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Staging of Primary Malignancies
of Bone
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The surgical staging system of musculoskeletal neoplasms was initially proposed
http://CAonline.AmCancerSoc.org g ging sy P y prop

by Enneking, et al.! in 1980. As outlined by Enneking, et al.,! the purposes of a
staging system for musculoskeletal neoplasms are to “(1) incorporate the significant
prognostic factors into a system that describes progressive degrees of risk of local recurrence and distant metastases to
which a patient is subject, (2) stratify the stages so they have specific implications for surgical management, and (3)
provide guidelines for adjunctive therapies.” According to this system, malignant bone tumors were staged based on

histologic grade, the intraosseous or extraosseous extent of the tumor, and the presence of distant metastases. Enneking,
et al.! showed that this system had prognostic significance and that it was able to help guide treatment. The system
was evaluated and endorsed by the Musculoskeletal Tumor Society (MSTS) and later by the American Joint Committee
on Cancer (AJCC). The surgical staging system (MSTS system) has remained the most widely used system by mus-
culoskeletal oncologists to classify all patients with primary bone sarcomas. For over two decades, a time of great
advances in imaging and understanding, the AJCC staging system for bone cancers had closely reflected the MSTS
system and remained relatively unchanged.

According to the original MSTS staging system, low-grade bone tumors were classified as Stage I, high-grade
tumors were classified as Stage 11, and metastatic tumors were classified as Stage 111 (regardless of grade). These stages
were subclassified based on the local extent of growth of the primary tumor. Bone tumors that had not grown beyond
the compartment of origin (intracompartmental) had an A subclassification, whereas tumors that extended into the
adjacent soft-tissue compartment (extracompartmental) had a B subclassification (Table 1). For example, a low-grade
chondrosarcoma that was contained within the cortex was classified as Stage I-A. A high-grade osteosarcoma that
was associated with a soft-tissue mass was Stage [I-B. Because this system was designed before computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) were available, in some respects the A and B subclassifications
served to indicate size. Furthermore, the system was designed to help guide surgical management before the advent
of current multimodal treatment.

The previous AJCC staging system for primary malignancies of bone? was almost identical to the MSTS system,
with the exception of metastatic disease being classified as Stage IV (to remain consistent with the AJCC staging sys-
tems for other cancers) while Stage I1I was left undefined. Also, Stage IV was subdivided based on the presence of lymph
node metastasis only (Stage IV-A) or the presence of distant metastases (Stage IV-B).

Recently, however, members of the AJCC made three major revisions to the system.” Rather than using the
intraosseous or extraosseous extent of the tumor for subdividing Stages I and II, tumor size was suggested as a better
prognostic indicator. Specifically, a tumor size of less than 8 cm in any dimension was recommended as a favorable
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TABLE 1 Musculoskeletal Tumor Society Staging System'

Stage Grade Local Extent Metastases
I-A Low Intracompartmental None

I-B Low Extracompartmental None

II-A High Intracompartmental None

II-B High Extracompartmental None

1l Any Any Present

Adapted from Enneking WF, Spanier SS, Goodman MA' with permission from Lippincott Williams & Wilkins.

prognostic indicator. Second, tumors associated
with skip metastases, defined as discontinuous
disease in the same bone, were classified sepa-
rately as Stage III. Finally, Stage IV tumors (those
associated with distant metastases) were subdivided
based on the presence of pulmonary metastases
only (Stage IV-A) or metastases to other loca-
tions including bone (Stage IV-B) (Table 2).

DIAGNOSTIC EVALUATION

An adequate history and physical examina-
tion are the first steps in evaluating a patient with
a bone tumor. With few exceptions, patients
with primary malignancies of bone complain of
pain at the affected site. Initially, the pain often
is activity related. Patients often attribute the
pain to an episode of minor trauma, and many
fail to promptly seek medical attention. Instead
of improving, however, the pain progresses and
becomes unrelated to activity. Many patients
then complain of pain at rest and night pain.
Often, a palpable mass is present before presen-
tation to a physician.

