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Abstract: An estimated 70-80% of cases of colorectal cancer liver metastasis (CRLM) are defined as initially un-
resectable. “Converting” to no evidence of disease (NED) status may prolong survival. The current study aimed 
to develop a novel scoring system that predicts the conversion outcome for initially unresectable CRLM. A total of 
215 consecutive CRLM patients who received first-line systemic therapy from December 2012 to January 2020 at 
Sun Yat-sen University Cancer Center were enrolled in the internal cohort. Forty CRLM patients from the database 
of the Chinese Colorectal Cancer Multidisciplinary Team Alliance were enrolled in the external cohort. A logistic 
regression model was applied to identify risk factors associated with the conversion outcome. The tumor-to-liver 
volume ratio (TLVR) was calculated as the total tumor volume divided by the total liver volume, and its cutoff value 
was 0.23. Three predictors of conversion failure were identified in the internal cohort and incorporated into the C-
NED score: poor tumor differentiation (1 point), number of liver metastases > 8 (1 point) and TLVR ≥ 0.23 (1 point). 
The conversion rate was significantly negatively associated with the C-NED score (P < 0.001). The C-indexes of the 
C-NED score for predicting successful conversion outcome in the internal cohort and external cohort were 0.734 
(95% confidence interval (CI), 0.668-0.800) and 0.736 (95% CIs, 0.566-0.907), respectively. Median progression-
free survival (PFS) time (P = 0.001) and overall survival (OS) time (P = 0.003) were statistically significant different 
among different C-NED score groups. Our study demonstrated that the C-NED score is an effective scoring system 
that indicates the actual conversion probability for initially unresectable CRLM patients before treatment, which can 
serve as a tool that guides optimal first-line management strategies.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer worldwide, and distant metastasis 
is still the main cause of treatment failure and 
death among CRC patients [1-3]. Colorectal 
cancer liver metastasis (CRLM) is the most 
common pattern, with approximately 25% of 
CRC patients found to have liver metastasis at 
first diagnosis and with more than half of CRC 
patients eventually developing liver metastasis 
during the development of the disease [3, 4]. 
Moreover, an estimated 70-80% of cases with 

CRLM are defined as initially unresectable, and 
their 5-year overall survival (OS) rate is no more 
than 9% when treated with systemic therapy 
alone [5-8].

Currently, with the increasing efficacy of sys-
temic therapy regimens, CRC patients with ini-
tially unresectable liver-only metastases should 
be considered candidates for “converting” to 
resectable disease and achieving no-eviden- 
ce-of-disease (NED) status, which may prolong 
the survival time to a length that is similar to 
that of patients with initially resectable CRLM 
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[9-11]. Doublet or triplet chemotherapy regi-
mens with targeted therapy (anti-vascular en- 
dothelial growth factor (VEGF) or anti-endothe-
lial growth factor receptor (EGFR) antibody) 
have increased response rates to 60%-70% 
[12-14], creating favorable conditions for con-
version therapy. However, when setting the ini-
tial treatment goal, quantified criteria for dis- 
tinguishing patients receiving purely palliative 
treatment from those receiving curative treat-
ment are actually nonexistent. In current clini-
cal practice, the first-line treatment regimen 
and resection of liver metastases are deter-
mined mainly by a multidisciplinary team (MDT) 
[15]. Under these circumstances, the conver-
sion probability is difficult to calculate before 
the initial treatment, due to the lack of a clear 
and objective scoring system, probably leading 
to overtreatment or undertreatment of pa- 
tients. Therefore, exploring a novel scoring sy- 
stem for predicting conversion outcomes to 
guide personalized treatment is urgently need-
ed [16].

