


1

From the Department of Oncology, Lund University Hospital,
Lund University, Sweden

Prognostic factors in soft tissue sarcoma

Tissue microarray for immunostaining, the importance
of whole-tumor sections and time-dependence

Jacob Engellau

Thesis 2004

ACTA ORTHOPAEDICA SCANDINAVICA SUPPLEMENTUM NO. 314, VOL. 75, 2004

S
i A
< a
= )

& 0
©ungeq V17

[



Contact address

Jacob Engellau

Department of Oncology,

Lund University Hospital,
SE-211 85 Lund, Sweden

Tel: +46 (0)46 17 75 20

Fax: +46 (0)46 17 60 80

Email: jacob.engellau @onk.lu.se

Cover picture: Whole-tumor section of a 5 cm deep-seated synovial sar-
coma with vascular invasion, invasive peripheral growth pattern and
multiple tissue microarray-based immunohistochemical stainings.

Layout by Ortonova AB.

Printed in Sweden

Wallin & Dalholm

2004



Acta Orthop Scand (Suppl 314) 2004; 75

Content

STUDIES I-1V, 2
ABBREVIATIONS, 3
THESIS AT A GLANCE, 4

INTRODUCTION AND AIMS, 5
Epidemiology, 5
Histopathology, 5
Tumor genetics, 6
Treatment, 7
Prognostic factors, 8

Malignancy grade, 8
Tumor size, 9
Necrosis, 9
Vascular invasion, 9
Peripheral tumor growth pattern, 9
Local recurrence, 9
Biological markers, 10
Proliferation, 10
J-catenin, 10
CD44, 11
p53, mdm?2, and bcl-2, 11
Multidrug resistance, 12
Tissue microarray, 13
Prognostic systems, 13
Time-dependence of prognostic factors, 13

PATIENTS AND METHODS, 15
Patients and tumor material, 15
Tissue microarray, 18
Immunohistochemistry, 18
Whole-tumor sections, 20
Statistics, 21

RESULTS AND DISCUSSION, 24

Application of tissue microarray, 24

Prognostic value of immunohistochemistry, 28
Immunostaining for prediction of metasta-
sis, 28
Immunostaining for prediction of local recur-
rence, 32
IHC staining in primary tumors, local recur-
rences and metastases, 33

Value of whole-tumor sections, 34
Necrosis, 34
Vascular invasion, 35
Peripheral tumor growth pattern, 36
Prognostic indices, 37

Time-dependence of prognostic factors, 38

CONCLUSIONS, 43
ACKNOWLEDGEMENTS, 44
REFERENCES, 46



Acta Orthop Scand (Suppl 314) 2004; 75

Studies -1V

This work is based on the following publications:
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Tissue microarray technique in soft tissue sar-
coma: immunohistochemical Ki-67 expression
in malignant fibrous histiocytoma.

J. Engellau, M. Akerman, H. Anderson, H.A.
Domanski, E. Rambech, T.A. Alvegard, M.
Nilbert.

Applied Immunohistochemistry & Molecular
Morphology 2001; 9(4): 358-63.

Expression profiling using tissue microarray
in 211 malignant fibrous histiocytomas con-
firms the prognostic value of Ki-67.

J. Engellau, A. Persson, P-O. Bendahl, M.
Akerman, H.A. Domanski, B. Bjerkehagen, P.
Lilleng, J. Weide, A. Rydholm, T.A. Alvegard,
M. Nilbert.

Virchows Archiv 2004: 445: 224-30.

Figures 11-13, 23, and 24 reprinted with permis-
sion from the publishers.

I11.

IV.

Improved prognostication using whole-tumor
sections in soft tissue sarcoma: independent
information from vascular invasion, necrosis,
growth pattern and immunostaining.

J. Engellau, P-O. Bendahl, A. Persson, H.A.
Domanski, M. Akerman, P. Gustafson, T.A.
Alvegérd, M. Nilbert, A. Rydholm.
Submitted.

Time-dependence of prognostic factors for
patients with soft tissue sarcoma: a Scandina-
vian Sarcoma Group study of 338 malignant
fibrous histiocytomas.

J. Engellau, H. Anderson, A. Rydholm, H.C.F.
Bauer, K. Sundby Hall, P. Gustafson, M.
Akerman, J. Meis-Kindblom, T.A. Alvegard,
M. Nilbert.

Cancer 2004; 100: 2233-41.
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Abbreviations

APC Adenomatous polyposis coli

AUC Area under the curve

BAX Bcl-2-associated X protein

bel B-cell lymphoma/leukemia

cdk Cyclin-dependent kinase

CGH Comparative genome hybridization

CI Confidence interval

CT Chemotherapy

EORTC European Organisation for
Research and Treatment of Cancer

ER Estrogen receptor

ESHO-RHT European Society of Hyperthermic
Oncology-Regional Hyperthermia

FISH Flourescence in-situ hybridization

FNA Fine needle aspiration

FNCLCC Fédération National des Centres de
Lutte Contre le Cancer

GIST Gastrointestinal stromal tumor

Gy Gray

H&E Hematoxylin and erythrosine

HER2/neu  Human epidermal growth factor
receptor 2. Also called c-ERBB2

HPF High power field

HR Hazard ratio

IHC Immunohistochemical

Ki-67 Proliferation antigen Kiel 67

LEF Lymphoid enhancing factor

LR Local recurrence

LRP Lung resistance protein

mdm2 Murine double minute 2

MDR Multidrug resistance

MFH Malignant fibrous histiocytoma

MMP
MPNST

MRP

NCI
NOS
OR
p53
Pgp
PgR
Rb
RMS
ROC
RR
RT
RT-PCR

SD
SEM
SPF
SSG
STBSG

STS
TCF
TMA
TNM
Wnt

Matrix metalloproteinase
Malignant peripheral nerve sheath
tumor

Multidrug resistance-associated
protein

National Cancer Institute

Not otherwise specified

Odds ratio

53 kDa protein

P-glycoprotein

Progesterone receptor
Retinoblastoma
Rhabdomyosarcoma

Reciever operating characteristic
Relative risk

Radiotherapy
Reverse-transcriptase plymerase
chain reaction

Standard deviation

Standard error of the mean
S-phase fraction

Scandinavian Sarcoma Group
Soft Tissue and Bone Sarcoma
Group

Soft tissue sarcoma

T-cell factor

Tissue microarray
Tumor-Node-Metastasis
Derived from the Drosophila gene
wingless and oncogene int-1
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Thesis at a glance

Study |

Aim and methods: To evaluate the high-throughput
TMA technique in STS. THC expression of the pro-
liferation marker Ki-67 was assessed in 47 tumor
blocks from 11 malignant fibrous histiocytomas
(MFH) using TMA and conventional tumor sec-
tions.

Findings: TMA gave good quality staining and
similar results as conventional tumor sections, with
mean 9% higher staining for Ki-67 using TMA.

Conclusion: TMA can be applied to THC studies
of STS, but multiple tumor blocks should when
possible be used, and optimally 3 biopsies should
be obtained from each tumor block to compensate
for loss and variability.

Study Il

Aim and methods: To explore the prognostic value
of THC staining for Ki-67, p53, cyclin A, bcl-2,
CD44, and Pgp in a series of MFH with 201 pri-
mary tumors, 44 local recurrences (LR) and 18
metastases, using the TMA technique.

Findings: Ki-67 was an independent prognostic
marker for distant metastasis, whereas the other
markers did not show any prognostic correlations.

Conclusion: Ki-67 should be considered for
inclusion in clinical prognostication.

Study Il

Aim and methods: To investigate the value of
whole-tumor sections for determination of tumor-
related prognostic factors in 140 primary STS of

mixed histotypes. IHC staining for Ki-67, p53,
cyclin A, bcl-2, B-catenin, CD44, and Pgp was
investigated in the peripheral tumor growth zone.

Findings: The whole-tumor sections facilitated
identification of vascular invasion, and allowed
assessment of the peripheral tumor growth pat-
tern, which were strong prognostic factors for
metastasis. Ki-67, B-catenin, CD44 and Pgp were
also strong prognostic factors for metastasis when
analyzed in the peripheral tumor growth zone.

Conclusion:  Whole-tumor sections enable
analysis of peripheral tumor growth pattern in
STS, better assessment of vascular invasion, and
targeted immunostaining from the tumor periph-
ery, all of which correlate with prognosis.

Study IV

Aim and methods: To study time-dependence of
tumor-related prognostic factors in STS. Tumor
size, malignancy grade, depth, necrosis, vascular
invasion, mitotic rate, and LR were analyzed in
338 pleomorphic STS for the time intervals 0-2
years and >2 years.

Findings: The prognostic factors were time-
dependent; their prognostic value was limited to
the first 2 years of follow-up. In contrast, LR was
a strong prognostic factor for metastasis regardless
of when it occurred.

Conclusion: Initial prognostic factors have a
value limited to the first 2 years of follow-up,
whereas LR can be seen as a dynamic prognostic
factor that can be monitored during follow-up.
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Introduction and aims

Soft tissue sarcomas (STS) are highly malignant
tumors; metastasis develops in 1/3 of the patients,
most of who will die from their tumor. Mul-
tiple trials with adjuvant chemotherapy have been
launched to increase survival in high-risk patients.
However, there is no consensus on the criteria that
should be used to define high-risk tumors for adju-
vant chemotherapy and hence multiple prognostic
systems are currently in use in a tumor type that
accounts for barely 1% of malignancies. The over-
all purpose of this thesis was to identify and evalu-
ate prognostic markers in STS of the extremities
and the trunk wall, specifically:

e To evaluate the tissue microarray method for
immunohistochemical studies in STS.

* To apply tissue microarray and immunostaining
to identify prognostic markers for distant metas-
tasis in a subset of pleomorphic STS; malignant
fibrous histiocytoma.

 To investigate the use of whole-tumor sections
to determine histopathological prognostic fac-
tors for local recurrence and distant metastasis,
including peripheral tumor growth pattern in a
series of mixed STS, and to study the immuno-
histochemical expression of molecular markers
in targeted areas in the peripheral growth zone.

* To assess time-dependence of prognostic factors
for distant metastasis in STS.

Epidemiology

STS may occur anywhere in the body, but 3/4 are
located in the extremities, most commonly in the
thigh, and 1/10 are located in the trunk wall. There
is a slight male predominance, and there are no
data to indicate that the incidence is changing over
time. The etiology of STS is generally unknown,
although an increased incidence has been reported
after exposure to phenoxyacetic herbicides, chloro-
phenols and their contaminants (dioxin), following
radiation therapy, and use of androgen-anabolic
steroids [41, 74, 86, 177, 194]. Also infections with
oncogenic viruses, such as human herpes virus 8

and Epstein-Barr virus, may induce a STS [177]. A
number of genetic diseases such as retinoblastoma,
Li-Fraumeni syndrome, Gardner’s syndrome, Wer-
ner’s syndrome, Beckwith-Wiedemann syndrome,
nevoid basal cell carcinoma syndrome, and neuro-
fibromatosis type I and type II, carry an increased
risk of STS, but these account for only a minor part
of the tumors [48, 104].

Histopathology

More than 50 histological types of STS have been
identified. The histological classification is based
on similarity to the mesenchymal tissue type from
which the tumor supposedly stems (Table 1).
In several types of STS, notably in many of the
common pleomorphic sarcomas, and in synovial
sarcoma, alveolar soft part sarcoma, clear cell
sarcoma, extraskeletal myxoid chondrosarcoma,
and epithelioid sarcoma, no similarity suggestive
of tissue origin can be discerned. The age-related
incidence varies among the histologic types;
embryonal rhabdomyosarcoma and extraskeletal
Ewing tumor/primitive neuroectodermal tumor
are typical childhood tumors, and many of the
synovial sarcomas occur in adolescents and young
adults, whereas the median age of patients with
liposarcoma and leiomyosarcoma is about 60
years, and for malignant fibrous histiocytoma

Table 1. Principal histotype classes of soft tissue
tumors

WHO classification of soft tissue tumors

. Adipocytic tumors

. Fibroblastic/Myofibroblastic tumors
. So-called fibrohistiocytic tumors

. Smooth muscle tumors

. Pericytic (perivascular) tumors

. Skeletal muscle tumors

. Vascular tumors

. Chondro-osseous tumors

. Tumors of uncertain differentiation
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(MFH) about 70 years [55, 177]. Because of the
different treatment strategies, STS in children are
considered separately from those in adults. In adult
STS, the surgical possibilities and the natural his-
tory have led to a commonly used separation of
tumors located in the extremities and trunk wall
from those located in the retroperitoneum, the
abdomen, the thorax, and the head and neck.
During the last decades there have been consid-
erable changes in the classification of STS. Fol-
lowing an increased use of ancillary techniques,
such as electron microscopy, immunostaining,
cytogenetics, and molecular genetics, a line of
differentiation can be determined in an increas-
ing number of STS. The lineage of differentiation
is of clinical importance; in pleomorphic STS
myogenic differentiation is an adverse prognostic
factor [47]. This development has had particular
consequence for MFH, which was introduced as
a specific entity during the 1960’s and quickly
became the most common STS subtype [128,
132]. MFH has fibroblastic appearance but was
proposed to be of histiocytic origin and was
subclassified into 5 histopathological types: pleo-
morphic-storiform, myxoid, inflammatory, giant
cell, and angiomatoid, of which the pleomorphic-
storiform and the myxoid types were the most
common [55, 177]. The angiomatoid type was
later shown to rarely disseminate, and was reclas-
sified as a separate entity (angiomatoid fibrous
histiocytoma) [48]. During the last decade the
histogenesis or line of differentiation of MFH has
been debated among sarcoma pathologists. Based
on thorough re-examination, including the clini-
cal presentation and extensive immunostaining,
sometimes also with the use of electron micros-
copy and genetic analyses, a line of differentia-
tion can be demonstrated in many of the tumors
previously classified as MFH [33, 46, 47, 69, 109].
Currently, MFH is diagnosed by ruling out other
pleomorphic and myxoid sarcomas of specific lin-
eage, foremost liposarcoma and leimyosarcoma,
as well as carcinomas, melanomas and lympho-
mas [48, 90, 93, 112]. The sarcomas diagnosed as
MFH all are considered variants of essentially
fibroblastic/myofibroblastic tumors of which
the storiform-pleomorphic variant is the most
common and the giant-cell and inflammatory
subtypes are rare. The term myxofibrosarcoma is

proposed to be used synonymous with the myxoid
variant of MFH [48]. This change in nomenclature
has, however, not been universally accepted and
at present myxofibrosarcoma and myxoid MFH
are both used [112, 177].

Tumor genetics

The genetic basis of STS has been studied by
cytogenetics, comparative genome hybridization
(CGH), fluorescence in situ hybridization (FISH),
reverse-transcriptase polymerase chain reaction
(RT-PCR), and most recently gene expression pro-
ﬁling [35, 66, 105, 114, 124, 126, 134, 158, 163]. Based
on the genetic aberrations STS can be divided in
two main groups; one with recurrent, often simple
reciprocal chromosomal translocations, and one
with complex karyotypes [16]. For example, syno-
vial sarcoma, myxoid liposarcoma, alveolar rhab-
domyosarcoma, and clear-cell sarcoma are charac-
terized by type-specific translocations (Table 2).
The fusion genes that result from these translo-
cations often involve growth factor receptors and
these novel proteins may be of clinical value for
diagnosis, and possibly also for early detection of
recurrences [16, 35, 134]. However, fusion genes
that can not be discerned due to karyotypic com-
plexity may be present also in other sarcoma types
[115]. Some fusion types, such as the SS78/SSX1
and the SS78/5SX2 in synovial sarcoma have been
suggested to correlate with prognosis, but are not
yet used in clinical prognostication [16, 89, 101].
STS containing such fusion genes are especially
suitable for development of targeted therapies.
The gastrointestinal stromal tumor (GIST) is a
prime example of how the increased understand-
ing of genetic alterations at a molecular level has
had significant therapeutic consequences. In GIST,
tyrosine kinase activation, usually KIT, is a prereq-
uisite for the GIST diagnosis, and for the tumor
phenotype. Immunohistochemical (IHC) staining
for KIT expression is thus used as a diagnostic
marker, and KIT also represents the target for tyro-
sine kinase inhibitor treatment [82].

