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Abstract

Background—We investigated outcomes by primary tumor type in patients who underwent 

resection of liver metastases from gastrointestinal stromal tumors (GIST), leiomyosarcomas, and 

other sarcomas.

Method—Our institutional liver database was used to identify patients who underwent resection 

from 1998 through 2013. Histopathological, clinical, and survival data were analyzed.

Results—One hundred forty-six patients underwent resection of liver metastases from GIST 

(n=49), leiomyosarcomas (n=47), or other sarcomas (n=50). The 5-year overall survival (OS) rates 

in patients with GIST, leiomyosarcomas, and other sarcomas were 55.3%, 48.4%, and 44.9%, 

respectively, and the 10-year OS rates were 52.5%, 9.2%, and 23.0%, respectively. The 5-year 

recurrence-free survival (RFS) rate was better for GIST (35.7%; p=0.003) than for 

leiomyosarcomas (3.4%) and other sarcomas (21.4%). Lung recurrence was more common for 

leiomyosarcomas (36% of patients; p<0.0001) than for other sarcomas (12%) and GIST (2%). For 

GIST, the findings support a benefit of imatinib regarding the 5-year RFS rate compared to 

resection alone (47.1% vs 9.5%; p=0.013). For leiomyosarcoma, primary tumor location did not 

affect the 5-year RFS rate (intraabdominal 14.5%; other location 0%; p=0.182).

Conclusion—Liver metastases from GIST, leiomyosarcomas, and other sarcomas should be 

assessed separately as their survival and recurrence patterns are different. This is especially 

important for GIST, for which imatinib is now available.
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Introduction

The safety of liver resection is improving, allowing for broader application of resection of 

non-colorectal liver metastases.1–3 However, as the definition of technically resectable liver 

disease is expanding, it remains important to determine the survival benefit from liver 

resection given that tumors of different origins have different growth rates, invasiveness, 

and migratory potential.4

Among the tumors that can metastasize to the liver are gastrointestinal stromal tumors 

(GIST) and leiomyosarcomas (LMS). GIST, arising from interstitial cells of Cajal of the 

gastrointestinal tract or other intra-abdominal sites, account for 90% of gastrointestinal 

mesenchymal neoplasms.5 GIST may or may not possess features of smooth muscle cells 

but are uniformly characterized by immunoreactivity to the transmembrane tyrosine kinase 

receptor CD117 (KIT).6 LMS, on the other hand, generally lack expression of CD117 but 

reliably demonstrate high levels of smooth muscle actin and desmin.7,8 Distinguishing 

between GIST and gastrointestinal LMS (GI-LMS) was difficult before the introduction of 

KIT immunohistochemistry.5 Consequently, early studies of GI-LMS were comprised 

largely of patients with GIST, and the unique patient outcomes after resection of liver 

metastases from GIST and LMS remain poorly described. This problem became especially 

important after the introduction of imatinib mesylate (imatinib) for treatment of GIST 

because imatinib has improved outcomes significantly for patients with GIST whereas 

targeted therapy for LMS remains experimental and LMS respond poorly to 

chemotherapy.9,10

There are a number of published studies on outcomes after resection of liver metastases 

from GIST and sarcomas of various origins (Table 1). However, most of these studies are 

limited by small patient numbers (< 40 patients)11–18 and/or poor distinction between 

pathological types, some even including non-GI-LMS and sarcomas of other or 

indeterminate origin (SRC) in the survival analyses.1,2,19,20

The aim of the present study was to determine outcomes after resection of liver metastases 

from GIST, LMS, and SRC as unique groups in a large series of patients from a single 

center. We performed subanalyses to determine the survival impact of imatinib treatment in 

GIST, the survival impact of the location of LMS (intraabdominal vs other location), the 

survival impact of radiofrequency ablation (RFA) in all pathological types, risk factors for 

recurrence, and patterns of recurrence according to pathological type.

