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Radiofrequency ablation vs. hepatectomy for liver
metastases from gastrointestinal stromal tumors
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Abstract. For patients with gastrointestinal stromal tumors
(GISTs) and liver metastases, there is still debate about whether
radiofrequency ablation (RFA) or hepatectomy is preferable.
The present study aimed to compare the clinical outcomes of
RFA with hepatectomy in patients with GISTs and liver metas-
tases. The present retrospective study consisted of a cohort of
43 patients who had been diagnosed with liver metastases from
GISTs between January 2010 and December 2022. The study
included 18 patients who received RFA combined with tyrosine
kinase inhibitor (TKI) therapy (RFA group) and 25 patients
who underwent hepatectomy combined with TKI therapy
(hepatectomy group). For the patients with liver metastases,
the progression-free survival (PFS) rates at 1, 3 and 5 years
were 66.5, 38.2 and 33.9%, respectively. Notably, patients in
the hepatectomy group exhibited significantly improved PFS
times compared with those in the RFA group (median PFS,
427 months vs. 14.3 months; P=0.034). Furthermore, the time
to imatinib treatment failure (TTF) was notably improved in
the hepatectomy group compared with that in the RFA group,
and this difference was statistically significant (median TTF,
71.1 vs. 38.0 months; P=0.041). However, the overall survival
(OS) times of patients who received RFA and those who had
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hepatectomy did not differ significantly (median OS, not
reached vs. not reached, P=0.120). There was no statistically
significant distinction in PFS and TTF between patients who
underwent hepatectomy combined with postoperative TKI and
those who underwent hepatectomy combined with periopera-
tive TKI (median PFS, 29.5 vs. not reached; P=0.520; median
TTF, 66.4 months vs. 71.1 months; P=0.430). The univariate
and multivariate analyses consistently identified the sole
prognostic factor affecting PFS as hepatectomy combined
with TKI therapy (hazard ratio, 0.379; 95% CI, 0.159-0.899;
P=0.028). In conclusion, hepatectomy combined with TKI
therapy improved prognosis for patients with liver metastases
to a greater extent than RFA combined with TKI therapy. For
this type of patient, hepatectomy may be a preferable option.

Introduction

Gastrointestinal stromal tumors (GISTs) represent the most
prevalent mesenchymal tumors within the gastrointestinal
tract and the incidence rate of GISTs is 10-15 cases per
million per year, which varies by region and time (1,2).
These tumors are primarily driven by mutations in KIT or
platelet-derived growth factor receptor a, which serve as onco-
genic drivers (1,3). Notably, GISTs can metastasize distantly,
with reported incidence rates of metastases ranging from
15 to 50% (4-6). Among these metastatic sites, the liver and
peritoneum are the most frequently affected (7). For patients
with recurrent or metastatic GISTs, the primary treatment
of choice is imatinib (8,9). Even though imatinib markedly
increases the overall survival (OS) rate of these patients, with
a median OS time >5 years and a median progression-free
survival (PFS) time of ~2 years, a substantial portion of
patients ultimately encounter disease progression, often due
to secondary resistance to imatinib (8,10). In cases of imatinib
resistance, alternative treatments come into play. Sequentially,
sunitinib, regorafenib and ripretinib are employed as second-,
third- and fourth-line treatments, respectively. These therapies
have demonstrated noteworthy therapeutic effects, providing
viable options for patients who do not respond to imatinib (11).
Nonetheless, a challenge persists in deriving long-term benefits
from subsequent lines of treatment for patients with GISTs
who experience progression following first-line therapy with
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imatinib (12). Consequently, an urgent and unmet need exists
for the development of effective methods to treat advanced
GISTs cases, aiming to extend survival times and improve the
quality of life for these patients.

Hepatectomy and radiofrequency ablation (RFA) are
considered potential and effective treatment methods for
patients with liver metastases from GISTs due to their potential
for a complete tumor resection or minimal surgical trauma.
There are currently several studies, albeit with limited sample
sizes or imbalanced patient characteristics, which suggest that
hepatectomy or RFA is effective in treating these patients,
but widely agreed standardized treatment methods for such
cases have not yet been established (13-16). Considering this
gap, the current study aimed to directly compare the clinical
benefits of hepatectomy with those of RFA in patients with
liver metastases from GISTs.

