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PURPOSE: To investigate the value of serial arteriography to assess tumor response, predict necrosis, and individu-
alize the duration of a combined intravenous (IV) and intraarterial (IA) neoadjuvant chemotherapy protocol in
patients with biopsy-proven high-grade osteosarcoma or malignant fibrohistiocytoma of bone.

MATERIALS AND METHODS: Between July 1987 and March 2003, 109 patients completed a chemotherapy protocol
of neoadjuvant IV doxorubicin and IA cisplatin. Patients were eligible regardless of age, disease stage, or disease site.
A minimum of three IA cycles followed by definitive surgery was required for inclusion in the final analysis. IA dose
and duration were increased for tumors larger than 10 cm. Initial arteriograms were scored as indicating mild,
moderate, or marked tumor neovascularity (TNV). Subsequent arteriograms were prospectively compared with the
baseline image for percent change in TNV. Treatment continued until a maximum of five cycles were administered
or one of three criteria were met: (i) at least 90% decrease in TNV, (ii) plateau of effect, or (iii) no response.

RESULTS: Of 408 IA procedures, 42 patients underwent three cycles, 53 underwent four, and 14 required five cycles
of neoadjuvant therapy. There was a 2.5% minor complication rate. Eighty-six percent of patients exhibited at least
90% decrease in TNV and 82% exhibited good histologic response (>90% tumor necrosis). Serial arteriography
predicted a good histologic response with an accuracy of 90% and a sensitivity of 97%.

CONCLUSIONS: Serial arteriography was highly sensitive and accurately predicted good responses. This individu-
ally modified, dose-intensified neoadjuvant protocol yielded an excellent histologic response rate with minimal
complications. Future endeavors should involve a multiinstitutional study of this unique approach.
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Abbreviations: IA � intraarterial, IV � intravenous, MFH � malignant fibrohistiocytoma, PET � positron emission tomography, TBR � tumor/background
ratio, TNV � tumor neovascularity

INTRAARTERIAL (IA) chemotherapy
has been used for decades to treat dif-
ferent malignancies with a variable

but overall positive response. The ar-
eas of greatest historic interest for IA
therapy include primary and second-

ary hepatic malignancies, advanced
bladder and cervical cancers, and head
and neck neoplasms. More recently,
this therapeutic approach has been ap-
plied to treat high-grade soft-tissue
sarcomas and bone cancers such as os-
teosarcoma and malignant fibrohistio-
cytoma (MFH) (1–8).

This article will focus on the use of
serial arteriography during neoadju-
vant chemotherapy to treat patients
with high-grade osteosarcoma or
MFH of bone. Four objectives are out-
lined: (i) to assess tumor response and
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predict necrosis; (ii) to determine if the
duration of neoadjuvant chemother-
apy can be individualized and re-
sponse-based; (iii) to determine if
good histologic response rates (�90%
necrosis) can be increased by intensi-
fying the administration of neoadju-
vant agents; and (iv) to determine the
sensitivity, specificity, and accuracy of
arteriography in predicting a good his-
tologic response.

MATERIALS AND METHODS

Study Design

This was a prospective, institu-
tional review board–approved, single-
arm study of newly diagnosed high-
grade osteosarcoma and MFH of bone.
All arteriography procedures and IA
infusions were performed at a single
institution (Presbyterian/St. Luke’s
Medical Center, Denver, CO).

To be eligible, patients were re-
quired to have biopsy-proven newly
diagnosed high-grade osteosarcoma
or MFH of bone. In the majority of
cases, adequate biopsy tissue was ob-
tained via core needle technique. If
this sample proved to be nondiagnos-
tic, an open incisional biopsy was per-
formed. Residual primary tumor after
biopsy with tumor neovascularity
(TNV) demonstrable by arteriography
was required for study entry. Accept-
able variants of osteosarcoma in-
cluded chondroblastic, fibroblastic,
telangiectatic, and periosteal variants.
Parosteal and other low-grade osteo-
sarcomas were excluded. Inclusion
was not limited by patient age, site of
primary tumor, or disease stage. Nor-
mal cardiac and renal function were
required before study entry. No previ-
ous chemotherapy or radiation ther-
apy was allowed.

To be evaluable, patients had to re-
ceive a minimum of three cycles of
neoadjuvant intravenous (IV) doxoru-
bicin and IA cisplatin and have the
percent decrease in TNV quantified on
the final preoperative arteriogram. In
addition, evaluable patients had to un-
dergo definitive resection of the pri-
mary tumor after neoadjuvant chemo-
therapy and have documentation of
the percentage of tumor necrosis in the
pathologic analysis of the resected tu-
mor. Off-protocol therapy between the
final IA treatment and definitive sur-
gery was not allowed.

Patient Group

Between July 1987 and January
2003, 147 consecutive patients were di-
agnosed with high-grade osteosar-
coma or MFH of bone. Fifteen patients
were ineligible as a result of previous
tumor excision (n � 9), lack of identi-
fiable TNV (n � 4), and a preexisting
cardiac condition (n � 2). Eleven pa-
tients declined to participate. Twelve
patients were not evaluable for the fol-
lowing reasons: no pathologic speci-
men available because of unresectable
sacral tumor (n � 3), failure to com-
plete three cycles because of chemo-
therapy-related toxicity (n � 3), proto-
col noncompliance (n � 2), definitive
surgery performed elsewhere and un-
available pathologic specimen (n � 2),
unrelated early death (n � 1), and re-
fusal of surgery (n � 1). Of the 121
patients who entered the study, 109
(75 male patients and 34 female pa-
tients) were fully evaluable.