Recent studies demonstrate that distinct
gene expression profiles can be found in many
STS types, including GIST, synovial sarcoma,
and malignant peripheral nerve sheath tumors
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Table 2. Examples of fusion genes in soft tissue tumors

Histotype Chromosomal Fusion gene
translocation
Alveolar rhabdomyosarcoma 1(2;13)(q35;q14) PAX3/FOXO1A
t(1;13)(p36;q14) PAX7/FOXO1A
Alveolar soft part sarcoma t(X;17)(p11;925) ASPSCR1/TFE3
Angiomatoid fibrous histiocytoma t(12;16)(q13;p11) FUS/ATF1
Clear cell sarcoma t(12;22)(q13;912) EWS/ATF1
Congenital fibrosarcoma t(12;15)(p13;925) ETV6/NTRK3
Dermatofibrosarcoma protuberans t(17;22)(922;913) COL1A1/PDGFB
Desmoplastic small round cell tumor t(11;22)(p13;q12) EWSR1/WT1
Extraskeletal Ewing sarcoma t(11;22)(924;912) EWSR1/FLI1
t(21;22)(922;912) EWSR1/ERG
Extraskeletal myxoid chondrosarcoma  1(9;22)(q22;q12) EWSR1/NR4A3
1(9;17)(q22;q911) TAF15/NR4A3
Low-grade fibromyxoid sarcoma 1(7;16)(q33;p11) FUS/CREB3L2
Myxoid liposarcoma t(12;16)(q13;p11) FUS/DDIT3
Pericytoma with t(7;12) t(7;12)(p21-22:q13-15) ACTB/GLI
Synovial sarcoma t(X;18)(p11;911) SS18/SSX1 or SSX2

(MPNST), whereas other STS types, such as leio-
myosarcoma and pleomorphic liposarcoma, show
a larger variability [4, 91, 125, 158, 163]. However,
even among the pleomorphic tumors, gene expres-
sion profiles reveal that some tumors form distinct
subclusters, which is encouraging from a clinico-
pathological point of view since this may allow
identification of diagnostic and prognostic distinct
entities that have hitherto not been recognized.

e Type-specific chromosome translocations
that result in novel fusion proteins are
detected in some STS, whereas other enti-
ties display complex aberrations.

e Distinct gene expression profiles can be
found in some types of STS and correlate
with the specific gene fusions, but may also
reveal new clinico-pathological subtypes.

Treatment

In adult STS of the extremities and the trunk wall,
surgery is the mainstay of treatment. The surgical
principles for STS were described by Enneking,
who defined 4 types of excision [40]. An excision
with an intralesional margin opens the tumor and
leaves tumor tissue. A marginal excision entails en-
bloc removal of the tumor, but surrounding tissue

with possibly microscopic tumor extension is not
excised. A wide excision is performed with en-
bloc removal of the tumor and surrounding tissue.
Radical excision entails an en-bloc resection of
the tumor with the entire compartment within
which the tumor has developed. An amputation
can, depending on the location of the tumor, result
in any of the surgical margins. The risk of a local
recurrence (LR) is almost 100% with an intral-
esional margin, 60-80% with a marginal margin,
20-30% with a wide margin and less with a radical
excision [177]. Radiotherapy (RT), administered
either externally preoperatively or postoperatively,
or as postoperative brachytherapy, reduces the risk
of a LR [131, 166, 172, 188, 191]. The radiation dose
administered is 50-60 Gy in marginal margins, but
should be increased to 60-70 Gy in intralesional
margins [172, 190]. Although this combined treat-
ment reduces the rate of LR to 20-30% of patients
with long follow-up, the metastasis-free survival
is not affected [45, 138, 172, 193]. To reduce the
number of surgical interventions and the rate of
LR, centralization of STS is important for optimal
diagnosis and treatment [22, 58, 145].

The role of chemotherapy in adult STS of the
extremities and trunk wall is not clear. Despite the
introduction of many chemotherapeutics since the
beginning of the 1980’s, retrospective analyzes
of large series have not demonstrated any clear
survival benefit or a reduction of the rate of metas-
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tasis during the ensuing decades [178]. In contrast
to this finding, large meta-analyses of studies on
adjuvant doxorubicin-based chemotherapy have
found a reduction of metastasis in STS of the
extremities and trunk wall, but overall survival
was only marginally improved with an absolute
benefit of 7% at 10 years [1, 2]. Treatment with
chemotherapy and surgical resection in patients
with metastasis cures only selected patients [12,
14, 192].

e Surgery is the main treatment for STS and
the surgical margin and the use of radio-
therapy is important for the risk of local
recurrence, but not for survival.

e Metastasis develops in 1/3 of the patients
and about 1/5 develop a local tumor recur-
rence after long-term follow-up.

¢ Current chemotherapy regimens are of lim-
ited value.

Prognostic factors

Treatment failure in STS occurs as a LR, distant
metastasis or both. For most cancers, the prog-
nosis, i.e. risk of metastatic disease, is assessed
by the TNM-system [53]. In STS metastases are
rarely clinically present at diagnosis, and lym-
phatic spread is uncommon, which leaves only the
primary tumor for risk assessment of metastasis.
Furthermore, prognostic factors in STS may be
type-specific, which complicates analyses of this
rare tumor type. Prognostic factors should ideally
be easily and reproducibly determined, clearly
separate high-risk and low-risk groups, and prefer-
ably be present or absent in comparison to being a
factor with continuously increasing risk.

In STS of the extremities and trunk wall a LR
is seldom lethal, in contrast to retroperitoneal sar-
comas, but causes considerable morbidity [172].
Strong prognostic factors for a LR are the surgical
margin obtained, which correlates with the risk for
remaining tumor tissue, and a high malignancy
grade with hazard ratios (HRs) between 2 and 3
[172].

Many prognostic factors for metastasis have
been proposed, such as patient age and sex, tumor
depth, location, size, histotype, malignancy grade,

mitotic rate, microscopic tumor necrosis, vascular
invasion, DNA-ploidy, S-phase fraction (SPF), a
number of molecular markers, and LR [24, 55, 139,
140]. Of these factors, patient age and sex have
not been consistent, and have in population-based
series not been found to be of prognostic value [55].
The independent value of tumor depth has been
questioned, as there is a close correlation between
tumor size and depth [151]. DNA aneuploidy has
been reported to be an adverse prognostic factor in
STS, and a high S-phase fraction has been reported
to identify patients with a high risk of metastasis,
and may also identify patients with a prolonged
clinical course [5, 27, 57].

Malignancy grade

Malignancy grading is not uniformly performed
and interpreted, but is principally based on a
combination of histological type, cellularity,
pleomorphism, mitotic activity, and presence of
necrosis [25, 48, 92]. The two malignancy grading
systems most commonly used are the National
Cancer Institute (NCI) system used in North
America, and the Fédération Nationale des Centres
de Lutte Contre le Cancer (FNCLCC) system used
in most parts of Europe [23, 31]. In Scandinavia,
Sweden, Norway and Finland use a IV-tiered
histological malignancy grading system based on
cellularity, pleomorphism, nuclear atypia, tumor
necrosis and mitotic rate [6, 107, 109], whereas a
III-tiered system is used in Denmark [120]. High
malignancy grade is a strong prognostic factor for
metastasis [25, 55, 116, 165, 193]. However, the lack
of a uniform grading system, and the uncertainty
of what weights should be attributed to the vari-
ous components in a grading system, the degree of
subjectivity involved, and the different number of
tiers used makes malignancy grade a complicated
prognostic factor. In addition, in some histotypes
such as the malignant peripheral nerve sheath
tumor, desmoplastic small round cell tumor,
extraskeletal myxoid chondrosarcoma, alveolar
soft part sarcoma and epithelioid sarcoma malig-
nancy grade lacks clinical value. Furthermore, in
some STS types, such as the invariably high-grade
rhabdomyosarcoma, the histological subtype is a
more important factor for prediction of outcome
than malignancy grade [25, 48, 92].
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Figure 1. Continuous effect on metastasis-free survival of
increasing tumor size in 338 MFH

Tumor size

Tumor size, which usually is easily measured, has
repeatedly been shown to be of strong prognostic
value [24, 55, 193]. As a prognostic factor, tumor
size represents a continuum of increasing risk
(Figure 1). Trovik et al. found that the relative risk
of metastasis increased by 1.5% per 5 cm increment
of tumor size [173]. The importance of size may also
be histotype-specific; whereas in leiomyosarcoma,
MFH and synovial sarcoma tumor size is a strong
prognostic factor for metastasis this is not the case
in liposarcoma [55, 177]. Furthermore, there is no
consensus regarding which cut-off should be used,
and dichotomization at 5 cm, 8 cm, and 10 cm have
been used in different studies [24, 55, 193].

Necrosis

Tumor necrosis has in several studies been shown
to be a strong prognostic factor for metastasis
[32, 55, 106, 174]. Necrosis is incorporated in most
malignancy grading systems, but the classification
of necrosis required differs from present versus
absent in the systems used in Sweden, Norway and
Finland, to a cut-off at 15% of the inspected tumor
areas in the NCI system, and a cut-off at 50% in the
FNCLCC system [23, 31, 109].

Vascular invasion

Vascular invasion is a prognostic factor for metas-
tasis in STS [55, 56, 106, 149, 150, 171]. Despite this,
vascular invasion is not included in common grad-
ing systems [23, 31, 109]. Vascular invasion has been

reported in rates between 6 and 25% in different
studies of STS [55, 94, 106, 150]. To some extent this
variability can be explained by different STS types
being analyzed, but also in similar materials the
rate of vascular invasion varies. Both false classifi-
cation of vascular invasion e.g. tumor cells bulging
into a vessel, or freely dispersed tumor cells within
the vessel boundary due to sectioning artefacts, as
well as false negative assessment due to invasion
into very small vessels, or due to only small parts
of the tumor being examined may also contribute
to the divergent results. In addition, the size of the
tumor area that should be assessed to reliably iden-
tify vascular invasion has not been defined.

Peripheral tumor growth pattern

The extent and importance of sarcoma growth
into surrounding normal tissue has not been
systematically studied. One previous study has
suggested that infiltrating growth, compared to a
pushing growth pattern, was a prognostic factor for
metastasis in STS [106], but growth pattern is not
incorporated into the malignancy grading systems
currently used.

Local recurrence

LR is a prognostic factor for metastasis, but
although a possible causal relationship between
LR and metastasis has been intensely debated it
has not been confirmed in population-based stud-
ies [59, 172]. Since the strong prognostic factors for
a LR, i.e. high malignancy grade and tumor size,
also are strong prognostic factors for metastasis, a
LR could be indicative of a highly malignant tumor
phenotype.

* Malignancy grade, tumor size, necrosis, and
vascular invasion are strong prognostic fac-
tors in STS.

e Tumor depth is frequently used as a prog-
nostic factor, but its independent role has
been questioned.

* A local recurrence is often indicative of high
malignancy, but is generally not the cause of
metastasis.

e Tumor growth pattern has been suggested
to represent a prognostic factor, but has not
been systematically evaluated.
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(HPFs)(x40) is often used and the
count is categorized as low (0-9/10
HPFs), intermediary (10-19/10
Drugresistance  HpEg) or high (=20/10 HPFs)

[23]. The SPF has been shown to
discriminate prognostic high-risk
and low-risk patients for metastasis
in STS but the technique is ham-
pered by 30-40% non-informative
histograms [57, 77]. Labeling of
proliferating cells with radioactive
thymidine is a laboratory-intense
technique that is currently not com-
monly used, whereas IHC staining
of Ki-67 protein is easy to perform
and thus suitable for routine use. In
STS a high Ki-67 level has been
associated with poor prognosis in

Figure 2. Molecular pathways suggested to be of prognostic importance in several studies [20, 30, 61, 62, 67, 72,

STS. Red symbols were examined in this thesis.

Biological markers

Several gene products, including markers of cell
proliferation, cell adhesion, transcription control,
apoptosis, onco-proteins and tumor Suppressors
have been implicated as prognostic factors in STS
(Figure 2). Since sarcomas are rare, studies of the
prognostic importance of biological markers have
been hampered by limited sample sets, evaluation
of single tumor markers, and partly contradictory
results. One of our aims was to perform expres-
sion profiling using IHC and to apply the tissue-
preserving TMA technology in order to study
multiple tumor markers in large tumor series. The
following sections review current data on the bio-
logical markers analyzed in this work with specific
reference to their prognostic value.

Proliferation

Increased proliferation is one of the hallmarks of
malignancy, and assays of proliferation include
counting the number of mitotic figures per tumor
area, determining the S-phase fraction (SPF) by
flow cytometry, labeling of proliferating cells
with radioactive thymidine, and IHC staining for
growth-phase specific proteins such as Ki-67.
In routine clinical histopathology assessment of
mitotic figures in 10 microscopic high power fields

116, 175, 189]. Cut-off levels between

10% and 30% have been used, and
the interpretation of the Ki-67 staining differs;
should the average or the maximum labeling inten-
sity in the tumor be used, and should proliferation
be determined in the peripheral growth zone or in
randomly selected areas?

Cyclins are integral proteins in the cell cycle
progression during which their levels vary. Cyclin
A binds to cyclin dependent kinase (cdk) 1 and
cdk 2 and leads to phosphorylation of cell-cycle
regulators such as the retinoblastoma (Rb) protein
and pl07 that are crucial to DNA replication and
mitosis [119]. Increased cyclin A has been shown
to correlate with low metastasis-free survival in
STS [76, 130]. Furthermore, in synovial sarcoma,
increased expression of cyclin A has been linked
to the fusion gene SS18/55X1, offering a possible
explanation for the increased proliferation and
poor prognosis of tumors with this fusion gene
variant [187]. However, further validation of the
prognostic importance of cyclin A in different his-
totypes of STS is needed.

B-catenin

Dysfunctional cell-cell contact and alterations of
the cell-extracellular matrix interactions are impor-
tant facets of a malignant phenotype. Regulation of
cell-signaling is mediated by numerous membrane-
associated proteins. The transmembrane glycopro-
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E-cadherin

Figure 3. B-catenin functions as part of the cadherin-cat-
enin cell adhesion complex, and is via B-catenin associ-
ated with the actin cytoskeleton. Phosphorylated 3-catenin
is degraded by a APC-dependent complex, which is
inhibited by Wnt signalling. When degradation is inhibited
B-catenin accumulates in the cytoplasm and translocates
to the nucleus where transcriptional regulation through
interaction with TCF/LEF takes place.

tein B-catenin, linked to the cadherin/catenin com-
plex, has been shown to have an adhesive function
and also to play a central role in the Wnt-signalling
pathway [75, 136, 159]. Loss of cadherin-mediated
cell-cell adhesion occurs in the development of
most epithelial malignancies. Studies of B-catenin
in STS have revealed altered expression with relo-
cation of the B-catenin staining to the cytoplasm
and/or the nucleus in osteosarcoma, rhabdomyo-
sarcoma, dedifferentiated liposarcoma, alveolar
soft part sarcoma, and MFH [79, 153]. Translo-
cation of B-catenin to the cytoplasm and/or the
nucleus has been detected in metastases and indeed
loss of catenin-cadherin mediated cell adhesion
may be of specific importance in the metastatic
process [79, 87]. The prognostic importance of -
catenin expression has been explored in two series
of synovial sarcoma in which tumors with nuclear
accumulation of B-catenin were associated with a
worse prognosis, although B-catenin did not have
any independent prognostic value [63, 152]. Cor-
relations between the accumulation of B-catenin
and a high Ki-67 index has also been described in
STS [99, 152]. Besides a role in cell-cell adhesion,
3-catenin also has an oncogenic function through
interaction with nuclear transcription factors in the
TCF/LEF families through which B-catenin can
stimulate cell proliferation [181] (Figure 3).

