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Introduction

Leiomyosarcoma is an uncommon malignant neoplasm that 
occurs in less than two per million people annually [1]. It is of 
smooth muscle origin that typically arises in somatic soft tis-
sues, the retroperitoneum, genitourinary tract, gastrointestinal 
tract, and large vessels, with some occurrence in bones, skin, 
and subcutis [2]. 20-67% of primary leiomyosarcomas occur 
in the retroperitoneum [3] with only liposarcomas being more 

common in this location [4]. Leiomyosarcoma usually metas-
tasizes via hematogenous spread most often to the lung, liver, 
and kidney [1,2,5] but rare metastasis to other sites including 
skin, scalp, subcutis, skeletal muscles, pancreas, stomach, small 
bowel, cardiac chambers, and submandibular salivary gland 
have been reported [2,6,15-17,7-14]. These typically occur late 
in the course of the disease, indicating a poor prognosis [1,2]. 
In addition to metastasis, local recurrence occurs as frequently 
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as 40-77% [4]. Compared to leiomyosarcomas at all sites, ret-
roperitoneal leiomyosarcomas have the worst prognosis, and 
approximately 80-87% of these patients die within 5 years [4]. 
Because of its typically late presentation, location deep within 
tissue, and characteristic insensitivity to chemotherapy or ra-
diotherapy, a complete cure following resection of the primary 
retroperitoneal leiomyosarcoma has been challenging [3,4]. 
Surgery and equivalent therapies remain the best means to 
control the disease. Ablation of primary or metastatic tumors 
offers a less invasive approach for resection. Various ablation 
modalities such as Radiofrequency Ablation (RFA), Microwave 
Ablation (MWA), and cryoablation have proven effective in pro-
viding local control in multiple cancer types [18-25] as brachy-
therapy [26,27]. Recent studies have supported the use of abla-
tion therapy as a means of extending overall survival [21,28-31].

In this case report, we describe the case of a patient who 
underwent neoadjuvant chemotherapy/radiation, resection of 
the primary tumor, subsequent metastasis, and first-line che-
motherapy. This standard of care was complemented by MWA, 
cryoablation, and brachytherapy for metastatic nodules. We 
report this case to highlight the use of these therapies to man-
age metastatic cancer, inform oncologists of these therapies as 
a complement to traditional treatment modalities, and increase 
the interest in these therapies to promote their consideration 
as an available management option for many types of cancer.

Case presentation

A 58-year-old male, who underwent orchiectomy for a 2 cm 
× 2 cm pure seminoma of the right testis and prophylactic para-
aortic and right iliac radiation (25 Gy administered over 14 days) 
25 years previously, presented with abdominal pain. Comput-
ed Tomography (CT), Magnetic Resonance Imaging (MRI), and 
Positron Emission Tomography (PET) (maximum SUV of 5.42) 
examinations revealed a 6.0 cm × 6.0 cm × 4.0 cm lobulated het-
erogeneous right pelvic retroperitoneal mass encasing the right 
external iliac artery and vein. Biopsy of the mass revealed histo-
logical features of a typical leiomyosarcoma with numerous mi-
toses (greater than 20/10 HPFs) and foci of necrosis, indicating 
a grade 3 (high-grade) tumor by the French grading system. The 
location of the tumor corresponded to the prior right iliac radia-
tion area, suggesting a radiation-associated origin, although it 
did not appear as an undifferentiated radiation-associated sar-
coma. The tumor appeared to arise from the vasculature, as it 
encased the right external iliac artery and vein. The patient un-
derwent neoadjuvant chemotherapy (ifosfamide) and radiation 
prior to radical resection of the tumor, with en bloc resection 
of the right external iliac artery and vein. Reconstruction of the 
right external iliac artery with a 6 mm Dacron graft and the vein 
with a cryopreserved arterial homograft was performed. Mod-
erate right renal hydroureteronephrosis with a dilated ureter 
extending down to the level of the tumor was observed after 
resection, consistent with compression of the right ureter by 
the tumor that had been observed intraoperatively.

