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Abstract The neoadjuvant treatment of osteosarcoma

using intravenous agents has resulted in survival rates of

55% to 77% [3, 5, 6, 20, 22, 35]. We designed a neoad-

juvant chemotherapy protocol using combined intraarterial

and intravenous agents to treat high-grade osteosarcoma

and malignant fibrous histiocytoma of bone in an attempt to

improve survival. We report the results of treating 53

adults (age 18–77 years) diagnosed with nonmetastatic

extremity osteosarcoma or malignant fibrous histiocytoma.

Preoperative chemotherapy consisted of intravenous

doxorubicin followed by intraarterial cisplatinum admin-

istered repetitively every 3 weeks for three to five cycles,

depending on tumor response assessed by serial arteriog-

raphy. Dose and duration of cisplatin were adjusted for

tumor size. After resection, good responders (90% or

greater necrosis) underwent treatment with the same agents

and poor responders were treated with alternative agents

for longer duration. Minimum followup was 24 months

(mean, 111 months; range, 24–235 months). Estimated

Kaplan-Meier survival at 10 years was 82% and event-free

survival was 79%. Forty-one patients (77%) had a good

histologic response and 92% (49 of 53) underwent limb-

sparing procedures. Local recurrence occurred in two

patients (4%). These results compared favorably with those

reported in the current literature.

Level of Evidence: Level III, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Osteosarcoma or osteogenic sarcoma (OGS) most fre-

quently occurs between the ages of 15 and 25 years.

Although it is the most common bone sarcoma in pediatric

patients and in young adults, it can occur at any age.

Malignant fibrous histiocytoma (MFH) of bone is more

common in adults than children and responds to the same

treatment as OGS [39]. The treatment regimens and sur-

vival rates for these bone sarcomas have improved over the

last decade; however, some reports suggest a worse prog-

nosis in patients younger than 10 years and older than 30

[8, 12, 36, 39].

In 1986, we formed a multidisciplinary team to treat

musculoskeletal pathology of the extremities, including

malignant soft tissue and bone neoplasms, such as OGS

and MFH. We reviewed the standard chemotherapeutic

protocols for OGS at the time and made the following

observations: (1) most treatment plans used multiagent

drugs with cumulative side effects that effectively limited

the dose and duration of any one drug in the regimen; (2)

no adjustments were made in either dose or duration of

therapy for tumor size; (3) there was no accurate way to

measure tumor response before surgery, leading to a ‘‘one

size fits all’’ approach; and (4) there was no concentration

of chemotherapy at the site of the primary tumor and
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normal healthy tissues received chemotherapeutic doses

equal to that of the diseased tissues. Based on these

observations, and in an attempt to improve the prognosis of

patients with OGS and MFH, an individualized neoadju-

vant approach was developed by the Extremities at Risk

team using two active agents: dose-intensified intraarterial

(IA) cisplatin (CDDP) in combination with intravenous

(IV) doxorubicin (DOX) [7, 12, 28, 29]. We repeatedly

administered these two agents only. In addition, this

response-based regimen used arteriography to serially

assess tumor neovascularity and treatment response [11,

13].

Our primary objective was to evaluate the efficacy of

this intraarterial protocol in adult patients. We hypothe-

sized: (1) the use of a dose-intensive, repetitive

chemotherapy regimen of IV DOX and IA CDDP would

improve adult survival rates; and (2) a good histologic

response could be achieved by individualizing the duration

of neoadjuvant therapy through the use of serial arteriog-

raphy as a feedback mechanism. We addressed three

secondary research questions: (1) Does the dose adjustment

of CDDP for tumor size negate the poor prognostic factor

of large tumors?; (2) Does this therapy influence the ability

to perform limb preservation surgery?; (3) Does this dose-

intensive regimen increase the rate of chemotoxicities?

Materials and Methods

The protocol was designed as a single-arm prospective

study in 1987. Patients were eligible for this study if they

had: (1) a histologically proven, previously untreated, pri-

mary high-grade extremity lesion; (2) no evidence of

metastatic disease; (3) no history of previous cancers; (4)

normal cardiac function; and (5) age of 18 years or greater.

To be considered evaluable, patients had visible tumor

neovascularity (TNV) on baseline arteriogram, had com-

pleted a minimum of three neoadjuvant chemotherapy

intraarterial cycles, and had undergone definitive tumor

resection. Between July 1987 and April 2005, 64 patients at

least 18 years of age were diagnosed with high-grade

nonmetastatic OGS or MFH of an extremity at our insti-

tution. One patient was not eligible for the study due to

abnormal cardiac function, and six declined to participate.

