The e

ncologist’
Feasibility and Efficacy of Microwave Ablation Combined with

lodine-125 Seed Implantation in Local Control of Recurrent
Retroperitoneal Liposarcomas: Initial Clinical Experience

MiNGIAN Lu,®" WANG YA0,%" TAO ZHANG,® WENZHE FAN,? ZHIHUI ZHONG,  JIAPING Li,® FUIUN ZHANG®

3Department of Interventional Oncology, The First Affiliated Hospital, Sun Yat-sen University, Guangzhou, P.R. China; ®Department of
Medical Imaging & Interventional Radiology, Guangzhou Women and Children’s Medical Center, Guangzhou, P.R. China; “Department of
Medical Imaging & Interventional Radiology, Cancer Center and State Key Laboratory of Oncology in South China, Sun Yat-sen University,
Guangzhou, P.R. China

"Contributed equally.

Disclosures of potential conflicts of interest may be found at the end of this article.

Key Words. Recurrent retroperitoneal liposarcomas ¢ Microwave ablation ¢ lodine-125 radioactive seed ¢ Brachytherapy ¢ Local control

KABSTRACT

Introduction. The objective of the present study was to evaluate
the feasibility, safety, and short-term efficacy of microwave
ablation (MWA) combined with iodine-125 (**1) seed implanta-
tion in recurrent retroperitoneal liposarcomas (rRPLs).
Materials and Methods. From September 2012 to March 2015,
11 patients were enrolled in this prospective study. Eleven
tumors (median, 9 cm; range, 5.5-12.5 cm) were treated with
computerized tomography-guided MWA for 11 sessions and
125 seed implantation for 18 sessions. **°| seed implantation
was performed 4 weeks after MWA.

Results. There were no procedure-related deaths. Post-MWA
pain (grade >2) was the most common complication (6 of 11
patients, 54.5%), and fever (grade >2) was observed in two

patients. Reversible nerve injury, defined as transient limb par-
esthesia or leg weakness, was observed in one patient. There
were fewer complications associated with the *°| seed implan-
tation procedure compared with the MWA procedure. All 11
patients who underwent the MWA procedure achieved a par-
tial response (PR), according to the modified Response Evalua-
tion Criteria in Solid Tumors, 1 month post-ablation; after *°|
seed implantation was performed, a complete response was
observed in three, five, and six target tumors in 3, 6, and 12
months, respectively.

Conclusion. In selected patients with rRPLs, MWA combined
with *%°I seed implantation is feasible and safe with favorable
local control efficacy. The Oncologist 2017;22:1500-1505

Implications for Practice: This study evaluated the feasibility, safety, and short-term efficacy of microwave ablation (MWA)
combined with iodine-125 (*2°I) seed implantation in recurrent retroperitoneal liposarcomas (rRPLs). Results suggest that a single
session of MWA may be not sufficient in large-volume rRPLs and that as a supplement treatment, **°| seed implantation is safe and
easy accessible. MWA combined with **°| seed has excellent local control effectiveness, and long-term efficacy and survival benefit
still need to be more comprehensively evaluated.

INTRODUCTION

Surgical resection is the primary treatment option for retroperi-
toneal liposarcomas (RPLs) [1]. Complete resection is difficult,
and postoperative recurrence and metastasis are common [2].
Moreover, recurrent RPLs have been reported to exhibit a
higher degree of malignancy and a stronger invasion ability;

therefore, repeated complete surgical resection becomes more
difficult [1]. Despite these characteristics, effective local
therapy can reduce the symptoms of these tumors by up to
75% [3]. The purpose of local therapy in this situation is not to
completely excise the tumor, but to alleviate symptoms, relieve
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organ obstruction caused by tumor compression, and maintain
organ function. Local ablative therapies, such as radiofrequency
ablation (RFA), microwave ablation (MWA), and cryoablation,
are established modalities in the palliative treatment of solid
tumors [4-6]. In actual application, boundary residue is often
inevitable in the retroperitoneum area due to the tumor size
and close proximity to vital organs [7]. There is no universal
agreement or reported study that partial resection can prolong
survival and provide palliation in selected patients with retro-
peritoneal liposarcomas; this is also true for other local thera-
pies, such as energy ablation [2]. Achieving a complete response
(CR) is important when local therapy is performed in selected
patients. lodine-125 (**°1) radioactive seed implantation has
been shown to be efficient in treating many types of malignant
tumors [8, 9], especially in complex situations [10, 11]. This
study focused on whether *°| seed implantation after MWA
could improve local control in selected patients with rRPLs.

