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Abstract: Systemic therapy provides substantial disease control in metastatic colorectal cancer (mCRC), yet liver
metastases often determine prognosis; real-world evidence for using conversion-intent definitive liver-directed ther-
apy (DLDT) as consolidation after first-line treatment remains limited. We retrospectively analyzed 172 patients with
initially unresectable, liver-predominant mCRC treated with first-line systemic therapy at National Taiwan University
Hospital (2017-2023), comparing those who underwent conversion-intent DLDT during first-line treatment (n=100)
with those who continued systemic therapy alone (n=72). Primary endpoints were time to treatment failure (TTF)
and overall survival (0S). Conversion-intent DLDT markedly prolonged TTF (29.7 vs. 7.6 months; hazard ratio [HR]
0.16, P<0.001) and OS (47.0 vs. 17.7 months; HR 0.20, P<0.001). At 24 months, 49.6% of DLDT recipients re-
mained on first-line therapy and 57.2% were alive, compared with 9.3% and 17.9% in controls. Outcomes were
comparable between resection-based and ablation-only approaches. In multivariable models, conversion-intent
DLDT remained independently associated with improved TTF (HR 0.16) and OS (HR 0.20), with similar associa-
tions observed across major molecular alterations. These findings support a multidisciplinary strategy incorporating
conversion-intent DLDT after first-line systemic therapy for liver-predominant mCRC.

Keywords: Metastatic colorectal cancer, liver metastases, definitive liver-directed therapy, radiofrequency abla-
tion, microwave ablation, RAS mutation

Introduction Currently, definitive liver-directed therapy (DL-
DT), including hepatectomy or image-guided

Colorectal cancer (CRC) is the third most fre- thermal ablation with radiofrequency (RFA) or

quently diagnosed malignancy and the third
leading cause of cancer-related death world-
wide, including in Taiwan [1-5]. Liver metastasis
significantly influences the disease trajectory
and survival outcomes, as approximately 50%
of patients develop liver metastases at some
stage during their iliness [6]. However, the opti-
mal role and timing of definitive local treatment
for liver-predominant disease after initial sys-
temic therapy remain uncertain in routine clini-
cal practice.

microwave (MWA), underpins modern multidis-
ciplinary care [2, 7-12]. Surgical eligibility has
broadened significantly; refinements in imag-
ing, parenchymal-sparing techniques, and peri-
operative support have expanded resecta-
bility from <10% of patients in the 1980s to
>50% presently, even for bilobar or multifocal
disease [13]. If resection is not feasible be-
cause of limited future liver remnant, comor-
bidities, or proximity to critical structures, per-
cutaneous ablation provides a minimally inva-
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Figure 1. Study flowchart. Flowchart illustrating patient selection, inclusion
and exclusion criteria, and final cohort allocation to conversion-intent DLDT

and non- conversion-intent DLDT groups.

sive alternative. RFA coagulates tumors <3 cm
via 350-500 MHz alternating current but is
vulnerable to heat-sink effects near larger ves-
sels <3 mm [14, 15] yielding pooled five-year
overall survival (0S) of 30-40% [16-19]. In
contrast, MWA (0.9-2.6 GHz) achieves higher
temperatures, larger spherical zones (>6 cm),
and faster ablations with reduced heat-sink
susceptibility [20, 21]. Furthermore, modern
2.4 GHz systems can achieve durable local
control approaching 98% at 4 years for sub-
centimeter lesions [22]. Other local moda-
lities, such as irreversible electroporation, al-
so exist, although hepatectomy and thermal
ablation remain the dominant definitive app-
roaches in routine practice [23-26]. Combined
ablation-resection strategies further extend
curative intent to patients with extensive bilo-
bar disease while preserving functional paren-
chyma and maintaining oncologic efficacy
[7-11].

Current evidence for DLDT in patients with
metastatic colorectal cancer (mCRC) is mostly
based on a small series of reports. Therefore,
this single-institution retrospective study inves-
tigated the real-world impact of conversion-
intent DLDT in patients with liver-predominant
mCRC. By examining the clinical efficacy of
DLDT across different molecular subgroups
and treatment modalities, this study aimed to
provide practical insights and inform future
clinical decision-making regarding the mana-
gement of liver-predominant mCRC.

