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Abstract

Radiation-induced soft-tissue sarcoma (STS) is a rare but serious long-term complication following radia-
tion therapy. Management of these aggressive malignancies includes surgical resection with wide margins,
as margin status has been consistently correlated with outcomes. Given the proximity to critical structures
contained within the thoracic cavity, adequate margins are often difficult to achieve. Neoadjuvant thera-

py has become important to improve the probability of local control following surgical resection in locally
advanced cases. Current clinical practice guidelines for STS recommend neoadjuvant therapy with radiation
therapy, chemotherapy, or combination chemoradiation. While some studies have evaluated regional hyper-
thermia with chemotherapy or radiation, data regarding the efficacy of neoadjuvant thermochemoradiation
are sparse. Specifically, treatment of chest wall STS with this multimodality regimen is not well documented.
Here we present a patient who developed a 14-cm undifferentiated pleomorphic sarcoma of the chest wall
10 years after MammoSite (Cytyc/Hologic) accelerated partial breast radiation. Due to the locally advanced
nature of the primary tumor, neoadjuvant thermochemoradiation was delivered followed by an extensive
chest wall resection with reconstruction.
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Background

Breast-conserving therapy is a
well-established treatment paradigm
for early stage breast cancer, and
accelerated partial breast irradiation
(APBI) following lumpectomy has

become a standard of care for many
women.>? MammoSite was the first
FDA-approved device to deliver APBI,
but due to the initial single lumen
design, dose distribution could not
be well optimized to limit chest wall
and skin dose.®In a retrospective
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review, patients with a higher median
chest wall dose were found to have a
significantly higher risk of chest wall
and rib pain following high dose rate
brachytherapy, and newer multicath-
eter devices have been developed to
permit improved dose optimization.*
A late but serious complication of any
radiation therapy includes the risk of
secondary malignancy, a stochastic
effect with a probability that is pro-
portional to dose.>® The incidence of
radiation-induced sarcoma following
breast radiation therapy is approxi-
mately 0.32% at 15 years compared
with 0.23% in breast cancer patients
not treated with radiation (P =

0.001).” Radiation-induced sarcomas
are associated with poorer clinical
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Figure 1. MammoSite

plan for treatment of
T1bNOMO invasive ductal
carcinoma 10 years prior to
presentation.
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outcomes when compared with
sporadic cases, and local control can
be challenging for locally advanced
cases.®In one case-control series,
the 5-year survival of patients with
radiation-induced sarcoma was 32%,
compared with 51% for sporadic
sarcomas (P < 0.001).°

Management of radiation-induced
soft-tissue sarcoma (STS) largely de-
pends on surgical resectability, with
neoadjuvant chemotherapy and/or
radiation therapy utilized to decrease
the risk of local recurrence follow-
ing surgery. For unresectable cases,
definitive radiation therapy with or
without chemotherapy can be used.?
Hyperthermia is a known sensitizer
that provides a synergistic effect
when used in conjunction with radi-
ation and chemotherapy. In this case
study, we present a patient with a 14-
cm radiation-induced undifferentiat-
ed pleomorphic sarcoma of the chest
wall that was successfully resected
following neoadjuvant thermochem-
oradiation with excellent outcomes.
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Case Summary

This is a case of a 66-year-old
woman who presented with a
1-year history of burning left upper
quadrant abdominal and chest
discomfort. Past medical history was
significant for a TIbNOMO invasive
ductal carcinoma of the left breast,
grade 1, ER 90%, PR 80%, and HER-2/
neu negative 10 years prior. The
patient was treated with standard
breast-conserving therapy with
partial mastectomy and sentinel
lymph node biopsy followed by APBI
and 5 years of anastrazole. APBI was
delivered using the single lumen
MammoSite applicator with iridium
192 high dose rate brachytherapy of
34 Gy in 10 fractions delivered twice
per day over 5 consecutive days.
Due to the cavity size and location, a
portion of the chest wall was within
the 145% isodose line (Figure 1). The
patient underwent routine annual
mammogram screening for surveil-
lance after treatment.

