Review

Radiotherapy as an Adjunct to Surgery in
the Management of Adult Soft Tissue
Sarcomas of the Hand: The First Case
Report Using Stereotactic Technology and

a Brief Review of Radiation Effects

Valentina Zagardo!, Gianluca Scalia®?3, Corrado Fichera?, Davide Matera?,
Giuseppe Emmanuele Umana®5, Gianluca Ferini'»?

Ann. Ital. Chir., 2025 96, 7: 894-904
https://doi.org/10.62713/aic.3970

I Department of Radiation Oncology, REM Radioterapia srl, 95029 Viagrande, Italy

2Department of Medicine and Surgery, Kore University of Enna, 94100 Enna, Italy

3Neurosurgery Unit, Department of Head and Neck Surgery, Garibaldi Hospital, 95124 Catania, Italy
4Oncology Surgery Unit, Istituto Oncologico del Mediterraneo, 95029 Viagrande, Italy

5Department of Neurosurgery, Trauma Center, Gamma Knife Center, Cannizzaro Hospital, 95126 Catania, Italy

Adult soft tissue sarcomas of the hand are rare, representing approximately 2% of upper extremity tumors. Their indolent growth often
leads to misdiagnosis and treatment delays. While amputation has traditionally been the standard approach, advances in limb-sparing
techniques, supplemented by radiotherapy, have improved local control and functional preservation. However, radiotherapy in hand
sarcomas carries significant risks, including impaired wound healing, fibrosis, stiffness, edema, fractures, and, in rare cases, necrosis
and radiation-induced sarcomas. This case-based narrative review is built around an institutional case: an 81-year-old woman with
recurrent leiomyosarcoma of the left hand who developed graft necrosis following radiotherapy after R2 resection. Despite initially
favorable outcomes, the patient experienced severe skin graft complications, leading to functional impairment and the need for additional
wound management. A comprehensive narrative literature review of hand sarcomas treated with radiotherapy highlights the challenge
of balancing effective tumor control with minimizing adverse effects. While radiotherapy provides high local control rates, particularly
in cases with residual disease, complications such as graft necrosis, as reported here, can significantly affect functional outcomes. The
review emphasizes the importance of achieving clear surgical margins, as even modern radiotherapy techniques like volumetric modulated
arc therapy (VMAT) guided by stereotactic equipment may fail to prevent complications. Long-term follow-up remains essential to
detect and manage late sequelae, with the aim of restoring any compromised function. This case underscores the need for careful patient
management and the difficult benefit/risk trade-off associated with radiotherapy when surgery alone is insufficient.
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Given the profound physical and psychological impact
of amputation, limb-sparing surgery has become the pre-
ferred approach when oncologically and technically fea-
sible.  When combined with adjuvant therapies, such as
radiotherapy and chemotherapy in high-risk cases, limb-
preserving procedures have demonstrated local control
rates comparable to those of amputation [4,5].

Introduction

Adult soft tissue sarcomas (a-STS) of the hand are exceed-
ingly rare, comprising approximately 2% of all upper ex-
tremity tumors [1]. Their low incidence, coupled with of-
ten subtle clinical presentations, frequently leads to misdi-
agnosis as benign lesions, delaying appropriate treatment
and resulting in suboptimal outcomes [2].

Despite its efficacy, radiotherapy in the hand remains chal-
lenging due to the heightened risk of complications. In the
neoadjuvant setting, its primary goal is tumor downstaging
to facilitate resection, though delayed wound healing is a
frequent concern [6,7]. In the adjuvant setting, side effects
such as fibrosis, stiffness, edema, radiation-induced frac-
tures, and, in rare cases, necrosis or secondary malignancies
have been reported [8,9].

Radical surgical excision remains the cornerstone of treat-
ment. Historically, amputation was the standard approach
due to the challenges in achieving clear surgical margins.
These challenges arise from the hand’s intricate anatomy,
with limited healthy tissue available for resection and the
close proximity of critical structures such as joints, tendons,

ligaments, and neurovascular bundles [3].
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These risks raise the question of whether radiotherapy is
truly well tolerated and to what extent recent advancements
in irradiation techniques and treatment verification systems
have improved its safety profile. While concerns about
functional impairment were historically justified, the extent
to which modern innovations have mitigated these risks re-
mains unclear. Addressing this uncertainty is essential, as
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treatment-related morbidity continues to impact patient out-
comes despite technological progress.

