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ABSTRACT 
Background.  Colorectal cancer liver metastases (CRLM) 
present significant treatment challenges, requiring multi-
modal conversion therapies. Identifying factors that influ-
ence treatment outcomes is crucial for improving clinical 
management.
Patients and Methods.  This retrospective cohort study 
included 286 patients with synchronous CRLM who under-
went conversion therapies on the basis of sequencing results. 
Patients were categorized into successful conversion therapy 
group (SCTG) and failed conversion therapy group (FCTG). 
Clinical factors and genomic mutations were analyzed for 
associations with therapy outcomes and survival.
Results.  Among the patients, 106 (37.1%) achieved success-
ful conversion (SCTG), while 180 (62.9%) failed (FCTG). 
Compared with SCTG, patients in the FCTG had signifi-
cantly larger metastatic lesions, higher preoperative mesen-
teric lymph node positivity, and elevated carcinoembryonic 

antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) lev-
els. Six genes (FAT, BRAF, SERPINA3, GRIN2A, ERBB2, 
and ALK) showed the highest mutation frequency differences 
in FCTG, correlating with worse outcomes. Any of these 
mutations was associated with shorter overall survival com-
pared with wild-type patients. A nomogram model using 
tumor mutation status, CEA, CA19-9, lesion diameter ≥ 5 
cm, and positive lymph nodes at diagnosis predicted con-
version efficacy (area under the curve = 89.6, 95% confi-
dence interval 22.6–92.4). An extended conversion-related 
clinical risk score scoring system incorporating these factors 
effectively stratified poor prognosis populations, serving as a 
prognostic tool for patients with unresectable CRLM.
Conclusions.  Genomic profiling improves precision man-
agement of CRLM, facilitating tailored conversion strategies 
and better prognostic prediction. Future studies should vali-
date these findings in prospective cohorts to refine personal-
ized treatment for patients with initially unresectable CRLM.

Keywords  Colorectal cancer liver metastases · 
Conversion therapy · Next-generation sequencing · Clinical 
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Colorectal cancer liver metastases (CRLM) represent a 
significant clinical challenge, accounting for a substantial 
proportion of advanced colorectal cancer cases. Epidemi-
ologically, it is estimated that up to 25% of patients with 
colorectal cancer present with synchronous liver metastases, 
while an additional 20–50% develop metachronous metas-
tases during their disease course.1 Management of CRLM 
often necessitates a multidisciplinary approach, incorporat-
ing surgical, medical, and interventional oncology.2 Surgical 
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resection remains the gold standard for eligible patients, 
with the goal of achieving a margin-negative (R0) resec-
tion. However, only a minority of patients are candidates 
for upfront surgery owing to factors such as tumor burden, 
location, and patient fitness.3 In this context, neoadjuvant 
and conversion therapies have emerged as pivotal strategies 
to downstage initially unresectable tumors, rendering them 
operable.4 The clinical risk score (CRS) is a prognostic scor-
ing system that aims to stratify patients with CRLM accord-
ing to their risk of postoperative complications and survival 
outcomes.5,6 Initially introduced by Fong et al., the CRS 
incorporates various clinical parameters to predict surgical 
outcomes and guide decision-making in the management 
of CRLM.7 Patients with low CRS scores are considered 
better candidates for resection owing to their higher likeli-
hood of prolonged survival and lower risk of perioperative 
complications.8

In recent years, advancements in systemic therapies and 
precision medicine, such as biomarker-driven approaches 
and immunotherapy, have expanded the therapeutic land-
scape. For instance, understanding the molecular profile 
of tumors, including RAS and BRAF mutation status, can 
guide treatment decisions and predict response to targeted 
therapies.9 The causes of failure in neoadjuvant/conver-
sion therapy were associated with the following factors: (1) 
Intrinsic tumor resistance, driven by genetic alterations such 
as RAS or BRAF mutations, can limit treatment response.10 
(2) Even with treatment, some tumors do not sufficiently 
shrink or may exhibit heterogeneous responses, with viable 
tumor cells persisting amidst necrotic tissue.11 (3) Severe 
side effects can lead to dose reductions or discontinuation 
of therapy, impacting treatment efficacy. (4) A subset of 
patients experiences disease progression despite neoadjuvant 
efforts, possibly indicating aggressive biology or acquired 
resistance.12 (5) Currently, there is no universally accepted 
biomarker to reliably predict response to specific neoadju-
vant regimens, leading to a trial-and-error approach.

