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Background: Soft tissue sarcoma (STS) of the hand are prone to unplanned excisions, altering oncologic
outcomes. The aim of this study is to compare STS of the hand with initial treatment at an oncology
center versus those initially treated at a non-oncology center. Additionally, we evaluated what factors
were associated with oncologic outcomes.
Methods: We retrospectively identified patients with a STS of the hand using ICD-9 codes along with an
institutional oncologic database. We included all adult patients with a non-metastatic STS of the hand
(n = 64) with a median follow up of 4.0 years (IQR:1.7—10.0).
Results: Eight-three percent (n =53) of tumors had an unplanned excision, of which one was treated at
the oncology center. Patients treated primarily at an oncology center were older (57.6 vs. 43.6 years), had
fewer operations and tended to have a larger tumors (median 4.7 cm vs. 3.0 cm) compared to those
initially treated at a non-oncology center. The 5-year survival for patients treated at an oncology center
was 60% compared to 89% in those initially treated at a non-oncology center. Worse disease-free survival
was associated with positive final margins and subfascial tumors.
Conclusion: Tumors with primary treatment at an oncology center were larger and presented in older
patients, having worse overall survival compared to those initially treated at a non-oncology center.
Initial treatment at a non-oncology center did not influence the oncologic outcomes, but lead to more re-
excisions and amputations. Final tumor margins and tumor depth determined oncologic outcomes.

© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.

Introduction

(non-oncology center) have been reported in up to 18—75%
(average: 43%) of soft tissue sarcomas [2,5,11—26]. Following an UE

Soft tissue sarcomas (STS) occur in 2.2 per 1,000,000 persons per
year [1], 2—9% [2,3] of which occur in the hand. There are current
clinical recommendations stating that STS should be treated in a
multidisciplinary fashion in a cancer center; however, because
problems of recognition due to their low prevalence and incidence,
hand sarcomas may be excised without oncologic workup, and
frequently these surgeries are an “unplanned excision” (UE) [4—10].

Unplanned excisions at a non-specialized oncology centers
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with positive or ambiguous margins, a re-excision to achieve
negative margins is advised. However, re-excision can be chal-
lenging in the hand because of the effect of larger resections on
hand function [5,11—13,16,21,23—27]. Various studies have docu-
mented better [23], worse [19,20,24,28] and similar [2,5,14,16]
oncologic outcomes in the setting of an unplanned excision versus a
planned excision. It is unclear whether soft tissue sarcomas of the
hand are different than STS in other anatomic locations [3,29—31].
Due to these potential differences in tumor biology, it is unclear
whether principles of STS management apply to the hand.

The primary aim of this study was to compare patients with a
soft tissue sarcoma of the hand with initial treatment at an
oncology center to those initially treated at a non-oncology center
and subsequently referred to our center. Additional aims were to
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evaluate the factors associated with tumor recurrence, metastasis,
disease-free survival and overall survival in these patients.

Materials and methods

After Institutional Board approval, we used International Clas-
sification of Diseases 9th Revision codes for tumors of the upper
extremity: “170.4”, “170.5”, “170.9”, “239.2”, “198.5”, “239.9”,
“203.0", “202.8", “171.2", “171.8”, “171.9”, “176.1”, “176.8” and
“176.9” to identify patients with an upper extremity tumor
(n=15,278) from 1992 to 2015. To identify patients with a hand
tumor, we performed a text search in the pathology reports
matching “hand” and “finger” along with common misspellings
and synonyms using STATA 13.0 (StataCorp LP, College Station,
Texas, USA) (n=3267). Additionally, we identified patients using
an orthopaedic oncology registry that predates the institutional
database, to identify patients treated from 1971 to 1992 [32]. We
included all adult patients (18 years of age and older) with a non-
metastatic soft tissue sarcoma (STS) of the hand that was histo-
logically confirmed (n = 95) (Supplement 1). We excluded patients
that were only seen for consultation (n = 20), had initial adequate
oncologic treatment at an outside hospital (n=4) or rejected
standard surgical treatment (n=1). Six patients were excluded
because of insufficient data in the charts. At total of 64 patients
with a STS of the hand were included in the analyses.

