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RADIOFREQUENCY ABLATION AS PART
OF INTRAHEPATIC TREATMENT STRATEGIES

Background. Liver resection remains a gold standard for the treatment of colorectal liver metastases; however, radiofre-
quency ablation (RFA) may serve as an alternative for patients with contraindications to resection or within parenchyma-
sparing strategies. The aim of this study was to analyze treatment outcomes, prognostic factors, and survival after RFA of
intraparenchymal colorectal liver metastases. Materials and Methods. A retrospective analysis was performed on 33 patients
with colorectal liver metastases who underwent RFA between 2013 and 2023. The ablation was carried out using the Cool-tip
RF Ablation System E Series (Covidien) with a maximum output power of 200 W and internally cooled monopolar needles
with a 3 cm active tip, under intraoperative ultrasound guidance. Results. Patients were stratified according to survival status.
Group 1 (n = 23) included patients who underwent RFA and were alive at the time of analysis; Group 2 (n = 10) included
those who died of disease progression. The survival was significantly influenced by the presence of synchronous metastases
(21.7% vs 100.0%, p < 0.001), metachronous metastases (78.3% vs 0, p < 0.001), and median time to progression (18 (78.3%)
vs 1 (10.0%), p = 0.0004). No significant effect was found for sex, age, primary tumor localization or morphology, number of
chemotherapy lines before ablation, maximal size and number of metastases, type of surgery for the primary tumor, or the
presence of comorbidities. Conclusion. RFA in the treatment of colorectal liver metastases is a safe alternative for the un-
resectable lesions or within parenchyma-sparing strategies. However, liver resection should be considered a priority option
when technically feasible. Combining resection and RFA expands the range of patients eligible for radical intervention, pote-
ntially improving disease-free and overall survival rates. These findings are limited by baseline group disparities. Randomized
or propensity-matched studies are needed to confirm RFA efficacy and define the target population most likely to benefit.
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Colorectal cancer (CRC) is the second most com-
mon oncological disease among women and the
third among men worldwide [1]. Global statistics re-
port that approximately 20% of CRC patients have
synchronous liver metastases, and about one-third
develop metachronous hepatic metastases [2, 3].
Surgical removal of metastases remains a primary
treatment, significantly improving survival rates [4].

Five-year overall survival after RO resection reaches
58% with a median survival of 28—46 months [5—7].
Unfortunately, only about 20% of patients with liver
metastases are candidates for resection [8, 9].

Over the past decade, treatment strategies for
metastatic CRC have become more personalized
and multimodal, incorporating liver-directed ther-
apies combining systemic chemotherapy, ablative
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techniques, locoregional therapies, or their combi-
nations. Recent studies have demonstrated that
combining liver resection with ablation improves
overall and disease-free survival [10]. Radiofre-
quency ablation (RFA) has been the most studied
and widely applied ablative technique since its in-
troduction in the late 1990s [11].

A limiting factor of RFA is the heat-sink effect,
which restricts effective ablation due to thermal
heterogeneity [12]. Large vessels (>3 mm diameter)
«cool» adjacent tumor areas, risking incomplete
treatment and potential vascular wall damage with
subsequent perfusion disorders and bleeding [13].
Additionally, RFA carries a risk of thermal injury
to the biliary tract or adjacent anatomical struc-
tures, especially with subcapsular lesions. There-
fore, the treatment of the lesions near major vessels,
bile ducts, or other organs should be performed by
experienced surgeons at expert centers with appro-
priate technical capabilities; in some cases, RFA is
contraindicated [14]. Among the available pallia-
tive treatment options, RFA is a reliable choice with
low mortality and morbidity rates.

The study aimed to analyze prognostic survival
indicators after RFA for intrahepatic colorectal me-
tastases at the National Cancer Institute, Kyiv,
Ukraine.

Materials and Methods

Inclusion and exclusion criteria. Inclusion criteria
were (i) patients with comorbidities contraindicating
surgery; (ii) absence of extrahepatic disease; (iii) me-
tastases <30 mm; (iv) <20 multifocal hepatic metas-
tases in segments 1—8 treated via using minimally
invasive ultrasound- guided techniques. Given evi-
dence on RFA inefficacy for lesions >3—6 cm,
patients with >1 lesion >6 cm did not undergo RFA
[15]. However, patients with a largest lesion of 3
cm received RFA for all lesions during one ses-
sion. The proximity to the hepatic hilum or main
bile duct and the uncorrectable coagulopathy
were exclusion criteria.