Ongoing research is focused on identifying predictive 
and prognostic biomarkers to optimize patient selection 
and tailor therapies. Efforts include evaluating circulating 
tumor DNA (ctDNA), microsatellite instability (MSI) status, 
tumor mutational burden (TMB), and expression profiles of 
genes involved in drug metabolism or signaling pathways.13 
However, the translation of these biomarkers into routine 
clinical practice remains challenging owing to inconsistent 
findings across studies, lack of standardized testing meth-
odologies, and the complexity of tumor heterogeneity. The 
advantages of conversion therapy for colorectal cancer with 
liver metastases are well established. However, researchers 
are increasingly scrutinizing factors that may impede its 
effectiveness. Building on current research in this area, we 
contemplate whether genomic alterations could be pivotal in 
shaping treatment outcomes and predicting survival benefits 

for patients. Given that clinical decision-makers currently 
rely on patient-specific next-generation sequencing results to 
tailor treatment strategies, we have embarked on a retrospec-
tive study within our patient cohort. Our goal is to identify 
genomic mutations closely linked to the efficacy of conver-
sion therapy and patient clinical profiles. Through integrated 
analysis, we aim to develop predictive models that can guide 
optimal treatment strategies for these patients.

PATIENTS AND METHODS

Study Design

All procedures involving human participants in this 
study adhered to ethical standards set by institutional and/
or national research committees, as well as the 1964 Hel-
sinki Declaration and its later amendments or similar ethi-
cal standards. This cohort study has been reported in line 
with the Strengthening The Reporting Of Cohort Studies in 
Surgery (STROCSS) criteria. All patients were enrolled in a 
retrospective study database, and this research has also been 
registered on ClinicalTrials.gov (NCT06477718). Our study 
has been reviewed and approved by the Ethics Committee of 
the First Affiliated Hospital of Nanjing Medical University.

Patients’ Information

This study enrolled 286 patients initially diagnosed with 
colorectal cancer concomitant with synchronous liver metas-
tases. All patients received comprehensive treatment and 
follow-up at the Department of Colorectal Surgery, First 
Affiliated Hospital of Nanjing Medical University between 
2016 and 2018. At diagnosis, all patients met the criteria for 
preoperative conversion therapy, with a CRS of ≥ 3. Patients 
were excluded if they: (1) could not tolerate a full course of 
systemic therapy, (2) had a history of other malignancies, (3) 
had previously undergone cancer treatment, or (4) patients 
who were not rendered disease-free at time of hepatic resec-
tion (i.e., primary intact, unresected extrahepatic disease, 
or gross [R2] residual hepatic disease). Next-generation 
sequencing was conducted on biopsy tissues obtained via 
colonoscopy prior to treatment initiation, and conversion 
therapies were subsequently administered. Systemic treat-
ment regimens, based on next-generation sequencing (NGS) 
results, included FOLFOX/FOLFIRI or CAPOX combined 
with anti-EGFR or anti-VEGF agents, excluding those who 
received selective internal radiation therapy (SIRT) or ste-
reotactic body radiation therapy (SBRT). All patients were 
microsatellite stable (MSS) and did not receive any immune 
checkpoint therapies such as PD-1 inhibitors. Patients with 
locally advanced rectal cancer received additional neoadju-
vant radiotherapy to the rectal area. Treatment response was 
assessed every two cycles, and resectability of the primary 
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tumor and metastases were evaluated post-treatment using 
abdominal contrast-enhanced computed tomography (CT) 
and magnetic resonance imaging (MRI) (Supplementary 
Fig. 1).

