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Abstract
Purpose of Review Osteosarcoma is mostly seen in bones of children and young adults. When it occurs in older persons, the
tumor is considered secondary usually complicating Paget disease or irradiated bone. However, there is a second incidence peak
of primary osteosarcoma later in life when these tumors occur de novo. This article describes the clinical, imaging, and treatment
of POS in older patients, including demographic data of patients from our institution.
Findings We present our experience with 920 cases of osteosarcoma that were seen between 1984 and 2003 at the University of
Texas MD Anderson Cancer Center in Houston, TX, USA. Among the 868 primary osteosarcoma of bones, there were 100
(11.52%), which comprised 69% of the tumors in patients over the age of 50 years. Older patients with primary osteosarcoma
tend to have relatively more common axial skeleton involvement, have more distant disease, and are difficult to treat because of
concomitant comorbidities. Despite that, most adult patients treated with chemotherapy have shown good results with longer
disease-free survival.
Summary A lytic bone lesion seen in radiographs of elderly patients should include primary osteosarcoma among differential
diagnoses. Radical surgery and chemotherapy seem to ensure long-term disease-free survival in most cases. The elderly patients
with POS in pelvis, spine, and upper extremities and those with distant disease (metastases) have worse prognosis.
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Introduction

Osteosarcoma (OS) is the most common primary malignant
bone tumor in children and adolescents [1–4]. Although most
OS in persons over 40 years is considered secondary,
superimposed on Paget disease or irradiated bone, there is
second age peak of primary OS (POS) in older population.

Epidemiology and Incidence

A world-wide incidence of 1.5–4 cases of POS/million/year
population has been reported [1–5]. The tumor usually occurs
in children and young adults, mostly in the first three decades
of life [1–4]. Previously, it was thought that all cases of OS in
older patients were secondary, superimposed on pre-existing
benign bone lesions, such as Paget disease, irradiated bone,
and bone infarct [3, 4]. Earlier reports suggested POS never
occurred beyond the fifth decade [6]. However, it is now well
documented that POS has bimodal age distribution with the
second peak in the elderly, mostly in the seventh and eighth
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decades of life, when the tumor occurs de novo, without pre-
existing benign bone disease [1–4, 7–9].

Approximately 50% of osteosarcoma in the elderly
tends to be primary tumors [3, 4, 7, 10]. This incidence is
much higher in countries where Paget disease of bone is
infrequent [3, 11]. Despite this, POS of bone in the elderly
remains generally unrecognized by physicians resulting in
misdiagnosis and unnecessary delay in treatment. Recent
reports have pointed out that not only POS occurs in the
elderly, but its incidence in patients over age 40 years may
be increasing gradually [7, 8, 12]. Stark et al. reported the
mean age for POS in Sweden increased from 19 to 40 years
from 1972 to 1981; for those with POS at typical locations
in long bones, it increased from 13 to 31 years [7]. The
peak incidence of POS remained between ages 10 and
29 years, but was becoming smaller gradually due to grow-
ing fraction of the tumor in older patients [7]. Others also
have reported increasing incidence of POS in older patients
[11, 12]. However, some reports have also stated increas-
ing incidence of POS in young patients while decreasing
with age [3, 4].

Huvos reported 50 cases of POS in patients over
60 years of age between years 1973 and 1984 as compared
with only 21 cases between years 1954–1973 from the
same institution [8]. He reported 36 cases (36%) of POS
among 101 patients with OS in the elderly. In a retrospec-
tive study of 920 cases of OS cases from 1984 to 2003 at
our institution, we divided the patients into three age
groups—< 35, > 35 to 50, and > 50 years. There were a
total of 868 patients with POS of bone—641 (73.85%) in
the first group, 127 (14.63%) in the second group, and 100
(11.52%) in the third age group [Table 1]. Additional 44
patients (31 patients were over age 50 years) had second-
ary OS—9 with Paget disease, 34 with previously irradi-
ated bones, and 1 with fibrous dysplasia. Eight patients
had extra-skeletal (soft tissue) POS—2 in chest wall, 5
in thigh, and 1 in retroperitoneum. Among the total of
868 bone POSs, 100 (11.5%) patients were over age
50 years, while among the total of 144 OSs in the same
age group, there were 100 (69%) POSs. A previous report
from our institution found only 24 (6%) patients with POS
among 397 patients with OS between 1946 and 1975; 6
patients had secondary OS in that study [5]. Recent reports
of decreasing incidence of Paget disease of bone in general
population and improved therapeutic administration of radia-
tion dose to bones may have some bearing on decreasing
incidence of secondary OS in older patients [4, 13].