In this context, we present the case of an 81-year-old pa-
tient with leiomyosarcoma of the dorsal left hand who de-
veloped graft necrosis following postoperative radiother-
apy, significantly affecting quality of life and persisting un-
resolved for over a year. To contextualize this case, we
conducted a comprehensive narrative review of the litera-
ture on radiotherapy-associated complications in hand sar-
comas, examining whether advances in radiotherapy tech-
niques have led to a reduction in adverse effects and, con-
sequently, improved patient outcomes.

A Case-Based Journey Through the Clinical
Presentation and Management of Hand
Sarcomas

The Clinical Scenario as Illustrated by an Institutional
Case

In February 2023, an 81-year-old female patient with a di-
agnosis of leiomyosarcoma located on the dorsum of her
left hand, which was her non-dominant hand, was referred
to our department. Informed consent and consent to partic-
ipate were obtained from the patient. Her medical history
included type 2 insulin-treated diabetes mellitus and hyper-
tension.

The patient initially underwent surgical excision of the le-
sion in 2019. The pathology report revealed cells with
characteristic blunt-ended nuclei. Immunohistochemistry
showed positivity for smooth muscle actin, caldesmon, and
desmin, while S100 was negative, consistent with a grade
2 leiomyosarcoma. Negative surgical margins were not
achieved during the initial procedure, yet no adjuvant treat-
ment was offered at that time.

Regular surveillance ensued, with no signs of recurrence
observed until March 2022, when a local recurrence was
noted on magnetic resonance imaging (MRI) of the left up-
per extremity. Surgical excision was performed again, but,
similarly to the first procedure, clear margins were not ob-
tained, and no adjuvant treatment was provided.

In December 2022, the patient presented with a second re-
currence (Fig. 1A). An MRI of the left hand revealed a nod-
ule measuring 21 x 18 x 45 mm, located on the dorsal as-
pect of the hand (Fig. 2A,B). This mass showed infiltration
into the adjacent muscle structures, extensor tendons, and
the overlying skin. It was also in contact with the head of
the third metacarpal, although no cortical bone disruption
was observed. Additionally, a subcutaneous nodule with a
diameter of 6 mm was identified at the level of the head of
the fourth metacarpal. A contrast-enhanced total body com-
puted tomography (CT) scan revealed a 5-mm lesion in the
lower lobe of the left lung. To further assess staging, an
18F-Fluorodeoxyglucose (FDG) positron emission tomog-
raphy (PET) scan was performed, which showed increased
fluorodeoxyglucose uptake in the dorsum of the left hand,
while the lesion in the left lung exhibited no pathological
uptake.

Given the persistent recurrence, amputation was initially
recommended; however, the patient strongly declined this
option, due to its significant impact on her quality of life
and autonomy. Consequently, a wide resection surgery was
performed (Fig. 1B). The pathology report confirmed the
presence of multiple lesions with high mitotic activity, ev-
idence of lymphovascular invasion, and neoplastic infiltra-
tion of the skin, consistent with recurrent leiomyosarcoma.
No clear margins were obtained.

At the time of admission, the patient reported only mild
pain. A dermo-epidermal graft was necessary for wound
closure following surgery (Fig. 1C,D). The Musculoskele-
tal Tumor Society Score (MSTS) was 35/35. Following de-
tailed discussion with the patient, salvage radiotherapy was
initiated.

Radiotherapy Treatment Details

In February 2023, radiotherapy was administered using a
Novalis TrueBeam STx® system (Palo Alto, Santa Clara,
CA, USA), equipped with immobilization and verification
systems typically employed in stereotactic treatments, to
ensure precise and reproducible patient positioning. The
patient was positioned prone, with the left arm in slight
abduction above the head (Fig. 1E). Although this posture
was not the most comfortable, it facilitated consistent re-
producibility of the setup. The arm was immobilized us-
ing a radio-transparent polyethylene support, with the left
forearm and hand placed inside and secured by a stereotac-
tic mask within the frameless extension of the ExacTrac™
system, resembling a stereotactic brain treatment setup as in
[10]. A thin metal wire was placed on the scar to enhance
radiological visualization.

