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Abstract 
 
Soft tissue sarcomas (STSs) are rare tumors, notorious for early 
hematogenous metastasizing. Metastatic disease is seldom amenable to 
curative treatment; therefore new treatment modalities are required. 
Treatment-related and tumor-related prognostic factors can be assessed to 
estimate the risk for subsequent metastases, as will be discussed. By this 
means, high-risk patients can be defined; they are the candidates for 
clinical trials mandatory for treatment development. The metastatic process 
as well as the reaction to chemotherapy depends on the biological make-up 
of the tumor. Current chemotherapy regimens do not improve the survival 
rates of patients with metastatic disease, due to resistance mechanisms of 
tumor cells. New drugs with direct access to the cell death machinery in 
tumor cells might contribute to more effective treatment of STS patients. 
 
 
Introduction 
 
Soft tissue sarcomas (STSs) comprise a heterogenous group of 
malignancies from mesenchymal origin, accounting for approximately 1% 
of all adult malignancies.1 STSs tend to metastasize in an early stage, 
mainly hematogenously with a predilection for the lungs and less 
frequently metastasize to liver and bone.2,3 Lymphogenic spread is 
uncommon (<10%) 4, except for certain histological types such as the 
rhabdomyosarcomas, synovial sarcomas and epithelioid sarcomas.5-7 About 
10% of patients presents with metastatic disease 4,8-10, whereas almost one 
quarter of patients with localized disease develop metastases in due 
course.11,12 This percentage increases up to 70% for patients with high-
grade STSs.4 The development of metastases poses a major clinical 
problem, as metastatic disease is seldom amenable to a curative treatment. 
Moreover, the efficacy of conventional chemotherapy is limited with 
response rates up to 30% without improvement of overall survival.13 
Eventually, most patients with STS succumb to metastatic disease.14 
Therefore, new systemic treatments are required to improve survival for 
patients with metastatic disease. 

Because of the clinical impact of metastasizing, factors related with the 
metastatic propensity of STSs are reviewed in this article. A distinction is 
made between treatment-related and tumor-related aspects, although the 
two fields can be strongly intertwined. Some of the discussed prognostic 
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factors are undisputed (e.g. tumor size), while others are still controversial 
(e.g. surgical margin around a primary tumor). 

Clearly there is an increasing awareness amongst oncologists that the 
biological make-up of the STS is determinative for its response to 
chemotherapy. Failure to chemotherapy has been linked to several 
mechanisms, including reduced drug accumulation, alterations in drug 
targets, increased repair of drug induced cell damage and, and inhibition or 
defects in the apoptotic routes of tumor cells. The term multidrug 
resistance (MDR) is used to define the phenotype making tumor cells 
resistant to functionally and structurally unrelated natural cytotoxic agents. 
MDR seems to be of particular interest in STS treatment because the 
‘standard drug’ doxorubicin is typically associated with MDR. P-
glycoprotein (P-gp) and MDR-associated protein 1 (MRP1) are important 
mediators of resistance to doxorubicin. The expression of P-gp has been 
described of prognostic value for several malignancies, including STSs.15 
Ifosfamide is another active agent in STS treatment and is unlike 
doxorubicin not influenced by P-gp or MRP1. However, it can be 
inactivated by aldehyde dehydrogenase.16-19 To what extent this is relevant 
in treatment failure of STS is unknown.20 

All anticancer drugs exert their effect by the induction of apoptosis, 
often by inducing irreparable damage to the DNA. When the apoptotic 
cascade is not properly executed following damage infliction, tumor cells 
can become resistant against these drugs. However, tumors cells might 
then still be sensitive alternative stimuli of apoptosis. In this perspective, 
molecular targeted drugs with instant access to the apoptotic machinery 
appear to be of significance. Contrary to conventional agents, these drugs 
do not damage cell components. Instead, they bind to and thereby activate 
specific receptors. This switches on apoptosis by subsequent activation of 
pro-apoptotic factors or inhibition of anti-apoptotic factors. Two classes of 
molecular targeted drugs with clinical potential in STS treatment will be 
discussed: the ‘death receptor ligands’ and inhibitors of receptor tyrosine 
kinases. 

Recent observations suggest that P-gp and MRP1 might act as resistance 
factors for apoptosis, independently from a drug effluxing function. The 
possible implications of these phenomena in STS treatment provide the 
background for a discussion on this issue. 
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Treatment related aspects of metastasis in STSs 
 
Local treatment 

Surgery. Surgery is the mainstay in current STS treatment. In most 
cases, a local recurrence can be prevented by surgery, with radiotherapy on 
indication.21,22 However, despite the frequent success in local tumor 
control, the risk that distant metastases will develop seems to largely 
depend on tumor biological characteristics. The following section 
addresses the impact of surgery on the metastatic process. Furthermore, the 
role of surgery for metastatic STS lesions is discussed. 