Methods

Study Population

The Institutional Review Board of The University of Texas MD Anderson Cancer Center 

approved the study protocol, PA14-0761. Patients who underwent resection of first time 

liver metastases from GIST, LMS, or SRC from 1998 through 2013 were identified from the 

institutional liver database. Resection of non-liver metastatic disease prior to liver surgery 

was not an exclusion criterion. The following data were recorded or updated with data found 

in electronic patient medical records: sex, age, disease-free interval between resection of the 
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primary tumor and presentation of liver metastases, number of liver metastases, diameter of 

the largest liver metastasis, type of liver resection, resection margin status (no viable tumor 

cells < 1 mm from the resection margin or viable tumor cells < 1 mm from the resection 

margin [R1]), use of RFA, pathological type, use of chemotherapy and targeted therapy, site 

of recurrence, and overall survival. The patients were grouped according to pathological 

type: GIST, LMS, or SRC. The following groups were used for subanalyses: use of TKI or 

not in patients with GIST, intraabdominal or other primary tumor location of in patients with 

LMS, and use of RFA or not in all patients.

Patient Care

Resectability and extrahepatic disease were assessed with helical computed tomography of 

the chest, abdomen, and pelvis with a triphasic liver protocol. Intraoperative 

ultrasonography was used to assess the vascular anatomy and to assess known and possibly 

undetected lesions. Parenchymal transection was performed using the Cavitron Ultrasonic 

Surgical Aspirator (Valleylab, Boulder, CO) and saline-linked cautery (Dissecting Sealer DS 

3.0, Tissue Link Medical, Inc., Dover, NH) and performed with control of hepatic inflow.21 

GIST diagnosis was confirmed by immunohistochemistry or PCR-based DNA sequencing 

analysis to detect mutations in PDGFRα (exon 18) or c-KIT (exons 9, 11, 13, and 17). 

Adjuvant treatment, (i.e., chemotherapy or targeted treatment) was used in 96 of the 146 

patients (65.8%). Imatinib was used to treat patients with GIST, and combinations of 

doxorubicin, docetaxel, gemcitabine, ifosfamide, and/or dacarbazine were used to treat 

patients with LMS and SRC. Radiological follow-up was performed every 4 months after 

resection of liver metastases to assess for recurrence.

Statistical Analysis

Continuous data were expressed as median with range and compared with Mann-Whitney U 

test. Categorical data were compared by Pearson chi-squared tests or Fisher’s exact test if 

the expected cell count number of any cell was less than 5. A p value of less than 0.05 was 

considered statistically significant. Cox regression survival analyses with enter method for 

the covariates were conducted to determine factors associated with overall survival. Kaplan-

Meier analysis was used to assess recurrence-free survival (RFS) and overall survival (OS) 

from the hepatectomy, and groups were compared using log-rank analyses. The statistical 

analyses were performed using SPSS v.19.0 (SPSS Inc., IBM, Chicago, IL, USA).

Results

Clinicopathological Characteristics and Pathological Types

A total of 146 patients underwent resection of liver metastases from GIST (n = 49), LMS (n 

= 47), or SRC (n = 50) during the study period (Figure 1). Patient characteristics by 

pathological type are summarized in Table 2. The median age was 55 years for patients with 

GIST, 57 years for those with LMS, and 54 years for those with SRC; the proportion of 

males was 59% for GIST, 28% for LMS, and 56% for SRC. Of the 49 GIST, 20 were 

located in the small bowel, 14 in the stomach, 13 in the mesentery, and 2 in the large bowel. 

Of the 47 LMS, 14 were located in the abdomen, 10 in the uterus, 10 in the retroperitoneum, 

4 in the kidneys, 3 in the adrenal glands, 3 in the vena cava, and 3 in other locations. Among 
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the 50 SRC, there were 10 cases of unclassified sarcoma; 7 cases of liposarcoma; 4 cases 

each of desmoplastic small round cell sarcoma and pleomorphic sarcoma; 3 cases each of 

angiosarcoma, chondrosarcoma, fibrosarcoma, and hemangiopericytoma; 2 cases each of 

hemangioendothelioma, osteosarcoma, and spindle cell sarcoma; and 1 case each of clear-

cell sarcoma, epithelioid sarcoma, Ewing sarcoma, myxofibrosarcoma, perivascular 

epithelioid cell tumor, phyllodes sarcoma, and synovial sarcoma.

