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Dermatofibrosarcoma protuberans: recurrence is related to the adequacy of surgical margins
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Introduction. The aim of the study was to investigate the results of surgical treatment in primary and recurrent dermatofibrosarcoma protuberans (DFSP), with respect to local tumor control.

Patients and Methods. Thirty-eight patients were treated between 1971-2005 at the University Medical Center Groningen (UMCG). Thirty patients presented with primary disease (79%) and 8 patients with locally recurrent disease (21%). The treatment consisted of surgical resection and in case of marginal or positive resection margins (R1 resection) adjuvant radiotherapy.

Results. Adequate surgical margins as a single modality was associated with 100% local control in all primary DFSPs. Two patients whose resection specimens had microscopically positive resection margins had withdrawn from adjuvant radiotherapy and developed local recurrence (LF rate 7%). Two of the 8 patients referred with a local recurrence developed a second recurrence (LF rate 25%); one of these patients developed distant disease and ultimately died of systemic disease. Non of the five patients with DFSP-FS developed LF after treatment at the UMCG.

After a median follow-up of 89 (12-271) months, the 10-year disease-free survival was 85% and the 10-year disease specific survival was 100%.

Conclusion.

After wide surgical resection of a DFSP or DFSP-FS, or an R1 resection combined with adjuvant radiotherapy the risk of local recurrence is extremely low.

Introduction

Dermatofibrosarcoma protuberans (DFSP) is a locally aggressive sarcoma arising from the skin. DFSP is relatively rare and accounts for approximately 4% of all soft tissue sarcomas (STS). The tumor presents as an indolent growing plaque, usually localized on the trunk, the proximal extremities, or the head-neck region (Figure 1). DFSP is most often diagnosed in young or middle-aged adults, but it has been described in infants and the elderly as well. Most tumors are less than 5 cm, but untreated DFSP can attain massive dimensions. [START_REF] Kleihues | Dermatofibrosarcoma protuberans[END_REF], [START_REF] Toro | Incidence patterns of soft tissue sarcomas, regardless of primary site, in the surveillance, epidemiology and end results program, 1978-2001: An analysis of 26,758 cases[END_REF] and [START_REF] Mendenhall | Dermatofibrosarcoma protuberans[END_REF] Histologically, DFSP is composed of spindle cells arranged in an irregularly whorled or storiform pattern. The histological diagnosis DFSP can be confirmed reliably with immunohistochemical staining for CD34, which is especially helpful in the differential diagnosis from dermatofibroma, also called benign fibrous histiocytoma (BFH). [START_REF] Kutzner | Expression of the human progenitor cell antigen CD34 (HPCA-1) distinguishes dermatofibrosarcoma protuberans from fibrous histiocytoma in formalin-fixed, paraffinembedded tissue[END_REF] and [START_REF] Abenoza | CD34 and factor XIIIa in the differential diagnosis of dermatofibroma and dermatofibrosarcoma protuberans[END_REF] Approximately 10-15 % of tumors contain a high-grade fibro-sarcomatous component (DFSP-FS), which is associated with a higher risk of recurrence. [START_REF] Abbott | The prognostic significance of fibrosarcomatous transformation in dermatofibrosarcoma protuberans[END_REF] and [START_REF] Mentzel | Fibrosarcomatous ("highgrade") dermatofibrosarcoma protuberans: clinicopathologic and immunohistochemical study of a series of 41 cases with emphasis on prognostic significance[END_REF] Most DFSP bear a specific chromosomal translocation, t(17;22)(q22;q13), that leads to a fusion between the collagen type 1α1 (COL1A1) on chromosome 17 and the plateletderived growth factor B-chain gene (PDGFB) on chromosome 22. The COL1A1-PDGFB fusion product is detectable by RT-PCR. [START_REF] Sandberg | Updates on the cytogenetics and molecular genetics of bone and soft tissue tumors. Dermatofibrosarcoma protuberans and giant cell fibroblastoma[END_REF] DFSP is especially feared for the high tendency to recur, due to its infiltrative asymmetric growth pattern. The histologic tumor margins occasionally extend far beyond the macroscopic boundaries with asymmetric tentacle like projections. Metastases are rare in DFSP and are usually preceded by multiple local recurrences. [START_REF] Kleihues | Dermatofibrosarcoma protuberans[END_REF], [START_REF] Rutgers | Dermatofibrosarcoma protuberans: treatment and prognosis[END_REF] and [10 DFSP is not particularly chemosensitive, but imantinib mesylate seems to emerge as an effective new targeted therapy for locally advanced or uncontrollable DFSP. [START_REF] Mcarthur | Molecular and clinical analysis of locally advanced dermatofibrosarcoma protuberans treated with imatinib: Imatinib Target Exploration Consortium Study B225[END_REF] M A N U S C R I P T