Adequate surgical resection of STSs is of the utmost importance in 
order to minimize the risk for local recurrence. Non-radical surgery will 
inevitably lead to a local recurrence; nevertheless, radical resection does 
not warrant the avoidance of local recurrence.21,23 

The impact of local tumor control on the prevention of systemic disease 
is complicated to conceive.24 Trovik et al. evaluated 559 patients with 
localized extremity or truncal STSs and found that the surgical margin 
width was not a risk factor for metastases.25 Contradictory results were 
reported in a retrospective study of 111 extremity and truncal STSs. A 
wide tumor-negative margin (10mm or more) was prognostic for a 
prolonged disease free survival and a reduced rate of distant failure.26 
Analysis of margin status from 2,084 consecutive patients undergoing 
resection for primary STS showed that positive margins were linked with a 
significantly slightly higher rate of metastases: 27% versus 23% for 
negative margins.12 This difference was mainly attributed by the 
development of metastases after 2 years from surgery for the primary 
tumor. 

Lewis et al. reported on the clinical outcome of a re-resection at 
Memorial Sloan-Kettering Cancer Center (MSKCC) after non-radical 
surgery of extremity STSs performed elsewhere.27 The results were 
remarkable. Eighty-eight percent of the re-resected patients were disease 
free after 5 years, compared to 70% of the control group. The occurrence 
of metastases was lower within the re-resection group, also after correction 
for risk factors. The possibility of a biasing selection of patients with 
favorable prognosis into the re-resection group was suggested but could 
not confirmed by the authors. However, the number of referred patients not 
eligible for a re-resection, if any, was not mentioned. Such patients might 
be the ones with an unfavorable prognosis. Another explanation is that the 
combined treatment of re-resection and adjuvant therapy given at a highly 
specialized center had a beneficial effect on survival.28 The results are not 
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to be considered as a license to freely excise soft tissue lesions suspected to 
be STSs: injudicious surgical procedures might easily impair the chance 
for cure. 

Local and distant recurrence of STSs are linked events.29-39 The concept 
of a causal relation between local recurrence and distant disease has been 
abandoned. Nowadays, metastasizing of STSs is considered an 
epiphenomenon independent from local recurrence. In this view, both local 
and distant failure independently result from an intrinsic, aggressive 
biological behavior of the primary tumor. Consequently, one might 
consider high-grade STSs as a manifestation of systemic disease, even 
when only the primary tumor is detected. While developments in local 
treatment have reduced local failure rate, distant failure remains 
unaffected. This is well illustrated by the randomized, prospective study 
performed at the National Cancer Institute in which limb-sparing surgery 
was compared to amputation.21 Patients studied had locally advanced 
extremity STSs, tumors that are of intermediate or high-grade in most 
cases.40 Despite a higher rate of local failure in the limb-sparing group, 
there was no difference in distant failure and overall survival between the 
two treatment modalities.21 Newer limb-salvaging techniques such as the 
hyperthermic isolated limb perfusion with tumor necrosis factor-alpha and 
melphalan with or without radiotherapy, have local control rates equivalent 
to amputation, but do not affect the distant failure rate.41 

Even when metastatic dissemination has occurred, surgery can be 
applied with curative intent in selected cases.42,43 As the majority of 
patients will develop recurrent lung metastases42, repeated 
metastasectomies might contribute to an improved survival in a selected 
group of patients.44,45 While only described in a phase 1 setting, an isolated 
lung perfusion might be of value for selected patients with irresectable 
pulmonary metastases.46 

The literature contains few and comparatively small series on surgery 
for hepatic STS metastases. Chen et al. observed a survival time of 39 
months in 11 patients who had undergone radical resection of liver 
metastases from visceral and retroperitoneal STSs.47 In addition, Harrison 
et al. reported on their experience with surgery for liver metastases: in the 
studied population, 25 STS patients were grouped with patients with other 
soft tissue lesions.48 The median survival was 31 months for patients with 
sarcomas. Only one patient was alive 5 years after surgery. Furthermore, 
the authors found that tumor grade, tumor type and primary site were not 
prognostic for survival after hepatic resection. Jacques et al. studied 65 
patients with liver metastases from STSs, of which 91% had the primary 
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tumor at a visceral or retroperitoneal site. A remark to this latter study is 
that all STSs were diagnosed as leiomyosarcomas, although with current 
knowledge, part of the visceral tumors might nowadays have been 
designated as gastrointestinal stromal tumors (GISTs).49 This has different 
clinical implications since the introduction of a molecular targeted therapy 
(see Section Receptor tyrosine kinase inhibitors). 

While a prospective randomized study in which metastasectomy was 
compared to no surgery has not been undertaken, the true value of surgery 
for STS metastases in terms of survival benefit is still undefined. The 
European Organization for Treatment and Research of Cancer (EORTC) in 
collaboration with the Scandinavian Sarcoma Group conducted a 
randomized phase 3 study to elucidate the value of neo-adjuvant 
chemotherapy followed by pulmonary metastasectomy versus 
metastasectomy alone (EORTC study #62933; available at www.eortc.be 
(last update January 2002)). Due to insufficient accrual this study has been 
closed prematurely. However, the aim of the study remains interesting. In 
conclusion, surgical removal especially of pulmonary metastases is 
currently the only curative option for patients with metastatic disease 
resulting in a 5-years survival around 25%. Noteworthy, this option is 
restricted to a limited group of patients with few pulmonary lesions and a 
long disease-free survival. 