Failed conversion therapy (FCTG) was defined as per-
sistent unresectability after first-line systemic therapy, 
confirmed by multidisciplinary team (MDT) consensus on 
the basis of anatomical/oncological criteria: (1) inadequate 
future liver remnant (< 30%); (2) bilobar multifocal disease 
unamenable to resection/ablation; (3) radiological progres-
sion (RECIST version 1.1); or (4) insufficient downstaging 
for R0 resection. Patients excluded for non-oncologic rea-
sons (e.g., comorbidities or refusal; n = 19) were not clas-
sified as FCTG and were removed per exclusion criterion.

Genomic Detection

Formalin-fixed paraffin-embedded (FFPE) tumor sam-
ples were procured via colonoscopic biopsies. Genomic 
DNA was extracted from FFPE sections using the QIAamp 
DNA FFPE Tissue Kit (Qiagen, USA), while genomic DNA 
from whole blood controls was isolated with the DNeasy 
Blood and Tissue Kit (Qiagen, USA). Qubit 3.0 Fluorom-
eter (Thermo Fisher Scientific) and Nanodrop 2000 were 
employed to assess the quantity and quality of the extracted 
DNA, respectively. Libraries were prepared following the 
manufacturer’s protocol with the KAPA Hyper Prep Kit 
(KAPA Biosystems). Hybridization-based target enrichment 
was executed using the GeneseeqPrime® pan-cancer gene 
panel along with xGen Lockdown Hybridization and Wash 
Reagents Kit (Integrated DNA Technologies). Captured 
libraries were amplified in KAPA HiFi HotStart ReadyMix 
(KAPA Biosystems) and quantitated by quantitative poly-
merase chain reaction (qPCR) utilizing the KAPA Library 
Quantification Kit (KAPA Biosystems). The enriched librar-
ies were then sequenced on the Illumina HiSeq4000 NGS 
platform adhering to the manufacturer’s instructions.

c‑CRS Score Analysis

Furthermore, we utilized multivariable Cox proportional 
hazards regression to evaluate the relationship between 
mutations and overall survival (OS), adjusting for clini-
cal covariates. Considering the number of events, we con-
trolled for four clinically significant factors (with unadjusted 
p-values < 0.05) in the univariate analysis: pre-treatment 
carcinoembryonic antigen (CEA) levels, pre-treatment car-
bohydrate antigen 19-9 (CA19-9) levels, the largest diam-
eter of CRLM, and lymph node status at initial diagnosis. 
Both univariate and multivariable analyses were conducted 
to examine associations with survival, with a two-sided 
adjusted p-value < 0.05 deemed statistically significant.

In subsequent analyses, variables significantly associated 
with conversion success or failure (univariate p < 0.05) were 
included in a multivariable analysis using logistic regres-
sion. Briefly, a nomogram was constructed on the basis of 
the final regression analysis results, integrating predictors of 
conversion therapy success or failure. The total score was 
calculated from baseline CEA/CA19-9 levels, the maximum 
diameter of liver metastases, and primary tumor lymph node 
status at diagnosis. Each variable was assigned a score on 
the nomogram’s scale. By summing these individual scores 
and projecting the total onto the nomogram’s total points 
scale, the probability of a successful conversion therapy 
event could be estimated. The nomogram’s performance 
was assessed through discrimination and calibration; the 
former via the area under the receiver operating character-
istic (ROC) curve ranging from 0.5 (no discrimination) to 
1 (perfect discrimination), and the latter visually through a 
calibration plot contrasting predicted probabilities of conver-
sion therapy success against actual outcomes.

Given current risk factors, each was assigned a value of 
1, and Kaplan–Meier curves were plotted for patients with 
scores ranging from 0 to 5, with log-rank tests used to com-
pare survival rates according to mutation status. We defined 
scores of 0–1 as low risk, 2–3 as medium risk, and 4–5 as 
high risk. All statistical analyses were conducted within the 
R statistical computing environment. Parameters showing 
significance in the univariate analysis were incorporated into 
the multivariable Cox regression. A p-value < 0.05 was con-
sidered statistically significant.

CRS Definition

The five parameters of the cancer recurrence score 
include primary tumor lymph node status, disease-free sur-
vival time, presence of more than one hepatic metastasis, 
preoperative CEA levels above 200 ng/mL, and a maximum 
diameter of metastatic tumors exceeding 5 cm, with each cri-
terion assigned 1 point. Higher CRS scores indicate greater 
benefit from perioperative chemotherapy, especially when 
there are more than five liver metastases.