A C C E P T E D ARTICLE IN PRESS

There are still many issues to resolve regarding the optimal local treatment of DFSP. In this study we evaluated the outcome of surgical treatment of primary and recurrent DFSP treated at the University Medical Center Groningen over a three decade period.
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Patients and Methods

Patients

This study includes 38 patients treated for a primary or recurrent DFSP at the University Medical Center Groningen (UMCG) between 1971 and 2005. The group consisted of 25 males and 13 females with a median age of 38 (range 8-77) years. Clinical and pathologic features were retrieved from the Groningen Sarcoma Database, patient files and the pathology database. Thirty patients presented with a primary tumor, and 8 patients were referred with a local recurrence after previous surgery. Patient and tumor characteristics are listed in Table 1 and2.

Treatment

Wide local skin excision that includes the underlying subcutaneous tissue and the fascia, with histologic confirmed free margins (R0 resection) was the preferred surgical approach. If anatomical structures allowed it, we tried to resect the tumor with a margin of at least 2-3 cm normal tissue to improve local control.

Of the 20 patients who were primarily treated at the UMCG 13 underwent a single primary excision and 7 patients had to have a re-excision because of inadequate margins. Of the 10 patients that were referred for re-excision at the UMCG 3 patients had to be operated on twice at our center.

Postoperative radiotherapy (50-70 Gy) was administered in case of microscopic involved resection margins (R1 resection ), or a narrow excision with no opportunity for further surgical management due to anatomic constraints. In all patients, surgical management was with curative intent.
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One patient who had a 15 cm large, primarily irresectable DFSP on the proximal arm, was treated with hyperthermic isolated limb perfusion (HILP) with tumor necrosis factor α (TNF α) and Melphalan. [START_REF] Van Ginkel | Isolated limb perfusion with tumor necrosis factor alpha and melphalan for locally advanced soft tissue sarcoma: three time periods at risk for amputation[END_REF] After six weeks the tumor had successfully reduced in volume and a radical resection was performed. The wound was closed with a split skin graft.

The resection wound was closed primarily in 21 patients, a split skin graft was applied in 13 patients and a plastic surgical reconstruction with a rotation flap was performed in 3 patients .

Histopathology and resection margins

Histopathology of the resected DFSPs was performed in a standard version, including CD34 immunohistochemistry. Grossly specimens were bread-loafed after inking of the resection margins. The resection margin status was examined in multiple tissue sections taken perpendicular to the nearest margin with at least 1 section per cm. Overall a radical excision of the primary tumor was documented in 27 patients (R0). Marginal or microscopically involved resection margins (R1) were documented in 7 patients. In 4 cases of which 3 patients were primarily treated elsewhere, the resection margins of the primary tumor were not documented in the pathology report. The tumors of the three patients that were treated elsewhere were initially not recognized to be malignant and unfortunately not all the tumor tissue material was preserved to allow review of the resection margins retrospectively.

Adjuvant radiotherapy

Adjuvant radiation (50-70 Gy). was applied in 8 (5 primary and 3 recurrent) patients One patient with a primary tumor received radiation because of microscopically involved margins with no opportunity for further resection. The two other patients with microscopically involved margins refused adjuvant radiotherapy. Three patients with negative but marginal resection margins also
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The patient who underwent a radical resection after a HILP treatment was treated with adjuvant radiotherapy as well, according to the institutional perfusion protocol. [START_REF] Van Ginkel | Isolated limb perfusion with tumor necrosis factor alpha and melphalan for locally advanced soft tissue sarcoma: three time periods at risk for amputation[END_REF] Patient 6 in Tabel 2 was referred after repeated recurrences that were treated surgically elsewhere. We were able to resect the recurrence marginally and adjuvant radiotherapy was administered.