Radiotherapy. Adjuvant radiotherapy after wide local excision is 
standard treatment for most high-grade STSs.50,51 With adjuvant 
radiotherapy, the rate of local and distant recurrence is similar to that of an 
amputation. External beam radiation is the most frequently applied 
modality of radiotherapy in STS treatment. The MSKCC is pioneering in 
the application of brachytherapy, or the interstitial implantation of 
radioactive material.52 When technically feasible, brachytherapy offers 
encouraging results for local control. Brachytherapy has the advantage that 
when metastases are present, chemotherapy can be applied concurrently.53 
Radiotherapy alone has no role in the curative treatment of STS 
metastases; however, it does have an important position in the palliation of 
patients with metastatic disease.54 
 
Systemic treatment 

Adjuvant chemotherapy aims at the eradication of potential 
micrometastases in case of a radically removed primary STS without overt 
metastases. Doxorubicin and ifosfamide are the most active single agents 
in STS treatment, resulting in response rates up to 25% in patients who did 
not receive previous chemotherapy.55 Until now the value of adjuvant 
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chemotherapy for STSs is not fully elucidated. In most STS studies, the 
benefit of adjuvant chemotherapy is reflected in an improved disease free 
survival, but not in an increased overall survival.56 However, a randomized 
trial performed by the Italian Sarcoma Group evaluating high-dose 
doxorubicin and ifosfamide revealed an improved disease free as well as an 
improved overall survival for patients with high-grade extremity STS.57 
The high-grade extremity STSs were put forward by a previous meta-
analysis as the group most likely to benefit from adjuvant chemotherapy.56 

In case of irresectable metastatic disease, the only treatment directed at 
the tumor is chemotherapy. Unfortunately, the results of doxorubicin-based 
chemotherapy for STSs are disappointing: in an analysis of eight 
randomized studies in this setting, Sawyer and Bramwell report an average 
response of 21% with very few 5-years survivors.58 Ifosfamide is also 
active against STSs, but its current role with respect to survival is limited.59 
 
 
Intrinsic factors of primary STSs influencing metastasis 
 
Since metastasizing forms a great clinical problem in dealing with STSs, it 
is reasonable that much effort is put in revealing characteristics with 
supposed predictive value for the development of metastases. Conventional 
prognostic factors of metastasis are: histological tumor type, tumor grade, 
tumor size, anatomic site, and tumor stage. These aspects will be detailed 
below. 
 
Histological tumor type 

Despite the great heterogeneity with 19 histological types and over 50 
subtypes 14 and new entities still being described, STSs are often 
considered as a single entity and standard treatment is rather uniform. 
There is increasing awareness that this is incorrect, as there are marked 
differences in biological behavior and response to chemotherapy between 
different histological types.13 

Metastatic pattern of histological types of STSs. Most types of STS 
share a predilection for the development of pulmonary metastases, while 
certain (sub-) types have a different metastatic homing pattern. Malignant 
GISTs, the most common STS of the gastrointestinal tract and longtime 
considered as leiomyosarcomas60, metastasize most often to the liver. 
However, the true leiomyosarcomas of the gastrointestinal tract mainly 
metastasize to the lungs.61 Although rare in other types of STSs, 
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rhabdomyosarcomas, epithelioid sarcomas, and synovial sarcomas may 
metastasize lymphogenically.5-7 

Metastatic propensity of histological types of STSs. For few STS 
entities, histological typing by itself is helpful to predict the risk for 
subsequent metastasis: for example, dermatofibrosarcomas protuberans 
rarely metastasize, whereas the malignant fibrous histiocytomas (MFH) do 
so as a rule. The histological entity MFH, however, is subject to 
continuous discussion with respect to its validity, as some authors consider 
it as a ‘waste basket’ of different histological types. In fact, subgroups 
within the group of MFH can be designated that differ in their malignant 
potential: myogenic differentiation appears to be associated with adverse 
prognosis.62 However, for most STSs, especially the poorly differentiated 
tumors and the unspecified tumors, histological typing is insufficient for 
prognostic purposes.63 To give a more accurate estimate, histological 
grading systems have been developed for STSs (see Section Histological 
grade). 

Chemosensitivity of the different histological types. The various 
histological types of STSs appear to vary substantially in their sensitivity 
towards conventional and experimental chemotherapeutic drugs. Systemic 
therapy is effective in improving survival rate only for patients with 
specific types of STS, even when metastasized. Rhabdomyosarcomas are 
relatively sensitive to conventional chemotherapy, especially the 
embryonal subtypes occurring in pediatric patients.64 Despite its 
refractoriness to standard doxorubicin-based regimens, the reported 
response irresectable or metastasized GISTs to a specific molecular 
targeted therapy is encouraging.65-67 Metastases from synovial sarcomas 
may well respond to ifosfamide.68 Still, the survival seems to depend on a 
subsequent adequate removal of the tumor remnants. 
 
