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The Controversial Late Effect of Shoulder Radiation Therapy in a Small
Case Series

Tito Brambullo', Francesca Zanon', Gloria Fanton', Giulia Trovarelli*’, Franco Bassetto', Vincenzo
Vindigni'
Learning Point of the Article:
This study aimed to explore the challenges associated with managing wound breakdown following radiotherapy.

Introduction: Radiodermatitis is a common complication experienced by patients undergoing radiation therapy. Its severity can vary from mild
erythema to more serious conditions, including desquamation, ulceration, and, in extreme cases, necrosis. In addition, it is widely acknowledged
that radiotherapy (RT) itself carries oncogenic risks, potentially causing cellular mutations that may lead to the development of neoplasms,
sometimes years after treatment. Diagnostic and staging tools such as magnetic resonance imaging, computed tomography, and positron
emission tomography scans are crucial in these cases, with biopsy serving as the definitive method for histological confirmation. However, large
excisions often required in these situations necessitate complex reconstructive procedures and are associated with a high risk of local
complications, includingwound dehiscence and infection.

Case Report: We present three cases of radiodermatitis that developed following radiation therapy to the shoulder. These cases highlight the
need to consider radiodermatitis as a differential diagnosis for skin changes occurring after RT, especially in patients with a history of cancer.
Conclusion: The misdiagnosis or delayed diagnosis of radiodermatitis can substantially increase patient morbidity. Greater awareness of this
potential complication underscores the importance of closely monitoring for skin-related issues in patientsreceiving RT.
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Introduction employed in the treatment of shoulder degenerative arthrosis

Presently, the gold standard curative therapy for soft tissue [2], which is particularly prevalent among hand workers and
sarcoma and advanced squamous cell carcinoma arising from the ~ carpenters. However, in recent years, there have been reports ofa
shoulder region entails tumor surgery with negative margins; 8rowing number of patients who have developed radiation-
however, the multimodal strategy of combining this approach induced skin cancer several years after being exposed to radiation
with perioperative radiotherapy (RT) has demonstrated a therapy [3]. While RT is an effective treatment modality, it also
reduction in the rate of local recurrence. Positive margins, tumor ~carries the risk of complications that have the potential to limit
size exceeding S cm, deep tumor locations, and high grades functional abilities and significantly impact on the overall quality
emerged as the most notable factors indicating potential benefits ©f life (QoL) for patients. Undergoing RT, they may experience
from radiation therapy, particularly in enhancing local control acute side effects, such as skin reactions and edema [4-6], as well
[1]. Previously, external radiation therapy was frequently 25 long-term effects such as fractures or fibrosis. Other
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Figure 1: (A and B) clinical aspect of the delto-humeral sulcus ulcer and planning for wide margins resection. (C) pre-

characterized by the
development of skin structural
changes that occur months
after radiation therapy [4, 6].
All the typical features of
healthy skin, such as elasticity,
pliability, and trophism, are
lost, with a progressive
substitution of the
subcutaneous tissue by dense
fibrous tissue. The skin
becomes pre-disposed to
breakdown and ulcer
formation due to permanent
ischemia of the subcutaneous
layer. Chronic fragility impacts
the envelope, which s prone to
rupture even for light injuries
that are normally well
tolerated, and the wound

operative magnetic resonance imaging. MRI T2 weighted scan of the left chest and shoulder. (D) wide resection healing process seems delayed
completed. (E and F) planning of the leftlatissimus dorsi muscular flap and set up after covering with meshed skin grafts. or not completely effective [4,

complications related to RT include various types of wound
issues such as infections, wound dehiscence, hematomas, and
seromas, as well as problems with blood vessels such as
insufficiency and nerve damage [7]. Approximately, 95% of
cancer patients undergoing radiation therapy will experience
some degree of radiodermatitis, characterized by symptoms
such as erythema, dry desquamation, and moist desquamation
[4, 6]. Chronic radiodermatitis frequently manifests several
months to years after the completion of radiation therapy and
can lead to the development of radiation-induced morphea,
which is often mistaken for other dermatological conditions or
recurrent malignancy due toits atypical appearance [4].

Chronic damage, or chronic radiation-induced fibrosis (RIF), is

8]. Sometimes, local pain and
discomfort persist in RIF patients, for whom definite treatment
is still to be found.

