate beads was performed.38

Dogs were euthanized at the request of the owners
when recurrent or metastatic disease became unmanage-
able or with the development of a serious unassociated
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condition. A complete necropsy was performed on 77
dogs, and the presence and site of local recurrence and
metastasis were recorded. The spared bone and soft
tissue were sectioned in a sagittal plane and evaluated for
local recurrence by both gross and histological examina-
tion. The remaining long bones and axial skeleton were
sectioned longitudinally and assessed grossly and histo-
logically for osseous metastasis.

Statistical Analyses

The statistical analyses were specified before the ac-
crual of cases. Preliminary descriptive analyses were
used to determine whether randomization equally allo-
cated dogs into each treatment group on the basis of
demographic and prognostic characteristics. These char-
acteristicsincluded age, sex, body weight, radiographical
appearance, bone involved, level of bone involvement,
tumor histological subclassification, percentage of tumor
necrosis, surgical margins, and survival outcome (local
recurrence, metastasis, and cause of death). Anayses
were performed with Fisher's exact test to test the equal-
ity of percentages of dogs in each category for categor-
ica data and with one-way analysis of variance for
equality of means for continuous variables.

Univariate and multivariate analyses were used to
evauate the influence of prognostic variables on local
recurrence and survival. Prognostic variables included
the bone affected, surgical margins, cisplatin levels from
the active suction drain, peak serum cisplatin concentra-
tion, AUC, postoperative infection, number of chemo-
therapy treatments, and blood urea nitrogen (BUN) and
creatinine levels. Univariate analyses were performed
with the log-rank test. Multivariate analyses were per-
formed with Cox’s proportional hazards model for local
recurrence, treatment failure, and survival. Kaplan-Meier
life-table analysis was also used to analyze the statistical
effects of prognostic variables on survival.

Fisher’s exact test was used to assess differencesin the
incidence and severity of bone marrow toxicity, gastro-
intestinal toxicity, renal toxicity, and peripheral neurop-
athy between the control and chemotherapy groups.
Other treatment-related adverse effects and clinical indi-
cators of health status were also compared by using
Fisher's exact test. Results were considered statistically
significant with P values <.05.

RESULTS

Local Recurrence

The presentation of dogs included in this study was
consistent with spontaneously occurring canine OSA;
most were large, purebred, middle-aged dogs, and there
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was no sex predilection.* Diagnostic and staging proce-
dures confirmed a high-grade OSA in al dogs, with
extensive soft tissue involvement (stage 11B) confined to
either the distal radius or ulna and with no evidence of
distant metastatic disease.

Limb-sparing surgery was performed in all dogs, and
al survived and were available for further evaluation.
There were no statistical differences between the control
and OPLA-Pt groups in terms of age (P = .970), sex (P
= .555), body weight (P = .378), radiographical appear-
ance (P = .727), tumor location in either the radius or
ulna (P = .263) or within the bone (P = 1.000), tumor
histology (P = 1.000), percentage tumor necrosis (P =
401), surgical margins (P = .502), metastasis (P =
.808), or cause of death (P = .178).

Local recurrence was diagnosed in 37 dogs (46.3%):
13 in the OPLA-Pt group (32.5%) and 24 in the control
group (60%). Local tumor recurrence was diagnosed
clinically in 22 dogs and microscopically at necropsy in
15 dogs. The difference in the rate of local tumor recur-
rence between the control and OPLA-Pt groups was not
significant, but a trend was noted (P = .071). Further-
more, dogsin the OPLA-Pt group were 53.5% less likely
to experience local recurrence than dogs in the control
group (hazard ratio range, .272—1.055; Fig. 2). The mean
and median times to local recurrence were 325 and 302
daysin the control group, respectively. The mean time to
local recurrence in the OPLA-Pt group was 347 days;
however, the median time to local recurrence could not
be calculated because 27 of the 40 dogs were censored
from analysis because of unrelated or tumor-related
death before local recurrence. There was no significant