In recent decades, clinicopathological parame-
ters associated with tumor burden have been 
proven to be an essential prognostic factor for 
postoperative recurrence and thus consolidat-
ed into several scoring systems for CRLM 
patients [17-19]. Recently, a quantitative imag-
ing model based on the geometric and ra- 
diomics analysis of whole liver tumor burden 
from baseline computed tomography (CT) imag-
es was revealed to yield prognostic information 
[20]. In the present study, we applied a three-
dimensional (3D) reconstruction technology 
based on the imaging data from baseline CT or 
magnetic resonance imaging (MRI) scans for 
the assessment of the tumor burden of liver 
metastases. Subsequently, we aimed to devel-
op a novel scoring system that predicts conver-
sion to NED for initially unresectable CRLM.

Materials and methods

Patient population

In the internal cohort, we selected 215 consec-
utive patients with CRLM who received first- 
line systemic therapy from December 2012 to 
January 2020 at Sun Yat-sen University Cancer 
Center (SYSUCC). Demographic and clinico-
pathological characteristics were retrieved fr- 
om the electronic medical records system of 
SYSUCC. In the external cohort, we collected 

the clinical data of 40 CRLM patients from the 
database of the Chinese CRC MDT Alliance. 
Patients in the validation cohort underwent 
first-line systemic therapy from April 2018 to 
July 2020 in 34 hospitals in 14 provinces in 
China. All patients in both cohorts met the fol-
lowing inclusion criteria: (1) histologically con-
firmed colorectal adenocarcinoma, (2) metas-
tases limited to the liver, (3) initially unresecta- 
ble liver metastases (impossibility or intoler-
ance of R0 resection with ≥ 30% liver remnant 
presence of unresectable extrahepatic disea- 
se), (4) no previous liver resection or interven-
tional therapy, (5) available imaging data be- 
fore and after first-line treatment, and (6) an 
explicit conversion outcome. All the variable 
data prepared to be consolidated into our novel 
scoring systems were obtained at the first diag-
nosis, concurrently with the evaluation of the 
baseline liver tumor burden. Informed consent 
for the use of the imaging and clinical data  
was obtained from the patients before first- 
line treatment. The study was approved by the 
Institutional Research Ethics Committee of  
Sun Yat-sen University Cancer Center (approval 
number: B2020-309-01).

Evaluation of the baseline liver tumor burden

The tumor burden was assessed by a 3D recon-
struction of liver metastases and total liver for-
mation. The 3D reconstruction was developed 
by using the Medi-GPS 3D Visualization System 
(HOKAI Medical Equipment Co., Ltd., Zhuhai, 
China) with 5-mm-thick contrast-enhanced MRI 
slices or 1.25-mm-thick contrast-enhanced CT 
slices. The gross images of the tumor and total 
liver were displayed in a 3D model, and the 
characteristics of liver metastases, including 
the tumor diameter, total tumor volume, tumor 
number, tumor distribution and vascular inva-
sion, were automatically generated. Subse- 
quently, the tumor-to-liver volume ratio (TLVR) 
was calculated as the total tumor volume divid-
ed by the total liver volume, which was devel-
oped, validated, and compared in the internal 
cohort.

Determination of the cutoff value

The serum CEA cutoff value was 200 ng/mL, 
the same as that of the Fong score [18]; the 
serum CA19-9 cutoff value was 200 U/mL, 
which was determined by a previous study  
[21]. The median tumor diameter and tumor 
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number of the internal cohort were recognized 
as the cutoff values. The TLVR cutoff value  
was determined by receiver operating charac-
teristic (ROC) curve analysis according to the 
conversion outcome.

