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PURPOSE

The purpose of this study was to determine the safety and efficacy of liver-directed therapies in
patients with unresectable metastatic leiomyosarcoma to the liver. Liver-directed therapies in-
cluded in this study were transarterial chemoembolization with doxorubicin eluting beads (DEB-
TACE), yttrium-90 (Y90) radioembolization, and percutaneous microwave ablation.

METHODS

This is a single institution retrospective study of unresectable metastatic leiomyosarcoma to the
liver treated with DEB-TACE, radioembolization, or microwave ablation. DEB-TACE was performed
using 70-150 or 100-300 p doxorubicin-loaded drug-eluting LC beads. Radioembolization was
performed using Y90 glass microspheres. Electronic medical records were retrospectively re-
viewed to evaluate clinical and biochemical toxicities, tumor response on imaging, overall sur-
vival (OS), and liver progression-free survival (PFS).

RESULTS

A total of 24 patients with metastatic leiomyosarcoma to the liver who underwent liver-directed
treatment were identified (8 males, 16 females; average age, 62.8+11.4 years). Of these patients,
13 underwent DEB-TACE, 6 underwent Y90, and 5 underwent ablation. Three patients received a
combination of treatments: one received Y90 followed by DEB-TACE, one received ablation fol-
lowed by DEB-TACE, and one received ablation followed by Y90. Of the 24 patients, 19 received
prior chemotherapy. At 3-month follow-up, grade 1 or 2 lab toxicities were found in 20 patients;
3 patients had grade 3 toxicities. A grade 3 clinical toxicity was reported in one patient. MELD
score was 7.5+1.89 at baseline and 8.8+4.2 at 3 months. Median OS was 59 months (95% Cl,
39.8-78.2) from diagnosis, 27 months (95% Cl, 22.9-31.0) from development of liver metastasis,
and 9 months (95% Cl, 0-21.4) from first liver-directed treatment. Median liver PFS was 9 months
(95% Cl, 1.4-16.6).

CONCLUSION

Treatment with liver-directed therapies for patients with unresectable metastatic leiomyosarco-
ma to the liver is safe and can improve overall survival, with OS after liver-directed therapy being
similar to patients who underwent surgical resection.

eiomyosarcomas are malignant tumors originating from the smooth muscle with an
incidence of 1 per 100 000. Surgical resection of the primary tumor is common prac-
tice, but recurrence rate is high (1, 2). Of the patients, 10-30% will eventually develop
distant metastasis, with the most common sites being the lungs and liver (1-4). Liver metas-
tasis is often the limiting factor for survival with reported survival no more than 15 months
(5-7). Factors associated with the development of metastases include high grade histology,
large size, deep location and recurrent disease (1, 4, 8). Hepatic metastasectomy can im-
prove survival in sarcoma patients, but many patients are not surgical candidates (9-11).
Treatment for these patients is limited and traditionally includes chemotherapy (10). Doxo-
rubicin is the first-line chemotherapy for patients with unresectable metastatic leiomyosar-
coma. However, chemotherapy response is low with reported median overall survival (OS)
as high as 21.9 month and progression-free survival (PFS) is 6.9 months (12, 13).
Liver-directed therapies are promising alternatives to systemic chemotherapy in patients
with liver-dominant metastatic disease (7). The safety and efficacy of liver-directed treat-
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ments in primary and metastatic hepat-
ic malignancies are well documented (7,
14-20). Transarterial chemoembolization
(TACE), radioembolization with Yttrium-90
(Y90) loaded particles, and heat-based ab-
lations have been proven to improve sur-
vival of patients with primary liver malig-
nancies like hepatocellular carcinoma and
cholangiocarcinoma (14). Studies have also
reported improved survival and decreased
toxicity in patients with metastatic liver
disease (7). However, beyond case reports,
there are few studies that have examined
the survival benefit of liver-directed thera-
pies in treating leiomyosarcoma liver me-
tastasis. The purpose of this study is to re-
port on our experience with liver-directed
treatments (TACE, Y90 radioembolization,
and percutaneous microwave ablation) on
patients with metastatic leiomyosarcoma
to the liver.