— OPLA
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FIG. 2. Kaplan-Meier survival curve for dogs without local recur-
rence at the time of death. OPLA, open cell polylactic acid without
cisplatin (control group); OPLA-PT, open cell polylactic acid with
cisplatin.
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difference between treatment groups when comparing
thetimeto local recurrence in the 25% quartile; 132 days
in the control group and 188 days in the OPLA-Pt group
(P = .100). Univariate analysis revealed that local re-
currence was significantly less likely to occur after in-
fection (P = .031) and more likely with OSA in the
radius (P = .014), incomplete resection (P = .015), and
fewer than four chemotherapy treatments (P = .024).
However, only incomplete resection was predictive of
local recurrence according to multivariate analysis (P =
.018).

Marginal or intralesional resection of the tumor was
performed in all dogs. Resection of the bone tumor was
considered marginal in most dogs when dissection con-
tinued along but did not disrupt the tumor pseudocapsule.
Intralesional resection was recorded with disruption of
the tumor capsule, intramedullary extension of the tu-
mor, and evidence of a pathologic fracture of the artic-
ular surface of the distal radius. There was no evidence
of gross disease after limb-sparing surgery in any dog.
Resection was histologically confirmed as incomplete
with positive margins in 37 dogs. 20 dogs from the
OPLA-Pt group and 17 dogs from the control group.
Univariate analysis revealed that incomplete resection
was predictive of local recurrence (P = .015) and sur-
vival (P = .018). The 6-month survival rate for dogs
with complete and incomplete surgical margins was
68.2% and 43.8%, respectively, in the control group and
84.2% and 45.0% in the OPLA-Pt group. The 12-month
survival rate for dogs with complete and incomplete
surgical margins was 52.4% and 26.7%, respectively, in
the control group and 50.0% and 21.1% in the OPLA-Pt
group. According to multivariate analysis, only incom-
plete resection was predictive of local recurrence (P =
.018).

The median time to local recurrence was 832 days
after complete resection and 256 days after incomplete
resection. This difference was statistically significant (P
= .004), and local recurrence was 2.62 times more likely
after incomplete resection (hazard ratio range, 1.347—
5.074). Furthermore, OPLA-Pt had asignificant effect on
the time to local recurrence after incomplete resection (P
= .004). Thetimeto local recurrencein the 25% quartile
after complete resection was not significant: 142 daysin
the control group and 320 days in the OPLA-Pt group (P
= .190). There was a significant difference between
treatment groups when they were stratified into complete
and incomplete surgical resection because, after incom-
plete resection, the median time to local recurrence in the
control and OPLA-Pt groups was 172 and 282 days,
respectively (P = .010).

Infection of the surgical site was a common problem.
Infection was diagnosed in 38 dogs (47.5%) and was
apparent within 6 months in 13 of these dogs (34.2%).
The severity of infection varied from mild to severe.
Bacteria cultured from these wounds were often multi-
ple, and a number of different types of bacteria were
identified. Oral antibiotics were frequently successful
in controlling local wound infections but were rarely
curative. Wound debridement, OPLA removal, and im-
plantation of antibiotic-impregnated methylmethacrylate
beads was performed in 16 dogs with infections refrac-
tory to antibiotic therapy. Infection significantly de-
creased local recurrence (P = .031) and increased sur-
vival time (P = .033) according to univariate analysis,
although multivariate analysis showed that infection was
not prognostic for either local recurrence or survival.

Systemic Toxicity

The use of intracavitary OPLA-Pt did not have a
significant effect on systemic toxicity. There was no
significant difference in bone marrow toxicity (P =
.203). Mild to marked toxicity was recorded in 34 dogs
in the control group (85.0%) and 27 dogs in the OPLA-Pt
group (67.5%). There was no significant difference in
gastrointestinal toxicity (P = .502); mild to marked
toxicity was recorded in 12 dogs in both the control
group (30.0%) and the OPLA-Pt group (30.0%). There
was no significant difference in the incidence or severity
of rena toxicity (P = .149). Mild and marked renal
toxicity was reported in 25 (62.5%) and 4 dogs (10.0%),
respectively, from the control group. In comparison, mild
renal toxicity was recorded in 18 dogs (45.0%) from the
OPLA-Pt group, whereas 10 dogs (25.0%) experienced
severe rena toxicity. BUN levels (P = .027) were sig-
nificantly increased in dogs in the OPLA-Pt group, al-
though there were no significant differences in either
creatinine levels (P = .624) or renal toxicity (P = .149).
Peripheral neuropathy was not diagnosed in any dog.
Serum, drain fluid, and AUC of cisplatin were not sig-
nificantly associated with the probability of developing
bone marrow, gastrointestinal, or renal toxicity.