Histological grade 

In order to classify the malignant potential of STSs, several grading 
systems are in use. The histopathological grading system developed by the 
members of the French Federation of Cancer Centers (Fédération 
Nationale des Centres de Lutte Contre le Cancer, FNCLCC) is widely used 
in Europe. Based on differentiation, mitotic count and tumor necrosis 69,70, 
tumor grade is closely correlated to the future occurrence of metastases.11,71 
Contributing factors of high-grade classification are: few or no 
morphologic signs of differentiation, a high number of mitotic figures and 
extensive necrotic areas in a previously untreated specimen.71 The 
FNCLCC system encompasses 3 grades, which seems to be more suitable 
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in predicting metastasis-free survival than a 2-grade system.72 It has been 
validated and showed slightly increased ability to predict metastatic 
recurrence compared to the grading system developed at the National 
Cancer Institute.69,71 

Because STSs are rare, grading systems are generally assessed on 
groups composed of different histological types. However, it is clear that 
the best approach would be to assess tumor grade per histological type 73, 
because the elements that define tumor grade have different impact on the 
various types of STS. For example, quantifying the mitotic activity is 
important in grading leiomyosarcomas, but not in grading MFH.14 
Moreover, grading systems that define differentiation as the resemblance to 
normal tissue, can as a matter of fact not be used for STSs without a 
normal counterpart, e.g. epithelioid sarcomas, alveolar soft part sarcomas 
and extraskeletal Ewing’s sarcomas. In a recent report, Coindre and co-
workers studied tumor grade according to the FNCLCC grading system in 
1,240 patients presenting with localized disease.4 This large number 
allowed for subgroup analysis by histological type and showed that tumor 
grade was of predictive value for the occurrence of metastases in the 
commonest types of STSs. It was the most important predictor for MFH, 
sarcoma NOS and synovial sarcoma, and for a lesser degree for 
leiomyosarcoma and liposarcoma. In a previous study, Hashimoto et al. 
studied 1,116 patients, with histological documentation and follow-up 
information available for 1,005 patients, and reported that histological 
grade correlated with survival in MFH, leiomyosarcoma and liposarcoma 
only.73 Tumor grading –the authors conformed to the guidelines of 
Enzinger and Weiss 14– was of no particular value for rhabdomyosarcomas, 
synovial sarcomas, malignant peripheral nerve sheath tumors and 
fibrosarcomas. For some of these STSs guidelines are provided, in that 
they are assigned to pre-set grade.74 For example, synovial sarcomas, 
rhabdomyosarcomas and Ewing’s sarcomas are considered as high-grade 
by their clinical aggressive behavior. Nevertheless, Bergh et al. were able 
to identify subgroups of patients with synovial sarcomas having different 
risk profiles for developing metastases, based on age, differentiation, and 
tumor necrosis.75 Moreover, synovial sarcomas of grade 3 according to the 
FNCLCC system more often developed metastases than did grade 2 
tumors; grade 1 synovial sarcomas were not encountered.4,76 
 
Tumor size 

STSs can attain large volumes before the establishment of a diagnosis. 
In an epidemiological outline for the northern Netherlands, 59% of the 
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primary tumors with documented size had reached a diameter greater than 
5 cm.9 Tumor size is a determinant for both local recurrence and metastatic 
disease: patients with an extremity STSs larger than 5 cm are significantly 
more at risk for the development of distant metastases than patients with 
smaller tumors.2,11,63 Bauer et al. found that patients with metastases at 
diagnosis had larger primary tumor than patients with localized disease: 
median 11 cm versus 7 cm, respectively.8 Patients with a small STS arising 
in an extremity have an excellent 5-year survival, not influenced by tumor 
grade. However, when looking beyond the 5-years period as done by 
Fleming and colleagues, a worse long-term outcome was noticed for small-
sized, yet high-grade extremity lesions.77 Therefore, the authors advocate a 
prolonged follow-up period for small, high-grade extremity STSs, as 15% 
of patients developed recurrent disease after 5 years, one-half of which was 
at a distant location. This is in line with another long-term analysis 
performed by Lewis et al.78 
 
Anatomic site of the primary STS 

The site of the primary tumor has great impact on the outcome for the 
patient with a STS. About one-half of all STSs arise in the extremities, 
thereby representing the most common site of occurrence.14 Surgery and 
radiotherapy provide adequate local control for most of these tumors 21; 
still approximately 25% of all patients with extremity STSs develop distant 
metastases.79,80 Lungs are by far the most common site to develop 
metastases.80 For extremity STSs, deep tumor location is an additional 
adverse prognostic factor for the occurrence of distant disease.11 
Metastases at the time of diagnosis are found in 3% of subcutaneous 
lesions, 7% of intramuscular lesions and 14% of extracompartmental 
lesions.8 These differences were not attributable to size only, as the authors 
state that intramuscular and extracompartmental tumors had equal size. 

Torosian et al. reported that retroperitoneally and viscerally located 
sarcomas, accounting for approximately a quarter of all STSs, were more 
likely to generate distant metastases than tumors from other sites.81 
Linehan et al. demonstrated that even after a radical resection, patients with 
retroperitoneally or viscerally located liposarcomas had a worse outcome 
compared to patients with truncal or extremity liposarcomas.82 Distant 
metastases were, however, not the major cause for this difference, as a 
majority of the patients with retroperitoneal and visceral tumors had no 
evidence of distant recurrence at time of death. A feature that contributes to 
the lower survival rate of retroperitoneal STSs is the site-dependent 
difficulty for the surgeon to perform a radical resection. This implies that 
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the impact of surgery is greater on local control than on preventing distant 
metastases. Local failure is the most important cause of death for patients 
with a retroperitoneal STS. Another characteristic of retroperitoneal STSs 
is their tendency to achieve larger volumes before symptoms become 
apparent. Large size often implies a more difficult surgical procedure and 
is in itself an adverse prognostic factor for distant failure (see Section 
Tumor size). 

