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Abstract

Purpose: The purpose of this study was to investigate the clinical efficacy of salvage percutaneous radiofrequency ablation in
patients with unresectable colorectal cancer liver metastases. Methods: The cohort consisted of 81 patients with 126
colorectal cancer liver metastases who underwent radiofrequency ablation between January 2012 and September 2016.
The clinical data and ablation data were retrospectively analyzed. The local tumor progression-free survival, overall
survival, and prognostic factors were analyzed using the log-rank test and Cox regression model. Results: The tech-
nique success rate was 99.21%. The primary efficacy rate was 100% at the |-month follow-up. Minor complications were
observed in 2 patients, which recovered within | week. The median local tumor progression-free survival time of all
patients was 29.8 months. The absence of subsequent chemotherapy was an independent predictor of a shorter local
tumor progression-free survival time (P < 0.001, hazard ratio: 2.823, 95% confidence interval: 1.603, 4.972). The median
overall survival time was 26.8 months. A lesion size greater than 3 cm (P = 0.01 1, hazard ratio: 2.112, 95% confidence
interval: 1.188, 3.754) and the presence of early local tumor progression (P = 0.011, hazard ratio: 2.352, 95% confidence
interval: 1.217, 4.545) were related to a shorter survival time. Conclusions: Percutaneous radiofrequency ablation is
safe in patients with colorectal cancer liver metastases refractory from chemotherapy. Subsequent chemotherapy is
important to enhance local control. Small lesions and favorable early responses are related to prolonged overall
survival.
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Introduction

Colorectal cancer is the most common tumor among gas-
trointestinal malignancies and the third most frequent cause
of cancer-related death in Western countries." The liver is
the main site of metastasis, which accounts for more than
50% of cases of colorectal cancer. Only 20-30% of patients
with colorectal cancer liver metastases (CRCLMs) are suit-
able for radical resection,” which is regarded as the main
cause of cancer-related death.® Most patients are not can-
didates for surgery when they are diagnosed because of
extensive tumor burden or tumor location adjacent to
important vascular or biliary ducts. For these patients, sys-
temic therapy or molecular-targeted treatment is recom-
mended as part of the treatment strategy, and the survival
benefits are significant; in addition, some patients are con-
verted to resection candidates.*®> Furthermore, through
combining molecular-targeted treatment and chemotherapy,
a median overall survival (OS) of up to 30 months can be
achieved in patients with advanced CRCLMs.%” However,
few patients with CRCLMs achieve complete response, and
30-50% of patients show progression of disease quickly
and do not respond to 2 lines of systemic chemotherapy,
with a median OS of 7.1-8.8 months.® Therefore, more
aggressive local therapy based on palliative systemic ther-
apy or molecular-targeted treatment is applied for unresect-
able CRCLMs.

Radiofrequency ablation (RFA) is a treatment modality
that is increasingly being used.”'® Previous studies have
demonstrated 5-year OS rates after ablation of CRCLMs
ranging from 21% to 47.8%."" Although RFA has been
established as a treatment option for selected patients with
unresectable liver malignancies in the last 2 decades, the
efficacy of this approach remains controversial.'? In a
recent multidisciplinary international consensus study con-
cerning treatment strategies for liver metastases, RFA was
not even mentioned as a treatment option for CRCLMs.'?
One reason may be that the associated local recurrence rate
of up to 40% is concerning”; on the other hand, data
regarding the effects on OS compared with the standard of
care, i.e. systemic treatment, are lacking.'®'*'> Encoura-
gingly, a randomized phase II trial demonstrated that
aggressive local treatment (RFA + resection) can prolong
OS in patients with unresectable CRCLMs.'®

The aim of this retrospective study was to analyze the effi-
cacy of salvage RFA for patients with unresectable CRCLMs,
focusing on the influencing factors related to the OS, local
recurrence rate, and rate of complications.

Materials and Methods
Participants

This study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki, and the Institutional Review
Board of Fudan University Shanghai Cancer Center approved
the study (approval no. 1706173-7-1707). Signed informed
consent was obtained from all patients. From January 2012 to
September 2016, 81 patients with CRCLMs underwent com-
puted tomography (CT)-guided percutaneous liver tumor RFA.
One patient terminated the ablation procedure because of intol-
erable pain and was excluded from the survival analysis.