Statistical Analysis

We employed Fisher’s exact test and Wilcoxon rank-
sum test to compare the clinical characteristics between 
the successful conversion therapy group (SCTG) and failed 
conversion therapy group (FCTG), encompassing general 
patient information, clinical staging, laboratory findings, 
and administered treatment regimens. In addition, on the 
basis of sequencing results, we selected mutations present 
in at least 5% of patients for survival staging, ensuring a 
minimum presence in ten patients per group to mitigate bias 
and statistical uncertainty by guaranteeing sufficient events 
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in each cohort. For survival analysis, Kaplan–Meier curves 
depicted survival outcomes, with log-rank tests comparing 
survival rates by mutation status post adjustment for multi-
ple comparisons. Overall survival (OS) was measured from 
the end of systemic therapy until patient death.

RESULTS

Demographic and Clinical Characteristics of Patients 
with CRLM

In this study, after excluding patients who could not com-
plete the entire treatment regimen or did not meet the inclu-
sion criteria, a total of 286 patients were initially diagnosed 
with colorectal cancer with synchronous liver metastases, 
all with an initial treatment goal of no evidence of disease 
(NED). Preoperative conversion therapy was adminis-
tered on the basis of NGS results. Eventually, 106 patients 
achieved successful conversion and underwent resection 
or ablation of the primary and metastatic lesions, attaining 
NED status. Meanwhile, 180 patients, after first-line treat-
ment, were confirmed by MDT to have unresectable metas-
tases and were classified as the failed conversion therapy 
group.

Baseline data assessment revealed significant differences 
between FCTG and SCTG in four indicators: maximum met-
astatic lesion diameter (greater than 5 cm, 33.0% vs. 22.2%, p 
= 0.045), preoperative mesenteric lymph node positivity rate 
(74.5% vs. 61.7%, p = 0.026), CEA levels (median, 11.2 ng/
mL vs. 5.2 ng/mL, p = 0.021), and CA19-9 levels (median, 
63.2 U/mL vs. 49.2 U/mL, p = 0.016). However, no signifi-
cant differences were observed in age (median, 51.2 vs. 50.3 
years), gender (male/female, 61.3%/38.7% vs. 60.0%/40.0%), 
tumor location (right/left/rectum, 30.2%/33.0%/36.8% vs. 
29.4%/32.2%/38.4%), number of metastatic lesions (≤ 4/> 
4, 60.4%/39.6% vs. 55.0%/45.0%), distribution of metastatic 
lesions in the liver lobes (unilobar/bilobar, 34.0%/66.0% 
vs. 38.3%/61.7%), T-stage distribution (T1–2/T3/T4, 
17.9%/38.7%/43.4% vs. 28.9%/36.1%/35.0%), and CRS 
score (3/4/5, 31.1%/52.8%/16.1% vs. 33.9%/51.7%/14.4%).

Treatment strategies showed no significant differences 
in the proportion of hepatic arterial infusion chemotherapy 
(30.2% vs. 32.8%) and transarterial chemoembolization 
(29.2% vs. 33.3%). There were also no differences in the use 
of targeted therapies, with similar rates of anti-EGFR (43.4% 
vs. 41.7%) and anti-VEGF (56.6% vs. 58.3%) between the 
groups (Table 1).

Genomic Mutation Spectrum Changes Related 
to Conversion Therapy in CRLM

In the overall cohort, analysis of detected mutations 
revealed that transition (Ti) mutations predominated in 

both groups without significant differences (Supplemen-
tary Fig. 2A and B), indicating comparability between the 
groups. Regardless of whether the CRLM was convert-
ible or non-convertible, the three most common mutations 
were TP53 (76% vs. 79%), APC (69% vs. 78%), and KRAS 
(50% vs. 56%) (Supplementary Fig. 3A and B). Path-
way enrichment analysis identified the most commonly 
enriched pathways in the overall population as RTK/RTS, 
TP53, and WNT signaling pathways (Supplementary 
Fig. 3C and D).