Results

Patient treated for a primary tumor

Two of the 30 patients who were treated for a primary tumor at our institute developed a local recurrence. These were the two before mentioned patients who had an R1 resection and choose to withdraw from adjuvant radiotherapy. The first patient, who had an R1 resection of a DFSP on the trunk, presented again with a local recurrence 81 months after resection of the primary tumor.

The local recurrence was resected with microscopically free margins and at last follow-up the patient was disease free (NED 271 months). The second patient, who had had an R1 resection of a primary tumor in the gluteal region and refused adjuvant radiotherapy, presented with a large local recurrence near the anal sphincter 11 months after resection of the primary tumor. The local recurrence was primarily irresectable and the patient was treated with Imatinib for two months with a dosage of 400 mg twice a day orally. [START_REF] Mcarthur | Molecular and clinical analysis of locally advanced dermatofibrosarcoma protuberans treated with imatinib: Imatinib Target Exploration Consortium Study B225[END_REF] This resulted in a significant decrease of the tumor volume and after two months a complete resection was performed with preservation of the anal sphincter. Pathologic examination of the resection specimen revealed a small residual tumor of 0.6 cm that was resected with free margins. At last follow-up the patient was disease free (NED
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Patients referred with a local recurrence

Two of the 8 patients that were referred with a local recurrence developed a second recurrence.

The recurrences of these two patients showed histologic progression to DFSP-FS. As mentioned above one of these two patients had been treated for several local recurrences before referral to the UMCG. Despite adjuvant radiotherapy to the site of the local recurrence the patient developed a new recurrence and also a lung metastasis after 26 months follow-up, which was removed by thoracotomy. Pathologic review revealed a 3.5 cm large metastasis that had progressed into DFSP-FS. The tumor was removed completely and adjuvant radiotherapy was administered.

Although the lungmetastasis was removed completely, the patient lateron developed new and extensive pulmonary and soft tissue metastases which were from then on treated palliatively with radiotherapy. This patient eventually died of disseminated disease 15 years after the initial treatment of the primary tumor. None of the other 37 patients developed metastasis.

Local control rate

None of the patients with negative surgical margins, as a single modality, developed a local recurrence, resulting in a 100% local control rate after adequate resection. Of the 8 patients who received adjuvant radiation, only the patient that had been referred after treatment of repeated local recurrence developed a local recurrence resulting in a 82.5% local control rate.