Although some tumors demonstrate a sex
predilection (eg, female predominance with giant

cell tumors and parosteal osteosarcomas), this
rarely is of diagnostic significance. Race, like-
wise, is of little significance with the exception
that Ewing sarcoma is exceedingly rare in peo-
ple of African descent. Family history occasion-
ally can be helpful, as in cases of multiple
hereditary exostosis and enchondromatosis. Age,
however, may be the most important informa-
tion obtained in the history because most bone
tumors, both benign and malignant, occur within
specific age ranges. For example, primary
osteosarcoma usually occurs between the ages
of 10 and 25 years; Paget osteosarcoma, 55 to
80 years; Ewing sarcoma, 5 to 25 years; primary
chondrosarcoma, 30 to 60 years; and secondary
chondrosarcoma, 25 to 50 years. Radiation-
induced osteosarcoma typically occurs 5 to 20
years after radiation exposure.”

The physical examination should include eval-
uation of the patient’s general health, as well as
a careful examination of the part in question. A
mass should be measured, and its location, shape,
consistency, mobility, tenderness, local temper-
ature, and change with position should be noted.
Atrophy of the surrounding musculature should
be recorded, as well as neurological deficits and

TABLE 2 Summary of Revisions to AJCC Staging System?

not previously defined.
M1 lesions have been divided into M1a and M1b.
M1ais lung-only metastases.
M1b is metastases to other distant sites, including lymph nodes.
In the Stage Grouping, Stage IVAis M1a, and Stage IVB is M1b.

T1 has changed from “Tumor confined within the cortex” to “Tumor 8 cm or less in greatest dimension.”
T2 has changed from “Tumor invades beyond the cortex” to “Tumor more than 8 cm in greatest dimension.”
T3 designation of skip metastasis is defined as “Discontinuous tumors in the primary bone site.” This designation is a Stage Ill tumor that was

Adapted from Greene FL, Page DL, Fleming ID, et al.3
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adequacy of circulation. Potential sites of lymph
node metastases should be palpated.

All suspected bone neoplasms should be eval-
uated initially with plain radiographs. Compared
with any other test, conventional radiography
still provides more useful diagnostic informa-
tion for evaluation of bone lesions.>”'* Often,
the patient’s age and plain radiographic findings
are sufficient to arrive at a specific diagnosis.
Even if a specific diagnosis cannot be made, the
aggressiveness of the lesion, and whether it is
likely to be benign or malignant, usually can be
determined by careful evaluation of the plain
films. Inactive lesions usually have well-defined
margins, often with a surrounding rim of reac-
tive bone formation. Aggressive lesions usually
have a less well-defined zone of transition between
the lesion and the host bone. Cortical expan-
sion can be seen with aggressive benign lesions,
but frank cortical destruction usually is a sign of
malignancy. Periosteal reactive new bone for-
mation results when the tumor destroys cortex
and may take the form of a Codman triangle,
“onion-skinning,” or a “sunburst” pattern. It
usually is a sign of malignancy but may be pres-
ent in some benign conditions such as infection
or histiocytosis.

All patients with a suspected primary malig-
nancy of bone should undergo MRI of the entire
involved bone. It is the most accurate technique
for determining the extent of disease both within
and outside bone. MRI is the study of choice
to determine the size of the tumor, as well as
its anatomic relationships to surrounding tis-
sues.” 1 [t also is the best test to determine the
presence of “skip” metastases (discontinuous
lesions within the same bone). With regard to
diagnosis, however, the MRI appearance is non-
specific, and MRUI is not as useful as radiography
in differentiating benign from malignant
intraosseous lesions.

CT is the examination of choice for evaluat-
ing the lungs, the most common site for metas-
tases from bone sarcomas.'>'® CT remains useful
for local staging to characterize some lesions of
the spine, pelvis, and scapula when plain radi-
ographs have proven inadequate to evaluate
the bony architecture. It also is usetul to evalu-
ate endosteal cortical erosion in a suspected
chondrosarcoma.