CD44

CD44 is a multifunctional cell surface molecule
that is involved in cell proliferation, differentia-
tion, migration, and angiogenesis. Several CD44
sequences exist because of alternative splicing
and post-translational modification. Up-regulation
of CD44 has been found in many cancer types,
including lymphomas, colorectal cancer, renal
cancer, and head and neck tumors [11, 83, 108,
123, 135, 176]. A prognostic importance of CD44
expression in STS has been suggested in two
studies [83, 135]. CD44 exists in three forms; as
a transmembrane receptor, an extracellular matrix
associated fragment, and as a soluble fragment in
the fluid phase. Depending on the extracellular
cue, the cytoplasmatic domain can both promote
and inhibit cell growth and metastasis. Cleavage of
the transmembrane domain generates a cytosolic
fragment that controls gene transcription, also of
CD44 itself in a classical feedback mechanism,
and an ectodomain which may accumulate in the
extracellular matrix and interact with collagen,
fibronectin and hyaluronan. In the fluid phase,
soluble CD44 can function both as an agonist and
an antagonist of the CD44 receptor itself or of
matrix associated molecules [21, 141]. CD44 can
through these mechanisms operate in a growth-,
invasive- and metastasis promoting mode, or in a
growth- and invasiveness inhibitory state, and the
dominance of either of these modes can thus drive
the tumor phenotype in either direction (Figure
4). Confirmatory studies of the prognostic role of
CD44 in STS are needed, but phase I studies that
apply anti-CD44 therapy have been suggested for
tumor types in which CD44 expression has been
correlated to metastasis.

p53, mdm2 and bcl-2

Controlled gene transcription is fundamental for
cell control, and tumor suppressor genes are key
regulators in this process. p53 alterations, either
due to mutations or to defective interaction with
mdm2, have been implicated in many human
malignancies [180]. p53 has multiple roles includ-
ing cell-cycle inhibition through activation of the
cyclin-dependent kinase inhibitor p21WAFI/CIPL
activation of apoptotic cascades, and through inter-
action with tumor necrosis factor receptors [34, 36,
180]. Despite the importance of p53 in the regula-
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Figure 4. Transmembrane CD44 exists in a standard form
and 10 isoforms. Depending on site of cleavage, a cytosolic
or an extra-cellular fragment influences DNA transcription,
or interacts with the pericellular, and extracellular matrix,
and as a soluble fragment in a fluid phase.

tion of these vital cell functions, and the fact that
mutated p53 has been shown to be of prognostic
importance in other forms of cancer, the prognos-
tic importance of p53 in STS is controversial [30,
67, 160]. Amplification of mdm?2 is an especially
important mechanism leading to p53 inactivation
in STS, and some studies suggest that a possible
prognostic importance of p5S3 may depend on co-
expression of mdm2 [167, 184, 186]. However, the
great number of studies that have been performed
without reaching an answer as to a prognostic role
of p53 in STS indicate that a possible prognostic
importance of p53 immunostaining is small. The
transcription regulators Rb and Bcl-2 also interact
with p53 function and it is possible that combined
alterations in these pathways may be of prognostic
importance [36, 113, 116, 122, 185].

Multidrug resistance

Increased cellular resistance to cytotoxic drugs is
mediated by several mechanisms e.g. down-regula-
tion or loss of cell surface drug receptors, intracel-
lular drug compartmentalization, increased resis-
tance to apoptotic signals, increased DNA-repair,
and increased drug transport from the nucleus or
the cytoplasm [52] (Figure 5). The multidrug resis-
tance (MDR) genes are believed to play a signifi-
cant role in the limited efficacy of chemotherapy in

Compartmentalization 10

o o
o
Activation of
detoxifyin
Blocked S sten?; 2
apoptosis Y

Activation of DNA repair
e

/

Figure 5. The cellular mechanisms of increased drug
resistance to cytotoxic drugs. ATP-dependent efflux
pumps actively transport drugs out of the nucleus or out
of the cell.

most STS. The proteins that have been associated
with MDR are involved in the transport of mol-
ecules from the nucleus to the cytoplasm, or from
the cytoplasm to the extracellular space, whereby
the intracellular drug concentration is reduced.
Several MDR proteins have been identified, such
as the p-glycoprotein (Pgp), the multidrug resis-
tance-associated protein 1 (MRP1), and the lung
resistance-related protein (LRP). In adult STS the
levels of MDR proteins vary between histotypes
with a particularly frequent expression in MFH,
which explain the differences in clinical behavior
between different histopathological types of STS
[97]. Although MDRI1 expression is regarded as
important in sarcomas of both soft tissue and bone,
there are no consistent data to demonstrate that the
levels of Pgp influence tumor response or progno-
sis in STS [26, 96, 97, 182].

* Multiple biological markers have been sug-
gested to have prognostic value in STS, but
the findings in different studies are partly
contradictory.

e A high proliferation, assessed by Ki-67,
seem to be a consistent prognostic marker
for poor outcome.

* Positive immunostaining for cyclin A, 6-
catenin, CD44, and Pgp are suggested to
correlate with poor prognosis, but the data
are based on only a few studies.
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e Immunostaining for p5S3 does not seem to
provide independent prognostic informa-
tion, but may need to be correlated with
expression of mdm2, Rb, and bcl-2.

Tissue microarray

Conventional analysis of the tumor expression of
biological markers uses small tumor sections for
each THC staining. These methods are quite labor
intensive, and for limited tumor samples repeated
sectioning may consume the paraffin-embedded
tumor. Furthermore, only one tumor can be exam-
ined at a time. In 1986 Battifora [7] introduced
a method in which multiple 1 mm in diameter
tumor rods were wrapped in small intestine, and
embedded in a paraffin block. This “sausage”
block method enabled multiple tumors to be exam-
ined, and allowed multiple sections to be made
for THC staining. The method was subsequently
modified from a sausage-block to a checkerboard
configuration which improved the throughput [8].
The technique was, however, hampered by limita-
tions in the identification of the individual rods,
and in 1998, Kononen et al. [98] introduced the
TMA technique. TMA is a tissue conserving, high-
throughput technique that utilizes multiple tumor
core biopsies of 0.6-1 mm in diameter that are
transferred to a new paraffin block, which allows
for multiple tumors to be analyzed simultaneously
(Figure 6). Once the defined tumor material has
been collected, TMA can be performed at a speed
of 30-70 biopsies per hour, and up to 500-1000
such biopsies can be evaluated on a single slide
[98, 147]. As multiple biopsies can be taken from
a tumor to construct replicate TMA blocks, it has
been calculated that multiple tumor biopsies from
a 10 mm? tumor area, will allow more than 10.000
analyses [157]. However, as the TMA technique
uses minimal core biopsies questions of applicabil-
ity and reproducibility in large and heterogeneous
tumors have been raised.

Prognostic systems

Prognostic systems based on a few, presumably

Donor paraffin block from
which biopsies are obtained

Recipient paraffin block
containing an array of biopsies

Sections from array block
transferred to slides

Slides for analysis

cesadees

!..ll....l

series Il

MFH

Figure 6. Schematic presentation of the tissue microarray
technique.

strong, factors have been developed in order to
select patients for inclusion in trials of neoadjuvant
or adjuvant chemotherapy. There is, however, no
agreement as to which factors to include and since
several prognostic systems currently are in use
comparison of trial results is difficult (Table 3) [38,
42,44, 49, 51,78, 88, 111, 183].

e There is no consensus about optimal prog-
nostic factors in STS and several prognostic
systems are currently in use.

* Most systems include malignancy grade and
tumor size, and to a varying extent include
factors such as tumor depth, mitotic rate,
differentiation, vascular invasion, and tumor
Necrosis.

Time-dependence of prognostic factors

In several types of malignancies, e.g. breast cancer,
colorectal cancer, and malignant lymphomas the
importance of prognostic factors changes during
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Table 3. Examples of current prognostic systems for metastasis in STS

Group or Protocol High-risk criteria Reference
Cancer Center

EORTC STBSG 62931 Adjuvant CT Size > 5 cm and grade Il or llI Donato di Paola et al. [38]
EORTC STBSG 62771 Adjuvant CT Size = 8 cm and any grade, or Gortzak et al. [51]
Size < 8 cm and grade II, Ill, or

LR, grade Il, Ill, or
Inadequate surgery and grade Il, 11l

EORTC STBSG 62961/ ESHO RHT-95 Size = 5 cm and grade I, I, and Issels et al. [78]
Neoadjuvant CT extra-compartmental
and hyperthermia
ISG Adjuvant CT Size = 5 cm and deep seated, and Frustaci et al. [49]
grade Il
SSG SSG Xl Adjuvant CT 2 of the following: size > 8 cm, Fernberg et al. [42]
vascular invasion, tumor necrosis
CCOP Guidelines Report #11-2 Adjuvant CT ~ Size > 5 cm and high grade and Figueredo et al. [44]
Initiative deep seated
MDA CC Neoadjuvant CT Size = 5 cm and grade II, lll or LR Meric et al. [111]
MSK CC Neoadjuvant and Size > 5 cm and high grade and Wunder et al. [183]
adjuvant CT deep seated.
Nomogram Kattan et al. [88].
Australia Clinical practice CT Diagnosed metastases P. Choong, personal

communication

Footnote: CT chemotherapy, ISG Italian Sarcoma Group, SSG Scandinavian Sarcoma Group, CCOP Cancer Center
Ontario Practice, MDA MD Anderson, MSK Memorial Sloane Kettering, CC Cancer Center

follow-up [15, 29, 50, 68, 117, 142, 155]. In breast dependence of prognostic factors in a large series
cancer, a positive steroid hormone status is initially ~ of STS.
a positive prognostic factor, but becomes a nega-

tive factor for metastasis after 3-5 years of follow- » Time-dependence of prognostic markers has
up [29, 50, 68, 155]. A similar time-dependence has been suggested in several cancer types.
been suggested in STS in a study in which the » Tumor size and malignancy grade have been
impact of strong prognostic factors, such as tumor suggested to lose their prognostic value over
size and malignancy grade was found to diminish time in STS, but time-dependence of other
over time [165]. We therefore used the Scandina- prognostic factors has not been assessed.

vian Sarcoma Group (SSG) registry to study time-
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Patients and methods

Patients and tumor material

Since 1986 the SSG maintains a sarcoma registry.
This registry contains approximately 90% of all
STS of the extremities and trunk wall diagnosed
in Sweden and Norway [9]. During the period
1986 through 1994, 1470 patients from Sweden
and Norway with STS of the extremities and
trunk wall were reported to the SSG registry.
Tumors have been reviewed and classified by the
SSG Pathology Review Group using established
criteria [177]. After thorough re-evaluation of all
sections available and THC stainings performed at
the primary diagnosis, new sections were cut and
additional THC was performed when considered
necessary. The antibody panel included muscle
specific actin, smooth muscle actin, desmin, S-
100 protein, epithelial membrane antigen (EMA),
cytokeratins, and the markers for melanoma and
lymphoma HMB45, CD45, CD30, CD20, and
CD3. Histological malignancy grading was based
on a [V-tiered grading system based on cellularity,
pleomorphism, nuclear atypia, tumor necrosis, and
mitotic activity [6, 107, 109]. MFH were classified
as storiform-pleomorphic, myxoid (at least 10% of
the examined area being myxoid [112]), giant-cell,

and inflammatory. The clinical follow-up included
clinical examination and conventional chest radio-
graphs every 3 months during the first 2 years and
thereafter twice yearly for at least 5 years, or until
metastasis occurred.

A summary of the patients in studies I-IV is
presented in Figure 7 and in Table 4.

The studies were approved by the Lund Univer-
sity Ethics Committee.

Table 4. Summary of the tumor materials in studies I-IV

Study Contributing center and patients (n)
Histo-
type n A B C D E F G H I

IV. MFH 338 72 80 64 23 58 14 12 10 5
1l MFH 218 74 59 62 23

Il STS 140 140

| MFH 11 11

Footnote: MFH malignant fibrous histiocytoma, STS

soft tissue sarcoma, A Lund University Hospital, Lund,
Sweden, B Karolinska Hospital, Stockholm, Sweden, C
Det Norske Radiumhospital, Oslo, Norway, D Haukeland
University Hospital, Bergen, Norway, E Sahlgrenska
University Hospital, Gothenburg, Sweden, F Umea
University Hospital, Umea, Sweden, G St Olavs Hospital,
Trondheim, Norway, H Linképing University Hospital,
Linkdping, Sweden, | Ulleval Hospital, Oslo, Norway.

1470 reported STS to the SSG Central Register 1986-1994

682 reported as MFH

Study Il

140 primary STS with whole-tumor sections I

545 pathology reviewed
I

338 primary, localized and surgically treated MFH

= 379 retained MFH diagnosis

Study IV
\
218 retrieved paraffin tumor specimens
Study Il
\
11 MFH used in TMA validation
i ) . ) ) Study |
Figure 7. Patient selection from the SSG register for studies I-IV.
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The study that validated the use of TMA for immu-
nostaining in STS used tumor tissue from 11 MFHs
from the department of Pathology, Lund University
Hospital. Of these tumors, 10 were also included
in studies II and IV, and from 9 of the patients
whole-tumor sections had been established and
were included in study III. 47 representative tumor
blocks, median 5 (3-5) blocks from each tumor,
were selected by a sarcoma pathologist. Tumor het-
erogeneity was assessed using the results obtained
from the HPF method counting all Ki-67 staining
cells in 10 HPFs that were randomly chosen from
viable tumor areas in each tumor block.

Study Il

From the MFH series (study IV), paraffin-embed-
ded tumor blocks were retrieved from 218 patients,
treated 1986-1994 at two centers in Sweden and
two centers in Norway (Table 4). 211 tumors paraf-
fin blocks from the primary tumor were obtained,
and in addition material from the first LR in 50
patients (7 of which lacked tumor material from
the primary tumor) and from the first metastasis
in 20 patients. In total, 281 tumors from the 218
patients were included. Median 3 (1-7) representa-
tive tumor blocks were selected from each tumor
by two sarcoma pathologists resulting in 717
tumor blocks.

From each selected tumor block a fresh section
was made and stained with hematoxylin-erythro-
sin, and 1-4 viable and representative areas were
marked by one of the pathologists. The median
follow-up was 9 (4-13) years for the survivors.
For the study of IHC expression, all tumors were
included, but in the survival analyses, 10 patients
were excluded as metastasis developed within
1 month, and the analyses were based on 201
patients (Table 5). Of the 201 MFH, 97% were
high-grade; 57/201 (28%) were grade III and 138/
201 (69%) were grade IV. 67/201 (33%) patients
developed a LR with a median time to LR of 12
moths (45 days—11 years), and metastasis occurred
in 65/201 (32%) after a median time of 12 months
(66 days—7 years).