Survival

At last follow-up 9 of 10 patients that were treated for a local recurrence were disease free. The median follow-up of the entire group was 89 (12-271) months. Ten-years disease free survival (DFS) was 85% and 10-years disease specific survival (DSS) was 100%. DFSP is known for its high tendency to recur locally after surgical resection. Recurrence rates reported in literature range from 0-60%. [START_REF] Monnier | Dermatofibrosarcoma protuberans: a population-based cancer registry descriptive study of 66 consecutive cases diagnosed between 1982 and 2002[END_REF], [START_REF] Lindner | Revision surgery in dermatofibrosarcoma protuberans of the trunk and extremities[END_REF], [START_REF] Bowne | Dermatofibrosarcoma protuberans: A clinicopathologic analysis of patients treated and followed at a single institution[END_REF]., [START_REF] Chang | Outcomes of surgery for dermatofibrosarcoma protuberans[END_REF], [START_REF] Dubay | Low recurrence rate after surgery for dermatofibrosarcoma protuberans: a multidisciplinary approach from a single institution[END_REF], [START_REF] Fiore | Dermatofibrosarcoma protuberans treated at a single institution: a surgical disease with a high cure rate[END_REF] and [START_REF] Lemm | Current treatment options in dermatofibrosarcoma protuberans[END_REF] The chance however of developing a local recurrence was 7% in the UMCG series, which is comparable to low numbers reported by DuBay et al and Fiore et al. [START_REF] Dubay | Low recurrence rate after surgery for dermatofibrosarcoma protuberans: a multidisciplinary approach from a single institution[END_REF] and [START_REF] Fiore | Dermatofibrosarcoma protuberans treated at a single institution: a surgical disease with a high cure rate[END_REF] Although local recurrences usually occur within three years after surgical resection of the primary tumor, late relapses may occur. [START_REF] Swan | Late recurrence of dermatofibrosarcoma protuberans in the female breast: a case report[END_REF] and [START_REF] Orlando | Recurrent dermatofibrosarcoma protuberans sixteen years after radical excition. A case report[END_REF] Wide local excision (WLE) with histologically confirmed free margins (R0 resection) is the mainstay of surgical treatment of DFSP. [START_REF] Kleihues | Dermatofibrosarcoma protuberans[END_REF]., [START_REF] Lindner | Revision surgery in dermatofibrosarcoma protuberans of the trunk and extremities[END_REF], [START_REF] Bowne | Dermatofibrosarcoma protuberans: A clinicopathologic analysis of patients treated and followed at a single institution[END_REF], [START_REF] Fiore | Dermatofibrosarcoma protuberans treated at a single institution: a surgical disease with a high cure rate[END_REF] and [START_REF] Khatri | Dermatofibrosarcoma protuberans: reappraisal of wide local excision and impact of inadequate initial treatment[END_REF] In this series adequate surgical margins as a single modality was associated with 100% local control in all primary DFSPs.

Resection margins

The precise adequate resection margins to achieve local control remain unclear, since the level of evidence is low. Prospective randomized trials assessing resection margins of healthy tissue cannot be performed, due to the rarity of the disease. Kimmel et al investigated resection margins in DFSP and concluded that the clinically apparent size of a DFSP was a poor indicator of the true histologic tumor extent. [START_REF] Kimmel | Peripheral excision margins for dermatofibrosarcoma protuberans: a meta-analysis of spatial data[END_REF] In a recently published review by Lemm et al it is reported that studies in which DFSP was excised with undefined or narrow margins, show local failure rates ranged from 26-26%. When a wide local excision (>2cm) was performed, the local failure rate varied from 0-41%, with a total local failure rate of 8.8%. [START_REF] Lemm | Current treatment options in dermatofibrosarcoma protuberans[END_REF] In our experience some patients presented with long-existing lesions that were resected several times before. In some cases the patient was initially treated without recognition of the correct [START_REF] Lindner | Revision surgery in dermatofibrosarcoma protuberans of the trunk and extremities[END_REF] Patients that presented in our hospital with recurrent lesions had a higher chance of developing another local recurrence and one of these patients eventually developed metastasis.
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Sometimes the clinical assessment of optimal surgical margins is restricted by anatomical structures. DFSP may arise in the head and neck area, for example, where it is not always possible to perform a wide local excision with 3-cm free margins. In case of a marginal or positive resection and no opportunity for further surgical treatment due to anatomical limitation, postoperative radiotherapy is indicated. [START_REF] Ballo | The role of radiation therapy in the management of dermatofibrosarcoma protuberans[END_REF], [START_REF] Suit | Radiation in management of patients with dermatofibrosarcoma protuberans[END_REF], [START_REF] Dagan | Radiotherapy in the treatment of dermatofibrosarcoma protuberans[END_REF] and [START_REF] Haas | The role of radiotherapy in the local management of dermatofibrosarcoma protuberans. Soft Tissue Tumours Working Group[END_REF] All patients that had positive or marginal resection margins of a primary tumor and received adjuvant radiotherapy remained disease free during follow-up. Strikingly the two patients that had chosen to withdraw from the indicated adjuvant radiotherapy both developed local relapse.