Treatments outcome

The treatment strategy and operability of the 
liver metastases of each patient were deter-
mined based on the final agreement of the 
MDT, including staff from the Department of 
Colorectal Surgery, Hepatobiliary Surgery, Me- 
dical Oncology, Medical Imaging and Invasive 
Technology. Tumor response or progression 
after first-line treatment was determined ac- 
cording to the Response Evaluation Criteria in 
Solid Tumors 1.1 [22]. Conversion success was 
defined as liver metastases deemed to be 
resectable after first-line systemic treatment, 
and the patients achieved NED status contrib-
uting to local treatment, including surgery and 
radiofrequency ablation (RFA). Conversion fail-
ure was defined as liver metastases that re- 
mained unresectable after first-line systemic 
treatmentand failed to received curative local 
treatment. Progression-free survival (PFS) was 
defined as the interval from the date of first-line 
systemic treatment to the earliest documented 
date of disease progression, or death from any 
cause the date of death from any cause, or to 
the last follow-up. Overall survival (OS) was 
defined as the interval from the date of first-line 
systemic treatment to the date of death from 
any cause or to the last follow-up. The final fol-
low-up visit occurred in October 2021.

Model establishment and validation

The C-NED score was developed in the inter- 
nal cohort. The logistic regression model was 
applied to identify the clinical risk factors asso-
ciated with the conversion outcome. Factors 
with a value of P < 0.05 in the univariable an- 
alysis were included in the multivariable analy-
sis. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were subsequently calculated. 
Factors with a value of P < 0.05 in the multivari-
able analysis were included in the C-NED score.

Internal validation was performed in the inter-
nal cohort, and further validation was perfor- 
med in the external cohort. The accuracy of the 
model was verified by a bootstrap method with 
1,000 resamples. The calibration curve was 

employed to detect the concentricity between 
the model probability curve and the ideal curve. 
The concordance index (C-index) was applied  
to validate the predictive ability of the scoring 
model.

Statistical analysis

Categorical variables are presented as percent-
ages, and continuous variables as means and 
standard deviation. Comparison between vari-
ables were assessed with Chi-square test, 
Fisher’s exact test, Mann-Whitney U tests and 
one-way ANOVA tests when appropriate. The 
logistic regression model was applied to identi-
fy the risk factors associated with conversion 
outcome. Parameters with a value of P < 0.05 
in univariate analysis were included in the mul-
tivariate analysis. Odd ratios (ORs) and 95% 
confidence intervals (CIs) were subsequently 
calculated. Kaplan-Meier method was used to 
estimate OS and PFS and differences between 
groups were assessed with log-rank test. The 
Cox proportional hazards model was applied  
to identify the risk factors associated with OS. 
Parameters with a value of P < 0.05 in univari-
ate analysis were included in the multivariate 
analysis. Results were reported as hazard ra- 
tios (HRs) and 95% confidence intervals (CIs). 
All analyses were conducted using SPSS 20.0 
software (IBM, Chicago, IL, USA), GraphPad 
Prism 7 software (GraphPad Software Inc, San 
Diego, CA, USA), and R software packages. The 
calibration curve was plotted, and the C-index 
was calculated with the rms package (version 
5.1-3.1; CRAN.R-project.org/package=rms).

Results

Patient demographics of the internal cohort

The clinical and pathological characteristics of 
the 215 patients in the internal cohort are pre-
sented in Table S1. The median age of all 
patients was 55 years (range, 28-80), and 
72.6% of the patients were male. After first- 
line systemic therapy, 102 (47.4%) patients had 
a partial response (PR), 59 (27.4%) patients 
had stable disease (SD), and 54 (25.1%) 
patients had progressive disease (PD). Finally, 
95 (44.2%) patients achieved successful con-
version to NED. Among the 95 patients, 48 
(50.5%) underwent both tumor resection and 
RFA, while 47 (49.5%) received curative tumor 
resection alone.
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Table 1. Comparison of baseline characteristics of all patients 
grouped by TLVR in the internal cohort

Variables TLVR < 0.23 
(n = 144, %)

