
Abstract. – Secondary or pathologic frac-
tures, associated with osteosarcoma, have been
considered for a long time to be a negative prog-
nosis regarding its evolution in the patients. 

The aim of this study was to evaluate the
prognostic importance of such pathologic frac-
tures in osteosarcoma patients receiving new
therapies as well as the best conditions for
surgery aiming at “limbs salvage”. 

On a total of 22 patients affected by osteosar-
coma, we performed a retrospective study with
12 patients showing pathologic fractures caused
by osteosarcoma and 10 patients without any
pathologic fracture. The patients enrolled into
Timisoara University Hospital have been followed
up along 5 years or until a reappearance of either
the disease or metastases, distant or local.
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Introduction

Fracture on pathologic basis associated with
osteosarcoma was considered, for a long time, a
negative prognostic index for the evolution of the
disease in the patients1. In the last period, the
treatment of the osteosarcoma associated with
the “limb salvage” procedure has become a more
viable alternative than the “limb amputation”
surgery2,3. Non randomised studies have shown
that the salvage procedures do not negatively in-
fluence the survival. So, whenever could be pos-
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sible, the radical resection of the tumour, together
with chemotherapy or not, could improve the
functional results without compromising the
“limb salvage” and the local control on the dis-
ease (Figure 1).

One risk factor, which could be considered as
a contraindication for “limb salvage” procedure,
is the pathological fracture, frequently associated
with a poor outcome4. Fractures are usually asso-
ciated with haematomas which can theoretically
disseminate the tumour cells to the neighbouring
tissues and probably to the close vessels and/or
joints. It could also facilitate an hypothesized
closed areas microcirculation which could con-
tribute for a metastasis development5,6. The inci-
dence of the pathological fractures, at the time of
the diagnosis or of preoperative chemotherapy, is
ranging between 5% and 10%7,8. The aim of this
study was to evaluate the prognostic importance
of such pathologic fractures in patients affected
by osteosarcoma who received new pharmaco-
logical therapies as well as the new procedures
for the “limbs salvage” surgery9,10.

Material and Methods

We performed a 5 years retrospective study on
22 patients treated for osteosarcoma which were
divided in two groups: one group of 12 patients
presenting osteosarcoma with pathological frac-
tures at the time of the diagnosis or which devel-
oped preoperative fractures at the time of
chemotherapy, and another group of 10 patients
without pathological fracture treated for osteosar-



Figure 1. Patient with a osteosarcoma of the femoral condyle treated with a radical resection of the tumour and an artrodesis
of knee: the performance of the leg is preferred to its amputation.
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in the group with pathologic fractures and 97%
in patients without fractures. In the group with
pathologic fractures, the “limb salvage” resulted
successful in 23% whereas in 4 patients the am-
putation resulted necessary. In five patients, the
open reduction and internal fixation were per-
formed before the surgical intervention trying a
“limb salvage” procedure. All the patients, pre-
senting the osteosarcoma at the “Enneking” stage
IIB or III, developed distant metastases in 48%
of the cases11. In all the considered cases, the
most common place of the primary tumour local-
ization was the distal femur (58%) (Figure 2),
followed by the proximal portion of the humerus
(24%) and the proximal part of the femur (24%). 

“Limb salvage“ refers to successful resection
of a tumour and reconstruction of a viable, func-
tional extremity. In the setting of induction
chemotherapy, limb-sparing resection and recon-
struction, rather than amputation, can be safely
performed in 90 to 95 percent of patients3. Stud-
ies indicate that, compared with amputation,
limb-sparing surgery using a wide margin does
not appear to compromise the survival12. It should
be emphasized, however, that the primary objec-
tive of overall treatments is to achieve a long-
term disease-free survival (cure). Consequently,
preserving limb function undertakes a secondary
objective. If an adequate limb-sparing resection
cannot be performed, amputation should be con-
sidered. However, with modern chemotherapy
regimens, limb removal is seldom necessary. Af-
ter tumour resection, the large hard and soft tis-
sues deficits must be reconstructed. For this pur-
pose, many orthopedic surgeons prefer metallic
endoprostheses which provide immediate stable

coma. With the help of a standard table, for both
groups was considered and registered a number
of data like patient’s age, sex, tumour’s site and
extension. The patients were followed up for a
period of 2-5 years or until the local recurrence
of metastasis or the patient death. In detail, for
each patient the following data have been consid-
ered: age, sex, “Enneking” stage of the disease11,
anatomical site of the tumour and dimension of
the tumour (determined by imaging study), pres-
ence of fractures, presence of regenerative callus,
the extent of fracture displacement, the type of
stabilization used, the type of surgery performed
for the tumoral resection, the limits of the surgi-
cal margins and the proportion of the tumoral
necrosis caused by chemotherapy, the neo adju-
vant chemotherapy used determined by the
anatomo-pathologic exam. The impact of the dis-
placement, at fracture level, was analyzed by
standard radiographs. From this point of view,
the patients with fractures on the pathological
bone were divided into two groups: patients with
displacement and patients without displacement.

Results

The median age of the patients included in the
study was 66.5 yrs. The patients were followed
for a medium time of 2.5 yrs, ranging from 1.5 to
6 yrs.

The survival rate after 5 yrs was estimated to
be 50% in the group with pathologic fractures
and 79% in patients without fractures. The sur-
vival rate, without local recurrence, resulted 55%

72



Figure 2. Artroprotesis of the knee following revision of the distal third of the femur for osteosarcoma. 