Mohs micrographic surgery versus WLE

Some professionals advocate Mohs micrographic surgery as an appropriate alternative surgical method in particular for DFSP in anatomically challenging areas. [START_REF] Snow | Sable DB Dermatofibrosarcoma protuberans: a report on 29 patients treated by Mohs micrographic surgery with long-term follow-up and review of the literature[END_REF] In Mohs surgery the tissue layers are sequentially removed and examined microscopically during the operation to determine the extend of tumor invasion. Sequential layers are excised until the malignancy has been removed completely. [START_REF] Snow | Sable DB Dermatofibrosarcoma protuberans: a report on 29 patients treated by Mohs micrographic surgery with long-term follow-up and review of the literature[END_REF] Mohs surgery is a time-consuming technique though, and for DFSP it is sometimes difficult to differentiate scattered malignant spindle cells from normal fibroblasts in cryostat frozen tissue sections. [START_REF] Lemm | Current treatment options in dermatofibrosarcoma protuberans[END_REF] and [START_REF] Massey | A comparison of frozen and paraffin sections in dermatofibrosarcoma protuberans[END_REF] Although CD34 immunostaining is positive in 90% of DFSP can be negative in nodular areas of the tumor and it is therfore not a 100% reliable tool to detect residual tumor. [START_REF] Massey | A comparison of frozen and paraffin sections in dermatofibrosarcoma protuberans[END_REF] and [START_REF] Garcia | Dermatofibrosarcoma protuberans treated with Mohs surgery. A case with CD34 immunostaining variability[END_REF] Our results show that DFSP and recurrent DFSP can usually be well managed with WLE as a single modality or if indicated combined with radiotherapy.

Surgical reconstruction
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In case of extended resection, split skin grafts or plastic surgical reconstruction can be applied to cover the surgical defect. If a reconstruction is required, it is important that there be no doubt about the resection margin, since the (rotation) flap may prevent early detection of a local recurrence. In our series a plastic surgical reconstruction with a rotation flap was employed in three patients and all three were performed in one tempi. In case of initially doubtful resection margins however, extensive reconstructions should be delayed until appropriate surgical margins are confirmed by pathologic examination. [START_REF] Brabant | Dermatofibrosarcoma protuberans of the chest and the shoulder: Wide and deep excision with immediate reconstruction[END_REF] and [START_REF] Arnaud | Surgical treatment of dermatofibrosarcoma protuberans[END_REF] 

Metastasis

Only one patient in our series developed pulmonary metastasis, which was from a locally recurred tumor on the shoulder that had histologically progressed to DFSP-FS. Metastasis is rare in DFSP and is usually preceded by multiple local recurrences. [START_REF] Mendenhall | Dermatofibrosarcoma protuberans[END_REF] DFSP-FS progressed tumors are associated with a more aggressive clinical course, and a significantly higher chance of metastasis than classic DFSP. [START_REF] Abbott | The prognostic significance of fibrosarcomatous transformation in dermatofibrosarcoma protuberans[END_REF] and [START_REF] Mentzel | Fibrosarcomatous ("highgrade") dermatofibrosarcoma protuberans: clinicopathologic and immunohistochemical study of a series of 41 cases with emphasis on prognostic significance[END_REF] The four patients that were initially diagnosed with DFSP-FS in our series remained disease free though, with relatively long-term follow-up.

Imatinib

Imatinib mesylate has recently become available as a targeted therapy for primarily irresectable or metastatic DPFS. Unfortunately the patient that had developed pulmonary metastasis in our series had died before Imatinib had been developed and recognized for DFSP. Lateron another patient in our series who had developed a large irresectable local recurrence in the gluteal region was successfully treated with Imatinib prior to resection. The Imatinib treatment had effectively reduced the tumor mass and an R0-resection could be performed with preservation of the anal sfincter. Few similar case studies have been reported and preliminary trial results seem
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13 promising. There is no role for Imatinib in the adjuvant treatment of DFSP though, as the use of Imatinib is still experimentally and no prospective data are currently available to prove a benefit in terms of progression free and overall survival and theoretically adjuvant use of imatinib may even facilitate the growth of resistant clones. The precise role of Imanitinib in a limited subgroup of locally advanced or uncontrollable DFSP is currently under intensive investigation in clinical trials. [START_REF] Mcarthur | Molecular and clinical analysis of locally advanced dermatofibrosarcoma protuberans treated with imatinib: Imatinib Target Exploration Consortium Study B225[END_REF], [START_REF] Mehrany | Dermatofibrosarcoma protuberans: a partial response to imatinib therapy[END_REF], [START_REF] Sirvent | Genetics of dermatofibrosarcoma protuberans family of tumors: from ring chromosomes to tyrosine kinase inhibitor treatment[END_REF] and [START_REF] Labropoulos | Sustained complete remission of metastatic dermatofibrosarcoma protuberans with imatinib mesylate[END_REF] 