Thermochemoradiation for Treatment of a Radiation-Related Sarcoma

Workup of the patient’s upper
abdominal/chest wall pain was
initially limited as it was attributed
to gastroesophageal reflux disease.
The patient then noticed palpable
changes at the site of prior lumpec-
tomy, which were initially attributed
to radiation fibrosis. On routine
screening mammogram, an 8-cm
mass of the left breast lower outer
aspect was noted, which had not
been seen on the mammogram from
16 months prior. Core needle biopsy
of the left breast mass demonstrated
a large cell malignant neoplasm,
with immunostains favoring undif-
ferentiated pleomorphic sarcoma,
although a sarcomatoid carcinoma
could not be excluded. MRI of the
bilateral breasts with and without
contrast demonstrated a 14 x 9 x
9-cm mass centered within the left
chest wall, with invasion through
the chest wall and suspected to be
involving the pleura, pericardium,
and left hemi-diaphragm (Figure
2). Positron emission tomography/
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Figure 2. Pretreatment
diagnostic MRI of breasts
with contrast. T1 postcontrast
spectral attenuated

inversion recovery (SPAIR)
sequence - axial view. Large
heterogeneously enhancing
mass with mixed vascular
kinetics.

Figure 3. Neoadjuvant radiation
therapy plan - axial view.
Yellow outline denotes gross
tumor volume (GTV). Blue
outline denotes planning target
volume (PTV). Red color wash
denotes area receiving 50 Gy,
while color wash to peripheral
teal represents 25 Gy.

CT (PET/CT) demonstrated the
known primary mass with maximum
standardized uptake value (SUV)

of 25.5 and an internal mammary
and prevascular lymph node with
maximum SUV uptake of 2.5. Due to
the architecture and low SUV uptake,
the lymph nodes were favored to be
reactive in nature. A follow-up MRI
of the brachial plexus demonstrated
no evidence of infiltration.
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After multidisciplinary evaluation,

we proceeded with neoadjuvant
thermochemoradiation to improve
likelihood of achieving local control
following an anticipated close mar-
gin resection. Neoadjuvant radiation
was planned to 50 Gy in 25 fractions
delivered once daily with a 1-cm
bolus applied to the chest wall for
the first 13 fractions. Treatment was
delivered with 3 coplanar volumet-
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ric-modulated arc therapy (VMAT)
10-MV arcs prescribed to the 97.3%
planning target volume (PTV) mean
(Figure 3). Active breathing control
was utilized for motion management,
and image guidance was provided
with daily cone-beam computed
tomography (CT) and surface-guid-
ed radiation therapy to monitor
intrafraction motion.! Superficial
hyperthermia was administered
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Figure 4. Axial slice of contrast-
enhanced computed tomography
(8 months postoperative)
demonstrating successfully
reconstructed chest wall. No
radiographic evidence of residual
disease was noted.
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with a 915-MHz microwave applica-
tor twice per week, separated by 72
hours, with the target temperature
of 40 degrees Celsius for 60 minutes
immediately prior to radiation. A
large 20 x 20-cm applicator was used.
Concurrent chemotherapy was ad-
ministered with weekly gemcitabine
at 500mg/m?. The patient tolerated
thermochemoradiation well with
toxicity limited to grade 1 radiation
dermatitis and fatigue.

Five weeks following completion
of thermochemoradiation, repeat CT
of the chest with IV contrast demon-
strated the known primary mass
without a significant change in size.
There was radiographic evidence
of radiation pneumonitis in the left
upper lung, for which the patient
was asymptomatic, and a small pleu-
ral effusion. The imaging findings
represented expected postradiation
changes and there was no defini-
tive evidence of distant metastatic
disease, so the decision was made to
proceed with surgical resection.

