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Abstract

Aim: The aim of this retrospective study was to analyse the outcome following hepatic resection for metastatic STS and to identify factors

predicting survival.

Methods: All patients who underwent hepatic resection for metastatic STS between August 1997 and April 2009 were included. The data

was obtained from a prospectively maintained database. Patients’ demographics, clinico-pathological parameters, overall survival and the

factors predicting survival were analysed.

Results: Thirty-six patients underwent hepatic resection for metastasis, with a median age of 58 years. The predominant site of primary

tumour was the gastro-intestinal tract (50%). Leiomyosarcoma was the most common histological type (54%). The median interval between

the primary and metastatic resections was 17 months. Thirteen patients had synchronous tumours. 24 patients had major liver resections and

10 patients had bi-lobar disease. The median number of liver lesions resected was 1(1e6) and the median maximum diameter was 11 cm

(1e26 cm). R0 resection was performed in 31 patients. The 1-, 3- and 5-year overall survival from the time of metastasectomy was 90.3%,

48.0% and 31.8% respectively, with a median survival of 24 months. Factors associated with poor survival on univariate analysis were the

presence of high grade tumours ( p ¼ 0.04), primary leiomyosarcoma ( p ¼ 0.01) and positive resection margin of liver metastasis

( p ¼ 0.04), whilst multivariate analysis predicted primary leiomyosarcoma as a risk factor for poor survival ( p ¼ 0.01).

Conclusion: Hepatic resection for metastatic STS appears to be valuable in carefully selected patients with acceptable long-term survival.

The aim of surgery must be an R0 resection to offer a chance of cure.

! 2010 Elsevier Ltd. All rights reserved.
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Introduction

Soft tissue sarcomas (STS) are a heterogenous group of

tumours with propensity for haematogenous spread.

25e40% of all patients with STS develop distant metasta-

sis, despite adequate local disease control.1 Liver is the pre-

dominant site of metastasis from abdominal and pelvic

sarcomas. Hepatic metastasis is reported to occur in

20e60% of patients with visceral or retroperitoneal

sarcomas.2e5

The reported median survival of untreated patients with

liver metastasis from STS was no more than 14 months.3,6

With the exception of gastro-intestinal stromal tumours

(GIST), the response rates following systemic chemother-

apy are poor, with limited duration of response.7,8 Similarly

the role of chemoembolisation is limited with a median du-

ration of regression of 12 months.9 Radiofrequency ablation

(RFA) alone was associated with a median survival of 25

months in a selected group of patients with STS.10 How-

ever, this was limited by a number of factors including

tumour size and proximity to vessels.11

Hepatic resection has become an accepted form of treat-

ment for patients with colorectal and neuro-endocrine me-

tastasis, with a mortality of <5% in specialized centres.12
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In patients with STS, surgical resection appears justified in

view of the poor response to other therapeutic options avail-

able. However, the role of hepatic resection for metastatic

STS is poorly defined. The purpose of this study was to an-

alyse the outcome following liver resection for metastatic

STS and to identify factors that predict survival.

Patients and methods

All the patients who underwent hepatic resection for

STS between August 1997 and April 2009 at the University

Hospital of Birmingham NHS Trust were included in the

study. The data was obtained from the prospectively main-

tained hospital based liver unit and pathology database. The

study was approved by the Clinical and Audit Governance

unit of the trust.

Selection criteria

Hepatic resection was considered if the lesions were tech-

nically resectable with adequate residual hepatic functional

reserve, in patients where adequate primary local disease

control could be achieved. Hepatic functional reserve was

evaluated by a combination of pre-operative imaging and

liver function tests. All the patients were assessed at the

multi-disciplinary meeting involving surgeons, oncologists,

radiologists and pathologists. The presence of resectable

extra-hepatic disease did not preclude hepatic resection. Pa-

tients with primary hepatic sarcoma and primary STS infil-

trating into the liver were excluded form the study.

Post-operatively patients were followed-up clinically

and radiologically every 3 months for the first year, every

4 months for the second year, every 6 months for the third

year and yearly thereafter till the fifth post-operative year.