Conclusion

Clinicians often have to deal with unfavourable presentations of DFSP, due to patient delay, initial misdiagnosis and unfavourable anatomic localisation. The mainstay in treatment of DFSP is resection with a wide surgical margin (> 2 cm). If adequate surgical margins cannot be obtained without severe functional or cosmetic impairments postoperative radiotherapy should be applied. 

18 Figure 1 .

 181 Figure 1. Dermatofibrosarcoma protuberans manifesting as an irregular red plaque on the right shoulder.

Table 1 .

 1 Clinical and pathological features of the 30 patients treated for primary dermatofibrosarcoma protuberans at the UMCG No.

	Sex	
	Male	19
	Female	11
	Median age (range)	38 (8-77)
	Median tumor size (cm) (range)	3 (0.5-22)
	Histo-type	
	DFSP	26
	DFSP-FS	4
	Localization	
	Trunk	9
	Shoulder	7
	Upper arm	5
	Head-neck	
	Buttock	2
	Groin	2
	Reason Referral	
	Diagnosis and treatment primary tumor	11
	Treatment primary tumor	9
	Re-excision primary tumor	10
	Treatment	
	Resection	30
	Times	

operated on at the UMCG
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		M A N U S C R I P T	
	Once	20 A C C E P T E D	
	Twice	10	
	Resection margins		
	Negative	24	
	Negative, but marginal	3	
	Positive	3	20
	Adjuvant radiotherapy	5	
	Survival		
	Median follow-up (range)	80 (12-261)	
	LF	2	
	LF, local failure		

Table 2 .

 2 Clinical and pathological features of the 8 patients that were referred with recurrent dermatofibrosarcoma protuberans

	Patient	Reason Referral Age (yr) at	Histo-type	Localization	Treatment	Treatment LF (times operated	Recurrence	Metastasis	Survival
	No.		diagnosis	primary	primary tumor	primary tumor	on at the UMCG) (resection	after	(mo)	(mo)
			primary	tumor	(size (cm))	(margins)	margin) (mo)	treatment	
			tumor/					UMCG (mo)	
			sex						
	1	LF	38/M	DFSP	trunk (≤5)	resection (neg)	resection (1) (neg) (50)			NED (70)
	2	LF	29/M	DFSP	abdomen (≤5)	resection (pos)	resection (1) (neg) (6)			NED (112)
	3	LF	35/M	DFSP-FS upper arm (5)	resection (pos)	resection (1) (pos), RT (6)			NED (118)
	4	LF	38/M	DFSP	shoulder (N.A.)	resection (pos),	resection (1) (neg) (53)			NED (156)
	5	LF	23/F	DFSP	trunk (8)	resection (n.a.)	resection (1) (neg) (144)	LF (81)		NED (261)
	6	LF	38/F	DFSP	shoulder (N.A.)	resection (pos)	resection (1) (neg, marg), RT (53) LF (3)	Pulmonary (26) DOD (182)
	7	LF	8/M	DFSP	trunk (1)	resection (n.a.)	resection (1) (n.a. ) (163)			NED (269)
	8	LF	55/M	DFSP	head (9)	resection (n.a.),	resection (1) (pos), RT (26)			NED (251)

DOD, death of disease; F, female; LF, local failure; M, male; marg, resection margins marginal; mo, months; NED, no evidence of disease; N.A., not available; neg, resection margins negative; pos, resection margins positive; Rx, resection margin unknown; RT, radiotherapy; yr, year;
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