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Background: This study aims to evaluate the efficacy of systemic chemotherapy combined with radiofrequency ablation in the
treatment of inoperable colorectal cancer with liver metastasis.
Materials and methods: The authors conducted a retrospective cohort analysis on 30 patients diagnosed as colorectal cancer
with liver metastasis who underwent systemic chemotherapy combined with radiofrequency ablation of the liver lesions from January
2017 to August 2020 at our institution. Responses was evaluated by International Working Group on Image-guided Tumor Ablation
criteria, along with progression-free survival.
Results: The response rate after 4 cycles and 8 cycles of chemotherapy were 73.3% and 85.2%, respectively. All patients achieved
responses after of radiofrequency therapy, with the rates of complete response and partial response were 63.3% and 36.7%. The
median progression-free survival was 16.7 months. After radiotherapy ablation, all patients had mild to moderate hepatic pain, 10%
of patients had fever and increased liver enzymes occurred in 90% of patients.
Conclusions: Systemic chemotherapy combined with radiofrequency ablation was safe and effective in colorectal cancer with liver
metastasis and warrants further large-scale studies.
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Introduction

Liver is the most popular metastatic location of colorectal
cancer (CRC) because most of venous blood from the diges-
tive tract comes to the liver through portal vein system. At
the time of diagnosis, there is ~20–30% of patients who had
liver metastasis, and more than 50% of patients will develop
liver metastasis during the course of the disease[1]. CRC with
liver metastasis was classified into resectable, potentially
resectable and unresectable. Radical surgery results in super-
ior prognosis and offers high quality of life in resectable cases.
However, only about 10–20% of patients with CRC liver
metastasis are operable[2]. Systemic chemotherapy is the

standard treatment for inoperable patients with liver-
metastasis colorectal cancer. Regimens using Oxaliplatin or
Irinotecan combined with 5-fluorouracil and Leucovorin
improved the response rate from 20 to 50%. Targeted drugs
such as Bevacizumab or Cetuximab might increase the
response rate up to 70%[3].

Radiofrequency ablation (RFA) was introduced in the early
1990s. This technique is a less invasive and safer compared
with surgery, especially in hard-to-reach locations. Therefore,
RFA is increasingly used in the treatment of colorectal cancer
with liver metastasis. Combining systemic chemotherapy with
RFA is a multimodality treatment, which has been shown in
several studies to be safe, improve responses and prolong
survival in comparison with chemotherapy alone[4]. However,
the results across studies are not consistent. Therefore,
we conducted this study to evaluate the response rates, pro-
gression-free survival and associated factors in CRC patients

HIGHLIGHTS

• Combining systemic chemotherapy with radiofrequency
ablation in stage IV colorectal cancer has been shown to
have promising recently. However, the results across
studies are not consistent.

• Our study demonstrated a good response of this method,
with the rates of complete and partial response being
63.3% and 36.7%, respectively.

• The treatment method was safe, with the majority of
patients having mild side effects.
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with liver metastasis treated with liver RFA and chemo-
therapy.

Materials and methods

Patients

This retrospective cohort study included 30 colorectal cancer
patients with liver metastasis treated with chemotherapy plus
RFA from January 2017 to August 2020.

We included patients who had colorectal cancer confirmed by
histopathology, were diagnosed with de novo liver metastasis and
underwent surgery to remove the primary tumour but had no
indications for liver tumour resection, or recurrence with liver
metastases. These patients had evidence of liver metastases on
liver biopsy or imaging methods: computer tomography (CT),
magnetic resonance, PET/CT and had no extrahepatic metastases.

Patients in the study are over 18 years old, with Eastern
cooperative oncology group (ECOG) score 0–1. The function of
liver, kidney and haematological system were adequate for
treatment. After chemotherapy, the patients achieved a partial
responded or stable disease will get RFA for remaining liver
lesions. Patients with progression after first-line chemotherapy
and those with liver lesions not amenable for RFAwere excluded.

Chemotherapy and radiofrequency ablation

Patients treated with chemotherapy for at least 4 cycles of
XELOX regimen (no prior chemotherapy) or XELIRI (previously
treated with adjuvant Oxaliplatin–base regimen) with or without
Bevacizumab. Evaluation of disease response was based on
RECIST 1.1 criteria. Patients who had residual liver lesions after
chemotherapy received RFA. The indication and timing of RFA
(after 4 or 8 cycles) were determined by multidisciplinary tumour
board discussions.

XELOX regimen: Oxaliplatin: 130 mg/m2, IV infusion over
2 h, on day 1, Capecitabine: 1000 mg/m2, twice a day, drink after
eating within 30 min, from day 1 to day 14, cycle 21 days.