Prognostic Factors and Outcome

Postoperative outcome was consistent with previous
reports of canine OSA.16:25-29.31,39-41 A|| dogs were tar-
geted to receive four doses of adjunctive intravenous
cisplatin. Forty-two dogs completed 4 doses of chemo-
therapy, 18 were changed from cisplatin to carboplatin
because of rena toxicity, and 38 did not complete the
projected chemotherapy course because of the develop-
ment of metastatic or unrelated life-threatening disease.
If dogs received fewer than four doses of adjuvant che-
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motherapy, they were significantly more likely to de-
velop local recurrence (P = .024) and had a significantly
shorter survival time (P = .003) according to univariate
analysis. However, the total number of chemotherapy
treatments was not prognostic for local recurrence or
survival according to multivariate analysis. Of the 80
dogs, 77 had died and 3 were still alive at the termination
of the study. Sixty-two dogs had died as a result of OSA
and 15 as a result of other diseases. Distant metastasis
was detected in 57 dogs, with metastatic sites including
lungs (n = 45), bone (n = 35), and other sites (n = 30),
alone or in combination. Survival time was significantly
decreased with OSA inthe radius (P = .002), incomplete
surgical margins (P = .002), low cisplatin concentration
in the active suction drain (P = .018), absence of infec-
tion (P = .018), and fewer than four doses of adjuvant
chemotherapy (P = .005). However, none of these fac-
tors were predictive of survival according to multivariate
analysis. The median survival time was not significantly
different between treatment groups:. 301 days (range,
84-1374 days) in the control group and 280 days (range,
34-1362 days) in the OPLA-Pt group (P = .300; Fig. 3).

DISCUSSION

The effect of local chemotherapy was investigated in a
randomized, prospective study involving 80 dogs with
naturally occurring OSA of the distal radius or ulna
treated with limb-sparing surgery. The primary goal was
to assess the effect of local chemotherapy on the rate of
local tumor recurrence. Local tumor recurrence, rather
than survival time, was selected as the end point because
euthanasia and survival are subject to owner bias.

—OPLA
—OPLA-Pt

Local Recurrence-Free Survival Time
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FIG. 3. Kaplan-Meier survival curve for dogs in the control and
OPLA-Pt groups.
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The use of OPLA-Pt reduced the rate of loca recur-
rence and increased the time to local recurrence after
limb-salvage surgery for dogs with OSA. The reduction
in the rate of loca recurrence with OPLA-Pt was not
statistically significant, but a trend was observed (P =
.071). Furthermore, dogs in the OPLA-Pt group were
amost 2 times less likely to develop loca recurrence
than dogs in the control group. The difference in time to
local recurrence was also significant when the control
and OPLA-Pt groups were stratified into complete and
incomplete surgical resection (P = .004). The use of
OPLA-Pt is further supported by other experimental and
clinical animal models in which the rate of local recur-
rence is significantly reduced with implantation of
OPLA-Pt into the wound bed after resection of various
tumors, including mammary carcinomas, cutaneous
squamous cell carcinomas, oral melanomas, and soft
tissue sarcomas.14.17-20.23