Methods

Patients

This study was approved by the Institu-
tional Review Board, (IRB #Pro00022620).
Medical records of 24 patients (8 males, 16
females; mean age, 62.8+11.4 years) with
liver dominant metastatic leiomyosarco-
ma who received liver-directed treatment
from June 2011 to August 2018 at Moffitt
Cancer Center were retrospectively re-
viewed and analyzed to evaluate median
OS, liver PFS, radiographic response and
clinical and biochemical toxicities. The liv-
er-directed treatments included: TACE uti-
lizing doxorubicin-loaded drug-eluting LC
beads (DEB-TACE) (BTG International), ra-
dioembolization utilizing Y90 labeled glass
microspheres (TheraSphere, BTG Interna-

¢ Liver-directed treatments (DEB-TACE, Y90 radi-
oembolization, ablation) are effective and safe
treatment options for unresectable hepatic
leiomyosarcoma metastasis.

* In our study, mean overall survival was 59
months (95% Cl, 39.8-78.2) from diagnosis,
27 months (95% Cl, 22.9-31.0) from develop-
ment of liver metastasis, and 9 months (95%
Cl, 0-21.4) from first liver-directed treatment.
Median liver progression-free survival was 9
months (95% Cl, 1.4-16.6).

* Our study may indicate that patients without
extrahepatic disease and patients who under-
go liver-directed therapy within 4 months after
diagnosis of liver metastasis benefit the most
from the treatment.

tional), and microwave ablation utilizing
Accu2i or Solero (Angiodynamics) micro-
wave ablation probe. Of the 24 patients,
13 underwent DEB-TACE, 6 underwent Y90,
and 5 underwent ablation. Three patients
received two different liver-directed treat-
ments; one received radioembolization fol-
lowed by DEB-TACE, one received ablation
followed by DEB-TACE, and one received
ablation followed by radioembolization.
Nineteen out of the 24 patients received
prior chemotherapy. Reasons for not receiv-
ing prior chemotherapy included multiple
comorbidities, small burden of extra-hepat-
ic disease, and patient refusal. Two patients
had prior hepatic metastasectomy. Patient
demographics are presented in Table 1.

Criteria for receiving liver-directed treat-
ment included liver-dominant metasta-
ses, Eastern Cooperative Oncology Group
(ECOG) performance status of <2, total se-
rum bilirubin <2 mg/dL, serum creatinine
<2 mg/dL, international normalized ratio
(INR) correctable to <1.5, and platelet count
correctable to > 50 000/pL. Patients un-
derwent microwave ablation if they had 3
or fewer liver metastasis and each was less
than 3 c¢m in size in an ablatable location.
All other patients underwent embolization,
either DEB-TACE or Y90 radioembolization.
The preferred embolization method was
DEB-TACE. Patients received radioemboliza-
tion if radioembolization was the patient’s
preference. Patients who had received
previous liver-directed therapy or multiple
lines of chemotherapy before the liver-di-
rected treatment were not excluded from
the study. Patients underwent evaluation
of baseline and follow-up liver function
parameters: albumin, bilirubin, INR, alanine
aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase, as
well as MELD score. In addition, patients un-
derwent contrast-enhanced cross-sectional
imaging to evaluate radiographic response.
Response evaluation criteria in solid tumors
(RECIST) and modified RECIST (mRECIST)
criteria were used to evaluate radiographic
response (21).

DEB-TACE

Embolizations were performed as selec-
tively as possible according to the Society
of Interventional Radiology quality im-
provement guidelines (22). When patients
had multiple metastases in a single hepat-
ic lobe, DEB-TACE was performed via the
proximal right or left hepatic artery. When
patients had bilobar metastases, treatment
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of left and right lobes was done separately,
approximately 5-7 weeks apart. DEB-TACE
was performed using 70-150 um or 100-
300 um DEBs (LC Beads, BTG International)
loaded with 50 mg doxorubicin per 1 mL
DEB. Maximum of 2 mL DEB loaded with

Table 1. Patient demographics

n (%)

Age

<60 years 10 (41.7)

>60 years 14 (58.3)
Sex

Female 16 (66.7)

Male 8(33.3)
First intervention

DEB-TACE 13 (54.2)

Y90 6 (25.0)