Radiological imaging consisted of computerized tomo-

graphic scan of the chest, abdomen and pelvis with contrast

and/or magnetic resonance imaging of the abdomen.

Parameters studied

The parameters studied were patient demographics, op-

erative parameters and clinico-pathological characteristics.

The clinical parameters analysed were the site of primary

tumour (gastro-intestinal vs. other tumours), timing of pre-

sentation of liver lesions (synchronous vs. metachronous),

and the time interval between the surgery for primary sar-

coma and liver resection (#24 months vs. >24 months).

Synchronous liver metastasis was defined as the presence

of simultaneous liver lesion and primary tumour or the de-

velopment of hepatic metastasis within 3 months of resec-

tion of primary tumour. The operative parameters studied

were the type of liver resection (resection of >3 segments

vs. #3 segments) and the presence or absence of extra-he-

patic disease. Pathological parameters included the histol-

ogy of primary tumour (leiomyosarcoma vs. other

sarcoma types), number of liver lesions (solitary vs. >1

lesion), maximum diameter of the liver tumour based on

median tumour size (>11 cm vs. #11 cm), unilobar vs.

bi-lobar disease, grade of tumour (high grade vs. others)

and the resection margin status (involved margin vs. tumour

free margin). For the purpose of analysis, the Trajoni grade

1, 2 and 3 for sarcoma were categorized as low, intermedi-

ate and high grade respectively. For sarcomatoid renal cell

tumours, Fuhrman grade 1e4 was followed. Fuhrman grade

1 was considered as low grade, 2 and 3 were grouped as in-

termediate grade and 4 as high grade tumour. All sarcoma-

toid renal cell tumours had more than 85% mesenchymal

component.

The above-mentioned parameters were further analysed

to identify their influence on predicting outcome following

liver resection. The overall 1-, 3- and 5-year survival was

calculated from the time of hepatic metastasectomy.

Statistical analysis

Data on above mentioned parameters were entered as bi-

nary variables. String and nominal data in the studied vari-

ables were re- categorized into binary variables based on

their distribution across the median. The outcome end point

assessed was mortality. Univariate significance of the each

mentioned variable was assessed with “cross tabulation”

using the Chi Square test or Fisher’s exact test.

A multivariate analysis model was designed employing

binary regression analysis. Given the smaller sample size,

hence smaller number of events (mortality), only thevariables

that predicted significant association with mortality on the

univariate analysis were entered to this multivariate model.

Actuarial survival was analysed using the KaplaneMeier

method. Statistical analysis was performed using SPSS for

windows software (version 17; Chicago, Illinois, USA).

The level of significance was set at p < 0.05 at 95% confi-

dence interval.

Results

A total of 36 patients underwent hepatic resection for

metastatic STS between August 1997 and April 2009.

The median age at the time of presentation of hepatic me-

tastasis was 58 years (range: 23e81 years). There were 13

men and 23 women.

The most common site of primary tumour was gastro-in-

testinal tract seen in 18 patients. This included stomach

(6 patients), mesentery (6 patients), small bowel (5 pa-

tients) and colon (1 patient). Fig. 1 shows the site of pri-

mary tumour in all 36 patients. The predominant

histological subtype of primary tumour was leiomyosar-

coma, seen in 20 patients, followed by GIST in five patients

(Fig. 2). Thirteen patients had synchronous liver metastasis,

while the remaining 23 patients had metachronous liver tu-

mours. The median time interval between surgery for pri-

mary tumour and liver resection was 17 months, ranging

from zero to 322 months.
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All of the 5 patients with GIST had resectable liver me-

tastasis at the time of presentation. Hence liver resection

was offered as the primary treatment. None of them re-

ceived adjuvant imatinib mesylate, as these patients were

all treated prior to the published evidence.

Hepatic resection

The different types of liver resections performed are

summarized in Fig. 3. Right hepatectomy or an extended

right hepatectomy with or without a non-anatomical resec-

tion was the most commonly undertaken procedure (18 pa-

tients). Major liver resection, defined as removal of three or

more couinau’s segments, was performed in 24 patients. Bi-

lobar disease was present in 10 patients.