TLVR ≥ 0.23 
(n = 71, %) P value

Age, years 0.273
    ≤ 60 100 (69.4) 44 (62.0)
    > 60 44 (30.6) 27 (38.0)
Sex 0.073
    Male 110 (76.4) 46 (64.8)
    Female 34 (23.6) 25 (35.2)
Primary tumor site 0.997
    Right colon 33 (22.9) 16 (22.5)
    Left colon 69 (47.9) 34 (47.9)
    Rectum 42 (29.2) 21 (29.6)
Tumor differentiation 0.410
    Well/moderate 115 (79.9) 60 (84.5)
    Poor 29 (20.1) 11 (15.5)
T stage 0.266
    T1-3 84 (58.3) 47 (66.2)
    T4 60 (41.7) 24 (33.8)
N stage 0.240
    N0 23 (16.0) 16 (22.5)
    N1-2 121 (84.0) 55 (77.5)
Serum CEA, ng/mL < 0.001
    ≤ 200 99 (68.8) 24 (33.8)
    > 200 45 (31.2) 47 (66.2)
Serum CA19-9, U/mL 0.177
    ≤ 200 81 (56.3) 33 (46.5)
    > 200 63 (43.7) 38 (53.5)
KRAS status* 0.464
    Wild type 86 (72.9) 46 (78.0)
    Mutant 32 (27.1) 13 (22.0)

Figure 1. A. Distribution of the tumor liver volume ratio (TLVR) and its corresponding successful conversion rate of 
all studied patients in the internal cohort; B. Receiver operating characteristic (ROC) curves for the TLVR.

Baseline TLVR and its associa-
tion with other clinicopathologic 
characteristics

In the internal cohort, the median 
total volume of liver metastases 
was 214 ml (range, 13-2370 ml), 
and the median liver volume was 
1617 ml (range, 742-3819 ml). The 
median TLVR was 0.13 (range, 
0.01-0.64). The continuous vari-
able TLVR was divided into five 
“intervals”: interval 1, defined as 
TLVR no more than 0.1, with 89 
(41.4%) patients; interval 2, de- 
fined as TLVR 0.1-0.2, with 47 
(21.9%) patients; interval 3, de- 
fined as TLVR 0.2-0.3, with 30 
(14.0%) patients; interval 4, de- 
fined as TLVR 0.3-0.4, with 30 
(14.0%) patients; and interval 5, 
defined as TLVR above 0.4, with  
19 (8.8%) patients. The typical 
liver and liver tumor images of 3D 
reconstruction for the 5 TLVR in- 
tervals are shown in Figure S1.  
As shown in Figure 1A, interval 1 
had the highest conversion rate of 
57.3%, while interval 5 had the 
lowest conversion rate of 15.8%. 
The conversion rate gradually de- 
creased with increasing TLVR in- 
terval. ROC curve analysis show- 
ed that the AUC for conversion out-
come on the basis of the baseline 
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Identification of predictive factors 
and development of the C-NED 
score in the internal cohort

The results of the univariate and 
multivariable logistic regression 
analyses of the relationships bet- 
ween variables and conversion 
outcome are summarized in Table 
2. The univariate analysis reveal- 
ed that poor tumor differentiation, 
metachronous CRLM, bilobar liver 
metastases, number of liver me- 
tastases > 8, TLVR ≥ 0.23, hepa- 
tic vein invasion and portal vein 
invasion were associated with a 
failed conversion outcome. Mul- 
tivariate analysis indicated that 
poor tumor differentiation (OR, 
3.496; 95% CI, 1.490-8.825; P = 
0.005), number of liver metasta-
ses > 8 (OR, 3.107; 95% CI, 1.511-
6.544; P = 0.002) and TLVR ≥  
0.23 (OR, 2.706; 95% CI, 1.124-
6.755; P = 0.029) were indepen-
dent predictive factors for failure 
conversion outcome. Finally, the  