A simulation CT scan with a slice thickness of 1.5 mm was
obtained and merged with pre- and post-surgical MRI scans
(Fig. 2A,B) to accurately delineate the gross tumor volume
(GTV), representing the residual R2 (macroscopic resid-
ual tumor) disease. The GTV was expanded by 4 cm in
the cranio-caudal direction and 1.5 c¢m radially, following
American Society for Radiation Oncology (ASTRO) guide-
lines [11], to define the clinical target volume (CTV), ensur-
ing coverage of the entire operative bed and any potential
subclinical disease spread. The CTV was then refined with
the assistance of a radiologist specializing in hand anatomy,
reducing it over the unaffected bones (radius and ulna) and
ensuring it did not extend beyond the palmar aponeurosis,
which acts as a barrier to tumor spread [12]. The CTV was
symmetrically expanded by 5 mm to form the planning tar-
get volume (PTV).

Despite the superficial location, electrons were not con-
sidered due to the complex, non-uniform shape of the tar-
get, including curved sections, and the varying thicknesses,
which could have compromised dose distribution and led to
deviations from the intended plan. For this reason, we chose
6 megavolt photons delivered via volumetric modulated arc
therapy (VMAT).
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Fig. 1. Management of the recurrent hand sarcoma. (A) Local recurrence on the dorsum of the hand. (B) Operative bed after
tumor removal. (C,D) Skin graft placement. (E) The hand on the day of computed tomography (CT) simulation, six weeks after graft
positioning. (F) First follow-up in September 2023. (G) Appearance of graft necrosis with pus discharge and surrounding erythema. (H)

Partial wound healing.

The total dose delivered was 50 Gy in 25 fractions
to the surgical bed with wide margins, followed by a
boost of 72 Gy in 36 fractions to the residual R2 dis-
ease. The prescribed dose covered 95% of the tar-
get volume in both the surgical bed and boost phases
(Fig. 2D,E). Three coplanar VMAT arcs (clockwise (CW)
181.0°/179.0°-counterclockwise (CWW) 179.0°/181.0°-
CW 181.0°/179.0°) were used to irradiate the extended
CTV, while two coplanar arcs were employed for the boost
plan (181.0°/179.0° CW-179.0°/181.0° CCW). The maxi-
mum point dose was 110% for both plans.

To minimize the risk of target miss and correct any pitch,
yaw, and roll deviations due to potential hand motion, treat-
ment was delivered with both ExacTrac and cone beam CT
guidance. Daily treatment verification included two pairs of
orthogonal Kilovolt (KV) X-ray images: the first to identify
and correct any setup discrepancies, and the second to con-
firm that the corrections were successfully implemented.
After adjustments with ExacTrac, a cone beam CT was per-
formed to confirm the target remained within the designated
treatment volumes (Fig. 3A,B).

Radiotherapy was initiated six weeks after skin graft im-
plantation to ensure optimal vascularization and healing of
the graft. At the conclusion of radiation therapy, only grade
2 erythema was observed.
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Follow-Up

In September 2023, the patient returned for a follow-up
visit. MRI of the left upper limb revealed regression of the
residual disease amidst radiation sequelae (Fig. 2C), while a
contrast-enhanced total body CT scan showed progression
of the nodule in the inferior lobe of the left lung (5 mmto 11
mm) and the appearance of a new lesion in the lower lobe of
the right lung, measuring 5.5 mm, with increased 18F-FDG
PET uptake suggestive of metastases (Fig. 4).

On physical examination, no signs of radiation-induced
damage were observed, and the MSTS score remained
35/35. The patient reported no pain (Fig. 1F). Consider-
ing the metastatic disease, she was referred to the oncology
department for initiation of chemotherapy.

In February 2024, the patient presented with necrosis of
the skin graft, accompanied by erythema and pus discharge
(Fig. 1G). Functional impairment was evident, with an
MSTS score of 18/35 (poor). The patient reported mod-
erate pain and was referred back to the original surgeon for
further evaluation.