We further compared the different mutation frequencies 
in FCTG and SCTG. To ensure subsequent verification, we 
focused on genes with a mutation frequency above 5% and 
those occurring in at least ten individuals. This screening 
identified six genes with the greatest differences in mutation 
frequency: FAT (20%), BRAF (19%), SERPINA3 (16%), 
GRIN2A (15%), ERBB2 (13%), and ALK (12%) (Supple-
mentary Fig. 4A and B).

Association of Specific Mutations with Survival in Patients 
with CRLM

We further explored the association between gene muta-
tions and survival in this group of patients with initially 
unresectable CRLM. Survival analysis of the overall popu-
lation, consistent with current treatment status, showed that 
the 180 patients who achieved successful conversion had 
significantly prolonged survival compared with those who 
did not (median OS 41.1 months vs. 26.1 months, adjusted 
p-value < 0.001) (Fig. 1A).

Owing to the insufficient number of patients with the 
abovementioned six gene mutations in the successful con-
version cohort for comparative analysis, we divided the non-
conversion cohort into a mutation group (patients with any 
of the six mutations, n = 65) and a wild-type group (no 
mutations detected in the six genes, n = 41). Comparison 
revealed that patients with any of the six gene mutations had 
significantly shorter overall survival than wild-type patients 
(median OS 14.5 months vs. 35.3 months, adjusted p-value 
< 0.001) (Fig. 1B).

Further analysis at the single-gene level showed that 
patients with FAT1 mutations had significantly reduced 
overall survival compared with wild-type patients (median 
OS 13.5 months vs. 29.3 months, adjusted p-value = 0.001). 
Similarly, patients with mutated BRAF (class I/II) had the 
poorest prognosis, with all patients dying within 2 years 
(median OS 11.9 months vs. 29.1 months, adjusted p-value 
= 0.001). Mutations in SERPINA3, GRIN2A, ERBB2, and 
ALK were also associated with varying degrees of decreased 
overall survival (Fig. 2), suggesting that these important 
gene mutations may limit the effectiveness of conversion 
therapy and overall survival in CRLM.
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Association of Mutation‑Related Scores with Conversion 
Therapy Success Rates in CRLM

To further determine whether the mutations associated 
with survival also affect the efficacy of conversion therapy, 
we expanded our analysis to the entire cohort of patients 
with CRLM undergoing conversion therapy. Given the 
limitation of mutation frequencies, we could not assess the 
survival benefit in the converted cohort. However, specific 
mutations present in the non-converted cohort may be fac-
tors limiting conversion success.

In clinical practice, the ability to achieve NED status 
through conversion therapy for patients with colorectal 
cancer with synchronous unresectable liver metastases is 
a challenge. Therefore, identifying relevant risk factors to 
predict subsequent conversion success is crucial. We con-
structed a nomogram combining clinical baseline data and 
the abovementioned mutations to predict conversion suc-
cess probabilities. Prior to nomogram model computation, 
clinical characteristics were analyzed using multivariable 
and univariable regression models. As shown in Supplemen-
tary Table 1, all variables except mutation factors exhibited 

TABLE 1   Clinical and 
demographic characteristics of 
patients with CRLM enrolled in 
this cohort

Variable CRLM (n = 286) CRLM FCTG (n = 106) CRLM SCTG (n = 180) p value

Age (years) 50.9 (24.9–74.7) 51.2 (25.3–74.4) 50.3 (24.3–74.9) 0.161
Sex 0.825
 Male 173 (60.5%) 65 (61.3%) 108 (60.0%)
 Female 113 (39.5%) 41 (38.7%) 72 (40.0%)

Location 0.967
 Right colon 85 (29.7%) 32 (30.2%) 53 (29.4%)
 Left colon 93 (32.5%) 35 (33.0%) 58 (32.2%)
 Rectum 108 (37.8%) 39 (36.8%) 69 (38.3%)

Metastatic node size 0.045
 > 5 cm 75 (26.2%) 35 (33.0%) 40 (22.2%)
 ≤ 5 cm 211 (73.8%) 71 (67.0%) 140 (77.8%)