Data collection. A retrospective analysis was con-
ducted on 33 patients treated with minimally invasive
(RFA) approaches at the National Cancer Institute
from January 2013 to December 2023. The study fol-
lowed the Declaration of Helsinki. Standard demo-
graphic and clinicopathological data were analyzed,
including patient characteristics (gender, age), tumor
characteristics (primary site: ascending colon, splen-
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ic flexure, hepatic flexure, rectum, rectosigmoid junc-
tion, sigmoid colon, cecum, multiple locations), tu-
mor morphology (differentiation: G1, G2, G3, G2/
G3), metastasis characteristics (synchronous, meta-
chronous), chemotherapy lines before ablation (none,
1, 2), maximal metastasis size (<10 mm, 10—20 mm,
20—30 mm, =30 mm), liver involvement (unilobar,
bilobar), number of metastases (1, 2—5, 5—10+),
surgery characteristics (anterior resection, low ante-
rior resection, Hartmann’s procedure, left/right
hemicolectomy, sigmoid resection, intersphincteric
rectal resection, Keny — Miles procedure), comor-
bidities (none, cardiovascular, digestive, 2+ systems),
and disease-free interval post-RFA (no recurrence,
<6 months, <12 months, >12 months).

Procedure. Ablation was performed using a
Cool-tip RF Ablation System E Series (Covidien,
USA), maximum output 200 W, monopolar inter-
nally cooled electrodes with 3 cm tips under intra-
operative ultrasound navigation. Ultrasound sys-
tems bk3000 & bk5000 (BK Medical, Denmark)
guided interventions. RF-generated alternating
current heated tissue to 50—100 °C for 4—6 min,
causing coagulation and tumor necrosis. The pro-
cedures lasted 10—30 min due to slow tissue heat
conduction. The electrodes were centered within
each tumor. Complete necrosis required ablation
within >10 mm margins of healthy tissue. Multiple
overlapping ablations were performed as needed.
Modern navigation allows safe destruction near
Glisson’s units previously deemed contraindicated
(Fig. 1). Electrode removal involved active coagula-
tion to minimize post-ablation bleeding and tumor
dissemination.

The RFA was performed for the management of
colorectal liver metastases in elderly patients with
the limited hepatic disease. The presented radiolog-
ical images illustrate the dynamics and outcomes of
this approach. The sequential imaging demonstrates
the progression of a metastasis located in segment 7
of the liver over a 9-month period without local or
systemic disease control (Fig. 2). We represent fol-
low-up scans after the outpatient RFA showing the
complete ablation of the lesion, with the replacement
of segment 7 by a cystic component within the ana-
tomical boundaries of the treated segment (Fig. 3).
Finally, the RFA procedure for a metastasis in seg-
ment 8 resulted in a complete cystic transformation
and demarcation of the dorsal subsegment (8d)
(Fig. 4). These cases demonstrate the efficacy of RFA
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Fig. 1. MRI of the hepatobiliary system before treatment (a) and 4 months after the RFA procedure (b) in segment 5 of

the liver

Fig. 2. Dynamics of colorectal liver metastasis growth in segment 7 of the liver in an 81-year-old female patient. On the
right — the time of initial detection of the hepatic metastasis (0 months) and subsequent disease progression without

local or systemic control at 6 and 9 months, respectively

in achieving local tumor control and post-procedu-
ral structural remodeling of the hepatic parenchyma.

Statistical analysis. Statistical analysis of the re-
sults was carried out using parametric and non-
parametric methods. The compliance of the empiri-
cal distribution of quantitative variables with the
normal distribution law was assessed using the Sha-
piro — Wilk test (n < 50). For the description of
quantitative parameters, mean values were deter-
mined with evaluation of their variability and statis-
tical significance; the central tendency was assessed
using the mathematical expectation and 95% confi-
dence interval. To compare the median values of
normally distributed data, Student’s ¢-test was used,

ISSN 1812-9269. Experimental Oncology 47 (3). 2025

Fig. 3. Subsequent RFA of the above-mentioned lesion
performed on an outpatient basis, with complete replace-
ment of segment 7 by a cystic component within anatomi-
cal boundaries
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Coronar

Fig. 4. RFA procedure for a colorectal liver metastasis in segment 8 of the liver, with complete cystic replacement of the

anatomical borders of the dorsal part of subsegment 8d

with comparisons performed at a significance level
of 0.05. For the qualitative characteristics, analysis of
their frequency indicators was carried out with de-
termination of the absolute number of observations
and their distribution in percentages. A comparison
of the qualitative variables between groups was per-
formed using Pearson’s x” test with Yates’ correction
for continuity. In certain cases, for parameters with
a few observations (less than 5), Fisher’s exact two-
sided test was used to assess the significance of in-
tergroup differences in frequency characteristics.