A secondary aim of the study was to evauate the
presence and severity of systemic toxicity associated
with the use of OPLA-Pt. There were no significant
differences between the control and OPLA-Pt groups in
bone marrow and gastrointestinal toxicity. In dogs with
OPLA-Pt, there was a significantly increased concentra-
tion of BUN and a disproportionate but nonsignificant
number of dogs with severe renal toxicity. Cisplatin, the
active chemotherapeutic compound in OPLA, is a potent
nephrotoxic agent, and an aggressive diuresis protocol is
recommended with the systemic administration of cis-
platin to minimize nephrotoxicity.34-36 The in vivo elu-
tion characteristics of cisplatin from OPLA-Pt are not
completely known, although 80% of total cisplatin is
released in the first 21 days.23 Nephrotoxicity may occur
if a high concentration of cisplatin is rapidly eluted
without appropriate diuresis. However, despite the dif-
ferencesin BUN, there were no significant differencesin
either serum creatinine levels or rena toxicity between
treatment groups, and these findings are supported by
previous studies that have shown a low risk of nephro-
toxicity, even with OPLA-Pt doses exceeding the maxi-
mum systemic canine dose of 70 mg/m?.16:30

The final aim of this study was to identify prognostic
factors associated with loca recurrence and survival in
dogs with appendicular OSA treated with limb-sparing
surgery. These included surgical margins, postoperative
infection, and adjuvant chemotherapy. The completeness
of surgical resection had a significant correlation with
local recurrence and survival independent of the use of
OPLA-Pt. Incomplete resection, which occurred in ap-
proximately half the dogs from each group, resulted in
a significantly increased risk of local recurrence on
univariate and multivariate analysis. Survival time was
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significantly decreased after incomplete resection on uni-
variate, but not multivariate, analysis, even though the 6-
and 12-month survival rates for dogs with complete
resection were 155% to 236% greater than for dogs with
incomplete resection. Local recurrence may negatively
influence survival in dogs® and humanst2 with appendic-
ular OSA; however, Straw and Withrow* showed that
local recurrence does not affect survival and that locally
recurrent tumors can be managed by using techniques
similar to those used for primary bone tumors, such as
limb-sparing surgery, amputation, and palliative radio-
therapy. The incidence of incomplete surgical resection
after limb-sparing surgery has since been decreased by
the use of imaging modalities, such as nuclear scin-
tigraphy, computed tomography, and magnetic reso-
nance,14243 to provide a more accurate estimation of
osseous margins and by a more aggressive surgical
approach.

Infection of the surgical site was frequent. It occurred
in 48% of dogs, and two thirds were diagnosed >6
months after surgery. OPLA is unlikely to have contrib-
uted to postoperative infection, because the biodegrad-
able carrier was sterilized with gamma radiation before
implantation. Infection is awell-recognized and common
problem in human and canine limb-sparing surgery, es-
pecialy with the use of massive alografts.146-81012.38
The causes are unknown, although hypotheses include
extensive soft tissue resection, poor soft tissue coverage,
implantation of a large segment of nonvascularized cor-
tical bone, and immunosuppression resulting from neo-
plasia and systemic chemotherapy.2-38 In this study, uni-
variate analysis showed that infection significantly
decreased the rate of local recurrence and increased the
survival time. However, according to multivariate anal-
ysis, infection was not prognostic for either local recur-
rence or survival time. In contrast, a recent retrospective
analysis of dogs with appendicular OSA treated with
either amputation or limb-sparing surgery showed that
dogs with infected limb—sparing surgery had a signifi-
cantly longer disease-free interval and survival time
compared with non-infected limb—sparing surgery and
amputation.** The relationship between infection and
improved outcome is not fully understood and is cur-
rently being investigated.

Adjuvant chemotherapy has significantly improved
the survival time of humans and dogs with appendicular
OSA 111.12,24-2931,3940 Al dogs in this study were tar-
geted to receive four doses of adjuvant cisplatin begin-
ning 3 weeks after surgery and at 3-weekly intervals. The
timing of the first dose of chemotherapy has no signifi-
cant association with metastasis or survival in dogs.27.3°
Furthermore, there is no apparent survival advantage

between single- and multiple-agent chemotherapy proto-
cols in dogs.1:24-27.2931,39.40 Thirty-eight dogs did not
complete the projected chemotherapy course because of
development of metastatic disease or unrelated life-
threatening conditions. Failure to receive four doses of
chemotherapy resulted in asignificantly increased risk of
local recurrence and decreased survival time on univar-
iate analysis. However, the total number of adjuvant
chemotherapy doses was not prognostic for either local
recurrence or survival on multivariate analysis.