RFS According to Pathological Type

The 5-year RFS rate was 35.7% for GIST, 3.4% for LMS, and 21.4% for SRC, and median 

time to recurrence was 17.8 months for GIST, 7.9 months for LMS, and 8.8 months for SRC 

(p = 0.003; Figure 2a). The liver was the most common site of recurrence for all groups 

(GIST, 41% of patients had recurrence in the liver; LMS, 40%; SRC, 34%), and there were 

no differences regarding the sites of recurrence except that lung recurrence occurred in 2% 

of patients with GIST, 36% of those with LMS, and 12% of those with SRC (p < 0.001; 

Table 3).

Subgroup analysis showed that patients with GIST who received imatinib had a higher 5-

year RFS rate than patients with GIST who underwent surgical resection alone (47.1% vs 

9.5%; p = 0.013; Figure 3a). Patients with LMS and SRC who received adjuvant 

chemotherapy had similar median RFS as patients who did not receive adjuvant 

chemotherapy (LMS: 7.9 vs 9.0 months, p = 0.434; SRC: 7.4 months vs 9.4 months, p = 

0.805). Patients with LMS with intraabdominal primary tumors had a 5-year RFS rate 

(14.5%) similar to that of patients with LMS with primary tumors at other locations (0%; p 

= 0.182; Figure 3b). Patients with any pathological tumor type who underwent RFA as part 

of their treatment (GIST, 27%; LMS, 21%; SRC, 14%; p = 0.301) had a lower 5-year RFS 

rate than patients whose disease could be cleared by resection alone (10.9% vs 24.7%; p = 

0.009; Figure 3c). Patients who underwent resection and RFA had similar size of the largest 

metastasis, but more metastases than patients who underwent resection only: 45 mm and 55 

mm (mean; p = 0.291) and 2 metastases vs. 1 metastasis (median; p = 0.005), respectively.

OS According to Pathological Type

The 5-year OS rates and median survival times did not differ significantly by pathological 

type, although there was a clear trend towards better 5-year survival for patients with GIST 

(Table 3). However, the 10-year OS rate was significantly better in patients with GIST 

(52.5%) than in patients with LMS (9.2%) or SRC (23.0%; Figure 2b; p = 0.016). In 

univariate analyses (Table 4), after resection of liver metastases from GIST, age greater than 

55 years (HR, 2.798; p = 0.027) was associated with reduced OS, male sex (HR, 0.447; p = 

0.071) exhibited a trend towards increased OS, and concomitant RFA (HR, 2.179; p = 

0.085) and R1 resection (HR, 4.100; p = 0.066) exhibited trends towards reduced OS. After 

resection of liver metastases from LMS, disease-free interval less than 12 months (HR, 

2.253; p = 0.033) and diameter of the largest tumor more than 30 mm (HR, 2.059; p = 0.055; 

borderline significant) were associated with decreased OS. After resection of SRC, R1 

resection (HR, 12.97; p < 0.001) was associated with decreased OS, and male sex (HR, 

1.962; p = 0.076) exhibited a trend towards decreased OS (Table 4).
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Discussion

In the present study, we investigated survival and factors associated with outcome after 

resection of liver metastases from GIST, LMS, and SRC in a large series of patients from a 

single center. The median RFS times for patients with GIST, LMS, and SRC were 17.8 

months, 7.9 months, and 8.8 months, respectively. Lung recurrence after resection of liver 

metastases was more common in patients with LMS than in those with GIST or SRC. The 

10-year OS rate was 52.5% in patients with GIST, 9.2% in those with LMS, and 23.0% in 

those with SRC, indicating long-term survival benefits of surgery in selected groups. In 

contrast to previous studies based on small patient series and/or poorly differentiating 

between the different pathological types, the current study suggests unique patterns of 

recurrence and survival for different pathological types, indicating the importance of 

consideration of the tumor type when patients are evaluated for liver resection.11–14,19