Ablation 5(20.8)
Extrahepatic disease

Yes 15 (62.5)

No 9(37.5)
Survival status

Dead 17 (70.8)

Alive 7 (29.2)
Prior chemotherapy

Yes 19(79.2)

No 5(20.8)
ECOG score

0 16 (66.7)

1 8(33.3)
Lobar disease

Bilobar 20 (83.3)

Unilobar 4(16.7)
Hepatic lesions

Multiple 20 (83.3)

Solitary 4(16.7)
Primary disease site

Retroperitoneum 8(33.3)

Pelvis 5(20.8)

Extremities 5(20.8)

Mesentery 2(8.3)

IvVC 2(8.3)

Head/Neck 1(4.2)

Unknown 1(4.2)

DEB-TACE, doxorubicin eluting bead transarterial
chemoembolization; Y90, yttrium 90; ECOG, Eastern
Cooperative Oncology Group; IVC, inferior vena cava.
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100 mg doxorubicin was used per emboli-
zation session.

Y90 radioembolization

Radioembolization was performed utiliz-
ing Y90 labeled glass microspheres (Ther-
aSphere; BTG International). When patients
had bilobar metastases, treatment of the
left and right lobes were done separately,
approximately 5-7 weeks apart.

Ablation

All percutaneous microwave ablation
procedures were performed under general
anesthesia using 14-gauge saline-cooled
antenna (Acculis or Solero; AngioDynam-
ics). Ablation zones extended beyond the
tumor margin by at least 5 mm.

Clinical outcome measures

Overall survival was calculated from the
date of leiomyosarcoma diagnosis, from the
date of liver metastasis, and from the date
of first liver-directed treatment to the date
of death or last encounter. Clinical and lab-
oratory toxicities were assessed at 3-month
follow-up visit after first liver-directed treat-
ment. Clinical toxicity was based on sub-
jective reporting by the patient. Subjective
reporting included: pain, fatigue, gastroin-
testinal symptoms (anorexia, nausea, vom-
iting), or other. Laboratory toxicities were
defined according to the Common Termi-
nology Criteria for Adverse Events scoring
system (version 5.0). Tumor response on
computed tomography (CT) was evaluated
3 months after the liver-directed treatment
utilizing RECIST and mRECIST (21).

Statistical analysis

Survival data were assessed by the Ka-
plan-Meier method with the last date of
contact or death used for censoring. Clini-
co-pathological and treatment-related vari-
ables were analyzed for an association with
OS from the first liver-directed treatment by
univariate Cox regression models. Statistical
analysis was performed with SPSS version
22 (IBM Corp.). Data are presented as mean
+ standard deviation.

Results

The median follow-up period from the
liver-directed treatment was 9.4 months
(range, 2.5-44.9 months). At the time of the
data analysis, 7 out of 24 patients (29.2%)
were still alive. Median OS from leiomyo-
sarcoma diagnosis was 59 months (95% Cl,

Survival function

0.8

0.47

!

Cumulative survival

—1Survival function
—+Censored

0.07

50 100

O

150
Survival from diagnosis (months)

200 250

Figure 1. Kaplan-Meier survival analysis revealed that the median OS from leiomyosarcoma diagnosis

was 59 months (95% Cl, 39.8-78.2 months).
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Figure 2. Kaplan-Meier survival analysis revealed that the median OS from diagnosis of liver
metastasis was 27 months (95% Cl, 22.9-31.0 months).

39.8-78.2 months) (Fig. 1). Median OS from
liver metastasis diagnosis was 27 months
(95% Cl, 22.9-31.0 months) (Fig. 2). Median
OS from first liver-directed treatment was
9 months (95% Cl, 0-21.4 months) (Fig. 3).
Median liver PFS was 9 months (95% Cl,
1.4-16.6 months) (Fig. 4).

Patients without extrahepatic disease
(n=9) had longer median OS compared with
patients with extrahepatic disease (n=15)
at the time of the first liver-directed treat-
ment (22 months vs. 8 months, P = 0.763).

