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Background. Chemotherapy has dramati-
cally improved the rates of cure and survival of
patients with localized and metastatic osteosar-
coma. Nonetheless, the number of chemo-
therapeutic agents active against osteosarcoma
is limited to doxorubicin, cisplatin, high-dose
methotrexate, and ifosfamide. Carboplatin, a
cisplatin analogue, has been tested as a single
agent in patients with recurrent osteosarcoma
or as part of multiagent chemotherapy in newly
diagnosed patients. Procedure. We tested the
activity and toxicity of two cycles of intraarte-
rial carboplatin as a “window therapy” (600
mg/m? per cycle) in 33 consecutive patients
with extremity osteosarcoma before the start of
multiagent chemotherapy. Response was based
on clinical (tumor diameter, local inflammatory
signs, and range of motion) and radiological
parameters (plain local films and arteriographic

(median age 13 years). Primarytumor originated
from the femur (15 patients), tibia (10 patients),
fibula (4 patients), humerus (3 patients), and
calcaneus (1 patient). Only 7 patients (21%)
had metastatic disease at diagnosis (5 in the
lung and 2 in other bones). A favorable clinical
and radiological response was documented in
81% and 73% of the patients, respectively.
Clinical and radiological progression occurred
in 12% and 9% of the patients, respectively.
Seventeen of the patients remain alive and dis-
ease-free. Survival and event-free survival at 3
years for nonmetastatic patients are 71% (SE =
9%) and 65% (SE = 9%), respectively; for meta-
static patients, the figures are 17% (SE = 15%)
and 14% (SE = 13%), respectively. Conclu-
sions. We conclude that carboplatin is an ac-
tive agent in the treatment of newly diagnosed
extremity osteosarcoma. Med. Pediatr. Oncol.

studies prior to drug administration). Results.
Patients’ age ranged between 8 and 18 years
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therapy is an effective and elegant means of testing tmotherapy. This exam was repeated again, once, 2 weeks
moral response to new drugs. later along with the second dose of CBDCA.
Carboplatin (CBDCA), a platinum-derived agent, has. . . . . .
some overlapping antitumoral activity with cisplatinunf-linical and Radiological Evaluation
and has been tested in the treatment of several pediatridnitial response to two cycles of intraarterial CBDCA
solid tumors [5-8]. The use of CBDCA instead of ciswas evaluated according to clinical and radiological pa-
platin would be rather attractive, considering that it isameters. Clinical responses were based on the following
better tolerated owing to easier administration and lackiteria: 1) serial measurements of the tumor diameter; 2)
of severe emesis, ototoxicity, and nephrotoxicity. local pain and tenderness, edema, and temperature; and
Cisplatin is one of the most important agents in th®) range of motion of the affected limb. A favorable
treatment of osteosarcoma [9-12]. CBDCA has beeesponse (FR) was defined as when at least two of the
tested as a single agent in the treatment of recurrentaviteria defined above were definitely improved without
refractory osteosarcoma [13—-17] and as part of multiany sign of progression, and stable disease (SD) was
gent chemotherapy in newly diagnosed patients [18], bdéfined as minimal or no change or improvement of only
the experience with CBDCA as a single agent in newlyne of the criteria given above. The diagnosis of progres-
diagnosed osteosarcoma patients is still scant [19]. We disease required clear worsening of at least one of
describe clinical and radiographic initial responses arle criteria given above.
toxicity in a group of newly diagnosed patients with ex- Radiologic responses were based on serial local films
tremity osteosarcoma receiving intraarterial CBDCA asgerformed both at diagnosis and after completion of the
single agent. window therapy and on two angiographic studies per-
formed along with the two intraarterial infusions of
CBDCA. The films were reviewed by a single radiologist
MATERIALS AND METHODS (H.L.), unaware of the patients’ clinical status. In the
plain films, responses were evaluated based on changes
From October, 1991, to April, 1994, all patients withn the size of the soft tissue involvement, aspect of the
the diagnosis of high-grade osteosarcoma of an extreniityne, alterations in intensity and pattern of calcification,
were enrolled in a study employing intraarterial CBDCAand visualization of fat planes. A favorable response was
as single agent in an experimental treatment (windodocumented whenever there was a combination of the
therapy) as part of neoadjuvant chemotherapy. Patiefdfiowing: a decrease in the soft tissue mass, an increase
with large tumors not deemed suitable for a limb-sparirig bone density (evidence of new bone formation) and in
operation went on to have local amputation; these pperiosteal reaction, an increase in calcification, and a
tients were treated in the same chemotherapeutic stumbtter visualization of fat planes.
(Osteosarcoma study 3) but were excluded from this re- Angiography required the percutaneous insertion of a
port because of their ineligibility to receive intraarteriatatheter through either the femoral or the brachial artery
CBDCA. under fluoroscopic guidance. The tip of the catheter was
After the histological confirmation of a high-gradethen positioned into the appropriate artery supplying the
osteosarcoma, an initial workup consisted of completeeoplasm or, in cases when its determination was un-
history and physical examination, complete blood countéear, immediately proximal to the tumor. No angio-
(CBC), and full biochemistry, including alkaline phosgraphic study was performed at the end of the window
phatase, lactic dehydrogenase, and electrolytes. Norrtiedrapy.
renal (BUN, creatinine and creatinine clearance), hepatic Evaluation was based on the caliber and/or number of
(SGOT, SGPT, bilirubin, and coagulation profile), andessels, tumor vascularity, and tumor stain. A favorable
cardiac function (echocardiogram and electrocardiangiographic response was considered as reduction in
gram) for age were required for study entry. Normalaliber and/or number of vessels and/or diminution in
audiometric evaluation was also mandatory at diagnosigeovascularity and/or tumor stain.
Radiological evaluation at diagnosis consisted of plain
chest (PA and lateral) and local films, computerized axiafeatment Protocol
tomography (CAT scan) of the chest and a radioisotope Neoadjuvant chemotherapy consisted of two initial
bone scan. A CAT scan or magnetic resonance imagiogurses (window therapy) of intraarterial CBDCA given
(MRI) of the affected bone was obtained. These examsa 2-week interval, followed by three courses of rotat-
were then repeated after the end of the CBDCA windoing pairs of drugs. CBDCA 600 mgfailuted in 500 cc
therapy in some patients and at regular intervals duriiof) normal saline was infused intraarterially over 1 hr at
and after the end of therapy. Also at diagnosis, an aneek —4. A second intraarterial CBDCA dose was given
giographic study of the local tumoral vasculature wasvo weeks later (week —2). Appropriate antiemetics and
performed prior to the administration of intraarterial chantravenous fluids were given on both occasions. At both
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Fig. 1. Osteosarcoma study 3.