Histological examination of the resected specimen re-

vealed the median number of liver lesions to be one, vary-

ing from 1 to 6. Solitary liver metastasis was seen in 27

patients, 2 lesions in 6 patients and 3, 4 and 5 lesions in

1 patient each. The median maximum diameter of the re-

sected liver lesion was 11 cm (range: 1e26 cm).

Complete resection of the liver tumour with negative mi-

croscopic surgical margins (R0 resection) was achieved in

31 patients, while the remaining 5 patients had microscopic

involvement of one of the resection margins (R1 resection).

None of the patients had R2 resection, defined as gross re-

sidual tumour after resection. Tumour grading revealed the

presence of high grade tumor in 19 patients, intermediate

grade tumour in 12 patients and low grade tumour in 5

patients.

Extra-hepatic disease

Resectable extra-hepatic disease at the time of liver resec-

tionwas seen in 11 patients. The sites of extra-hepatic disease

were pancreas (2 patients), peri-pancreatic nodule (1 pa-

tient), omental nodule (1 patient), diaphragm (1 patient),

small bowel and peritoneal nodule (1 patient), diaphragm

and left lung lower lobe (1 patient), gallbladder (1 patient),

adrenal and diaphragm (1 patient), stomach (1 patient), chest

nodule, colon and adrenal (1 patient). All the patients with

extra-hepatic disease had an R0 resection.

Multiple resections

Two patients had multiple resectional procedures for

metastasis outside the liver, prior to liver resection. One

of these patients had an omental nodule excision for metas-

tasis one year after surgery for primary uterine carcinosar-

coma, followed by liver resection 6 years later. The second

patient had an en-bloc resection of distal pancreas, left kid-

ney, adrenal and spleen three years following excision of

primary retroperitoneal sarcoma. This was followed by re-

section of small bowel and gallbladder 19 years later, sub-

sequently followed by liver resection four years later.

One patient had a repeat liver resection for tumour recur-

rence within the liver. This patient had a left hemi-

Figure 1. Site of primary tumour.

Figure 2. Histology of primary tumour.

Figure 3. Type of liver resections preformed.
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hepatectomy and a non-anatomical resection of a segment 6

lesion 2 years after the surgery for primary gastric leiomyo-

sarcoma. Subsequently another wedge liver resection was

performed for recurrence 3 years later.

Survival data

The median follow up was 24 months. Survival was cal-

culated from the time of hepatic resection for metastasis

and the primary end point was death. The median overall

survival was 24 months, ranging from two to 141 months.

The actuarial overall survival following hepatic metastasec-

tomy for STS was 90.3% at 1 year, 48% at 3 years and

31.8% at 5 years. There was no 30-day mortality and the

90-day mortality was 8.3%.

Prognostic factors

A number of prognostic factors were analysed to identify

their impact on survival. These included presence of synchro-

nous lesions, interval between surgery for primary tumour

and liver resection, site and histological type of primary

tumour, type of liver resection, presence of bi-lobar disease,

number and size of liver lesions, grade of tumour, status of re-

section margins and the presence of extra-hepatic disease.

Among all these parameters, the factors that were associated

with poor survival outcome on univariate analysis were the

presence of leiomyosarcoma ( p ¼ 0.01), high grade tumour

( p¼ 0.04) andmicroscopic positive resectionmargin of liver

metastasis ( p ¼ 0.04) (Table 1). All of the other factors in-

cluding the presence of synchronous liver lesions, number

of liver lesions and the presence of resectable extra-hepatic

disease did not have any influence on survival (Table 1).

The role of chemotherapy was not studied due to the heterog-

enous nature of the tumour types.

These negative predictive factors recognized on univari-

ate analysis were further individually analysed to identify

their impact on 5-year survival. The 5-year survival follow-

ing resection for a primary leiomyosarcoma was 25%

compared with 50% for a non-leiomyosarcomatous tumour.

Similarly, high grade tumours had a 5-year survival of 7.1%

in contrast to 75% for a low or intermediate grade tumour.

The 5-year survival dropped from 35.3% after an R0 resec-

tion, to 20% after an R1 resection.