For rhabdomyosarcomas, the primary site has unique considerations 
compared to other STSs. For example, rhabdomyosarcomas developing in 
the head and neck region have a favorable outcome, independent of tumor 
size and notwithstanding their proximity to vital structures.83 

The site of the primary tumor is linked with the site of distant failure. 
Metastases from STS of different histological type located at extremities 
are generally homing to the lungs, while metastases of gastrointestinal 
STS, mostly GISTs, are predominantly found in the liver.61 
 
Tumor stage 

STSs are staged by the degree of differentiation together with their local 
and distant expansion. This information is used for treatment planning and 
prognostic purposes. Staging of STSs is not uniformly conducted. The two 
most widely applied staging systems, the one by the American Joined 
Committee on Cancer (AJCC) and the one by the Musculoskeletal Tumor 
Society (MSTS) apply different criteria. The AJCC system, now in its fifth 
edition, is based on size of the primary tumor, lymph node involvement, 
the presence or absence of distant disease and histological grade based on 
differentiation.84 In the MSTS system, tumor stage is defined by (extra-) 
compartmental expansion, low or high histological grade and evidence of 
distant metastases.85 In an attempt to identify the staging system with the 
best prognostic value on distant metastasis, Wunder et al. studied a group 
of 300 patients with non-metastasized extremity STS.86 They applied the 
fourth and fifth edition of the AJCC system next to the MSTS system, as 
well as a system developed at MSKCC, which encompasses tumor size, 
tumor depth and histological grade.87 The AJCC system proved to be 
superior to the MSTS and MSKCC system in predicting distant recurrence 
in this subgroup of STS patients. This implies that when a risk assessment 
on subsequent metastases is the focus of interest, the latest AJCC staging 
system would be the best choice. 
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Resistance of STS to chemotherapy  
 
STSs might initially respond to chemotherapy, but generally resistance 
develops in due course. MDR is the phenomenon by which tumors are 
resistant to various structurally and functionally unrelated lipophilic 
anticancer agents. MDR may be mediated by several mechanisms, 
including drug transporting proteins and apoptosis inhibitory pathways. 
These two mechanisms will be discussed in relation to STS treatment, as 
well as the recent observations that link drug effluxing proteins with 
impaired apoptosis. 

The most widely studied mediator of classical MDR is P-gp, but others 
drug transporters like the MDR-associated Protein family (e.g. MRP1) and 
Lung Resistance-related Protein (LRP) are put forward as well. Both P-gp 
and MRP1 can function as energy-dependent transmembrane pumps that 
extrude chemotherapeutic agents out of the cell. The exact mechanism of 
action of LRP is not completely resolved but its causality to MDR has been 
established.88 LRP is located intracellularly and may mediate the transport 
of cytotoxic agents away from their nuclear targets. P-gp, MRP1 and LRP 
are all three present in a substantial amount of STSs.40,89,90 It is noteworthy 
that the standard drug in STS treatment, doxorubicin, is a typical substrate 
for P-gp and MRP1 and is linked to LRP as well.91-93 

P-gp, encoded by the MDR1 gene located on the long arm of 
chromosome 7 (7q21) 94 was first identified in a drug resistant cell line.95 
For STSs, several studies analyzed the relation between P-gp expression 
and prognosis. The study by Levine et al. in 26 patients with AJCC stage II 
or III STSs without metastases revealed P-gp expression as an adverse 
prognostic factor for disease-free survival.96 Patients with P-gp negative 
tumors had a median survival more than twice to patients with positive 
tumors. Interestingly, the prognostic value of P-gp expression seemed to be 
independent from its role as a mediator of chemoresistance. Nakanishi et 
al. assessed the P-gp expression in 55 STSs and found high-grade tumors 
to be significantly more frequently P-gp positive when compared to tumors 
of intermediate and low-grade malignancy.97 For intermediate and high-
grade STSs, expression of P-gp was found to be an adverse prognostic 
factor.97 Therefore, the assessment of P-gp expression might attribute to 
identify patients at greatest risk for metastasizing within the group of 
intermediate and high-grade STSs. 

Coley and co-workers from London Royal Marsden Hospital assessed 
P-gp expression in a series of 44 STSs of diverse histology and grade.98 
They found an evenly distribution of P-gp expression over the various 
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grades, though the authors have not specified the applied grading system. 
Survival rates did not significantly differ between patients with P-gp 
positive versus patients with negative samples. However, interpretation of 
the results is restricted by differences in chemotherapy schemes, and only 8 
patients received agents that are substrates to P-gp. 

A study performed by Jimenez and colleagues demonstrated a 
correlation between P-gp expression and outcome to chemotherapy in a 
series of 29 high-grade STSs.99 Histological grade, ranging from 1 to 4, 
was based on cellularity, mitotic count, nuclear hyperchromasia, 
pleomorphism and tumor necrosis; definitions on the grading system are 
not reported. All 29 patients had grade 3 or 4 tumors and were similarly 
treated with doxorubicin, dacarbazine and ifosfamide. Ten of the 29 
samples (34%) were classified as P-gp positive after detection 
immunoreactive tumor cells by two antibodies recognizing different 
epitopes of P-gp. These patients had significantly worse response to 
chemotherapy in terms of residual viable tumor tissue. 