Bacterial cultures identified Staphylococcus aureus and
Klebsiella species. Oral antibiotic therapy was initiated,
along with gentle warming applied several times daily to en-
hance perfusion. This was followed by debridement to re-
move devitalized tissue. Since then, the patient has contin-
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Fig. 2. Comprehensive multimodal imaging and dosimetric evaluation. (A,B) Pre- and post-surgical magnetic resonance imaging

(MRI). (C) MRI six months after the completion of radiotherapy showed no signs of recurrence. (D) Isodose levels of the treatment plan,

with each color representing a different isodose: green corresponds to 32 Gy, light green to 38.40 Gy, light yellow to 44.80 Gy, orange
to 51.20 Gy, brown to 57.50 Gy, and blue to 68.40 Gy. The 68.40 Gy isodose, corresponding to 95% of the prescribed dose for the boost,
is shown. The gross tumor volume (GTV) is depicted in pink, while the plantar skin is shown in yellow. (E) Digitally reconstructed

radiography (DRR), with the plantar skin outlined in yellow and the target surface in red.

ued with local wound care, demonstrating clinical improve-
ment, though complete healing has not yet been achieved.
As of now, she has regained greater mobility in her hand,
with an MSTS score of 24/35 (fair), reports minimal pain,
and continues gemcitabine-based chemotherapy (Fig. 1H).
Fig. 5 provides an overview of the patient’s treatment time-
line.

Database Search Strategy for a Narrative
Literature Review

A comprehensive literature search was conducted using
PubMed and Scopus, covering publications from the incep-
tion of these electronic databases up to November 2024, to
identify studies on the use of radiotherapy in patients with
sarcoma of the hand. The search utilized the following En-
glish terms: “sarcoma of the hand,” “hand sarcoma,” “soft
tissue sarcoma of the hand,” “wrist,” “radiotherapy,” and
“radiation therapy”.

Due to the rarity of this clinical scenario, both case reports
and case series were included. Exclusion criteria comprised
non-English studies, patients aged <18 years, and cases
where hand-specific outcome data could not be extracted
due to mixed cohorts, such as those involving tumors in
other anatomical regions or where the use of radiotherapy
could not be distinguished from that of surgery alone.
Table 1 (Ref. [5,9,13—19]) summarizes the nine reviewed
studies, with our case included in the final row.

Discussion

Adult soft tissue sarcoma (a-STS) of the hand is a rare
but challenging malignancy, primarily due to the functional
impairment that may result from surgical and/or radiation
treatments [20].

STS comprises various histological subtypes, with epithe-
lioid sarcoma and synovial sarcoma being the most com-
mon in adults. In contrast, Ewing’s sarcoma and rhab-
domyosarcoma predominate in children but may also occur
in adults [21-23]. Leiomyosarcoma, as diagnosed in our
patient, is typically found in the pelvis and visceral organs,
with less frequent involvement of the extremities [21].

Clinically, a-STS of the hand often presents as a slowly
growing, painless mass [24]. This indolent course fre-
quently leads to misdiagnosis as a benign condition, delay-
ing appropriate treatment [25]. Patel et al. [13] reported
a case initially misdiagnosed as carpal tunnel syndrome,
while our patient was incorrectly treated under the assump-
tion of a benign cyst, resulting in inadequate initial manage-
ment.

Once diagnosed, radical surgery remains the cornerstone
of treatment. Clear surgical margins are essential for opti-
mal oncologic outcomes, as positive margins increase the
risk of local recurrence and worsen prognosis [2]. His-
torically, amputation was often required due to the chal-
lenge of achieving adequate margins in an area where unin-
volved, non-functional tissue is inherently limited and fur-
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Fig. 3. Verification of treatment setup using cone-beam CT and ExacTrac imaging systems. (A) Treatment setup verification using

cone-beam CT. (B) Treatment setup verification using ExacTrac.

ther constrained by critical structures requiring preservation
[2]. However, wide resection—when feasible—offers high
local control rates, while amputation does not provide su-
perior oncological outcomes and may be reserved for recur-
rences [26].