instances, a complete arteriography of the affected boae shown in Table I. There were 19 males (58%) and 14
was obtained. Renal and hepatic functions were followéeimales (42%), and their ages ranged from 8 to 18 years
weekly, and a CBC was performed twice per week dufmedian age 13 years); 57% of the patients were 15 years
ing the window therapy. Following the initial twoold or younger at the time of diagnosis. Primary tumors
courses of CBDCA, the patients received a combinatieftise in the femur (15 patients), tibia (10 patients), fibula
of ifosfamide (IFO), CBDCA, and epirubicin (EPI) given(4 patients), humerus (3 patients), and calcaneus (1 pa-
as a two-drug pair (IFO/EPI, CBDCA/IFO, and CBDCAjent). Classification according to osteosarcoma subtype
EPI) at 3-week intervals for a total of 9 weeks. At weelyas as follows: osteoblastic (17 patients), chondroblastic
9, patients underwent definitive surgery, either COnSef paiients), fibroblastic (2 patients), telangiectatic (1 pa-
vative or limb amputation, based on clinical and radigenyy “and mixed osteoblastic/chondroblastic (1 patient);
who had a limb-sparing procedure and initial tumor df_ﬁne patients did not have their tumor subtype available.

ameter <12 cm consisted of five additional two-drug paLiEwenty-sm patients had nonmetastatic disease at diagno-

. . Sis (79%), and, among the 7 with metastases detected, 5
courses of the same chemotherapeutic agents mentio