To collect information on patient characteristics, tumor char-
acteristics, tumor treatment and oncologic outcomes we performed
a manual chart review. Tumor size was retrieved from the medical
charts, pathology reports or radiology reports and was retrievable
in 39 of the tumors (61%). Definite histologic diagnosis and tumor
grade was determined by musculoskeletal pathologists, tumor
grade was reported for 59 of the 64 (92%). Radiologic imaging or
operative reports were used to identify the tumor depth, either
subcutaneous (suprafascial) or subfascial, and was retrievable in 57
of the 64 tumors (89%). Final histological margins were described in
61 of 64 patients (95%). Data was only missing for tumors treated
initially at a non-oncology center.

Based on a combination of histologic grade and histologic
diagnosis, we grouped tumors into low grade (7 acral myxoin-
flammatory fibroblastic sarcoma; 2 low grade fibrosarcoma; 1
angiomatoid fibrous histiocytoma; 1 dermatofibrosarcoma protu-
berans; 1 low grade epithelioid malignant schwannoma; 1 granular
cell sarcoma; 1 low grade malignant solitary fibrous tumor; 1 low
grade malignant peripheral nerve sheath tumor; 1 low grade
spindle cell sarcoma) and high grade (13 epithelioid sarcoma; 10
synovial sarcoma; 6 clear cell carcinoma; 6 undifferentiated pleo-
morphic sarcoma; 4 high grade fibrosarcoma; 3 leiomyosarcoma; 1
high grade myxoinflammatory sarcoma; 1 high grade malignant
peripheral nerve sheath tumor; 1 malignant tenosynovial giant cell
tumor).

An unplanned excision was defined as surgery that was per-
formed without following oncologic principles of treatment.
Disease-free survival was the time from treatment at the oncology
center to the time of local tumor recurrence or distant metastasis.
We considered patients to be deceased by the underlying tumor if
patients had been reported deceased in the presence of a metas-
tasis at final follow up or if no other cause of death was reported.
Overall survival was determined as the time from treatment at the
oncology center to time of death due to the tumor or last available
follow-up.

Statistical analysis

Continuous variables were presented as median and inter-
quartile range (IQR) and categorical variables were presented as

count and proportion. To compare the differences in patient age,
tumor location, tumor size, tumor depth, tumor grade, unplanned
excision, final margin status, number of operations, radiotherapy,
recurrence, soft tissue reconstruction and level of amputation of
tumors treated a non-oncology hospital or an oncology center, we
used the Mann-Whitney U test or Fisher's Exact test. A correlation
between age and tumor size was determined using a Spearman's
rank correlation coefficient.

To evaluate the factors associated with local recurrence,
metastasis, disease free survival and overall survival, we used a
Cox's proportional hazards model. To address the missing data on
tumor size, tumor grade, tumor depth and final histologic margin in
patients initially treated at a non-oncology center we performed a
multiple imputation using chained equations, assuming the data
were missing at random [33,34]. We imputed 100 values per
missing data-point and used predictive mean matching to impute
tumor size; logistic regression to impute tumor depth and final
histologic margin and ordered logistic regression to impute values
for tumor grade. We used multiple imputation estimates to calcu-
late hazard ratios, 95% confidence intervals, standard errors and p-
values for these explanatory variables by simulating the models
1000 times.

To mitigate confounding effect all variables with a p <0.10 in
bivariate analysis along with final margin status, tumor depth, tu-
mor size and histologic grade were entered in a multivariable Cox
survival regression model. All statistics tests were performed using
STATA 13.0 (StataCorp LP, College Station, Texas, USA).