The aim of this prospective study was to analyze the feasi-
bility and efficacy of MWA combined with **°| seed implanta-
tion in the local control of rRPLs. To the best of our knowledge,
the present study is the first one to evaluate the feasibility,
safety, and efficacy of MWA combined with **°| seed implanta-
tion in patients with rRPLs.

MATERIALS AND METHODS

Ethics

This prospective study was performed in accordance with the
Declaration of Helsinki of the World Medical Association. It was
approved by the Sun Yat-sen University Cancer Center Institu-
tional Review Board, and eligible patients provided written,
informed consent.

Patient Characteristics

From September 2012 to March 2015, 11 patients (median age
60 years, range 3375 years), including six male and five female
patients, with solitary rRPLs were enrolled in this study and
treated with computerized tomography (CT)-guided MWA com-
bined with *°I seed implantation at the Cancer Center of Sun
Yat-sen University. The median size of these tumors was 9 cm
(range, 5.5-12.5 cm) at the largest diameter. The time from sur-
gery to recurrence ranged from 2 to 40 months (median, 18
months). Dedifferentiated (DD) type and well-differentiated
(WD) types were identified in six and five samples, respectively,
according to histological findings (Table 1). The patients enrolled
in this study met the following criteria: (a) Eastern Cooperative
Oncology Group performance status of 1 or lower, (b) histologi-
cally confirmed liposarcoma, (c) treated with surgical resection
at least one time, (d) only one recurrent tumor located in the
retroperitoneum, and (e) not suitable for repeated resection or
refused repeated surgical resection. Patients with unstable car-
diorespiratory function, severe hypocoagulability, and active
infection were excluded from this study.

Technical Procedures

Microwave Ablation Procedure

MWA procedures were performed by experienced interven-
tional radiologists, and intravenous conscious sedation (remi-
fentanil 0.5-1 pg/kg) was used during the procedure. All
procedures were guided by CT scan images (Brilliance; Philips
Healthcare, The Netherlands, http://www.usa.philips.com/
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Table 1. Characteristics of patients with recurrent retroper-
itoneal liposarcomas treated with combination therapy

Patient characteristics Results

No. of patients enrolled 11
No. of men
No. of women
Age (years)
Median 60
Range 33-75
Primary tumor location
Retroperitoneum
Extremity 3
Body
Histopathologic findings
Dedifferentiated
Well differentiated
Time to recurrence (months)
Median 18
Range 2-40
Recurrent tumor size (cm)
Median 9
Range 5.5-12.5
Previous therapy for recurrent disease
Chemotherapy 2

External beam radiotherapy

healthcare; Fig. 1) obtained with the following parameters: volt-
age, 120 kV; 200 mA per section; section thickness, 5 mm; rota-
tion time, 0.75 seconds; planned CT dose index, 10.0 mGy.
Eleven tumors in total were treated. The equipment used in
the MWA procedure consisted of a commercially available sys-
tem (FORSEA; Qinghai Microwave Electronic Institute, Nanjing,
China, http://www.visonmedicalusa.com/), coupled to a 16-
gauge cooled-shaft coagulation antenna (Qinghai Microwave
Electronic Institute, Nanjing, China, http://www.visonmedica-
lusa.com/). The power was generally set at 60 or 70 W. The
median ablation time was 10 minutes. All of the 11 tumors
were larger than 5 cm; therefore, ablation was performed with
multiple antennas. CT scanning was performed again to evalu-
ate the immediate necrotic conditions, defined as tumor den-
sity reduction after ablation, and to determine the presence of
any complications, such as bleeding.