Results and Discussion

Patients were stratified according to the survival
status. Group 1 (n = 23) included patients who un-
derwent RFA and were alive at the time of analysis;
group 2 (n = 10) included those who died of disease
progression.

For the evaluation and analysis of patient charac-
teristics in groups 1 and 2, the following indicators
were selected: patient characteristics (gender, age),
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tumor characteristics (primary tumor location), pri-
mary tumor morphology (differentiation grade),
metastatic process characteristics, number of chemo-
therapy lines before ablation, maximum size of the
largest metastasis, liver involvement characteristics,
number of metastases, surgery characteristics (type
of primary tumor surgery: anterior resection, low an-
terior resection, Hartmann's procedure, left hemico-
lectomy, right hemicolectomy, sigmoid resection, in-
tersphincteric resection), Keny — Miles procedure),
presence of comorbidities (absence of comorbidities,
cardiovascular diseases, digestive diseases, diseases
of 2 systems, 3 or more systems), mean time to detec-
tion of disease signs after RFA (no recurrence, up to
6 months, up to 12 months, more than 12 months).
The median follow-up times were 85 months in
group 1 and 42 months in group 2.

The groups did not differ significantly by such
indexes as the overall mean age, gender distribu-
tion, and primary tumor localization (such as as-
cending colon, splenic flexure, hepatic flexure, rec-
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Impact of factors on the overall survival after RFA of intraparenchymal liver metastases

Group 1 Group 2
Factors % % P-value
n=23 n=10

Patient Characteristics

Age | s57.56+424 | | 599+914 | | 006
Gender:
Male 11 47.8 50.0
0.72
Female 12 52.2 5 50.0

Tumor characteristics

Primary tumor localization:

Ascending colon 2 8.7 2 20.0 0.57
Splenic flexure 3 13.0 0 0 0.54
Hepatic flexure 0 0 1 10.0 0.30
Rectum 7 30.4 2 20.0 0.69
Rectosigmoid junction 1 43 1 10.0 0.52
Sigmoid colon 9 39.1 3 30.0 0.71
Cecum 0 0 1 10.0 0.30
2 or more colon or rectal sites 1 4.3 0 0 0.98
Primary tumor morphology
Differentiation grade:
Gl 0 0 2 20.0 0.85
G2 19 82.6 6 60.0 0.21
G3 3 13.0 2 20.0 0.63
G3/ G4 1 4.3 0 0 0.23
Metastatic process characteristics:
Synchronous 5 21.7 10 100.0 <0.001
Metachronous 18 78.3 0 0
Number of chemotherapy lines before ablation
0 3 13.0 2 20.0 0.63
1 17 73.9 7 70.0 0.99
2 3 13.0 1 10.0 0.90
3 and >
Maximum size of the largest metastasis
<10 mm 6 26.1 0 0 0.14
10—20 mm 14 60.9 7 70.0 0.71
20—30 mm 2 8.7 1 10.0 0.90
30 and > 1 4.3 2 20.0 0.21
Liver involvement
Unilobar 15 65.2 8 80.0 0.68
Bilobar 8 34.8 2 20.0
Number of metastases
1 12 52.2 7 70.0 0.46
2—5 7 30.4 1 10.0 0.38
5—10 4 17.4 2 20.0 0.90
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End of Table
Group 1 Group 2
Factors % % P-value
n=23 n=10
Surgery
Primary tumor surgery:
Anterior resection 2 8.7 1 10.0 0.90
Low anterior resection 3 13.0 1 10.0 0.90
Hartmann’s procedure 2 8.7 0 0 0.90
Left hemicolectomy 5 21.7 0 0 0.29
Right hemicolectomy 2 8.7 4 40.0 0.05
Sigmoid resection 6 26.1 3 30.0 >0.05
Intersphincteric resection of the rectum 1 4.3 0 0 >0.05
Keny — Miles procedure 2 8.7 1 10.0 >0.05
Presence of comorbidities
None 4 17.4 3 30.0 0.65
Cardiovascular diseases (IHD, hypertension) 4 17.4 1 10.0 >0.05
Digestive system diseases 4 17.4 4 40.0 0.21
2 systems 7 30.4 1 10.0 0.38
3 or more 4 17.4 1 10.0 >0.05
Mean time to detection of disease signs after RFA
No recurrence 18 78.3 1 10.0 0.0004
Up to 6 months 2 8.7 1 10.0 >0.05
Up to 12 months 43 4 40.0 0.02
More than 12 months 2 8.7 4 40.0 0.05

tum, rectosigmoid junction, sigmoid colon, cecum,
or other colon or rectum sites) (Table).