Fifty-seven patients were enrolled in the study. Four

patients were unevaluable: one declined definitive surgery

despite having good arteriographic response and three

failed to complete the minimum required neoadjuvant

chemotherapy. Fifty-three patients (35 men and 18 women)

with an average age of 32 (range, 18–77 years) at diagnosis

fulfilled the criteria for analysis. Sites of involvement

included the femur (25), tibia/fibula (23), humerus (four),

and ulna (one). Eight of 53 patients were diagnosed with

MFH of bone. Six patients presented with pathologic

fractures. The majority of tumors (36) were 10 cm or

smaller; 17 patients had tumors greater than 10 cm and

underwent 24-hour infusions of CDDP. All patients had

clinical and arteriographic evidence of response from

administration of neoadjuvant chemotherapy as demon-

strated by initial symptomatic relief of pain at the primary

disease site and decreased TNV on serial arteriograms.

Patients required an average of 3.6 neoadjuvant courses

(range, 3–5) before achieving 90% or greater reduction in

TNV. We had a minimum followup of 24 months (mean,

111 months; range, 24–235 months). The protocol was

approved by our Institutional Review Board.

Diagnosis was made by needle or open biopsy. Patients

were then staged to confirm Stage II-B [17] disease with

MRI of the involved extremity, total body bone scan, and

chest CT. All patients were required to have baseline CBC,

normal cardiac function by echocardiogram or MUGA, and

normal renal and liver tests.

Preoperative chemotherapy consisted of a 72-hour con-

tinuous IV infusion of 90 mg/m2 DOX followed the next

day by IA CDDP. In 1992 the protocol was amended due to

a high incidence of grades 3 and 4 mucositis in young

patients to state that the duration of DOX infusion would

be decreased to 48 hours in young patients only. The dose

of DOX was not adjusted. Dose and duration of CDDP

were 120 mg/m2 for 6 hours for tumors 10 cm or smaller

in maximum dimension at diagnosis and 160 mg/m2 for

24 hours for tumor dimensions greater than 10 cm. Che-

motherapy cycles consisting of DOX and CDDP were

repeated every 3 to 4 weeks as determined by hematologic

recovery (absolute neutrophil count [ 750, platelets

C 100,000). All arteriograms and IA chemotherapy were

administered at a single institution.

The regimen and arteriographic procedure have been

described in detail in previous publications [11, 13, 50, 51]

and will be briefly reviewed here. Intraarterial catheteri-

zation for administration of CDDP was performed under IV

conscious sedation by one of the trained interventional

radiologists at our institution. The tip of the catheter was

positioned in the affected extremity to infuse the vessels

feeding the neoplasm. We took care to place the catheter

tip proximal to the tumor and as far away from skin per-

forators as possible to avoid regional skin necrosis. The

CDDP was infused in a heparinized solution using a vol-

umetric and pulsatile jet infusion pump (Gianturco-

Wallace Chemo-Pulser Pump; Cook, Inc, Bloomington,

IN). The patient was restricted to bed rest with hourly

monitoring of the distal limb color, temperature, and pulses

during the CDDP administration. These CDDP infusions

were accompanied by vigorous IV hydration, hypertonic

saline diuresis, and close monitoring of intake, output, and

electrolytes.
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We obtained arteriograms before the administration of

each dose of IA CDDP. The initial arteriogram provided

volume and intensity of TNV, which was graded by the

interventional radiologist as mild (Grade 1), moderate

(Grade 2), or marked (Grade 3). Subsequent arteriograms

were compared with the baseline to assess percent change

in TNV as an indicator of tumor response as described in a

previous publication [13]. The number of preoperative

chemotherapy cycles administered was based on arterio-

graphic response. Neoadjuvant therapy was discontinued

when one of three criteria was achieved: (1) 90% or

greater disappearance of tumor neovascularity (‘‘good

response’’ radiographically) (Fig. 1A–C); (2) initial

response was followed by a plateau of effect (partial

response); and (3) no response or progression of disease

(Fig. 2A–C). After a minimum of three IA cycles, the

serial arteriograms were comparatively assessed by the

three specialists involved: the medical oncologist (IH),

orthopaedic oncologist (RRH, RMW or CMK), and in-

terventional radiologist. If there was a lack of consensus

Fig. 1A–C Serial arteriograms

of a patient with osteosar-

coma of the proximal tibia are

shown. (A) Baseline arteriogram

assessed at 3+ (marked) neo-

vascularity, which shows a con-

siderable decrease on (B) the

second lateral arteriogram, and

(C) at least 90% reduction of

neovascularity on the third arte-

riogram. This was concordant

with a good response.