ﬁe lung metastases and 2 metastases in other bones
above (regimen A). For those patients who underwe # 9 :

amputation or had tumor diameter12 cm at diagnosis, A favora_lble cIinian response following the two ir_1itia|
six cycles of high-dose methotrexate (12 g)rfollowed cyc.les of intraarterial CBI?CA was documented in 27
by leucovorin rescue were added to the previously datients (81%), and 2 patients (6%) had stable disease;
scribed treatment (regimen B). Treatment schema #H8ly 4 of 33 patients (12%) had progressive clinical dis-
shown in Figure 1. ease after this initial chemotherapy. A favorable radio-
No cytokines were used during either neoadjuvant #gical response documented by imaging studies was
adjuvant chemotherapy. Toxicity to the two cycles ggonfirmed in 73% of the patients; 18% had stable disease
intraarterial chemotherapy was recorded and its interp@?d 9% had radiographic tumoral progression after 2
tation was based on the National Cancer Institute comycles of intraarterial chemotherapy.
mon toxicity criteria. Informed consent was obtained At week 9, 17 patients (51%) underwent conservative
from the patient’s parents or guardians following instilimb-sparing procedures and 11 (33%) had an amputa-

tutional standards at the time of this study. tion performed; 5 patients (15%) refused surgical treat-
ment and eventually died of tumoral progression. Seven-
RESULTS teen patients remain alive disease-free at the time of this

Thirty-three consecutive patients were enrolled in thigport in July, 1998. The survival and event-free survival
study and received initial intraarterial CBDCA treatmengt 3 years for patients with nonmetastatic disease are 71%
All patients are evaluable for toxicity and for clinical andSE = 9%) and 65% (SE= 9%), respectively; for meta-
radiological response. Patients’ clinical characterististatic patients they are 17% (SE15%) and 14% (SE
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TABLE I. Clinical Characteristics of the 33 Patients TABLE II. Hematologic Toxicity According to the Carboplatin
. Cumulative Dose
Patients (n) Percentage
Cumulative dose (%)
Sex
Male 19 58 Parameter 600 mg/n? 1,200 mg/m
Female 14 42 .
Age Hemoglobin
<10 years 0s 18 o 233 (6) 5133 (19)
10-15 years 13 39 Whitegcell count © (o)
Pr_>15 years 14 43 <3,000/mni 0% 6/33 (18)
Imary site <1,000/mn? 0% 0%
Femur 15 46 Neut’rophiln; ° 0
Tibia 10 80 <1,000/mn 0% 6/33 (18)
Fibula 04 12 <500/mm? 0% 0%
Humerus 03 09 Platelet rQount ’ ’
| 1
\oaleaneus o o <100,000/mr 1133 (3) 8/33 (24)
Metastatic <50,000/mm 0% 4/33 (12)
Lung 05 15
Bone 02 06 ease in 6 patients [13—-15]. Tan et al. (personal commu-

nication) reported a study using intravenous CBDCA in
13%), respectively. No complications were found afters previously treated patients with osteosarcoma; 2 pa-
the 66 arterial punctures performed in these patients. tients had stable disease lasting 2 and 5 months. Bieling
et al. (personal communication) treated 20 patients with

No toxic death d durina the durati f,[h.recurrent or refractory metastatic osteosarcoma with in-
0 foxic deaths occurred during the duration o §avenous CBDCA. Radiological responses consisted of

Toxicity

study. Myelo_suppres_sion was th_e most _fr_eque_nt i ‘F\Iy one patient with minimal tumoral decrease (between
effect associated with intraarterial administration 0% and 50%) and 2 patients with stable disease. Lewis
CBDC.:A' Thromchytopenla (pIateIetsSO,QOOhI), et al. [16] treated 10 patients with recurrent or refractory
anemia (hemoglobin <8 g/dl), and neutropenia (granUIB'steosarcoma with intravenous CBDCA; among the 9
- 0 0 1

cytes <1,00QLI()) were observed in 12% (4./33)’ 15%e\aluable patients, only 3 patients had stable disease. No
(5/3;3)’ apdCéSDé)A(G/%) oft'thel paltllents dfu?hng th?. tV\{PadioIogicaI responses were seen. Ettinger et al. [17]
gyc els 0 d ,I resFec lve ty I O?ﬁ 0 (; %a MG eated 14 patients with recurrent osteosarcoma with in-

eveloped a granuiocyte count 1ess than pOGAnd no travenous CBDCA; among the 12 evaluable patients with
ep|s_odes_ of heutropenic fever occurred_ after C.B.DCA Afsteosarcoma, none had any objective response to treat-
ministration. Cetails of the hematological toxicity are  ant. Myelosuppression (thrombocytopenia and neutro-
shown in Table II. . . . . penia) was the most prominent side effect attributable to