In the binary logistic regression model, only these three

variables that were shown to be associated with mortality

were tested with “forward stepwise enter” method. With

only 20 cases of death during the follow up, each variable

studied had approximately seven events per variable (EPV)

thereby reducing the chance of type I error despite small

sample size. The final model static for the multivariate

analysis was 0.008 denoting the significance of the model

employed. This multivariate model predicted only leiomyo-

sarcoma (P ¼ 0.01) as an independent predictor of poor

survival following hepatic resection for STS. The results

of multivariate analysis are shown in Table 2.

Discussion

The therapeutic options for patients with metastasis from

STS include systemic chemotherapy, chemoembolisation,

radiofrequency ablation, partial hepatectomy and liver

transplantation. Systemic chemotherapy in general does

not provide a survival benefit in metastatic sarcomas.13e15

Studies have shown that chemotherapy with ifosfamide,

mitomycin and doxorubicin regimens for liver metastasis

from leiomyosarcoma have very poor response rates, with

the duration of response lasting only a few weeks to

months.7,8 Chemoembolisation could theoretically be effec-

tive, as these metastases are mostly hypervascular. Mavligit

et al studied the effect of embolisation with polyvinyl alco-

hol sponge particles mixed with cisplatin, followed by in-

tra-arterial infusion of vinblastine in 14 patients. The

reported response rate was 70% with more than 50% re-

gression. However, the median duration of regression was

only 12 months.9 Pawlik et al studied the effect of RFA

on metastatic sarcoma to the liver and concluded that treat-

ment with RFA either alone or in combination with resec-

tion predicted shorter disease free survival.16 There are

only anecdotal reports on the role of liver transplantation

for metastatic sarcoma. The Pittsburgh group performed

upper abdominal exenteration and cluster transplantation

for metastatic stromal tumours and reported a high recur-

rence rate of 83%.17,18

Table 1

Univariate analysis of prognostic factors.

Risk Factors P-value

Synchronous vs. metachronous lesions 0.48

Interval between surgery for primary tumour

and liver resection: #24 vs. >24 months

0.32

Primary GI tumour vs. other tumours 0.74

Leiomyosarcoma vs. other tumours 0.01a

Resection >3 vs. #3 segments 0.08

Bi-lobar vs. unilobar disease 0.13

No. of lesions: solitary vs. >1 0.70

Max. diameter: >11 cm vs. #11 cm 0.74

High grade tumour vs. other grades 0.04a

Involved margin (R1) vs. free margin (R0) 0.04a

Extra-hepatic disease: presence vs. absence 1.00

a Statistically significant cross tabulation; Chi Squared test.

Table 2

Binary logistic regression model: Forward stepwise (Wald) method, model

statistic, p ¼ 0.008.

Variable Hazard ratio (95%

Confidence Interval)

DF Multivariate

Significance

Leiomyosarcoma 6.39 (4.9e8.8) 1 0.01a

High grade tumours 3.40 (0.92e5.88) 1 0.06

Resection margin

involved (R1)

3.55 (0.87e6.33) 1 0.05

a Statistically significant.
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The reasons to adopt hepatic resection for metastatic sar-

coma are many-fold. Studies have shown that resection of

pulmonary metastasis from sarcoma is possible and is asso-

ciated with a 5-year survival of 15%.19 Moreover, for pa-

tients with liver metastasis, there is no efficient

alternative therapy and hepatic resection could safely be

performed with a peri-operative mortality of <5% in

most specialized centres.12

Survival data

In the present series, the overall 1-, 3- and 5-year sur-

vival was 90.3%, 48% and 31.8% respectively. This corre-

lates with the results of the largest series on metastatic

sarcoma published so far. DeMatteo et al from the Memo-

rial Sloan-Kettering group studied the outcome of hepatic

resection for metastatic sarcoma in 56 patients and reported

a 1-, 3- and 5-year survival of 88%, 50% and 30% respec-

tively.20 Similarly, Pawlik et al reported an overall 5-year

survival of 27%.16 Although their study included 66 pa-

tients, only 35 patients had hepatic resection alone and

a further 18 patients underwent resection and RFA. Also,

in this study patients with GIST received adjuvant imatinib

mesylate. In a recent study published by Rehders et al., the

reported 5-year survival of the 27 patients who underwent

resection was 33%, calculated from the time of metastasec-

tomy.21 This high 5-year survival was believed to be related

to the highly favourable patient selection and the fact that

most of the tumours were low grade leiomyosarcomas. In

the current study, the good overall survival could be attrib-

uted to the selection of patients with favourable tumour bi-

ology and a high rate of R0 resection (86%).