Seven weeks following the com-
pletion of neoadjuvant therapy, the
patient underwent surgical resection
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of the large chest wall mass. Due to
the locally advanced nature, resection
of the chest wall - portions of ribs 3
to 8 - and wedge resection of the lung
lingula were required. The postoper-
ative defect measured 18 cm and was
reconstructed with a 20 x-20 cm titani-
um mesh; a small residual defect was
covered with prolene mesh (Figure
4). The titanium mesh has been
increasingly used in our institution

to provide a more rigid mechanical
construct for large chest wall defects,
which allows for improved venti-
lation mechanics. After the chest
wall defect was closed, the plastic
surgery team performed multisite
reconstruction with latissimus dorsi
myocutaneous flap, pectoralis minor
muscle flap advancement, pectoralis
major muscle flap advancement, and
serratus muscle flap advancement.
Pathological analysis was remark-
able for ypT3 primary tumor with
70% necrosis, and final margins were
negative with the closest margin at
0.3 cm (mediastinum). The patient
tolerated the surgery well and was
discharged home on postoperative
day 5. There were no infectious,
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pulmonary, cardiac, or wound-heal-

ing complications. She underwent
routine surveillance with CT imaging
of the chest and physical examina-
tion every 3 months for the first 2
years and every 6 months to date.
The patient is now 3.5 years post
treatment, has resumed normal
activities and has no evidence of
disease. She was initially treated
with gabapentin for mild chest wall
pain, which was discontinued 1 year
postoperatively. Currently, there is
mild episodic nerve pain of the chest
wall that lasts seconds and does not
require any medical therapy.

Discussion

STS arising in a previously irradiat-
ed field often poses a therapeutic
challenge, but neoadjuvant therapy
can be critical in achieving an RO
resection for large tumors, providing
the highest likelihood of local con-
trol. This patient’s tumor was initially
deemed unresectable by multiple
practitioners due to its extensive size.
However, after detailed imaging,
critical structures were determined
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to be tumor free and, although it was
high-risk, a chest wall resection was
deemed possible. Neoadjuvant thera-
py was crucial as the resection would
be completed with limited margins
and it also provided an opportunity
to assess the biologic behavior of the
tumor. It is important to note that the
decision to proceed with aggressive
therapy was made only after exten-
sive discussion among the multidisci-
plinary tumor board. Sarcoma tumor
board discussions can be particularly
valuable, as comprehensive multi-
disciplinary treatment planning and
care has been shown to be associated
with improved 2-year, relapse-free
survival in sarcoma patients (46.6%
vs 51.7%, P < 0.001).1° Additionally,
treatment at higher volume centers
has been associated with improved
median survival (40 months vs 37
months, P=0.002), highlighting the
importance of multidisciplinary eval-
uation at tertiary care centers.

Gemcitabine was chosen as the
concurrent chemotherapy agent as it
is a well-known radiosensitizer, and
phase I data from high-risk extremity
and trunk STS demonstrated a major
pathologic response (> 90% necrosis)
in 47% of patients at a maximum
tolerated dose of 700 mg/m?. This
study reported 5-year overall survival
of 86%, but the maximum tolerated
dose was associated with 24% grade
4 toxicity.’® This study also did not
have many trunk STSs, so there was
additional concern for an increased
risk of radiation pneumonitis that
has been seen with gemcitabine and
high-dose thoracic radiation in non-
small cell lung cancer.'*!>To provide
the maximum benefit but limit risk
of complications, which could delay
or prevent surgery, gemcitabine was
ultimately given at 500 mg/m? week-
ly, which was well tolerated. Previous
literature suggests that gemcitabine
acts as a potent radiosensitizer even
at doses 1000 times lower than that
normally achieved in plasma.!®