Furthermore, it is widely recognized that RT can have
oncogenic properties, causing cellular mutations and
potentially triggering the development of neoplasms even
several years after treatment [9, 10]. The cumulative risk of skin
cancer development within the radiation field appears to
increase with time. RT appears to be implicated in activating
suppressor genes and promoting oncogenes [11]. RT has been
proven to be associated with basal cell carcinoma, with an
estimated incidence of 2% [12], but there is less evidence for
squamous cell carcinoma (SCC) and melanoma [13].
However, cases of SCC arising from a body
area that underwent adjuvant RT are well
documented in the literature [14, 15, 16].
Thus, the pathogenesis of a chronic ulcer
arising from a radiation field after years of
RT administration may be extremely
difficult to determine clinically. This issue
may lead to incorrect therapies and
overtreatment.

Case Reports
Casel

Figure 2: (A and B) magnetic resonance imagingMRI scans of the right shoulder are reported, with Cor A, 8 3-year-old male patient came to our

T2-propeller sagittal view and T2-weighted coronal view, respectively.

attentionin December2017 due to chronic
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unresponsive to conservative therapy with
advanced dressings.

The patient was then subjected to surgical
excision en bloc of the entire left upper
hemithoracic region where the ulcerated lesion
was located, which was sent for histological
examination. The repair was carried out using a
pedunculated rotation flap of the latissimus dorsi
muscle and coverage of the flap with a dermo-
epidermal graft taken from the left trochanteric
region (Fig. 1).

Histological examination did not reveal neoplastic
residues, but only dermal alteration consistent
with radiodermatitis. The patient has completed

Figure 3: (A and B) the specimen was removed, and the wide resection was completed. (C-E) the scheduled follow-up and thereare currently no

planning, harvesting, and setting up the rightlatissimus muscular-cutaneous dorsi flap.

skin ulceration at the left deltopectoral sulcus developed
following RT. He had indeed undergone RT in 1999 after the
resection of a left subclavian myxofibrosarcoma, which later
recurred, leading to further surgery in 2004 involving the
removal of the pectoralis major muscle and partial resection of
the deltoid muscle. The patient had been treated with a total
dose of 5SS Gy of hypofractionated RT. The gadolinium-
enhanced magnetic resonance imaging (MRI) performed in
February 2018 described a solid nodular formation of 1.5 cm
compatible with enchondroma, which orthopedic colleagues
advised to monitor with radiographic follow-up. On physical
examination, a chronic ulcerated lesion within atrophic and
dyschromic skin involving the left upper hemithorax was noted,

Figure 4: (A) Latissimus dorsi flap failure showing full-thickness necrosis. (B) the wound
after negative pressure wound therapy with instillation therapy (NPWTi-d). (C and D)

planningandsetup of the free anterolateral thigh flap (ALT).

signs of tumor relapse. At present, the affected
shoulder exhibits mild stiffness; however, the
patient has not experienced significant impairment in daily
activities or pain, despite a limited abduction of the left upper
limb of approximately 100°. Currently, the patient undergoes
regular physical therapy, demonstrating gradual improvement
in range of motion. This progress indicates that the intervention
has facilitated a satisfactory QoL for the patient.

Case2

A 70-year-old male patient was admitted to our clinic in August
2023 for the appearance of multiple swellings in the right
shoulder following previous removal of a G1 myxoid
liposarcoma and then subjected to adjuvant RT in
2003. Furthermore, in this case, the total dose applied
was 55 Gy of hypofractionated RT. Physical
examination showed skin on the right shoulder with
signs of post-actinic dermatitis and several
inflammatory-like lesions interposed with non-
hyperemic skin. The clinical picture did not appear to
be of unequivocal interpretation. Imaging evaluation
through gadolinium-enhanced MRI of the right upper
extremity performed in April 2023 (Fig. 2) showed a
fluid-filled swelling under the right supraglenoid
subcutaneous tissue, subsequently subjected to
cytological examination with fine needle aspiration
and microbiological examination, both resulted
inconclusive. The patient underwent a demolition
excisional biopsy of the lesion in August 2023 (Fig. 3a
and b). The result of the histological examination
highlighted skin and subcutis alterations with no tumor
relapse. A first reconstructive surgery using a pedicled
latissimus dorsi flap was attempted in November 2023
(Fig. 3c-e). The apical portion of the flap underwent
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Figure 5: (A and B) clinical and RM pre-operatively imaging of the right
shoulder. (C and D) intraoperative views of the procedure. (E and F) the
early postoperative result after wound minor revision.