Hijazi et al. assessed P-gp expression in 35 cases of Ewing’s sarcoma 
and peripheral primitive peripheral neuroectodermal tumors.100 Of the 29 
specimens that were obtained before treatment, 16 were P-gp positive. The 
authors did not find a significant difference in disease free survival 
between tumors that were negative or positive before treatment, but again 
the limited numbers of cases hampers reliable conclusions. 

In summary, some studies show an increased expression of P-gp in 
high-grade STSs. However, the clinical implications of P-gp expression 
remain vague because of small and heterogenous populations of STSs in 
these studies. 

The role of P-gp in STSs of childhood is of special interest. STSs 
occurring during childhood have a distinct place in that they are mainly 
rhabdomyosarcomas.101 In contrast to other types of STSs, chemotherapy 
is a very important treatment modality in rhabdomyosarcomas, improving 
survival rates to approximately 70% compared to 30% with 
surgery/radiotherapy alone.102 Chan et al. found P-gp as an important 
adverse prognostic factor in children with STSs.15 The majority of the 
patients in this study had a rhabdomyosarcoma; the remaining had 
undifferentiated sarcomas. Most patients in this study received vincristine, 
dactinomycin and cyclophosphamide, an efficacious regimen for pediatric 
STSs.102 In the group of embryonal rhabdomyosarcomas, an equal number 
of P-gp positive and negative tumors was present. Significantly more 
survivors were present in the group of patients with a P-gp negative tumor. 
However, these results were not confirmed by a later study performed by 



Metastasis in soft tissue sarcomas 

 28

Kuttesch et al.103 However, the studies by Chan et al. and by Kuttesch et al. 
differed at least partially for the used antigen retrieval method, panel of 
antibodies, method of immunostaining and scoring of immunoreactivity. 

Ifosfamide is a pro-drug that requires biotransformation by the hepatic 
P450 enzyme system. The active metabolites of ifosfamide can be 
inactivated within the target cells by the detoxifying enzyme aldehyde 
dehydrogenase.104 Alternatively, via the glutathion/glutathion S-transferase 
(GSH/GST) system, GSH can conjugate to the active metabolites, thereby 
preventing further cell damage.105 In STS xenografts, this system proved to 
be a limited importance.106 
 
 
Alternative pathways of cell death in STS treatment 
 
Anticancer agents exert their effect by inducing apoptosis, or programmed 
cell death in tumor cells. The damage caused by these agents triggers a 
complex machinery that completes the disassembly of the tumor cell. Core 
components of the apoptotic machinery are the so-called caspases, an 
intracellular cluster of proteolytic enzymes. Upon activation, these 
caspases cleave specific cellular proteins leading to near-instant cell death. 
This process is characterized by morphological changes of the cell: plasma 
membrane blebbing, chromatin condensation, nuclear breakdown and 
distinctive DNA fragmentation. Eventually, the cell will be decomposed to 
small apoptotic bodies that are engulfed by neighboring cells without 
inciting an inflammatory response. 

After drug-induced irreparable damage, the cell should be committed to 
apoptosis in a strictly regulated manner. It has become evident that defects 
in the apoptotic route can cause resistance to conventional antitumor drugs. 
Consequently, the clinical efficacy of these drugs will be diminished. An 
alternative pathway of cell death is provided by molecular targeted agents 
that have direct access to the apoptotic machinery. Two classes of 
molecular targeted drugs seem to be of particular value for STS treatment: 
the death receptor ligands and the receptor tyrosine kinase inhibitors. 
 
 
Death receptor ligands 

Tumor necrosis factor-α (TNF-α), Fas ligand (FasL) and TNF-related 
apoptosis inducing ligand (TRAIL) are the so-called death receptor 
ligands, belonging to the TNF superfamily of cytokines. Binding of these 
ligands to their cognate membrane receptors rapidly induces apoptosis by 
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activation of the caspases.107 TNF-α has been demonstrated its efficacy in 
STS treatment, although limited to the setting of an isolated limb perfusion 
due its toxicity after systemic administration. Combined with the alkylating 
agent melphalan, TNF-α leads to an excellent tumor response rate in 
locally advanced STSs.108 Because of the loco-regional nature of this 
treatment modality, it seems reasonable that the rate of metastasizing is not 
being influenced. Consequently, no improvement in survival is seen. The 
clinical application of TNF-α could be expanded to metastatic disease if 
low systemic doses proof to be safe in humans. In rats, combinations of 
low-dose TNF-α with cytotoxic agents offer a rational approach.109 
Combining low-dose TNF-α with a cytotoxic drug might turn out as a two-
sided sword: cytotoxic stress can induce TNF-receptor expression in tumor 
cells and thereby increase sensitivity to TNF-α. On the other hand, TNF-α 
has been demonstrated to render tumor cells more sensitive to doxorubicin 
in vitro by modulating P-gp, MRP1 and LRP expression.110,111 Alternative 
means of TNF-α administration, like liposomal encapsulation 112 or gene 
therapy 113 might facilitate a broader application in STS patients. 