Results
Study population

We included 64 patients with a STS of the hand with a median
age of 46.1 years (IQR: 33.4—60.6) and a median follow up of 4.0
years (IQR: 1.7—10.0) (Table 1). Tumors were located at the level of
the metacarpals in 41 of the patients (64%), followed by the pha-
langes in 18 (28%) and carpal extension in five (7.8%). Pain or
tenderness was reported by 13 patients (33%), five patients (13%)
reported paresthesias or dysesthesias and only one patient (2.5%)
had night pain. The median tumor size was 3.0 cm (IQR: 1.6—5.0)
and they were mostly subcutaneous (suprafascial) (n =41, 73%).
The most common tumors were epithelioid sarcoma (n = 13, 20%),
synovial sarcoma (n = 10, 16%), undifferentiated pleomorphic sar-
coma (n=_8, 13%), myxoinflammatory sarcoma (n=28, 13%) and
fibrosarcoma (n =7, 11%).

Treatment location

Of the hand STS, 81% (n = 52) were primarily treated at a non-
oncology center of which all were unplanned excisions. One pa-
tient with a low grade fibrosarcoma had an unplanned excision at
the oncology center that was followed by tumor bed excision and
brachytherapy. One patient had an amputation at the level of the
PIP joint at a non-oncology center and a subsequent metacarpal
amputation at the oncology center. The remainder of the patients
underwent non-oncological excisions (n=44), or other non-
oncologic treatments including: incision (n=3), synovectomy
(n=2), exploration (n = 1) or shave biopsy (n = 1). Six patients had
aspiration of the tumor prior to excision because a ganglion cyst
was suspected. The median time to referral was 3.2 months (range:
0.6—13.5).

Of the patients with an unplanned excision at a non-oncology
center, initial margins were positive in 40 of the 41 (98%) patients
where this information was available. Six patients that had an UE
had a positive final margin after final treatment at the oncology
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Table 1
Patient demographics.

Age, median (IQR)
Location, n(%)

46.1 (33.4—60.6)

Phalangeal 18 (28)
Metacarpal 41 (64)
Carpal extension 5(7.8)
Symptoms, n(%)*
Tenderness/pain 13 (33)
Increasing mass 10 (25)
No pain or constitutional symptoms 6 (15)
Paresthesia/dysesthesia 5(13)
Ulceration 3(7.5)
Other 2 (5.0)
Night pain 1(2.5)
Histologic grade, n(%)**
1 16 (27)
2 20 (34)
3 23 (39)
Size, cm, median (IQR)*** 3.0 (1.6—5.0)
Tumor histology, n(%)
Epithelioid sarcoma 13 (20)
Synovial sarcoma 10 (16)
Undifferentiated pleomorphic sarcoma 8 (13)
Myxoinflammatory sarcoma 8 (13)
Fibrosarcoma 7(11)
Clear cell sarcoma 6(9.4)
Leiomyosarcoma 3(4.7)
MPNST 2(3.1)
Dermatofibrosarcoma protuberans 1(1.6)
Angiomatoid fibrous histiocytoma 1(1.6)
Epithelioid malignant schwannoma 1(1.6)
Granular cell sarcoma 1(1.6)
Liposarcoma 1(1.6)
Malignant solitary fibrous tumor 1(1.6)
Malignant synovial GCT 1(1.6)
Spindle cell sarcoma 1(1.6)

* missing in 24 patients.
**missing in 5 patients.
**missing in 25 patients.

center. Of these six patients, two underwent amputation (one in
combination with radiotherapy), two patients received adjuvant
radiotherapy (one in combination with chemotherapy), one patient
rejected any further treatment and for one patient it was unknown.
Three (25%) of the patients treated at the oncology center had
positive margins, two after an excision and one after amputation.
The two tumors that were excised received adjuvant radiotherapy
and the other patient received adjuvant chemotherapy after
amputation.