Study Il

During 1988 through 2000, 298 patients with pri-
mary, non-metastatic STS of the extremities and

Table 5. Clinicopathological data in 201 MFH (study )

Factor n (%)?2
Sex

Men 105 (52)

Women 96 (48)
Age, median (range) years 71 (19-96)
Site

Trunk wall 24 (12)

Upper extremity 44 (22)

Lower extremity 133 (66)
Depth

Subcutaneous 77 (38)

Deep-seated 124 (62)
Size, median (range) cm 7 (1-30)
Malignancy grade

| 0

1l 6 (3)

Il 57 (28)

1\ 138 (69)
Quality of local treatment

Adequate 154 (77)

Inadequate 47 (23)

Local recurrence 67 (33)

Surgically treated 54 (81)
Metastasis 65 (32)
Surgically treated 25 (38)

2Values for age and size are median (range)

the trunk wall were referred before any surgery
to the Musculoskeletal Tumor Center in Lund. Of
these, 262 underwent surgery without preoperative
radiotherapy or neoadjuvant chemotherapy. From
140 patients with mixed histopathological tumor
types whole-tumor sections from the primary
tumor had been performed, and of these, 17 MFH
were also included in studies II and IV (Table 4).
The median follow-up time for the survivors was
5.8 (2.5-14) years. During the follow-up, 24 (17%)
patients developed a LR after a median time of 12
(1-100) months, and 54/140 (39%) developed
metastasis after a median time of 10 (1-152)
months (Table 6).

Study IV

During 1986 through 1994, 682 tumors were
reported as MFH to the SSG registry, and 545/682
(80%) of these were histologically reviewed by the
SSG Pathology Review Group. 166 were reclassi-
fied; 98 were classified as another type of sarcoma,
3 as malignant tumors other than sarcoma, 33 as
benign lesions, 30 were excluded due to insuffi-
cient or non-representative material and 2 patients
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Table 6. Clinicopathological data in 140 STS (study IlI)

Table 7. Clinicopathological data in 338 MFH (study IV)

Factor n (%)@ Factor n (%)?2
Sex Sex
Men 79 (56) Men 181 (54)
Women 61 (44) Women 161 (46)
Age, median(range) years 69 (16-94) Age, median (range) years 70 (19-91)
Site Site
Trunk wall 10 (7) Trunk wall 39 (12)
Upper extremity 28 (20) Upper extremity 86 (25)
Lower extremity 102 (73) Lower extremity 213 (63)
Size, median (range) cm 8 (2-28) Size, median (range) cm 7 (1-30)
Depth Depth
Superficial 47 (34) Superficial 142 (42)
Deep-seated 93 (66) Deep-seated 196 (58)
Histopathological diagnosis Referral pattern
Leiomyosarcoma 46 (33) Virgin 133 (39)
Liposarcoma 19 (14) After FNA 73 (22)
Malignant fibrous histiocytoma 18 (13) After coarse needle 10 (3)
Myxofibrosarcoma 18 (13) After incisional biopsy 31 (9)
Soft tissue sarcoma NOS 12 (9) After marginal excision 31 (9)
MPNST 10 (7) After wide excision 3 (1)
Synovial sarcoma 8 (6) After intralesional excision 47 (14)
Extraskeletal myxoid chondrosarcoma 3 (2) After local recurrence 9 (3)
Myofibroblastic sarcoma 2 (1) Not referred 1 (0.3)
Angiosarcoma 2 (1) Malignancy grade
Fibromyxoid sarcoma 1 (0.5) | 1 (0.3)
Malignant mesenchymoma 1 (0.5) 1] 8 (2)
Malignancy grade 1] 99 (29)
| 5 (4) \% 230 (68)
Il 13 (9) Tumor necrosis 187 (55)
1] 24 (17) Vascular invasion 31 (9)
\Y, 98 (70) Quality of local treatment
Tumor necrosis 83 (59) Adequate 273 (81)
Vascular invasion 50 (36) Inadequate 65 (19)
Infiltrating peripheral growth pattern 100 (71) Local recurrence 98 (29)
Quality of local treatment Metastasis 110 (39)
Adequate 124 (89)
Inadequate 16 (11) 2Values for age and size are median (range)
Adjuvant chemotherapy 8 (6)
Local recurrence 24 (17)
Metastasis 54 (39)

2 Values for age and size are median (range)

with cutaneous tumors were excluded. Another 21
patients with metastasis at the time of diagnosis,
12 patients with intralesional surgery without
adjuvant RT, 4 patients who received no treatment,
and 4 patients with incomplete follow-up were also
excluded, leaving 338 patients for the study. The
minimum follow-up time for the survivors was 6
years; the median follow-up for the entire group of
patients was 7 (0.2—15) years. During the follow-
up period (until June 30, 2001) 194 patients died,
of whom 98 (50%) died of sarcoma, 21 (11%) died
with sarcoma but of other causes, 75 (39%) died

of other causes and without tumor. Overall, 98/338
(29%) patients developed a LR and metastasis
occurred in 110 (33%) patients after a median time
of 14 months (2 months—7 years) (Table 7).

In the series of 201 primary MFH (study II), all
tumors were reviewed by an experienced sarcoma
pathologist and classified as myxoid MFH if >10%
of the examined area was myxoid. In this series
79/201 (39%) were myxoid tumors, of which
33/79 (0.4) were subcutaneous and 46/79 (0.6)
deep-seated. 2 of the subcutaneous tumors and 3
of the deep-seated tumors were low-grade (grade
II). Superficial myxoid MFH of low malignancy
grade is commonly perceived to have a low-risk
of metastasis, but in the series of 201 MFH, there
were no significant differences in metastasis-free
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survival in the myxoid tumors compared to the
non-myxoid tumors (data not shown). The myxoid
subset was therefore not separately analyzed in
this series. Despite the large proportion of myxoid
tumors, metastasis occurred in 32% in this series
(Table 5), but this is explained by almost all of the
myxoid tumors being high-grade. In the series of
140 mixed STS (study III), the rate of metastasis
was 39% (Table 6), and in the series of 338 MFH
(study 1V) it was 33% (Table 7). These rates of
metastasis are in agreement with previous reports
[24, 137, 154, 165, 193].

Tissue microarray

For the establishment of a TMA block a fresh 5-
um section was made from each selected tumor
block and stained with H&E. 1 to 4 viable and
representative areas were marked, and tissue cyl-
inders with a diameter of 0.6 mm were punched
from corresponding areas in the donor tumor block
and brought into the recipient paraffin block (the
TMA block) using a custom-made manual tissue
arrayer (Beecher Instruments, Silver Spring, MD,
USA)[85,98]. The tissue biopsies were aligned and
marked for identification. In study I, 3 core biop-
sies from each tumor block was made, resulting
in 141 core biopsies from 11 tumors. In study II,
2410 core biopsies were obtained with a median
of 9 (3-10) biopsies from each tumor in order to
minimize the importance of intra-tumor variability.
In study III, 140 whole-tumor blocks were used,
but in 1 tumor too little tissue remained in the par-
affin block, and in 3 liposarcomas no surrounding
tissue remained and therefore TMA was performed
in 136 tumors. From these tumors, median 6 (5-7)
core biopsies were made along a perpendicular line
in the tumor periphery in the whole-tumor sections
and brought into a recipient paraffin block, which
resulted in 963 core biopsies. In infiltrating tumors
the cylinders were taken from the infiltrating zone.
For the ITHC stainings fresh 5-pum sections from
the TMA blocks were transferred to glass slides
(DAKO Chem-Mate Capillary Gap Microscope
slides, 57 mm, DAKO A/S, Glostrup, Denmark).

Immunohistochemistry

For immunostaining the sections were dewaxed
and rehydrated. To achieve antigen retrieval, the
sections were pretreated in 10 mM citrate buffer
(pH 6.0) in a microwave at 900 W for 8 min fol-
lowed by 15 min at 350 W. An automated immuno-
stainer, TechMate® 500Plus immunostainer
(DAKO A/S, Glostrup, Denmark) was used for
all the immunostainings, with DAKO Chem-Mate
Kit peroxidase/3-3’ diaminobenzidine (DAKO
A/S, Glostrup, Denmark). After counterstaining
with hematoxylin the slides were dehydrated in
ascending concentrations of ethanol to xylene and
mounted. The slides were blinded and were inde-
pendently evaluated by the investigators.

The selection of biological markers analyzed
was based on previous studies that had suggested
a prognostic importance in STS (Table 8). Com-
mercially available antibodies were used (Table 9).
Appropriate positive controls were used, as were
buffers and dilutions according to the manufactur-
er’s recommendations. All the immunostainings
were scored independently by the investigators.
The cut-off levels for the respective immunostains
were as follows; any tumor cell nuclear expression
of Ki-67, cyclin A and p53 was accepted as posi-
tive, regardless of staining intensity, and the tumor
specimens were scored as 0 (no immunostaining),
1 (positive staining, but below the cut-off level),
and 2 (positive staining above the cut-off level).
Immunostaining for bcl-2 was scored as 0 (no
tumor cells stained), 1 (weak staining of the mem-
brane or cytoplasm in less than the cut-off level
of tumor cells), and 2 (strong staining above the
cut-off), and care was taken to disregard infiltrating
lymphocytes in the scoring. For B-catenin, stain-
ing was evaluated as; 0 (no tumor cells stained), 1
(predominately cytoplasmic staining), 2 (predomi-
nately nuclear staining), and frequency; + (<20%
of the tumor cells), ++ (20-50% of tumor cells),
and +++ (>50% of tumor cells). Practically all
positively stained tumor cells showed staining of
the cytoplasm. Isolated nuclear staining was rare
and difficult to differentiate from cytoplasm stain-
ing, and as positive tumor samples were few, the
tumors were subsequently classified as negative or
positive. CD44 was classified as aberrant if clear-
cut staining was present in the cytoplasm, and/or
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Table 8. Published studies (=40 tumors) of prognostic importance of biological markers in STS

Marker  Histotype Patients Prognostic
(n) importance

Reference

Ki-67 mixed 355 M
mixed 216 U
mixed 193 NS
mixed 182 M
mixed 174 U
mixed 126 M
mixed 123 M
mixed 121 M
mixed 104 U
MFH 65 NS
mixed 65 M
mixed 60 NS
mixed 57 M
MFH 54 U
mixed 47 U
MPNST 49 M
mixed 40 U

p53 mixed 855 NS
mixed 216 U
mixed 207 U
mixed 198 M
mixed 174 U
mixed 145 M
mixed 121 NS
mixed 96 U
mixed 86 U
mixed 70 NS
MFH 65 NS
mixed 60 NS
MFH 54 NS
MFH 52 U
mixed 40 NS

mdm2/p53 mixed 121 NS
mixed 86 U
MPNST 49 NS

cyclin A mixed 126 u
mixed 55 M

Pgp mixed 65 M
mixed 59) M
mixed 44 NS

CD44 mixed 133 U
mixed 62 M
mixed 47 U

bcl-2 mixed 216 NS
mixed 102 NS
mixed 70 M
MFH 65 U

B-catenin  SS 62 U
Mixed 56 NS
SS 44 U
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Table 9. Immunohistochemical markers and evaluation criteria (studies I-lll)

Marker Clone Company Dilution Normal IHC cut-off
control

Ki-67 MIB-1 DAKO 1:1000 Colon >20%
Cyclin A 6E6 Novocastra 1:100 Colon >5%

P53 DO-7 DAKO 1:300 Colon >20%
Bcl-2 M0887  DAKO 1:50 Colon >10%
B-catenin 14 Transduction Laboratories ~ 1:5000 Colon Any + vs —
CD44 F1044-2 Novocastra 1:500 Tonsil >25%

Pgp JSB-1 Novocastra 1:10 Cerebrum >10%

Footnote: Citrate buffer was used in all the immunostainings.

%:&;f( i

Figure 8. TMA sections (x20) with positive staining for the markers Ki-67, cyclin A, p53, bcl-2, 3-catenin, CD44, and Pgp.

if strong membrane staining with concomitant
staining in the cytoplasm was found. CD44 was
scored as 0 (no tumor cells stained), 1 (<10%),
2 (10-25%), and 3 (>25%). Pgp, when present,
stained the cytoplasm and was scored as O (no
immunostaining), 1 (=10%), and 2 (>10%), (Table
9 and Figure 8).

In study I, the Ki-67 immunostaining was evalu-
ated in 4 ways. In the tumor block sections, 400
cells on or in contact with a line, and all tumor cells
in 10 randomly chosen HPFs were counted and the
fraction of positively stained cells calculated. In
the TMA-slide all cells in a HPF (x40) which
almost covered the entire area of the cylinder
section, were counted and scored in 20% classes
independently by 3 of the investigators. In study II,
2 authors independently evaluated the array slides,
whereafter a pathologist reviewed 14% of the array

sections without access to the previous scores. In
study III, the TMA slides were evaluated indepen-
dently by 2 authors and in cases with discrepant
findings, the TMA sections were jointly reevalu-
ated and a consensus was reached.

Whole-tumor sections

In study III, whole-tumor sections were used. Fol-
lowing fixation of the tumor in neutral buffered
10% formaldehyde, at least a 1 cm transverse
whole-tumor section was made from the largest
diameter between the proximal and distal tumor
poles and including the surrounding tissue. For
dehydration a dehydrator with protocols tested for
different types of tissues and sample thicknesses
was used. After the dehydration, which took up to
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Figure 9. Whole-tumor paraffin block from a grade |V, deep-seated leiomyosarcoma, 7 cm in diameter with peripheral TMA
punches (top). Corresponding section with minimal tissue loss following TMA (bottom).

72 h, the sections were paraffin-embedded. Using
a whole-tumor microtome, 5 pm sections were
made, mounted on large glass slides and stained
with hematoxylin-erythrosin B for evaluation
(Figure 9).

Tumor necrosis was defined as the presence of
amorphous cellular debris, usually associated with
a neutrophil polymorphonuclear cell response,
or clustering of dead cells, and apoptotic bodies
or cell ghosts. We employed no lower limit of a
necrotic area. Hyalinosis, edema, fibrin exudates
lacking tumor cells, or acellular areas of fibrosis
were not defined as necrosis.

Vascular invasion was defined as the presence
of tumor cells within any space having an obvious
endothelial lining, whether within the tumor or in
the tumor rim. The tumor cells had to be adher-
ent to the vessel wall, or associated with adherent
fibrin, red blood cells, or leucocytes. Bulging of
tumor into a vessel with intact endothelial lining
was not accepted as intravascular tumor growth.

Peripheral tumor growth pattern was micro-
scopically assessed and classified as pushing if no
sign of infiltrative growth could be seen, as focally
infiltrating if <25% of the tumor rim showed signs
of infiltration, and as extensively infiltrating if
>25% of the tumor border showed infiltration into
the surrounding tissues. As there were no prognos-
tic differences in the subsequent analyses between
the 2 subsets of infiltrative growth pattern, they
were combined, and in the further analyses the
growth pattern was classified as infiltrating versus
pushing (Figure 10).

Statistics

In study I, in which the use of TMA in MFH
was validated for Ki-67 staining, the intratumor
heterogeneity was assessed using the variance
component model,

yij=m+6i+sij,



22

Acta Orthop Scand (Suppl 314) 2004; 75

Figure 10. Peripheral tumor growth patterns in STS. Pushing growth (A), focally infiltrating growth in surrounding muscle
(B), and widely infiltrating growth (C).

where y i is the proportion of positive cells in
sample j within block i, m is the true proportion
in the tumor, 51‘ is the deviation of block i from
the average of the tumor and € i is the deviation
of sample j from the average of block i. The stan-
dard deviations oy and o, of 8, and ¢, measure
the variation between blocks and within blocks,
respectively, and they are estimated by analysis of
variance. Given k tumor blocks and n samples per
block, the standard error of the mean (SEM) of all
Vi in the whole tumor is

o, o

SEM =, (— +—)

k  kn
In the special case where the standard deviations
between and within blocks are equally large (0 =
O, = O) the formula simplifies to

, 1 1
SEM =0 ,4/(—+—)
k  kn

which allows comparison of how the number of
blocks (k) and the number of samples within the
blocks (n) affects the SEM. The results of Ki-67
staining with the line count method and the HPF
method for each tumor block were compared by
plotting the difference between the two methods
against the mean of the methods [13]. A reference
value for each tumor block was constructed by
combining the values obtained with the line count
method and the HPF method, and subsequently
compared with the values using the tissue microar-
ray method by plotting these against each other for
each tumor block.