CA A Cancer Journal for Clinicians

Almost all bone sarcomas demonstrate
increased activity on technetium bone scan;
however, the same is true of most benign bone
tumors. Its main use, therefore, is to determine
the presence of multiple lesions or skeletal metas-
tases.''® Angiography, which previously was
used to determine the relationship of a neoplasm
to the vessels, has been supplanted by MRI.
Positron emission tomography (PET) is still con-
sidered investigational in the field of muscu-
loskeletal oncology. It may prove to be useful in
staging (especially for detecting nonpulmonary
metastases), evaluating the response to preoper-
ative chemotherapy, helping to direct subsequent
treatment, and helping to detect recurrent local
or metastatic disease during follow up. Currently,
the role of PET remains undefined.!?=!

Bone tumors should be completely evaluated
before biopsy is done. The differential diagno-
sis, extent of the lesion, and potential resectabil-
ity of the lesion can affect the type of biopsy,
the placement of the biopsy incision, and the
diagnostic management of the tissue obtained. A
complete evaluation helps to narrow the difter-
ential diagnosis and to bring about a more accu-
rate pathological diagnosis. Furthermore, studies
such as CT, MRI, and bone scan can be adversely
affected by postoperative changes in the tissues.
If a lesion is suspected to be a bone sarcoma, the
biopsy should be performed by a surgeon who
is well educated in techniques of musculoskele-
tal oncology to minimize the many risks that are
associated with a poorly performed biopsy.?>3
The biopsy preferably is done by the surgeon
who will perform the definitive procedure (resec-
tion or amputation) or by a surgeon working in
close conjunction with this person. Similarly, if
a radiologist will be performing an image-guided
needle biopsy, this procedure should be planned
in conjunction with the treating surgeon. Histo-
logic analysis is then performed to determine
the histologic type of tumor as well as its grade.

Patients suspected of having a primary malig-
nancy of bone, therefore, should be evaluated
with radiographs of the involved bone and chest.
An MRI (or a CT in some cases) of the lesion
delineates the extent of the lesion in the bone,
as well as soft tissue involvement and the rela-
tionship to other anatomic structures. A bone
scan should be obtained to detect any other areas
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of skeletal involvement, and a CT scan of the
chest should be obtained to detect pulmonary
metastases. The biopsy of a suspected bone sar-
coma should be done after staging is complete,
and only by the surgeon who will perform the
definitive procedure or by an individual work-
ing in close conjunction with this surgeon.

AJCC STAGING SYSTEM FOR BONE TUMORS

The present AJCC system for bone sarcomas®

(Tumor-Node-Metastasis [TNM] system) is based
on tumor grade and size and the presence and
location of metastases. Stage I tumors are low
grade. Stage II tumors are high grade. Stages |
and II are subdivided based on size. Stages I-A
and II-A are less than or equal to 8 cm in their
greatest linear measurement. Stages [-B and
II-B are greater than 8 cm in size. Stage III tumors
are those that have “skip” metastases, which are
defined as discontinuous lesions within the same
bone. Stage IV-A includes patients with pul-
monary metastases only, whereas Stage [V-B
includes patients with nonpulmonary metastases
(eg, bone, liver, lymph node) (Tables 3 and 4).
In a study comparing staging systems for bone
sarcomas, Heck, et al.** showed statistically sig-
nificant differences in the prognoses among
groups of patients with Stage I, Stage II, and
Stage IV disease. With the numbers available,
the authors were unable to show a significant
difference between the A and B subclassifica-
tions of Stages I, I, and IV (Figure 1). Similarly,
the authors were able to demonstrate signifi-
cant differences among Stages I, II, and III of
the MSTS system, but were unable to demon-
strate differences between the subclassifications