After referral to the oncology center, 31 patients (60%) under-
went re-excision, 20 patients underwent subsequent amputation
(39%) and one patient with a low-grade liposarcoma was monitored
without further treatment. Of the patients that underwent re-
excision, residual tumor was histologically confirmed in 26 pa-
tients (51%).

Patients treated at an oncology center were older than those
initially treated at a non-oncology center, 57.6 years (IQR:
46.6—72.5) versus 43.6 years (32.9—57.2), p=0.044 (Table 2).
Additionally, larger tumors appeared to be treated initially at the
oncology center compared to those primarily treated at a non-
oncology center without statistical significance; 4.7 cm
(IQR:1.9-5.5) versus 3.0cm (1.5—4.0) (p=0.069). There was a
positive correlation between patient age and tumor size
(rho=0.43, p =0.0061). Tumors that were referred to the oncology
center had a larger number of surgeries in comparison to those
treated initially at an oncology center (p = 0.001). It was observed
that there were more phalangeal and single ray amputations in
patients that had initial treatment at a non-oncology center
without statistical significance, when excluding tumors with carpal

extension (Fig. 1). There was no difference in radiotherapeutic or
chemotherapeutic treatment in either group of patients.

Oncologic outcome
Recurrence

The overall recurrence rate was 13% (n=28) and occurred in
epithelioid sarcoma (n = 2), fibrosarcoma (n = 2), clear soft tissue
part cell sarcoma (n=2), synovial sarcoma (n=1) and undiffer-
entiated pleomorphic sarcoma (n = 1) at a median of 1.1 years (IQR:
0.32—-2.4).

Metastasis

Metastasis were confirmed in 15 patients at a median of 1.4
years (IQR: 0.45—3.0) and were seen in synovial sarcoma (n = 4),
epithelioid sarcoma (n = 2), clear cell sarcoma of soft tissue (n = 2),
undifferentiated pleomorphic sarcoma (n = 2), spindle cell sarcoma
(n=1), malignant solitary fibrous tumor (n = 1), high grade fibro-
sarcoma (n = 1), malignant peripheral nerve sheath tumor (n=1)
and leiomyosarcoma (n=1). Metastasis occurred to the lungs
(n=38), the axillary lymph nodes (n=4), the forearm and chest
(n=1), the epitrochlear lymph nodes (n=1), and the upper arm
(n=1). Positive final margin was independently associated with
the development of metastasis (HR: 5.4, 95% CI: 13-22.5,
p=0.022) (Table 3, Supplement 2 & Fig. 2).

Disease-free survival

Overall 19 patients had recurrence of disease either locally or as
a metastasis. The 1-year, 5-year and 10-year disease-free survival
was 85%, 69% and 66% respectively. In multivariable Cox's regres-
sion, a positive margin (HR: 3.9, 95% CI: 1.0—14.8, p =0.048) was
independently associated with worse disease-free survival (Fig. 2).

Overall survival

During the time-frame of this study eight patients had deceased
due to the STS. These patients had a synovial sarcoma (n=2),
fibrosarcoma (n=1), undifferentiated pleomorphic sarcoma
(n=1), malignant peripheral nerve sheath tumor (n=1), spindle
cell sarcoma (n = 1) or malignant solitary fibrous tumor (n = 1). The
1-year survival was 100% and the 5- and 10-year survival were both
83%.

Patients treated initially at an oncology center had worse overall
survival, 60% 5-years survival, compared to patients treated initially
at non-oncology center, 89% 5-year survival (p =0.021) (Table 4 &
Fig. 2). However, there was no association when multivariable Cox
regression was performed with corrections for tumor size (HR: 1.5,
95% CI: 0.96—2.4, p =0.078).

