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Abstract
Our retrospective study analysed the long-term results of a conservative limb-preserving surgical strategy in
51 patients with soft-tissue sarcoma of the hand from a single institution. We assessed survival and prog-
nostic factors, including the surgical margins. No transradial amputations were performed. Microscopically
free resection margins were obtained in 45 of the patients. The remaining six patients had microscopically
incomplete resection. Forty-four surviving patients had a median follow-up of 6.5 years (range 12–307), and
one patient had no follow-up beyond 3 months following surgery. Among those patients, 29 had more than 5
years of follow-up. Five-year local-recurrence-free survival was 65%, metastasis-free survival was 84%, and
disease-specific survival was 91%. Tumour size was predictive of all outcome parameters, but positive resec-
tion margins adversely affected local recurrence only. Survival was similar to the survival after a more radical
surgical approach reported in the literature.
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Introduction

Soft-tissue sarcomas (STSs) of the hand represent a
rare subgroup of all STSs and constitute a clinical
challenge to limb-preserving therapy (Pradhan et al.,
2008). Surgical resection represents the cornerstone
of STS treatment and is potentially curative. Typically,
wide excision, resecting more than 1 cm of sur-
rounding healthy tissue, is aimed for (Pignatti and
Campanacci, 1992; Rosenberg et al., 1982). While the
impact of margin status on local recurrence has been
shown in multiple studies, the implications of the
width of negative surgical margins, and the subse-
quent association of local recurrence with survival,
remains controversial (Gronchi et al., 2010; Harati
et al., 2017; Lehnhardt et al., 2019; Pisters et al.,
1996; Potter et al., 2013; Zagars et al., 2003). The
use of adjuvant radiotherapy has been shown to
reduce local recurrence (Schreiber et al., 2012) and
has supported conservative surgical treatment in the

hand (Talbert et al., 1990). Isolated limb perfusion
(ILP) is another modality that allows conservative
resection (Jakob et al., 2014).

Our retrospective study aimed at analysing the
long-term results of a conservative limb preserving
surgical strategy used in a single institution. We
assessed survival and prognostic factors, including
the surgical margins.
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Methods

Patient and data selection

This retrospective study was approved by our local
ethical committee. All patients treated for a STS of
the hand in our institution between 1995 and 2016
were identified from medical records. Tumour loca-
tion in the hand was defined as distal to the ulnar
styloid. Demographic, clinical, and outcome data
were obtained from the medical records. Additional
outcome data were obtained by correspondence with
patients or family members.

Primary outcomes were 5-year local recurrence-
free survival, 5-year metastasis-free survival, and
5-year disease-specific survival. Local-recurrence-
free survival was calculated from the date of resection
until tumour recurrence or until last follow-up
in patients without recurrence. Metastasis-free survival
was calculated from date of resection until occurrence
of metastases or until last follow-up in patients without
metastasis. Disease-specific survival was calculated
from the date of resection until death by known present
disease or last follow-up in patients without disease-
specific death. Overall survival was also calculated.

Treatment

Preoperatively, contrast-enhanced MRI of the tumour
site and computed tomography scans of the chest
were routinely performed. The surgical aim for all
patients was complete resection of the primary
tumour with microscopically negative margins and
preservation of as much hand tissue and function
as possible. Tumours with restricted possibility of
limb preserving resection and tumours with insuffi-
cient resection and unclear margins adjacent to func-
tionally relevant structures were assessed for ILP
with Melpahalan and tumour necrotic factor (TNF)-a
(Steinau et al., 2015).

In epifascial lesions, a deep clear margin of one
fascial layer was sought. Vascular or neural recon-
struction and/or tendon transfers were performed as
needed. Skin grafts and local or free flaps were used
for coverage. Figure 1 shows an example with tendon
and soft-tissue reconstruction. Radiation or chemo-
therapy was given as decided by our interdisciplinary
tumour board.

The follow-up management for all patients
included clinical examination, radiograph of the
chest, and contrast-enhanced MRI of the tumour
site every 3 months for the first 2 years, and then
every 6 months for the next 3 years. Further MRI
and radiographic examination could be done in the
following 5 years based on tumour properties and
the decision of the informed patient.