Figure 3. Osteosarcoma of the third diaphysary medium
of the femur treated with chemotherapy, with a wide resec-
tion of the neoplasy and sintetized with a blocked en-
domedullar nail.
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vival has not yet been confirmed. 
Rather a variant of Cooperative Osteosarcoma

Study-86 (COSS-86), the initial protocol used for
osteosarcoma treatment includes 3 months
Methotrexate, Doxorubicin and Cysplatin (MAP)
and MAP plus ifosfamide for poor responders
(four cycles of doxorubicin, methotrexate and

fixation and allow early deambulation together
with weight bearing. They also provide joint sta-
bility with good to excellent function in most pa-
tients13,14. The use of metallic endoprostheses re-
sult associated with only minimal early postoper-
ative complications. After a diagnosed tumour,
the chemotherapic protocol routinely applied in
the Oncologic Clinic of Timisoara (Romania) was
the standard protocol. Chemotherapy resulted vi-
tal in the treatment of osteosarcoma. Over the
past 30 years a substantial progress in chemother-
apic treatment has occurred, surely responsible
for improved cases of “limb salvage” and in-
creased survival rates15-17. 

Chemotherapy has also been shown to reduce
the number of pulmonary metastases or to delay
their appearance together with an easier surgical
removal18. Standard regimens now include pre-
operative (induction) and postoperative (adju-
vant) chemotherapy. Preoperative chemotherapy
induces tumour necrosis in the primary tumour
and provides early treatment of eventual mi-
crometastases. It also facilitates surgical resec-
tion with wide safety margins and, therefore, ap-
pears one of the main factors contributing to a
significant improvement of limb salvage rates
(Figure 3). 

Drugs resulted effective against osteosarcoma
include: doxorubicin, cisplatin, ifosfamide with
mesna and high-dose methotrexate with leucov-
orin calcium rescue. For both induction and adju-
vant chemotherapy, most standard protocols use
doxorubicin and cisplatin with or without high-
dose methotrexate. Recent trials incorporated
ifosfamide into the treatment protocols. Howev-
er, the benefit of ifosfamide with respect to the
conventional regimens in improving patient sur-



Figure 4. Osteosarcoma of the third diaphysary medium of
the femur treated with a wide resection of the neoplasy and
sintetized with an internal fixation followed the “limb sal-
vage” procedure.

cisplatin). 
For doxorubicin protocol, CCG-7921 uses

continuous 25 mg/m2/day i.v. infusion over 72 h,
not exceeding 450 mg/m2. 

For methotrexate protocol, CCG-7921 uses an
high-dose on days 21 and 28 of each chemother-
apic cycle, 12 g/m2 i.v. infused over 4 h not ex-
ceeding 20 g/m2/dose. 

For cisplatin protocol, CCG-7921 uses 120
mg/m2 i.v. infused over 4 h on day 1 of each
chemotherapic cycle.

Post surgical chemotherapy (up to 9 months)
was made with the addition of ifosfamide at the
following dosage: 1.8-3.6 mg/m2/d i.v. along 5
days for each cycle (i.e., total cumulative dose of
9-18 mg/m2 per cycle).

The high dose polichemotherapy regimens
with recent drugs enhanced the disease-free long-
term survival rates up to approximately 60-80
percent in patients with localized (not metastatic)
disease at presentation19. 

The best long-term survival statistics have
been reported in patients who achieved greater
than 90 percent histologic tumour necrosis in the
resected specimen20. 

Consequently, the amount of tumour necrosis
achieved with induction chemotherapy is rou-
tinely estimated for all specimens following re-
section. Two out of the 22 enrolled patients re-
quired the amputation. For one patient the proce-
dure was performed at the time of presentation
while for the other it was performed after the
chemotherapy induction. Taking in consideration
the clinical evolution of the patients of the group
presenting pathological fractures, there was no
significant difference between the group leading
to the amputation (among patients with patholog-
ical fractures) and the group undergone to surgi-
cal intervention performed for “limb salvage”.
Local recurrences were recorded in 10 of the 12
patients undergone to the surgical intervention
for “limb salvage” and in both patients where
amputation was performed. No significant differ-
ence was observed about the overall survival rate
among the patients undergone to amputation (at
the time of presentation) and those who under-
went to amputation at the time of chemotherapy
or after it. Five patients underwent to open re-
duction and internal fixation followed by “limb
salvage” procedure (Figure 4). One of them
showed local recurrences and died 5 months after
surgery.

The remaining patients resulted alive at the fi-
nal period of the follow up. In eight patients, our
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data permit a significant association between
fracture healing and the extension of the tumour
necrosis. Into four of them, in which the fracture
was consolidated, two patients showed tumour
necrosis. The fracture displacement was not sig-
nificantly related to the local recurrences or to
overall survival despite the fracture consolida-
tion. Up to now, for each clinical case taken in
account, it isn’t available any significant multi-
variant relationship between the decreased rate of
the local recurrence and the increased rate of sur-
vival able to induce clinicians to hypothesize a
validated prognostic factor. The “non finding” of
a fracture consolidation condition, seems to rep-
resent a significant independent prognostic factor
which could be due to some other strong overlap-
ping effects (i.e., response to chemotherapy
and/or local resistance).

Discussion

Few scientific reports in the literature high-
light the prognosis of the osteosarcomal patho-
logical fractures6,21. This is because these lesions
resulted very rare in the affected people
(2/1.000.000) and even related to the indications
of the proposed treatment: tumour resection and
osteosynthesis, amputation and reconstruction,
depending on the cases22. There are some stud-
ies, published in recent years, which report, in
the osteosarcoma treatment, a reflecting correla-
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increased risk of local recurrence together with a
decrease of the survival rate. The procedure for a
“limb salvage” in selected patients with patho-
logic fracture doesn’t cause an increase in the
rate of local recurrences or death. Predictive fac-
tors could give positive results but the response
to chemotherapy or fracture consolidation should
be factors to be also taken in account at the time
of “limb salvage”.
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