Discussion

Sixty-four soft tissue sarcomas of the hand that were treated at
our institution were retrospectively identified. Of these tumors 81%
underwent initial surgery, mostly unplanned excisions, at a non-
oncology center. When comparing tumors that were initially
treated at an oncology center to those initially treated at a non-
oncology center we noted that (1) patients were older in the
oncology center group (2) tumors tended to be larger in the
oncology center group and (3) patients had worse survival if treated
initially at an oncology center. Other oncologic outcomes were
similar amongst both groups; however, this was at the cost of more
operations and phalangeal amputations in patients that were
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Table 2
Comparison of tumors treated at different centers.
Initial treatment P-value
Oncology center Referring center
(n=12) (n=52)
Age, median (IQR) 57.6 (46.6—72.5) 43.6 (32.9-57.2) 0.044*
Location, n (%) 0.21**
Phalangeal 1(8.3) 17 (33)
Metacarpal 10(83) 31 (60)
Carpal extension 1(8.3) 4(7.7)
Tumor Size, cm, median (IQR)* 4.7 (1.9-5.5) 3(1.5—-4.0) 0.069***
Depth, n(%)" 0.46™*
Subcutaneous 7 (64) 34 (76)
Subfascial 4(36) 11 (24)
Histologic grade, n(%)" 0.85**
1 3(25) 13 (28)
2 5 (42) 15 (32)
3 4(33) 19 (40)
Tumor grade, n(%) >0.99**
Low-grade 3(25) 13 (27)
High-grade 9(75) 36 (74)
Unplanned excision, n(%) 1(8.3) 52 (100) <0.001**
Final margin, n(%)°
Positive 3(25) 6(12) 0.36**
Negative 9 (75) 43 (88)
Number of operations, n (%) <0.001**
1 9(75) 2(3.9)
2 3(25) 42 (81)
3 0 8 (15)
Soft tissue reconstruction, n(%) 4(33) 15 (29) 0.74**
Radiotherapy, n(%) 8 (67) 30 (58) 0.75**
Chemotherapy, n(%) 1(8.3) 3(5.8) 0.57**
* Using Mann-Whitney U test.
** Using Fisher's Exact test.
*** Using Student's t-test.
Significant values (p<0.05) printed in bold.
2 Missing in 25 patients.
b Missing in 7 patients.
€ Missing in 5 patients.
4 Missing in 3 patients.
Comparison final amputation status all locations (p=0.25) Comparison final amputation status excluding tumors
80 involving the carpus (p=0.065)
=i 80
70
60
60
50
50
40 x40
30 30
20 20
10 8 £ I 83 5g 10 I =
g I . i
No amputation Phalangeal Single ray Double ray Proximal to wrist No amputation Phalangeal Single ray Double ray Proximal to wrist
Final amputation status Final amputation status
W Oncology center M Non-oncology center M Oncology center  m Non-oncology center

Fig. 1. Final amputation status in patients treated initially at a non-oncology center or oncology center (A) all locations (B) excluding tumors extending to the carpalia.

Table 3
Multivariable Cox regression using multiple imputation estimation.
Recurrence Metastasis Disease free survival Overall survival
HR (SE)  95% CI p-value HR (SE) 95% CI p-value HR (SE) 95% CI p-value HR (SE) 95% CI p-value
Age * * * * * * 1.0 (0.015) [0.99,1.0] 0.29 1.0 (0.023) [0.98,1.1] 0.35
Tumor size 1.1(0.23) [0.72,1.6] 0.70 1 .3(0.22) [0.90,1.8] 0.17 1.2(0.19) [0.86,1.6] 0.30 1.5(0.44) [0.85,2.7] 0.16
Final margins: positive 55(5.8) [0.68,43.7] 0.11 4(3.9) [1.3,225] 0.022 39(2.6) [1.0,14.8] 0.048 0.77 (0.92) [0.075,8.0] 0.83
Depth: subfascial 23(1.9) [043,11.9] 034 2 7(1.6) [0.84,8.5] 0.096 2.6(1.4) [0.92,7.3] 0.073 2.1(1.7) [0.44,103] 0.34
Histologic grade: high grade 3.2 (2.3) [0.81,12.9] 0.095 1.7 (0.81) [0.69,4.3] 0.24 2.0(0.82) [0.86,4.5] 0.11 0.58 (0.34) [0.18,1.8] 0.35
* Age p > 0.10.