Number of CRLM 0.375
 ≤ 4 149 (52.1%) 64 (60.4%) 99 (55.0%)
 > 4 137 (37.9%) 42 (39.6%) 81 (45.0%)

Lobar 0.459
 Unilobar 105 (36.7%) 36 (34.0%) 69 (38.3%)
 Bilobar 181 (63.3%) 70 (66.0%) 111 (61.7%)

T stage 0.101
 T1–2 71 (24.8%) 19 (17.9%) 52 (28.9%)
 T3 106 (37.1%) 41 (38.7%) 65 (36.1%)
 T4 109 (38.1) 46 (43.4%) 63 (35.0%)

N stage 0.026
 Positive 210 (73.4%) 79 (74.5%) 111 (61.7%)
 Negative 76 (26.6%) 27 (25.5%) 69 (38.3%)

CEA (ng/mL) 7.2 (0.6–872.3) 11.2 (1.1–872.3) 5.2 (0.6–714.3) 0.021
CA19-9 (U/mL) 55.3 (9.2–991.8) 63.2 (10.1–991.8) 49.2 (9.2–811.4) 0.016
CRS 0.868
 3 94 (32.9%) 33 (31.1%) 61 (38.9%)
 4 149 (52.1%) 56 (52.8%) 93 (51.7%)
 5 43 (15.0%) 17 (16.1%) 26 (14.4%)

Received HAI 0.650
 Yes 91 (31.8%) 32 (30.2%) 59 (32.8%)

Received TACE 0.473
 Yes 91 (31.8%) 31 (29.2%) 60 (33.3%)

Anti-EGFR 0.775
 Yes 121 (42.3%) 46 (43.4%) 75 (41.7%)

Anti-VEGF 0.775
 Yes 165 (57.7%) 60 (56.6%) 105 (58.3%)
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significant differences in both univariate and multivariable 
regression analyses. Next, these risk factors were scored on 
the basis of their impact on probability estimation. The total 
score from all risk factors corresponded to the probability of 
conversion success (Supplementary Fig. 5A).

In the study cohort, risk stratification scores using single 
and combined indicators were evaluated for sensitivity and 
specificity via ROC curves (Supplementary Fig. 5B). Tumor 
mutation status (positive defined as at least one mutation), 
CEA level (> 200 ng/mL), and CA199 level (> 39 U/mL) 

had the highest area under the curve (AUC) scores, at 80.1, 
67.7, and 64.4, respectively. Tumor metastases diameter 
greater than 5 cm and initial mesenteric lymph node posi-
tivity had AUCs of 61.2 and 60.3, indicating some predic-
tive capability. However, the risk stratification score as a 
combined indicator exhibited the strongest predictive ability 
(AUC 89.6, 95% CI 22.6–92.4).

Prognostic Model for Conversion‑Related Risk Scores

The intriguing results prompted us to consider whether 
a conversion score could predict treatment efficacy or prog-
nosis for patients with specific risk factors, similar to the 
CRS score for synchronous liver metastases in colorectal 
cancer. We developed a conversion-related clinical risk score 
(c-CRS) on the basis of five factors: metastases size (> 5 cm, 
1 point), lymph node status (positive, 1 point), CEA level 
(> 200 ng/mL, 1 point), CA199 level (> 39 U/mL, 1 point), 
and conversion-related mutations (1 point). Cox regression 
models confirmed the prognostic significance of these fac-
tors for patients with CRLM (Supplementary Fig. 6).

Finally, we applied the c-CRS to our cohort and assessed 
its prognostic ability. Analysis of both the conversion failure 
patients (Fig. 3A) and the entire population (Fig. 3B) dem-
onstrated that this scoring system could effectively stratify 
patients with relatively poor prognosis and shorter survival 
times, serving as an effective prognostic model for patients 
with initially unresectable CRLM (Table 2).