Fig. 2A–C A poor response to chemotherapy is depicted on these

serial arteriograms. (A) A lateral view (2+) arteriogram of a distal femur

with osteosarcoma is shown. (B) A second arteriogram demonstrates a

mild decrease in neovascularity and considerable decrease in mass

effect on the popliteal artery. (C) A third arteriogram demonstrates an

increase in blush greater than seen at baseline, judged to represent

progression of disease. The decision was made to discontinue

neoadjuvant therapy and proceed to definitive surgery. Histopathologic

necrosis was confirmed at 65%. (This figure was published in Cullen

JW, Jamroz BA, Stevens SL, Madsen W, Hinshaw I, Wilkins RM,

Cullen P, Camozzi AB, Fink K, Peck SD, Kelly CM. The value of serial

arteriography in osteosarcoma: delivery of chemotherapy, determina-

tion of therapy duration, and prediction of necrosis. J Vasc Interv
Radiol, 16:1107–1119, �Elsevier 2005, with permission.)
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as to the percent reduction in neovascularity after the

third arteriogram, the patient would undergo a fourth

cycle. Arteriographic response was quantified as to per-

cent reduction in TNV to predict histologic response. We

gave consideration to details such as: (1) visible decrease

in tumor blush; (2) diminished size and number of feeder

vessels; and/or (3) overall diminished arteriographic

‘‘footprint’’ as seen on serial images. If there were dif-

ferences of opinion regarding tumor response, the team

erred on the side of administering an additional cycle of

IA/IV therapy. Once one of the criteria was met for

cessation of chemotherapy and after hematologic recov-

ery, a window for definitive surgery was planned.

We restaged patients before surgery with chest CT. MRI

of the entire involved bone was used to plan the extent of

the definitive resection. If the neurovascular structures

appeared free of tumor and the patient was expected to

retain adequate limb function, a limb-preservation proce-

dure was recommended. In addition, we used feedback

from the arteriographic response to aid in surgical plan-

ning. Amputation was reserved for patients who were

believed at high risk for local recurrence due to involve-

ment of the neurovascular bundle or lack of arteriographic

response.

We (WM) determined the percentage of tumor necrosis

after definitive surgery according to the method reported by

Huvos et al. [26]. Patients with less than 10% viable tumor

cells (90% or greater tumor necrosis) were deemed good

responders. All others were considered poor responders

(less than 90% necrosis).

Postoperative chemotherapy was initiated 2 to 3 weeks

after surgery. The agents used and the duration were

dependent on the patient’s histologic response. Good

responders continued with the same agents (CDDP and

DOX), both administered by IV every 4 weeks. The

duration of postoperative chemotherapy depended on the

number of preoperative chemotherapy cycles administered

to equal a total of six cycles of therapy. For example, if a

patient underwent four preoperative chemotherapy cycles

before reaching maximum arteriographic response and was

a good histologic responder, only two cycles would be

required after surgery. When the dose of DOX had been

maximized (540 mg/m2), etoposide was substituted for

DOX. Ifosfamide was substituted for CDDP-induced grade

3 or 4 ototoxicity. Alternative chemotherapy for poor

responders incorporated high-dose methotrexate, etopo-

side, and ifosfamide administered over 32 weeks for a total

of six postoperative chemotherapy cycles.

At completion of therapy, plain radiographs of the pri-

mary disease site, chest CT scan, and a total body bone

scan were obtained. Chest radiographs every 3 months and

chest CT scans at 6-month intervals were performed unless

indicated sooner by the chest radiograph.

Postoperative patient satisfaction and limb function

were measured using the Musculoskeletal Tumor Society

(MSTS) functional evaluation system for the upper or

lower extremity [16]. In order to avoid physician bias, this

clinician-based evaluation was modified to a patient-based

questionnaire using lay language and was completed at

clinic visits by the patient in the waiting room prior to

seeing the surgeon. A corresponding clinical evaluation

was completed by the surgeon to record complications,

range of motion, and evidence or absence of recurrent

disease. These data were then entered into the Extremities

at Risk electronic patient registry maintained by the clini-

cal research coordinator and scored using a maximum 30-

point or 100% scale.