125| seed Implantation and Dose Verification

The radioactivity of the *?°| seeds (CIAE-6711; Chinese Atomic
Science Institution, Beijing, China, http://www.ciae.ac.cn/eng/
CIAE/index.htm) used in this study was 2.59 X 10’ Bq. Before
implantation, a treatment plan (TP) was generated for each
patient using a computerized treatment planning system (TPS;
RT-RSI, Beijing Atom and High Technique Industries, Inc., Bei-
jing, China, http://www.atom-hitech.com/) to determine the
number of seeds to be implanted and the best implantation
location (Fig. 2A and 2B). One radiation physicist and two radi-
ologists generated the TP. Patients underwent a detailed tumor
volume study using enhanced CT scans performed 4 weeks
post-MWA. Careful delineations of the residual tumor volume,

©2017 The Authors. The Oncologist published by
Wiley Periodicals, Inc. on behalf of AlphaMed Press
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Figure 1. Microwave ablation (MWA) procedure and outcome. A 54-year-old male with recurrent retroperitoneal liposarcoma (dedifferen-
tiated type) treated with MWA combined with iodine-125 seed implantation. (A): Recurrent liposarcoma located in the retroperitoneum;
computerized tomography scan with enhancement. (B): Procedure of MWA, high-density images indicate the ablation antennas. (C): One
month after MWA, necrosis appeared in the central portion of the tumor, and enhancement was observed in the surrounding area.

Figure 2. lodine-125 (**°l) seed implantation and follow-up. A 54-year-old male with recurrent retroperitoneal liposarcoma (dedifferentiated
type) treated with microwave ablation (MWA) combined with **°| seed implantation. (A, B): The treatment planning system results pre-
implantation. (C): **°I seed implantation procedure; the high-density images indicate the implantation needles. (D): Four weeks after implan-
tation, enhancement was still observed in the surrounding area and repeated implantation was performed. (E): Six months after initial ther-
apy, tumor shrinkage was observed, and enhancement in the surrounding area was not obvious. A new lesion was observed (white arrow).
(F): Eighteen months after initial therapy, the target lesion was still under control, but the new lesion had increased in size (white arrow).

the planning target volume, and surrounding vital organs
(e.g., the bowel) were performed for every CT section. The
planning target volume was defined as 0.5 cm of expansion
external to the gross tumor volume. The prescribed dose was
120 Gy, which was chosen based on our previous studies [12,
13]. All **°I seed implantations were guided by CT scan (Bril-
liance; Philips Healthcare, The Netherlands) with the same CT
scanning parameters described in the MWA procedure. Local
infiltration anesthesia (1% lidocaine; Yimin, Yichang, China) was
induced before puncture, and then 18-gauge needles (Atom
High Tech) were inserted into the tumor and positioned against
its deepest margin (Fig. 2C). An implantation instrument (Atom
High Tech) was then attached to the needles for implantation.
Every **°I seed was placed 0.5-1.0 cm apart, in line with the
TPS as far as possible. Postimplantation dose verification was
performed to verify the therapeutic dose according to the TPS.
For tumors that had been insufficiently dosed, repeated
implantation was performed during the following 4 weeks. A
D90 (Dose contains 90% target volume) value of >120 Gy at
last implantation was regarded as a success.

Follow-Up and Local Control Assessment
After each treatment, all patients received continuous electro-
cardiogram monitoring for 12 hours in the recovery ward.

©2017 The Authors. The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press

Medication was administered when patients complained of
pain, fever, vomiting, etc. All patients were hospitalized for at
least 3 days after each procedure. Follow-up imaging (mainly
enhanced CT scans) was performed monthly post-procedure in
the first 3 months and every 3 months after the initial 3 months
to evaluate the therapeutic effectiveness of the combined ther-
apy. Post-procedure chemotherapy, if recommended by the
medical oncologist and the patient was willing, was allowed in
this study during the follow-up time. Target tumor response
was evaluated according to the modified Response Evaluation
Criteria in Solid Tumors (mRECIST) [14]. Images were evaluated
by three radiologists independently, with findings including CR,
PR, stable disease, and progressive disease. The response rate
(RR) was determined by the sum of the CR and PR rates. The
final follow-up appointment for this study was in April 2016.