Of 80 patients, 52 (65.00%) received chemotherapy prior to
liver ablation. A total of 18 of them (18/52, 34.62%) responded
to size enlargement, and 34 patients (34/52, 65.38%) showed
new liver lesions following at least 2 cycles of chemotherapy.
The chemotherapy regimens mainly consisted of FOLFOX or
FOLFIRI. There were 9 (11.25%) patients considered unresect-
able cases by an institutional multidisciplinary team, due to the
tumor location or presence of comorbidities. Other 12 (15.00%)
patients experienced liver recurrence after surgical resection,
and 7 (8.75%) patients refused to undergo hepatectomy. All
patients were recommended treatment combined with systemic
chemotherapy if there were no chemotherapy contraindications.
The patient characteristics are summarized in Table 1.

RFA Procedures

All patients signed an informed consent form prior to under-
going RFA and were administered diazepam (10 mg) via mus-
cle injection pre-ablation. A total of 3 interventional physicians
with at least 5 years of experience implemented the ablations.
The ablations were performed by CT guidance with local
anesthesia, and electrocardiogram monitoring was used for all
procedures. The MedSphere (MedSphere International, Inc.,
Shanghai, China) and RITA (RITA Medical Systems, Moun-
tain View, CA) electrodes were used for the ablations. All
ablations were performed according to the manufacturer’s pro-
tocol with the aim of creating an ablation defect at least 5 mm
larger than the largest tumor diameter. An immediate post-
procedure CT scan was performed to evaluate the ablation
zones and complications. The minimal ablative margin was
measured and documented as previous.'” Patients were trans-
ported to the ward after ablation and received tranexamic acid
and sodium chloride injections (0.5 g) via intravenous drip q.d.
for 2 days.

The complications were classified according to the Society
of Interventional Radiology clinical practice guidelines as
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Table 1. Baseline Clinical Characteristics of the Patients Before Abla-
tion (n = 80).

Factors N (%)
Age (year) 59 + 10.98 (24-82)

<60 39(48.75)

> 60 41(51.25)
Gender

Male 52(65.00)

Female 28(35.00)
Primary tumor site

Rectum 34(42.50)

Colon 46(57.50)
Primary tumor differentiation

Medium 58(72.50)

Poor 22(27.50)
Lymph node metastases

No 35(43.75)

Yes 45(56.25)
Primary tumor Ki67 status

< 50% 7(21.21)

> 50% 26(78.79)
Liver metastases

Synchronous 36(45.00)

Metachronous early (< 12 mo) 19(23.75)

Metachronous late (> 12 mo) 25(31.25)
Preablation treatment

Chemotherapy 33(41.25)

No 47(58.75)
Extrahepatic metastases

No 52(65.00)

Yes 28(35.00)
CEA level before ablation ng/mL

<30 52(65.00)

> 30 28(35.00)
Preablation lesion size 25+ 1.2

<30 54(67.50%, n = 93)

>30 26(32.50%, n = 32)
Metastases number

<2 58(72.50)

>) 22(27.50)
Subsequent chemotherapy

No 23(28.75)

Yes 57(71.25)

major (requirement of additional therapy and lengthened hos-
pital stay) and minor (with no consequences and requiring no
therapy or nominal therapy).'°

Follow-Up

Contrast-enhanced CT or magnetic resonance (MR) imaging,
as well as serum carcinoembryonic antigen (CEA) level tests,
were performed at 1, 3, 6, and 12 months and then at 6-month
intervals following the ablation procedure. The 1-month ima-
ging results were used as a baseline for subsequent response
evaluation. The technique success was evaluated based on the
immediate CT findings after ablation, which was defined as the
target tumor being treated according to the pre-protocol and
covered completely.'® The technique efficacy was assessed

based on the 1-month imaging follow-up results. No obvious
signs of nodular or irregular enhanced foci were considered
total ablation. Local tumor progression (LTP) was determined
based on the appearance of tumor foci within 1 cm of the edge
of the ablation zone on contrast-enhanced CT or MR imaging
after the initial imaging study had confirmed adequate abla-
tion.'® Patients with LTP were recommended to performed
either re-ablation or chemotherapy. LTP-free survival was
defined as the time interval between ablation and the first ima-
ging sign of LTP. OS was defined as the time interval between
ablation and death due to any cause.

Statistical Analysis

Survival data were analyzed using the Kaplan—Meier method.
The median follow-up time was calculated using the reverse
Kaplan—Meier method. The log-rank test was employed for
univariate analysis of clinical features. Factors with P values
less than 0.05 were considered candidates for multivariate anal-
ysis, which was performed using Cox regression. A P value less
than 0.05 was considered statistically significant. All analyses
were conducted using SPSS version 22.0 (IBM, Armonk,
NY, USA).