XELIRI regimen: Irinotecan: 240 mg/m2, IV infusion over
90 min, on day 1, Capecitabine: 1000 mg/m2, twice a day, drink
after eating within 30 min, from day 1 to day 14, cycle 21 days.

Bevacizumab: 7.5 mg/kg, IV infusion over 30 min, on day 2,
cycle 21 days.

RFA is performed percutaneously under ultrasound guidance
or laparoscopically, lesions will be re-evaluated after a month of
RFA by contrast-enhanced abdominal CT/MRI. RFA response
assessment according to the International Working Group on
Image-guided Tumor Ablation[5].

Data analysis

Data on clinical characteristics, systemic chemotherapy treat-
ment, method, timing and response of RFA and progression-free
survival were recorded through patients’ medical record.
Progression-free survival was calculated from the completion of
RFA to progression or death from any causes.

Data analysis was done using SPSS software, version 20.0. We
used Kaplan–Meier algorithm to assess progression-free survival
time, χ2 test, Fisher test to test the association between survival
and clinical factors. The clinical factors were chosen based on
literature review. P values less than 0.05 were considered to be
statistically significant.

This work has compliant with the STROCSS 2021 criteria[6].

Results

Characteristics of patients in the study

In this study, there weremoremale patients, with themale: female
ratio of 2.3:1, the mean age was 57.7 years old. All patients had
an Eastern cooperative oncology group (ECOG) score of 0 or 1.
In 30 patients of the study, there were 18 patients (60%) with
synchronous liver metastasis and 12 patients (40%) with meta-
chronous liver metastasis. There were 24 patients (80%) experi-
encing elevated Carcinoma embryonic antigen (CEA) levels
before treatment. Most patients had 1–3 liver tumours. There
were 11 patients with tumour size before treatment larger than
3 cm, in which the largest tumour size was 4 cm. (Table 1).

Characteristics of chemotherapy and RFA techniques

The regimen used in the study was XELOX or XELIRI regimens
with or without the anti-angiogenic drug (Bevacizumab), for at
least 4 cycles. There were 3 patients treatedwith 4 cycles, while 27
remaining patients were treated with 8 cycles. Patients were
evaluated for response after 4 and 8 cycles.Most patients received
percutaneous RFA under ultrasound guidance, only one patient
received laparoscopy. The patient who underwent laparoscopic
RFA had three liver metastases, including a 2 cm tumour in the
segment IVb, which was close to the gallbladder. Therefore, this
patient had laparoscopic RFA to approach the lesion easier as
well as isolate the gallbladder from the burning area. The mean
time of RFA for a patient was 16.3 min. (Table 2), (Table 3).

Table 1
Clinical characteristics of patients.

No. patients, n (%)

Sex
Male 21 (70)
Female 9 (30)
Mean age ± SD (years) 57.7 ± 10.0

ECOG
0 25 (83.3)
1 5 (16.7)

Primary tumour location
Colon 17 (56.7)
Rectal 13 (43.3)

Liver metastasis
Synchronous 18 (60)
Metachronous 12 (40)

Serum concentration of CEA
≤ 5 ng/ml 6 (20)
> 5 ng/ml 24 (80)

Liver tumour location
Right lobe 22 (73.3)
Left lobe 3 (10)
Both lobes 5 (16.7)

Number of liver tumours before treatment
1–3 28 (93.3)
> 3 2 (6.7)

The largest tumour diameter before treatment
≤ 3 cm 19 (63.3)
> 3 cm 11 (36.7)

CEA, carcinoma embryonic antigen; ECOG, eastern cooperative oncology group.
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Treatment results

The response after treatment

After 4 or 8 cycles of chemotherapy, all patients achieved partial
response or stable disease. Patients treated with XELOX regimen
(Bevacizumab can be added) had a response rate after 4 or 8
cycles of 78.6% and 91.7%, respectively, while these proportions
in the XELIRI group were 68.8% and 80%. There was no sig-
nificantly statistic difference in response between the two regi-
mens. (Table 4).

All patients achieved a response after RFA, of which 19
patients (63.3%) achieved a complete response, 11 patients
achieved a partial response and there was no association between
the response after RFA and the number of tumours (P=0.181).
(Table 5).

After chemotherapy and radiofrequency ablation

Among the 19 complete responders, therewas 13 patients progressed
or relapsed, in which there were two patients having both recurrence
at the site of RFA and new lesions in the liver. One patient suffered a
relapse at the location of RFA and new pulmonary metastases.
Another patient developed both new liver lesions and lung metas-
tases. The progression in the liver with new lesions is the most
common, accounting for 52.9%. (Fig. 1), (Table 6).