The previous practice of analyzing GIST and GI-LMS together has been based on the 

assumption that metastasizing cells from both pathological entities possibly reach the liver 

through portal vein circulation. In this view, liver metastases could represent “sentinel 

metastases” rather than disseminated disease, and surgery may provide a survival benefit 

and even cure. However, this assumption is hypothetical and does not account for different 

tumor biology of the pathological entities. Additional reasons for analyzing these 

pathological entities together have been the fact that these cancers are rare and the fact that 

they were difficult to distinguish from one another before the routine use of 

immunohistochemistry or gene analyses.1,11

Previous studies have reported outcomes that could indicate cross-contamination between 

pathological groups. For example, Nunobe et al. and DeMatteo et al. did not distinguish 

between GIST and GI-LMS and reported 5-year survival rates of 34.0% and 40.0%, 

respectively.13,19 These rates align between the 55.3% and the 21.8% 5-year survival rates 

for GIST and GI-LMS in the current study. Furthermore, DeMatteo et al. reported similar 

survival after resection of GIST/GI-LMS and SRC.19 This could be attributed to the mixing 

of pathological entities but most likely reflects the fact that the study included patients 

treated before the use of imatinib.

Today, discrimination between GIST and LMS is important because patients with GIST are 

amenable to treatment with imatinib. In GIST, the principal pathological genetic defect has 

been identified as mutation in the c-KIT proto-oncogene or in the platelet-derived growth 

factor receptor-α (PDGFRα) gene, both leading to expression of proteins causing 

constitutive activation of tyrosine kinase receptors. Imatinib was initially found as an 

inhibitor of BCR/ABL, but subsequently also found to be a molecular antagonist of c-KIT 

and PDGFRα proteins, and thereby acts as a tyrosine kinase inhibitor (TKI). More than 90% 

of GIST express c-KIT, and imatinib has revolutionized treatment of these tumors.22 In the 

current study, most patients (n = 39; 80%) with liver metastases from GIST were treated 

with imatinib perioperatively, and their survival was superior to that of patients who 

underwent liver resection without imatinib. Liver resection before the 2001 U.S. Food and 

Drug Administration approval of imatinib was the main reason for absence of treatment in 

the 10 patients with GIST in our study who did not receive imatinib. The effect of 
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chemotherapy in LMS and SRC, not amenable to treatment with imatinib, is still uncertain 

and controversial.9,10 In the current study, 57.4% of patients with LMS and 56% of patients 

with SRC received some form of perioperative chemotherapy. We did not see the same 

survival benefit from chemotherapy in patients with LMS and SRC that we saw from 

imatinib in patients with GIST (data not shown).

Historically, resection of liver metastases from GIST has been controversial, and whether 

resection actually provided a chance for cure has been questioned. Nunobe et al. concluded 

that cure was difficult to achieve with resection in their series of 18 patients with GIST and 

that repeated surgical resection primarily contributed to palliation.13 In spite of their 

conclusion, they reported a 5-year survival rate of 34.0%, reflecting long-term-survivors in 

their series, which included both GIST and GI-LMS. Our results indicate that the 5-year 

GIST-specific survival rate could have been even higher had the patients stratified by 

pathological type.

In the era of imatinib, the role of surgery for liver metastases from GIST has been 

questioned. However, previous reports indicate that up to 24% of GIST patients are poor 

imatinib responders and complete response to imatinib is rare.23–25 Xia et al. made the 

interesting observation that resection of liver metastases from GIST improved survival in 

patients with poor response to imatinib.16 Furthermore, resistance to imatinib is seen in 

more than 50% of patients after 2 years of treatment.23–25 On the basis of our current study, 

we believe that resection of liver metastases from GIST, even in patients showing 

radiographic response to imatinib, should remain a vital component of the treatment plan.