Significant values (p<0.05) printed in bold.
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Fig. 2. Kaplan-Meier survival estimate for (A) metastasis depending on final margin status. (B) disease-free survival depending on final margin status (C) overall survival.

Table 4
Cox regression for oncologic outcomes oncology center vs. non-oncology center.
HR (SE) 95% Cl p-value
Recurrence 0.62 (0.51) [0.12, 3,1] 0.56
Metastasis 0.43 (0.24) [0.15, 1.3] 0.13
Disease free survival 0.44 (0.22) [0.17,1.2] 0.10
Overall survival 0.20 (0.14) [0.05, 0.78] 0.021

Multivariable Cox regression for overall survival

Overall survival
Treatment non-oncology center
Tumor size

0.50 (0.42)
1.5 (0.35)

[0.096,2.6]  0.40
[0.96, 2.4] 0.078

Significant values (p<0.05) printed in bold.

treated initially at a non-oncology center. Positive margins showed
an association, and subfascial tumors presented a higher risk for
metastasis.

The results of this study need to be interpreted in the lights of its
strengths and limitations. First, the retrospective nature and the
time-span over which patients were identified increases loss to
follow-up. Nonetheless, due to the nature of our institution patients
with a musculoskeletal malignancy rarely seek treatment else-
where. In addition, to attain significant numbers in this type of rare
conditions, a long study period is necessary. Second, there may be
referral bias, which can be seen in the difference in tumor size and
age of the patients treated initially at both centers. This referral
pattern has also been reported in other high-volume centers
[5,23,35]. Third, no standardized treatment protocol was used in
patients, besides that all patients with an unplanned excision were
advised to undergo re-excision, in all but one: a low grade lip-
osarcoma that was monitored. Additionally, there was substantial
missing data of the tumor sizes due to many unplanned excisions at
non-oncology centers, but we aimed to address this by using
multiple imputation by chained equations. This allows values to be
imputed based on the missing variables distribution. Lastly, the
tumor histology varied in the patients treated initially at an
oncology center and non-oncology center. To account for this, we
grouped the tumors into high and low grade and found this to be
comparable in both groups.

Most of the STS in the hand (81%) had an unplanned excision
prior to presenting at our oncology center. Referral to a specialized
oncology center has been recommended for soft tissue masses that
are >5cm (or >3 cm in the hand as some have suggested), sub-
fascial, cause pain, or are rapidly growing [36—39]. The high rate of
UEs is probably due a lower suspicion for a malignancy because 72%
of the tumors were smaller than 5 cm. This is similar to the 75%
reported by Puhaindran et al. in their series of 53 hand sarcoma
[18]. As previously reported, we found that tumors treated at a non-
oncology center were smaller and patients were younger than
those treated at an oncology center [5,11,12,14,16,22,23,26]. It has

been accepted that treatment at a non-specialized oncology center
leads to wider resections, altered treatments due to inadequate
biopsies along with more histologic misdiagnosis, emphasizing the
importance of multidisciplinary oncologic treatment at a special-
ized center [6].