The median progression-free survival time of the study group
was 16.7 months, in which the differences of age, Eastern coop-
erative oncology group (ECOG) score and Carcinoma embryonic
antigen (CEA) concentration subgroups were factors affecting
progression-free survival. (Fig. 2).

Complications and side effects of radiofrequency ablation

After RFA, all patients complained of mild or moderate liver pain
(according to WHO score). The elevated liver enzymes were seen
in 90% patient only in mild level, 10% patients experienced fever
and a patient had effusion and pneumothorax. All patients were
stable in the afterward treatment process without intervention
with procedures and there was no patient died from complica-
tions of RFA.

Discussion

Liver tumours in the right lobe (73.3%) were more common than
in the left lobe (10%), while lesions of both lobes were witnessed
in 16.7%. RFA procedure for right-sided tumours was more
convenient than left-sided ones, since they could be approached
more easily. In addition, the large amount of healthy par-
enchymal tissue in the right lobe makes the needle puncture
process to be more convenient than that of the left liver tumour.
Prior chemotherapy will reduce the size and number of liver
tumours, creating favourable conditions for RFA afterwards. In
our study, the proportion of patients with more than 3 liver
tumours at baseline was 6.7% and after chemotherapy, all
patients had 3 or less liver tumours. The efficacy of RFA is
superior in cases with 3 or less liver metastases, none of which
was larger than 3 cm and the patients in our study were suitable
for this procedure[7,8]

We assessed tumour response after RFA by the International
Working Group on Image-guided Tumor Ablation criteria[5].
Accordingly, the response after treatment is divided into complete
response and partial response based on signs of angiogenesis on
contrast-enhanced CT scan. Our study has the complete response
rate after RFA of 63.3% and a partial response rate of 36.7%.
Analysis of the association between response rate and the number
of liver metastases did not show any statistically significant dif-
ferences. Some studies also analyzed factors affecting response
rate after RFA, although their patients had larger number and size
of hepatic tumours. For instance, the study of Ruers and collea-
gues conducted RFA for patients with 1–9 liver tumours, while
Choi and colleagues selected patients with tumour size of
1.7–13 cm. These studies showed that the rate of complete

Table 2
Characteristics of chemotherapy and RFA techniques.

No. patients, n (%)

Regimen
XELOX ± Bevacizumab 14 (46.7)
XELIRI ± Bevacizumab 16 (53.3)

No. cycles
4 cyles 3 (10)
8 cycles 27 (90)

Method of RFA
Percutaneous 29 (96.7)
Laparoscopy 1 (3.3)

Mean time of RFA (min) 16.3 ± 5.4

RFA, radiofrequency ablation.

Table 3
The response after chemotherapy.

After 4 cycles After 8 cycles

Partial
response,
N (%)

Stable
disease,
N (%) P

Response
disease,
N (%)

Stable
disease,
N (%) P

XELOX 11 (78.6) 3 (21.4) 0.689 11 (91.7) 1 (8.3) 0.605
XELIRI 11 (68.8) 5 (31.2) 12 (80) 3 (20)
Total 22 (73.3) 8 (26.7) 23 (85.2) 4 (14.8)

Table 4
The response after radiofrequency ablation.

Factors
Complete respone,

n (%)
Partial response,

n (%) P

No. liver tumours 1 13 (72.2) 5 (27.8) 0.181
2 6 (60) 4 (40)
3 0 2 (100)

Total 19 (63.3) 11 (36.7)

Table 5
The progressive and recurrent locations after complete response.

No. patients Rate (%)

Recurrence of primary liver lesions 5 29.4
New lesions in liver 9 52.9
New extrahepatic lesions 3 17.7
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response in patients with tumour size of 3 cm or less is higher than
in patients with tumour size over 3 cm and there was no difference
in the complete response rate between groups with different
number of tumours. Complete response rate after RFA with liver
metastases in some study ranged from 52 to 98%[9-11]. The
complete response rates varied between studies not only because
of the differences in the size of the liver lesions of the patients in
the studies, but also related to the technical equipment of the
centre and the experience of the doctor conducting the RFA.