The usual explanation for increased incidence of POS
in the young is thought to be related to rapid bone growth
due to increased levels of growth hormone and other
poorly understood nutritional, metabolic, and genetic fac-
tors in growing skeleton [3, 4]. Thus, bones with more
rapid growth, such as distal femur and proximal tibia,

tend to be the most affected sites for POS in the young.
The increasing incidence of POS in the elderly population
cannot be explained simply because of increase in aging
population and increasing life span. It is possible that POS
in the elderly is altogether a biologically different bone
tumor [7, 11, 14].

Age, Sex, and Race

Primary OS in older patients tends to be more common in men
with male:female ratio of 1.7:1 [3, 4] [Table 2]; previously, a
female:male ratio of 2.4:1 has been reported [5]. White men
are more commonly affected in older age group in contrast to
younger group in which POSmore commonly occurs in black
boys [3, 4]. Our own data of 868 patients with POS showed
the majority in ages < 35 years were Hispanics (85.53%)
[Table 3]. We attribute the preponderance of Hispanic patients
in our younger age group to combination of changing demog-
raphy reflecting growing Hispanic population in Texas and
increased referrals from Mexico. The tumor affected 80% of
whites over age > 50 years, and among the 186 cases of POS
over age 40 years, 133 (71.5%) tumors occurred in the fifth
and sixth decades [Tables 2 and 3].

Site

Similar to the younger age group, majority of primary
osteosarcomas in older patients involve ends of long bones
of extremities. However, in the elderly, axial skeleton is rela-
tively more often affected by POS [3–5, 11, 15•]. Incidence of

Table 1 920 patients with primary and secondary osteosarcoma

Total

Total patients with osteosarcoma 920

Primary osteosarcoma 876

Soft tissue osteosarcoma 8

Chest wall 2

Retroperitoneum 1

Thigh 5

Bone osteosarcoma 868

Conventional 821

Parosteal 23

Dedifferentiated 10

Unusual cell type 6

High-grade surface 8

Secondary bone osteosarcoma 44

Paget’s disease 9

Irradiated bone 34

Fibrous dysplasia 1
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axial POS in elderly patients has been reported as 19–38.2%
[15•]. Our own data show axial skeleton (non-extremity) in-
volvement by POS was 42% in patients over age 50 years as
compared with 18.4% in the younger age groups (< 35 years)
[Table 4]. Pelvis (25%) and spine 15 (15%) were the most
common sites of POS among our patients over 50 years of age.

Histopathology

Both in children and adults, POS tends to be osteoblastic [3,
4]. However, Huvos found fibrohistiocytoma variant to be the
most frequent histopathologic OS in the older patients [8].
Despite these histologic variants, there is no difference in clin-
ical behavior and management of POS in the elderly [16].

Clinical Presentation

Primary OS in the elderly has similar clinical presentation as
in younger patients [5]. The tumor presents clinically as a
rather rapidly growing localized soft tissue mass with variable
pain and tenderness. Duration of symptoms may vary from
weeks to months [5, 7]. At times, a patient may seek medical
attention following trauma. Increased preoperative serum al-
kaline phosphatase and serum lactic acid dehydrogenase
(LDH) levels usually indicate poor prognosis [17].

Imaging

Radiography Radiographs of a long bone with POS in an
elderly patient show a mostly lytic meta-diaphyseal lesion of
variable size, same as in younger patients [5]. Less often, a
mixed lytic and blastic lesion may be present. The malignant
tumor usually shows cortical breakthroughwith extension into
adjoining soft tissues and variable periosteal reaction. Often,
the extra-osseous component of the tumor is much larger than
the bone lesion itself. However, unlike POS in younger per-
sons, POS in the elderly tends to be more lytic than blastic and
often lacks periosteal reaction [5, 9]. At times, the tumor can
extend into adjoining epiphysis, but rarely breaks through
articular surface to extend directly into adjoining joint.
Occasionally, a pathologic fracture may be present. Among
differential diagnoses of lytic bone lesions in an elderly pa-
tient, metastasis, myeloma, chondrosarcoma, lymphoma, and
giant cell tumor are frequently considered. However, POS is
rarely mentioned a diagnostic possibility by radiologist in pa-
tients > age 30 years, thus delaying diagnosis [5, 9]. Chest
radiographs routinely obtained tend to show more pulmonary
metastases in elderly patients with POS than younger patients.