Even non-demolitive surgery carries risks such as graft
necrosis and infection [27]. Thus, specialized high-
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volume centers are recommended to optimize management,
as evidenced by the inadequate initial treatment in our
case. In high-risk scenarios, adjuvant radiotherapy and/or
chemotherapy are considered [28]. While chemotherapy re-
mains controversial, it is generally recommended for high-
grade tumors, select histologies, or tumors >5 cm [29].
Importantly, chemotherapy does not impair reconstructive
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Fig. 4. Multimodal imaging assessment with 18F-Fluorodeoxyglucose (FDG) positron emission tomography (PET) and CT. (A)
18F-FDG-PET scan showing no increased FDG uptake in the lesion located in the lower lobe of the left lung, as indicated by the red
arrow. (B,C) Progressive lung disease detected on total body CT scan. The red arrows indicate the progression of the pulmonary nodule
in the left lung lobe, as well as the appearance of new pulmonary nodules.

2019
Diagnosis

March 2022

First recurrence

December 2022
Second recurrence

February 2023
Radiotherapy

February 2024
Skin-graft necrosis

January 2025

Partial wound healing

Chemotherapy Treatment

Fig. 5. Timeline of the patient’s clinical events. A chronological graphical representation of the key steps from diagnosis to last

follow-up.

surgery or compromise hand functionality, even when ad-
ministered neoadjuvantly [30].

Radiotherapy is increasingly utilized for extremity sarco-
mas, both in the neoadjuvant and adjuvant settings. Al-
though effective for local control, its long-term tolerabil-
ity remains uncertain. In our case, radiotherapy, despite
its reported safety [31], led to severe late toxicity in the
form of skin graft necrosis. Distinguishing between surgi-
cal and radiotherapy-induced side effects can be challeng-
ing, as both can contribute to complications [27].

Patel et al. [13] reported excellent functional outcomes in
two patients treated with adjuvant radiotherapy (36 Gy over
3 weeks and 60 Gy over 6 weeks), with no recurrence at
72 and 48 months, respectively. Similarly, Li ef al. [15]
documented favorable outcomes in a 21-year-old patient
receiving 45 Gy in 25 fractions, with no lymphedema at
24 months. Anakwenze et al. [18] also noted no signifi-
cant toxicity in two patients treated with concurrent radio-
chemotherapy. Presumably, the higher dose required in our
case contributed to the observed side effects. Kepka et al.

[32] proposed a 68 Gy threshold to mitigate severe toxicity,
which we slightly exceeded (72 Gy) based on our institu-
tional experience and the presence of macroscopic residual
disease [33,34].

Notably, our patient had type 2 diabetes mellitus (DM2),
which increases susceptibility to radiation-induced compli-
cations. Chronic hyperglycemia damages the endothelium,
predisposing tissues to necrosis, while DM2-associated
immunosuppression—particularly reduced natural killer
cell activity—impairs infection control and wound healing
[35,36]. Thus, special consideration should be given to di-
abetic patients undergoing radiotherapy. Nevertheless, the
presence of a skin graft alone does not increase complica-
tion risk, as demonstrated by Lal ef al. [37], who found
irradiation of skin grafts to be safe.

Reports of severe radiotherapy-associated complications
exist. Bray et al. [38] described a 72-year-old patient from a
series of 26 who developed a pathological fracture one year
post-radiotherapy, with an MSTS score of 13 and a Toronto
Extremity Salvage Score (TESS) of 75. In the same study,
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Table 1. Summary of treatments listed in chronological order.