Although bilateral lung nodules were first observed by CT 
examination three months after resection, they remained sta-
ble in size until 12 months post-surgery at which point further 
growth was observed. Numerous small nodules (~20), con-
firmed by biopsy as metastatic leiomyosarcoma, were present 
in all lobes, but were confined to the lungs. Prior to systemic 

treatment, four of the largest lung metastases were ablated 
using CT-guided MWA (Table 1). Six cycles of doxorubicin and 
olaratumab were initiated 18 months after resection, and olara-
tumab administration was maintained following the doxorubi-
cin treatment for an additional three months. Most of the lung 
nodules remained stable during the systemic treatment. During 
treatment with olaratumab, the patient continued to undergo 
MWA of additional lung nodules. The growth of the nodules re-
sumed within four months of completing the treatment with 
doxorubicin. As their location precluded safe treatment through 
ablation, CT-guided brachytherapy was used to treat two lung 
nodules in the left lower lung lobe that appeared 18 months 
apart (Figure 1). The patient continued to receive CT-guided 
cryoablation (Figure 2) and MWA (Figure 3) of the lung nodules, 
with 74 lung nodules treated with ablation or brachytherapy 
over a 38-month period (Table 1). Simultaneously, the patient 
was on systemic therapy with pazopanib. However, the impact 
of pazopanib on the course of the disease is uncertain, as the 
therapy is frequently interrupted because of scheduled ablation 
procedures. After pazopanib was discontinued, the patient was 
offered alternative systemic therapy, but declined.

Three years after resection, multiple nodules appeared in 
other locations outside the lung, including two nodules in the 
retroperitoneum, one in the left buttock, two in the liver, three 
in the kidney, and four in the subcutaneous chest. Over the next 
several months, all nodules were treated using image-guided 
ablations (Table 1). An additional nodule in the right upper 
quadrant omentum adjacent to the antrum of the stomach and 
medial border of the gallbladder was treated using CT-guided 
brachytherapy to minimize damage to the surrounding organs. 
The patient reported little to no discomfort during these pro-
cedures or during recovery, typically returning to normal activ-
ity by the day after the procedure. Four and a half years after 
resection, there was widespread disease progression in the 
lung, liver, kidney, bone, and soft tissue. Systemic therapy with 
liposomal doxorubicin was initiated and additional metastases 
were treated with ablation and brachytherapy (Table 1). At this 
point, it was determined that the patient’s disease progressed 
too rapidly to continue metastasis-directed local therapy, and 
he was continued on systemic therapy only with a total of five 
cycles of liposomal doxorubicin followed by trabectedin. He 
died three months later having survived five and half years (67 
months) from the time of his original diagnosis. 

Discussion

Successful treatment of leiomyosarcoma is challenging. Al-
though surgical resection of the primary tumor is the treatment 
of choice, recurrence can be as high as 40-77% [4]. Treatment 
for metastatic leiomyosarcomas includes surgical or adjuvant 
chemotherapy; however, advances in systemic treatment have 
not been forthcoming for several decades. Promising results 
from a phase Ib/II study suggested that the combination of 
olaratumab, a humanized monoclonal Antiplatelet-Derived 
Growth Factor Receptor alpha antibody (PDGFRα), in combina-
tion with doxorubicin, improved overall survival [32] leading to 
accelerated approval of olaratumab by the FDA in October 2016 
and addition to the NCCN Guidelines as part of standard treat-
ment for Soft Tissue Sarcoma (STS). However, the efficacy of 
these phase II results was not supported in a subsequent phase 
III trial, leading to changes in the NCCN Guidelines to remove 
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Figure 1: Brachytherapy of pulmonary metastasis. A) 3.0 x 2.0 cm lymph node in the lingula B) CT guided 
placement of 17-gauge introducer needle C) Brachytherapy treatment plan.

Figure 2: Cryoablation of pulmonary metastasis. A) 0.7 x 0.4 cm right upper lobe nodule B) Placement of 
cryoprobe through nodule C) Thaw phase reveals rim of hemorrhage delineating the ice ball extent D) Post-
cryoablation CT.

Figure 3: Microwave ablation of pulmonary metastasis. A) 1.3 cm nodule in right lower lobe B) Placement of mi-
crowave probe adjacent to nodule C) Post-ablation CT before removal of probe D) Post-ablation CT reveals ground 
glass opacity in ablation zone.

Table 1: Summary of treatment using ablation therapies and brachytherapy.

Date No. of ablations Nodule size (cm) Location Treatment

2-13-2017 1 1.2 x 1.6 Lung- Left upper lobe Microwave 

3-13-2017 1 1.1 x 0.8 Lung- Right lower lobe Microwave 

4-10-2017 2 1.5 x 0.7 
0.5 x 0.6 Lung- Right upper lobe Microwave 

8-28-2017 2 1.4 x 1.1 
1.0 x 0.8 Lung- Right lower lobe Microwave 

10-16-2017 2 1.1 x 0.9 
0.7 x 0.7 Lung- Left lower lobe Microwave 

10-23-2017 1 1.2 Lung- Right lower lobe Microwave 

12-11-2017 1 1.1 x 0.7 Lung- Left lower lobe Cryoablation 

1-8-2018 1 3.0 x 2.0 Lung- Left lower lobe, Lingula lymph node Brachytherapy

1-16-2018 1 1.2 x 1.2 Lung - Left lower, lingula Cryoablation 

1-29-2018 1 0.8 x 0.6 Lung- Right upper lobe Cryoablation 

3-12-2018 3
1.4 x 0.8 
1.3 x 1.0 
1.3 x 0.5

Lung- Right lower lobe Microwave 
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3-26-2018 3
1.0 
0.9 
0.4