DISCUSSION

Initial unresectable CRLM represents a highly hetero-
geneous and complex disease. Treatment strategies include 
systemic chemotherapy, targeted therapy, and locoregional 
treatments. Common systemic chemotherapy regimens, such 
as FOLFOX (oxaliplatin, 5-FU, and leucovorin) and FOL-
FIRI (irinotecan, 5-FU, and leucovorin), are often combined 
with targeted agents such as bevacizumab or cetuximab to 
reduce tumor burden and increase the likelihood of surgi-
cal resection.14 Advancements in treatment modalities face 
challenges, including heterogeneous treatment responses, 
inaccurate prognostic predictions, and the absence of unified 
standards to evaluate the success of conversion therapies. 
Molecular-level heterogeneity and resistance mechanisms 
further limit treatment efficacy.15

This study included 286 patients initially diagnosed 
with colorectal cancer with synchronous liver metastases. 
All patients underwent individualized conversion therapies 
guided by next-generation sequencing. Results showed that 
after systemic treatment, 106 patients successfully achieved 
NED, while 180 did not. Significant differences were 
observed between the successful and unsuccessful conver-
sion groups in terms of maximum metastatic lesion diameter, 
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FIG. 1   Landmark analysis of overall survival was conducted in 
patients initially deemed unresectable due to colorectal cancer liver 
metastases, who received conversion therapy; A the cohort was 
stratified into those who achieved conversion to resection (SCTG; 
n = 180) and those who remained persistently unresectable (FCTG; 
n = 106); the number at risk at each time point is indicated in the 
accompanying risk table; B the patients in the FCTG were stratified 
into those who were detected with mutation in either of the six genes, 
including FAT, BRAF, SERPINA3, GRIN2A, ERBB2, and ALK 
(WT; n = 41), and those who remained persistently unresectable (Alt; 
n = 65)
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preoperative lymph node positivity in the mesentery, CEA 
levels, and CA19-9 levels. In addition, the study identified 
multiple gene mutations significantly associated with con-
version treatment outcomes and overall survival, including 
FAT1, BRAF, SERPINA3, GRIN2A, ERBB2, and ALK. We 
developed the c-CRS model integrating patient clinical and 
molecular characteristics, including CEA and CA19-9 lev-
els, tumor size, preoperative lymph node positivity, and vari-
ous gene mutations. The c-CRS model effectively predicted 
the success of conversion therapy and patient prognosis.

Factors limiting the success rate of conversion in colo-
rectal cancer liver metastases have garnered considerable 
attention. Previous studies indicate that molecular charac-
teristics such as KRAS and NRAS mutations can hinder 
conversion success, while MSI-H colorectal cancer may 
be more responsive to immunotherapy.13,16 BRAF muta-
tions suggest a relatively poor overall prognosis.17 Recent 
molecular marker studies continue to explore markers such 
as ctDNA for dynamic disease monitoring,18 DNA meth-
ylation changes in treatment response, and glucose metabo-
lism imaging for predicting treatment responses.19 However, 
these studies face challenges related to standardization, the 
complexity of result interpretation, and clinical application 
validation.

The increasing adoption of NGS testing allows clinicians 
access to mutation profiles, aiding treatment decisions. Ret-
rospective analyses have linked genetic alterations such as 

KRAS mutations, CCND1 polymorphisms, and MTHFR 
mutations with pathological complete response (pCR) post 
neoadjuvant chemoradiotherapy in locally advanced rectal 
cancer.20 Our study validates the adverse prognostic sig-
nificance of the BRAF gene family in patients with initially 
unresectable CRLM. Unlike previous studies, our focus is on 
patients who undergo first-line conversion therapy, compar-
ing those who achieve surgical opportunities versus those 
who do not or experience local progression, ensuring con-
sistency in early treatment application and enhancing late-
stage applicability for this patient group.21 In addition, CRS 
scores play a critical role in treatment selection for CRLM, 
providing substantial prognostic value, yet are currently 
unable to effectively predict patient benefit from subsequent 
neoadjuvant or conversion therapies. Our study integrates 
patient clinical data and related mutations into c-CRS scor-
ing, offering a preliminary estimate for converting patients 
with CRLM and predicting the prognosis of patients with 
unresectable CRLM at initial diagnosis, providing a refer-
ence basis for overall treatment strategies and considering 
more suitable treatment options.