TABLE 4 Stage Grouping?®

CA Cancer J Clin 2006;56:366-375 I

TABLE 3 Definition of TNM and Grade [G]®

Primary Tumor [T]
TX  Primary tumor cannot be assessed
TO  No evidence of primary tumor
T1  Tumor 8 cm or less in greatest dimension
T2 Tumor more than 8 cm in greatest dimension
T3  Discontinuous tumors in the primary bone site

Regional Lymph Nodes [N]
NX*  Regional lymph nodes cannot be assessed
NO  No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant Metastasis [M]
MX  Distant metastasis cannot be assessed
MO  No distant metastasis
M1 Distant metastasis
M1a Lung
M1b  Other distant sites

Histologic Grade [G]
GX  Grade cannot be assessed
G1  Well differentiated—low grade
G2  Moderately differentiated—low grade
G3  Poorly differentiated—high grade
G4t Undifferentiated—high grade

Adapted from Greene FL, Page DL, Fleming ID, et al.®
*Because of the rarity of lymph node involvement in
sarcomas, the designation NX may not be appropriate
and could be considered NO if no clinical involvement
is evident.

TEwing’s sarcoma is classified as G4.

of Stages I and II. As discussed later in this man-
uscript, multiple studies have shown grade, size,
presence, and location of metastases to be of
prognostic significance. The authors are not
aware, however, of a study that specifically
demonstrates compartment status to be of prog-
nostic significance.

Similar to other cancers, it is well established
that the presence of metastases at diagnosis is the
most important indicator of poor prognosis in
patients with primary malignancies of bone.>>™*

Stage Tumor [T] Node [N] Metastasis [M] Grade [G]
Stage 1A ™ NO MO G1, 2 low grade
Stage IB T2 NO MO G1, 2 low grade
Stage 1A ™ NO MO G3, 4 high grade
Stage IIB T2 NO MO G3, 4 high grade
Stage Ill T3 NO MO Any G
Stage IVA Any T NO M1a Any G
Stage IVB Any T N1 Any M Any G

Any T Any N M1b Any G

Adapted from Greene FL, Page DL, Fleming ID, et al.®
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FIGURE 1 Probability of Survival Based on the New AJCC Staging System.3*

In all, 245 patients at 1 institution (I-A, 45; I-B, 26; 1I-A, 55; II-B, 76; IIl, 5; IV-A, 26; IV-B, 12) were included. There were sig-
nificant (P < 0.001) differences among patients with Stage |, Stage I, and Stage IV disease. There were no significant dif-
ferences between patients with Stages I-A and I-B disease (P = 0.15), between patients with Stages II-A and 1I-B disease
(P = 0.14), or between patients with Stages IV-A and IV-B disease (P = 0.21). Reprinted from Heck RK, Stacy GS,
Flaherty MJ, et al.3* with permission from Lippincott Williams & Wilkins.

Furthermore, it has been shown that the location
of metastases also is extremely important for
these patients. Patients with nonpulmonary
metastases, such as bone, lymph node, or hepatic
metastases, have a much worse prognosis than
patients with only pulmonary metastases. %448
This fact is appropriately reflected by the recent
subdivision of Stage IV into Stage IV-A (pul-
monary metastases only) and Stage IV-B (non-
pulmonary metastases). Patients with high-grade
bone sarcomas who present with bone metas-
tases continue to do very poorly despite very
aggressive modern multimodal treatment. Con-
versely, patients with bone sarcomas who pres-
ent with only pulmonary metastases have been
shown to have a 25% to 50% chance of long-

5 Q
1.15:36:38:45.49 Opne caveat, however,

term surviva
is that patients with low-grade lesions, such as
low-grade hemangioendothelioma or low-grade
chondrosarcoma, probably are not appropriately
classified as having Stage IV-B disease even if
multiple bones are involved because these patients
have relatively good prognoses. Stage IV-B is
probably best reserved for patients with high-
grade tumors and nonpulmonary metastases.>*
Grading of bone sarcomas is somewhat subjec-
tive and 1s based on the degree of cellularity and
extent of anaplasia. Grading is best done by a
pathologist specifically trained in this area. Low-