There were three patients with
stage IIA disease, 90 with stage IIB
disease, and 16 with stage III disease
according to the Enneking surgical
staging system (9). In this staging sys-
tem, stage I tumors are of low patho-
logic grade and therefore ineligible for
this study. Stage IIA (intracompart-
mental) and stage IIB (extracompart-
mental) tumors are of high grade
without metastasis, and stage III tu-
mors have metastasis present at diag-
nosis. The average age of the 109
evaluable patients was 24 years
(range, 5–77 years). Ninety-nine pa-
tients had osteosarcoma and 10 were
diagnosed with MFH of bone. Patient
demographics are detailed in Table 1.
Fourteen patients presented with
pathologic fracture at diagnosis and
one patient incurred a fracture during
neoadjuvant therapy.

Neoadjuvant Therapy Methods

After biopsy, patients were sched-
uled as soon as possible for their first
cycle of chemotherapy. Patients had a
central venous access device placed
before commencement of therapy.
Neoadjuvant therapy consisted of re-
petitive cycles of IV doxorubicin ad-
ministered at a dose of 90 mg/m2 as a
continuous infusion over 48–72 hours
beginning on day 0 of each cycle. The
majority of infusions were delivered in
the outpatient setting, allowing pa-

tients to remain at home or attend
school or work as tolerated. Each 24-
hour aliquot was mixed in 250–500
mL of dextrose 5% in water with 0.45%
sodium chloride and infused through
a small portable pump. Most patients
also had an antiemetic agent (ondan-
setron or granisetron) added to the in-
fusion.

After completion of the IV infusion,
overnight inpatient hydration consist-
ing of dextrose 5% in water with 0.45%
sodium chloride plus 20 mEq/L KCl
and 1g/L of MgSO4 infused at a rate of
150 mL/m2/h was given in prepara-
tion for the arteriogram and subse-
quent IA chemotherapy the following
day.

Patients were brought to the inter-
ventional radiology suite for arteriog-
raphy. General anesthesia was admin-
istered for patients 12 years of age and
younger. For patients at least 15 years
of age, local anesthesia and IV-assisted
conscious sedation was used. Those
between ages 12 and 15 were individ-
ually evaluated and appropriately se-
dated or anesthetized. A Foley cathe-
ter was placed in the majority of
female patients to decrease motion
and improve ease of urination. Male
patients were able to use a urinal with
minimal motion and did not require
this intervention. The appropriate

Table 1
Patient Demographics (N � 109)

Characteristic No. of Patients

Sex
Male 75
Female 34

Age Group (y)
0–19 67
20–29 15
30–39 11
40–49 6
50–77 10

Primary Site
Femur 57
Tibia 32
Humerus 8
Other Extremity Bone 3
Nonextremity Bone 9

Stage*
IIA 3
IIB 90
III (metastatic) 16

Histology
Osteosarcoma 99
MFH 10
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common femoral access site was pre-
pared and draped in a sterile fashion.
In most cases, the entry site for the
initial diagnostic arteriography and IA
cisplatin infusion was via the con-
tralateral groin for pelvic, hip, and
femoral tumors. When anatomically
and physiologically feasible (all tumor
blood supply via the superficial femo-
ral artery or distal), subsequent arte-
riography and IA cisplatin infusions
were performed with an antegrade
femoral approach.

Femoral artery access was achieved
with a single-wall technique with use
of a 21-gauge needle and 4-F or 5-F
micropuncture system (Cook, Bloom-
ington IN). Vascular sheaths were
rarely used unless oozing at the pro-
cedural puncture occurred. Variably
shaped 4-F and occasionally 5-F end
hole catheters were used for diagnos-
tic arteriography. Detailed studies of
the tumor-bearing region were then
carried out to ascertain the arterial
trunk source of all the feeding
branches and to record TNV. Subselec-
tive arteriography of potentially con-
tributing trunk vessels (internal/exter-
nal iliac arteries for pelvic tumors,
superficial/deep femoral arteries for
thigh tumors) was performed, includ-
ing contralateral studies for nonex-
tremity tumors approaching the mid-
line. When the target trunk vessel
providing the tumoral arterial supply
was identified, the catheter was placed
and anteroposterior and lateral or-
thogonal arteriograms of the tumor
were obtained.

The contrast agents used in the
study period evolved from ionic Con-
ray 60 (Mallinckrodt Medical, Hazel-
wood, MO) to nonionic Isovue 300
(Amersham, Piscataway, NJ) and, af-
ter 1995, to low-osmolar, water-solu-
ble, ionic Visipaque 320 (Amersham).
Injection volume and rate were robust
to enhance opacification and visual-
ization of the TNV. Flow rates varied
depending on vessel size. For exam-
ple, the flow rate for the common or
external iliac artery was 24 mL at 8
mL/sec, and for the common femoral
or large superficial femoral artery, it
was 21 mL at 7 mL/sec. Injection du-
ration was strictly limited to 3 seconds
to provide a tight arterial bolus. Before
1999, the majority of studies were per-
formed with use of Schoenander 14-
inch � 17-inch cut radiographs with
hand subtractions. Since then, a Flu-

oricon AFM or LUA imaging system
(GE Medical Systems, Milwaukee, WI)
has been used for digital subtraction.
Imaging runs were obtained at two
films per second.

In an effort to eliminate artifactual
changes from study to study, all imag-
ing and injection parameters selected
at the initial examination (eg, catheter
location, magnification factor, table lo-
cation, tube angulation, subtraction
techniques, contrast agent type, vol-
ume, and rate) were meticulously re-
corded and reproduced at each suc-
ceeding study. The infusion catheter
(initially 5-F end hole and, since 1997,
straight 4-F, six–side hole for lower
extremity/pelvic and H1 4-F end hole
for upper extremity tumors) was then
positioned in the target trunk artery
and fixed in place.