Patients and methods

Patients. Patients who were diagnosed with liver metas-
tases from GISTs at Sun Yat-Sen University Cancer Center
(Guangzhou, China) between January 2010 and December 2022
were identified from the institutional medical records. Ethical
approval for the present study was granted by the Institutional
Review Board of Sun Yat-sen University Cancer Center. The
inclusion criteria encompassed the following conditions:
i) Pathological confirmation of the GIST as the primary tumor
site and removal of the tumor; ii) diagnosis of liver metastases
from GIST through post-operative pathology, biopsy, imaging
and clinical data; and iii) radiofrequency ablation or hepatec-
tomy being used as a treatment for liver metastases. Exclusion
criteria were as follows: i) Patients <18 years of age; ii) the
presence of other malignancies; iii) the existence of other
distant metastases from GIST; and iv) incomplete patient data.
Liver metastases identified concomitantly with the primary
tumor diagnosis or within the initial 6 months were classi-
fied as synchronous metastases. By contrast, metachronous
metastases were classified by the detection of liver metastases
>6 months after the primary tumor diagnosis. Comprehensive
data, including patient demographics, clinicopathological
features and other pertinent information, were meticulously
reviewed.

RFA and surgical management. A multidisciplinary team
composed of gastrointestinal surgeons, hepatobiliary surgeons
and interventional radiologists, based on a comprehensive
assessment of the patient's condition, made the decision to
perform either RFA or a hepatectomy. In cases involving
patients with a large volume of liver metastases or those located
near critical structures, the multidisciplinary team favored liver
resection. Additionally, for patients at an unacceptable risk of
liver dysfunction post-resection, the preference leaned towards
RFA. If RFA or hepatectomy were deemed technically viable
but no decision was made during a multidisciplinary discus-
sion meeting, the patient and the surgeons would confer before
making a final choice. For patients selected to undergo hepa-
tectomy or RFA, the procedures were determined following a
comprehensive evaluation. Percutaneous RFA was performed
with the patient under local anesthesia and conscious sedation,
guided by ultrasound imaging. The radio frequency system

was chosen based on the operator's thorough assessment of
the amount and location of liver metastases. The procedural
objective for targeted RFA was to achieve an ablative margin
measuring at least 0.5-1.0 cm. Surgical margins were catego-
rized as follows: 1) Microscopically complete (RO0), indicating
no observable tumor cells; ii) macroscopically complete with
microscopic residual tumor cells; or iii) macroscopically
incomplete.

Follow-up and endpoints. Patients usually went to the
hospital for regular follow-up every 3 months, including
physical examinations, laboratory tests and imaging evalu-
ations. Imaging examinations included contrast-enhanced
multiphase computed tomography or magnetic resonance
imaging, while laboratory tests encompassed a complete
blood count, liver and renal function assessments, and tumor
marker analyses, among others. The key parameters of
interest were PFS time and time to imatinib treatment failure
(TTF). Specifically, PFS time was characterized as the dura-
tion spanning from the occurrence of RFA or hepatectomy
for liver metastases to the point of disease progression or
mortality due to any cause. TTF was defined as the duration
from the initiation of imatinib treatment for liver metastases
from GISTs to the point at which treatment discontinuation
occurred due to therapeutic ineffectiveness, intolerable
toxicity or other factors influencing treatment failure. The
period from the date of hepatic resection or RFA for liver
metastases until the final follow-up or death was referred to
as the OS time.

Statistical analysis. Nominal data were analyzed through
Pearson's y* test or Fisher's exact test, as deemed appropriate.
To depict survival trends, the Kaplan-Meier method was
employed, and differences between groups were ascertained
via the log-rank test. For examining the potential prognostic
factors and their association with PFS time, variables with a
P-value of <0.2 or those considered potentially associated with
PFS in the univariate analysis were included in the subsequent
multivariable Cox proportional hazards model. All statistical
analyses were performed using R version 4.2.2 (R Core Team).
A significance threshold was established at a two-tailed
P-value of <0.05.