In this study, we identified that overall survival was worse in
patients that were treated initially at the oncology center. These
findings are likely a reflection of a larger tumor size in that popu-
lation, which has been shown to decrease survival [2,5,19]. Lewis
et al. described similar findings in 1092 STS of all locations [23].
They attributed this to two things (1) lower threshold to refer larger
and aggressive tumors and (2) that re-excisions are often more
radical, potentially excising tumor cells extending outside of the
pseudocapsule. Specifically for sarcoma of the hand, Pradhan et al.
did not identify that previous treatment influenced overall survival
in 63 sarcoma of the hand [2]. These findings are supported by two
large studies on STS of all anatomic locations [5,16]. On the other
hand, other studies have reported worse oncologic outcomes after
unplanned excision, especially in high-grade or larger tumors
[14,19,22,25]. This may be explained by incomplete excision of re-
sidual disease after unplanned excisions. The absence of this
finding in the hand may be because re-excision in the form of an
amputation substantially increases radicality. In a larger study, it is
possible that subfascial tumors (HR: 2.6, 95% CI: 0.92—7.3, p=0.073)
and high-grade tumors (HR: 2.0, 95% CI: 0.86—4.5, p=0.11) may
have an association with disease-free survival. The same may be
true for higher histologic grade and recurrence (HR: 3.2, 95% CI:
0.81-12.9, p=0.095) and the development of metastasis in sub-
fascial tumors (HR: 2.7, 95% CI: 0.84—8.5, p = 0.096).

Residual disease was present in 51% of the patients after un-
planned excision. To ascertain the absence of residual disease re-
excision is recommended within 12 weeks [5,24]. However, due
to lacking diagnostic work-up, sub-optimal surgical approaches,
distant contamination and unclear resection margins, planning of
the re-excision is challenging [14,25]. Additionally, intra-operative
scar tissue and the absence of anatomic boundaries make it diffi-
cult to identify adequate resection margins for negative margins
[7,14,19]. This is especially troublesome in the hand because of the
close vicinity of vital structures. It is also notable that there was a
higher rate of phalangeal amputations after treatment at a non-
oncology center. Limb sparing surgery is uncommon in hand sar-
coma treatment because of the need for early rehabilitation to
restore hand function, and multiple surgeries increase problems
with stiffness and loss of hand function.

As was also seen in this study, unplanned excisions lead to more
surgeries to achieve same oncologic outcomes. The delayed referral
at a median of 3.2 months, may also have a negative impact on
outcomes. It is unclear whether delayed presentations have a
relationship to triage or referral center capacity. It is possible that in
non-oncology center treatment, an unplanned excision was
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curative in some cases, and late re-excision improved survival of
patients with residual disease. Unplanned excision increases the
need for post-operative radiotherapy, which has been shown to
decrease hand function [5,18,20]. Additionally, due to the extent of
re-excisions, soft tissue coverage is often necessary, this was not the
case in our series [5,11,20,24,26]. Lastly, healthcare costs increase
due to additional surgeries, especially because re-excisions are
often more expensive than primary excision [40].

The recurrence rate of hand sarcoma is 6—32% [2,17,18,41] and is
associated with positive surgical margin [2] and limb sparing/
salvage surgery [42]. In this series, recurrences appeared more
often in tumors of higher grade, which has been described for
sarcoma of other parts [15,24,43]. Twenty-three percent of the
patients developed metastasis and this was associated with posi-
tive margins and was more common in high grade tumors, similar
to earlier reports [2,41]. Our findings suggest that surgical radicality
and tumor biology are the main drivers of oncologic outcomes, and
that re-excisions can ameliorate the negative effect of an unplanned
excision. Nonetheless, it may well be that oncologic outcomes of
STS treated initially at a non-oncology center could have been su-
perior if initial treatment was at an oncology center.

Conclusions

Due to the referral bias of larger and more aggressive tumors to
an oncology center these patients had worse overall survival. Initial
treatment at a non-oncology center had similar oncologic outcomes
as those treated at an oncology center at the cost of more surgeries,
especially amputations highlighting the challenge of disease control
after unplanned excision. Oncologic outcomes are determined by the
nature of the surgical margin (appropriate oncologic treatment),
tumor grade, and tumor depth in STS of the hand. The question
regarding “When to refer a mass of the hand to an oncology center?”
remains unanswered but our recommendation would be when the
tumor is larger than 3 cm, or the comprehensive care is not available
at the treating institution. At least patients should be given the op-
tion to decide or opt for a tertiary care center.
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