Because infusion catheter tip prox-
imity to non–tumor supplying muscu-
locutaneous branch artery origins ap-
pears to be the chief determinant in
the development of localized chemo-
toxic soft-tissue necrosis, every effort
was made to position the catheter tip
at the upper end of the longest branch-
free segment of the target trunk vessel.
This was achieved by slowly pulling
the catheter back under continuous
fluoroscopy with gentle hand injec-
tions. A digital subtraction imaging
run with gentle hand injection of con-
trast material was then obtained to
document final catheter position. If no
localized chemotoxic event developed
after the initial cisplatin infusion, sub-
sequent infusions were performed
from the same location. After catheter
fixation at the femoral insertion site
with built-in catheter redundancy,
dressing placement, and surgical
drape removal, catheter tip position
and stability were reconfirmed with
fluoroscopy immediately before cart
transfer. All arterial infusions of cis-
platin in this study were performed
with use of rapid pulsatile jet infusion
made possible by a Gianturco-Wallace
Chemo-Pulser Pump (Cook), which
was attached to the arterial catheter
tubing in the interventional radiology
suite. Catheter patency was main-
tained with an infusion of dextrose 5%
in water with heparin 3000 U per 500
mL delivered via IVAC pump (Alaris
Medical Systems, San Diego, CA) at 60
mL/h. The patient was returned to the
appropriate oncology unit and IA cis-
platin infusion was initiated. All pa-

tients were strictly limited to bed rest
after placement of the arterial catheter.
The urinary catheter remained in place
until the IA chemotherapy was com-
pleted. Infusion of cisplatin into a
large artery should not be perceptible
to the patient. If pain or paresthesias
developed with initiation of the infu-
sion, the patient was returned to the
interventional radiology suite for cath-
eter position check and repositioning
if necessary.

IA cisplatin was administered as a
6-hour infusion at a dose of 120
mg/m2 for primary tumors no larger
than 10 cm in the largest dimension.
For primary tumors larger than 10 cm
or for patients with metastatic disease,
a 24-hour infusion at a dose of 160
mg/m2 was given. The 6-hour stan-
dard dose infusion was mixed in 3%
(hypertonic) normal saline solution to
a total volume of 300 mL and was
infused at 50 mL/h for 6 hours. The
high-dose infusion (3% normal saline
solution) was mixed to a total volume
of 1,000 mL and infused at 40 mL/h
for 24 hours. Mannitol was not used
with either infusion; however, patients
received a single dose of furosemide
(0.5 mg/kg) before initiation of the in-
fusion. Two times maintenance IV flu-
ids, with use of the same fluid used for
the prehydration, were continued af-
ter cisplatin infusion. After the cispla-
tin infusion was completed, the same
IV fluids were continued at the rate
equal to two times the calculated
maintenance requirement for each pa-
tient. Volume adjustments were made
in the rare cases of children who
weighed less than 30 kg.

All patients were monitored closely
for decreased urine output, dimin-
ished pedal pulses, diastolic hyperten-
sion, hematoma at the arterial catheter
site, and evidence of arterial spasm.
The arterial catheter was removed
promptly at the completion of the che-
motherapy infusion by a member of
the interventional radiology staff.
Most pediatric patients received a sin-
gle dose of morphine or fentanyl be-
fore removal of the arterial catheter.
During the cisplatin infusion, furo-
semide was administered in the event
that urine output did not meet the cal-
culated expectation. Antiemetic agents
were continued and the patients re-
ceived fluids at twice the maintenance
rate until discharge. Laboratory eval-
uations, consisting of a comprehensive
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metabolic panel, including calcium
and magnesium, were performed
daily.

Criteria for discharge included sta-
ble metabolic parameters, demon-
strated ability to take and retain oral
fluids, appropriate urine output, and
no evidence of complications after ar-
teriography. Patients were followed
closely as outpatients and received ad-
ditional supplementary IV hydration
as needed.

Preoperative chemotherapy cycles
were administered at 21-day intervals.
Hematologic recovery, defined as an
absolute neutrophil count greater than
1,000 and a platelet count greater than
100,000, was required before each cy-
cle, which occasionally resulted in a
prolonged interval. The majority of
patients received adjuvant hematopoi-
etic growth factors (granulocyte or
granulocyte–macrophage colony-stim-
ulating factors) after these became
commercially available. A minimum

of three and a maximum of five neo-
adjuvant chemotherapy cycles were
administered.

Arteriographic Interpretive Methods

Arteriograms were obtained before
the administration of each dose of cis-
platin. The last anteroposterior and
lateral images in the arteriographic se-
quence, which demonstrated full con-
trast agent filling of the target trunk
vessel (ie, last full column), were cho-
sen from each imaging run for inter-
pretation and comparison with future
studies (Fig 1).

The volume and intensity of TNV
on the baseline arteriogram was as-
sessed and scored by an interventional
radiologist as: 1� (mild), 2� (moder-
ate), or 3� (marked or prominent)
TNV (Fig 2). Subsequent arteriograms
were compared with the baseline
study to assess change in TNV as an
indicator of tumor response. IA che-

motherapy cycles were continued un-
til one of three arteriographic criteria
were met: (i) virtually complete
(�90%) disappearance of TNV, (ii) ini-
tial response followed by plateau of
effect, or (iii) no response or progres-
sive disease. A plateau of effect was
defined as no further decrease in TNV
on a subsequent arteriogram after an
initial decrease had been observed.
Concomitant with arteriography dem-
onstrating more than 90% response,
each patient received a final dose of IA
cisplatin. No further arteriography
was performed and preoperative ther-
apy was then deemed complete. Arte-
riograms were interpreted prospec-
tively by the interventional radiologist
performing the infusion. Arteriograms
were presented at a weekly multidis-
ciplinary conference. The study inter-
ventional radiologist (B.A.J. or S.L.S.),
the oncologist, and the orthopedic on-
cologist agreed on the final arterio-
graphic response before proceeding to
definitive surgery.