No significant impact on the overall survival was
found for the following factors: primary tumor mor-
phology - differentiation grades G1, G2, G3, G2/G3;
number of chemotherapy lines before ablation; max-
imum size of the largest metastases; liver involve-
ment; number of metastases; surgery characteristics
(primary tumor surgery: anterior resection, low an-
terior resection, Hartmann’s procedure, left hemico-
lectomy, right hemicolectomy, sigmoid resection, in-
tersphincteric resection, Keny — Miles procedure);
presence of comorbidities; and the mean time to de-
tection of disease signs post-RFA (Table).

In evaluating metastasis parameters, a significant
difference was found in the presence of synchronous
metastases (21.7% in group 1 vs. 100.0% in group 2,
p < 0.001), or metachronous metastases (78.3% in
group 1 and none in group 2, p < 0.001). Assessment
of the mean time to detection of disease signs post-
RFA revealed significant differences between the
groups: there was no recurrence in group 1in 78.3%
cases vs 10.0% in group 2, p = 0.0004.
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Our study demonstrated that the use of RFA in
patients with metastatic liver involvement from CRC
is an effective and safe method that provides accept-
able oncological outcomes. RFA reduces intraopera-
tive risks, procedure duration, and postoperative re-
habilitation time without compromising long-term
overall survival [16, 17]. At the same time, RFA re-
mains an alternative option for patients with limited
potential for surgical resection or within parenchy-
ma-sparing treatment strategies [18, 19].

Particular attention in our study was paid to the
characteristics of the metastatic process. It was
found that the presence of synchronous or meta-
chronous metastases significantly affects overall
patient survival [20]. In assessing metastatic pro-
cess parameters, a statistically significant difference
was found between the presence of synchronous
and metachronous metastases. It can be assumed
that the presence of synchronous colorectal metas-
tases may worsen patients’ prognosis. Patients with
metachronous metastases demonstrated a longer
disease-free period and better oncological pros-
pects. This result indicates the need to stratity pa-
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tients according to the nature of metastasis when
planning treatment tactics.

A key clinical marker in our cohort was also the
duration of the disease-free period after RFA. The
longer the remission period, the higher the overall
survival rates, confirming the prognostic value of
this parameter in assessing the effectiveness of the
local intervention [21]. The mean time to detection
of disease signs post-RFA without recurrence sig-
nificantly differed between the groups. This may
indicate the undeniable impact of disease progres-
sion on the overall survival. This fact emphasizes
the importance of dynamic clinical monitoring in
the long-term period after ablation.

The obtained results provide the grounds to con-
sider that RFA can be a reasonable component of
multimodal treatment for colorectal cancer pa-
tients with liver metastases, provided careful selec-
tion of candidates, particularly considering metas-
tasis synchrony, and oncological history [22, 23].

To sum up, the use of RFA in the treatment of
colorectal liver metastasis is a safe alternative for pa-
tients with unresectable lesions or within parenchy-
ma-sparing strategies. However, liver resection
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Jlep>kaBHE HEKOMeEPIIiJiHe MiJIPUEMCTBO
«Harnionanbanit iHCTUTYT paky», Kuis, Ykpaina.