CA A Cancer Journal for Clinicians

grade sarcomas typically have cytologic features
similar to the tissue of origin. High-grade sarco-
mas, on the other hand, may appear completely
undifferentiated. Necrosis and mitotic figures
are more common in high-grade tumors, but
these parameters are not used in grading. Cartilage
and vascular tumors are graded from one to three;
most other sarcomas are graded from one to four.
Some tumors are not typically graded; for exam-
ple, Ewing sarcomas are all considered high grade,
whereas adamantinomas are low grade.*

It is well established that tumor grade is an
extremely important prognostic indicator for
patients with primary malignancies of bone. Low-
grade osteosarcomas are associated with a much
better prognosis than conventional high-grade
osteosarcomas. **207>3
mas have a better prognosis than high-grade chon-
drosarcomas.’*>? Dedifferentiated chondro-
sarcomas (high grade) are associated with an
extremely poor prognosis.>>**=** Similarly, low-
grade chordomas are associated with a much bet-
ter prognosis than their high-grade counterpart,

Low-grade chondrosarco-

dedifferentiated chordomas.®>7> Adamantinoma,
a low-grade tumor, is associated with a relatively
good prognosis.”®’® Grade has been shown to
be of prognostic significance for malignant fibrous
histiocytoma of bone and fibrosarcoma of
bone.”®! Finally, Ewing sarcoma and other high-
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grade sarcomas of bone carry prognoses similar
to that of high-grade osteosarcoma,¥#1:43.82786
Thus, the strategy of using grade to separate Stage
I and Stage II tumors has remained unchanged for
over 25 years and remains appropriate.

Stages I and II are subdivided based on the
local growth of the tumor. This subdivision was
previously defined by the intra- or extracom-
partmental status of the tumor. The current
AJCC system, however, uses a linear size meas-
urement to make this separation. The strategy
of using compartmental status to subclassify
tumors was based on the surgical concept that
a patient with a small tumor with extraosseous
extension may require a more extensive opera-
tive procedure than a patient with a large tumor
that remains entirely intraosseous. The MSTS
system was a surgical staging system that origi-
nally was designed to help guide surgical treat-
ment. [t was therefore argued that only by
recognizing compartmental status can we do any
meaningful analysis among groups of patients
and their respective operative procedures.®” The
same reasoning, however, can be applied to the
strategy of using tumor size to help stage tumors
in the AJCC system. A large extraosseous tumor
usually requires a much more extensive opera-
tive procedure than does a small extraosseous
tumor. Because most bone sarcomas are extra-
osseous on diagnosis, compartmental status does
little to subdivide Stages I and II in the MSTS
staging system. This especially is true for high-
grade bone tumors because most are classified
as MSTS Stage II-B. Furthermore, the MSTS
system was originally devised at a time when
plain radiographs were the only imaging study
used for staging. Compartment status was a sur-
rogate for size before the availability of axial
imaging. The current availability of axial imag-
ing improves the ability to measure size accu-
rately before treatment. Although size and
compartment status have a bearing on the oper-
ative procedure and are interrelated, size will
likely prove to be a better prognostic indicator
because it is an objective measure of the complex
interaction between the tumor and host. In addi-
tion, many current cancer staging systems use
size as a prognostic indicator.