Surgical Methods

Local surgical control was consid-
ered only after maximum arterio-
graphic response was achieved pro-
spectively as determined by the
multidisciplinary team. An optimal
“window” for definitive surgery was
planned (usually 3–4 weeks later). The
type of surgical procedure was deter-
mined by assessment of the neuro-
vascular bundle involvement on the
initial and most recent magnetic reso-
nance (MR) imaging scans of the
primary tumor. If the neurovascular
structures appeared to be free of tu-
mor and the patient was predicted to
retain adequate limb function, a limb
preservation procedure was planned.
In addition, the advance knowledge of
whether a patient was responding to
chemotherapy was an important fac-
tor in surgical planning. Computed to-
mography (CT) of the chest, plain
radiography, and bone scan were re-
peated before surgery. If limb preser-
vation surgery was planned, the type
of reconstruction (endoprosthesis, al-
lograft reconstruction, or allograft
prosthetic composite) was determined
by location and extent of the tumor,
patient age, and activity expectations.
Amputation was recommended for
patients who were believed to be at
high risk for local recurrence as a re-

Figure 1. Last full-column images of (a) anteroposterior and (b) lateral views of the
baseline arteriogram of a patient with osteosarcoma of the proximal tibia.
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sult of previous excisional biopsy, in-
volvement of the neurovascular bun-
dle, or poor arteriographic response.

Pathologic Methods

The diagnosis of high-grade osteo-
sarcoma or MFH of bone was con-
firmed by needle or open biopsy.
Postoperative assessment of overall
percentage of tumor necrosis was per-
formed according to the method de-
scribed by Huvos et al (10). To sum-
marize, longitudinal sections of the
specimen were obtained at 3-mm in-
tervals and examined grossly. Multi-
ple representative sections from cen-
tral and perimeter areas of the
neoplasm were submitted for histo-
logic examination after decalcification.
Estimation of the overall percentage of
tumor necrosis was performed micro-
scopically, with at least 90% necrosis
defined as a good response and less
than 90% necrosis defined as a poor
response.

Statistical Methods

Correlation was made between
TNV decrease of at least 90% by arte-
riography and at least 90% tumor
necrosis by histologic examination.
Sensitivity and specificity of arterio-
graphic prediction of necrosis were
calculated according to the typical for-
mulas. Histology was assumed to rep-
resent the “gold standard” and the ar-
teriogram was assumed to represent
the experimental test. Accuracy was
defined as the percentage of patients
for whom there was agreement be-
tween histologic and arteriographic
findings. Univariate analysis was per-
formed to determine if factors could
be identified that would influence the
sensitivity, specificity, or accuracy of
the arteriogram in predicting a good
histologic response. The following fac-
tors were evaluated: the study time
period, patient age, presence of patho-
logic fracture at diagnosis, tumor site,
tumor size, disease stage, tumor histo-

logic type, degree of initial TNV, and
number of neoadjuvant IA cycles ad-
ministered. The study was divided
into three time periods according to
date of patient enrollment: 1987–1991,
1992–1996, and 1997 to the conclusion
of enrollment in January 2003. Patient
age was divided into the following
groups: 0–19, 20–29, 30–39, 40–49,
and 50–77. In addition, patients
younger than 20 years of age were
compared with patients aged 20 years
and older. The presence or absence of
pathologic fracture was assessed. Tu-
mor site was analyzed several differ-
ent ways: extremity versus nonex-
tremity, upper versus lower extremity,
and specific bone involvement (ie, fe-
mur, humerus). Tumor size less than
or equal to 10 cm versus greater than
10 cm was analyzed as well. Stage was
evaluated by the presence or absence
of metastasis at presentation. MFH
and osteosarcoma were separately an-
alyzed and compared with the group
as a whole. The degree of initial TNV

Figure 2. Examples of baseline arteriograms demonstrating TNV scores include (a) minimal (1�); (b) moderate (2�); and (c) marked
or prominent (3�).
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was divided into two groups: mild/
moderate versus marked/prominent.
Statistical comparisons were based on
the use of a two-sided Fisher exact
test. Statistical significance was as-
sumed for P values less than .05 and
all analyses were performed with use
of SAS software (SAS, Cary, NC).

RESULTS

A total of 109 patients underwent
408 arteriography procedures fol-
lowed by an IA infusion of cisplatin.
Two hundred seventy treatments were
infused over 6-hour periods and 138
were infused over 24-hour periods.
Forty-two patients received the mini-
mum three cycles, 53 required four,
and 14 received five neoadjuvant cy-
cles. Tumor neovascularity was de-
creased by at least 90% in 88%, 89%,
and 71% of patients who received
three, four, and five cycles, respec-
tively. Fifteen patients did not exhibit
a good arteriographic response. Exam-
ples of good and poor arteriographic
responses are demonstrated in Figures
3 and 4, respectively.

There were three minor complica-
tions and no major complications re-
lated to arteriography (among 408 cas-
es; 0.7%). One patient experienced
painful arterial spasm, which resolved
with nominal therapy. Two patients
developed minor hematomas at the
arterial puncture site that did not re-
quire intervention beyond local pres-
sure.

The cisplatin infusion was associ-
ated with soft-tissue necrosis in seven
instances (1.7%). These patients re-
quired pain medication but no further
intervention. No patient experienced a
second episode of necrosis with subse-
quent infusions and no one was re-
moved from the protocol as a result of
these complications. The area of necro-
sis was usually excised at the time of
the definitive surgery and a separate
surgical procedure was not required
as a result of the necrosis.