suffering and necrosis (Fig. 4a), consequently, demolition
surgery and application of negative pressure wound therapy
with instillation therapy (NPWTi-d) was performed in January
2024. A second microsurgical reconstructive procedure using
the anterolateral thigh flap was then performed in February
2024 (Fig. 4b-d). The healing process was uneventful, and the
patient is currently under clinical follow-up. Currently, the
patient has regained only a limited range of motion in the upper
limb due to frozen shoulder syndrome that developed following
the initial surgical intervention. The patient is currently
undergoing orthopedic and physiatrist evaluations to ascertain
whether surgical intervention through shock wave therapy,
arthroscopic capsular release, or non-invasive manipulation
under cervical nerve root block is necessary to enhance
mobility.

Case3

A 78-year-old male was admitted to our clinic in October
2013 for chronic radiodystrophy of both shoulders, which
developed after a cycle of RT for degenerative arthrosis that
took place 7 years prior. The patient received
hypofractionated RT with a total dose of 60 Gy. The patient
underwent fat grafting on the right shoulder in February
and August 2014, and a diagnostic incisional biopsy was
performed. The histological examination revealed dermal
fibrohyalinosis in the skin flap. The clinical picture was
more severe in the right shoulder, with repeated episodes of

dorsi myocutaneous flap and skin graft were performed (Fig.
Sa-f). The histological examination showed a picture consistent
with radiation damage. In the early post-operative period, a
minor surgical revision was required because of the wound's
partial breakdown. The patient’s left shoulder underwent two
fat grafting surgeries in October 201S and January 2017;
however, the clinical picture continued to deteriorate, leading to
the development of skin ulcers. In November 2017, a second
surgery was performed to excise the ulcerative lesions en bloc,
and the ipsilateral pedicled latissimus dorsi musculocutaneous
flap was harvested and transposed to the shoulder for definitive
repair (Fig. 6, b, ¢, d, ¢, f). Histological examination revealed
moderately differentiated squamous carcinoma infiltrating the
superficial dermis, which was associated with skin atrophy
compatible with radiodystrophy. After the past procedure, the
wound healing proceeded uneventfully. Regarding shoulder
mobility, the latest MRI revealed a complete tear of the rotator
cuff, with retraction of the supraspinatus tendon, and a partial
lesion of the subscapularis. These findings do not represent a
novel occurrence but had originated before the patient’s
presentation for evaluation. At this juncture, surgical
intervention is deemed unfeasible. This condition limits the
overallabduction of both upper extremities to <90°.

After a 3-month period, physical therapy was discontinued due
to the limited achievable outcomes. Notwithstanding these
limitations, the patient resides independently and is capable of
managing activities of daily living with some difficulties, albeit
without requiring external assistance.

Discussion

The skin changes resulting from radiation treatment can lead to
severe symptoms, including skin breakdown, itching, flushing,
permanent discoloration, sunburn-like rashes, and more,

skin ulceration. Therefore, in September 2015, an Figure 6: (A- C) clinical and RM imaging pictures of the left shoulder. (D-F)
excisional biopsy of the lesion and repair using a latissimus planningand harvesting oflatissimus dorsi flap with a skin paddle.
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depending on the radiation dose [4-6,17]. This issue is
concerning for both patients, who worry about its impact on
their QoL, and clinicians, who are concerned about the
potential for tumor recurrence or degeneration, particularly in
SCC[15,16,18].In case #1,the MRI performed pre-operatively
was reassuring about a local recurrence of the
myxofibrosarcoma, given its propensity to grow as a thick and
solid nodule or mass that was not noticeable in scans of the
cancer field. However, the atrophic ulcer of about 7 X 6 cm,
which emerged 18 years after the RT administration, posed a
concrete risk of skin cancer development. In this case, we
decided not to perform an incisional biopsy of the ulcer,
because even if it would have resulted in a non-tumor lesion, the
need for awide resection of all the dermatitis area was necessary
to warrant stable healing. The presence of supra liquid seroma
above the glenohumeral joint was previously recognized as a
side effect of post-radiant surgery but was never thought to be a
potential sign of local sarcoma relapse in case #2. Recently, the
appearance of the overlying skin underwent dramatic changes,
with the formation of several fistulas and irregularities in the
subcutaneous layer, suggesting the presence of a multinodular
mass[19].