Microscopic assessment of resection
margins

Surgical margins were assessed after fixation of the
pathologic specimen with formalin and dyeing the sur-
face with ink. All pathology slides and the according
surgical margin widths were analysed and reviewed
for consensus diagnosis by an experienced soft-
tissue pathologist from our institution. Margin quality
was reported following the R-classification with R0
representing microscopically negative and R1 repre-
senting microscopically positive (involved) surgical
margins (Gundle et al., 2018).

Statistics

Data are presented as means and standard deviation
or median.

For survival analyses we used Kaplan–Meier log-
rank tests and multivariate Cox regression with back-
wards elimination of factors with p< 0.01 in log-rank
testing. Hazard ratio (HR) was calculated and is pre-
sented as (95% confidential interval, CI). p< 0.05 was
considered as statistically significant.

Results

Patients

After exclusion of one patient due to metastatic dis-
ease when first seen, 51 patients were included in
the study. Six patients initially presented at our insti-
tution with a recurrence but with complete data on
primary treatment, and 28 were referred after
incomplete excision. Twenty-eight patients were
men and 23 women. Mean age at first operation
was 41 years (SD 19). Thirty-three tumours were
deep (below fascia), 24 were located in the metacar-
pal area, 18 in the wrist, and nine in the fingers. Mean
maximum tumour diameter was 2.2 cm (SD 1.8), with
30 tumours being smaller than 1.5 cm and seven
larger than 5 cm. The most prevalent histologic sub-
type was synovial sarcoma in 13 tumours, followed by
epitheloid sarcoma in seven, liposarcoma in six,
undifferentiated pleomorphic sarcoma in five, and
leiomyosarcoma in three. Of the six liposarcomas,
four were myxoid and two were pleomorphic. The
remaining 17 tumours consisted of different subtypes,
such as myxofibrosarcoma (n¼ 3), extra-skeletal
chondrosarcoma (n¼ 3), clear cell sarcoma (n¼ 2),
malignant nerve sheath tumour (n¼ 2), primitive neu-
roectodermal tumours (n¼ 2), dermatofibrosarcoma
protuberans (n¼ 2), rhabdomyosarcoma (n¼ 2), and
fibrosarcoma (n¼ 1). Sixteen tumours were low
grade (G1), 25 were G2 and 10 were G3.
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Clinical treatment

Neoadjuvant therapy was administered to 15
patients, 13 of these received ILP of which two add-
itionally received radiation therapy.

Resection included tendons or nerves in 22 cases
and additionally bone in another nine cases. Two
patients received finger amputations and one patient
a single-ray amputation. No transradial amputations

were performed. In patients with resection of ten-
dons, nerves, and bone, primary reconstructions
included tendon transfers or autologous tendon
grafts, nerve grafts, autologous bone grafts, and
arthrodeses.

A complete resection (clear final surgical margins,
R0) was achieved in 45 of the patients. The remaining
six patients had microscopically incomplete resec-
tion (R1). Of these, two had received treatment of

Figure 1. (a) Dermatofibrosarcoma protuberans on the dorsum of the hand with infiltration of the extensor tendons
on MRI scan. (b) Resection of the tumour including extensor tendons and the metacarpal periosteum of digits 2–5.
(c) Reconstruction of extensor tendons with tensor fascia lata. (d) Soft-tissue coverage with a free anterolateral thigh flap.
(e) Results at 10 years after surgery.
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the primary tumour outside our institution. Of the 45
patients with clear margins (R0), wide margins
(>1 cm) were present in four patients, while close
margins (<1 cm) were present in 41 patients.
Wound coverage was achieved by simple suturing in
29 patients, local flaps in 19 patients, and with free
vascularized flaps in three patients. Adjuvant radi-
ation therapy was given to 17 patients (33%) with a
median dose of 60 Gray. This included all three
patients in whom no clear surgical margins were
achieved during resection at our institution. Fifteen
of the radiated patients had high-grade tumours.