Efficacy of the treatment regimen was judged by rates of

good histologic response. The Kaplan-Meier method [30]

was used to calculate survival and event-free survival at 5

and 10 years. We defined an adverse event as tumor

recurrence or death as a result of the disease or its treat-

ment. The log-rank test was used to compare patients with

large (greater than 10 cm) versus small (10 cm or less)

primary tumors for survival and event-free survival.

Results

At 10 years, the Kaplan-Meier estimate of overall survival

was 82% (range, 68% to 90.2%; 95% confidence interval)

and the event-free survival was 78.5% (range, 64.5% to

87.6%; 95% confidence interval). At a minimum followup

of 24 months 45 patients (85%) were alive and disease-

free. We observed no tumor recurrences or deaths from

disease 5 years from the date of diagnosis. Age predicted

(p = 0.048) overall survival. The 10-year survival for

patients 18 to 30 years old was 92.5% compared to 71% for

patients aged 31–77 years (Table 1).

Serial arteriography assisted in determining the duration

of neoadjuvant therapy and was highly predictive of tumor

necrosis (histologic response). We were accurate in pre-

dicting 92.5% of the cases, yielding a sensitivity of 100%.

The use of serial arteriography predicted a poor histologic

response correctly in eight of 12 patients. The four cases in

which arteriographic prediction did not correlate with the

final pathology were poor responders who had been

assessed on arteriogram to have 90% or greater tumor

necrosis. A good histologic response was achieved by 77%

of patients, which correlated with event-free survival.

Greater than 90% tumor necrosis was achieved in 41 of 53

patients. Ten patients relapsed, eight of whom died of

disease and two who have been disease-free over 8 years

after surgery and further therapy. Twelve percent (five of

41) of good responders relapsed, one locally and four to the

lung. Five of 12 poor responders relapsed, one with local
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recurrence and four with distant metastases. Patients with a

poor histologic response had a 56% event-free survival

versus 85% at 10 years for good responders.

Patients with tumors greater than 10 cm (n = 17) had

similar overall survival of 75% and event-free survival of

69% compared to patients with small tumors (n = 36) with

survival of 86% and event-free survival of 83%. As might

be expected, patients with smaller tumors had improved

projected survival. However, our numbers were small and

we found no differences in response with varying tumor

size (Table 1).

We performed limb-preservation surgery in 92% (49 of

53) of patients. Four primary amputations were required

because of tumor proximity to the neurovascular bundle or

poor response to neoadjuvant chemotherapy. Because most

lesions occurred around the knee, the most common

limb-preservation surgery by far consisted of wide local

resection and endoprosthetic replacement. Other limb-

preservation reconstructions included structural allograft

(intercalary or osteochondral) or allograft-prosthetic com-

posite, depending on the location of the primary tumor and

the extent of resection required. Secondary amputations

were necessary as a result of persistent infection (two) or

local tumor progression (two) that occurred after cessation

of postoperative chemotherapy. With over 9 years of

average length of followup, MSTS scores in the limb sal-

vage group averaged 65% (range, 17% to 100%).

The majority of toxicities were manageable and tolera-

ble with no toxic deaths. Two patients developed clinical

evidence of cardiomyopathy secondary to DOX. Both were

alive and stable on cardiac medications. Painful mucositis

after DOX infusions was infrequently reported. Myelo-

suppression was common and cumulative. Occurrences of

febrile neutropenia and bacteremia were also infrequent

and manageable. One patient with OGS of the distal femur

developed osteonecrosis of her contralateral femoral head.

This may have been therapy-related because patients are

prescribed a small dose of decadron if they experienced

severe nausea during therapy. At any rate, this was an

isolated case and there was no way to establish the etiol-

ogy. Three patients developed a solitary episode of

myocutaneous inflammation in the area of the tumor bed

after 24-hour IA CDDP infusion. The area of inflammation

was excised at the time of definitive tumor resection and

the ability to perform a limb-preservation procedure was

never compromised. There were no other arterial catheter-

related untoward effects.