1355

ed from the Medical Infor-
mation Management Office
and Cancer Registry Office of
the National Taiwan Univer-
sity Hospital (NTUH). The in-
clusion criteria were as fol-
lows; (1) presence of meta-
static or recurrent CRC; (2)
age >18 years; (3) comple-
te medical records (including
computed tomography and
follow-up reports) at NTUH; (4)
presence of initially unresect-
able liver-predominant metastases; and (5) re-
ceiving systemic therapy as the first-line treat-
ment.

Patients were excluded if they (1) had a diagno-
sis of 22 active primary malignancies, (2) had
an uncertain RAS/BRAF-mutation status, (3)
did not have liver-predominant mCRC, or (4)
had pathological diagnoses other than adeno-
carcinoma (squamous cell carcinoma or neuro-
endocrine carcinoma).

Liver-predominant metastatic disease was de-
fined as either liver-only metastasis or liver-
dominant metastatic disease in which more
than 80% of all metastatic lesions, based on
lesion counts on baseline staging imaging,
were located in the liver, regardless of whether
the primary colorectal tumor had been re-
sected previously. According to the definition
listed above, limited extrahepatic disease was
allowed when deemed clinically controlled and
technically compatible with a conversion-intent
strategy; in practice, this generally referred
to fewer than three extrahepatic metastatic
lesions. Patient enrollment is summarized in
Figure 1. This study was approved by the
Institutional Review Board of NTUH (NTUH
IRB: 202108112RINC).

Data collection
The following clinical and pathological data

were extracted from medical records: (1) age
at metastasis diagnosis, (2) sex, (3) pathology
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reports for RAS/BRAF and mismatch repair
(MMR) status, (4) location of the primary CRC
at initial diagnosis, (5) initial clinical stage, (6)
metastatic sites, (7) modality of local therapy
for liver metastasis, (8) regimen of first-line sys-
temic treatment, (9) date of metastatic or re-
current CRC diagnosis, (10) date of first dose of
first-line systemic treatment, (11) date of first
dose of second-line systemic treatment, and
(12) date of death or last follow-up before April
20, 2025.

Patients aged >65 years were classified as
elderly patients. Right-sided colon cancer was
defined as originating in the cecum, ascend-
ing colon, hepatic flexure, or transverse colon,
whereas left-sided colon cancer included all
other segments and the rectum. DLDT modali-
ties included hepatectomy, liver ablation, or
both. Liver ablation included RFA and MWA. A
doublet regimen was defined as 5-FU in com-
bination with irinotecan or oxaliplatin (FOLFOX
or FOLFIRI). The triplet regimen was defined as
a combination of irinotecan, oxaliplatin, leu-
covorin, and 5-FU (FOLFOXIRI). Triple wild-type
(WT) was defined as wild-type extended RAS
and BRAF with proficient mismatch repair
(PMMR).

Conversion-intent DLDT was defined as hepa-
tic resection, thermal ablation (radiofrequency
ablation or microwave ablation), or a combina-
tion of both, performed after great responses
from first-line systemic therapy with the intent
to eradicate all radiographically visible liver
metastases. All hepatic resections included in
the DLDT group achieved microscopically mar-
gin-negative (RO) resection. In ablation cases,
complete ablation was defined by post-proce-
dural imaging showing no residual contrast
enhancement in the treated lesion, and treat-
ment planning followed contemporary princi-
ples aimed at achieving an adequate ablative
margin, typically at least 5 mm and ideally larg-
er when technically feasible. In routine prac-
tice, candidacy for conversion-intent DLDT was
determined through multidisciplinary discus-
sion involving medical oncology, hepatobiliary
surgery, and interventional radiology. Selec-
tion was based on overall responses after first-
line therapy, technical feasibility of complete
local treatment, liver reserve, performance sta-
tus, comorbidities, and the extent of extrahe-
patic disease.
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Patients were categorized into DLDT and non-
DLDT groups according to whether conversion-
intent DLDT was performed after initiation of
first-line systemic therapy.