Patients with stable or decreased MELD
score at 3 months after the liver-directed
treatment (n=16) had longer OS compared
with patients with increased MELD score
(n=8) (20 months vs. 4 months, P = 0.142).
Patients who received liver-directed treat-
ment starting <4 months (n=11) from liver
metastasis diagnosis had a greater median
survival compared with those who received
liver-directed treatment >4 months (n=13)
after liver metastasis diagnosis (24 months
vs. 6 months, P = 0.102). Although the sur-
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Figure 3. The Kaplan-Meier survival analysis revealed that the median OS from the first liver-directed

treatment was 9 months (95% Cl, 0-21.4 months).
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Figure 4. The Kaplan-Meier method revealed that the median liver progression-free survival from the
first liver-directed treatment was 9 months (95% Cl, 1.4-16.6 months).

vival difference between the above groups
are considerable, the small sample size did
not allow for statistically significant results
(Table 2). Among the other variables that
were compared, the median OS from diag-
nosis and from first treatment of patients
who were responders by mRECIST criteria
vs non-responders was not statistically
significant (Table 2). A cox-regression haz-
ard analysis to investigate a correlation be-
tween OS and lab values at baseline and at
3 month follow-up after first liver-directed

treatment was preformed and the results
were not statically significant.

Among 23 out of 24 patients, grade 1 or 2
clinical toxicities were reported during the
first 3 months after liver-directed treatment.
Most patients endorsed some degree of
nausea and right upper quadrant or epigas-
tric pain as well as fatigue. There were two
reports of grade 2 acute cholecystitis and
one grade 3 postembolization syndrome
resulting in 6-day hospitalization following
DEB-TACE. At 3-month follow-up, 21 out of
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24 patients were found to have grade 1 or 2
lab toxicities; 3 patients had grade 3 toxici-
ties due to either elevated bilirubin, ALT, or
alkaline phosphatase. Average MELD score
at baseline was not significantly different
from MELD score at 3-month follow-up
(7.5£1.9vs.8.9+4.2, P=0.062).

Abdominal CT was performed in all pa-
tients prior to liver-directed treatment and
at 3-month follow-up. Out of 24 patients, 20
were found to have bilobar disease and 15
were found to have extrahepatic metastasis
at the time of the treatment. At 3 months,
9 patients were found to have progressive
disease (PD), 5 had stable disease (SD), 5
had partial response (PR), and 5 had com-
plete response (CR) by mRECIST criteria.
Therefore, objective response rate (CR+PR)
was 41.7% (10/24) and disease control rate
was 62.5% (15/24) by mRECIST criteria. By
RECIST criteria, 13 patients had PD, 10 had
SD, and one had CR (Table 3). Among those
patients with PD, 4 had extrahepatic pro-
gression.

Discussion

Soft tissue sarcomas are rare tumors ac-
counting for less than 1% of all malignan-
cies, and leiomyosarcomas account for
10%-24% of soft tissue sarcomas (23). Me-
tastases arise via hematogenous spread to
the lungs, liver, bone, and other soft tissues
(23). As liver metastases are often the lim-
iting factor for survival, optimal treatment
strategies are currently under investigation.

Most patients with metastatic sarcoma
to the liver are treated with chemothera-
py. However, response to chemotherapy
is poor. For patients who are surgical can-
didates, resection of liver metastases can
prolong survival (9-11). In a study of 126
patients who underwent liver resection for
metastatic sarcomas, Goumard et al. (9) re-
ported a median OS of 58.0 months and re-
currence-free survival (RFS) of 12.5 months.
Another study reported 7.9 months RFS
with metastatic leiomyosarcoma who un-
derwent hepatic metastasectomy (11).
However, most of the patients who present
with liver metastasis are not surgical candi-
dates. In a series of 331 patients with sarco-
ma liver metastasis, only 17% (56 patients)
underwent resection. In addition, the recur-
rence rate after sarcoma metastasectomy is
high, DeMatteo et al. (10) reported an 84%
recurrence rate, with the liver as the most
common site of tumor recurrence.

Krzyston et al.