Discussion

There was no effective chemotherapy for OGS and survival

rates were consistently reported below 20% despite

amputation prior to 1970 [14]. Rates of survival and limb

preservation were improved with advances in adjuvant

chemotherapy [25, 38, 49]. In 1974, Rosen and colleagues

[46] initiated the concept of ‘‘neoadjuvant’’ chemotherapy

to allow time for construction of custom-made endopros-

theses for limb salvage. This approach also made it

possible to evaluate the histologic effect of chemotherapy

and greater than 90% tumor necrosis correlated with long-

term survival. In a sequel study by Rosen et al. [45],

postoperative chemotherapy was intensified in patients

having a poor histologic response that resulted in survival

comparable to that of good responders. Ettinger et al. [18]

reported excellent results using postoperative CDDP and

DOX in patients with nonmetastatic OGS. After the initi-

ation of neoadjuvant chemotherapy, the most notable

advances in survival rates involved intraarterial chemo-

therapy [28, 29, 41, 48]. We hypothesized by using dose-

intensive, repetitive cycles of intraarterial cisplatin and

intravenous doxorubicin to treat primary high-grade

extremity OGS and MFH of bone, we would improve

survival rates in adults compared to those in previously

Table 1. Survival and confidence intervals (CI)

Group Survival Disease-free survival

N 10-Year 95% CI p Value 10-Year 95% CI p Value

All patients 53 81.9% 68.0, 90.2 — 78.5% 64.5, 87.5 —

Tumor size 0.37 0.28

B 10 36 85.7% 68.9, 93.8 83.1% 66.2, 92.1

[ 10 17 74.7% 45.5, 89.7 69.1% 40.7, 85.9

Age 0.048 0.16

18–30 years 29 92.5% 85.2%

31–77 years 24 70.6% 70.6%

Histologic response 0.08 0.035

Poor (B 90) 12 64.8% 31.0, 85.2 56.3% 24.4, 79.1

Good ([ 90) 41 87.3% 72.2, 94.5 85.1% 69.9, 93.0
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published studies. We also hypothesized serial arteriogra-

phy would accurately predict tumor necrosis by assessing

change in tumor neovascularity, an ability that would

enhance our rate of good histologic response and, in turn,

improve long-term survival.

There are limitations to this method of treatment and

this study. First, the regimen adds a level of complexity

with the required teamwork and arteriography. A labor-

intensive approach, it requires assemblage of an experi-

enced team and good communication. Physicians involved

with the Extremities at Risk program hold a weekly hour-

long conference in which complex cases are presented.

Patients with newly diagnosed OGS and MFH of bone are

presented, arteriograms are reviewed, and surgical options

discussed. Second, IA therapy requires a more invasive

approach for the administration of chemotherapy with the

additional risk of complications. In our hands, however, the

rate of complications related to the intraarterial procedure

and arteriogram were quite low. Third, the extra cost

involved with intraarterial administration, including the

expertise of an interventional radiologist, must be factored

in. However, we believe the benefit in survival outweighs

the economic disadvantage. Fourth, a degree of subjectivity

is involved in the radiographic assessment of tumor

response. For accurate prediction of tumor response we

depend on multispecialty consensus reached by an expe-

rienced team of oncologic, orthopaedic, and radiologic

specialists. By erring on the side of administering an

additional neoadjuvant cycle in the few cases of disagree-

ment, we have been able to sustain our rates of good

response and survival. Ideally, a more objective form of

measuring tumor response would be desirable, and our

interventional radiology department is currently exploring

the application of new technologies such as digital sub-

traction analysis. Lastly, this series is limited by relatively

small numbers of patients treated at a single institution and

was a single-arm study without concurrent controls.

Intraarterial use of CDDP was first reported by Mavligit

et al. [37] in 1981 in a small series of patients, the majority

of whom had advanced and/or metastatic disease. Phar-

macologic studies demonstrated equivalent drug levels in

peripheral blood with IV or IA administration; however,

levels were two to five times higher in the draining vein of

an arterially infused area [48]. Jaffe et al. [28] utilized IA

CDDP (150 mg/m2) as a single agent every 2 to 3 weeks

and reported 16 of 42 patients had at least 90% tumor

necrosis. In another study led by Jaffe et al. [29], IA CDDP

was compared with IV high-dose methotrexate (HDM) as

primary treatment for OGS. The response rate of patients

treated with IA CDDP was higher (p = 0.065) to those

treated with HDM (60% versus 27%). In addition, two

patients who failed to respond to HDM achieved a com-

plete response with IA CDDP.