Statistical analysis

OS was calculated from the date of metastatic
or recurrent CRC diagnosis to the date of death
or last follow-up before April 20, 2025. Time to
treatment failure (TTF) was defined as the in-
terval between initiation and discontinuation
of first-line systemic therapy or last follow-up
before April 20, 2025. Clinicopathological vari-
ables were compared using the chi-square test
or Fisher's exact test, as appropriate. The
Kaplan-Meier method was used to estimate
survival probabilities and the corresponding
95% confidence intervals (Cls). Multivariate
analyses were performed using the Cox propor-
tional hazards model to identify factors associ-
ated with TTF and OS, with hazard ratios (HRs)
and 95% Cls. Because DLDT was delivered
after initiation of first-line systemic therapy,
additional sensitivity analyses were performed
to address potential immortal time bias. DLDT
was modeled as a time-dependent covariate in
Cox regression analyses for TTF and OS. In
addition, a landmark analysis was performed
using the median time from initiation of first-
line systemic therapy to DLDT as the landmark
time point. The landmark time was set at 4.86
months, corresponding to the median time
from initiation of first-line systemic therapy to
DLDT among patients who underwent DLDT. All
statistical tests were two-sided, with a signifi-
cance level of P<0.05. Statistical analyses
were conducted using SPSS version 20.0 (IBM
Corp., Chicago, IL, USA) and R version 4.5.0.

Ethical and humane considerations

This study was approved by the Institutional
Review Board of National Taiwan University
Hospital (NTUH IRB: 202108112RINC) and
conducted in accordance with the Declaration
of Helsinki. The requirement for informed con-
sent was waived because this was a retrospec-
tive analysis of fully de-identified data.

Results
Patient clinicopathological factors

A total of 172 patients with liver-predominant
mCRC were included, with 100 (58.1%) receiv-
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Table 1. Patient clinical characteristics
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Definitive liver-directed treatment

Characteristic All patients (%)? P-value
Y (%)? N (%)?
All 172 (100%) 100 (58.1%)° 72 (41.9%)°
Gender 0.168
Female 80 (46.5%) 42 (42.0%) 38 (52.8%)
Male 92 (53.5%) 58 (58.0%) 34 (47.2%)
Age (years)
Mean + SD 59.9+12.6 61.0+12.6 585+12.4 0.209
Age <65 years 126 (73.3%) 74 (74%) 52 (72.2%)
Age >65 years 46 (26.7%) 26 (26%) 20 (27.8%)
Primary site 0.489
Right-sided® 47 (27.3%) 25 (24%) 22 (30.6%)
Left-sided 125 (72.7%) 75 (75%) 50 (69.4%)
Stage IV status 0.001¢
De novo 141 (82.0%) 74 (74%) 67 (93.1%)
Recurrent 31 (18.0%) 26 (26%) 5 (6.9%)
Mutation Status 0.929
Wild type® 87 (50.6%) 51 (51%) 36 (50%)
RAS mutant 75 (43.6%) 44 (44%) 31 (43.0%)
BRAF V600OE mutant 8 (4.7%) 4 (4%) 4 (5.6%)
dMMR' 3(1.7%) 2 (2%) 1(1.4%)
Biological agent use 0.138
No 15 (8.7%) 12 (12%) 3(4.2%)
Bevacizumab 85 (49.4%) 45 (45%) 40 (55.6%)
Anti-EGFR monoclonal antibody 72 (41.9%) 43 (43%) 29 (40.3%)
Fluoropyrimidine 1.000
No 4 (2.3%) 2 (2%) 2 (2.8%)
Yes 168 (97.7%) 98 (98%) 70 (97.2%)
Oxaliplatin- or Irinotecan-based regimen 0.708
Irinotecan 133 (77.3%) 78 (78%) 55 (76.4%)
Oxaliplatin 30 (17.4%) 16 (16%) 14 (19.4%)
Neither agent 5 (2.9%) 4 (4%) 1 (1.4%)
Both 4 (2.3%) 2 (2%) 2 (2.8%)

aThe percentage was based on subgroup analysis. "The percentage was based on all 172 cases. °Includes the cecum, ascend-
ing colon, and transverse colon. “Including the splenic flexure, descending colon, sigmoid colon, and rectum. °RAS wild type,