Lung- Right upper lobe Microwave 

4-9-2018 1 0.8 Lung- Right upper lobe Microwave 

4-30-2018 2 0.7 x 0.6 
0.5 x 0.3 Lung- Left upper lobe Cryoablation 

5-14-2018 2 1.3 x 0.7 
0.7 x 0.4 Lung- Right upper lobe Cryoablation 

6-11-2018 3
2.0 x 1.0 
0.5 x 0.4 
0.5 x 0.4

Lung- Left upper lobe Microwave 

7-2-2018 1 1.7 x 1.4 Lung- Right lower lobe Microwave 

7-23-2018 3
0.9 x 0.8 
0.7 x 0.5 
0.7 x 0.4

Lung- Left upper lobe Microwave 

8-13-2018 1 0.9 x 0.9 Lung- Left upper lobe Microwave 

8-27-2018 5

1.0 x 0.5 
0.7 x 0.4 
0.8 x 0.2 
0.3 x 0.3 
0.2 x 0.2

Lung- Right middle lobe Microwave 

9-24-2018 2 1.1 x 0.4 
0.4 x 0.3 Lung- Left lower lobe Microwave 

10-15-2018 3
0.4 x 0.4 
0.3 x 0.3 
0.3 x 0.3

Lung- Left upper lobe Microwave 

11-5-2018 1 0.8 x 0.7 Lung- Left upper lobe Microwave 

11-26-2018 1 0.8 x 0.7 Lung- Right upper lobe Microwave 

12-10-2018 2 1.0 x 0.9 
0.7 x 0.6 Lung- Left upper lobe Microwave 

1-14-2019 1 0.9 x 0.7 Lung- Right middle lobe Microwave 

1-28-2019 1 0.8 x 0.7 Lung- Left lower lobe Microwave 

2-7-2019 2 1.1 x 0.9 
0.9 x 0.8

Subcutaneous anterior abdominal wall 
right retroperitoneum

Cryoablation  
Cryoablation 

2-18-2019 1 2.2 x 1.4 Lung- Left major fissural pleura Microwave 

3-18-2019 1 0.8 x 0.7 Lung- Right lower lobe Microwave 

3-29-2019 2 1.6 
0.7

Liver – Segment 3 
Subcutaneous left chest wall

Microwave  
Microwave

4-29-2019 1 1.2 x 1.0 Lung- Left upper lobe Microwave 

5-22-2019 2 1.2 
1.0

Liver – segment 6 
Subcutaneous left anterior abdominal wall

Microwave  
Cryoablation 

5-28-2019 1 1.3 x 0.9 Lung- left upper lobe Microwave 

6-12-2019 1 1.2 x 1.1 Lung- right upper lobe Microwave 

6-25-2019 1 2.8 x 2.5 Lung- left lower lobe Brachytherapy

6-26-2019 1 1.5 x 1.0 Left buttock Cryoablation 

7-17-2019 1 0.8 x 0.7 Left subcutaneous anterior abdominal wall Cryoablation 

8-5-2019 1 2.4 x 1.8 Right upper quadrant omentum Brachytherapy

8-26-2019 1 0.9 x 0.8 Lung- Right upper lobe Microwave 

9-9-2019 2 1.0 
0.7 Lung- Left upper lobe Microwave 

9-23-2019 1 0.5 x 0.5 Lung- Right lower lobe Microwave 

10-21-2019 2 0.6 x 0.5 
0.7 x 0.6 Lung- Left upper lobe Microwave 

11-4-2019 1 1.7 x 1.6 Lung – Posterior right upper lobe Microwave 

11-19-2019 2 1.5 
1.6 Kidney – Left lower pole Microwave

11-19-2019 1 1.7 Right retroperitoneum Microwave

12-23-2019 2 0.8 x.0.7 
0.2 x 0.2 Lung – Right middle lobe Microwave

1-22-2020 1 1.3 Right paraspinal musculature Cryoablation

1-22-2020 1 1.2 Kidney Microwave

2-10-2020 1 1.6 x 1.5 Lung – Left lower lobe Microwave
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2-19-2020 4