In the current study, the liver was the most common site of recurrence after resection of 

metastases irrespective of pathological type, and liver metastases were seen in about 40% of 

patients. In contrast, lung recurrence presented significantly more often in patients with 

LMS (36%) than patients with SRC (12%) or GIST (2%). To our knowledge, this difference 

has not been noted in previous studies reporting recurrence after liver resection, possibly 

because of lack of differentiation in those studies between GIST and LMS.19

Because of small patient series and mixing of pathological types, it has been difficult to 

establish prognostic factors for survival after resection of liver metastases from GIST, LMS, 

and SRC.13 In studies by DeMatteo et al. and Pawlik et al., clinicopathological factors such 

as sex, age, tumor number, and margin status were not prognostic of survival.19,20 In 

contrast, in the current study, male sex was a borderline significant predictor of survival, but 

with opposite effects in GIST (HR, 0.447; p = 0.071) and SRC (HR, 1.962; p = 0.076). In 

the current study, age more than 55 years was significantly associated with worse survival 

for GIST (HR, 2.798; p = 0.027), but not for LMS and SRC. In patients with LMS, overall 

survival was positively associated with a disease-free interval of more than 12 months, 

which is in agreement with findings from patients with colorectal cancer liver metastases.26 

In contrast, in patients with GIST and SRC, survival was not associated with disease-free 

interval.

RFA was used in 30 patients (GIST: n = 13; LMS: n = 10; SRC: n = 7) and was associated 

(borderline significant) with poor survival in patients with GIST but not in patients with 
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LMS or SRC. Patients who underwent RFA alone without surgical resection were not 

included in the present study, but Pawlik et al. previously reported higher rates of recurrence 

in patients who underwent RFA alone than in patients who underwent resection alone for 

GIST, LMS, or SRC.20

Previous reports have shown that imatinib improves recurrence-free survival more in 

patients undergoing resection of liver metastases from GIST than in patients undergoing 

resection of liver metastases from LMS and SRC.20 In the current study, the findings 

supported a benefit of imatinib on recurrence-free survival in patients with liver metastases 

from GIST.

The current study has the following limitations. First, the study may have been 

underpowered for certain analyses, especially subanalyses within the pathological groups. 

For example, for the analysis of the impact of a positive margin (R1 resection) in patients 

with GIST and LMS, there were only 2 patients with R1 resection in each of these groups. 

Furthermore, RFS was similar after resection of liver metastases from intraabdominal 

primary LMS, which is drained by the portal vein, and resection of liver metastases from 

primary LMS at other sites, which is drained systemically (p = 0.182). However, according 

to the Kaplan-Meier survival plot (Figure 3b), there could be a trend towards a more 

favorable outcome with the intraabdominal location of the primary LMS, and our series may 

have been underpowered to permit firm conclusions to be drawn. Regardless of this 

limitation, this surgical series is still the largest single-center experience reported to date of 

these pathological types. Second, while the Kaplan-Meier RFS plots showed significant 

separation between GIST, LMS, and SRC beginning about 1 year after resection of 

metastases (Figure 2a), it was not until about 5 years after resection of metastases that the 

OS plots showed a survival advantage for GIST over LMS and SRC (Figure 2b). One 

possible explanation for the discrepancy between the RFS and OS curves could be more 

aggressive treatment of recurrence in certain pathological entities. Furthermore, the number 

of patients with more than 5 years of follow-up was limited and may not have been 

sufficient to permit conclusions about whether SRC is associated with better OS than LMS 

between 5 and 10 years.

Conclusion

The current report suggests that patients with GIST, LMS, and SRC should be evaluated 

separately for resection of liver metastases. Patients with GIST treated with imatinib and 

resection had a clear survival benefit over patients with GIST undergoing resection alone. 

This benefit is most likely a synergetic effect and resection should still be the mainstay of 

treatment as resistance to imatinib is often observed after about 2 years of treatment. The 

current study demonstrates long-term survivors (5 and 10 years) after resection of liver 

metastases from LMS and SRC, indicating a role for surgical resection in patients with these 

pathological entities as well.
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Figure 1. 
Flow chart of study population and selected characteristics.
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Figure 2. 
Kaplan-Meier plot of 5-year recurrence-free survival (a) and 10-year overall survival (b) 

after resection of liver metastases according to pathological type. GIST: gastrointestinal 

stromal tumor; LMS: leiomyosarcoma; SRC: sarcoma of other or indeterminate origin.
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Figure 3. 
Kaplan-Meier plots of recurrence-free survival according to subgroup: TKI treatment in 

patients with GIST (a), primary tumor location in patients with LMS (b), and RFA in all 

patients (c). GIST: gastrointestinal stromal tumor; LMS: leiomyosarcoma; SRC: sarcoma of 

other or indeterminate origin; TKI: tyrosine kinase inhibitor: RFA: radiofrequency ablation.