Results

Technique Effectiveness

The ablation Procedure was not completed in 1 patient with 1
lesion because the patient could not endure the pain during
ablation. Therefore, the technique success rate was 99.21%
(125/126). In total, 80 patients (52 men and 28 women, median
age: 59 years, range: 24-82) with 125 CRCLM lesions under-
went ablation. The diameter of lesions was 2.5 + 1.2 ¢cm
(range: 1.0-6.4). The 1-month imaging follow-up showed com-
plete ablation of all lesions (primary efficacy rate of 100%).

Complications

Minor complications occurred in 2 patients, with both involv-
ing subcapsular hemorrhage. These 2 patients were adminis-
tered intramuscular hemostatic agent injections without blood
transfusion. Follow-up imaging indicated that the hematoma
resolved within 2 weeks. No severe complications were
observed.

LTP and Prognostic Factors

During a median follow-up period of 51.2 months [95% con-
fidence interval (CI): 44.1, 58.2 months], LTP developed in 59
of 125 lesions (47.2%). The 1-, 2-, and 3-year cumulative LTP
rates were 40.7%, 48.6%, and 53.4%, respectively. The esti-
mated median LTP-free survival time of all patients was 29.8
months (95% CI: 11.8, 34.1 months). Of the 59 LTP lesions, a
secondary RFA session was performed for 10 lesions (16.95%).
Three of them (3/10, 30%) were completely ablated without
local progression until the study was completed; and 7 (7/10,



Technology in Cancer Research & Treatment

Table 2. Univariate Analysis for Predictors of LTPFS and Overall Survival.

Factors Median LTPFS (mo) P value Factors Median OS (mo) P value
Age, yo 0.857 0.178
<60 14.7 30.9
> 60 17.1 25.7
Gender 0.654 .643
Male 17.1 28.3
Female 14.7 25.7
Primary tumor site 0.997 0.046
Rectum 17.1 25.1
Colon 15.9 30.9
Primary tumor differentiation 0.657 0.054
Medium 16.0 30.9
Poor 11.8 16.5
Lymph node metastases 0.232 0.392
No 11.2 30.9
Yes 34.1 21.5
Primary tumor Ki67 status 0.842 0.277
< 50% NR
> 50% 16.0 11.9
Liver metastases 0.319 0.503
Synchronous 11.0 26.6
Metachronous early (< 12 mo) 29.8 20.7
Metachronous late (> 12 mo) 34.1 32.7
Preablation treatment 0.120 231
Chemotherapy 9.4 22.7
No 29.8 28.3
Extrahepatic metastases 0.484 0.375
No 17.1 28.3
Yes 11.0 22.7
CEA level before ablation ng/mL 0.003 0.008
<30 35.5 35.5
> 30 18.7 20.2
Preablation lesion size mm 0.049 0.002
<30 29.8 32.7
> 30 9.4 21.7
In vicinity of liver vessel 0.466 0.67
No 16.0 27.3
Yes 7.5 26.5
Subcapsule lesion 0.357 0.699
No 14.7 26.5
Yes 29.8 27.3
Metastases site 0.455 0.255
Left lobe 16.0 26.5
Right lobe 9.4 27.4
Metastases number 0.861 0.236
<2 15.9 30.9
>2 11.2 26.5
Ablative margin mm 0.029 0.71
<5 14.7 22.7
>5 NR 273
Subsequent chemotherapy 0.002 0.016
No 8.4 19.5
Yes NR NR
Evaluation on 6-month 0.001
No-LTP 325
LTP 15.5
Extrahepatic metastases site 0.000
0 28.3
1 35.9
2 11.1

LTPFS = local tumor progression free survival, OS = overall survival, CEA = carcinoembryonic antigen, LTP = local tumor progression, NR = not reached.
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70%) experienced LTP within 6 months following re-ablation.
Other 49 of the 59 patients (83.05%) with LTP tumors received
systemic chemotherapy. The estimated median LTP-free sur-
vival time of patients with subsequent chemotherapy was not
reached, and that of patient without subsequent chemotherapy
was 8.4 months (95% CI: 6.2, 14.4 months).

In univariate analysis, a lesion diameter larger than 3 cm
(P =0.031), ablative margin less than 5 mm (P = 0.029), CEA
level greater than 30 ng/mL (P = 0.032), and absence of sub-
sequent chemotherapy (P < 0.001) were related to shorter
LTP-free survival (Table 2). Multivariate analysis revealed that
only the absence of subsequent chemotherapy was an indepen-
dent predictor of shorter LTP-free survival [P < 0.001, hazard
ratio (HR): 2.823, 95% CI: 1.603, 4.972] (Table 2, Figure 1).