2.2 
1.3 
1.0 
0.8

Liver – Segments 5/6, 7 and 8 Microwave

2-24-2020 2 0.7 x 0.7 
0.5 x 0.5 Lung – Right upper lobe Microwave

3-9-2020 2 0.5 x 0.5 
0.5 x 0.5 Lung – Left lower lobe Microwave

3-16-2020 1 4.1 x 3.0 Lung – Right middle lobe Brachytherapy

3-23-2020 1 3.6 x 2.2 Lung – Left upper lobe Cryoablation

3-26-2020 3
1.5 
1.3 
2.4

Liver – Segments 4, 5 and 6 Microwave

3-31-2020 2 1.6 x 1.5 
0.5 x 0.5 Lung – Left upper lobe Cryoablation

4-6-2020 1 2.6 x 2.5 Lung – Lingula Cryoablation

4-9-2020 4

3.4 
1.0 
1.6 
4.5

Liver – Segments 2, 3 and 4a Microwave

4-15-2020 2 Ill-defined Liver – Segments 2 and 3 Microwave

4-23-2020 1 2.2 Left gluteus Cryoablation

5-11-2020 1 0.9 x 0.8 Lung – Right upper lobe Cryoablation

5-28-2020 1 2.8 x 2.2 Left Iliopsoas Brachytherapy

the recommendation for olaratumab in combination with doxo-
rubicin [33-35] and a return to the use of doxorubicin alone as 
the recommended single agent for first-line therapy. Other sys-
temic treatments, such as ifosfamide, gemcitabine and docetax-
el, pazopanib, trabectedin, and dacarbazine, were used in the 
subsequent lines of therapy. Overall survival in a population of 
patients diagnosed with STS and synchronous metastases from 
1989 to 2014 revealed only minimal and not significant im-
provement [36], suggesting only modest advancements in the 
treatment of STS over this 25 year period. Until the limitations 
of the existing treatment modalities can be overcome, other ap-
proaches are needed to maintain the quality of life and extend 
the survival of patients with metastatic leiomyosarcoma. 

In this case report, we provide an example of a patient who 
underwent surgical resection of a primary tumor. Following 
the appearance of metastatic disease, the patient underwent 
complementary standard first-line chemotherapy with a com-
bination of ablation therapy and brachytherapy to manage the 
spread of the disease. Ablation therapy of the pulmonary nod-
ules was initiated just prior to systemic treatment with doxo-
rubicin and olaratumab. As the systemic treatment delayed 
growth only briefly, ablation therapy of pulmonary nodules re-
sumed shortly following the completion of the systemic treat-
ment and continued for another three years with approximately 
74 such nodules treated. Local recurrence and the appearance 
of pulmonary, hepatic, renal, peritoneal, intramuscular, and 
subcutaneous metastases have been reported late in the course 
of leiomyosarcoma, indicating poor prognosis [1,2]. In the pres-
ent case, MWA and cryoablation were used to treat metastases 
to the liver, kidney, retroperitoneum, subcutis, and gluteus.

The safety and efficacy of ablation techniques including RFA, 
MWA, and cryoablation have been well documented in the 
treatment and palliation of metastatic disease, particularly for 
lung [37-39] and liver lesions [40,41]. Ablation techniques allow 
multiple rounds of treatment with minimal morbidity owing to 
the relative sparing of the surrounding tissue [42]. Depending 
on the lesion location, ablation procedures can be performed 
in an outpatient setting with short post-procedure observation 

periods, maintaining a high quality of life in patients requiring 
frequent treatment. In this case, the patient continued full-time 
employment, returning to work within 1-2 days following each 
procedure and recreational hiking at elevation until late in the 
disease course.

Both cryoablation and MWA were used in this case, with the 
decision between the methods based primarily on the location 
of the lesion. Cryoablation is better tolerated during the pro-
cedure and recovery, particularly for lesions proximal to or in-
volving the somatically innervated parietal pleura or chest wall, 
including the intercostal nerve, as the cold temperatures cause 
analgesia. Additionally, cryoablation was chosen for lesions 
near sensitive structures such as the mediastinum, as the zone 
of necrosis can be visualized on CT as the ice is formed during 
ablation [43]. MWA allows for a shorter procedure with less ra-
diation exposure; hence, if the lesion location does not indicate 
cryoablation, shared decision-making between the patient and 
provider is advised.