We hypothesized by using dose-intensive, repetitive

cycles of intraarterial cisplatin and intravenous doxorubicin

to treat primary high-grade extremity OGS and MFH of

bone, we would improve survival rates in adults compared

to those in previously published studies. Our data suggest

this intraarterial dose-intensive chemotherapy regimen was

effective for treating adults with nonmetastatic extremity

OGS and MFH of bone and compared favorably to his-

torical controls (Table 2). The neoadjuvant response-based

approach implemented by the Extremities at Risk team

used two of the best agents known to successfully treat

OGS and MFH of bone, DOX and CDDP [7, 12, 22, 28].

These two agents were used in a repetitive, dose-intensified

fashion. Our survival rates in treating adult patients were

82% and 79% (event-free survival). When broken down

into groups by age, 18–30 years (n = 29) versus

31–77 years (n = 24), 10-year survival rates were 92.5%

and 71%, respectively (Table 1). This suggests that

although age may be of prognostic importance, long-term

survival using this regimen is sustained in older adults, a

population that may be more difficult to treat due to

inability to tolerate chemotherapy and comorbidities.

These results compare favorably to those reported in the

literature (Table 2) [3, 5, 6, 20, 22, 35].

Other intraarterial regimens have been tried. In 1996, the

Rizzoli Institute in Bologna, Italy, treated 40 patients with

preoperative IA CDDP chemotherapy [2]. Patients were

randomized in their study to receive CDDP either IA or IV

as part of a three- (CDDP, methotrexate, DOX) or four-

drug regimen (CDDP, methotrexate, DOX, ifosfamide).

Although the rate of favorable histologic response was

better in the IA group (78% versus 46%), their study

showed no advantage in survival. It was concluded the

increased procedural risk of delivering IA CDDP was not

warranted and the IA protocol was discontinued. They

used, however, a relatively low dose of the IA CDDP that

was not adjusted for tumor size. They did not monitor

tumor response preoperatively. In addition, they used

multiple agents for a predetermined number of cycles with

no adjustment for tumor size [2].

Our second hypothesis was that serial arteriography

could be used to accurately predict tumor necrosis by

assessing change in tumor neovascularity, an ability that

would enhance our rate of good histologic response and, in

turn, improve long-term survival. The theory that good

histologic response correlates with improved prognosis has

been supported in the literature [9, 42]. The use of serial

arteriography in our study had a 92.5% rate of accuracy

and 100% sensitivity in predicting good tumor response

(greater than 90%). Other modalities have been evaluated

and compared for their ability to preoperatively predict

tumor necrosis, including radiography, CT, scintigraphy,

dynamic MR imaging, MR arteriography, and positron
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emission tomography. None of these imaging modalities

predicted duration of neoadjuvant chemotherapy [23, 31–

34, 40, 47]. Only serial arteriography as used in this study

accurately predicted tumor necrosis [13]. Tumor necrosis is

reportedly one of the most important prognostic factors

impacting long-term survival in nonmetastatic osteosar-

coma [9, 15, 42]. By using serial arteriography to monitor

tumor response and individualize the duration of neoadju-

vant therapy, we achieved a 77% rate of good histologic

response. We deduce that our high rate of good response

likely translated into an exceptional survival rate as

opposed to more traditional protocols which prescribe a set

number of preoperative cycles and result in survival rates

in the 70% range [1, 3, 4, 7, 19, 21, 24, 42–44, 52].

A secondary research question addressed in our manu-

script is whether our agent dose and duration adjustments

for tumor size would be effective in negating the poor

prognostic factor of large tumor size ([ 10 cm). Patients

with large tumors were administered 160 mg/m2 versus

120 mg/m2 for smaller tumors, an adjustment of 33%.

Duration of IA CDDP for large tumors was increased from

6 to 24 hours. Our treatment plan resulted in 75% survival

for patients with tumors greater than 10 cm as compared to

86% for those with tumors B 10 cm (p = 0.37). Although

the difference was minimal, the overall trend persisted

towards worse survival in those with larger tumors despite

the dose/duration adjustments.

Another secondary research question was whether this

regimen affected our ability to perform limb-sparing sur-

gery. Arteriography afforded a useful serial assessment of

reduction in tumor neovascularity and greatly assisted in

surgical planning for either limb preservation or amputa-

tion. Our rate of limb preservation (92%) is comparable if

not better than others reported in the literature [1, 3]. Two

patients had local recurrence at a rate of 3.7%. This com-

pares favorably to historical controls [3, 5, 6, 10, 20,

22, 35] (Table 2).