BRAF wild type, and preserved MMR. ‘One patient with BRAF V60OE is dMMR. &P<0.05.

ing DLDT and the remaining 72 (41.9%) receiv-
ing systemic therapy alone as first-line treat-
ment (Figure 1). The cohort was balanced with
respect to sex with a median age of approxi-
mately 60 years. Tumors predominantly origi-
nated in the left colon or rectum, and the ma-
jority (approximately 80%) presented with de
novo stage IV disease rather than recurrent
metastases after previous curative resection
(Table 1). Regarding molecular profiles, 50.6%
of the patients had tumors that were triple
WT for RAS, BRAF, and MMR, whereas the rest
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harbored either RAS mutations (43.6%), BRAF
V600OE mutations (4.7%), or deficient MMR
(1.7%). Virtually all patients (98%) received
combination chemotherapy with fluoropyrimi-
dine plus oxaliplatin and/or irinotecan, and
91.3% received a biological agent as part of
the first-line treatment (49.4% bevacizumab
and 41.9% an anti-EGFR antibody). All patients
were Asian. Importantly, there were no signifi-
cant differences between the DLDT and non-
DLDT groups in baseline demographic or clini-
cal factors, including age, sex, primary tumor
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Figure 2. Kaplan-Meier analysis of treatment durability and overall survival according to conversion-intent definitive
liver-directed therapy (DLDT). A: Time to treatment failure (TTF) from initiation of first-line systemic therapy. B: Overall
survival (0S) from diagnosis of metastatic or recurrent colorectal cancer.

location, mutation status, and first-line chemo-
therapy regimen, except for a higher proportion
of recurrent (rather than de novo) metastatic
cases in the DLDT group. Patients with initially
stage |-l disease were more likely to undergo
DLDT than those with initially stage IV disease.

Survival outcomes

Patients who underwent conversion-intent DL-
DT experienced significantly prolonged first-
line treatment. The median TTF in the DLDT
and non-DLDT groups was 29.7 (95% Cl: 20.8-
38.6) and 7.6 (95% CI: 6.4-8.8) months, res-
pectively (P<0.001) (Figure 2A). At one year,

1358

approximately 80% of patients in the DLDT
group were still receiving the first-line regimen,
whereas most non-DLDT patients experienced
treatment discontinuation or progression. The
Kaplan-Meier curves for TTF showed an early
and sustained separation between the groups,
with approximately 50% of DLDT patients still
free of first-line treatment failure at two years,
in contrast to <10% of those without DLDT.
DLDT was associated with a substantially im-
proved OS (median 0S: 47.0 months [95%
Cl: 38.8-55.2] vs. 17.7 months [95% Cl: 14.9-
20.5], P<0.001) (Figure 2B). By three years
after diagnosis, >50% of the DLDT group re-
mained alive compared to <20% in the non-
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Figure 3. Comparison of outcomes between surgical resection and ablation-only approaches among patients receiv-
ing conversion-intent DLDT. A: TTF. B: OS stratified by hepatic resection (with or without ablation) versus ablation-

only therapy.

DLDT group. The survival benefit of DLDT was
observed across a spectrum of patients, high-
lighting the substantial impact of achieving
local control of liver metastases.