NQ renal, hepatic, ne_urolog|cal_, or gastrointestin BDCA in the above-mentioned studies. Ototoxicity,

toxicity was observed. Sixteen patients had a compl Sphrotoxicity, nausea and vomiting, increase in liver

audiologic evaluation before and after two cycles of iné ; .
h X . nzymes, hypomagnesemia, and seizures were also ob-
traarterial CBDCA. Thirteen patients had a normal ay- y yp g

diologic evaluation in both instances. Two asymptomatlc(_:‘rved more rarely.
patients had a moderate high-frequency hearing lo In the only other study using CBDCA in newly diag-

Gsed patients, Ferguson et al. [19] described the re-
(range between 6,000 and 8,000 Hz) after CBDCA treabl- onse to two courses of CBDCA administered as a con-

ment. One patient had a severe hearing loss before trepl . ; :
. ous intravenous infusion (1,000 mg/rper cycle)
ment start that remained unchanged after CBDCA trei?‘;\tr"nong 37 patients with previously untreated metastatic

ment. or unresectable osteosarcoma. Following radiographic or
pathologic criteria (disappearance of pulmonary metas-
DISCUSSION tases, more than 50% decrease in primary tumor and
We observed a satisfactory response to CBDCA usatbre than 90% nonviable tumor in the pathologic speci-
as a single agent in an up-front window treatment imen), 8 of 34 (23%) of the evaluable patients showed
newly diagnosed patients with metastatic and nonmetasponse at one or more individual sites; considering all
static extremity osteosarcoma. This response was baséds of disease, only one patient had a partial response to
on clinical and radiological evaluation. this treatment. Myelosuppression, including both neutro-
Few studies so far have investigated CBDCA as @enia and thrombocytopenia, was a significant side effect
single agent in the treatment of osteosarcoma. Thregh frequent delays in chemotherapy.
early phase | studies evaluated 17 patients with osteosarOur results and those described above differ mark-
coma, obtaining complete responses in 2 and stable dislly. First, when testing a chemotherapeutic agent in
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heavily pretreated patients, most of whom had alread§. Bacci G, Mercuri M, Briccoli A, et al. Osteogenic sarcoma of the
received cisplatin, there is a considerable chance that extremity with detectable lung metastases at presentation. Results
these tumors have already developed multidrug resis- of treatment of 23 patients with chemotherapy followed by simul-

taneous resection of primary and metastatic lesions. Cancer 1997;
tance and, therefore, show a poor response to therapy.7g-245 254

Second, comparing our study to that of Ferguson et ab. Goorin A, Baker A, Gieser P, et al. No evidence for improved
[19] with nonpreviously treated patients, we included a event free survival (EFS) with presurgical chemotherapy (PRE)
higher percentage of good prognosis patients. Almost for non-metastatic extremity osteogenic sarcoma (OGS): Prelimi-
80% of our patients had localized, nonmetastatic osteo- Nary results of a randomized Pediatric Oncology Group (POG)
. . trial 8651 (abstract). Proc Am Soc Clin Oncol 1995;14:444.
sarcoma and about 64% (18/28) had tumor dlmen5|on43 .
<12 cm. Third, we applied different criteria to define ™ Rosen G, Caparros B, Huvos .AG' et al. Preoperative chemo-
0 pp - therapy for osteogenic sarcoma: Selection of postoperative adju-

response, which may account for part of the marked dif- vant chemotherapy based on the response of the primary tumor to
ference in results between the two studies. preoperative chemotherapy. Cancer 1982;49:1221-1230.

It is also important to emphasize that treatment was. Heideman RL, Kovnar EK, Kellie SJ, et al. Preirradiation chemo-
well tolerated. Myelosuppression, although present, was therapy With cgrboplatin and etopc_)side in newly diagnosed em-
not severe and did not cause delays in the therapy at thebryomc pediatric CNS tumors. J Clin Oncol 1995;13:2247-2254.