Survival Results

During the period of follow-up, 54 (67.5%) patients died, 3
(3.75%) were lost, and 23 (28.75) survived. The estimated
median OS was 26.8 months, with a 95% CI of 21.4 and 32.1

LTP

100 |-
Subsequent Chemotherapy

— No
— Yes
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80
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TTT T T

50
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20}
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35 5 0 0 0
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Figure 1. Survival curves of LTPFS with/without subsequent che-
motherapy. The overall estimated median LTPFS was 29.8 months
(95% CI: 14.4, 34.1 months). The estimated median LTPFS in patients
who received subsequent chemotherapy was not reach, and that of
patients who did not receive subsequent chemotherapy was 8.4 months
(95% CI: 6.2, 14.4 months). Multivariate analysis revealed that the
absence of subsequent chemotherapy was an independent predictor (P
< 0.001, HR: 2.823, 95% CTI: 1.603, 4.972). LTPFS = local tumor
progression-free survival; Cl = confidence interval; HR = hazard
ratio.

Table 3. Multiparametric Analysis for LTPFS and OS.

months. The cumulative 1-, 3-, and 5-year survival rates were
81.2%, 32.1% and 23.9%, respectively.

In univariate analysis, a CEA level greater than 30 ng/mL
(P = 0.008) before ablation, lesion diameter larger than 3 cm
(P = 0.002), presence of rectal cancer (P = 0.046), not receiv-
ing subsequent chemotherapy (P < 0.001), more than 2 sites of
extra-hepatic metastases (P < 0.001), and the presence of LTP
at the 6-month follow-up (P = 0.001) were predictors of shorter
survival (Table 2). Multivariate analysis revealed that a lesion
diameter larger than 3 cm (P = 0.011, HR: 2.112, 95% CL:
1.188, 3.754) and presence of early LTP (LTP at the 6-month
follow-up) (P = 0.011, HR: 2.352, 95% CI: 1.217, 4.545) were
independent predictors of shorter survival (Table 3, Figures 2
and 3).

Discussion

The relatively high local tumor recurrence or local progression
rate is the main concern related to thermal ablation of
CRCLMs.'® This study showed an overall LTP rate of 47.2%
(59/125), which was comparable to that found in previous
studies, with an LTP rate of approximately 40%.'**° A lesion
size larger than 3 cm, locating in the vicinity of large vessels,
and inadequate ablation margins are well-known predictors of
local progression.'>!'> However, in the current cohort, lesion
diameter and ablative margins were not independent prognostic
factors. The influence of lesion size on LTP may have been
weakened because most (78.4%, 98/125) lesion sizes were
smaller than 3 cm in this study. We sought to achieve ablative
margins as close to 10 mm as possible and evaluated ablation
zone coverage immediately after ablation. Therefore, we
attained at least a 5-mm ablative margin in most treatment
sessions (76%, 95/125). This may be the reason why ablative
margins were not an independent predictor of LTP. On the
other hand, as found in other studies,m’21 we revealed that
systemic chemotherapy following ablation was independently
associated with improved local control. In addition, we noted
that most LTP cases (83%, 49/59) developed within 12 months
after ablation. This finding reminded us that close and intense
follow-up is necessary in the first year after ablation.

In the treatment of CRCLMs, although RFA has been pro-
posed as an alternative to hepatic resection for small liver
metastases, microwave ablation (MWA) can achieve better
ablation effects for tumors larger than 5 cm and is superior to
RFA or partial hepatectomy.*> However, only a few studies
have evaluated the role of MWA in CRCLMs."> Shady et al.

LTPFS (0N

Predictors HR 95% CI P value  Predictors HR 95% CI P value

Absent of subsequent chemotherapy 2.823 1.603, 4.972 <0.001 lesion size > 30 mm 2.112 1.188, 3.754 0.011
early LTP (6 months) 2.352 1.217, 4.545 0.011