Brudvik et al. Page 12

J Gastrointest Surg. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brudvik et al. Page 13

T
ab

le
 1

Su
m

m
ar

y 
of

 s
tu

di
es

 r
ep

or
tin

g 
re

se
ct

io
n 

of
 li

ve
r 

m
et

as
ta

se
s 

fr
om

 G
IS

T
, L

M
S,

 a
nd

 S
R

C

F
ir

st
au

th
or

St
ud

y 
pe

ri
od

N
o.

 o
f

pa
ti

en
ts

P
at

ho
lo

gi
ca

l t
yp

e(
s)

T
K

I,
no

. o
f

pa
ti

en
ts

tr
ea

te
d

R
F

A
P

re
di

ct
or

(s
) 

of
 p

os
it

iv
e

ou
tc

om
e

O
ve

ra
ll 

su
rv

iv
al

ra
te

L
an

g
19

82
–1

98
6

34
L

M
S

0
N

o
N

on
e

5-
ye

ar
: 1

3%

D
eM

at
te

o
19

82
–2

00
0

56
G

IS
T

/G
I 

L
M

S 
(n

=
34

)
N

on
-G

I 
L

M
S 

(n
=

11
)

SR
C

 (
n=

11
)

0
N

o
D

is
ea

se
-f

re
e 

in
te

rv
al

 >
2

ye
ar

s
5-

ye
ar

: 3
0%

Sh
im

a
19

89
–2

00
1

10
G

IS
T

0
±

 R
FA

N
on

e
M

ed
ia

n:
 3

9 
m

o

N
un

ob
e

19
84

–2
00

3
18

G
IS

T
 a

nd
/o

r 
L

M
S

0
N

o
N

on
e

5-
ye

ar
: 3

4%

Pa
w

lik
a

19
96

–2
00

5
66

G
IS

T
 (

n=
36

)
L

M
S 

(n
=

18
)

SR
C

 (
n=

12
)

26
±

 R
FA

N
o 

R
FA

; a
dj

uv
an

t t
he

ra
py

;
im

at
in

ib
5-

ye
ar

: 2
7.

1%

A
da

m
b

19
83

–2
00

4
15

8
G

IS
T

 (
n=

33
)

SR
C

 (
n=

12
5)

N
A

N
A

N
on

e
G

IS
T

 5
-y

ea
r:

70
%

SR
C

 5
-y

ea
r:

 3
1%

R
eh

de
rs

19
93

–2
00

3
27

L
M

S/
G

IS
T

/
H

em
an

gi
op

er
ic

yt
om

a
0

N
A

D
is

ea
se

-f
re

e 
in

te
rv

al
 >

 2
ye

ar
s

5-
ye

ar
: 4

9%

X
ia

20
05

19
G

IS
T

19
N

A
R

es
ec

tio
n 

im
pr

ov
ed

 s
ur

vi
va

l
in

 im
at

in
ib

-p
oo

r-
re

sp
on

de
rs

3-
ye

ar
: 8

9.
5%

T
ur

le
yc

19
95

–2
00

5
39

G
IS

T
27

6
T

K
I 

an
d 

re
se

ct
io

n 
be

tte
r 

th
an

T
K

I 
al

on
e

3-
ye

ar
: 6

7.
9%

C
an

an
zi

20
06

–2
01

0
11

G
IS

T
11

N
A

T
K

I 
im

pr
ov

ed
 o

ve
ra

ll
su

rv
iv

al
2-

ye
ar

: 7
0.

7%

C
ur

re
nt

st
ud

y
19

98
–2

01
3

14
6

G
IS

T
 (

n=
49

)
L

M
S 

(n
=

47
)

SR
C

 (
n=

50
)

39
±

 R
FA

G
IS

T
, L

M
S,

 a
nd

 S
R

C
 h

av
e

di
ff

er
en

t o
ut

co
m

es
 a

nd
pr

ed
ic

to
rs

 o
f 

ou
tc

om
e

10
-y

ea
r:

 5
2.

5%
,

9.
2%

, a
nd

 2
3.