In addition, seven episodes of deep
vein thrombosis (1.7%) occurred in the
same extremity as the IA infusion
within 10 days of IA therapy. None of
these were associated with pulmonary
embolism. All were treated success-
fully with anticoagulation therapy. It
is unclear whether these complications
were related to the IA procedure.

Initial arteriograms showed mildly

increased TNV in nine patients and
moderate to marked TNV in 100 pa-
tients. A good radiographic response,
defined as at least a 90% decrease in
TNV, was achieved in 94 patients
(86%). A good histologic response, de-
fined as at least 90% tumor necrosis,
was achieved in 82% of tumors. The
arteriogram correctly predicted a good
histologic response in 86 of 89 pa-
tients, yielding a sensitivity of 97%. In
addition, the arteriogram correctly
predicted a poor histologic response in
12 of 20 patients, for a specificity of
60%. The overall accuracy of predict-
ing the histologic response by evaluat-
ing the decrease in TNV on serial ar-
teriograms was 90% (98 of 109).

Univariate analysis to determine
impact of prognostic factors on arte-
riographic prediction of necrosis dem-
onstrated no statistical differences for
the parameters tested except the num-
ber of IA cycles administered per pa-
tient. The prediction of necrosis by ar-
teriography was less sensitive (P �
.03) and less accurate (P � .02) after
five neoadjuvant cycles than after three
or four cycles. There was no significant
difference for specificity based on the
number of IA cycles administered.

Limb preservation surgery was per-
formed in 91% of patients (99 of 109).
Ten amputations were performed at
the time of definitive surgery and
seven amputations (6%) were required
secondarily. The most common pri-
mary surgery was wide local resection
with endoprosthetic replacement (n �
52). Later in the series, skeletally im-
mature children estimated to have
greater than 4.0 cm of remaining ex-
tremity growth underwent reconstruc-
tion with a “growing prosthesis” (n �
3; Repiphysis; Wright Medical Tech-
nology, Arlington, TN). Other recon-
structions included a structural osteo-
chondral (n � 8) or intercalary
allograft (n � 14), allograft prosthetic
composite (n � 9), and resection with
soft-tissue reconstruction only (n � 4).
A secondary amputation was required
in six patients: four for uncontrolled
infection of the prosthesis or allograft
after the completion of postoperative
chemotherapy and two for progres-
sive disease.

Seven patients had tumors located
in the pelvis, ilium, or acetabulum and
were treated with internal hemipel-
vectomy. The two patients with scap-
ular lesions underwent resection and

primary soft-tissue reconstruction;
however, one of these patients later
required forequarter amputation as a
result of progressive disease.

Primary amputations in extremity
lesions were necessitated by the loca-
tion of the tumor involving the neuro-
vascular bundle (n � 7), presence of a
skip lesion (n � 2), and previous treat-
ment for fibrous dysplasia of the same
bone (n � 1).

DISCUSSION

The histologic response to neoadju-
vant therapy is one of the most impor-
tant prognostic factors for long-term
survival in nonmetastatic osteosar-
coma (11). In a multivariate analysis of
1,702 patients, Bielack et al (12) found
that histologic response was the most
important prognostic factor for osteo-
sarcoma of the extremity (P � .0001).
Provisor et al (13) reported 8 year
event-free survival and overall sur-
vival rates of 81% and 87%, respec-
tively, for cases with good response,
versus 46% and 52%, respectively, for
poor response (P � .0001). Unfortu-
nately, only 28% of patients exhibited
a good histologic response in that
study. The ability to accurately assess
preoperative tumor response would
allow treatment individualization to
achieve maximum response to neoad-
juvant chemotherapy and limit thera-
py-related toxicity. Adjustments to
neoadjuvant therapy might entail (i)
continuing until the desired response
was achieved, (ii) intensifying the dose
or duration if response was slow, or
(iii) discontinuing therapy and pro-
ceeding to definitive surgery without
further delay. Reasons for proceeding
to definitive surgery would include
achievement of at least 90% TNV, an
initial response followed by plateau of
effects, or a failure to respond. All the
modalities used to image bone neo-
plasms, including plain radiography,
CT, scintigraphy (thallium, techne-
tium, or gallium), dynamic MR im-
aging, MR arteriography, positron
emission tomography (PET), and arte-
riography, have been evaluated for
their ability to preoperatively predict
tumor necrosis. Holscher et al (14)
demonstrated that changes on plain
radiographs during or after neoadju-
vant treatment failed to predict or cor-
relate with tumor necrosis. Liszka et al
(15) concluded that CT was not a suit-
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Figure 3. To accurately assess response on serial arteriograms, it is important to evaluate anteroposterior (a,b,c) and lateral views
(d,e,f). Baseline anteroposterior and lateral arteriograms (a,d) demonstrate moderate (2�) TNV. Second anteroposterior and lateral
arteriograms (b,e) show a significant progress, and the third arteriographic views (c,f) show at least 90% reduction of TNV. This was
concordant with histopathologic necrosis.
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able tool for assessment of tumor re-
sponse and Wellings et al (16) deter-
mined that CT evaluation of tumor
cross-sectional area and volume were
poor predictors of histologic change.
Ramanna et al (17) found thallium 201
to be superior to gallium or techne-
tium serial scintigraphy in bone and
soft tissue sarcomas. Sanchez et al (18)
determined that nonenhanced MR
was inadequate in predicting tumor
necrosis as a result of overlap of signal
intensity in areas of viable and ne-
crotic tumor, edema, hemorrhage, and
fibrosis. Data from various published
reports evaluating the predictive abil-
ity of the remaining imaging modali-
ties (scintigraphy [19–22], MR [19,
23,24], and PET [22,25,26]) in osteosar-
coma are summarized in Table 2.
Kawai et al (19) concluded that dy-
namic MR imaging was best after
comparing it with digital arteriogra-
phy and 201Th scintigraphy.