Complications as classified higher than two by
Clavien-Dindo et al. (2004) occurred in six patients:
two developed haemorrhage needing operative revi-
sion, three patients developed wound dehiscence or
infection of whom one needed reoperation, and one
patient developed a bronchial infection.

Follow-up

Forty-four surviving patients had a median follow-up
of 6.5 years (range 12–307 months), and one patient
had no follow-up beyond 3 months after surgery.
Among those patients, 29 had more than 5 years of
follow-up. Eighteen patients had developed a recur-
rence, eight patients had developed metastases, and
six patients had died. The sarcoma was considered to
be the cause of death in four of these six patients. All
four patients had developed pulmonary metastases,
and none had local recurrence. Results of univariate
analysis of predictors of 5-year local recurrence-free
survival, 5-year metastasis-free survival and 5-year
disease-specific survival are presented in the online
supplementary Table S1.

Local recurrence

Estimated 5-year and 10-year local-recurrence-free
survival was 65% (SD 8) and 51% (SD 9), respectively.
A Kaplan–Meier curve of the 5-year local-recurrence-
free survival is presented in Figure 2. Among the 18
patients with local recurrence, 12 had a single recur-
rence, two patients had two recurrences, four patients
had three recurrences, and one patient had four local
recurrences. Factors associated with 5-year local-
recurrence-free survival in univariate log-rank analysis
were tumour location, histologic subtype, tumour size,
resection margins, and adjuvant radiation therapy.

In multivariate Cox regression analysis, we identi-
fied the following predicting factors of 5-year local-
recurrence-free survival: metacarpal location with a
HR of 6 (2–20) (p¼ 0.003), tumour size with a HR of 7
(2–28) (p¼ 0.006) for tumours >5 cm compared with
tumours <1.5 cm, positive resection margins with a

HR of 5 (2–18) (p¼ 0.009), and histologic subtypes
summarized as ‘other’, with a HR of 9 (3–33)
(p< 0.001). ‘Other’ included malignant nerve sheath
tumour, clear cell sarcoma, and fibrosarcoma.

Metastasis-free survival

Estimated 5-year and 10-year metastasis-free sur-
vival was 84% (SD 6) and 80% (SD 7), respectively.
A Kaplan–Meier curve of the metastasis-free survival
is shown in Figure 3. For patients who developed
metastases, six were in the lungs, one in a vertebra,
one in regional lymph nodes, and one in the skin of
the proximal forearm. The only factor that was found
to have a notable impact on metastasis-free survival
in univariate analysis was age. Microscopically
incomplete resection (R1) was not associated with
lower metastasis-free survival as no metastases
were observed in the R1 subcohort. Likewise, close
resection margins did not significantly alter the
5-year metastasis-free survival in the R0 subcohort.
Tumour size larger than 5 cm was the only significant
predictor of metastasis-free survival in multivariate
analysis with a HR of 5 (1–20) (p¼ 0.043).

Disease-specific survival

Estimated 5-year and 10-year disease-specific sur-
vival as well as overall survival was 91% (SD 5).
A Kaplan–Meier curve of the disease-specific survival
is presented in Figure 4. Analysis of predictors was
limited by the occurrence of only four events in the

Figure 2. Kaplan–Meier curve of the 5-year local-recur-
rence-free survival.
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follow-up period. Tumour size could be identified as a
predictive factor in multivariate analysis with a HR of
13 (1–124) (p¼ 0.03) for tumours larger than 5 cm.

Limb preservation

Amputations of fingers or single rays were
performed as primary tumour treatment in three

patients. In no patient, primary transradial amputa-
tion was performed. Upon first recurrence, one
patient received a single-ray amputation and
another patient a transradial amputation. The other
patients with recurrence were treated with limb
preserving surgery. Treatment of the last local
recurrence in seven patients with multiple recur-
rences consisted of single-ray amputations in two
cases and of transradial amputation in two cases.
Ultimately, transradial amputation was performed
in three patients, in average 95 months (SD 82)
after primary resection.

