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Abstract

Radiation-associated sarcomas are rare and aggressive types of sarcomas that can occur after exposure to ionizing
radiation. We examine a case of radiation-associated undifferentiated/unclassified soft-tissue sarcoma with primary
disease in the chest wall. The optimal treatment of these patients is surgical resection if possible; however, the role of
chemotherapy has not been well defined. The patient described herein had a central tumor in the chest wall. Since many
of these patients have borderline resectable tumors, the use of neoadjuvant chemotherapy may be helpful to downstage
the tumors for possible surgical resection. In this case, doxorubicin plus ifosfamide chemotherapy was employed with a
favorable therapeutic effect prior to being resected. To our knowledge this is the first report of greater than 90% necrosis
in a patient with radiation-associated undifferentiated/unclassified soft-tissue sarcoma treated with chemotherapy for a
borderline resectable mass.
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Introduction extremity. In matched cohort studies, RAS has a worse out-
come than primary soft-tissue sarcomas (STS) in terms of
S-year disease-specific survival (44% vs 66%). In addition,
central location, achievement of incomplete surgical resec-
tion, and lessened use of RT were associated with poorer out-
comes in RAS.# Since complete surgical resection and central
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Figure |. CT chest with contrast, pre-chemotherapy. (a) Superior aortic arch. (b) Carina.
CT chest with contrast at the level of the superior aortic arch (a) and carina (b) prior to treatment demonstrates a large soft tissue mass (asterisk)
within the left anterior hemithorax. There is invasion of the mass into the left upper lobe and the superior chest wall (arrows).

location are characteristic of RAS, neoadjuvant chemother-
apy with the goal of stabilizing tumor growth and metastasis
is an important adjunct to therapy. We report the results and
outcome of a patient who presented to our institution with a
borderline resectable radiation-associated undifferentiated/
unclassified soft-tissue sarcoma (RA-USTS).

Case description

A 58-year-old male diagnosed with Hodgkin’s discase
30years ago received mantle field and para-aortic radiation
without chemotherapy. A computed tomography (CT) scan
done in August 2015 showed no evidence of disease. In Jan
2017, he presented with left shoulder pain which did not
respond to medications and physical therapy. CT showed a
large left upper lobe necrotic soft tissue mass protruding
through the chest wall between the first and the second ribs
with underlying expansion of the left first rib and extension
into the pectoral space and neck (Figure 1). The chest wall/
lung mass was biopsied via core needle in June and showed
spindle cells that immunohistochemically (IHC) stained
negative for AE1/AE3, S100, desmin, smooth muscle actin,
and CAM 5.2. It was classified as undifferentiated spindle
cell sarcoma of at least intermediate grade according to
FNCLCC (Figure 2). Neoadjuvant therapy consisting of
AIM: adriamycin 75mg/m? and ifosfamide 7500mg/m?
with mesna was started. He received two cycles of AIM in
July with side effects of anemia requiring transfusion and
neutropenia. CT scan in August showed minimal decrease
in the size of the tumor (Figure 3). After recovery from his
side effects, he was given one dose of liposomal doxoru-
bicin 30 mg/m? with plan for surgical resection. He tolerated
the liposomal doxorubicin well and on 21 September 2017,
he underwent uncomplicated left chest wall resection, left
upper lobectomy, and chest wall reconstruction with prolene
mesh. He was discharged in good condition without compli-
cations. The completely resected specimen showed negative

Figure 2. Undifferentiated spindle cell sarcoma. HE stained
section; 200 X.

Pathology: on the pretreatment needle core biopsy the tumor was
composed of spindle cells with a mitotic count of 3/10 HPF. No necrosis
was seen on the limited core needle biopsy. IHC stains performed
showed the tumor cells to be negative for AEI/AE3, S100, desmin,
smooth muscle actin, and CAM 5.2. Given the appearance and the IHC
profile, the tumor was best classified as an undifferentiated spindle cell
sarcoma, at least intermediate grade based on the FNCLCC grading
system.

margins and 95% necrosis within the remaining tumor
measuring 9 X7 X 4cm? (Figure 4). He reported feeling
well until he was admitted on 19 October 2017 for shortness
of breath and diagnosed with an ST Elevation Myocardial
Infarction which required three drug-cluting stents and a
pericardial window for a large effusion. He subsequently
underwent cardiac arrest on 29 October 2017 and was on
ECMO until he was decannulated on 1 November 2017. He
then had a pacemaker placed on 2 November 2017. CT
chest on 10 November 2017 showed no evidence of disease.
His chest wall mesh from the surgery became infected with
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Figure 3. CT chest with contrast, post two cycles of AIM. (a) Superior aortic arch. (b) Carina.

CT chest with contrast at the level of the superior aortic arch (a) and carina (b) following two cycles of AIM again demonstrates a soft tissue mass
(asterisk) within the left anterior hemithorax. The mass is not significantly changed in size, but there is relative decreased enhancement reflecting
treatment-related necrosis, as well as decreased invasion into the superior chest wall. There has been interval development of a small posteriorly

loculated pleural effusion (arrowhead).