Because PET scanning with [18F]flu-
orodeoxyglucose allows quantitative
metabolic imaging, it seems ideally

suited for evaluating tumor viability.
However, there was no consistency in
the reporting parameters. Nair et al
(26) reported high levels of accuracy
with use of direct tumor/background
ratio (TBR) with a good/poor re-
sponse cutoff value of 1.4, but only
50% accuracy with percent change in
TBR on serial images. Franzius et al
(22) achieved their best results report-

ing percent change in the TBR be-
tween pre- and posttreatment studies.
However, when the 1.4 cutoff value of
Nair et al (26) was applied to the direct
TBR data for osteosarcoma reported
by Franzius et al (22), the accuracy rate
decreases to 45%. Schulte et al (25)
reported 100% sensitivity in a retro-
spective analysis with a cutoff point of
a 0.6 ratio (final to initial TBR). With

Figure 4. A poor response to neoadjuvant chemotherapy is depicted. (a) Lateral view (2�) arteriogram of distal femur with
osteosarcoma. (b) Second arteriogram demonstrated a mild decrease in TNV and significant decrease in mass effect on the popliteal
artery. (c) The final arteriogram demonstrated TNV greater than seen at baseline, which was judged to represent progression of disease.
The decision was made to discontinue neoadjuvant therapy and the patient underwent surgery. Surprisingly, histopathologic necrosis
was 65%.

Table 2
Imaging Methods to Predict Tumor Necrosis in Osteosarcoma (19–22,24–26)

Imaging Method (Reference) No. of
Pts.

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

Technetium Scintigraphy (20) 26 94 100 96
Technetium Scintigraphy (22) 11 33 100 45
Th-201 Scintigraphy (19) 11 75 86 82
Th-201 Scintigraphy (21) 19 88 100 95
Dynamic MR (19) 10 100 86 90
MR angiography (24) 8 100 100 100
PET (25) 27 100 80 92
PET (26) 16 87 100 94
PET (22) 11 33 100 45
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the final TBR and the 1.4 cutoff value
of Nair et al (26), the sensitivity de-
creases to 12%. Therefore, although
each retrospective study was able to
determine a best fit yielding a high
accuracy rate for their data sets, pro-
spective analysis according to percent
change or final TBR has not been re-
ported.

The accuracy of scintigraphy, MR
imaging, and PET scanning appeared
promising in the evaluation of re-
sponse to neoadjuvant therapy for os-
teosarcoma. However, the number of
patients in each series was small and
all studies were retrospective. No mo-
dality has previously been used pro-
spectively to determine duration of
neoadjuvant chemotherapy.

Assessment of change in TNV by
arteriography is subjective. Therefore,
a certain amount of skill and experi-
ence are required. However, in our
study, the arteriograms were obtained
and interpreted by 14 different inter-
ventional radiologists. Consistency
was provided by the two study inter-
ventional radiologists (B.A.J., S.L.S.)
and the protocol’s multidisciplinary
team. Our results did not change nor
improve over time during the conduct
of the study: consistent results were
maintained in terms of sensitivity,
specificity, and accuracy during all
time periods of the study (1987–1991,
1992–1996, and 1997–2003). In addi-
tion, this technique has yielded similar
results in other smaller studies. The
ability to predict necrosis with arte-
riography was reported as early as
1982 (27). At least six groups have
published results of arteriographic
prediction of necrosis (19,21,27–30).
Sensitivity and specificity were re-
ported in five of these six studies and
are summarized along with the results
of our study in Table 3. The accuracy

and sensitivity rates in our series of
109 patients were 90% and 97%, re-
spectively. A review of the worldwide
literature yielded a total of 285 pa-
tients who had been assessed preoper-
atively with arteriography, for a com-
posite accuracy rate of 85% and
sensitivity of 95%. This was true re-
gardless of whether the neoadjuvant
chemotherapy was solely IV, a combi-
nation of IV and IA, or single-agent IA
cisplatin. Administering IV doxorubi-
cin and IA cisplatin, Carrasco et al (31)
varied the duration of neoadjuvant
chemotherapy. Patients received two
to eight cycles of therapy (median, 4),
but the indication for proceeding to
surgery was not specified. Histopatho-
logic correlation demonstrated that
91% of good responders could be iden-
tified by arteriography. In our study,
the duration of neoadjuvant chemo-
therapy was determined by the arte-
riographic response. Patients pro-
ceeded to undergo surgery when
arteriography demonstrated one of the
following: (i) at least 90% decrease in
TNV, (ii) initial response followed by
plateau of effect, or (iii) no response or
progressive disease.

An ideal positive preoperative ther-
apeutic response demonstrated a de-
creasing tumor blush and neovascu-
larity at each serial arteriogram to an
endpoint at which there is essentially
no remaining abnormal TNV (�90%
decrease in TNV). The last full-column
image depicts late arteriolar and early
capillary filling. This point in the arte-
riographic sequence best represents
the TNV. Images later in the venous
phase are not as indicative of TNV.
This protocol and technique was
based on earlier work by Carrasco et al
(31) with some modifications, ie, the
duration of IV doxorubicin infusion
was shortened from 96 hours to 48–72

hours, course cycle time was short-
ened from 28 days to 21 days, and the
range of the number of courses was
reduced from two to eight courses to
between three and five courses. Be-
cause the majority of cases of high-
grade osteosarcoma and MFH of bone
lesions demonstrate some degree of
TNV on arteriography, are isolated to
an extremity, and are not associated
with a pathologic fracture, the major-
ity of our cases were straightforward
and showed steady progression to a
finite arteriographic endpoint on
which everyone could agree. Tumors
that were axial, had pathologic frac-
tures, or had minimal TNV presented
additional challenges. Other problems
encountered in predicting necrosis in-
cluded increased TNV after the first
cycle and the development of soft-tis-
sue hyperemia.