Among the 100 patients with DLDT, 39 under-
went hepatic resection (with or without abla-
tion therapy) and 61 received ablation therapy
only (RFA or MWA). There were no significant
differences in the outcomes between the surgi-
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cal and ablation approaches. Median TTF was
36.5 (95% Cl: 21.4-51.6) and 23.7 (95% CI:
14.2-33.1) months in the surgery and ablation-
only groups, respectively (Figure 3A, P=0.355).
Median OS was numerically higher in the re-
section group (52.2 months, 95% Cl: 43.6-
60.8) compared to the ablation-only group
(41.6 months, 95% CI: 32.9-50.3), without
reaching statistical significance (Figure 3B,
P=0.127). Both approaches to DLDT yielded
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Table 2. Cox proportional hazards analysis for time to treatment failure (TTF) and overall survival (OS)

Variable oS

HR 95% Cl P-value HR 95% CI P-value
Age
<65 years 1.00 1.00
>65 years 0.736 0.490-1.104 0.138 1.082 0.723-1.620 0.701
Gender
Female 1.00 1.00
Male 0.978 0.660-1.449 0.913 1.197 0.807-1.776  0.372
Conversion-intent DLDT
No 1.00 1.00
Yes 0.156 0.101-0.241 <0.001* 0.197 0.130-0.297 <0.001°
Primary site
Right-sided® 1.00 1.00
Left-sided® 0.872 0.533-1.425 0.584 0.891 0.559-1.420 0.627
Stage IV status
De novo 1.00 1.00
Recurrent 0.683 0.396-1.179 0.171 0.580 0.336-0.999 0.049°
RAS/BRAF/MMR
Triple WT¢ 1.00 1.00
Non-WT 1.719 1.114-2.654 0.014° 2.044  1.328-3.146  0.0012
Oxaliplatin- or Irinotecan-based regimen
Irinotecan 1.00 1.00
Oxaliplatin 1.020 0.618-1.685 0.937 1.448 0.872-2.405 0.153

HR, hazard ratio. 2P<0.05. "Including the cecum, ascending colon, and transverse colon. °Includes the splenic flexure, descend-
ing colon, sigmoid colon, and rectum. “Triple WT was defined as RAS wild-type, BRAF wild-type, and proficient MMR.

favorable long-term survival compared with
non-DLDT.

Among the 100 patients who underwent
DLDT, the median time from initiation of first-
line systemic therapy to DLDT was 4.86 mon-
ths (Interquartile Range: 3.22-8.91). In sensi-
tivity analyses addressing immortal time bias,
DLDT remained significantly associated with
improved OS. In the time-dependent Cox mo-
del, DLDT was associated with improved OS
(HR: 0.245, 95% CI: 0.167-0.358; P<0.001),
which remained significant after adjustment
(adjusted HR: 0.232, 95% CI: 0.155-0.347;
P<0.001). Similarly, in the landmark analysis
using 4.86 months as the landmark time, DLDT
remained associated with significantly impro-
ved OS (HR: 0.426, 95% Cl: 0.265-0.684; P<
0.001; adjusted HR: 0.429, 95% CI: 0.260-
0.707; P<0.001).

Subgroup analyses

In multivariable Cox proportional-hazards anal-
ysis (Table 2), DLDT remained as an indepen-
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dent predictor of prolonged TTF (adjusted HR:
0.16; 95% CI: 0.10-0.24) and improved OS
(HR: 0.20; 95% CI: 0.13-0.30). In contrast,
RAS/BRAF mutation or dMMR status (HR: 2.04;
95% Cl: 1.33-3.15, P=0.001) was associated
with worse survival, whereas recurrent meta-
static disease at presentation (HR: 0.58; 95%
Cl: 0.34-1.00, P=0.049) independently predict-
ed longer survival. These factors further sup-
port the role of genetic and clinical characte-
ristics in influencing the effectiveness of the
DLDT in liver-predominant mCRC.

Patients with triple WT tumors (n=85) demon-
strated superior outcomes compared with th-
ose with non-WT tumors (n=87). Kaplan-Meier
analysis showed a significantly longer median
TTF in the triple WT cohort than in the non-WT
cohort (17.9 vs. 11.6 months, log-rank P=
0.049, Figure 4A). The median OS likewise
favored WT patients (38.6 months) over the
non-WT group (28.4 months, P=0.039, Figure
4B). Notably, the non-WT category included a
small number of BRAF V60OE (n=8) and mis-
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Figure 4. Survival outcomes according to tumor molecular status. A: TTF. B: OS stratified by triple wild-type (RAS/
BRAF wild-type and proficient mismatch repair) versus non-WT tumors.

match repair-deficient (AMMR) cases (n=3). In
multivariable Cox modeling, the presence of
any mutation remained independently associ-
ated with poorer outcomes, with an adjusted
HR of 1.72 (95% CI: 1.11-2.65, P=0.014) for
TTF and 2.04 (95% Cl: 1.33-3.15, P=0.001) for
OS, relative to triple WT disease.