For metastatic sarcomas, the treatment of metastatic lesions 
is an important prognostic factor for survival [44,45]. The use of 
ablation for local control in patients who are not surgical can-
didates has been reported to extend chemotherapy-free inter-
vals [46,47] and achieve comparable rates of overall survival to 
surgical metastectomy [48,49]. Despite their success, ablative 
techniques can be limited to central lesions in close proximity 
to sensitive structures.

In this case, brachytherapy was used to treat three lung nod-
ules that could not be treated with ablation therapy because 
of their proximity to vessels and airways. In addition, brachy-
therapy was used to treat a nodule that was present on the 
omentum adjacent to the antrum of the stomach and the me-
dial border of the gallbladder to minimize damage to the liver, 
stomach, colon, and gallbladder. Another nodule was treated 
with brachytherapy, which was located on the iliopsoas muscle, 
for which cryoablation was initially attempted but aborted due 
to proximity to the femoral nerve. High-dose-rate CT-guided 
interstitial brachytherapy for metastatic lung nodules requires 
collaboration between the radiation oncologist and thoracic in-
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terventionalist. A 17-gauge introducer coaxial needle with a 4 
french flexiguide sheath was placed in the lesion under CT guid-
ance. Using this device, simulation radiography, three-dimen-
sional computerized dosimetry, and single-fraction high-dose-
rate brachytherapy with iridium-192 were performed. Previous 
studies have reported high local control rates for both primary 
and metastatic lung tumors reaching 100% and 96.88% for six 
and 12-months, respectively, for low-dose-rate brachytherapy 
[50], as well as single- and multifraction high-dose-rate brachy-
therapy reaching 96.2% for two-years [51-54]. While there is 
growing interest in brachytherapy for pulmonary metastasis, its 
clinical use is rare due to limited data and the highly specialized 
expertise required. This case highlights the potential utility of 
interstitial brachytherapy as part of the multimodal treatment 
of metastatic leiomyosarcoma, particularly for lesions too close 
to sensitive structures to be treated with ablative techniques.

It is well known that several forms of local control, such as 
surgical resection and Stereotactic Body Radiation Therapy 
(SBRT), are associated with worsening of pulmonary function 
leading to a decrease in quality of life. For instance, cumulative 
decline of FEV1 can occur up to 5% postoperatively for thoraco-
scopic wedge resections, 3-11% for segmentectomy, and 9-16% 
after lobectomy [55-57]. For SBRT, although the degree of pul-
monary function decline is generally less than surgical resec-
tion, it is also reported to have decline of FVC of 5.7%, FEV1 
of 4.1%, DLCO of 5.2%, and TLC of 3.6% after one year from 
Stone et al [58]. For the purposes of mitigating pulmonary func-
tion decline and preservation of quality of life, ablative therapy 
is the treatment of choice. The RAPTURE and ACOSOG Z4033 
trials both have shown no significant worsening of pulmonary 
function post-RFA of the lung, leading to optimal preservation 
of quality of life [59,60]. In addition, ECLIPSE trial also proved 
that cryoablation in the setting of oligometastatic disease of the 
lung show preservation of quality of life [61]. Although present-
ed as an atypical use of local therapies in the setting of limited 
options for widespread disease control, the ability of ablative 
therapies to provide the most optimal preservation of quality of 
life cannot be understated.

Conclusions

The median survival time of patients with metastatic soft 
tissue sarcomas is only 12-15 months [62]. The treatment op-
tions for sarcomas remain limited, and surgical removal or its 
equivalent remains the best means of control. In the case of 
leiomyosarcoma presented here, the initial chemotherapy pro-
vided only temporary control of the disease once metastasis 
was detected, following surgical resection of the primary tumor. 
The development of ablation and brachytherapy techniques for 
many of the locations in which tumors can arise offers a com-
plementary approach for the local control of this disease. 74 
metastases in the lung and 28 others that appeared in other 
locations, including the liver, kidney, subcutis, musculature, and 
retroperitoneum, were treated by either ablation or brachy-
therapy over the course of three years. Given that metasta-
ses arose in every lobe of the lung during this period, surgery 
may not have been an effective means of control. In addition, 
subsequent metastasis to multiple other locations would have 
precluded a surgical approach. Our case report highlights the 
contribution of ablation and brachytherapy to the manage-
ment of the metastatic spread of the disease. Ablation offers 
advantages over surgical resection, given its greater flexibility, 
ease of procedure, shorter recovery time, and greater conser-
vation of tissue and organ function. Despite the large number 

of ablations, the patient maintained a good quality of life and 
remained fully employed late in the course of metastatic spread 
of the disease. Thus, ablation therapy and brachytherapy can 
serve as important complementary modalities to existing treat-
ment options.
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