Our final secondary research question addressed the

toxicity of our treatment strategy. We had no deaths related

to chemotoxicity. Serial arteriography allowed us to indi-

vidualize the duration of therapy, allowing us to limit the

administration of chemotherapy to what was necessary to

gain response. Two patients developed cardiomyopathy

related to DOX infusion. Myelosuppression was common

as it is in most modern treatment strategies. Mucositis,

febrile neutropenia, and bacteremia were also infrequent

and manageable. There were three patients who developed

a myocutaneous inflammation in the area of the tumor bed

after 24-hour IA CDDP infusion. This was the only side

effect noted that would be considered specific to this

treatment strategy. These events did not adversely affect

patient outcomes. There were no other arterial catheter-

related untoward effects.

The success with this regimen is attributable to a num-

ber of factors. We selected and have remained committed

to using the most efficacious agents in treating OGS. These

agents were alternated and repeated every 3 weeks to

achieve maximum response. Thus the antineoplastic effect

of the agents is dose-intensified and their impact is not

diluted by the use of other less superior couplets or agents.

The concentration of cisplatin at the tumor site has been

reported to be four to six times higher when delivered

Table 2. Treatment results of nonmetastatic extremity OGS: historical controls

Reference Type of study Age # Pts Overall survival EFS Site [90% Response Rate of local

recurrence

Lewis et al. [35] Randomized 2 arm \40 497 55% (C) NA Extremity 36% (C) 18% (C)

58% (D) 50% (D) 9% (D)

5 yr

Ferrari et al. [22] Single arm \40 182 77% 64% Extremity 42% 4%

8 yr 8 yr

Bacci et al. [6] Retrospective All 789 68% 60% All 63% 5%

5 yr 5 yr

Ferrari et al. [20] Randomized 2 arm \40 303 72% (1) 63% (1) Extremity NA (1) Not included

61% (2) 54% (2) 64% (2)

8 yr 8 yr

Bacci et al. [5] Retrospective All 1126 66% 55% Extremity NA 5%

5 yr 5 yr

Bacci et al. [3] Single arm All 43 68% 53% Extremity 56% 5%

7 yr 7 yr

Present Study Retrospective 18–77 53 82% 79% Extremity 77% 4%

10 yr 10 yr
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intraarterially rather than by traditional IV administration,

and avoids bathing normal healthy tissue with the same

chemotherapeutic doses as the diseased tissues [27, 28, 48].

Even though IA CDDP has previously been employed, it

has not been administered in a repetitive fashion, and no

protocol has used serial arteriography to monitor tumor

necrosis in newly diagnosed OGS.

Response-based therapies have been routinely used to

treat childhood cancers such as acute lymphocytic leuke-

mia (ALL) and Hodgkin’s disease. The standard treatment

of ALL dictates that patients who are not in remission by

day 29 are treated with 2 additional weeks of inductive

chemotherapy. This maximizes the number of patients who

achieve complete remission. In Hodgkin’s disease, fol-

lowing an initial response to therapy, treatment may be

discontinued once a complete response is documented. For

partial or inadequate responders, the regimen was contin-

ued with the same agents or adjusted to include radiation

therapy or different agents. These types of regimens result

in avoiding long-term toxicity in patients who are early

rapid responders while increasing the cure rate for patients

who are slow early responders.

Our patients underwent between three and five neoad-

juvant cycles and the assessment of serial arteriograms

enabled us to identify early rapid responders in much the

same way. Not only was the arteriogram valuable as an

endpoint to proceed with surgery, but poor arteriographic

responders (\ 90% decrease in TNV) underwent early

definitive surgery and were switched to receive an alter-

native therapy if indeed tumor necrosis was less than 90%.

Additionally, arteriography was successful in individual-

izing the duration of therapy based on response. If, like

most standard protocols, our regimen had empirically

mandated three neoadjuvant cycles, 51% (27 of 53) of

patients may have been undertreated and had a poor

response. Conversely, empirical administration of four

neoadjuvant cycles would have resulted in overtreatment of

49% (26 of 53) of patients and undertreatment of 5% (three

of 53). Finally, administration of five neoadjuvant cycles

regardless of response may have overtreated at least 94%

(50 of 53) of patients. It appears that duration of neoad-

juvant therapy can be based on response. This improves the

chances of achieving a good histologic response and avoids

unnecessary toxicity for rapid responders.