The association between DLDT and improved
outcomes was observed in both the triple-WT
and pooled non-WT subgroups. However, be-
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cause BRAF V60OE-mutant and dMMR cases
were few, these subgroup analyses should be
considered exploratory. Among WT patients,
those who underwent DLDT had significantly
prolonged median TTF (33.5 vs. 8.3 months)
and OS (49.9 vs. 21.2 months, both P<0.001)
compared to those in the non-DLDT group.
Similarly, in the non-WT subgroup, patients
receiving DLDT achieved substantially longer
median TTF (26.0 vs. 6.5 months) and 0S
(47.0 vs. 16.2 months; both P<0.001, Figure 5).
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Figure 5. Effect of conversion-intent definitive liver-directed therapy across molecular subgroups. A: TTF. B: OS ac-
cording to DLDT status in patients with triple wild-type tumors and non-WT tumors.

Statistical testing revealed no significant inter-
action detected between molecular subgroup
and the association of DLDT with survival.

Discussion

Our study provides real-world evidence sup-
porting the efficacy of conversion-intent DLDT,
including hepatic resection and thermal abla-
tion, in patients with liver-predominant mCRC.
Among 100 DLDT-treated patients, median
TTF was quadrupled (29.7 vs. 7.6 months) and
median OS was nearly tripled (47.0 vs. 17.7
months) relative to matched non-DLDT controls
(P<0.001). Resection (+ ablation) and ablation

1362

alone achieved comparable OS (52.2 vs. 41.6
months, P=0.13), supporting the clinical rele-
vance of modern ablative techniques as a de-
finitive local option in selected patients. Cru-
cially, the association between DLDT and im-
proved outcomes was observed in both major
molecular strata, although less common sub-
groups should be interpreted cautiously be-
cause of limited sample size.

These findings echo large series and meta-
analyses of colorectal liver metastases (CR-
LM), in which five-year OS after aggressive lo-
cal treatment ranges from 25-69% and median
OS frequently exceeds 40-50 months [27-29].
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The 47.0-month median OS observed in the cur-
rent study’s DLDT group aligns well within this
established range for aggressive local treat-
ment, strongly resonating with previous litera-
ture that demonstrates the survival advantage
of aggressive local management for liver-pre-
dominant metastatic disease. Direct compara-
tive studies have underscored the substantial
survival advantage of DLDT over systemic ther-
apy alone in liver-predominant mCRC. A large
multi-institutional database analysis highlight-
ed stark differences in five-year OS (47.8% for
hepatectomy alone, 35.9% for combined hepa-
tectomy plus RFA, and 29.2% for RFA alone)
compared with only 7.4% for non-aggressive
treatment (systemic therapy/supportive care).
Multivariable analysis from that study yielded
HRs strongly favoring DLDT (HR 0.22 for hepa-
tectomy and 0.29 for RFA) [29]. Similarly, a
case-matched study comparing resection to
systemic therapy demonstrated a significantly
longer median OS with resection (56 vs. 26.5
months, P=0.027) [30]. These findings are in
good agreement with our results.