If size 1s to be used in the staging system, the
next issue to be considered is how the size of

CA Cancer J Clin 2006;56:366-375 I

the tumor should be measured. Recent studies
that have shown size to be a statistically signifi-
cant prognostic factor for osteosarcoma and
Ewing sarcoma have used various parameters to
determine the definition of a large tumor. Par-
ameters that have been used include an absolute
tumor volume greater than 60 cc,®® 66 mL,*
100 mL,*55 150 mL,**-%! 200 mL,** 300 mL,%
580 cc,* and 700 mL; relative size greater than
one-third the size of the involved bone®®; and
linear size greater than 8 cm,**3%¢ 9 cm,?? and
10 em.>*%? Although it is argued that absolute
tumor volume is the most accurate prognostic
indicator,”® an accurate measurement of this
parameter is more difficult to obtain. Likewise,
relative tumor size may be difficult to determine
in flat bones. A simple linear measurement, how-
ever, is easy to obtain from an MRI scan taken
before chemotherapy and is readily reproducible.
Furthermore, a linear cutoff of 8 cm fairly evenly
divides the tumors into the A and B subclassifi-
cations of the new AJCC system.** This is in
contrast to the high proportion of high-grade
tumors that were classified as Stage II-B disease
in the MSTS system.

Patients with skip metastases are classified as
having Stage III disease in the new AJCC sys-
tem. Skip metastases in this staging system are
defined as “two or more discontinuous lesions
in the same bone.” It is still somewhat contro-
versial exactly how this should be interpreted.
It 1s well established that osteosarcoma patients
with skip metastases have a very poor progno-
sis.”*%7 Conversely, strict adherence to the def-
inition will result in some patients with multifocal
low-grade lesions, such as hemangioendothe-
liomas and some chondrosarcomas, being clas-
sified as having Stage III disease if multiple
lesions occur in one bone. These patients obvi-
ously have a much better prognosis than those
with high-grade skip metastases. This can result
in a very disparate group of patients, some of
whom have a relatively good prognosis and
some of whom have a dismal prognosis. In one
study, three of five patients diagnosed as having
AJCC Stage III tumors actually had low-grade
tumors. All three of these patients had Stage I-
A disease according to the MSTS system, and
all three have remained disease-free.>* Thus, it
is likely that only patients with high-grade dis-
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continuous tumors should be classified as hav-
ing Stage III disease.

OTHER PROGNOSTIC FACTORS

In a critical review of the literature on non-
metastatic osteosarcoma, Davis, et al.”® con-
cluded that histologic response to chemotherapy
was the only potential prognostic variable that
maintained statistical significance by multivari-
ate analysis. It is our opinion, however, that a
staging system should not be based on treatment-
related variables. Instead, it should be based only
on parameters that can be evaluated at the time
of diagnosis. Regardless, it is well accepted that

patients with osteosarcoma?¢:+2-88-90.99.100
43,83,84,86

and
Ewing sarcoma whose tumors demon-
strate greater than 90% necrosis after neoadjuvant
chemotherapy have a relatively good prognosis
when compared with patients with a poor
response. It is still unclear, however, exactly how
this fact should impact the treatment of individ-
ual patients. Although some institutions have
incorporated chemotherapy protocols that cus-
tomize postoperative regimens based on the
results of the preoperative regimens,'""1%4 the
authors are not aware of a study that has proved
this strategy to be advantageous. Nevertheless,
extent of necrosis remains a good prognostic
indicator. Furthermore, it is an extremely impor-
tant parameter for clinical studies evaluating
chemotherapy regimens.

Tumor location also has been shown to be of’
prognostic significance in several studies, although
this parameter has never been reflected in bone
cancer staging systems. In general, axial, pelvic,
and proximal femoral locations are associated
with a worse prognosis than more distally based
tumors,36:38:42:55.88.93.99.105 The reasons for this
are most likely multifactorial. It is difficult to
differentiate the effects of size from the effects
of location because proximal tumors tend to be
larger than distal tumors at presentation. It is
possible that proximally located tumors behave
in a more aggressive manner because of a bet-
ter blood supply, increased temperature con-
ducive to growth, or better access to venous
circulation for metastases. It also is possible that
proximal tumors might simply escape detection
longer than distal tumors, thus allowing them

CA A Cancer Journal for Clinicians

to grow larger and develop micrometastases
before diagnosis. Furthermore, the surgeon’s
ability to resect a bone sarcoma with adequate
margins has a bearing on the patient’s progno-
sis,30:37:44:46.55.57.59.88 Although treatment-related
variables should not be considered in a staging
system, it is obvious that many spinal and pelvic
tumors cannot be completely resected with ade-
quate margins.