0%
fo

r 
G

IS
T

, L
M

S,
an

d 
SR

C
,

re
sp

ec
tiv

el
y

G
I:

 g
as

tr
oi

nt
es

tin
al

; G
IS

T
: g

as
tr

oi
nt

es
tin

al
 s

tr
om

al
 tu

m
or

; L
M

S:
 le

io
m

yo
sa

rc
om

a;
 N

A
, n

ot
 a

va
ila

bl
e;

 R
FA

: r
ad

io
fr

eq
ue

nc
y 

ab
la

tio
n;

 S
R

C
: s

ar
co

m
a 

of
 o

th
er

 o
r 

in
de

te
rm

in
at

e 
or

ig
in

; T
K

I:
 ty

ro
si

ne
 k

in
as

e 
in

hi
bi

to
r.

a St
ud

y 
in

cl
ud

ed
 1

3 
pa

tie
nt

s 
w

ho
 u

nd
er

w
en

t R
FA

 o
nl

y.

b M
ul

tic
en

te
r 

st
ud

y 
in

vo
lv

in
g 

41
 c

en
te

rs
.

c M
ul

tic
en

te
r 

st
ud

y 
in

vo
lv

in
g 

3 
ce

nt
er

s.

J Gastrointest Surg. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brudvik et al. Page 14

Table 2

Patient characteristics by pathological type

Characteristic
GIST
(n=49)

LMS
(n=47)

SRC
(n=50) p

Male, n (%) 29 (59) 13 (28) 28 (56) 0.003

Age, median (range), yr 55 (35–79) 57 (23–75) 54 (4–79) 0.709

Disease free interval <12 months, n (%) 26 (53) 22 (49) 26 (52) 0.807

Tumor size, median (range), mm 40 (6–250) 29 (6–148) 50 (3–230) 0.006

Number of tumors, median (range) 2 (1–9) 1 (1–10) 1 (1–10) 0.161

Major hepatectomy >3 segments, n (%) 22 (45) 25 (53) 28 (56) 0.519

Concomitant RFA, n (%) 13 (27) 10 (21) 7 (14) 0.301

R1 resection, n (%) 2 (4) 2 (4) 4 (8) 0.627

Adjuvant treatment, n (%) 41 (84) 27 (57) 28 (56) 0.005

Tyrosine kinase inhibitor, n (%) 39 (80) 0 1 (2) < 0.001

GIST: gastrointestinal stromal tumor; LMS: leiomyosarcoma; SRC: sarcoma of other or indeterminate origin; RFA: radiofrequency ablation; R1 
resection: viable tumor cells < 1 mm from the resection margin.
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Table 3

Overall survival, recurrence-free survival, and recurrence by site according to pathological type

Outcome
GIST
(n=49)

LMS
(n=47)

SRC
(n=50) p

Overall survival (OS) 0.016

   Median survival, mo 40.6 42.1 45.5

   3-year OS, % 72.7 64.3 67.5

   5-year OS, % 55.3 48.4 44.9

   10-year OS, % 52.5 9.2 23.0

Recurrence-free survival (RFS) 0.003

   Median time to recurrence, mo 17.8 7.9 8.8

   3-year RFS, % 39.0 12.7 24.4

   5-year RFS, % 35.7 3.4 21.4

Site of first recurrence, n (%)

   Liver 20 (40.8) 19 (40.4) 17 (34.0) 0.736

   Lung 1 (2.0) 17 (36.2) 6 (12.0) < 0.001

   Lymph node 4 (8.2) 4 (8.5) 4 (8.0) 0.996

   Peritoneum 3 (6.1) 1 (2.1) 2 (4.0) 0.615

   Abdominal 5 (10.2) 4 (8.5) 3 (6.0) 0.745

   Retroperitoneal 1 (2.0) 3 (6.4) 2 (4.0) 0.563

   Bone 2 (4.1) 3 (6.4) 4 (8.0) 0.718

   Other 2 (4.1) 0 2 (4.0) 0.377

GIST: gastrointestinal stromal tumor; LMS: leiomyosarcoma; SRC: sarcoma of other or indeterminate origin.
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