N° of . . Follow-up R
Authors/years Type of paper Sex Age  Tumor histology Tumor location Treatment LC/DFS/OS Functional outcomes
patients (months)
Patel et al Case series 2 F 20 Epithelioid Between the thenar and S (Marginal excision) 72 LC: Free of relapse She could type a
(1986) [13] sarcoma hypothenar eminences at +R+C DEFS: 1 month minimum of 100 words.
the level of the carpal OS: alive Wrist motion ranged from
tunnel 30° of extension to 60° of
flexion. She was unable to
abduct and rotate the first
metacarpal, but
demonstrated excellent
side pinch between the
pulp of the thumb and the
side of the fingers
70 Epithelioid At the base of the small S+R 48 LC: Free of relapse He had functionally good
sarcoma and ring fingers DFS: 24 months pulp and key pinch
OS: alive between the thumb and
the index finger
Euler et al. Case report 22 Ewing’s sarcoma Proximal phalanx of the R+ C + S (surgical 24 LC: Free of relapse NR
(1990) [14] right long finger incision) DFS: Free of disease
OS: alive
Li et al. (1993) Case report 21 Rhabdomyosarcoma Dorsal aspect of the right S (surgical incision) + 24 LC: Free of relapse No functional impairment
[15] hand between the thumb R+C DFS: Free of disease or lymphedema
and index finger OS: alive
Troum and Case report 28 Alveolar soft part Between the second and R+ C + S (resection 24 LC: Free of relapse NR
Floyd (1993) sarcoma third metacarpals, with of the second and DFS: 13 months
[16] involvement of the second third rays) OS: alive
metacarpal
Ozaki (1995) et Case report 20 Ewing’s sarcoma Long finger of the right R+ C+ S (wide 20 LC: Free of relapse NR

al. [17]

hand

excision) + a-R

DFS: Free of disease
OS: alive

[P 12 “MU149 ] DONJUDIL)



Table 1. Continued.

106

Authors/years Type of paper N(j of Sex Age  Tumor histology Tumor location Treatment Follow-up LC/DFS/OS Functional outcomes
patients (months)
Anakwenze et Case series 20 Ewing’s sarcoma Subcutaneous tissue S (wide excision) 44 LC: Free of relapse The patient is well
al. (2009) [18] adjacent to the index +R+C DFS: Free of disease
finger metacarpal OS: alive
18 Ewing’s sarcoma Ring finger-metacarpal S (wide excision) 78 LC: Free of relapse The patient is well
bone +R+C DFS: Free of disease
OS: alive
Puhaindran ez Case report 21 Synovial sarcoma  Dorsal distal aspect of the S (wide excision) 90 LC: Local recurrence (amputation) NR
al. (2014) [9] index metacarpal +R+C DFS: Free of disease
OS: dead
Persitz et al. Case report 36 Undifferentiated Right hand thenar S (wide excision) 48 LC: Free of relapse NR
(2021) [19] malignant eminence +R DFS: Free of disease
epithelioid and OS: alive
spindle cell
neoplasm
Serinelli et al. Case report 69 synovial sarcoma Dorsal ulnar-sided left S (wide excision) 65 LC: Free of relapse NR
(2021) [5] hand-wrist +R DEFS: Free of disease
OS: alive
Zagardo et al. Case report 81 Leiomyosarcoma Dorsal hand S (surgical 22 LC: Free of relapse Impaired hand movement

(2025)*

incision) + R

DFS: 7 months for a lung metastasis

OS: alive

due to graft necrosis.
MSTS score (poor)

STOT °L ‘96 “u1yD ‘1o “uup

*, Zagardo et al. (2025) refers to the case described in the present review. Abbreviations: S, surgery; R, radiotherapy; C, chemotherapy; M, Male; F, Female; LC, local control; DFS, disease-free survival; OS, overall

survival; MSTS, Musculoskeletal Tumor Society Score; NR, not reported.
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two other patients treated with neoadjuvant radiotherapy
had poor functional outcomes: a 75-year-old with an MSTS
score of 14 and a TESS score of 67, and a 60-year-old with
an MSTS score of 18 (TESS score unavailable). Radiation
dose details were not provided. Puhaindran et al. [9] docu-
mented a case of radiation-induced sarcoma nine years after
adjuvant radiotherapy for a synovial sarcoma. In the cohort
of Johnstone et al. [39], two patients developed fibrosis
and ankylosis after receiving radical radiotherapy at doses
of 60 Gy in 30 fractions and 50 Gy in 25 fractions, respec-
tively. Additionally, a 15-year-old developed telangiectasia
and mild contracture at rest. Schoenfeld et al. [6] reported
high complication rates, including fibrosis, telangiectasia,
reduced range of motion, and functional impairment of the
extremity, though it was unclear whether these were related
exclusively to hand sarcomas or also to foot sarcomas.
Radiation-induced sarcomas, though rare, are typically
high-grade and carry a poor prognosis [40,41]. Complica-
tion rates are higher with brachytherapy [8].