Another prognostic factor that is not reflected
in the staging system is the total metastatic bur-
den. Although the staging system appropriately
distinguishes patients with pulmonary metas-
tases only from patients with nonpulmonary
metastases, there is no allowance for the number
or size of the metastases. Although the presence
of a single bone metastasis at presentation por-
tends a poor prognosis,?&+448
true for a solitary resectable pulmonary metas-
tasis. Patients with one or a few small resectable
pulmonary metastases might have a probability
of long-term survival over 50%.*:4¢4%:19 Con-
versely, patients with numerous, large, or unre-

the same is not

sectable pulmonary metastases have a much worse
prognosis.>#4648.107 Thys Stage IV-A is a very
disparate group of patients, some of whom have
a very good prognosis and some of whom have
a Very poor prognosis.

The AJCC staging system is strictly an ana-
tomic system. Whereas anatomic size is currently
used to subclassify Stages I and 11, it is possible
that future classification systems will use other
parameters to measure the total tumor burden.
Multiple studies have suggested that serum lac-
tate dehydrogenase (LDH) levels can be used to
evaluate tumor activity. Furthermore, pretreat-
ment serum LDH levels have been shown to
have prognostic significance for patients with
osteosarcoma'”1% and Ewing sarcoma. 4182109

Finally, multiple studies have shown that
molecular abnormalities can be correlated with
outcome in patients with osteosarcoma and
Ewing sarcoma. For example, studies have shown
that increased P-glycoprotein expression in tumor
cells has prognostic significance for patients with
osteosarcoma.”’’ 11! P_glycoprotein is the prod-
uct of the multidrug resistance 1 gene. It is an
adenosine triphosphate—dependent pump capa-
ble of removing chemotherapeutic agents such
as doxorubicin from tumor cells. A high level
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of c-erbB-2 proto-oncogene, which codes for
human epidermal growth factor receptor 2, also
has been shown in a study to be associated with
a poor outcome in patients with osteosarcoma.'!?
Other molecular markers that have been shown
to be associated with worse outcomes in patients
with osteosarcoma include overexpression of
heat shock protein 27,'"? telomerase expres-
14 vascular endothelial growth factor expres-
> expression of CD44 isoforms,!!®
overexpression of the proliferative marker Ki-
67.'"7 Ewing sarcoma patients with the EWS-
FL1 type 1 translocation have a better prognosis
than patients with other types of translocations.*’
Also for Ewing sarcoma patients, p53 expres-
sion, > 1187120 INK4A deletion,® or p16/p14ARF
deletion'® (all cell-cycle regulators) have been
associated with a poor outcome. Future studies
in this area will greatly increase our understand-
ing of the pathogenesis of these tumors. It is

sion,

11

sion, and

likely that future staging systems and treatment
protocols will reflect this new knowledge.

CA Cancer J Clin 2006;56:366-375 I

SUMMARY

Staging is the process whereby patients are
evaluated with regard to the histology, as well as
the local and distant extent, of disease. This process
helps to define the prognosis for patients and
helps guide their treatment. Proper staging also
allows for meaningful comparisons to be made
among groups of patients. This is especially impor-
tant when studies are performed in an attempt
to develop new treatment strategies. The previ-
ous AJCC system for bone cancers closely reflected
the more commonly used MSTS staging system.
It still is unclear whether or not the recent changes
in the system will better serve physicians who
treat patients or others who perform research in
the field of musculoskeletal oncology. The cur-
rent AJCC staging system 1s based on tumor grade
and size and the presence and location of metas-
tases. It is a strictly anatomic system. New dis-
coveries in the field of molecular biology will
likely contribute greatly to future tumor classi-
fication systems and treatment protocols.
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