Results

Patient demographics and clinical and pathological charac-
teristics. The present study was ultimately comprised of 43
patients with liver metastases from GISTs treated between
January 2010 and December 2022. A comparative analysis of
baseline clinicopathological characteristics between the RFA
group (n=18) and the hepatectomy group (n=25) is detailed in
Table I. Notably, there were no statistically significant differ-
ences in the baseline attributes between these two groups.
The patient age range was 19-68 years, with a median age of
50.5 years. The majority of patients (60.5%) were male.
Regarding the primary GIST site, 25 patients (58.1%) had
tumors not located in the stomach, while 18 patients (41.9%)
had tumors in the stomach. Liver metastases occurred beyond
6 months after the removal of the original tumor in 21 patients
(48.8%; metachronous), whereas 22 patients (51.2%) initially
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Table I. Baseline clinical characteristics of patients in the RFA (n=18) and hepatectomy (n=25) groups.

Characteristic RFA group, n (%) Hepatectomy group, n (%) P-value

Age, years 0.455
<60 13 (72.2) 21 (84.0)
=60 5(27.8) 4(16.0)

Sex 0.941
Female 7 (38.9) 10 (40.0)
Male 11 (61.1) 15 (60.0)

Primary GIST location 0.359
Stomach 9 (50.0) 9 (36.0)
Non-stomach 9 (50.0) 16 (64.0)

Metastatic phase 0.067
Synchronous 6 (33.3) 16 (64.0)
Metachronous 12 (66.7) 9 (36.0)

Largest metastasis diameter, cm 0.847
<4 11 (61.1) 16 (64.0)
>4 7 (38.9) 9 (36.0)

Number of metastases 0.736
Solitary 4.(22.2) 7 (28.0)
Multiple 14 (77.8) 18 (72.0)

Mitotic rate, mitoses per 50 HPFs 0.681
<5 6 (40.0) 7 (33.3)
>5 9 (60.0) 14 (66.7)

Mutation 0.860
KIT 9 mutation 2(16.7) 3(20.0)
KIT 11 mutation 7 (58.3) 10 (66.7)
Wild-type 3(250) 2(13.3)

RFA, radiofrequency ablation; GIST, gastrointestinal stromal tumor; HPF, high-power field; KIT, c-kit proto-oncogene.

presented with metastatic GISTs (synchronous). Among
the analyzed patients, mutational analysis was conducted in
27 patients, revealing KIT 11 mutations in 17 patients (63.0%),
KIT 9 mutations in 5 patients (18.5%) and wild-type variants
in 5 patients (18.5%).

Treatment. Following the diagnosis of liver metastases from
GISTs, all patients underwent TKI treatment tailored to the
nature of their condition. Initially, 41 patients were admin-
istered first-line imatinib therapy, while 2 patients received
second-line sunitinib treatment following their initial diag-
nosis of liver metastases from GISTs. In the current study,
the treatment approaches were diversified. Among the
participants, 25 patients (58.1%) underwent hepatectomy
combined with TKI therapy, while 18 patients (41.9%)
received RFA combined with TKI treatment (Table I). Within
the hepatectomy group, 15 patients (60.0%) underwent resec-
tion and received perioperative TKIs, whereas 10 patients
(40.0%) underwent hepatic resection and exclusively received
postoperative TKI therapy. Notably, all resections within
the hepatectomy group achieved RO status. Conversely, the
RFA group experienced entirely ablative RFA procedures to
eliminate target liver metastases.