The biologic behavior and survival outcome for dogs
with appendicular OSA in this study were similar to those
in previous studies.124-6.24-2931,3940 The median survival
times for dogsin the control and OPLA-Pt groups were not
significantly different: 301 and 280 days, respectively. This
is similar to previous reports$24-2931.3940 with a median
surviva time ranging between 262 and 413 days for dogs
with gppendicular OSA managed with either amputation or
limb-sparing surgery and adjuvant chemotherapy. In accor-
dance with other retrospective analyses,256:24-2931.39.40
metastatic disease was eventually diagnosed in 71% of dogs
in this study, and the most common metastatic sites were
lungs and bone.

Limitations of this study included the blinding proce-
dure and degree of censorship. Surgeons were the only
investigators blinded to the use of OPLA or OPLA-Pt to
avoid the biased and nonrandomized implantation of
OPLA-Pt in dogs with known incomplete resection. A
high number of dogs were censored from analysis, espe-
cialy in the OPLA-Pt group, because of death from
unrelated causes or disease-related death before the ex-
pected development of local recurrence. Censorship de-
creased the volume and power of statistical analysis and
may have negatively affected the degree of significance
between groups, especially in terms of the rate and time
to loca recurrence. Finadly, univariate analyses sug-
gested that a number of variables, such as completeness
of resection and infection, were significantly associated
with outcome. However, few of these variables remained
significant on multivariate analysis because confounding
between levels of various prognostic factors limited the
ability to assess any single variable independently of
other factors.

CONCLUSION

Although not statistically significant, the results of this
study support the hypothesis that OPLA-Pt reduces the
rate of local recurrence after limb-sparing surgery in
dogs. Furthermore, systemic toxicity associated with cis-
platin release from OPLA-Pt is minimal. Complete sur-
gical resection, postoperative infection, and completion
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of the targeted adjuvant chemotherapy protocol had a
significant correlation with local recurrence and survival
on univariate analysis. However, on multivariate analy-
sis, the only prognostic factor for local recurrence was
incomplete surgical resection, and no prognostic factors
were identified for survival.

ACKNOWLEDGMENTS

The acknowledgments are available online in the full-
text version at www.annalssurgicaloncology.org. They

10.

11.

12.

13.

14.

15.

16.

are not available in the PDF version.

REFERENCES

. Dernell WS, Straw RC, Withrow SJ. Tumors of the skeletal sys-

tem. In: Withrow SJ, MacEwen EG, eds. Small Animal Clinical
Oncology. Philadelphia: WB Saunders, 2001:378—417.

. LaRue SM, Withrow SJ, Powers BE, et al. Limb-sparing treatment

for osteosarcoma in dogs. J Am Vet Med Assoc 1989;195:1734—
44

. Wi.throw SJ, Powers BE, Straw RC, Wilkins RM. Comparative

aspects of osteosarcoma. Dog versus man. Clin Orthop 1991;270:
159-68.

. Straw RC, Withrow SJ. Limb-sparing surgery versus amputation

for dogs with bone tumors. Vet Clin North Am Small Anim Pract
1996;26:135-43.

. Kuntz CA, Asselin TL, Dernell WS, et al. Limb salvage surgery for

osteosarcoma of the proximal humerus: outcome in 17 dogs. Vet
Surg 1998;27:417-22.

. Morello E, Buracco P, Martano M, et a. Bone alografts and

adjuvant cisplatin for the treatment of canine appendicular osteo-
sarcoma in 18 dogs. J Small Anim Pract 2001;42:61—6.

. Rougraff BT, Simon MA, Kneisl JS, Greenberg DB, Mankin HJ.

Limb salvage compared with amputation for osteosarcoma of the
distal end of the femur: a long-term oncological, functional, and
quality-of-life study. J Bone Joint Surg Am 1994;76:649-56.