Timing of CRLM 0.069
    Synchronous 136 (94.4) 62 (87.3)
    Metachronous 8 (5.6) 9 (12.7)
Distribution of liver metastasis 0.259
    Unilobar 34 (23.6) 12 (16.9)
    Bilobar 110 (76.4) 59 (83.1)
Size of largest liver tumor, cm < 0.001
    ≤ 6 85 (59.0) 5 (7.0)
    > 6 59 (41.0) 66 (93.0)
Number of liver tumors 0.995
    ≤ 8 67 (46.5) 33 (46.5)
    > 8 77 (53.5) 38 (53.5)
Invasion of hepatic vein < 0.001
    No 69 (47.9) 2 (2.8)
    Yes 75 (52.1) 69 (97.2)
Invasion of portal vein < 0.001
    No 108 (75.0) 11 (15.5)
    Yes 36 (25.0) 60 (84.5)
Outcome of conversion therapy < 0.001
    Success 76 (52.8) 19 (26.8)
    Failure 68 (47.2) 52 (73.2)
Abbreviations: TLR, tumor liver ratio; CEA, carcinoembryonic antigen; CA19-9, 
carbohydrate antigen 19-9; CRLM, colorectal cancer liver metastasis. Notes: 
*Data of 177 patients were available.

TLVR was 0.642 (95% CI: 0.569-0.716, P < 
0.001) (Figure 1B). The optimal TLVR cutoff 
value was 0.23 at the highest Youden index of 
0.242. As a result, 144 (67.0%) patients had a 
low TLVR (< 0.23), while 71 (33.0%) patients 
had a high TLVR (≥ 0.23).

The associations between TLVR and clinico-
pathologic characteristics are summarized in 
Table 1. Patients in the low TLVR group were 
more likely to have a lower proportion of serum 
CEA level > 200 ng/mL and diameter of largest 
liver tumor > 6 cm than those in the high TLVR 
group (31.2% vs. 66.2%; P < 0.001; 41.0% vs. 
93.0%; P < 0.001). Lower proportions of inva-
sion of the hepatic vein and invasion of the por-
tal vein were observed in the low TLVR group 
than in the high TLVR group (52.1% vs. 97.2%;  
P < 0.001; 25.0% vs. 84.5%; P < 0.001). There 
were no significant differences regarding age, 
sex, primary tumor site, tumor differentiation,  
T stage, N stage, serum CA19-9 level, KRAS 
status, timing of CRLM, distribution of liver 
metastasis or number of liver tumors. Pati- 
ents with a low TLVR had a two times higher 
conversion rate than those with a high TLVR 
(52.8% vs. 26.8%, P < 0.001).

3 independent variables of conversion out-
come were consolidated into the C-NED sco- 
re: poor tumor differentiation as 1 point, num-
ber of liver metastases > 8 as 1 point and TLVR 
≥ 0.23 as 1 point.

Patient demographics of the external cohort

The variables related to the C-NED scores of  
40 patients in the external cohort are summa-
rized in Table S2. In the external cohort, 35 
(87.5%) patients had a TLVR < 0.23, while 5 
(12.5%) patients had a TLVR ≥ 0.23. After fir- 
st-line systemic therapy, 25 (62.5%) patients 
had a tumor partial response (PR), 7 (17.5%) 
patients had stable disease (SD), and 8 (20.0%) 
patients had progressive disease (PD). Finally, 
a total of 26 (65.0%) patients achieved suc-
cessful conversion outcomes.

Internal and external validation of the C-NED 
score

In the internal cohort, the C-NED score was  
allocated as follows: 0 points in 65 (30.2%) 
patients; 1 point in 96 (44.7%) patients; 2 
points in 47 (21.9%) patients; and 3 points in  
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Table 2. Univariate and multivariate logistic regression analyses of baseline characteristics for con-
version treatment prediction in the internal cohort