In study II correlations between the immunohis-
tochemical staining patterns were assessed using

Pearson correlations. The immunohistochemical
expression of the factors analyzed in the primary
tumors, the local recurrences and the metastases
were tested for trend using the nonparametric
Wilcoxon matched pairs signed-rank test. Exact
McNemar tests were used for sparse matched 2-
by-2-tables. Univariate and multivariate analysis
with time to metastasis as endpoint was done using
Cox proportional hazards model.

In study III the Cox proportional hazards
model was used for estimating hazard ratios and
proportional hazard assumptions were checked
using Schoenfields test [156]. Areas under ROC
curves were compared using an algorithm sug-
gested by DeLong [37]. The performance of
prognostic indices with optimal weights, derived
from Cox-models, was similar to the performance
with equal weights for the 3 factors. Therefore,
all factors were assigned a weight of 1.0 (data not
shown).

The Cox proportional hazards model was used
also in univariate and multivariate analysis for the
prognostic factors using the for the time intervals
0-10 moths and >10 months. Necrosis was, how-
ever, dropped from the models for the time interval
0-10 months, as necrosis predicted metastasis in
this interval with 100% sensitivity. All the esti-
mates for this interval were therefore restricted
to tumors with necrosis in order to assess the
independent prognostic information of the other
factors in tumors with necrosis. The estimates
for the remaining factors correspond to separate
models with one factor added at a time in a series
of 3-factor (0—10 months), or 4-factor analysis, one
for each time interval.
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In study IV pair-wise associations between the
dichotomized prognostic factors were analyzed
using odds-ratios. The effect of the prognostic fac-
tors on the endpoint time to metastasis was illus-
trated by means of cumulative incidence curves
with death as a competing event [84]. The relative
risk of metastasis was analyzed univariately and
multivariately for the prognostic factors using
the Cox proportional hazards model for the entire
follow-up, and also for the time intervals 0-2 years

and >2 years. To study how the absolute effect of
the prognostic factors varied with time, the prob-
ability of metastasis the following year was cal-
culated by prognostic group yearly for the first 5
years using life-table methods.

For studies II-IV p-values correspond to two-
sided tests and values below 0.05 were consid-
ered significant. For the statistical analyses Stata
8.0 and 8.1 (STATA Corp., College Station, TX,
U.S.A.) were used.
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Results and discussion

Application of tissue microarray (study I)

In the TMA validation study, we addressed the
heterogeneity of IHC expression of Ki-67 in 47
tumor blocks from 11 MFH. The results obtained
with conventional methods of assessment, the line
count method and assessment of 10 HPFs, were
compared with TMA-based assessment. The mean
number of cells in each HPF was 280 (70-800)
cells.

The two methods used on conventional sections,
the line count method, and the HPF method showed
a high degree of agreement with a mean difference
per tumor block of 1.7 (95% CI 0.7-2.6)% (Figure
11). When the results using TMA were compared
to a reference value composed of the combined
Ki-67 count of both the line method and the HPF
method, we found a good accordance, with mean
8.6 (3.5-28)% higher values for TMA than the ref-
erence value (Figure 12). This difference was inter-
preted as a result of TMA biopsies having been
taken from selected areas of the tumors, whereas
in the conventional methods the areas counted
were randomly selected. The staining quality on
TMA was perceived as good, and we reviewed the

Difference in Ki-67 index (line count — HPF-methods), %

°
10
o o
° R Mean + 2 SD
5 .
°
. °
] el %0 Mean
o e o © .
08 og° o, 8 o o
° o
. Mean -2 SD
I e
°
T T T T T
0 10 20 30 40

Average Ki-67 index (line count and HPF-methods), %

Figure 11. The degree of agreement between the line
count and HPF method in assessment of Ki-67 staining in
45 tumor blocks from 11 MFH. The difference in percent-
age between the two methods is plotted against the mean
of the methods for each tumor block (study I).

Ki-67 value tissue-array, %
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T T
0 20 40
Ki-67 reference value per tumor block, %
Figure 12. Agreement between TMA and reference value

of Ki-67 staining count in 45 tumor blocks from 11 MFH
(study I).

areas on the Ki-67 stained conventional sections
from where the biopsies had been taken but found
no difference in the quality of staining that could
explain these differences (unpublished data).

The median interblock SD for Ki-67 was 2.3
(0.9-9.5)% and the median intrablock SD was 2.5
(1.0-5.0)% (Table 10, Figure 13). As the TMA
biopsies obtained from each tumor block were
almost covered by a HPF (x40) with an area of
0.16 mm?, the impact of tumor heterogeneity

Table 10. Interblock and intrablock standard deviation
(SD) of Ki-67 staining in 11 MFH (study I)

Tumor Tumor SD (%) SD (%)
no. blocks (n) interblock intrablock
1 3 2.2 2.3
2 3 2.3 5.0
3 4 1.6 2.3
4 5 2.2 2.5
5 5 9.5 3.4
6 3 5.0 2.5
7 5 5.8 3.5
8 5 6.9 4.4
9 4 3.1 2.9
10 5 1.3 1.0
11 5 0.9 22
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Table 11. Relative influence of the number of core biop-
sies (n) and the number of tumor blocks (k) on the SEM
(study 1)

1.41 1.22 1.15 1.12 1.10
1.00 0.87 0.82 0.79 0.77
0.82 0.71 0.67 0.65 0.63
0.71 0.61 0.58 0.56 0.54
0.63 0.55 0.52 0.50 0.49

g s wN =

on the TMA sampling could be estimated. From
each tumor 3-5 tumor blocks were used, and from
each tumor block 10 HPFs were counted. As the
median interblock and intrablock SD were found
to be almost identical (05 = 0, = ©) a comparison
of how the number of blocks (k) and the number
of samples within the blocks (n) affects the SEM
could be made (Table 11). These data show that
taking more than 3 core biopsies from each tumor
block only has a marginal effect on the SEM
values. Therefore, we concluded that several, ide-
ally 3, tumor blocks should be sampled from each
tumor to account for tumor heterogeneity, whereas
the number of samples from each tumor block pri-
marily should affirm that each tumor block could
be assessed.

The results in the TMA validation study are in
accordance with other studies in which TMA has
been found to reproduce clinicopathological cor-
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Figure 13. Intratumor

heterogeneity of Ki-67
S expression assessed with

10 HPFs per tumor block
. . in 45 tumor blocks from
11 MFH (study ).
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relations utilizing conventional sections for THC
staining, or using DNA isolated from entire tumor
pieces or from paraffin sections. These studies have
included different tumor types, such as colorec-
tal cancer, breast cancer, urinary bladder cancer,
prostate cancer, and bone and STS [18, 19,43, 71, 73,
98, 118, 127, 146, 157, 169]. In 59 fibroblastic tumors
comparisons between TMA and conventional sec-
tions were made for the markers Ki-67, p5S3 and
pRB by Hoos et al. [73], who found reliable read-
ings from triplicate TMA cores in 96% for Ki-67,
98% for p53 and 91% for pRB, and both methods
showed a prognostic correlation between Ki-67
expression and metastasis. Nielsen et al. [124]
performed cDNA microarray profiling of 77 STS,
including 44 synovial sarcomas, and found that the
characteristic gene expression patterns in synovial
sarcoma could be verified at the protein level by
IHC staining TMA samples. They also evaluated
antibodies for their specificity in synovial sarcoma
using TMA-based immunostaining, and found
that the expression levels were in agreement with
previous studies based on conventional staining. In
a hierarchical cluster analysis of the immunostain-
ing results the histological subtypes were distinctly
discriminated.

The ability to identify clinicopathological cor-
relations using TMA is perhaps more important
than comparison between the absolute results using
TMA or conventional sections. Furthermore, there
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being torn by the microtome [73,
118]. In the TMA validation study,
all the biopsies were lost from 1
tumor block, but 6 biopsies from
the remaining 3 tumor blocks
were successfully retrieved. We
experienced a loss of 24% of the
TMA samples; 4% during the

biopsy retrieval and mounting in
the recipient paraffin block, and a
further 20% during the IHC stain-
ing. In the series of 201 primary
MFH (study II), 2 tumors lost all
the sections in the staining for
Pgp, but also in this study median
3 (1-7) tumor blocks had been
selected from each tumor and no

A:3 B:3

other tumors were lost in any of
the stainings performed. We found
median 7 (5-19)% of the sections
damaged, but only 4 (3—4)% were
lost. In the series of 140 mixed
STS (study II), 1 tumor was
lost in all the IHC stainings, and
a median of 19 (2-23)% of the

Figure 14. Patterns of damage in TMA, examples of folded (A:1-3) and tom ~ TMA sections were damaged, but

sections (B:1-3).

is no general agreement as to how IHC expression
patterns should be interpreted. Should foci with
the highest staining intensity be used? How large
an area of tumor should be examined? How many
tumor blocks from a large tumor should be stained
and evaluated? Studies applying TMA to breast
cancer have confirmed the clinicopathological cor-
relation between amplification of ERBB2 and MYC
in steroid receptor negative, p53 expressing tumors
[98, 169]. Camp et al. [19] obtained an accuracy rate
of >95% if 2-3 TMA core biopsies were used to
study the expression of ER, PgR and HER2/neu in
breast cancer. In urinary bladder cancer, Nocito et
al. [127] reliably assessed histological grade and Ki-
67 labelling index using 4 replicate TMA sections.

Loss of TMA sections during the different steps
in the TMA process, principally during the THC
staining, is the main reason for taking multiple
TMA biopsies. Most TMA series report loss of
about 10-15% of the sections, either due to empty
spots on the slide, folded sections or by sections

only 4 (3-6)% lost. The higher rate

of loss found in the TMA valida-
tion study probably reflects a learning curve as our
experience in performing TMAS increased. In the
series of 140 mixed STS (study III), a somewhat
higher rate of damaged sections (19%) were seen
compared to 7% in the series of 201 primary MFH
(study II), and this was probably caused by dif-
ferences in tissue textures in the peripheral zones
of the tumors, which were targeted in the former
series. When the microtome encounters different
tissue textures shearing forces tend to damage
the sections (Figure 14). The recommendation of
using triplicate TMA sections for analysis is in
accordance with the results of several studies in
different tumor types, and will minimize the loss
of data, thereby providing a reliable IHC expres-
sion profile. In the TMA validation study, we also
demonstrated how examining additional areas
from a tumor block have a minor impact on the
results, and that the number of TMA biopsies from
each tumor block primarily should ensure material
from every block.
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Figure 15. Non-representative TMA sections containing adipose tissue (A), muscle (B) and an inflammatory nodule (C).

In TMA, the areas targeted are important. Inad-
equate alignment of the biopsy needle can result
in retrieval of normal tissue, or hemorrhagic or
necrotic foci (Figure 15). In order to maximize the
number of evaluable TMA sections and to provide
a true estimate of the marker studied, heterogeneity
in both tumor tissue and staining patterns needs to
be taken into account. Nuclear staining and stain-
ing patterns evaluated based on a presence or an
absence of staining can often be determined from
one TMA section containing representative tumor
tissue. In contrast, for immunostains that are pre-
dominately cytoplasmic, and for markers with het-
erogeneous staining patterns, or when staining is
evaluated in 3 or more categories a higher number
of non-assessable samples may be seen due to
discordant readings. In these instances, generally
2 or more TMA sections are required to obtain an
acceptable level of reproducibility [73]. However,
the fraction of tumors with heterogeneous find-
ings is probably also dependent on the tumor type
studied. Markers with a high degree of intratumor
heterogeneity and with different staining patterns
in the periphery and in the center of the tumor are
likely to be more vulnerable to TMA interpreta-
tions. Thus, for a correct immunohistochemical
characterization of certain markers, core biopsies
from the periphery as well as the center of the
tumor may be required [19].

In the series of 140 mixed STS (study III), in
which the peripheral growth zones of the tumors
were specifically targeted for TMA, the prognos-
tic value of the biological markers used differed
compared to the results obtained in the series
of 201 primary MFH (study II), from which the
tumor blocks were selected for tumor viability and
representativity but did not include the adjacent
normal tissue. Consequently, the TMA biopsies
may have been obtained from more central tumor

Table 12. Univariate analysis of prognostic value of
TMA-based IHC expression patterns for metastasis in
201 MFH (study Il) and 140 mixed STS (study Ill)

Factor 2 Univariate analysis for metastasis-free survival
201 MFH 140 STS
HR 95% Cl p-value HR 95% Cl p-value

Ki-67 1.9 1.2-32 0.009 24 1.3-4.1 0.003
cycinA 1.3 0.8-2.0 04 29 1.5-56 0.002
p53 1.1 0.7-1.9 0.6 0.7 0.32-1.6 0.4
bcl-2 09 05-14 0.6 0.5 0.20-1.2 0.1
B-catenin  — 25 1.4-44 0.001

CD44 1.0 0.6-1.6 1.0 24 1.4-42 0.001
Pgp 0.9 0.5-1.4 06 21 1.1-3.8 0.02

2 Refers to cut-off levels in Table 9.

regions in these latter series. In univariate analysis
with time to metastasis as endpoint there was only
concordance of the prognostic value of a high Ki-
67 expression, with had a hazard ratio (HR) of 1.9
in the series of 201 primary MFH, and HR 2.4 in
the series of 140 mixed STS (Table 12). This obser-
vation suggests that targeting the peripheral tumor
growth zone may be important.

e TMA is comparable to using conventional
sections for determining IHC staining of
Ki-67 in MFH.

* More than 1 tumor block should be used for
TMA due to intratumoral heterogeneity, and
optimally 3 TMA biopsies per tumor block
should be obtained to compensate for loss of
core sections.

e The localization of TMA sampling may
influence the results; our data suggest that
evaluation in viable tumor regions in the
peripheral growth zones may be important.
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Table 13. Immunhistochemical positive staining patterns
in 201 MFH (study Il) and 140 mixed STS (study Il

Factor @ 201 MFH 140 STS
Total n % Total n %
Ki-67 61 30 37 27
cyclin A 108 54 81 60
p53 49 24 27 20
bcl-2 17 8 21 16
3-catenin - - 23 17
CD44 121 60 42 31
Pgp 81 40 25 19

2 Refers to cut-off levels in Table 9.

Prognostic value of immunohisto-
chemistry (studies lI-l11)

Immunostaining for prediction of metastasis

In STS the prognostic value of IHC staining for
tumor-related markers has been evaluated in about
100 articles, of which 37 larger studies are sum-
marized in Table 8, with Ki-67 and p53 being the
most extensively studied markers. Few studies,
however, have analyzed multiple biological mark-
ers both univariately and multivariately, and com-
pared the value of IHC with clinico-pathological
data (Table 8) [67, 116]. We evaluated multiple THC
staining patterns in 201 primary MFH and using
whole-tumor sections in a series of 140 mixed
STS (Table 13). The frequencies of positive stain-
ing patterns for the different IHC markers were
similar between the 2 studies (II and III) regard-
ing the markers Ki-67, p53 and cyclin A, whereas
bcl-2, CD44 and Pgp showed a lower frequency
of positive staining in the series with mixed STS
than in the MFH series (Table 13). 17 MFH were
included in both studies, and the stainings did not
differ in these tumors between the 2 studies (data
not shown). Thus, the differences detected may be
attributed to histotype-specific characteristics, but
may also reflect the use of whole-tumor sections
with evaluation of the peripheral tumor growth
zone in study III.