Axial lesions had the added poten-
tial of bilateral arterial supply and
simply perfusing the aorta was
deemed to have too high a dilutional
effect. In those cases of large, predom-
inantly unilateral torso lesions (ie, iliac
wing, ischial lesions) extending to or
beyond the midline, any demonstra-
ble contralateral arterial supply was
permanently coil-embolized at the
first arteriography procedure to allow
for unilateral infusions that would
achieve cisplatin concentrations reached
in the extremity lesions. True midline
lesions (ie, sacral or pubic symphysis
lesions) with symmetric, bilateral iliac
supply were treated with sequential
unilateral internal iliac infusions of
half the dose at the full calculated rate
into each feeding artery. It was elected
not to perform dual simultaneous bi-
lateral infusions.

Virtually all the patients who pre-
sented with pathologic fractures
showed progressive healing with for-
mation of hyperemic callus and peri-
osteal new bone during the pre-
operative chemotherapy period. Ar-
teriographically, this potentially pre-
sented the problem of differentiating
between diminishing TNV and the in-
creasing hypervascular blush of heal-
ing callus and new bone, and could
have made it more difficult to deter-
mine the arteriographic endpoint.
Two arteriographic features of healing
bone helped with this differentiation.
Tumor neovascularity was character-
ized by an angular, nodular, coarse,
and blotchy appearance whereas heal-

Table 3
Use of Arteriography to Predict Tumor Necrosis in Osteosarcoma

Reference
No. of

Pts.
Sensitivity

(%)
Specificity

(%)
Accuracy

(%)

Chuang et al, 1982 (27) 42 94 88 90
Kumpan et al, 1986 (29) 22 100 100 100
Carrasco et al, 1989 (31) 81 91 50 74
Kawai et al, 1997 (19) 12 100 57 75
Kunisada et al, 1998 (21) 19 88 73 79
Present study 109 97 60 90
Total 285 95 67 85
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ing bone hypervascularity has a
smoother, more homogeneous, bland
appearance. At initial arteriography,
all tumors had remarkably variable
TNV, from foci of intense enhance-
ment to areas of complete avascularity
within the tumor. In our experience,
healing hypervascular new bone
formed at the periphery and in areas
of the tumor which, on the initial ar-
teriograms, were hypovascular or
avascular. Also, poor arteriographic
responses presented as persistence of
the initial areas of TNV, not as new
areas. Development of curvilinear ar-
eas of bland, homogeneous hyperemic
stain in areas of initial hypovascularity
or avascularity reliably represented
healing bone in cases presenting with
pathologic fracture. Figure 5 depicts a
patient who presented with a patho-
logic fracture through the tumor, but
serial arteriograms clearly show pro-
gression to a good response.

In cases in which the initial arterio-
gram showed minimal TNV, it was
difficult to identify the arteriographic
endpoint for neoadjuvant chemother-
apy. These cases were much more sus-
ceptible to and influenced by technical
artifacts such as subtraction motion
and patient position. This difficulty
with quantifying an arteriographic
change in TNV was initially discon-
certing. Serial treatments were con-
tinued, however, based on clinical
improvement (eg, reduced pain, in-
creased range of motion, decreased tu-
mor size) and the lack of tumor pro-
gression evidenced by arteriography.
Arteriographic evaluation of mini-
mally vascular tumors is enhanced by
robust contrast medium injection rates
and volumes and requires meticulous
attention to technical details.

Increased TNV occasionally occurs
after the first cycle of IA cisplatin ad-
ministration. It is important to avoid
misinterpreting this blush as tumor
progression. In most cases, this in-
creased blush was followed by a pro-
gressive decrease in TNV to complete
response with continued IA cycles (Fig
6). Persistence of increased TNV was
indicative of a poor response (Fig 4)
and resulted in termination of neoad-
juvant therapy and scheduling of re-
section.

Development of small (1–2 cm) foci
of relatively intense hyperemia in the
soft tissues around the tumor (usually
proximal to the tumor) was occasion-

ally seen on serial arteriography after
initial treatment. This was a possible
sign of tumor progression with devel-
opment of satellite lesions. These foci
were not in the usual (groin/axillary)
lymph node–bearing areas. Initially,
these cases were reevaluated with re-
peat CT/MR imaging studies, which
proved uniformly negative, and the
foci always disappeared on subse-
quent arteriograms during continued
treatment. We suspect that these foci
represented a localized hypervascular
response to direct arteriolar/capillary
cisplatin toxicity that has proved to be
clinically inconsequential.

All these challenges were ulti-
mately surmountable, did not pre-
clude successful treatment, and
proved to be statistically inconsequen-
tial. In addition, our study showed
that numerous other factors (study
time period, patient age, tumor site,
size, stage, histologic findings) did not
adversely effect the ability to predict
necrosis with serial arteriography. Al-
though the prediction of necrosis after
five IA cycles of cisplatin was statisti-
cally less sensitive and less accurate,
this could be at least partially ex-
plained by the fact that a sixth arterio-
gram was not obtained to substantiate
the impact of the final treatment be-
fore surgery for this group of 14 pa-
tients.