Survival analysis. With a median follow-up duration of
38.1 months (range, 8.5-131.6 months), the 1-, 3- and 5-year
PFS rates for all patients with liver metastases were 66.5,
38.2 and 33.9%, respectively. Specifically, patients with
hepatic metastases exhibited 1-, 3-, and 5-year TTF rates of
95.1,70.5 and 54.7%, respectively. Recurrence was observed
in 11 patients (61.1%) in the RFA group and 12 patients
(48.0%) in the hepatectomy group. Notably, patients who
underwent hepatic resection alongside TKI therapy demon-
strated significantly improved PFS and TTF times compared
with those who received RFA combined with TKI therapy
(median PFS, 42.7 months vs. 14.3 months, P=0.034;
median TTF, 71.1 months vs. 38.0 months, P=0.041)
(Fig. 1). Furthermore, no statistically significant disparity
in OS time was observed between patients who underwent
hepatectomy and those who underwent RFA (median OS,
not reached vs. not reached, P=0.120) (Fig. 2). There was
no statistically significant difference in PFS and TTF times
between patients who received hepatectomy combined with
postoperative TKI and those who received hepatectomy
combined with perioperative TKI (median PFS: 29.5 months
vs. not reached, P=0.520; median TTF, 66.4 months vs.
71.1 months, P=0.430) (Fig. 3). Table II outlines the outcomes
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Figure 1. (A) Progression-free survival for patients with RFA vs. patients
with hepatectomy. (B) Time to imatinib treatment failure for patients with
RFA vs. patients with hepatectomy. RFA, radiofrequency ablation.
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Figure 2. Overall survival for patients with RFA vs. patients with hepatectomy.
RFA, radiofrequency ablation.

of univariate and multivariate analyses for a comprehensive
view of potential prognostic factors affecting PFS. These
analyses identified the hepatectomy group as being indepen-
dently associated with longer PFS time (HR, 0.379; 95% CI,
0.159-0.899; P=0.028).

Discussion

GIST predominantly metastasizes to the liver and peri-
toneum (17). Despite the substantial increase in OS time
following imatinib treatment, resistance mutations often lead
to disease progression (10). Furthermore, for patients with
GISTs who relapse after initial imatinib therapy, achieving
sustained benefits from subsequent lines of treatment can be
challenging (18). The absence of a standardized therapeutic
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Figure 3. (A) Progression-free survival for patients with postoperative TKI
treatment vs. patients with perioperative TKI treatment. (B) Time to imatinib
treatment failure for patients with postoperative TKI treatment vs. patients
with perioperative TKI treatment. TKI, tyrosine kinase inhibitor.

model for liver metastases from GISTs compounds the issue,
making it a complex challenge in the TKI era.

The combination of RFA and TKI therapy seems to be a
viable, less invasive option for managing liver metastases from
GISTs, as indicated by several retrospective studies (13,19,20).
Similarly, other retrospective investigations suggested survival
advantages with the inclusion of hepatectomy in the treat-
ment of metastasis from GISTs (21,22). A retrospective study
conducted by Xue ef al (15) demonstrated that hepatectomy
improved the PFS time in patients with hepatic metastases
from GISTs. Notably, to the best of our knowledge, the
present study is the largest comparative analysis of RFA and
hepatectomy for liver metastases from GISTs.

The present findings indicated that hepatectomy surpasses
RFA as the preferred approach for managing liver metastases
from GISTs. Several factors support this conclusion. Firstly,
patients who underwent hepatectomy in combination with
TKI therapy achieved notably higher median PFS and TTF
times compared with those treated with RFA (median PFS,
427 months vs. 14.3 months; median TTF, 71.1 months
vs. 38.0 months). Secondly, the current analyses revealed
that hepatectomy was as an independent prognostic factor
for improved PFS time in both univariate and multivariate
assessments. Lastly, hepatectomy may offer the opportunity
for pathological examination of the resected tissue, enabling
a more detailed understanding of the disease characteristics
and informing subsequent therapeutic strategies. The retro-
spective analysis conducted by Chen ef al (13) showed that
patients with liver metastases from GISTs who underwent a
liver resection had higher PFS times but similar OS times,
which is consistent with the results in the present study.
Additionally, the higher median PFS time in both patient
groups in the present study compared with those in previous
studies may be attributed to the inclusion of more advanced
cases in previous studies, including those with extrahepatic
metastases.