Ki-67

We detected Ki-67 staining in >20% of the tumor
nuclei in 30% of MFH and in 27% of the whole-
tumor sections from the mixed STS series (Table
13). These results are similar to the frequencies

Table 14. Univariate analysis of prognostic factors for
local recurrence in 124 STS with adequate local treat-
ment (study 11l

Local recurrence-free survival
Univariate analysis
Factor n (%) HR 95%CI p-value

Tumor size>8cm 53 43 2.3 0.94-5.8 0.07
Deep location 78 63 1.8 0.63-49 0.7

Tumor necrosis 73 59 28 1.0-7.7 0.05
Vascular invasion 45 36 24 0.97-6.0 0.06

Grade IV 91 73 3.9 0.91-17 0.07
Infiltrating growth 92 74 - 0.001®
Ki-67 2 37 27 21 0.81-6.0 0.1
cyclinA@ 81 60 36 1.2-11 0.03
p53 2 27 20 1.4 052-40 0.5
bcl-2 2 21 16 1.4 04541 0.6
B-catenin @ 23 17 24 0.84-6.0 0.1
CD44 2 42 31 1.1 04229 038
Pgp 2 25 19 1.4 046-43 0.6

aRefers to cut-off levels in Table 9. ® log-rank test.

Metastasis-free survival, %
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>20% 60 31 27 23 14 8

Figure 16. Metastasis-free survival stratified by Ki-67
expression in 201 MFH (study II).

reported in other series [20, 39, 61, 62, 67, 72, 116,
189]. In both our studies, a high (>20%) Ki-67
expression was a strong prognostic factor for
metastasis (Figure 16, Table 15). Ki-67 is the most
extensively studied biological marker in STS, and
high expression has in several studies been shown
to be an independent prognostic factor (Table 8).
The prognostic value of Ki-67 has been questioned
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Table 15. Multivariate analysis of prognostic factors for metastasis in 201 MFH (study Il) and in 140 mixed

STS (study Il

Metastasis—free survival

201 MFH 140 STS

Factor n (%) HR 95%CIl p-value n (%) HRP 95%CI p-value
Tumor size >8 cm 85 42 3.0 1.6-5.7 0.001 66 47 1.2 0.65-2.1 0.6
Deep location 124 62 14 0.7-28 0.3 93 66 1.1 0.61-2.2 0.7
Tumor necrosis 113 58 12 0624 05 83 59 2.8 1.2-6.9 0.02
Vascular invasion 21 11 1.0 0520 09 50 36 3.5 1.9-6.6 <0.001
Grade IV 138 69 - - - 98 70 0.88 0.33-2.2 0.7
Infiltrating growth = = = = = 100 71 3.2 1.3-7.9 0.01
Ki-67 @ 61 30 1.8 1.1-32 0.08 37 27 1.9 1.0-3.5 0.04
cyclin A2 108 54 - - - 81 60 1.9 0.94-3.8 0.07
p53i8 49 24 - - - 27 20 0.46 0.20-1.0 0.06
bcl-2 2 17 8 - - - 21 16 0.77 0.30-2.0 0.6
3-catenin @ - - - - - 23 17 2.7 1.5-4.8 0.001
CD44 2 121 60 - - - 42 31 2.1 1.2-3.7 0.008
Pgp 2 81 40 - - - 25 19 2.4 1.3-4.5 0.007

a refers to cut—off levels in Table 9. HR Hazard Ratio,

ClI Confidence Interval.

b Hazard ratio adjusted for grade 1V, deep location, size >8 cm, tumor necrosis and vascular invasion in

multivariate analysis.

for MFH by Jensen et al. [80] who found a prog-
nostic value in other histotypes of STS but not in
MFH. Our results support the prognostic value of
Ki-67 expression also in MFH. Hence, enough
evidence for Ki-67 as a prognostic marker should
have accumulated from retrospective studies, and
we suggest that Ki-67 should be evaluated pro-
spectively and considered as a routine IHC marker
in pleomorphic STS.

Cyclin A

In the largest series of cyclin A expression in STS
to date, Huuhtanen et al. (1999) reported a median
cyclin A level of 11% in 126 mixed STS, and found
a significant prognostic value for cyclin A expres-
sion using a cut-off level of 6% [76]. In MFH (study
II), and in mixed STS (study III), we found a high
(>5%) cyclin A expression in 54% and 60% of the
tumors, respectively (Table 13). In MFH we could
not demonstrate any prognostic value of cyclin A
expression, whereas in the series of mixed STS
(study II), high cyclin A expression was prog-
nostic for metastasis in univariate analysis, with
HR 2.9 (Table 17), but not in multivariate analysis
(HR 1.9) (Table 15). Oda et al. used a cut-off of
10% in a series of 43 myxofibrosarcomas, and did
not show an independent value of a high cyclin A
expression in multivariate analysis, although uni-

Table 16. Immunohistochemical expression patterns in
disease progression in 201 MFH (study )

Factor®  Primary tumor Local recurrence Metastasis
(n=201) (n=44) (n=18)
n (fraction) n (fraction) n (fraction)

Ki-67 61 (0.3) 21 (0.5) 9 (0.5)
CyclinA 108 (0.5) 29 (0.7) 13 (0.7)
p53 49 (0.2) 13 (0.3) 6 (0.3)
bl-2 17 (0.1) 5 (0.1) 2 (0.1)
CD44 121 (0.6) 30 (0.7) 11 (0.6)
Pgp 81 (0.4) 24 (0.5) 9 (0.5)

2 Refers to cut-off levels in Table 9.

variate analysis suggested one [130]. In their series,
the relatively limited number of tumors could
account for the lack of prognostic value found for a
cyclin A expression using a higher cut-off level.

p53

pS3 staining was found in 24% of the MFH and
in 20% of mixed STS series(Table 13), which was
similar to the rates found by other investigators [36,
39, 62, 116]. We did not find any prognostic value
of p53 staining for metastasis or LR (Tables 12, 14
and 15). The data reported on the prognostic value
of p53 expression in STS are partly conflicting, and
although several studies have reported a prognostic
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Table 17. Univariate analysis in 201 MFH (study Il) and in 140 mixed STS (study IlI)

Metastasis—free survival

201 MFH 140 STS

Factor n (%) HR 95%Cl p-value n (%) HR 95% Cl p-value
Tumor size >8 cm 85 42 3.8 2.3-6.4 <0.001 66 47 2.0 1.2-3.5 0.01
Deep location 124 62 2.6 1.4-47 0.003 93 66 1.6 0.8-2.9 0.2
Tumor necrosis 113 58 25 1.4-45 0.001 83 59 4.2 2.1-8.4 <0.001
Vascular invasion 21 11 1.8 09-36 0.1 50 36 4.9 2.8-8.7 <0.001
Grade IV 138 69 1.7 0.9-29 0.08 98 70 2.6 1.3-5.4 0.008
Infiltrating growth - - - - 100 71 4.6 1.9-11 0.001
Ki-67 2 61 30 19 1.2-32 0.009 37 27 2.4 1.3-4.1 0.003
cyclin A2 108 54 13 0.8-20 04 81 60 2.9 1.5-5.6 0.002
p53 2 49 24 11 06-19 09 27 20 0.7 0.3-1.6 0.4
bcl-2 2 17 8 15 0.7-32 03 21 16 2.5 0.2-1.2 0.1
3-catenin 2 - - - - 23 17 25 1444 0.001
CD44 2 121 60 1.0 0.6-16 1.0 42 31 2.4 1.4-4.2 0.001
Pgp 2 81 40 09 05-14 0.6 25 19 2.1 1.1-3.8 0.02

a refers to cut—off levels in Table 9. HR Hazard Ratio, Cl Confidence Interval.

value in univariate analysis, the independent value
of p53 expression in multivariate analysis has only
been shown in a small number of studies (Table 8).
There are several possible reasons for this. Many
antibodies used for detecting p53, including DO-
7 used in our studies, recognize both mutated and
wild-type p53. There are more than 10.000 7P53
mutations reported in human tumors; the major-
ity being missense mutations located in the DNA
binding domain of TP53 [60]. As a consequence of
the amino acid substitution, configuration altera-
tions may lead to prolonged half-life of p53, and
nuclear accumulation, but also varying functional
consequences of p53 as a multifunctional tran-
scription factor [70]. Since the p53 protein partici-
pates in cell-cycle control, apoptosis, senescence,
differentiation, genomic stability, and in DNA rep-
lication and repair, detection of p53 accumulation
is probably not a sufficient assay for understand-
ing the functional effects on the many pathways
pS3 is involved in [70, 180]. Consequently, when
pS3 expression was analyzed in conjunction with
the cell-cycle co-regulator Rb, Wiirl et al. [185]
showed that concomitant high expression of both
pS3 and Rb correlated with worse outcome, and
that absence of over-expression of either, or none
of the proteins, correlated with a better prognosis
in 198 STS. The mdm2 protein, involved in the
ubiquitin-mediated degradation of p53, could also
be considered when analyzing p53 expression,

and tumors with over-expression of both p53 and
mdm2 may have a worse outcome [186].

bcl-2

We detected bcl-2 staining in 53% of the MFH
and in 24% of the mixed STS, and a high stain-
ing (>10% of the cells) in 8% of the MFH, and in
16% of the mixed STS (Table 13). Dan’ura et al.
[36] and Miettinen et al. [113] have reported bcl-2
staining in about 1/3 of STS with the highest fre-
quencies observed in MFH and synovial sarcomas.
Only 8 synovial sarcomas were included in the
whole-tumor section series (study III), but indeed
6 of these showed a high staining pattern. We did
not detect any prognostic significance from bcl-2
staining, which is in agreement with Jensen et al.
[80]. Our results stand in contrast to the prognostic
value of bcl-2 found in 2 previous studies in STS;
Ahlen et al. [3] found a prognostic value of bcl-2 in
65 MFH in which 20% of the tumors showed bcl-2
accumulation, and this was also reported in a series
of 70 mixed STS with 43% bcl-2 positivity by
Nakanishi et al. [122]. The prognostic value of bcl-
2 in STS is probably limited as the results in sev-
eral large studies appear to be contradictory (Table
8). The questionable prognostic value of bcl-2 in
STS is also suggested in the findings by Dan’ura
et al. [36] who showed that although expression
of bcl-2, and Bax correlated to an apoptotic index
on microscopy, and that there were histotype spe-
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cific differences of these expression patterns, they
lacked prognostic value in 102 STS.

B-catenin

Cytoplasmic accumulation of B-catenin has been
studied in 3 larger (>50 tumors) series of STS that
have reported staining in 21-57% of the tumors
with the highest frequency reported in synovial
sarcomas [63, 99, 152]. In our series of mixed STS,
17% of the tumors showed cytoplasmic staining
for B-catenin, which was found to be a strong
prognostic factor for metastasis in both univariate
and multivariate analysis (Tables 13, 15 and 17). In
addition to a structural role in the cadherin-catenin
complex, B-catenin can act as a transcriptional
factor in the nucleus by serving as a co-activator
of the TCF/LEF family of DNA-binding proteins
[28]. Increased intracellular levels of 3-catenin may
thereby influence transcription of genes involved
in proliferation and transcriptional activation such
as cyclin DI and c-myc, whose promoters contain
TCF/LEF binding sites [65, 161, 168].

CD44

We found CD44 staining in >25% of the tumor
cells in 60% of MFH and in 31% of the mixed
STS using whole-tumor sections (Table 13).
These levels were similar to those previously
reported, although comparisons are difficult, since
the methods of assessment, and the cut-off levels
differ [83, 108, 135]. A high CD44 expression was
also a strong prognostic factor for metastasis in
our series of 140 mixed STS with a HR of 2.4, but
not in the series of 201 MFH (Table 17). Although
up-regulation of CD44 has been shown in several
tumor types, such as cancers, lymphomas and
mesenchymal tumors, the prognostic value of
CD44 is seemingly conflicting as both improved
and impaired survival has been found [11, 83, 108,
123, 135, 176]. CD44 is encoded by a single gene,
but multiple isoforms of CD44 are generated by
alternative splicing. Assessment can be made of
the standard (CD44s) variant, and any of its 10
isoforms, CD44v1-10. In STS there are only a few
reports of CD44 expression and consequences of
up- or down-regulation. Peiper et al. [135] found
improved survival in tumors with high (>20%)
CD44s expression in a series of mixed STS. In
contrast, in an experiment with CD44 knockout

mice, Weber et al. [176] showed that formation of
metastasis was virtually aborted in mice lacking
the CD44 gene products. In a series of 47 STS,
Kahara et al. [83] demonstrated that most sarcomas
expressed CD44s, but that the isoform CD44v6
was more commonly expressed in high-grade
tumors, and this isoform was also correlated to
a shorter metastasis-free survival. Also Maula et
al. [108] found that high CD44s expression, and
particularly the isoform CD44v6 was associated
with an increased risk of LR, but not with survival.
The results from the 140 mixed STS (study III) are
in agreement with the latter 3 studies that impli-
cated CD44s as a prognostic factor for metastasis
in STS. A possible explanation for the contrasting
results could be found in the multiple functions of
CD44s and its isoforms.

Pgp

We found PgP staining (>25%) in 40% of MFH
and in 19% in mixed STS (with 6/18 MFH in the
latter series having high Pgp expression) (Table
13), which is in line with reports from other authors
who have reported Pgp expression in >50% of
MFH and in varying frequencies in other STS enti-
ties [97, 102, 121]. We could not detect any prognos-
tic importance of Pgp in the MFH series, whereas
it was a strong prognostic factor for metastasis in
the mixed STS series (Table 15). In a meta-analysis
of 27 studies including 631 patients with osteosar-
coma, Pakos and Ioannidis [133] demonstrated that
Pgp was not associated with histological response
to chemotherapy, but was a strong prognostic factor
for disease relapse and progression. In STS, Pgp
expression has been suggested as a marker for poor
sensitivity to chemotherapy and worse survival [81,
102]. In rhabdomyosarcoma (RMS), Komdeur et
al. [95] showed that pediatric tumors differ from
adult tumors in the expression of multidrug resis-
tance associated proteins. The expression of one of
the MDR proteins, LRP was more pronounced in
adult tumors and with age at diagnosis, and was
also clearly less expressed in alveolar RMS. This
offers an explanation for the increased sensitivity
to therapy and better survival seen in pediatric
RMS, and with the better outcome of alveolar form
of RMS compared to embryonal and pleomorphic
forms. In the same series, the expression of Pgp or
the third MDR protein investigated, MRP1, did not
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Figure 17. Metastasis-free survival according to IHC staining for Ki-67, B-catenin, CD44, and Pgp in 140 mixed STS with

whole-tumor section and peripheral TMA sampling (study lII).

correlate with the expression of LRP, and although
both were commonly expressed in RMS, Pgp and
MRP1 were suggested to be independently regu-
lated. Since chemotherapy was rarely used in our
series, chemosensitivity was not addressed, but
our findings concur with the suggested prognostic
value of Pgp in STS.

In summary, only Ki-67 gave independent prog-
nostic information in our series of 201 MFH (study
ID). In this series representative tumor areas from
regular tumor blocks were selected by a sarcoma
pathologist, whereas the peripheral tumor growth
zone as identified in whole-tumor sections were
specifically targeted for analysis in study III. In
the latter series immunostaining for B-catenin,

CD44 and Pgp were in addition to Ki-67 found to
be strong and independent factors for metastasis
(Figure 17).