The average follow-up time in our study was 13 ± 5.7 months,
with 13 patients progressing or relapsing out of a total of 19
patients with complete response, accounting for 68.4%. In
which, local progression or recurrence accounted for 29.4%, new
liver lesions accounted for 52.9% and extrahepatic metastatic
lesions were 17.7%. A notable problem of RFA liver tumours is
the high rate of recurrence at the RFA location and the appear-
ance of a new mass in the liver. Local recurrence often occurs at
the margins of RFA-affected lesions, which makes it difficult to
detect recurrence on ultrasound, even on CT scans. The size of the
liver tumour is related to the risk of recurrence, because the large
size of the liver tumour makes it difficult for the tumour to be
completely necrosis after RFA. Generally, liver tumours of 3 cm
or less are considered the most suitable for RFA because of their
high rate of complete necrosis and lower recurrence rate[12,13],

Progression-free survival reflects the long-term effectiveness of
treatment. Ruers et al.[7] showed that progression-free survival in
the RFA with chemotherapy group was 16.8 months, while that
in the chemotherapy group was only 9.9 months (P= 0.025) . In
our study, the median progression-free survival was 16.7months.
A study of Nguyen Viet Long conducted on 61 patients, each
patient had from 1 to 5 liver metastatic tumours. The largest
tumour diameter was 5 cm, with a progression-free survival of
14.21 ± 1.34 months[14]. Solbiati et al.[10] conducted a study on
117 patients with the number of liver tumours from 1 to 4, in
which the size of liver tumours from 0.9 to 9.6 cm, had a median
progression-free survival of 12 months. When analyzing factors
associated with progression-free survival, our study showed that
there was a statistically significant difference in progression-free
survival between patients under 70 years versus over 70 years of
age, Eastern cooperative oncology group (ECOG) scores 0 versus
1, Carcinoma embryonic antigen (CEA) at baseline less than or
equal to 30 ng/ml versus greater than or equal to 30 ng/ml.

The post-RFA syndrome is common including fever, liver pain
and vomiting.We rate pain according to theWHOpain scale. In our
study, all patients hadmild andmoderate liver pain, 10% of patients
had fever and none of them vomited after RFA. These symptoms all
resolve on their own or after medical treatment with common anti-
pyretic and analgesic. A patient in the study had effusion, pneu-
mothorax after RFA. This patient presented with liver pain and right
chest pain, lasting 8 days, then, the patient underwent abdominal
ultrasound and chest X-ray, found a right pleural effusion with a
thickness of 24 mm and a small right pneumothorax. The patient
cleared effusion, pneumothorax after medical treatment and did not

Figure 2. Complications and side effects of radiofrequency ablation.

Table 6
Factors associated with progression-free survival.

Subgroups
Median progressive-free survival

(months) P

Age
≤ 70 (n= 26) 17.9 ± 1.4 0.0002
> 70 (n= 4) 7.6 ± 0.9

Sex
Male (n= 21) 14.0 ± 1.3 0.109
Female (n= 9) 20.5 ± 2.0

ECOG
0 (n= 25) 18.1 ± 1.5 0.002
1 (n= 5) 10.4 ± 1.3

Initial number of liver tumours
1–2 (n= 23) 17.0 ± 1.9 0.56
≥ 3 (n= 7) 16.2 ± 1.9

Initial largest liver tumour diameter
≤ 3 cm (n= 19) 17.2 ± 2.2 0.872
> 3 cm (n= 11) 16.6 ± 1.6

Liver tumour diameter before RFA
≤ 2 cm (n= 22) 17.2 ± 1.8 0.572
2-3 cm (n= 8) 15.0 ± 1.6

Time of liver metastasis
Synchronous metastasis
(n= 18)

17.6 ± 1.6 0.301

Metachorous metastasis
(n= 12)

14.7 ± 2.0

Regimen chemotherapy
XELOX ± Bevacizumab (n= 14) 22.0 ± 2.2 0.591
XELIRI ± Bevacizumab (n= 16) 16.5 ± 2.3

Initial concentration of CEA
≤ 30 ng/ml 18.4 ± 1.6 0.023
> 30 ng/ml 12.1 ± 1.8

CEA, carcinoma embryonic antigen; ECOG, eastern cooperative oncology group; RFA, radiofrequency ablation.

Figure 1. The progression-free survival time.
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require intervention. As in this patient, this is a possible complication
when the liver tumour is located close to the diaphragm. Therefore,
when a patient presents with chest pain, shortness of breath after
RFA, chest X-ray or CT scan should be considered for early diag-
nosis and treatment. Results from our study as well as many other
studies have shown that percutaneous and laparoscopic RFA for
liver tumours is a safeminimally invasive procedure[9]. Our study has
some limitations, including the small sample size, being conducted in
a single centre and its retrospective nature. There should be a larger,
prospective study to better analyze the effectiveness, safety, as well as
determine the prognosis factors of this treatment method.

Conclusions

Systemic chemotherapy in combination with RFA is a safe and
effective method in the treatment of inoperable colorectal cancer
with liver metastases.
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