PAJIIOYACTOTHA ABJISAIIIA SIK OIHA I3 CTPATETI
[TEYTHKOBO-CITPIMOBAHOI TEPAIIIL

CraH nuTaHHA. Pe3ex11is mediHKi 3a/IMIIaEThCA 307I0TUM CTaH/IAPTOM JIIKYBaHHS XBOPUX i3 MeTacTa3aMi KOIOPEKTaTbHO-
TO paKy, OfHAK pagiouactoTHa abysis (PYA) Moxxe OyTu a/IbTepHATUBOIO /LS TALEHTIB i3 TPOTUIIOKA3aHHIM 10 Pe3eKIyii
a6o B paMKax IapeHxiMo30epiralodnx cTpareriil. MeTa ZOCTIPKEHHS — IIPOAHAI3yBaTU Pe3y/IbTaTy JKyBaHH:, IIPOTHOC-
Ti4Hi pakropy Ta BiokmBaHicTh micst PYA inTpamapenxiMatosHux Metactasis y meuinni B [THIT «HarfionansHmit iHCTUTY T
paxy». Marepianu Ta MeTomu. I[IpoBefieHO peTpOCIeKTMBHMIT aHa i3 MiKyBaHHA 33 Mal[iEHTiB 3 MeTaCTa3aMy KOJIOPEKTa/lb-
HOTO paKy B IeyinIy, ki orpumysam PYA B 2013—2023 pp. A6mAris BukoHyBanacs 3a fjoromororo anapara Cool-tip RF
Ablation System E Series (Covidien) 3 MakcuMabHO ITOTy>xHicTI0 200 BT Ta 0X0/I0/IKyBaHMMIM OfHOIIO/IIOCHVIMM FO/IKAMU
mif; inTpaonepauiriHoo Y3]I-Hasirarieo. PesynpraTu. ITamienTis 6y10 cTparndikoBaHO 3a CTAaTyCOM BIDKMBAHH. Ipyma
1 (n = 23) BK/IIOYa/Ia HAILEHTIB, AKMM OY/I0 IIPOBeieHO paftiodacToTHy abysiio (PYA) Ta sxi Oy >KMBUMM Ha MOMEHT
aHasi3y; rpyma 2 (n = 10) BK/IHOYasIa THX, XTO IIOMEP Bifj IPOrpeCyBaHHs 3aXBOPIOBAHHSL. B1sIB/IeHO JOCTOBIpHMIT BIUIVB Ha
BIDKVBaHICTb HAABHOCTI CMHXPOHHMX MeTacTasis (21,7% mpory 100,0%, p < 0,001), MeTaxpOHHUX MeTacTasis (78,3% mpoTtu
0, p <0,001) Ta cepenHBOrO Yacy o nporpecysants (18 (78,3%) mporu 1 (10,0%), p = 0,0004). He manu 3Hauy110r0 BIUIUBY
CTarb, BiK, JIoKa/ti3awid i Mopdorroris nepBMHHOL yX/IMHM, KUTbKICTD JIiHil TonixXiMioTepartil, po3Mip i KiIbKicTh MeTacTasis,
THII IEPBUHHOI OIlepallii Ta HaABHICTb CYIyTHIX 3aXBOpIoBaHb. BucHoBKu. Bukopucranna PYA B nikyBaHHi MeTacTasiB Ko-
JIOPEKT/IbHOTO PaKy B HEUIHKY € 6e3MevHOI0 a/IbTePHATIBOIO /LS IALIEHTIB i3 HeolepabeIbHIMI YPaKEHHAMN a00 B MeX-
ax mapeHxiMo306epirarounx cTpareriii, poTe pe3eKIiist IeYiHKY [IOBMHHA POSITIIAATICS SIK IIPIOPUTETHA OIS y BUIIA/KAX,
KO/ i BUKOHAHHA € TeXHITHO MOXTMBUM. Bu6ip /TiKyBaHHS OBMHEH I'PYHTYBATHUCS Ha XapaKTePUCTHMKAX METACTATUYHOTO
IIPOIIECY, 30KpeMa CMHXPOHHOCTI 411 METaXPOHHOCTI ypaXKeHH:, po3Mipax i Ki/IbKOCTi MeTacTasiB, Billi maiieHTa Tomo. Kpim
TOr0, KOMOiHOBaHe BUKOPUCTaHHA XipypriyHoi pesekuii Ta PYA 103Bo/sg€ po3MIMPUTI KOJIO MAL[€HTIB, AKUM MOXe 6yTH
BUKOHAHe PafiKa/IbHe BTPYYAHHS, 1110 IOTEHI{ITHO MOKPAII[ye IIOKa3HIKH Oe3peliIMBHOI Ta 3ara/IbHoOI BIDKMBAaHOCTL. Of-
HaK I1i Pe3y/IbTaTy 0OMEXYIOThCSI HEPIBHICTIO IOYATKOBOTO CTaHY HOPIBHSIBHUX IPYIL ISt MiATBep/KEeHHS e(peKTUBHOCTI
PYA Ta BusHa4YeHHsI L{/IbOBOI IPYIIN HACETIEHHS, SIKa OTPYMAE HAOUIbIITy KOpUCTD Bifi PYA B Maiiby THbOMY; C/1ij; TpOBECTH
PaHoMi30BaHi JOCTImKeHH: a60 JOCTIPKEHHS CIiBCTaB/IeHHA 32 TIOKA3HMKOM CXVIBHOCTI.

Knio4oBi cmoBa: KolopeKTalbHUI paK, pe3eKIiis MediHKM, MeTacTas3y KOJTOPEKTATbHOIO PAaKy B MEUiHKY, eleKTpo-
xipyprist, pafiodacToTHa abIALisL.
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