RESULTS

Tumor Characteristics and Treatment Procedures

Tumor diameter ranged from 5.5-12.5 cm, with a median size
of 9 cm. Eleven sessions of MWA were performed in 11 target
tumors. Double antennas were used in six tumors, and triple
antennas were used in five tumors. The MWA power setting was
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Table 2. Tumor characteristics and treatment procedures of 11 target lesions

Tumor MWA  MWA D90, D90,
Lesion Pathology size,? power time, No. of Session of No. of **°  pre-implantation, post-implantation,b
No. type cm setting min antenna implantation seeds used Gy Gy
1 DD 7 60 6 2 1 25 124 138
2 DD 8.5 60 8 2 1 34 126 131
3 DD 11.5 70 10 3 3 60 129 133
4 DD 10.5 70 10 3 2 48 133 136
5 DD 9 70 8 2 1 30 135 147
6 DD 12.5 70 12 3 3 57 131 129
7 WD 8 60 8 2 1 36 129 138
8 WD 10 70 10 3 2 44 138 134
9 WD 7 60 6 2 1 22 141 130
10 WD 11 70 12 3 2 58 131 124
11 WD 5.5 60 6 2 1 18 134 128

“Size at largest diameter.
PAfter the last implantation session.

Abbreviations: 125I, iodine-125; DD, dedifferentiated; MWA, microwave ablation; WD, well-differentiated.

Table 3. Complications of MWA and **°| seed implantation

CTCAE-graded toxicity

Complication Grade 1 Grade 2 Grade 3 Grade >4/5 All grades
MWA, n (%) 11
Local pain® 3 (27.3) 6 (54.5) 0 0 9 (81.8)
Fever 3 (27.3) 2 (18.2) 0 0 5 (45.5)
Emesis 1(9) 1(9) 0 0 2(18.2)
Nerve injury® 0 (0) 1(9) 0 0 1(9)
123| seed implantation, n (%) 18
Local pain 4 (22.2) 4 (22.2) 0 0 4 (44.4)
Fever 2 (11) 1(6) 0 0 3(16.7)
Bleeding® 2 (11) 1(6) 0 0 3 (16.7)
Seed migration 2 (11.1) 0 (0) 0 0 2 (11.12)
Radiation enteritis 0 (0) 0 (0) 0 0 0 (0)

@Pain post-procedure.
BLimb paresthesia or leg weakness.
‘Including massive bleeding and needle tract bleeding.

Abbreviations: 1%°1, iodine-125; CTCAE, Common Terminology Criteria for Adverse Events, version 4.0; MWA, microwave ablation.

60 or 70 W, and the ablation time ranged from 6 to 12 minutes,
with a median time of 10 minutes. In total, 18 sessions of 1|
seed implantation were performed in 11 target tumors. Three ses-
sions of implantation were performed in two tumors, two ses-
sions of implantation were performed in three tumors, and one
session of implantation was performed in the remaining tumors.
A total of 432 | seeds were implanted. D90 ranged from 124 to
141 Gy before seed implantation and from 124 to 148 Gy after
seed implantation (Table 2). The success rate was 100% in 11 ses-
sions of MWA and 18 sessions of **°| seed implantation.