The utilization of hepatectomy combined with TKI therapy
raises debates about the optimal approach for achieving
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Table II. Prognostic factors for progression-free survival.

Univariate analysis

Multivariate analysis

Factor HR (95% CIT)

P-value HR (95% CI) P-value

Age, years
<60
=60

Sex
Female
Male

Primary GIST location
Stomach
Non-stomach

1.060 (0.393-2.860)

0.890 (0.390-2.031)

1.162 (0.503-2.687)

Metastatic phase
Synchronous

Metachronous 1.279 (0.555-2.946)

Largest metastasis diameter, cm
<4
>4 1.964 (0.846-4.559)

Number of metastases
Solitary
Multiple

Treatment
RFA group
Hepatectomy group

Mitotic rate, mitoses per 50 HPF
<5
>5 1.270 (0.468.,3.450)
Mutation
KIT 9 mutation
KIT 11 mutation
Wild-type

0.558 (0.236-1.322)

0.416 (0.180-0.957)

0.763 (0.201-2.894)
1.634 (0.362-7.379)

0.908

0.781

0.725 1.250 (0.529-2.950) 0.613

0.564

0.116 1.930 (0.812-4.590) 0.137

0.185 0.626 (0.261-1.500) 0.294

0.039 0.379 (0.159-0.899) 0.028

0.638

0.691
0.524

RFA, radiofrequency ablation; GIST, gastrointestinal stromal tumor; HR, hazard ratio; CI, confidence interval, HPF, high-power field; KIT,

c-kit proto-oncogene.

improved survival benefits and the appropriate timing for
surgical intervention. Turley et al (23) found that survival
rates were higher with hepatectomy followed by TKI therapy,
as opposed to hepatectomy combined with perioperative TKI
therapy. Conversely, two other studies indicated that patients
treated with preoperative TKI in conjunction with hepatic resec-
tion exhibited superior survival compared with those receiving
hepatic resection followed by TKI postoperatively (24,25). The
present study observed that there was no statistically significant
difference in PFS time and TTF between patients who under-
went hepatectomy combined with perioperative TKI therapy
and those who underwent hepatectomy combined with postop-
erative TKI therapy. This lack of significance in outcomes can
be attributed to several factors. Firstly, inherent disparities at the
baseline level reduced comparability between the two patient
groups. Predominantly, the patients undergoing preoperative
TKI therapy were those with larger or multiple liver metastases,

and such cases are associated with heightened recurrence risks,
consequently impacting PFS time and TTF. This contributed to
the absence of statistical significance for PFS and TTF between
the two therapeutic strategies. Furthermore, the median
treatment duration for patients receiving preoperative TKI
therapy was 15 months, substantially exceeding the recom-
mended preoperative neoadjuvant therapy course (26-28). This
prolonged treatment period might have led to a missed optimal
surgical window.

The present study, despite achieving generally balanced
baseline data for both groups, does have certain limitations.
Primarily, the limited prevalence of metastatic GIST trans-
lated to a small sample size, a constraint inherent to the low
incidence. Furthermore, the retrospective nature of the present
study unavoidably introduced selection bias. Additionally, due
to a lack of radiographic response data at the time of hepa-
tectomy or RFA in certain cases, it was not possible to delve
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into the optimal timing for these procedures to yield optimal
clinical outcomes. Lastly, the present study did not delve
into the analysis of subsequent line treatments for recurrent
patients, a facet crucial for a comprehensive evaluation of the
benefits associated with RFA and hepatectomy.

In conclusion, the present findings indicated that hepa-
tectomy could potentially extend both PFS time and TTF
for patients with liver metastases. Specifically, the findings
suggested that in clinical practice, for patients with liver
metastases from GISTs, hepatectomy should be prioritized
over RFA. Further research and clinical studies are necessary
to explore the specific patient populations that would benefit
the most from hepatectomy and to refine the surgical technique
for improved long-term outcomes.
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