Our findings support the survival benefit of
DLDT, consistent with previous randomized tri-
als (EORTC 40004/CLOCC) [31] and observa-
tional studies [32] demonstrating prolonged
survival outcomes with hepatic resection and
thermal ablation compared with systemic ther-
apy alone. Although resection (often combin-
ed with ablation) showed a numerically longer
median OS than ablation alone in our cohort
(52.2 vs. 41.6 months), the difference was not
statistically significant, further supported by
the findings from the COLLISION trial [11]
which showed non-inferior survival for ablation
versus resection for lesions <3 ¢cm (HR: 1.05).
Systematic reviews consistently report superi-
or local control with resection, but the advan-
tages, such as lower morbidity, minimal inva-
siveness, reduced blood loss, shorter hospital
stays, and repeatability, make it particularly
attractive in patients with smaller lesions, chal-
lenging tumor locations, or significant comor-
bidities [32, 33]. Selection bias favoring health-
ier patients with better anatomy for surgical
resection likely accounts for the superior out-
comes historically attributed to resection [32].
Evidence suggests that if comparisons are
restricted to specific patient subgroups, par-
ticularly those with smaller tumors (<2 cm or
<3 cm in diameter), the survival outcomes
between resection and ablation may become
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comparable [32]. Thus, therapeutic decisions
should balance the goals of achieving durable
local control via surgery against the practical
benefits of minimally invasive ablation, particu-
larly in anatomically challenging or high-risk
patients.

The negative prognostic impact of activating
RAS mutations and BRAF V600E observed
in our study aligns with the historical data.
Prognostically adverse mutations in KRAS/
NRAS (40-50%) and BRAF V600E (8-12%)
shorten survival even after DLDT;, however
[34-36] our data and previous series demon-
strate that these patients still derive a relative
benefit from local therapy compared to system-
ic treatment alone [37-40]. Molecular status
influences overall survival outcomes and the-
rapeutic sequencing decisions. For instance, a
recent large-scale Taiwanese study demon-
strated that first-line anti-EGFR therapy in
KRAS WT patients significantly improved OS
and increased conversion-intent resection or
RFA rates compared with bevacizumab-based
therapies (29.6% vs. 22.6%), shortening the
median time to conversion (5.7 vs. 7.1 months)
[5]. These findings emphasize the distinction
between overall survival, inherently lower in
RAS/BRAF mutant patients, and relative bene-
fit, which remains meaningful across molecu-
lar subgroups. Thus, molecular profiling should
inform therapeutic sequencing, particularly the
strategic early use of anti-EGFR antibodies in
patients with RAS WT and left-sided mCRC to
maximize the conversion potential without cat-
egorically precluding DLDT when technically
feasible and clinically appropriate.

This study provides valuable real-world data on
the effect of DLDT on liver-predominant mCRC.
However, there are several limitations. First, its
retrospective single-center design is inherently
subject to selection bias and residual con-
founding. Patients selected for DLDT may have
had more favorable disease control or techni-
cal suitability for local therapy than those who
continued systemic therapy alone. We were
also unable to comprehensively adjust for sev-
eral liver tumor burden variables, including
lesion number, bilobar distribution, and maxi-
mal tumor size, which are clinically relevant
determinants of both DLDT eligibility and prog-
nosis. Second, because DLDT was delivered
after initiation of first-line systemic therapy,
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immortal time bias cannot be fully excluded,
although additional time-dependent and land-
mark analyses were performed to address th-
is concern. Third, several molecularly defined
subgroups, especially BRAF V600OE-mutant and
dMMR tumors, were small and therefore unsuit-
able for definitive subgroup inference. Further-
more, detailed procedural characteristics of
ablation (RFA vs. MWA) and precise tumor char-
acteristics (exact number and size distribution
of metastases treated per patient, proximity to
vessels) hinder a more nuanced interpretation
and comparison of outcomes, especially be-
tween DLDT modalities. Finally, the study was
conducted at a single tertiary referral center in
an all-Asian population, which may limit gener-
alizability of the findings to broader clinical
practice settings. These limitations underline
the need for caution in interpreting the magni-
tude of the DLDT effect as solely treatment-
related, and highlight the need for prospective
validation.

In conclusion, in this retrospective real-world
cohort, conversion-intent DLDT was strongly
associated with prolonged TTF and OS in se-
lected patients with liver-predominant mCRC.
Our findings support considering DLDT as a
part of multimodality treatment strategies, ad-
vocating its consideration in multidisciplinary
team evaluations to optimize patient outcom-
es.
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