Despite advancements in radiotherapy techniques such as
VMAT, which enables more conformal dose delivery, and
improved verification systems like cone beam CT and Ex-
acTrac [10], side effects remain difficult to prevent, as
demonstrated by our case.

Of note, six of the nine reviewed studies did not report
functional outcomes or radiation-related toxicity. Specif-
ically, Euler et al. [14] reported the case of a 22-year-old
patient with Ewing’s sarcoma of the proximal phalanx of
the right long finger who underwent neoadjuvant chemora-
diotherapy followed by surgical resection, achieving ex-
cellent local control. However, the study did not provide
details on potential radiation-induced side effects. Sim-
ilarly, Troum and Floyd [16] presented data on the effi-
cacy of combined radio-chemotherapy followed by surgery,
but did not mention any radiation-related toxicities. Excel-
lent local control was also achieved in a 20-year-old patient
with Ewing’s sarcoma of the hand treated with combined
radio-chemotherapy and surgery, again without reference
to potential radiotherapy-related adverse effects [17]. Ad-
ditionally, Persitz et al. [19] and Serinelli ef al. [5] doc-
umented the efficacy of combination therapy in hand sar-
comas, demonstrating excellent local control in a 36-year-
old patient with undifferentiated sarcoma and a 69-year-old
patient with synovial sarcoma, respectively. Both under-
went surgical resection followed by radiotherapy, with no
reported radiation-induced side effects.

Our review suggests that radiotherapy effectively reduces
recurrence risk but is associated with significant morbid-
ity. Adverse effects appear to correlate primarily with dose
and technique (external beam vs. brachytherapy). How-
ever, given the limited available data and heterogeneity in
treatment regimens, establishing definitive associations re-
mains challenging. Even with modern planning and verifi-
cation systems, toxicity remains a concern.

To mitigate radiation-induced necrosis, prophylactic use of
pentoxifylline, tocopherols, and vitamin E has been pro-
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posed. These agents may reduce inflammation, enhance
blood flow, and limit oxidative damage [42,43]. Although
they show promise in preventing and treating radiation
necrosis, further studies are needed to confirm their effi-
cacy.

At 24 months post-radiotherapy, our patient exhibited no
signs of recurrence on 18F-FDG PET and MRI. Our litera-
ture review identified only one case of local recurrence re-
quiring amputation [8], supporting the efficacy of radiother-
apy in achieving local disease control in high-risk patients.
Regarding treatment-related side effects, early detection
and management of radiation-induced complications are
critical, highlighting the importance of long-term follow-
up. For high-grade sarcomas, we recommend imaging
follow-ups every three months for the first two to five
years, every six months for the subsequent two years, and
then annually [44]. Magnetic resonance should be the pri-
mary modality, as it allows prompt detection of recurrences
and radiotherapy-induced alterations, including fibrosis and
secondary malignancies.

Conclusions

Radiotherapy provides excellent local control in high-risk
soft tissue sarcomas of the hand, yet its side effects, such
as graft necrosis, pose significant challenges. Despite ad-
vancements like VMAT and improved verification systems,
these complications remain unavoidable in some cases. Op-
timizing surgical techniques to achieve adequate oncologi-
cal margins could reduce the need for radiotherapy, thereby
minimizing treatment-related morbidity while maintaining
disease control.

Nevertheless, radiotherapy remains essential for cases with
macroscopic residual disease or other adverse features. Its
contribution to side effects is often intertwined with sur-
gical intervention, making causality difficult to establish.
When radiotherapy is indicated, attention must be given
to late sequelac—fractures, fibrosis, and radiation-induced
sarcomas—that can severely impact quality of life. Long-
term follow-up is crucial for early detection and manage-
ment of these complications.

In conclusion, while radiotherapy ensures high local control
rates, its side effects necessitate meticulous patient manage-
ment. Enhancing surgical practices to minimize non-clear
margins—and thus the need for adjuvant radiotherapy—
could help preserve functional outcomes and overall patient
well-being.
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