FasL is cytotoxic for tumor cells, but is also potentially lethal after 
systemic administration because liver cells are susceptible to its apoptotic 
action.114 However, like TNF-α, FasL could be a candidate for local 
treatment regimens.115 Alternatively, the FasL/Fas-receptor interaction 
between neighboring cells appears to be involved in apoptosis induction by 
several conventional antitumor drugs. This is exemplified by a study of 
Mitsiades et al. in which doxorubicin was less effective when FasL was 
cleaved from tumor cells.116 

TRAIL induces apoptosis in a great variety of tumor cells, while normal 
mammalian cells are spared, making it an attractive agent for systemic 
treatment.117 Cell lines originating from pediatric rhabdomyosarcomas 
proved to be sensitive to TRAIL even when they were resistant to Fas 
mediated apoptosis.118 The safety profile together with its apoptosis-
inducing properties in tumor cells make TRAIL an attractive candidate for 
systemic treatment of STS metastases. 
 
Receptor tyrosine kinase inhibitors 

Apoptosis is a default process: apoptosis will emerge when no 
concurrent, overruling survival signals are present. Many tumor types over-
express survival signaling routes, which appears to prevent their 
termination. Deregulation of these growth factor receptors has been 
implicated in tumor survival, tumor growth as well as metastasis. Many 
growth factor receptors are transmembrane proteins with an extracellular 
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ligand-binding domain and an intracellular tyrosine kinase domain, the so-
called receptor tyrosine kinases (RTKs). The general feature of RTKs is 
activation of tyrosine kinase upon binding of an agonistic ligand to the 
extracellular part. Oncogenic RTK signaling may be due to autonomous 
paracrine feedback loops, gene amplification, overexpression and/or 
mutations. RTK activity might be inhibited by antagonistic antibodies 
occupying the extracellular domain. However, when activating mutations 
have occurred, the binding status of the extracellular receptor-part does not 
regulate the tyrosine kinase activity anymore. An alternative approach is 
then the inhibition of the intracellular tyrosine kinase by small molecular 
drugs that readily enter the cell. 

c-kit inhibition in STSs. The best evidence of efficacy of small 
molecular targeted drug in solid tumors is provided by malignant GISTs, 
the most common mesenchymal malignancy of the gastrointestinal tract. 
These tumor are characterized by c-kit activation 119, often due to 
mutations.120 Physiologically, c-kit tyrosine kinase activity plays a role in 
proliferation and differentiation of gastrointestinal pacemaker cells, the 
supposed progenitors of GISTs.121 Moreover, c-kit protects several cell 
types from undergoing apoptosis.122,123 GISTs are notorious for their 
resistant phenotype against conventional antitumor drugs with a 
accompanying high expression of MDR conveying proteins.124 Exposure to 
STI-571, a small molecular agent targeted at c-kit tyrosine kinase, leads to 
apoptosis in GIST cells.125 The first results of clinical trials with STI-571 
are encouraging with regard to clinical improvement and tumor response in 
patients with metastasized GIST.65,66 

In vitro experiments demonstrate that c-kit confers an anti-apoptotic 
signal in other STS types as well: activation of c-kit by its natural ligand 
protects STS cells of neuroectodermal origin against apoptosis.123 

Other receptor tyrosine kinases a targets for STS treatment. Structurally 
related to c-kit are the platelet-derived growth factor receptors (PDGF-R), 
that are like-wise inhibited by STI-571.126 PDGF-R are widely expressed 
in mesenchymal cells 127,128, potentially contributing to tumor growth.129 In 
vitro experiments have demonstrated a potential clinical value of PDGF-R 
inhibition by STI-571 in dermatofibrosarcoma protuberans.130 The majority 
of this type STS mainly causes local problems. However, rare high-grade 
variants of dermatofibrosarcoma protuberans exist that readily metastasize 
and therefore may require systemic therapy. In this regard, inhibition of 
PDGF-R activity leading to apoptosis in dermatofibrosarcoma protuberans 
cells in vitro seems promising.130 It is questionable whether STI-571 will 
elicit similar responses in other types of STSs than the GISTs. 
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Nevertheless, combination with conventional drugs might offer new 
options in non-GISTs sarcomas. STI-571 combined with doxorubicin 
results in an synergistic kill of RMS cells in vitro.131 

Other RTK might serve as targets for STS treatment as well. Vascular 
endothelial growth factor-receptor plays a role for angiosarcoma.132 A 
feedback loop involving the insulin-like growth factor is engaged in the 
formation of rhabdomyosarcomas.133-135 Inhibition of insulin-like growth 
factor receptor results in a decreased proliferation and even apoptosis of 
rhabdomyosarcomas cells in vitro.136 In synovial sarcomas, insulin-like 
growth factor-1 receptor positive primary tumors were associated with 
more lung metastases than the negative tumors.137 Furthermore, its 
expression was associated with a higher proliferative activity, indicating a 
higher malignant potential.138-141 

Expression of functional members of the HER/erbB family of RTKs has 
been demonstrated in rhabdomyosarcoma cells in vitro.142,143 Modulation 
of autocrine/paracrine loops that involve these receptors resulted in altered 
proliferation and differentiation of rhabdomyosarcoma cells. Merlino and 
Helman reviewed the evidence on RTKs such as fibroblast growth factors 
and insulin-like growth factor 1 involved in proliferation and 
differentiation of rhabdomyosarcomas.144 Further research is required to 
elucidate the value of these RTKs as targets for treatment of 
rhabdomyosarcomas and other sarcomas. 
 