It has been difficult to compare survival results across

the board in different treatment plans for osteosarcoma.

The presence of metastasis at presentation is a poor prog-

nostic factor. Other factors such as axial sites of the

primary tumor, size of the series, and various age group

limitations often confound easy comparisons of survival.

Inclusion of such a variety of patients hinders the ability to

statistically analyze the success of treatment and should be

analyzed separately.

In general, our treatment strategy has continued to

demonstrate considerably improved survival when com-

pared with other published results for treating primary

nonmetastatic extremity OGS. Our rates of tumor response

and survival demonstrate the importance of repetitive

administration of the best available agents, serial arteri-

ography to evaluate rapidity of response, and dose

adjustment for large tumors. We believe our treatment

strategy deserves further investigation in a multiinstitu-

tional randomized study comparing it to the best

intravenous regimen available.
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10. Brosjö O. Surgical procedure and local recurrence in 223 patients

treated 1982–1997 according to two osteosarcoma chemotherapy

protocols. The Scandinavian Sarcoma Group experience. Acta
Orthop Scand. 1999;285(Suppl):58–61.

11. Carrasco CH, Charnsangavej C, Raymond AK, Richli WR,

Wallace S, Chawla SP, Ayala AG, Murray JA, Benjamin RS.

Osteosarcoma: angiographic assessment of response to preoper-

ative chemotherapy. Radiology. 1989;170:839–842.

12. Cores EP, Holland JF, Wang JJ, Sinks LF. Doxorubicin in dis-

seminated osteosarcoma. JAMA. 1972;221:1132–1138.

13. Cullen JW, Jamroz BA, Stevens SL, Madsen W, Hinshaw I,

Wilkins RM, Cullen P, Camozzi AB, Fink K, Peck SD, Kelly

CM. The value of serial arteriography in osteosarcoma: delivery

of chemotherapy, determination of therapy duration and predic-

tion of necrosis. J Vasc Interv Radiol. 2005;16:1107–1119.

14. Dahlin DC, Coventry MB. Osteogenic sarcoma. A study of six

hundred cases. J Bone Joint Surg Am. 1967;49:101–110.

15. Davis AM, Bell RS, Goodwin PJ. Prognostic factors in osteo-

sarcoma: a critical review. J Clin Oncol. 1994;12:423–431.

16. Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard

D. A system for the functional evaluation of reconstructive pro-

cedures after surgical treatment of tumors of the musculoskeletal

system. Clin Orthop Relat Res. 1993;286:241–246.

17. Enneking WF, Spanier SS, Goodman MA. A system for the

surgical staging of musculoskeletal sarcoma. Clin Orthop Relat
Res. 1980;153:106–120.

18. Ettinger LJ, Douglass HO, Higby DJ. Adjuvant Adriamycin and

Cis-diamminedichloroplatinum (cis-platinum) in primary osteo-

sarcoma. Cancer. 1981;47:248–254.

19. Ferrari S, Bacci G, Picci P, Mercuri M, Briccoli A, Pinto D,

Gasbarrini A, Tienghi A, Brach del Prever A. Long-term follow-

up and post-relapse survival in patients with non-metastatic

osteosarcoma of the extremity treated with neoadjuvant chemo-

therapy. Ann Oncol. 1997;8:765–771.

20. Ferrari S, Bertoni F, Mercuri M, Picci P, Giacomini S, Longhi A,

Bacci G. Predictive factors of disease-free survival for non-

metastatic osteosarcoma of the extremity. An analysis of 300

patients treated at the Rizzoli Institute. Ann Oncol.
2001;12:1145–1150.

21. Ferrari S, Mercuri M, Picci P, Bertoni F, Brach del Prever A,

Tienghi A, Mancini A, Longhi A, Rimondini S, Donati D,

Manfrini M, Ruggieri P, Biagini R, Bacci G. Nonmetastatic

osteosarcoma of the extremity: results of a neoadjuvant chemo-

therapy protocol (IOR/OS-3) with high-dose methotrexate,

intra-arterial or intravenous cisplatin, doxorubicin, and salvage

chemotherapy based on histologic tumor response. Tumori.
1999;85:458–464.

22. Ferrari S, Smeland S, Mercuri M, Bertoni F, Longhi A, Ruggieri

P, Alvegard TA, Picci P, Capanna R, Bernini G, Müller C,

Tienghi A, Wiebe T, Comandone A, Böhling T, Del Prever AB,
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