Table 2. Effects of categorical variables on median overall survival

Median OS (months) 95% Cl P
Extrahepatic disease
No 22 4.7-39.3 0.763
Yes 8 5.2-10.8
MELD score
Decreased or stable 20 9.3-30.8 0.143
Increased 4 0-21.4
Time form liver metastasis to treatment
<4 months 24 7.5-40.5 0.102
>4 months 6 2.5-9.5
Imaging response by mRECIST criteria
Responders 9 0.0-28.1 0.753
Non-responders 9 0.0-19.7

OS, overall survival; Cl, confidence interval; MELD, model for end-stage liver disease; mRECIST, modified response

evaluation criteria in solid tumors.

Table 3. Imaging response

Total DEB-TACE Y90 Ablation
n (%) n (%) n (%) n (%)
RECIST
PD 13 (54.2) 7 (30.4) 2(33.3) 4(80.0)
SD 10 (41.7) 6(26.1) 4 (66.7) 0(0)
PR 0 (0) 0(0) 0(0) 0 (0)
CR 1(4.2) 0(0) 0(0) 1(20.0)
mRECIST
PD 9(37.5) 3(13.0) 3(50.0) 3 (60.0)
SD 5(20.8) 3(13.0) 2(33.3) 0(0)
PR 5(20.8) 4(17.4) 1(16.7) 0(0)
CR 5(20.8) 3(13.0) 0(0) 2 (40.0)

DEB-TACE, doxorubicin eluting bead transarterial chemoembolization; Y90, yttrium-90; RECIST, response
evaluation criteria in solid tumors; PD, progressive disease; SD, stable disease; PR, partial response; CR, complete
response; mMRECIST, modified response evaluation criteria in solid tumors.

For patients who fail to respond to che-
motherapy and are not surgical candidates,
the treatment options are limited. Liver-di-
rected therapies are emerging new tech-
nologies to treat these patients. Percutane-
ous ablation was our primary liver-directed
therapy choice, since ablation can provide
the best local tumor control eliminating the
entire metastasis. In our study only 5 out of
24 patients received ablation since patients
needed to have limited disease (1-3 le-
sions) and lesions <3 ¢cm to qualify for abla-
tion. The primary embolization method was
DEB-TACE and radioembolization was used
if that was the patient’s preference (pa-
tients with low pain tolerance and/or the

patient did not want to stay in the hospital
for overnight observation). In our study, liv-
er-directed treatments with DEB-TACE, Y90
radioembolization, or ablation, resulted in
an OS of 59 months from leiomyosarcoma
diagnosis, 27 months from hepatic metas-
tasis diagnosis, and 9 months from liver-di-
rected treatment. Our results are similar
to previous reports; however, due to the
rarity of leiomyosarcoma and soft tissue
sarcomas as a whole, most previous stud-
ies included heterogeneous groups of soft
tissue sarcomas. In a study of 28 patients
who underwent embolization for sarcoma
liver metastases, 12 of which underwent
bland embolization, 6 radioembolization, 8

TACE, and 2 who underwent a combination
of liver-directed treatment, Pierce et al. (24)
reported a median OS of 26.7 months and
PFS of 14.2 months from treatment. Out of
these 28 patients, 11 had leiomyosarcoma
(24). Maluccio et al. (25) reported promising
response of sarcoma hepatic metastases to
bland embolization with a median OS from
treatment of 18 months in a study of 24 pa-
tients with metastatic sarcoma, 7 of which
were leiomyosarcoma. In a larger study in-
cluding 30 patients with sarcoma hepatic
metastases treated with TACE, Chapiro et
al. (7) reported a median OS from first treat-
ment of 21.2 months and a median PFS of
6.3 months. Out of the 30 patients, 25 had
leiomyosarcoma (7). In regards to Y90 ra-
dioembolization, two smaller studies have
reported OS ranging from 26-30 months
from treatment; both studies consisted of
mixed hepatic metastatic soft tissue sarco-
ma patients, with leiomyosarcoma being
the predominant subtype (26, 27). As in our
study, ablation is used in patients with lim-
ited hepatic disease burden. In a study of
25 patients with sarcoma liver metastases
treated with ablation, including 5 patients
with hepatic leiomyosarcoma metastasis,
local ablation treatment was limited to pa-
tients with <5 local hepatic lesions and size
<3.5 ¢cm. In this study, median OS was 19
months (95% Cl, 12-26 months) from treat-
ment and the median PFS at the ablation
site was 9 months (95% Cl, 8-10 months)
(28). While our reported OS from treatment
is lower than other reports, our study is
unique in that our patient population con-
sists entirely of leiomyosarcoma patients
whereas all other previously presented
studies include sarcoma patients of various
histological subtypes (23-28). It is worth to
mention that in our study, the OS from the
liver-directed treatment was 22 months in
patients without extrahepatic disease at
the time of treatment and it was 24 months
in patients who underwent liver-directed
therapy within 4 months after diagnosis of
hepatic metastasis.