Variables
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value
Age, years (> 60 vs. ≤ 60) 1.055 (0.596-1.869) 0.855
Sex (male vs. female) 1.200 (0.658-2.188) 0.552
Primary tumor site (rectum vs. colon) 1.137 (0.626-2.065) .0359
Tumor differentiation (poor vs. well/moderately) 2.434 (1.144-5.176) 0.021 3.496 (1.490-8.825) 0.005
T stage (T4 vs. T1-3) 1.093 (0.629-1.898) 0.753
N stage (N1-2 vs. N0) 1.680 (0.801-3.229) 0.182
Serum CEA, ng/mL (> 200 vs. ≤ 200) 1.551 (0.895-2.687) 0.118
Serum CA19-9, U/mL (> 200 vs. ≤ 200) 1.658 (0.961-2.859) 0.069
KRAS status* (mutant vs. wild type) 1.455 (0.732-2.893) 0.285
Timing of CRLM (metachronous vs. synchronous) 4.674 (1.595-17.019) 0.039 3.621 (0.963-13.611) 0.057
Distribution of liver metastasis (bilobar vs. unilobar) 2.895 (1.527-5.635) 0.001 1.577 (0.771-4.231) 0.310
Size of largest liver tumor, cm (> 6 vs. ≤ 6) 1.393 (0.811-2.392) 0.230
Number of liver tumors (> 8 vs. ≤ 8) 4.269 (2.385-7.641) < 0.001 3.107 (1.511-6.544) 0.002
TLVR (≥ 23% vs. < 23%) 3.059 (1.647-5.680) < 0.001 2.706 (1.124-6.755) 0.029
Invasion of hepatic vein (yes vs. no) 2.278 (1.281-4.093) 0.005 0.873 (0.390-1.920) 0.737
Invasion of portal vein (yes vs. no) 3.407 (1.936-6.119) < 0.001 2.035 (0.895-4.689) 0.091
Abbreviations: OR, odds ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CRLM, colorectal 
cancer liver metastasis; TLVR, tumor to liver volume ratio. Notes: *Data of 177 patients were available.

7 (3.3%) patients. Patients with 0 points achi- 
eved the highest conversion rate of 69.2%, 
while patients with 3 points achieved a 0%  
conversion rate. The conversion rate was sig-
nificantly negatively associated with the C-NED 
score (P < 0.001, Figure 2A). The calibration 
curve showed good statistical performance 
upon internal validation between the C-NED 
score and the actual observation for proba- 
bility of conversion (Figure 2B). The C-index of 
the C-NED score for predicting successful con-
version was 0.734 (95% CI, 0.668-0.800).

In the external cohort, the C-NED score was 
allocated as follows: 0 points in 22 (55.0%) 
patients; 1 point in 15 (37.5%) patients; 2 
points in 2 (5.0%) patients; and 3 points in 1 
(2.5%) patient. Patients with 0 points achieved 
the highest conversion rate of 81.8%, while  
no patient with 3 points achieved successful 
conversion. The conversion rate was also sig-
nificantly negatively associated with the C-NED 
score (P = 0.017, Figure 2C). The calibration 
curve demonstrated that the C-NED score sh- 
owed a good statistical discriminatory ability  
on external validation (Figure 2D). The C-index 
of the C-NED score for predicting successful 
conversion was 0.736 (95% CI, 0.566-0.907).

Efficacy of first-line systemic therapy among 
different C-NED score groups

Since patients with 3 points C-NED score in the 
internal cohort were relatively few, the group of 
2 and 3 points will be combined into a 2-3 
points C-NED score group in the further analy-
sis. As shown in Figure 3, the mean duration 
(7.15 vs. 8.14 vs. 8.81 cycles, P = 0.007, Figure 
3A) and objective response rates (ORR) (66.2% 
vs. 48.4% vs. 24.1%, P = 0.001, Figure 3B) of 
first-line systemic therapy were significant dif-
ference among patients with 0 points, 1 point 
and 2-3 points. However, there were no stati- 
stically significant difference among patients 
with different C-NED score for KRAS status  
(P = 0.783, Figure 3C).