Even though the pre-operative imaging did not reveal any
concrete sign of subcutaneous proliferation, the marked
alteration of the skin surface has led us to wide resection for
histologic examination. In this case, the reconstruction was
planned only after obtaining the pathology response. We
attempted the most effective and reliable surgery to close the
wound, but the flap failure complicated the healing process and
forced us to perform a much more demanding surgery, a
microsurgical reconstruction. In both instances, skin changes
were the main factors that led us to perform wide resection. In
case #3, the patient had to undergo surgery after attempting to
address the skin instability with a regenerative medicine
procedure through fat transfer, which is less aggressive than the
traditional excisional approach. However, despite this less
invasive approach, the patient’s shoulder skin developed
chronic ulcers, which necessitated surgery. It is noteworthy that
when the specimen from the shoulder that was most clinically
affected was examined, no evidence of cancer was found.
Conversely, the contralateral shoulder, which had been treated
later due to its less compromised condition, was found to have
developed SCC. This case highlights the limitations of physical
examination and even of the gold standard imaging techniques,
as they may not always be able to detect the early signs of cancer
orlocal recurrence with 100% accuracy, especially when there is
tumoral degeneration present.

Assuming that non-melanoma skin cancer represents the most
significant potential risk arising from this condition, and given

that such risk is unlikely to diminish over time, as suggested in
the literature, an examination of an affected large skin surface,
even when conducted with utmost thoroughness and precision
using advanced imaging and diagnostic tools [20], will
inevitably result in a higher rate of false-negative and false-
positive results. This inherent diagnostic challenge is further
complicated by the potential for multiple lesions to develop
simultaneously or in close succession, making comprehensive
monitoring even more challenging. Moreover, the dynamic
nature of skin changes over time, influenced by factors such as
aging, sun exposure, and hormonal fluctuations, can further
obscure the early signs of malignancy. Consequently, a
multifaceted approach combining regular screenings, patient
education on self-examination, and advanced technological
solutions may be necessary to mitigate the increased risk of
misdiagnosis.

Some may argue that a diagnostic incisional biopsy can resolve
any doubt about the nature of the problem, providing essential
information to decide the viable options for treatment.
However, histological tissue assessment has several limitations.
First, there is debate about exactly where the biopsy should be
taken within the irradiated area, suggesting that different
physicians may have varying opinions on the most appropriate
or effective spot to excise tissue samples. As a consequence of
inadequate tissue resection, pathologists can struggle to detect
isolated cells or limited masses of the tumor if the tissue is
collected from a hypertrophic scar or desquamated ulcer border
[3]. Second, performing multiple biopsies in patients with skin
fragility or capillary deficiency poses significant challenges and
risks. The compromised structural integrity of the skin, coupled
with inadequate blood supply, creates an environment in which
even minor interventions can lead to complications. In these
cases, the healing process is already impaired due to the
underlying conditions, making it difficult for the body to repair
and regenerate tissue effectively. Consequently, what might
typically be a small and easily manageable biopsy site can
potentially develop into an extensive wound. Finally, even if
cancer is not found, the risk of future degeneration remains [4],
which requires close follow-up. This persistent uncertainty can
significantly affect an individual’s mental health and overall
QoL. Ongoing worry and anxiety associated with a potential
cancer diagnosis can lead to stress, depression, and other
psychological challenges that severelyimpact the patient’s QoL.

Conclusion

The gold standard approach to sarcoma typically involves a
multidisciplinary strategy incorporating surgery, radiation
therapy, and chemotherapy, tailored to the individual patient’s
disease stage, tumor characteristics, and overall health status.
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However, RT could lead to various cutaneous complications,
including the development of radiodermatitis with skin rashes,
changes in skin color and texture, skin ulcerations, and
subsequent development of cutaneous carcinomas. Given the
evident challenge in distinguishing between the malignancy
and benign nature of such lesions, it is necessary to evaluate
each case individually and thoroughly inform the patient about
the pros and cons of surgical treatment, which in some cases
may require extensive resections and major procedures. The
comprehensive understanding of the potential complications
of RT underscores the importance of close monitoring and

proactive management of cutaneous issues in patients
undergoing this treatment modality.

Clinical Message

Aftertherapeutic or adjuvant RT, the shoulder may develop swelling,
skin ulceration, and radiation-induced cancer. In this scenario, a
wide excision is often required to achieve a diagnosis with functional
and stable healing. Therefore, a full comprehension of surgical
management may be crucial for supporting the best reconstructive
strategy.
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