LTPFS = local tumor progression free survival, OS = overall survival, HR = hazard ratio, CI = confident interval, LTP = local tumor progression.
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Figure 2. Survival curves of OS for patients with and without early
LTP. The estimated median OS of patients with LTP at 6 months was
15.5 months (95% CI: 11.4, 22.7 months), and that of patients without
LTP at 6-month was 32.5 months (95% CI: 22.7, 38.4 months).
Multivariate analysis revealed that the presence of early LTP (LTP at
the 6-month follow-up) was an independent predictor after adjusting
for potential confounders (P = 0.011, HR: 2.352, 95% CI: 1.217,
4.545). OS = overall survival; LTP = local tumor progression; CI =
confidence interval; HR = hazard ratio.
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Figure 3. Survival curves of OS based on lesion size. The estimated
median OS of patients with lesion diameters >3 cm was 18.7 months
(95% CI: 12.2, 21.3 months), and that of patients <3 cm was 32.7
months (95% CI: 25.7, 42.7 months). Multivariate analysis revealed
that lesion diameters >3 cm were independent predictors after
adjusting for potential confounders (P = 0.011, HR: 2.112, 95% CI:
1.188, 3.754). OS = overall survival; CI = confidence interval; HR =
hazard ratio.

compared MWA and RFA for CRCLMs and found that there
was no difference in the LTP rate between RFA and MWA
(P = 0.84), but ablation margins of 5 mm or smaller were a
significant predictor of shorter LTP-free survival for RFA
(P < 0.001).%° Stereotactic body radiotherapy (SBRT) is
another option for local tumor ablation for CRCLMs. Due to

its high-accuracy target localization, SBRT is able to be used to
treat relatively large lesions with minimal normal liver tissue
impairment, compared to that with traditional radiotherapy. For
lesions locating in the vicinity of large blood vessels, SBRT
can deliver high doses of radiation without concern regarding
the remnant liver volume. The clinical efficiency of SBRT is
comparable to that of RFA or MWA according to a series of
retrospective studies and a systematic review that reported 1-
and 2-year local control rates of 67% and 59.3%, respec-
tively.?®> Furthermore, as biologically equivalent doses are an
independent prognostic factor for local control,** confirmatory
trials exploring optimal schedules are lacking. On the other
hand, strategies combining SBRT with other anti-tumor treat-
ments may improve outcomes. A recent study revealed a 2-
years local control rate of 89.5% using SBRT combined with
resection for initially unresectable CRCLMs.* The safety and
clinical efficacy of liver radiotherapy combined with immu-
notherapy are under investigation in several trials. The initial
results have shown that combination therapy is quite toler-
able.”® However, large randomized control trials comparing
SBRT with other thermal ablation strategies are needed.

In previous studies, the median survival times following
ablation for unresectable CRCLMs ranged from 13.9 to 45.6
months.'®?” The discrepancy is mainly due to variations in
participant selection and treatment modalities. In a study by
Wang et al., the patients with unresectable CRCLM treated by
RFA had a median OS of 13.9 months and obtained survival
beneﬁt527; nevertheless, in patients with untreated CRCLMs,
the median OS was approximately 7.5 months.?® In a rando-
mized phase II trial for unresectable CRCLMs, the median OS
was 45.6 months in the combined-modality arm (systemic
treatment plus radiofrequency ablation + resection) vs. 40.5
months in the systemic-treatment arm. The participant selec-
tion criteria in this study including: <10 lesions and no extra-
hepatic disease.'® In this study, almost all patients were
refractory after at least 2 lines of chemotherapy, with an
improved median OS (28.6 months) than that previously
reported for patients who failed 2 lines of systemic chemother-
apy (who had a median OS of 7.1-8.8 months).®

As reported previously, we revealed that patients with tumor
sizes larger than 3 ¢cm had a poor prognosis.”’>' However,
another prognostic factor, the number of liver tumors, was not
an independent predictor of survival in this study. This discre-
pancy may have been due to the relatively lower lesion-to-
patient ratio (1.56, 125/80) in this study. In addition, we found
that the local response at 6 months was significantly related to
the survival benefit. This result indicated that close follow-up
and more intense systemic therapy are important for these
patients. Moreover, it indicated that patient selection is impor-
tant for the clinical outcomes of CRCLM ablation. Even with
total ablation, some patients experience early local progression.
Furthermore, for patients without local progression at the 6-
month evaluation, longer follow-up intervals (such as 6-month
intervals) and a delay in systemic therapy may provide them
with an improved quality of life. However, this hypothesis
needs further investigation. Our study had several limitations.
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First, the retrospective design introduced bias to the patient
selection and data acquisition. Furthermore, heterogeneous
pre-procedure modalities might have influenced the survival
outcomes. Finally, most patients in our study were refractory
to chemotherapy prior to ablation. These patients with dismal
prognosis were not the best candidates for ablation therapy.

Conclusion

Percutaneous RFA is a safe treatment modality for CRCLMs,
even in patients who are refractory to chemotherapy. Receiving
subsequent chemotherapy after ablation may enhance local
tumor control. Patients with improved early local control and
small tumor sizes have improved OS.
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