Prognostic factors

Controversy still exists regarding the prognostic factors

that predict survival after liver resection. The present study

demonstrated that the overall survival was improved if the

histology of the primary tumour was non-leiomyosarcoma,

the tumour was of low/intermediate grade and the micro-

scopic resection margin was clear of tumour. None of the

other studies have identified these factors as predictors of

survival.16,20e24 DeMatteo et al. identified three factors

which predicted favourable survival on univariate analysis-

disease free interval (DFI) of more than 2 years, major liver

resection and the presence of metachronous metastasis de-

fined as the development of liver metastasis more than 6

months after the onset of primary tumour.20 However, on

multivariate analysis, DFI of more than 2 years was the

only predictor of outcome. This was reconfirmed in the re-

cent publication of Rehders et al.22 Pawlik et al concluded

that patients who were treated with adjuvant chemotherapy

had a longer median overall survival compared with those

who underwent surgery alone.16 More specifically, patients

with GISTwho received adjuvant imatinib mesylate had the

longest median survival.

Interestingly in the present study, the presence of resectable

extra-hepatic disease did not influence outcome. This is possi-

bly because all these patients had a complete R0 resection.

Moreover, all but one patient had the extra-hepatic disease

in the abdominal cavity. This was confirmed in the study by

Lang et al.21They concluded that the presenceof extra-hepatic

disease shouldbe considered a contraindication for liver resec-

tion only if an R0 resection could not be achieved. Ng et al re-

ported that extra-hepatic intra-abdominal metastasis carries

a better prognosis than an extra-abdominal metastasis.3

Recurrent disease

In the present series, three patients developed recurrent dis-

ease, of whomone had recurrencewithin the liver. All of these

patients were treated by repeat surgical resections. This recur-

rence rate is significantly lower compared with the published

data, which ranges from59.3% to 94%.16,20,22,24 In all of these

studies the liver was found to be the most common site of re-

current disease, ranging from 43.7% to 88%. This significant

disparity in the recurrence rate between the current series and

the other studies could be explained by the fact that 86%of our

patients had an R0 resection, although none of them had any

form of adjuvant therapy. Rehders et al have demonstrated

that patients treated conservatively for recurrent disease had

a significantly worse outcome compared with those who had

repeat resections.22 Lang et al found that despite good results

following repeat liver resections for recurrentmetastasis, there

was not a single 5-year survivor and all of the patients died of

disseminated disease.21They therefore concluded that there is

no possible chance of cure in this group of patients with mul-

tiple recurrent diseases, as this represents systemic spread

rather than isolated intra-hepatic disease.

Limitations

The limitations of this study are the presence of a heter-

ogenous group of patients with different histological sub-

types, the small patient population and the retrospective

nature of the study, although the data were collected pro-

spectively. The heterogenous nature of the study population

makes it difficult to interpret the outcome, as each histolog-

ical subtype behaves differently. However, it is not possible

to compare the results between different histological

groups, as the number of patients in each subgroup is small.

The other drawback is that the patients included in the

study are likely to be a selected group with highly favour-

able tumour biology and may not represent the general pop-

ulation of patients with sarcoma metastasis. Despite these

limitations, the study does suggest a favourable outcome

in patients who have had an R0 resection.

Conclusion

We conclude that hepatic resection for metastatic STS

appear to be valuable in carefully selected patients with
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an acceptable long-term survival. The study demonstrated

that the presence of a high grade tumour, a primary leio-

myosarcoma and a microscopic positive resection margin

are associated with a poor survival. Hence the aim of sur-

gery must be an R0 resection to offer a chance of cure. Sur-

gery may not be considered as the first modality of

treatment for patients with high grade tumour as it is asso-

ciated with a very poor outcome. The presence of extra-he-

patic disease should not be considered a contraindication to

resection, if an R0 resection can be achieved. However,

large multicentre studies are required to verify the results.
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