Radionuclide Bone Scan Bone radioscintigraphy is very sensi-
tive in detecting bone and lung metastases, when calcified.
Single photon emission computed tomography (SPECT) has
additional advantage as combined bone scan (BS) with CT

Table 2. Age at Diagnosis by Gender in 868 Patients of Primary
Osteosarcoma of Bone

Gender Age at Diagnosis Total

35 or Younger 35–50 Older than 50

N (%) N (%) N (%) N (%)

Female 269 74.52 55 15.24 37 10.25 361 100.00

Male 372 73.37 72 14.20 63 12.43 507 100.00

Total 641 73.85 127 14.63 100 11.52 868 100.00

Table 3 Age at diagnosis by race

Race Age at diagnosis Total

35 or younger 35–50 Older than 50

N (%) N (%) N (%) N (%)

Black 64 78.05 10 12.20 8 9.76 82 100.00

White 356 67.68 90 17.11 80 15.21 526 100.00

Hispanic 201 85.53 24 10.21 10 4.26 235 100.00

Others 20 80.00 3 12.00 2 8.00 25 100.00

Total 641 73.85 127 14.63 100 11.52 868 100.00

Table 4 Site of primary osteosarcoma

Site Age

Group
I—≤ 35 years

Group
II—> 35–50 years

Group
III—> 50 years

Skull 15 13 8

Spine 7 2 15

Facial Bones 13 8 3

Sternum 22 3 1

Clavicle 1 1 0

Scapula 0 4 2

Ribs 11 11 6

Humerus 85 10 3

Radius 3 3 2

Ulna 2 1 0

Hand 0 1 1

Pelvis 56 19 22

Femur 381 43 25

Tibia 42 5 10

Fibula 3 2 1

Foot 0 1 1

Total 641 127 100
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provides better localization and characterization of a bone le-
sion and can detect metastases in bone, lungs, and elsewhere.

Computed Tomography Computed tomography (CT) shows
intra- and extra-osseous extents of POS and can detect evenmin-
imal mineralized osteoid production by tumor not visible on ra-
diographs. CT is useful in evaluating pathologic fracture, when
present. CT is the best imaging modality for assessment of POS
occurring incomplexbones,suchaspelvis,spine,andcraniofacial
bones, which aremore frequent sites in the elderly. Because of its
multiplanar and 3-D imaging capabilities, CT also aids in
presurgical planning. Chest CT detects pulmonary metastases
not visible in chest radiographs. However, chest CT itself under-
estimates lung metastases by as much as 30% when compared
withmanual palpation ofmetastatic lung lesions during thoracot-
omy [18]. Biopsy of an indeterminate lung nodule detected on
chest radiograph or CTshould be obtained to confirm diagnosis.

Magnetic Resonance Imaging Magnetic resonance imaging
(MRI), especially when combinedwith intravenous gadolinium,
is the best imaging modality for tumor staging as it determines
whether POS is uni-compartmental (confined to bone), or multi-
compartmental by demonstrating cortical breakthrough and
extra-osseous tumor extension into adjoining soft tissues, and
regional lymphadenopathy. It also shows tumor relationship to
adjoining neurovascular bundles and joint. MRI is used routine-
ly to assess response of tumor to neoadjuvant and adjuvant
chemotherapy and radiotherapy, and also postoperatively, to de-
tect residual and recurrent tumor. MRI-guided biopsy of tumor
can be performed for definitive diagnosis. When imaging with
MRI of a long bone involved with POS, the entire length of the
bone should be imaged to assess for skip metastases.

Positron Emission Tomography F18FDG positron emission
tomography (PET) combined with CT is used to determine
metabolic activity of POS, local and distant extent of dis-
ease, and in follow-up of patients after surgery, to assess
tumor response to chemotherapy and radiation treatment,
and also for detection of residual and recurrent tumor.

Irrespective of which image modality is selected, the same
imaging modality should be used throughout the clinical
course, and for surveillance after surgery. Routinely, BS for
detection of bone metastases, and chest CT for detection of
pulmonary metastases are recommended for preoperative
staging and postoperative follow-up. For detection of soft
tissue metastases, PET-CT and MRI are the best imaging
modalities.

Tumor Staging

Tumor staging is required prior to definitive treatment of POS
[19]. The tumor can be at stage I (low grade), stage II (high

grade), or stage III (with distant metastases). Further sub-
staging of the stages I and II determines whether the tumor
is A (intra-compartmental—confined to involved bone), or B
(extra-compartmental—with cortical breakthrough). Most
POS of bone is high-grade extra-compartmental tumors
(IIB). The current cancer staging classification from the com-
bined American Joint Committee on Cancer (AJCC) and
Union for International Cancer Control (UICC) has a tumor,
node, metastasis (TNM) staging system. The most recent
AJCC Cancer Staging recommendation beginning January
1, 2018, requires separating T-stage classification for primary
bone sarcomas into those tumors arising in the appendicular
skeleton and most axial skeleton from those tumors arising in
spine and pelvis [20].

Biopsy

Biopsy of a bone lesion under CT or MRI guidance should
be performed by the same orthopedic surgeon who later
will also perform the definitive surgery, including limb-
salvage procedure. For core biopsy, close collaboration be-
tween orthopedic surgeon and interventional radiologist is
essential to ensure accurate needle placement for obtaining
tumor tissue.