. Mankin HJ, Gebhardt MC, Jennings LC, Springfield DS, Tomford

WW. Long-term results of allograft replacement in the manage-
ment of bone tumors. Clin Orthop 1996;324:86-97.

. Sluga M, Windhager R, Lang S, et al. Local and systemic control

after ablative and limb sparing surgery in patients with osteosar-
coma. Clin Orthop 1999;358:120—7.

Renard AJ, Veth RP, Schreuder HW, et a. Function and compli-
cations after ablative and limb-salvage therapy in lower extremity
sarcoma of the bone. J Surg Oncol 2000;73:198—205.

Maawer MM, Link MP, Donaldson SS. Sarcomas of bone. In:
DeVita VT, Hellman S, Rosenberg SA, eds. Cancer: Principles
and Practice of Oncology. Philadelphia: Lippincott Williams &
Wilkins, 2001:1891-908.

DiCaprio MR, Friedlaender GE. Malignant bone tumors: limb
sparing versus amputation. J Am Acad Orthop Surg 2003;11:25—
37.

Nell MD, Shah N, Daw N, et al. Survival after local recurrence of
osteosarcoma: the St. Jude Children’s Research Hospital experi-
ence, 1970—2000. Musculoskeletal Tum Soc Proc 2002.

Theon AP, Madewell BR, Moore AS, Stephens C, Krag DN.
Localized thermo-cisplatin therapy: a pilot study in spontaneous
canine and feline tumors. Int J Hyperthermia 1991;7:881-92.
Moore AS, Kirk C, Cardona A. Intracavitary cisplatin chemother-
apy experience in six dogs. J Vet Intern Med 1991;5:227-31.
Straw RC, Withrow SJ, Douple EB, et a. Effects of cis-diam-
minedichloroplatinum 1l released from D,L-polylactic acid im-
planted adjacent to cortical allografts in dogs. J Orthop Res 1994;
12:871-7.

Ann Surg Oncol, Vol. 11, No. 7, 2004

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

S J. WITHROW ET AL.

Kitchell RB, Brown DM, Luck EE, et a. Intralesiona implant for
treatment of primary oral malignant melanoma in dogs. J Am Vet
Med Assoc 1994;204:229-36.

Kitchell BK, Orenberg EK, Brown DM, et d. Intralesiona sus-
tained-release chemotherapy with therapeutic implants for treat-
ment of canine sun-induced squamous cell carcinoma. Eur J Can-
cer 1995;31:2093-8.

Dernell WS, Withrow SJ, Straw RC, et a. Intracavitary treatment
of soft tissue sarcomas in dogs using cisplatin in a biodegradable
polymer. Anticancer Res 1997;17:4499-506.

Morello E, Dernell WS, Kuntz CA, et a. Evaluation of cisplatinin
combination with a biologic response modifier in a murine mam-
mary carcinoma model. Cancer Invest 2002;20:480-9.

Kanno S, Hyodo M, Suzuli K, et a. Effect of DNA-damaging
agents on DNA replication and cell-cycle progression of cultured
mouse mammary carcinoma cells. Jpn J Cancer Res 1985;76:289—
96.

Sevin B, Pollack A, Averate HE, et al. In vivo cell kinetic effects
of cis-platinum on human cancer xenografts measured by dual
parameter flow cytometry. Cytometry 1987;8:153—-62.

Ehrhart N, Dernell WS, Ehrhart EJ, et a. Effects of a controlled-
release cisplatin delivery system used after resection of mammary
carcinoma in mice. Am J Vet Res 1999;60:1347-51.

Mauldin GN, Matus RE, Withrow SJ, Patnaik K. Canine osteosar-
coma: treatment by amputation versus amputation and adjuvant
chemotherapy using doxorubicin and cisplatin. J Vet Intern Med
1988;2:177-80.

Shapiro W, Fossum TW, Kitchell BE, Couto CG, Theilen GH. Use
of cisplatin for treatment of appendicular osteosarcoma in dogs.
J Am Vet Med Assoc 1988;192:507-11.