: : . Zoubek A, Kajtar P, Flucher-Wolfram B, et al. Response of un-
schedule and doses employed in this study. No nephr8 treated stage IV Wilms’ tumor to single dose carboplatin assessed

toxicity or ototoxicity was seen among the patients by “up front” window therapy. Med Pediatr Oncol 1995;25:8-11.

treated. _ S . 7. Frascella E, Pritchard-Jones K, Modak S, et al. Response of pre-
One of the main deficiencies in this study is the lack viously untreated metastatic rhabdomyosarcoma to combination

of correlation between radiological and pathologic find- chemotherapy with carboplatin, epirubicin and vincristine. Eur J
ings by the end of the window therapy. Pathologic re- Cancer 1996;32A:821-825.

sponse based on the extent of tumor cell necrosis arfd Alvarado CS, Kretschmar C, Joshi VV, et al. Chemotherapy for
- - - . patients with recurrent or refractory neuroblastoma: A POG phase
flbrolvaS.CUIar prollfelzratlon is the gold St{;ljndal’d forhm of Il study. J Pediatr Hematol Oncol 1997;19:62-67.

eva uatlng tumoral response to neoadjuvant c em%_. Jaffe N, Knapp J, Chuang VP, et al. Osteosarcoma: Intra-arterial
therapy in _the_treatmem _Of osteosarcoma. However, WE treatment of the primary tumor with cis-diammine-dichloroplati-
could not justify submitting the patients to a surgical num Il (CDP). Angiographic, pathologic and pharmacologic stud-
procedure after only two cycles of CBDCA and prior to ies. Cancer 1983;51:402-407.

receiving the benefit of proven multiagent chemotherapiQ. Jaffe N, Raymond AK, Ayala A, et al. Effect of cumulative
A third angiography was not performed either, because courses of intra-arterial cis-diamminedichloroplatin-Il on the pri-
the open front window consisted of only two doses of mary tumor in osteosarcoma. Cancer 1989,63:63-67.

int terial CBDCA. W. luded f tudy th Jtl' Jaffe N, Smith D, Jaffe MR, et al. Intraarterial cisplatin in the
!n raar er!a " e C_OI’]C_ uaed from our study tha management of stage 1IB osteosarcoma in the pediatric and ado-
intraarterial CBDCA is active in the treatment of_osteo— lescent age group. Clin Orthop 1991;270:15-21.

sarcoma and should be testeq in cqmblnat_lon Wlth Othfz’. Petrilli AS, Gentil FC, Epelman S, et al. Increased survival, limb
proven chemotherapy agents in patients with this malig- preservation, and prognostic factors for osteosarcoma. Cancer

nancy. 1991,68:733-737.
13. Foster BJ, Clagett-Carr K, Leyland-Jones B, Hoth D. Results of
CONCLUSIONS NCl-sponsored phase | trials with carboplatin. Cancer Treat Rev

) . ) 1985;12(Suppl A):43-49.

We believe that the results shown in this study ak gacha DM, Caparros-Sison B, Allen JA, et al. Phase | study of
appealing. The therapy was given in an outpatient clinic carboplatin (CBDCA) in children with cancer. Cancer Treat Rep
and was well tolerated. Considering that hospitalization 1986;70:865-869.
of patients to receive cisplatin increases considerably the Gaynon PS, Ettinger LJ, Moel D, et al. Pediatric phase | trial of
cost of treatment. there is an obvious benefit to be de- carboplatin: A Childrens Cancer Study Group report. Cancer Treat
. . ! . . - Rep 1987;71:1039-1042.
rived from using CBDCA. Besides, it would be difficult ,

. .16. Lewis IJ, Stevens MCG, Pearson A, et al. Phase Il study of car-
nowadays to reproduce this treatment strategy employi

- ng boplatin in children’s tumours (abstract). Proc Am Soc Clin Oncol
CBDCA as a single agent, as opposed to CBDCA as part 1993:12:412.

of a mU_ltidrUg Ch_emOtherap% in patients with goodt7. Ettinger LJ, Gaynon PS, Krailo MD, et al. A phase Il study of
prognosis extremity osteosarcoma. We conclude that carboplatin in children with recurrent or progressive solid tumors.
CBDCA is an active agent in the treatment of osteosar- Areport from the Childrens Cancer Group. Cancer 1994;73:1297—
coma and that it should be incorporated into combination 1301.

: : : 18. Meyer WH, Pratt CB, Rao BN, et al. Curative therapy for osteo-
chemotherapy regimens to be tested in large trials. sarcoma without cisplatin—Preliminary results of SJCRH 0S-91
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