In the current study, objective tumor
response (CR+PR) by mRECIST was 42%
overall, and 54%, 17%, and 40% for TACE,
radioembolization, and ablation, respec-
tively. Chapiro et al. (7) reported an objec-
tive tumor response rate of 48% for TACE
using mRECIST criteria. Miller et al. (26)
reported a 36% radiographic response to
Y90 radioembolization therapy in patients
with sarcoma hepatic metastasis. Pierce et
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al. (24) reported radiographic response of
38.9% at 3 months after transarterial em-
bolization treatment with TACE, Y90, or
bland beads.

Our study reports a favorable median
OS compared with doxorubicin (9 vs. 12.8
months) and liver-directed therapies are
better tolerated (12). In our study, most
patients endorsed grade 1 nausea and/or
right upper quadrant or epigastric pain.
Only one patient was reported to have a
grade 3 postembolization syndrome re-
sulting in 6-day hospitalization after DEB-
TACE. The use of doxorubicin for chemo-
therapy is associated with grade 3 and 4
toxic effects, with the most common being
leukopenia (18%), neutropenia (37%), fe-
brile neutropenia (13%), anemia (5%), and
thrombocytopenia (<1%) (12). The lower
rate of toxicity associated with liver-direct-
ed therapies in our study is consistent with
other reports. Chapiro et al. (7) reported
right upper quadrant pain as the most fre-
quently reported adverse event after DEB-
TACE. The most common reported clinical
toxicity in the study of Pierce et al. (24) was
postembolization syndrome reported in 3
patients and defined as fever, nausea and
vomiting, and pain within 72 hours. They
also reported one patient who developed
a hepatic abscess 3 months after radioem-
bolization which resolved with percutane-
ous drainage and antibiotics (24). Devel-
opment of liver abscess was also reported
in two patients in the Maluccio et al. (25)
study which required treatment with either
drainage or resection. Few studies report
lab toxicities. We followed albumin, INR,
ALT, AST, alkaline phosphatase, and biliru-
bin and reported mostly grade 1 or 2 lab
toxicities and 3 patients with grade 3 tox-
icities due to either elevated bilirubin, ALT,
or alkaline phosphatase. We also calculated
MELD score before and after treatment and
found no significant difference between
the two. Transue et al. (27) also followed lab
toxicity, and similar to our study, reported
a single grade 3 bilirubin toxicity that oc-
curred at 3 months in a study of 18 patients
with metastatic soft tissue sarcomas to the
liver treated with Y90.

The main deficiencies of this study are
its retrospective nature and the low num-
ber of subjects which did not allow for sig-
nificant subgroup analysis. Although we
report large differences in survival among
various subgroups, due to the small size of
our study group, we were unable to identi-
fy significant predictors of OS. In addition,

this was a single institution study. As such,
criteria for treatment may vary between
our institution and many others. Our deci-
sion to treat was based on discussions at a
multidisciplinary tumor board; therefore,
selection bias may have altered the results.
In our study, patients were not selected for
or against treatment based on presence or
absence of extrahepatic metastasis or pri-
mary tumor control.

In conclusion, our findings are consistent
with previous studies showing that liver-di-
rected treatments (TACE, Y-90 radioem-
bolization, ablation) are effective and safe
treatment options for unresectable hepatic
leiomyosarcoma metastasis. Our study may
indicate that patients who have extrahe-
patic disease and patients who undergo
liver-directed therapy within 4 months af-
ter diagnosis of hepatic metastasis benefit
the most from the treatment. To our knowl-
edge, this is the largest single-institution
study consisting exclusively of patients with
leiomyosarcoma metastasis to the liver.
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