Kraegel SA, Madewell BR, Simonson E, Gregory CR. Osteogenic
sarcoma and cisplatin chemotherapy in dogs. 16 cases (1986—
1989). J Am Vet Med Assoc 1991;199:1057-9.

Straw RC, Withrow SJ, Richter SL, et al. Amputation and cisplatin
for treatment of canine osteosarcoma. J Vet Intern Med 1991;5:
205-10.

Berg J, Weinstein MJ, Schelling SH, et a. Treatment of dogs with
osteosarcoma by administration of cisplatin after amputation or
limb-sparing surgery: 22 cases (1987-1990). J Am Vet Med Assoc
1992;200:2005-8.

Thompson JP, Fugent MJ. Evaluation of survival times after limb
amputation, with and without subsequent administration of cispla-
tin, for treatment of appendicular osteosarcoma in dogs: 30 cases
(1979-1990). J Am Vet Med Assoc 1992;200:531-3.

Withrow SJ, Straw RC, Brekke JH, et a. Slow release adjuvant
cisplatin for treatment of metastatic canine osteosarcoma. Eur
J Musculoskeletal Res 1995;4:105-10.

Chun R, Kurzman 1D, Cuoto CG, et a. Cisplatin and doxorubicin
combination chemotherapy for the treatment of canine osteosar-
coma: a pilot study. J Vet Intern Med 2000;14:495-8.

Knapp DW, Richardson RC, Bonney PL, Hahn K. Cisplatin ther-
apy in 41 dogs with malignant tumors. J Vet Intern Med 1988;2:
41-6.

Hardie EM, Page RL, Williams PL, Fischer WD. Effect of time of
cisplatin administration on toxicity and pharmacokinetics in dogs.
Am J Vet Res 1991;52:1821-5.

. Ogilvie GK, Straw RC, Powers BE, et al. Prevalence of nephro-

toxicosis associated with a short-term saline solution diuresis pro-
tocol for the administration of cisplatin to dogs with malignant
tumors: 61 cases (1987-1989). J Am Vet Med Assoc 1991;199:
613-6.

Ogilvie GK, Fettman MJ, Jameson VJ, et a. Evaluation of one-
hour saline diuresis protocol for administration of cisplatin to dogs.
Am J Vet Res 1992;53:1666-9.

Ogilvie GK, Straw RC, Jameson VJ, et al. Prevalence of neph-
rotoxicosis associated with a four-hour saline solution diuresis
protocol for the administration of cisplatin to dogs with natu-
rally developing neoplasms. J Am Vet Med Assoc 1993;202:
1845-8.



37.

38.

39.

40.

CISPLATIN POLYMER IN LIMB-SPARING SURGERY

Gibaldi M, Perrier D. Pharmacokinetics. New Y ork: Marcel Dek-
ker, 1982.

Dernell WS, Withrow SJ, Straw RC, et a. Clinical response to
antibiotic-impregnated polymethyl methacrylate bead implantation
of dogs with severe osteomyelitis. Vet Comp Orthop Traumatol
1998;11:94-9.

Berg J, Weinstein MJ, Springfield DS, Rand WM. Results of
surgery and doxorubicin chemotherapy in dogs with osteosarcoma.
J Am Vet Med Assoc 1995;206:1555—60.

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

41.

42.

43.

713

Liptak M, Dernell WS, Lascelles BDX, et a. Surviva anaysis of
dogs with appendicular osteosarcoma treated with limb sparing
surgery and adjuvant carboplatin or carboplatin and doxorubicin.
Vet Cancer Conf Proc 2001:39.

Leibman NF, Kuntz CA, Steyn PF, et a. Accuracy of radiography,
nuclear scintigraphy, and histopathology for determining the prox-
imal extent of distal radius osteosarcoma in dogs. Vet Surg 2001;
30:240-5.

Wallack ST, Wisner ER, Werner JA, et a. Accuracy of magnetic
resonance imaging for estimating intramedullary osteosarcoma
extent in preoperative planning of canine limb-salvage procedures.
Vet Radiol Ultrasound 2002;43:432—-41.

Ann Surg Oncaol, Vol. 11, No. 7, 2004