Figure 4. Area of fibrosis with no viable sarcoma seen HE
stained section; 100X.

Pathology: on the post treatment, resection specimen there was marked
therapy effect with approximately 95% fibrosis and necrosis with very
few areas of residual tumor cells.

MDR Pseudomonas which required a mesh explantation
on 13 November 2017. Despite maximum ICU care with
mechanical ventilation and vasopressors, the patient passed
away several months later.

Discussion

Ionizing radiation has been known to be associated with
secondary cancers since the early 1800s with RAS first
being reported early in the 20th century.’ Diagnostic crite-
ria for RAS described by Cahan et al.¢ in 1948 included: (1)
the development of sarcoma within a radiation field, (2) an
asymptomatic interval from the end of radiation to the
development of the second malignancy, and (3) the histo-
logic confirmation of a diagnosis of sarcoma from biopsies

of the lesion. Currently, RAS account for 3%—5% of all sar-
comas and the most common subtype is RA-USTS.*
Radiation risk for all sarcomas is evident at a dose above
5 Gy with a 10.7-fold increase at doses of 60 Gy or higher.”
Since RAS are most often high-grade, 5-year survival rates
range from 17% to 58% for RAS compared with a much
higher 54% to 76% for de novo sarcomas.* The current case
illustrates the challenges that can be encountered in treating
such patients.

Standard of care for RA-USTS involves surgical resec-
tion with attempt for clear margins. The benefit of chemo-
therapy is not clear in these patients, but since many patients
have borderline resectable tumors and are at high risk for
distant metastases, neoadjuvant systemic therapy may play
a role in overall management. Although the response to
chemotherapy for RAS is not well known, some authors
argue that neoadjuvant systemic therapy for RAS should be
dictated by the risk of distant metastasis, especially for sar-
comas that are high grade and greater than 5cm in size.’
Standard systemic therapy with anthracycline-based chemo-
therapy is often used alone or in combination for high-grade
sarcomas.’ Standard dose doxorubicin plus intermediate
dose ifosfamide was used in this case, but was changed to a
more tolerable low-dose liposomal doxorubicin 30 mg/m?
due to symptomatic arrhythmias from underlying coronary
artery disease (CAD). Although there is no demonstrated
benefit for use of liposomal doxorubicin in the neoadjuvant
setting for sarcoma, there is demonstrated efficacy for the
advanced metastatic setting with better tolerability. 011

In the present case, our patient was able to receive a lim-
ited number of cycles of chemotherapy prior to undergoing
a complete margin negative resection. Our original plan was
to give a total of 5 cycles; however our patient passed away
from known CAD, which also is a well-documented risk of
RT.!2 His cardiac morbidity obviated any protracted use of
doxorubicin, but other patients may benefit from additional
cycles. This patient was found to have 95% necrosis of his
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tumor. The significance of a high percent necrosis has been
suggested to be a good prognosticator for survival, but over-
all the data are still controversial.® Of note, CT imaging did
not show a significant reduction in size, but this is not unu-
sual in STS as other changes demonstrating therapeutic
effect have been described? (Figure 3). An effective regi-
men with a goal of downstaging tumors with neoadjuvant
treatment so that surgical resection may be possible, is a
reasonable option for those who can tolerate the chemother-
apy and with good functional status (ECOG < 2).

The molecular pathogenesis and development of RAS is
poorly understood. Earlier studies have implicated DNA
aberrations in p53 and Retinoblastoma (Rb) genes.'# Other
research has suggested that radiation-associated carcinogen-
esis may also be related to the tumor microenviroment as
bystander cells often demonstrate chromosomal instability.?
There has also been a suggestion that RAS are less respon-
sive to chemotherapy than de novo STS. Rumenapp et al.!?
looked at radiation-associated osteosarcomas and found
these tumors respond poorly to chemotherapy and are asso-
ciated with genome-wide loss of heterozygosity. This rela-
tive chemoresistance has also been reported by others.!®
Although the response of our current patient could represent
a selection bias, we believe that future patients that present
with RAS should not be excluded from doxorubicin plus
ifosfamide if they can tolerate it. Thus, given the heteroge-
neity of molecular findings in RAS patients and the dearth
of literature on chemotherapy responses, further study is
needed to identify patients who might respond to standard
chemotherapy.

Conclusion

RAS and cardiac disease are unfortunate long-term con-
sequences for many patients who have undergone RT.
This has led to treatments aimed at reducing the use of RT
without loss of efficacy; such as in patients with
Hodgkin’s lymphoma or breast cancer.!” There is limited
data on the effectiveness of systemic treatment in RAS.
Since the incidence of RAS will continue to rise, espe-
cially with improved therapies and supportive care, man-
agement guidelines will be important in managing this
unique set of patients who may also suffer from the mor-
bidity of cardiac disease. This is the first reported case to
our knowledge of a greater than 90% necrosis in a patient
with RA-USTS.
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