Complications

The severity of the reported toxicity was evaluated with the
Common Terminology Criteria for Adverse Events (CTCAE ver-
sion 4.0). No procedure-related deaths occurred, and no
patients needed to immediately withdraw during these proce-
dures. All patients tolerated the procedures well. With the help
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of intravenous conscious sedation, no patients complained of
severe pain during MWA application. Post-ablation pain was
noted in the treatment of nine (81.8%) tumors, and only six
(54.5%) patients experienced grade 2 pain. The number of
patients experiencing fever, emesis, and nerve injury was five
(45.5%), two (18.2%), and one (9.0%), respectively. All of the
complications mentioned above were mild to moderate and
easy to handle. Nerve injury was defined as limb paresthesia or
leg weakness and was present in one patient who recovered
completely in 2 months without special therapy. After 18 ses-
sions of *°| seed implantation, the number of patients experi-
encing local pain, fever, bleeding, seed migration, and radiation
enteritis was four (22.2%), three (16.7%), three (16.7%), two
(11.1%), and zero (0%), respectively. All procedure-related com-
plications were reported grade 1 and grade 2. The rate of com-
plications in the **°| seed implantation procedure was less than
that in the MWA procedure (Table 3).

©2017 The Authors. The Oncologist published by
Wiley Periodicals, Inc. on behalf of AlphaMed Press
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Table 4. Local control of MWA combined with **°| seed
implantation in 11 target recurrent retroperitoneal
liposarcomas

Follow-up time, Target lesions

(months)® CR PR SD PD RR (CR+PR)
1 0 11 0 0 100
3 3 8 0 0 100
6 5 6 0 0 100
12 6 5 0 0 100

*Time from initial therapy.

Abbreviations: **°I, iodine-125; CR, complete response; MWA, micro-
wave ablation; PD, progressive disease; PR, partial response; RR,
response rate; SD, stable disease.

Follow-Up and Local Control

The median follow-up period was 20 months, ranging from 13 to
33 months. One patient was lost to follow-up 33 months after
procedure, and the other 10 patients survived through the last
follow-up. One patient experienced tumor progression and local
recurrence (DD patient) at 6-months follow-up, and two patients
experienced tumor progression and local recurrence (WD
patient) and a lung metastatic lesion (DD patient), respectively, at
12-months follow-up. In total, only three patients experienced
tumor progression; median progression-free survival time interval
has not yet been reached. Two patients with DD rRPLs accepted
chemotherapy post-procedure, and one patient with DD rRPLs
accepted chemotherapy when tumor progressed. In this prospec-
tive study, all 11 (100%) patients who underwent the MWA pro-
cedure achieved a PR according to mRECIST 1 month post-
ablation, and no CR was observed. After **| seed implantation
was performed, CR was observed in three, five, and six target
tumors in 3, 6, and 12 months, respectively, according to routine
exam results. The RR at 3, 6, and 12 months after the initial MWA
procedure was 100% in the 11 targeted tumors (Table 4).

DISCUSSION

RPL is relatively uncommon in adults, but it is the most com-
mon soft tissue sarcoma in the retroperitoneum area [1]. The
most important predictors of sarcoma are histological subtype
and the presence of gross positive margins after surgical resec-
tion [1, 15]. The presence of a mass of extreme size at the initial
time of diagnosis and the location of the mass in the retroperi-
toneum make complete surgical resection difficult [16]. Fur-
thermore, recurrence and metastasis are common even after
successful surgical resection. Repeated surgery remains the pri-
mary treatment modality for recurrent RPLs [17], but the will-
ingness to accept repeated resections tends to decrease in
patients who have suffered from recurrence or metastasis after
surgical resection. In this study, only three patients underwent
repeated resection after initial surgical resection.

The efficacy of chemotherapy differs according to histologi-
cal subtype and grade; previous studies described a 25% RR in
patients with DD liposarcoma, and no response in patients with
WD liposarcoma [18]. In the current study, the 11 patients all
presented with DD and WD liposarcomas in histological find-
ings; therefore, only two patients received chemotherapy
before combined therapy. Two patients with DD rRPLs accepted
chemotherapy post-procedure, and one patient with DD rRPLs

©2017 The Authors. The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press

accepted chemotherapy when tumor progressed. Radiation
therapy is also an important treatment for primary or meta-
static retroperitoneal tumors [19, 20], but there is little high-
quality evidence for external beam radiotherapy application in
the treatment of rRPLs. The application of conventional radia-
tion therapy may be restricted due to the complex anatomy of
the retroperitoneal area and the presence of many radiation-
sensitive organs in the retroperitoneal area [21]. In the current
study, no patient accepted external beam radiation therapy
before or after combined therapy.