Treatment

Once the diagnosis and staging of POS in an elderly patient is
established, the treatment requires special considerations be-
cause of existing concomitant comorbidities, such as chronic
respiratory, cardiac, renal, or other diseases, which may influ-
ence clinical course and prognosis [9]. A combination of neo-
adjuvant and adjuvant chemotherapy and radical surgery for
long disease-free survival is advocated to treat all adult pa-
tients with POS irrespective of whether the tumor has metas-
tasized or not. However, because of comorbidities with gen-
eral poor health and greater involvement of axial skeleton,
usually difficult areas to operate on, many elderly patients
with POS may not be good candidates for chemotherapy and
surgery [8]. Bacci et al. reported good response of POS of
extremities to neoadjuvant chemotherapy, results similar to
those seen with younger patients, in 24 of their 29 patients
aged between 40 and 60 years of age, while 4 patients had no
response, and in 1 patient, the disease had progressed [21•].
Histological response of the tumors to the chemotherapy was
“good” in 8 patients and “poor” in 21. Twenty-five patients
had limb-salvage surgery, while four had amputations.
Chemotherapy not only improved the long-term survival rate
but also obviated need for amputation in 80% of their patients.
At median follow-up of 8 years (range 5–12 years), the
disease-free survival was 57%, and the 8-year overall survival
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was 62%. In contrast, in another group of 24 patients treated
with surgery alone, the 8-year disease-free and overall surviv-
al was only 17%. Grimer and colleagues also advocated
aggressive treatment of non-metastasizing POS in elderly
patients with chemotherapy and surgical resection with
good outcome and long survival [22]. Others have also
reported similar good results with long survival with che-
motherapy and surgery [3, 4, 15•, 21•, 23]. Combined
neoadjuvant treatment with surgery gives a rate of healing
of about 60–70% for patients with non-metastatic POS of
the extremities, and of about 30% for tumors of the axial
skeleton [12]. Similar good results also have been report-
ed from our institution in treating POS in adult patients
when neoadjuvant chemotherapy was used in those pa-
tients who showed positive results with preoperative che-
motherapy and surgery [24•]. However, others have re-
ported limited role of chemotherapy in treatment of POS
in the elderly patients as they found no additional benefit
of chemotherapy, especially in patients with non-
metastatic POS [11, 14, 15•, 25]. Currently, chemotherapy
for osteosarcoma is among the most exhausting for any
solid tumors, and treatment of primary tumor may be as-
sociated with permanent disability of some degree [26].
As compared to the younger patients, the elderly with
POS have greater incidence of distant metastases. Also,
the patients with axial skeletal POS tend to have more
distant metastases and worse prognosis [3, 4, 23]. Use
of local conventional radiotherapy and carbon-ion radia-
tion treatment are mostly reserved for the inoperable tu-
mors involving craniofacial bones and spine [11]. Seer
data in the USA from 1973 to 2004 showed the relative
5-year survival rate for young-onset OS was 61.6%; for
middle-aged persons, 58.7%; and for the elderly patients
over 60 years, 24.2%, respectively [3, 4]. Pulmonary
metastasectomy should be considered in those patients
with POS who have sufficient pulmonary reserve, when
the lungs are the only site of metastatic disease, and when
both the primary tumor and the pulmonary metastases can
be completely resected [27]. At present, the prognostic
role of angiogenesis in predicting outcome in elderly pa-
tients with POS treated with chemotherapy is controver-
sial with conflicting results [23].

Conclusion

POS has bimodal incidence peaks in the first three decades
and in older patients after 40 years of age. POS in the
elderly, comprising of up to 30% of all POS, usually affects
white men, involves relatively more axial bones, and tends
to have more distant metastases, usually to lungs and
bones. The survival depends upon anatomic site of tumor
and tumor stage [11]. The elderly patients with POS in

pelvis, spine, and upper extremities and those with distant
disease (metastases) have worse prognosis [3, 4, 15•, 24•].
Despite controversy regarding chemotherapy at present,
POS in the elderly requires aggressive treatment with neo-
adjuvant and adjuvant chemotherapy and radical surgery
with limb-salvage procedure for long disease-free survival.
However, the presence of comorbidities and poor general
health may limit use of such treatment in the elderly.
Palliative radiotherapy is used for inoperable tumors most-
ly affecting craniofacial bones and spine. It is predicted
that with increasing life span and increase in the geriatric
population, the incidence of POS in elderly persons will
gradually increase and pose management challenge to the
oncology team in future. Since the mid 1980s, there has
been no real breakthrough in treating bone sarcomas [3, 4,
6, 21•]. Increased understanding of the biology of POS in
the elderly will launch new therapeutic agents, such as
biologic response modifiers, angiogenesis factors, and growth
receptor modulation for prolonged disease-free survival [27].
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