Discussion

We performed an analysis of 51 STSs of the hand
treated in a single institution and were able to show
an association of tumour size and quality of surgical
margins with local recurrence. No significant impact
of surgical margins with metastasis-free survival
or disease-specific survival could be established.
Most tumours were high-grade, and as in other stu-
dies, epitheloid sarcoma and synovial sarcoma were
among the most frequent histologic subtypes
(Houdek et al., 2017; Lans et al., 2019). Tumour size
was also identified as an important overall prognostic
factor and predictive of local recurrence-free sur-
vival, metastasis-free survival, and disease-specific
survival, which also has been reported previously
(Houdek et al., 2017; Lans et al., 2019). They reported
wide excision of 41 out of 46 hand STSs, of which six
were transradial amputations and 19 were single or
multiple ray amputations. At a mean follow-up of
5 years they reported a local-recurrence-free sur-
vival of 86%, metastasis-free survival of 66%, and
overall survival of 78%. In a study by Lans et al.
(2019) of 64 hand with STS, of which 83% were
referred after external unplanned excision, amputa-
tions were performed in approximately 44% of cases.
They reported a 5-year disease-free survival of 69%
and 5-year overall survival of 82% after a median
follow-up of 4 years (Lans et al., 2019). Pradhan
et al. (2008) reported local-recurrence-free survival
of 63%, metastasis-free survival of 74%, and overall
survival of 87% at 5 years in 64 patients with hand
STS after a mean follow-up of 4 years. Amputations
were performed in 30%, and attempted wide resec-
tion when the tumour involved the resection margins
was performed in 42% of the remaining cases. Of
note, mean maximum tumour diameter was higher
in all three cited studies (mean 2.7 cm, median 3 cm,
and mean 4 cm, respectively, versus a mean of 2.2 cm
in our study), and none of the studies reported and
compared actual resection margin width. Survival
was higher in our study with a 5- and 10-year

Figure 3. Kaplan–Meier curve of the 5-year metastasis-
free survival.

Figure 4. Kaplan–Meier curve of the 5-year disease-
specific survival.
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disease-specific survival and overall survival of 91%,
despite less comprehensive surgical resection.

In this study, we used the R staging system (Harati
and Lehnhardt, 2017). Other systems exist, including
the system described by Enneking et al. (1981). The
intention of the R system is to be more reproducible
and objective and it is widely used (Gundle et al.,
2018). Positive surgical margins (R1) were predictive
of local recurrence in our study, confirming large
studies on STS in general (Pisters et al., 1996;
Stojadinovic et al., 2002) and other studies on hand
STS (Lans et al., 2019; Pradhan et al., 2008). Yet,
there was no significant impact of margin status on
metastasis-free survival or disease-specific survival.
Gronchi et al. (2010) analysed the outcome of 997
surgically treated patients with extremity STS and
revealed that the local outcome of proximal tumours
directly influenced survival by invading the abdomen
and the thorax. However, they could not find an asso-
ciation between local recurrence control and survival
for distal extremity STS (Gronchi et al., 2010). Lin
et al. (2002) analysed the outcome of 115 hand
and foot STS. In their series, local recurrence in the
distal extremities was not associated with a higher
rate of distant metastases and, therefore, did not
impact disease-specific survival. Hence, the authors
concluded that local residual disease and distant
metastatic disease were independent predictive fac-
tors and did not influence each other. Neither Mattei
et al. (2019) with 205 distal extremity STS, nor Harati
et al. (2016) with 120 distal lower extremity STS found
any association between positive resection margins
and distant recurrence or overall survival.

One limitation of our study is the low statistical
power due to a relatively small number of cases,
which results from the rarity of STS in the hand.
Also, only patients without initial dissemination and
who received operative treatment were included.
This and the smaller tumour size hamper compari-
son with other studies. Conservative surgical treat-
ment with the aim of limb-preserving complete
resection (R0) with close margins represents a
viable treatment option for STS of the hand. The
different surgical treatment options should be
discussed with patients with STS of the hand,
paying attention to tumour characteristics and pref-
erences of the informed patient. Since postoperative
radiation is significantly associated with better local-
recurrence-free survival, we recommend routinely
using adjuvant radiation therapy after resection of
high-grade sarcomas or definite intralesional resec-
tion, in line with the German guidelines (Schütte
et al., 2019).
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