Many mutations closely associated with prognosis are 
located in genes intricately linked to colorectal cancer 
development. For instance, FAT1, a tumor suppressor gene, 
drives chromosome 4q35 deletion, a common deletion 
region in cancers. FAT1 mutations deactivate it, promot-
ing Wnt pathway activation and tumorigenesis, affecting 
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FIG. 2   Stratified overall survival analysis was conducted in patients 
with initially unresectable colorectal liver metastases (n = 106) who 
failed conversion therapy; patients were stratified on the basis of the 

presence or absence of alterations in the following genes: A FAT1; B 
BRAF; C SERPINA3; D GRIN2A; E ERBB2; F ALK; the number at 
risk at each time point is indicated in the adjacent risk table
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patient survival.22 In colorectal cancer prognosis analysis 
based on TCGA data, SERPINA3 and other molecules are 
observed to correlate with poor outcomes.23 GRIN2A muta-
tions affect tumor progression by influencing intracellular 
calcium ion homeostasis and signaling pathways, correlating 

with poor prognosis in various cancers, including colorec-
tal cancer.24,25 ERBB2 mutations, increasingly studied in 
colorectal cancer, occur in approximately 4.8–7% of cases 
and promote tumor cell proliferation through MAPK and 
AKT pathway activation.26,27 ALK gene fusion mutations, 

FIG. 3   Overall survival 
according to conversion CRS 
model (point 0–5); A overall 
survival according to the c-CRS 
in FCTG group (n = 106); B 
overall survival according to 
the c-CRS in all patients of the 
cohort (n = 286); the low-risk 
group refers to those with scores 
of 0–1, the medium-risk group 
refers to those with scores of 
2–3, and the high-risk group 
refers to those with scores of 
4–5
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TABLE 2   Multivariable 
cox regression analysis and 
overall survival based on the 
conversion score

Cohort Risk No. (%) Hazard ratio (95% 
CI) versus low

p-value Hazard ratio 
(95% CI) versus 
prior

p-value

CRLM cohort Low 121 (42.3%) 1 1 – –
Medium 131 (45.8%) 4.53 (2.98–6.88) 1.34e−12 4.53 (2.98–6.88) 1.34e−12
High 34 (11.9%) 20.36 (10.91–38.00) 2.90e−21 4.37 (2.76–6.93) 3.14e−10
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although more common in lung cancer, are also significant 
in advanced colorectal cancer, with potential therapeutic 
benefits from ALK inhibitors.28,29

This study has several limitations that should be acknowl-
edged. First, the retrospective design introduces potential 
selection bias and unmeasured confounding factors, while 
the small sample size in high-risk mutation subgroups lim-
its statistical power for detailed analysis. Second, treatment 
heterogeneity—such as the inclusion of patients receiving 
hepatic arterial infusion (HAI) or transarterial chemoembo-
lization (TACE)—may obscure the interpretation of genetic 
associations, despite no significant survival differences 
between subgroups. Third, the heterogeneity of gene muta-
tions across patients affects reproducibility and generaliz-
ability, underscoring the need for broader genetic testing to 
capture all relevant variants. Fourth, the absence of external 
validation restricts the applicability of our findings, empha-
sizing the necessity of multi-center studies to confirm reli-
ability. Finally, as a single-center study, results may reflect 
local patient characteristics and treatment protocols, limiting 
broader clinical relevance. Future research should prioritize 
objective criteria for evaluating conversion therapy success, 
prospective trials to validate biomarkers, and exploration of 
novel predictive tools. These efforts aim to refine treatment 
strategies, reduce unnecessary interventions, and advance 
personalized care within precision oncology.

CONCLUSIONS

This study demonstrates the potential of existing bio-
markers in molecular-guided therapies. We believe that 
once expanded, molecular spectrum analysis of cancer-
related genes will become a part of routine clinical practice, 
it will lead to new diagnostic methods and further refine 
treatment strategies for colorectal cancer liver metastases 
(CRLM). Through iterative development and clinical appli-
cation, these biomarkers are expected to maximize treat-
ment responses in prospective analyses and minimize treat-
ment complications, particularly in subgroups least likely to 
respond to treatment.
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