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Introduction
In literature the prognostic relevance of surgical margins and local recurrence (LR) on survival, in the context of
specific subgroups of patients, with high-grade soft tissue sarcomas (STS) of the extremities differs largely.
Depending on baseline characteristics such as age and tumor size, the surgical planning is different. Therefore
it is important to predict the effect of our surgical planning and intended margins on the course of the disease
for each patient and tumor specifically.
Purposes
- To study the effects of prognostic factors associated with LR and overall survival in a large multicenter
cohort of patients with only high-grade STS.
- To investigate the course of the disease and assess prognostic factors associated with transitions
between disease states using a multi-state model.
Patients and Methods
A retrospective multicenter analysis of 687 patients surgically treated between 2000 and 2010 for primary,
non-disseminated, high-grade angiosarcoma, malignant peripheral nerve sheath tumor (MPNST), synovial
sarcoma, spindle cell sarcoma, myxofibrosarcoma, and (pleomorphic) STS not-otherwise-specified (NOS) with a
minimal follow-up of 5 years was performed.
Data was analyzed using a multi-state model (fig 1a). In addition, the effects of presumed prognostic factors on
survival and LR were studied with the more common multivariate Cox regression analysis with LR as timedependent covariate, and competing risk analysis accounting for the competing risk of death, respectively. The
advantage of a multi-state model is its ability to describe the disease/recovery process of patients in more
detail and offer insight into the effect of prognostic factors on disease progression. After surgery a patient may
be without evidence of disease (ANED), may experience a local recurrence (LR), or develop distant metastases
(DM) or might die of disease. Death and DM were pooled into one state, as DM, with very few exceptions,
predominantly leads to death in this patient population. The effect of prognostic factors on the three
transitions in the multi-state model was quantified by adjusted hazard ratios (HR) with 95% confidence
intervals (CI) obtained by employing a multivariate Cox model. The following risk factors were incorporated in
the analysis: age at diagnosis, tumor location, size (cm), depth, histopathology, surgical margin (intralesional;
marginal (up to 2mm); wide), and primary amputation. All results were corrected for center effect and use of
radiation therapy.
Results
The multivariate Cox regression analysis with LR as time-dependent covariate showed a significance of age (HR
2.24; 95%CI 1.27-3.97 for >50 years), size (HR 1.06; 95%CI 1.04-1.08 for every cm), and the presence of LR (HR
3.59; 95%CI 2.68-4.80) on survival.
In the multi-states model the majority of patients moved from ANED to DM/death directly (48%). Forty-two
percent of the patients have no further disease and remained in their post-operative status ANED. A small
group (10%) developed local recurrence, of which the majority (66%) moved to the state DM/Death.
Prognostic factors for these transitions are shown in Table 1. The main prognostic risk factor for transition 1
(ANED to LR) is tumor size (HR 1.05; 95%CI: 1.01-1.10 for every cm increase). Wider resection margins protect
for the risk of LR with HR of 0.50 (95%CI: 0.29-0.86) and 0.11 (95%CI: 0.05-0.26) for marginal and wide
margins, respectively. For transition 2(ANED to DM/death) no significant effect of margins was detected. Age
(HR: 1.84; 95%CI: 1.06-3.20) and tumor size (HR: 1.06; 95%CI: 1.04-1.08) were significant prognostic risk
factors.
The multi-state model facilitates patient-specific transition probabilities, as shown in figure 1. These figures
visualize the outcomes over time for each margin for one specific patient. As figures 1a-1c show, the intended
margin does not result in significant changes in the outcome over time for patient A (age 70, 7cm tumor,
radiotherapy, STS-NOS, lower-extremity). For patient B (age 70, 7cm tumor, radiotherapy, angiosarcoma,
upper-extremity; figures 1d-1f), the intended margin does result in different outcomes.
Conclusions
The multi-state model provides new in depth awareness of the course of disease after surgery for high-grade
STS and factors predictive of disease progression. While baseline characteristics (i.e. age, size, histology) bring

their own intrinsic risk at presentation, the surgical margin remains an important prognostic factor in
individual cases. The impact of surgical margins on LR and survival is associated with baseline patients’
characteristics and should be incorporated in personalized care. This study furthermore confirms the negative
effect of LR on survival.
This model will be incorporated in an online application for high-grade STS of the extremities to predict the
effect of planned surgical margins on the risk of local recurrence and survival in individual cases.
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