Due to the partially superficial
nature of this chest wall tumor, the
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addition of moderate temperature
hyperthermia was used as a com-
plementary therapy. Hyperthermia
results in enhanced perfusion im-
proving oxygenation and, potentially,
the effectiveness of chemoradia-
tion.1720 Both hypoxia and radiation
are known to induce expression of
proteins, such as HIF-1a, which pre-
vent activation of signaling cascades
necessary to induce cellular apopto-
sis. Driving down expression of these
proteins via oxygenation is thought
to alleviate this blockade, increasing
overall apoptosis from radiation-in-
duced DNA damage.?’ In addition
to enhanced perfusion and oxygen-
ation, as intracellular temperature
rises, tertiary and quaternary protein
structure can be interrupted, re-
sulting in denaturation and subse-
quent loss of function. Cytoskeletal
elements, centrioles, and DNA repair
proteins have been shown to be
particularly sensitive to this form of
damage.? Interruption of DNA repair
mechanisms diminishes target cells’
ability to recover from both direct
and indirect radiation-induced DNA
damage.?” This concept has been
extended to DNA damage-based che-
motherapeutic agents.? Specifically,
hyperthermia has been shown to
decrease cells’ ability to recover from
gemcitabine-induced halted repli-
cation forks.?* Our institution has
a superficial microwave applicator
that has a typical penetration of 3 cm
and, although the entire tumor could
not be completely heated, we felt
that the possible benefit from heat-
ing the majority of the tumor with a
low risk of toxicity justified its use.
The extensive chest wall resection
that would be required to completely
remove the tumor was the driving fac-
tor that led most providers to believe
this tumor was not resectable. Any
defect larger than 5 cm and involv-
ing multiple ribs must be carefully
reconstructed to restore pulmonary
function, protect the intrathoracic
organs, and support soft-tissue recon-
struction for wound closure. In this
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case, the resulting chest wall defect
measured 18 cm and was reconstruct-
ed with titanium mesh and a complex
multisite flap closure. Titanium mesh
was chosen based on the biome-
chanical characteristics that create a
stable and rigid anatomical chest wall
contour while maintaining mechani-
cal ventilation.

While these modalities have been
studied in limited combination, the
efficacy of thermochemoradiation
prior to a large surgical resection
requiring extensive reconstruction
has not been well explored. In a
phase III randomized study, the
addition of regional hyperthermia
to neoadjuvant systemic therapy for
high-risk STS was shown to prolong
median disease-free survival by 15.9
months and subsequently improve
5- and 10-year overall survival by
11% and 10%, respectively.” Hyper-
thermia with neoadjuvant chemo-
radiation was also found to double
3-year overall survival for patients
with squamous cell carcinoma of
the esophagus, and also resulted in a
significantly higher rate of patho-
logic complete response (25% vs
5.9%, P < 0.05).% Hyperthermia can
be particularly helpful for patients
with unresectable disease, as the
thermal enhancement ratio can
result in a higher likelihood of local
control with definitive radiation. In
the meta-analysis of radiation with
hyperthermia for locally recurrent
breast cancer, the addition of hyper-
thermia increased the likelihood of
achieving a complete response by
229% without significant morbidity;
hyperthermia was also associated
with improved locoregional control
in approximately two-thirds of pa-
tients receiving reirradiation.”’ In a
more recent randomized control trial
in cervical cancer, thermochemora-
diation outperformed chemoradia-
tion alone with higher 5-year overall
survival rates (81.9% vs 72.3%, P <
0.05).28 This case provides evidence
that the successes seen with this
aggressive multimodality approach
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have potential to extend to STS of the
chest wall in patients with accept-
able comorbidities.

Conclusion

This case report demonstrates
the successful treatment of a patient
with locally advanced radiation-in-
duced chest wall sarcoma using
neoadjuvant thermochemoradiation,
surgical resection, and complex
reconstruction with a titanium mesh
implant and multisite flap closure.
The aggressive treatment approach
resulted in a microscopic complete
resection and the patient remains
disease free 3.5 years post treatment.
While radiation-induced sarcomas
present significant therapeutic
challenges, it is important that oth-
erwise fit patients without metastatic
disease receive multidisciplinary
evaluation at tertiary care centers,
because with aggressive multimo-
dality therapy they have potential for
long-term survival.
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