As microinvasive and effective treatment modalities,
energy ablative techniques such as RFA and cryoablation have
been investigated in the treatment of RPLs [7, 22]; however,
data on the tolerability and efficacy of MWA as a palliative
treatment for rRPLs are still lacking. In general, thermal ablation
has been adapted for application in lower-volume tumors [23,
24]. Increasingly, studies have demonstrated the efficacy of
MWA in larger tumors [25, 26]. In our opinion, when MWA was
performed in patients with rRPLs, boundary residue was often
inevitable due to tumor size and the close proximity of vital
organs. Our study demonstrated a PR of 100% in all 11 tumors
after a single MWA procedure, but no CR was observed. To deal
with the boundary residue post-MWA, **°| seeds were used in
this study. As a low-dose-rate brachytherapy, the **°| seed
emits continuous vy-rays, which can inhibit tumor cell mitosis
and decrease the resistance of hypoxic cells to radiation with
mild normal tissue damage [27]. After *°| seed implantation
was performed, complete response was observed in three, five,
and six target tumors at 3, 6, and 12 months, respectively,
according to routine exam results. The success of **°| brachy-
therapy for malignances is dependent on accurate dose distri-
bution [28]. Our data indicated that D90 ranged from 124 to
141 Gy before seed implantation and from 124 to 148 Gy after
seed implantation and that such doses ensure the efficacy of
25| seed brachytherapy. Twelve-month 100% RR of target
tumors demonstrated that MWA combined with %I seed
brachytherapy is an effective local treatment in patients with
rRPLs. During the follow-up time, one patient presented with
disease progression evidenced by new tumors at 6 months,
and two patients presented with disease progression evi-
denced by new tumors at 12 months. Of these three patients,
two patients experienced local recurrence and one patient
experienced lung metastatic disease. It seems that DD rRPLs
are more susceptible to recurrence and metastasis than WD
rRPLs, and this is consistent with other studies [2]. This result
also reflects the limitations of MWA combined with **°| seed
implantation as a local treatment. Because only three patients
experienced tumor progression and the median progression-
free survival time interval has not yet been reached, it is diffi-
cult to compare our result with others.

All patients tolerated the procedures well; no procedure-
related deaths occurred, and no patients requested to immedi-
ately stop treatment during these procedures. Complications of
MWA were mild to moderate and easy to handle, as previous
studies reported [6, 25]. Post-ablation pain (grade >2) was
noted in the treatment of six (54.5%) tumors, and the number
of patients experiencing fever, emesis, and nerve injury were
five (45.5%), two (18.2%), and one (9.0%), respectively. Nerve
injury, defined as limb paresthesia or leg weakness, was
detected in one patient, who recovered completely in 2 months
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without special therapy. Numerous studies had proven the
safety of %I seed implantation brachytherapy [10, 12, 13, 29].
In this study, fewer complications were observed in the **|
seed implantation procedure than in the MWA procedure.
After a total of 18 sessions of *°I seed implantation, the num-
ber of patients experiencing local pain, fever, bleeding, seed
migration, and radiation enteritis was four (22.2%), three
(16.7%), three (16.7%), two (11.1%), and zero (0%), respec-
tively. Finally, 11 sessions of MWA and 18 sessions of **°| seed
implantation were performed in 11 tumors with 100% techno-
logical success rate.

Our study also had some limitations. First, this study was
not a randomized controlled trial. Second, only 11 patients
were included. Finally, survival analysis was not performed in
this study. More participants and longer follow-up periods are
required for future investigations.

CONCLUSION

MWA combined with *?°| seed implantation is a safe and effec-
tive alternative for patients with recurrent RPLs. It exhibits
excellent local control effectiveness with fewer complications,
mild side effects, and acceptable tolerability. However, as a

~

local therapy, disease progression was still observed after effec-
tive local control. The long-term effects of MWA combined
with **°| seed implantation treatment must be comprehen-
sively evaluated.
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