Immunostaining for prediction of local recur-
rence

The rates of LR in the MFH-based series of 338
patients and 201 patients were 29% and 33%,
respectively. This was higher than in the series of
140 mixed STS, in which the rate of LR was 17%,
and also higher than in previously reported, large
series of MFH [137, 154]. This higher rate of LR
can be explained by almost all the tumors in the
MFH-based series being high-grade tumors, the
long follow-up (more than 6 years for the survi-
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Figure 18. Up-regulation of cyclin A expression from primary tumors to metas- b
tases in 3 primary MFH (A:1-C:1) and the corresponding metastases (A:2-C:2).  tumor, whereas metastasis rather

represents a clonal evolution of
highly malignant cells with a metastatic phenotype.
The results are also in accordance with a previous
study using matched tumor samples from primary
tumors and metastases in osteosarcoma. Oda et al.

vors), and the large proportion of myxoid tumors
(38%), which are known to have a higher risk of
LR [110].

In study II, none of the biological markers stud-
ied correlated with an increased risk of LR in MFH
(data not shown), but in study III, using whole-
tumor sections from 140 mixed primary STS, we
found a correlation between expression of cyclin
A and development of LR. The univariate analy-
sis, performed in a subset of 124 tumors and with
adequate local treatment, showed that tumors with
cyclin A expression had a HR of 3.6 for develop-
ment of LR (Table 14). Data on THC expression
in relation to LR are scarce, but Maula et al.
[108] demonstrated an increased risk of LR for
the isovariant CD44v6, but not for overall CD44
immunoreactivity in a series of 133 mixed STS and
Heslin et al. [67] studied the markers Ki-67, p53,
mdm?2 and Rb in 121 mixed STS without detecting
any significant correlation to the risk of LR.

IHC staining in primary
tumors, local recurrences
and metastases

In study II, primary tumor
samples were available from
211 MFH, 50 LRs, and 20
metastases. The IHC expres-
sion increased from primary
tumors to LRs and further in the
metastases for Ki-67, cyclin A,
pS3 and Pgp, but not for bcl-2
and CD44 (Table 16). However,
when the IHC expression levels
were compared in matched
tumor samples, the LRs did not
significantly differ compared to
the primary tumors for any of the
markers (data not shown). When
metastases were compared to
the matched primary tumors,
only cyclin A was consistently
upregulated in all 18 metastases
(p=0.03) (Figure 18).

These findings support the
concept of a LR being a conse-
quence of residual disease after
surgical treatment of the primary

[129] demonstrated that the Ki-67 labelling index
was higher in the metastases than in the primary
tumor in a series of 25 osteosarcomas, whereas no
difference in the expression of p53 was detected.

e THC can add independent prognostic infor-
mation in STS.

* Proliferation, assessed by Ki-67, should be
included in studies of STS as a prospective
prognostic marker.

* [-catenin, CD44 and Pgp are candidate THC
prognostic factors for further studies.

* Based on the IHC findings, a local recur-
rence seems to represent regrowth of
residual tumor.
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Figure 19. Whole tumor sections of a 4 cm s.c. leiomyosarcoma, grade 1V (A), a 6 cm deep-seated MFH, grade IV (B), and

an 8 cm deep-seated MFH, grade IV (C) (study IlI).

Value of whole-tumor sections (study Ill)

Whole-tumor sections are used in several tumor
types, e.g. prostate cancer, rectal cancer and laryn-
geal cancer for better histopathological evaluation
of e.g. tumor depth, invasion into adjacent tis-
sues, and perineural growth [143, 164, 179]. At the
Musculoskeletal Tumor Centre in Lund, we have
increasingly used whole-tumor sections in addi-
tion to conventional sections for histopathologic
examination in STS (Figure 19). The purpose was
to evaluate the prognostic information obtained
using whole-tumor sections with regard to previ-
ously established prognostic factors, peripheral
tumor growth pattern, and immunostainings for
markers associated with prognosis in STS.

Necrosis

Tumor cell necrosis is an important prognostic
factor for metastasis in STS [6, 10, 32, 55, 64, 100, 120,
148, 171]. Necrosis is incorporated in the American
NCI grading system, the French FNCLCC- grad-
ing system, and in the two grading systems used
in Scandinavia [23, 31, 109, 120]. Good reproduc-
ibility in determining microscopic tumor necrosis
has been demonstrated; Guillou et al. [54] reported
concordance in 81% of tumors among 15 patholo-
gists in determining necrosis, and Gustafson et al.
[56] found concordance in 77% of 200 STS evalu-
ated independently by sarcoma pathologists at 3
centers.

Despite the importance attributed to microscopic
tumor necrosis there is no agreement regarding
the amount of necrosis relevant for prognostica-
tion. In the NCI grading system a 15% cut off is
used, whereas in the FNCLCC-grading system and
in the Danish grading system by Myhre-Jensen a
50% cut-off is used [23, 31, 120]. In a study of 282

patients van Unnik et al. [174] found that necro-
sis, when determined as present or absent on the
reviewed histopathology slides, was a discrimina-
tor for metastasis, and Gustafson et al. [56] found
in 200 STS that necrosis had a prognostic value
irrespective of how small the necrotic area was.
As necrosis is included in histological malignancy
grading, it follows that the proportion of tumors
with necrosis increases with grade.

In our series (studies II and IIT), necrosis was
assessed as present or absent, and was found in 60%
of the tumors (Table 15). In the 201 MFH (study II),
necrosis was not present in any of the 6 low-grade
(grades I and II) tumors, but found in 15/57 (0.3)
grade III, and in 98/138 (0.7) grade IV tumors. In
the mixed STS series (study III) 1/18 low-grade
tumors had foci of necrosis on whole-tumor sec-
tions, and necrosis was found in 6/24 grade III
tumors, and in 76/98 grade IV tumors. The different
frequencies observed in these 2 studies indicate that
there is a small benefit in using whole-tumor sec-
tions for determining the presence of necrosis. For
quantification of necrosis the use of whole-tumor
sections also offer an obvious advantage in that a
whole tumor plane can be examined.

Necrosis was a prognostic factor in univariate
analysis for metastasis in both the MFH series, and
in the mixed STS series, with HRs of 2.5 and 4.2,
respectively (Table 17).

In a multivariate analysis, necrosis lost its prog-
nostic value in the series of 201 MFH, whereas it
remained an independent, strong factor for metas-
tasis in the series of mixed STS with a HR of 2.8
(Table 15). One reason for this discrepancy could
be that using whole-tumor sections improved
the detection of necrosis in the grade IV tumors,
and also foci of necrosis in 1 of the low-grade
tumors, with an impact on the survival analysis. It
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is unlikely that histotype-specific differences had
an influence, as it has previously been shown that
necrosis is a strong prognostic factor for metastasis
in all the major histotypes included in studies II
and III; MFH, leiomyosarcoma, and liposarcoma
[55, 64, 170].

In the subset of 124 mixed STS analyzed for
LR necrosis was in univariate analysis also found
to be of prognostic importance for LR (Table 14).
In this set the low rate of LR (19/124) yielded a
low statistical power, and the impact of probable
confounding factors, such as malignancy grade
and vascular invasion could not be multivariately
analyzed, which makes the interpretation of the
independent value of necrosis difficult.

Vascular invasion

Vascular invasion was found at a considerably
higher frequency using whole-tumor sections; only
21/201 (10%) MFH (study II) had demonstrable
vascular invasion, compared to 50/140 (36%) in the
140 mixed STS (study III) in which whole-tumor
section were assessed (Table 15). In the MFH, vas-
cular invasion did not have any prognostic value
for metastasis. This contrasts sharply to the strong
prognostic importance that vascular invasion had
in the mixed series of STS, in which the commonly
accepted strong factor tumor size lost its indepen-
dent prognostic value (Table 15). The importance
of vascular invasion was evident when comparing
the rate of metastasis in tumors with and without
vascular invasion; 56/180 (0.3) MFH without
demonstrated vascular invasion metastasized,
compared to 19/90 (0.2) in the mixed STS. By
determining vascular invasion patients with a very
high probability of metastasis could be identified;
in the series of mixed STS 35/50 (0.7) tumors with
vascular invasion metastasized (Table 18).

Vascular invasion has previously been reported
to be a prognostic factor for metastasis in STS [5,
55, 106, 144, 150, 171]. The 36% vascular invasion
observed in the present series of mixed STS is
considerably higher than what has been reported
in previous studies [24, 55, 94, 106, 139]. In these
studies vascular invasion was usually included in
the entity “bone or neurovascular invasion”, which
varied between 6% and 20%.

Our results indicate that whole-tumor sections
facilitate the identification of vascular invasion. In

Table 18. Development of metastasis in relation to vas-
cular invasion and grade in 201 MFH (study Il) and in 140
mixed STS (study Il)

201 MFH 140 mixed STS
Grade Met/Vi+  Met/Vi— Met/Vi+  Met/Vi—
| 0 0 0 0
I 0 1/6 11 112
Il (4 15/56 5/6 2/18
\% 9/20 40/118 29/43 16/55
Total 9/21 56/180 35/50 19/90

Footnote: Met metastasis, Vi vascular invasion,
+/— present/absent.

the subset of 17 MFH utilized both in study II and
in study III, there were 1/17 tumors with vascular
invasion in the series of 201 MFH (study II), but
an additional 3 tumors showed vascular invasion
when whole-tumor sections were analyzed in study
I1I.

Determination of vascular invasion could pos-
sibly have been further augmented by the use of
immunostaining against endothelial antigens, such
as CD31, CD34 or factor VIII, which facilitate
assessment of small vessels. In the pathology
review of the tumors subsequently included in
the series of 201 MFH, and in the series of mixed
STS, only microscopy of H&E stained sections
was employed. The different rates of vascular
invasion in these two series indicate a risk of false
negative assessment using conventional tumor
sections. Careful microscopy of the tumor areas
determines vascular invasion in larger veins and
venules, where tumor cells within the endothelial
lining are adherent to the vessel wall and associ-
ated with fibrin and blood corpuscles (Figure 20).
Many reasons for false negative assessment regard-
ing vascular invasion exist, for example too small a
tumor area investigated, and invasion in very small
vascular structures. There are also several findings
that erroneously could be interpreted as vascular
invasion. Examples of such false positive vascular
invasion are tumor cells in extended contact with
a venous vessel with an intact endothelium, tumor
bulging into a vessel space without disruption of
the endothelium, small hemorrhagic foci with
fibrin, red blood cells and leucocytes intermingled
with tumor cells, but lacking an endothelial vas-
cular structure can mimic vascular invasion. Also,
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sectioning artifacts with tumor cells
within a vascular structure, but with-
out adherence to the vessel wall and
not associated with fibrin, red blood
cells or leucocytes can resemble
vascular invasion (Figure 20). In the
study of 200 STS by Gustafson et al.
[56], experienced sarcoma patholo-
gists independently assessed the
same histopathologic material with
good agreement for vascular invasion
(Kappa value 0.77).

Peripheral tumor growth pattern

Peripheral tumor growth pattern has
been suggested to be of prognostic
importance for both LR and metasta-
sis in a previous study of STS [106].
However, to our knowledge growth
pattern has not been systematically
investigated, and is not included in
any of the grading systems, or prog-
nostic systems in use for STS [23, 92,
183].

In the mixed STS series, the periph-
eral growth pattern was a strong factor
not only for LR but also for metastasis
(Tables 14 and 15). In the 124 tumors
with adequate local treatment, tumor
growth pattern distinguished between
tumors that developed a LR and those
that did not. Of the 32 tumors with a
pushing growth pattern 16 were super-
ficial (13/16 grades III or IV) and 16
deep-seated (10/16 grades III or IV).
RT was given after marginal resec-
tion in 6/32 tumors. None of these 32
tumors recurred locally.

92/124 tumors had an infiltrating
growth pattern, 30 were superficial
tumors (all of which were grades
IIT or IV) and 62 were deep-seated
tumors (57 of which were grades III
or IV). Among the superficial tumors,
5 LRs occurred; 4/22 recurred after a
wide resection, 1/6 after a marginal
resection with RT, and none of 2
tumors with a wide resection and
RT. In the 62 infiltrating deep-seated

Figure 20. lllustration of false (A:1-6) and true (B:1-6) vascular inva-
sion in STS.
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Infiltrating growth  Metastasis

Grade IV

Figure 21. Venn diagram illustrating the distribution of
growth pattern, malignancy grade and metastasis in 140
STS (study IlI).

tumors there were 14 LRs, all in the 57 grade III
or IV tumors. Of these, 9/34 occurred after a wide
resection without RT, and 5/20 following marginal
resection with RT. After a wide resection with RT
in 3 patients, there were no LRs. These findings
indicate that when a wide surgical margin has been
obtained in tumors with a pushing growth pattern,
also in deep-seated and high-grade tumors, the
need of adjuvant RT can be questioned. In con-
trast, tumors with an infiltrating growth pattern
have a high risk of LR, and RT should probably
be administered also after a wide margin, for both
superficial and deep-seated tumors.

Infiltrative growth pattern was a strong prog-
nostic factor for metastasis in univariate analysis
(HR 4.6) (Table 17) as well as in multivariate
analysis (HR 3.2) (Table 15). Among the 40 push-
ing tumors, 5/19 grade IV tumors metastasized,
compared with 40/79 of the grade IV tumors with
infiltrating growth pattern. Of the 42 grade III-I
tumors, 1/21 of the tumors with a pushing growth
metastasized, compared to 8/21 tumors with an
infiltrating growth pattern (Figure 21).

Mandard et al. [106] demonstrated that infiltra-
tive growth pattern was of prognostic importance
for metastasis in STS, and proposed a prognostic
system based on size, local treatment, necrosis
and growth pattern, but not including malignancy
grade. With this system an improved discrimina-
tion of high-risk patients, compared to NCI and
FNCLCC systems, was shown. Our findings indi-

cate that growth pattern is of prognostic value for
both LR and metastasis in STS.

In the malignancy grading system outlined by
Broders et al. [17] the principles of cellular dif-
ferentiation used in grading of carcinomas were
applied in fibrosarcoma. In this system infiltrative
or pushing tumor growth was one of the histologic
features assessed, the other factors being the degree
of cellularity, cellular pleomorphism or anaplasia,
mitotic activity (frequency and abnormal mitotic
figures), and degree of necrosis. In mesenchymal
tumors, also tumors perceived as benign in the
sense that metastasis in principle never occurs,
such as desmoids or dermatofibrosarcoma protu-
berans can grow extensively infiltrating. This may
partly explain why the tumor growth pattern was
attributed less importance in the subsequent malig-
nancy grading systems. Assessment of the amount
of necrosis and mitotic activity, in conjunction
with differentiation and histological diagnosis,
has to a greater extent formed the basis for current
histological malignancy grading [92].

It is a common view that all high-grade STS
grow infiltratively [40, 48, 90, 177]. Our findings
suggest that a substantial proportion of high-grade
STS have pushing borders, and that these may
represent a less malignant subset of otherwise his-
tologically similar high-grade tumors.

Prognostic indices

A prognostic index was based on the commonly
used prognostic factors in STS of the extremities
and trunk wall i.e. tumor size with a cut-off at
5 cm as used in most prognostic systems, depth
(superficial versus deep) and malignancy grade
(IV versus TI-I). This index was compared with
an index generated from the strongest factors in
the series of 140 mixed STS, i.e. vascular invasion,
growth pattern and tumor necrosis (Table 15). The
index based on size, depth, and malignancy grade
provided an AUC-value of 0.68, and the index
based on vascular invasion, growth pattern and
necrosis resulted in an improved AUC-value of
0.80 (p=0.005) (Figure 22).

The value of IHC for prognostication in STS was
assessed by adding the prognostic information of
the biological markers to the prognostic index. If
also the two strongest IHC-factors, B3-catenin and
Pgp, were added, the AUC increased to 0.85 com-
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Figure 22. ROC-curves depicting the predictive accuracy of three prognostic systems for metastasis (study Ill).
A. Malignancy grade (IV), tumor size (>5cm) and depth (deep-seated tumor).