 
P-gp and MRP1 expression protect against apoptosis 
 
P-gp seems to be involved in multiple cellular processes.145 Apart from its 
drug-efflux properties, P-gp can inhibit apoptosis146, as has been 
demonstrated in several studies on human tumor cells.147-151 However, not 
all studies show similar results.152 How apoptosis is prevented by P-gp is 
not known, but several mechanisms may be involved: P-gp can alter 
intracellular acidity 153, thereby rendering a diminished activity of 
caspases.154 In analogy to xenotoxin expulsion, P-gp might also pump 
components of the apoptotic machinery out of the tumor cells, thus 
blocking an effective execution of apoptosis. Furthermore, P-gp can 
interfere with the sphingomyelin–ceramide pathway of apoptosis.155 
Interestingly, these studies demonstrated that the ability of tumor cells to 
go into apoptosis could be restored by inhibitors of P-gp. A single report 
has linked MRP1 expression with resistance to apoptosis of neuroblastoma 
cells.156 
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The clinical use of P-gp or MRP1 inhibitors has been hampered by toxic 
side-effects and has never met the initial high expectations in cancer 
treatment. Nevertheless, combinations of different P-gp inhibitors at low 
concentrations can re-establish apoptotic routes, as demonstrated in the in 
vitro situation.157 This implements that low dose P-gp blockers might 
lower the threshold for cells to go into apoptosis. Bramwell et al. assessed 
the efficacy of P-gp and MRP1 inhibitor biricodar with doxorubicin in 29 
patients with progressive disease on anthracycline-based therapy.158 
Stabilization of the disease for at least 12 weeks was observed in seven of 
15 evaluable patients with non-GIST, indicating the potential activity of 
this combination.159 A randomized study should however be performed to 
confirm this activity. 

MDR has been suggested to be directly involved in the metastatic 
process.160 Data from a study by Weinstein et al. support the mechanism of 
P-gp in facilitating metastasis: colon carcinomas with P-gp positive cells 
invading the surrounding tissues were more likely to have developed nodal 
metastases as compared to tumors with negative invasive cells.161 
Experimental studies using cell lines in a mice model show that MDR 
status is related to metastatic potential.162-164 In the study by Nokihara et al. 
the formation of metastases was reduced by pharmacological inhibition of 
P-gp.164 

Resistance to apoptosis helps tumor cells to survive each of the steps 
leading to formation of metastases. Several lines of evidence exist that 
reveal the role of apoptosis in metastasizing. As demonstrated by Wong et 
al. in an experimental model, as few as 2% of potentially metastatic tumor 
cells escape from apoptosis, while inhibition of apoptosis led to an 
increased metastasis formation.165 When apoptosis was induced in 
fibrosarcoma cells, less metastases were seen in an experimental animal 
model.166 Verapamil, a P-gp inhibitor, decreased the metastatic potential of 
breast tumor cells in an experimental mouse model.167 The fact that 
especially high-grade STSs are notorious metastasizing tumors, suggests 
that the metastatic cells have an effective anti-apoptotic shelter to their 
disposal. 
 
 
Conclusions 
 
STSs are heterogenous malignancies in terms of histological type, primary 
site, size, stage and grade. All these factors are linked with the metastatic 
propensity of the primary tumor. Progress in treatment outcome was 
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achieved by an interdisciplinary approach at specialized centers. When 
applied by a skilled team, surgery and radiotherapy generally result in 
successful local control. However, their contribution to the prevention of 
distant metastases appears to be modest when the tumor has aggressive 
biological characteristics. Current systemic therapies for STSs with 
doxorubicin and/or ifosfamide lead to tumor shrinkage in up to 30% of the 
cases. However, this is not reflected in an improved survival. Childhood 
sarcomas, mostly embryonal rhabdomyosarcomas, form an exception as 
chemotherapy greatly improved overall survival for these patients. STSs in 
adults appear to possess effective mechanisms of resistance against 
cytotoxic agents. Amongst these are the drug redistributing and drug 
inactivating proteins, and defective apoptotic routes. Moreover, recent 
studies revealed that the drug effluxing proteins P-gp and MRP1 might 
contribute to an apoptosis-refractory state of tumor cells. 

Newer molecular targeted drugs provide an alternative in bringing STS 
cells into apoptosis. Of these, TNF-α and STI-571 already make part of 
treatment of selected patients diagnosed with a STSs. Preliminary data 
with the tyrosine kinase inhibitor STI-571 in GIST patients illustrate a 
promising approach even in metastatic disease of otherwise refractory 
tumors. 

Current clinical research is more and more focusing on the differences 
within the heterogenous group of STS, such as histological type, 
immunophenotype, genetic make-up and metastatic behavior. Insight in the 
background of these differences will provide progress in STS treatment. 
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