The IA infusion of cisplatin was as-
sociated with seven episodes of myo-
cutaneous inflammation among 408
procedures. This represented 1.7% of
infusions and 6.4% of patients (seven
of 109). This compares favorably with
the 8.4% rate reported by Tsuchiya et
al (32) with use of IA cisplatin in 107
patients with bone and soft-tissue sar-
comas of the extremity. Although
painful, these lesions were medically
managed and did not disrupt neoad-
juvant therapy. Our patients did not
require additional surgical procedures
or have poorer functional outcomes as
found in the use of IA doxorubicin
reported by Bezwada et al (33). The
area of inflammation was excised at
the time of definitive surgery in six of
seven cases. One of the seven episodes
of myocutaneous inflammation in-
volved the abdominus rectus and the
patient presented with acute abdomi-
nal pain. Two similar cases were re-
ported by Cheon et al (34) and attrib-
uted to infusion catheter proximity to
the inferior epigastric artery origin. As

in the cases of Cheon et al (34), our
patient underwent conservative man-
agement and the symptoms resolved
without surgical intervention. The oc-
currence of myocutaneous inflamma-
tion did not impact our ability to per-
form limb-preservation surgery.

The seven cases of deep vein
thrombosis did not impact the thera-
peutic regimen. It was uncertain
whether they were secondary to ve-
nous intimal injury from the higher
concentration of cisplatin returning
through the venous system, the immo-
bilization required during the arterial
infusion, the inherent hypercoagula-
bility of patients with malignancy, or a
combination of these factors.

The use of the IA route of adminis-
tration of cisplatin allows the dose of
drug delivered to the tumor to be in-
creased by as much as fivefold com-
pared with the IV route without in-
creasing the systemic concentration,
effect, or toxicity (5,35). Adjusting the
dose to 160 mg/m2 over 24 hours for
patients with tumors greater than 10
cm in largest dimension (compared
with 120 mg/m2 over 6 hours for
smaller tumors) further increased the
dose delivered to the tumor.

Results of this study differ from
previously reported results of the use
of IA cisplatin in at least four signifi-
cant ways. First, the therapy used only
two drugs repetitively. There was no
interruption to administer methotrex-
ate or ifosfamide. Second, the chemo-
therapeutic agent (cisplatin) was de-
livered in a pulsatile jet fashion with
use of a Wallace-Gianturco pump.
This was an attempt to achieve more
homogenous distribution of drug
throughout the tumor, as demon-
strated by Nishimura et al (36) with
pulsatile jet hepatic artery infusions.
Third, the dose of cisplatin was in-
creased with large tumors (�10 cm) by
33% and the duration of infusion
lengthened from 6 to 24 hours. Fourth,
the number of neoadjuvant cycles ad-
ministered was individualized based
on each patient’s response as judged
by decreased TNV on serial arterio-
grams. Although the claim has been
made that the good histologic re-
sponse rate can be improved with pro-
longed neoadjuvant therapy, this has
not been shown to be true. In addition,
prolonging neoadjuvant therapy only
for cases of slow responses decreases
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Figure 5. Images from an 18-year-
old male patient who presented with
osteosarcoma of the proximal tibia
and pathologic fracture. (a) Lateral
baseline arteriogram depicts a large
(�10 cm) prominently hypervascu-
lar (3�) lesion. (b) A second arterio-
gram shows significant decrease in
TNV, especially anteriorly, with re-
duction in size of mass and less
bulging of vessels. (c) The third ar-
teriogram shows further decrease in
TNV centrally and posteriorly, but
less than the desired goal of 90%. (d)
Fourth and final arteriogram dem-
onstrates complete resolution of
TNV and a good response (�90%),
which correlated with pathologic ne-
crosis.
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the likelihood of overtreating early or
rapid responders.

Assessment of serial arteriograms
at the time of catheter placement be-
fore each IA cycle allowed therapy to
be individualized for each patient. 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 alternative ther-
apy if tumor necrosis proved to be less
than 90%. Additionally, arteriography
was successful in individualizing the
duration of therapy based on re-
sponse. If the protocol had empirically
mandated three neoadjuvant cycles,
67% of patients may have been under-
treated and had a poor response. Con-
versely, empirical administration of
four neoadjuvant cycles would have
resulted in overtreatment of 33% of
patients and undertreatment of 22%.
Finally, administration of five neoad-
juvant cycles regardless of response
would have overtreated at least 72% of
patients. It appears that duration of
neoadjuvant therapy can be based on
response. This improves the chances
of achieving a good histologic re-

sponse and avoids unnecessary toxic-
ity for rapid responders.

In our previous report of patients
younger than 22 years of age with
nonmetastatic osteosarcoma of the ex-
tremity treated on this protocol, 86%
of patients exhibited a good histologic
response (30). In addition, this good
response rate translated to improved
long-term survival rates. The Kaplan-
Meier actuarial survival rate was 92%
and the event-free survival rate was
84% at 10 years, with a median fol-
low-up in excess of 7 years. For good
responders, the 10-year survival and
event-free survival rates were 93% and
86.5%, respectively. The overall and
event-free survival rates for poor re-
sponders were 80% and 62.5%, respec-
tively. The poor responders received
more intense postoperative therapy
for a longer duration and with differ-
ent drugs. To our knowledge, these
treatment results are the best reported
to date for osteosarcoma.

These data suggest that the use of
serial arteriograms to predict tumor
necrosis allows the duration of neoad-
juvant therapy to be individualized ac-
cording to patient response and assists
in achieving the excellent rate of good

histologic response. Because the IA
therapy and arteriographic interpreta-
tions were performed at a single insti-
tution, further studies are needed in a
multiinstitutional setting to confirm
our results.
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