B. Vascular invasion, necrosis and infiltrative peripheral tumor growth pattern.

C. Vascular invasion, necrosis, infiltrative growth pattern, Ki-67, 3-catenin, CD44 and Pgp.

pared with the index based on vascular invasion,
growth pattern and necrosis (p=0.01). Although
not clinically feasible, an index can be constructed
with all the independent prognostic factors that
was found in the series of mixed STS; i.e. vascular
invasion, infiltrating growth necrosis, Ki-67 >20%,
B-catenin positivity, CD44 >25% and Pgp >10%.
This index had an AUC of 0.86 (Figure 22). The
benefit of adding biological makers suggests that
THC probably should be prospectively investigated
and used to improve prognostication of STS.

* Whole-tumor sections may improve deter-
mination of vascular invasion and necrosis
and allow assessment of peripheral tumor
growth pattern, all of which are of strong
prognostic importance for metastasis in
STS.

¢ Prediction of metastasis in STS may be
improved by considering the factors vascu-
lar invasion, necrosis, and peripheral tumor
growth pattern.

Time-dependence of prognostic factors

Time-dependence of prognostic factors in STS was
specifically addressed in a series of 338 MFH for
the factors tumor size, depth, necrosis, vascular
invasion, and mitotic rate. The cumulative inci-

dence of metastasis was at 5 years approximately
0.4-0.5 among patients with the respective adverse
prognostic factors (>8 cm, deep-seated, necrosis,
vascular invasion and high mitotic rate) at diagno-
sis compared to 0.2-0.3 among patients without
the factor (Figure 23).

The rate of metastasis was highest during the
first 2 years of follow-up, when 78/110 (0.7)
metastases occurred, and 32/110 (0.3) occurred
later than 2 years, of which only 4 occurred later
than 5 years from diagnosis. The fraction of
patients that metastasized within the categories
of the prognostic factors is shown in Table 19. All
prognostic factors were found to correlate, with
ORs of 1.3-13 yielded by pair-wise comparisons
(data not shown).

Univariate analysis showed that all factors pos-
sessed a strong prognostic value over the entire
follow-up period and also in the time interval
0-2 years. Malignancy grade yielded no addi-
tional prognostic information for any of the time
intervals multivariately analyzed (data not shown).
Multivariate analysis using the factors size, depth,
necrosis, vascular invasion, mitotic rate and a LR,
revealed that only tumor size, tumor necrosis and
LR were of prognostic importance over the first 2
years of follow-up, and over the entire follow-up
period. Beyond 2 years, only tumor depth and LR
correlated with time to metastasis (Table 20). In
multivariate analysis without LR, the same pattern
was seen (data not shown).
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Figure 23. Cumulative incidences of metastases in 338 patients with MFH by prognostic factors; size, depth, malignancy

grade, necrosis, vascular invasion and mitotic rate (study V).

In the series of 140 mixed STS, a possible
time-dependence of the prognostic factors was
also investigated. In this series, 43/54 metastases
occurred during the first 2 years. The statistical
power with only 11 metastases diagnosed later
than 2 years did not allow a separate analysis
for the time frame >2 years. Therefore, the time
intervals were dichotomized at the median time to
metastasis, i.e. 10 months. In univariate analysis
of tumor related prognostic factors and biological
markers, microscopic tumor necrosis was the factor
with the most striking time-dependence. Metasta-
sis occurred during the period 0—10 months only
in the tumors with necrosis, which made necrosis
a strong predictor of early metastasis. After 10
months, necrosis lost its prognostic value. Several
other strong prognostic factors, such as tumor size
and malignancy grade, were of importance in the
early time-period in univariate analysis, and there-
after lost their prognostic value. Vascular invasion,
and invasive growth pattern were of prognostic
value for the period 0—10 months as well as for the
period >10 months. The biological markers, Ki-67,
and Pgp were the only IHC markers of prognostic
value for early metastasis. During the later time-

period (>10 months) Ki-67 remained of prognostic
value, whereas Pgp lost its prognostic importance,
and cyclin A, B-catenin, cyclin A and CD44
emerged as strong prognostic factors for metastasis
occurring >10 months (Table 21). In multivariate
analysis, necrosis, vascular invasion and Pgp-
expression were the only factors with independent
prognostic value for early metastasis. For the time
period >10 months, vascular invasion remained of
prognostic value, and infiltrative growth pattern,
B-catenin and CD44 provided independent prog-
nostic information, whereas necrosis and the other
biologic markers did not yield prognostic informa-
tion (Table 21).

In the series of 338 MFH, the probability of
metastasis the following year decreased over time,
and for patients in the high-risk and low-risk groups
converged already after 2-3 years. For patients
with tumors >8 cm the probability of metastasis
decreased from 0.24 at diagnosis, to 0.10 after 2
years, and 0.02 after 5 years. The same pattern was
observed also for tumor depth, malignancy grade,
necrosis, vascular invasion, and mitotic rate (Figure
24). There may be several reasons for this finding.
The biological importance of an initial factor may
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Table 19. Initial prognostic factors and metastasis data
in 338 MFH (study IV)

Factor Patients Fraction Patients with
with metastasis
meta- during FU
stasis
0-2 >2 years

Tumor size (cm)

<8 199 0.2 27 16

>8 135 0.5 51 16

Undetermined 4 0 0 0
Tumor depth

Subcutaneous 142 0.2 21 6

Deep seated 196 0.4 57 26
Tumor grade

1+l 1+8 0.2 1 1

1] 99 0.2 10 10

\Y 230 0.4 67 21
Tumor necrosis

No 143 0.2 15 12

Yes 187 0.4 63 17

Undetermined 8 0.4 0 3
Vascular invasion

No 294 0.3 60 29

Yes 31 0.5 13 2

Undetermined 13 0.5 5 1

Mitotic rate/10 HPF 2
Low-medium (0-9) 114 0.2 15 11

High (= 10) 218 0.4 63 20
Undetermined 6 0.2 0 1
Patients at risk at start of interval 338 237

2 HPF high power field (x40)

diminish during follow-up, provided the patients
survive metastasis-free, and the results in the series
of 140 mixed STS indicate that this is the case for
e.g. tumor necrosis. Heterogeneity within prognos-
tic categories as a result of errors of measurements
and distribution of unknown biological factors
with bearing on metastasis represent another pos-
sible explanation. In the 2 series (studies III and
IV), the difference in the frequency of vascular
invasion in the series of 338 MFH (10%), and the
series of mixed STS (36%) suggest that false nega-
tive findings could contribute to the convergence of
probabilities between the prognostic categories. It
could be expected that the rate of metastasis would
remain higher among patients in the high-risk cat-
egories. At diagnosis the proportion of true high-
risk patients is higher in the high-risk category
than in the low-risk category, which is reflected
in the higher relative risk of metastasis during the
first few years of follow-up. Later during follow-up
most true high-risk patients in both risk categories
have metastasized and thus leave the study popula-
tion, which explains both the decrease in overall
risk and the convergence of risk of metastasis in
the high-risk and the low-risk categories.

A LR was a strong and independent prognostic
factor for metastasis in both the series of 338 MFH
(study I'V) and in the mixed STS series (study III),

Table 20. Univariate and multivariate analyses of time to metastasis in 338 MFH for initial tumor-associated prognos-

tic factors and local recurrence (study IV)

Factor Whole follow—up 0-2 years > 2 years
RR  95% CI p—value RR  95%Cl p-value RR  95% Cl p-value
Univariate analysis
Size >8 cm 3.0 2.0-44 <0.001 3.3 2.1-5.3 <0.001 23 12-46 0.02
Deep seated 25 1.6-38 <0.001 2.1 1.3-34 0.004 39 1.6-95 0.003
Grade IV 23 1.4-36 0.001 3.3 1.7-6.2  <0.001 12 06-26 0.6
Necrosis present 2.8 1.84.4 <0.001 3.8 2.2-6.7 <0.001 1.6 0.7-33 0.2
Vascular invasion 2.1 1.2-3.6 0.008 2.6 1.4-4.7 0.002 1.0 0.2-41 1
High mitotic rate 19 1.2-3.0 0.004 25 1.4-4.3 0.002 11 0524 07
Local recurrence 25 16-39 <0.001 2.4 1.34.2 0.004 27 13-56 0.008
Multivariate analysis
Size >8 cm 1.9 1.2-3.0 0.005 2.2 1.3-3.7 0.005 1.4 0.6-3.1 0.5
Deep seated 1.5 0.9-25 0.1 1.2 0.7-2.2 0.4 27 1.0-71 0.04
Necrosis present 19 12-30 0.01 2.2 1242 0.009 1.4 0.6-3.1 0.5
Vascular invasion 1.5 0827 0.2 1.6 0.9-3.1 0.1 1.0 0243 06
High mitotic rate 1.2 0820 0.4 1.6 0.9-2.9 0.1 08 03-1.7 05
Local recurrence 3.0 1.9-50 <0.001 2.9 1.5-5.4 0.001 32 1.4-7.0 0.004

RR Relative Risk, Cl Confidence Interval.
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Table 21. Univariate and multivariate analysis of time to metastasis for the time period
0-10 months and >10 months in 140 STS (study )

Factor 0-10 months > 10 months
HR 95% Cl  p-value HR 95% CI p—value

Univariate analysis
Size >8 cm 2.1 0.98-4.7 0.06 1.9 0.87-4.1 0.1
Deep seated 1.5 0.65-3.7 0.3 1.6 0.67-3.8 0.3
Grade IV 5.8 1.4-24 0.02 1.7 0.73-4.1 0.2
Necrosis present o - <0.001 ¢ 1.9 0.87—4.1 0.1
Vascular invasion 5.9 2.5-14  <0.001 4.3 2.0-9.2 <0.001
Infiltrative growth 5.6 1.3-24 0.02 41 1.4-12 0.01
Ki-67 @ 2.2 1.0-4.9 0.04 25 1.1-5.7 0.03
p532 0.71 0.24-21 05 0.70 0.21-2.3 0.6
Cyclin A2 23 0.92-5.7 0.08 3.6 1.4-9.2 0.007
3-catenin @ 1.7 0.73-38 0.2 3.6 1.7-8.1 0.001
CD44 2 20 0.94-44 0.07 2.9 1.3-6.5 0.007
Pgp @ 25 1.1-5.7 0.02 1.6 0.64—4.2 0.3
Local recurrence 27 0.4-20 0.3 7.8 2.5-24 <0.001

Multivariate analysis
Necrosis present 00 = = 1.1 0.51-2.6 0.7
Vascular invasion 3.1 1.3-7.3 0.01 85 1.6-7.7 0.002
Infiltrative growth 3.0 0.70-12 0.1 3.2 1.0-9.8 0.04
Ki-67 2 14 0.63-3.0 04 2.4 0.99-5.9 0.05
Cyclin A2 1.1 0.42-2.7 09 25 0.95-6.6 0.06
3-catenin @ 14 062-33 04 6.6 2.8-15 <0.001
CD44 2 14 064-32 04 1.6 1.0-2.5 0.03
Pgp @ 2.4 1.1-5.5 0.04 2.0 0.76-5.0 0.2
Local recurrence 1.8 023-14 0.6 4.0 1.4-14 0.01

HR Hazard ratio, Cl Confidence Interval.
2 Refers to cut—off levels in Table 9.

b Based on 124 patients with adequate local treatment.

¢ log-rank test.

with a HR of 3.0 and 5.6, in univariate analysis
for the whole follow-up period. In comparison to
most of the initial tumor-related prognostic factors,
the prognostic value of LR was not time-depen-
dent, and remained a strong prognostic factor for
metastasis whenever it occurred (Tables 20 and
21). In the mixed STS series (study III) only 3 LRs
occurred during the early time-interval of 0-10
months (HR 2.7, p=0.3). In the later time-interval
LR was a strong prognostic factor, with a HR of 7.8
(Table 21). In the larger series of MFH (study II),
LR was a prognostic factor during both the early
and later time-intervals with a HR of 2.5 and 2.7,
respectively (Table 20). LR was an independent
prognostic factor for metastasis in both series, and
was in fact the most consistent strong prognostic
factor during the time intervals analyzed (Tables
20 and 21). The implications of a LR after wide
surgical margins was suggested by Simon and
Enneking [162] who already in 1976 reported that

“if a patient had a local recurrence after our defini-
tive procedure, the prognosis was poor”. Although
some grade I STS, notably myxofibrosarcoma,
have a great propensity for LR and yet rarely
metastasize, in most STS a LR signifies an aggres-
sive tumor phenotype whenever it occurs, regard-
less of the primary tumor characteristics. Hence,
occurrence of a LR should, for most types of STS,
raise the question of additional treatment with
adjuvant chemotherapy.

Recent studies in breast cancer [29, 50, 68, 155],
lymphomas [117] and colorectal cancer [15, 142]
have suggested that the relevance of prognostic
factors varies during follow-up. In breast cancer,
a positive tumor steroid hormone receptor status is
a favorable prognostic factor at diagnosis, but after
3-5 years is a relative risk factor for metastasis [29,
50, 68, 155]. In aggressive lymphomas, Mounier et
al. [117] showed that performance status, lactate
dehydrogenase level and extranodal involvement,



42

Acta Orthop Scand (Suppl 314) 2004; 75

Probability Size
0.3 0.3

0.2 0.2

0.1

Depth

0.3

—— Deep
— — Subcutaneous

Necrosis
0.3

0.3

0.2

Grade

Mitotic rate

— High
— — Low-Medium

2 3 4 5
Time during follow-up

Figure 24. Annual probability of metastasis for 338 MFH by prognostic factors; size, depth, malignancy grade, necrosis,

vascular invasion and mitotic rate.

all of which are included in the International Prog-
nostic Index, are time-dependent. Few studies have
addressed this question in STS. Lewis [103] dem-
onstrated that high malignancy grade (high versus
low) had no prognostic importance for metastasis
occurring >5 years in 262 patients with STS of the
extremities who were disease-free after 5 years.
Stojadinovic et al. [165] reported that the relative
risk associated with malignancy grade (high versus
low) for STS of the extremities and trunk wall was
8 for the first 3 years and decreased to 2 thereafter.

Similarly, they found that the relative risk associ-
ated with tumor size (>5 cm versus <5 cm) was 3
for the first year and 1.5 thereafter.

e Tumor-related prognostic factors in STS are
time-dependent and most factors lose their
value after 2 years of follow-up.

e Tumor necrosis is a strong predictor for
early metastasis, and local recurrence signi-
fies an increased risk of metastasis when-

ever it occurs.
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Conclusions

Tissue microarray is applicable for assessment
of staining patterns of biological markers in
STS, and yields similar results as conventional
tumor sections.

Prognostication in STS can be improved by
immunohistochemical staining for Ki-67, which
should be considered for routine use in pleomor-
phic STS. B-catenin, CD44 and Pgp represent
candidate markers for further prognostic evalu-
ation in STS

Immunohistochemical staining may yield a more
accurate estimate for prognostic applications if
performed in the peripheral tumor growth zone.

e Whole-tumor sections are of value for assess-
ment of prognostic factors in STS. Vascular
invasion, necrosis, and peripheral tumor growth
pattern are strong prognostic factors for metasta-
sis, and growth pattern also for local recurrence.

e Tumor-related prognostic factors as determined
at diagnosis are time-dependent, and most have
lost their value after 2 years follow-up. In con-
trast, local recurrence after wide surgical mar-
gins can be perceived as a dynamic prognostic
factor during follow-up, which when diagnosed
indicates a malignant tumor phenotype with an
increased risk of metastasis.
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