Prognostic analysis of C-NED score 

After a median follow-up of 43.5 months, 78 
patients died of tumor and 179 patients ex- 
perienced disease progression in the internal 
cohort. Patients with 0 points C-NED score had 
the highest median PFS time and OS time  
[PFS: 16.6 months (95% CI 12.6-20.6); OS: 
64.8 months (95% CI 35.6-93.9)] of the three 
groups. Patients with 1 point presented inter-
mediate median PFS time and OS time [PFS: 
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Figure 2. Internal and external validation of the C-NED score. A. Distribution of conversion to no evidence of disease 
(C-NED) score and its association with conversion treatment outcome in the internal cohort; B. Validation of the C-
NED score using the bootstrap sampling method in the internal cohort; C. Distribution of the C-NED score and its 
association with the conversion treatment outcome in the external cohort; D. Validation of the C-NED score using 
the bootstrap sampling method in the external cohort.

Figure 3. Comparison of duration (A) and treatment response evaluation (B) of first-line systemic therapy and KRAS 
mutation status (C) grouped by 0 points, 1 point and 2-3 points conversion to no evidence of disease (C-NED) score 
of patients in the internal cohort.

12.2 months (95% CI 10.0-14.4); OS: 43.4 
months (95% CI 27.1-59.9)]. Patients with 2-3 
points had the lowest median PFS time and  
OS time [PFS: 9.7 months (95% CI 7.9-11.6); 
OS: 27.7 months (95% CI 18.1-37.3)]. The 
C-NED score was statistically significant for  
PFS (P = 0.001, Figure 4A) and OS (P = 0.003, 
Figure 4B).

As shown in Table S3, the univariate analysis 
revealed that the N1-2 stage, mutant KRAS  
and 2-3 points C-NED score were associated 

with unfavorable OS. The multivariate analysis 
showed that mutant KRAS (HR, 1.895; 95% CI 
1.060-3.387; P = 0.031), 2-3 points C-NED 
score (HR, 2.867; 95% CI 1.092-5.564; P = 
0.002) were independent predictive factors for 
an unfavorable OS.

Discussion

In the present study, we first calculated a no- 
vel tumor burden evaluation parameter, the 
TLVR, that was generated by liver metastasis 
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Figure 4. A. Comparison of progression-free survival of patients in the internal cohort stratified by conversion to 
no evidence of disease (C-NED) score from the 0 points, 1 point and 2-3 points groups; B. Comparison of overall 
survival of patients in the internal cohort stratified by conversion to no evidence of disease (C-NED) score from the 
0 points, 1 point and 2-3 points groups.

image segmentation and 3D reconstruction 
technology. Then, we integrated the TLVR, the 
number of liver tumors and tumor differentia-
tion into the novel C-NED scoring system. The 
satisfactory predictive discriminatory ability of 
the C-NED score was validated in both the in- 
ternal cohort and external cohort. Finally, we 
found that initially unresectable CRLM patients 
with different C-NED score owned significantly 
different median PFS time and OS time. To the 
best of our knowledge, this is the first study  
to establish quantified criteria for selecting a 
potentially curative population in initially unre-
sectable CRLM patients.

Total liver tumor volume has previously been 
considered a prognostic factor for several ma- 
lignant cancer types with unresectable liver 
metastasis, such as CRC [20, 23], hepatocellu-
lar carcinoma [24] and pancreatic ductal ade-
nocarcinoma [25]. Two previous studies [26, 
27] investigated and validated the notion that 
tumor size was one of the most important inde-
pendent predictors for tumor downstaging in 
locally advanced rectal cancer patients receiv-
ing neoadjuvant therapy, but its role in predict-
ing conversion to NED has not yet been in- 
vestigated. In addition, hepatic atrophy follow-
ing preoperative chemotherapy was proven to 
predict hepatic insufficiency after resection of 
colorectal liver metastases [28], which is the 

main cause of postoperative mortality and con-
version failure, suggesting that total liver vol-
ume may be a potential factor for conversion 
treatment. Therefore, we combined liver tumor 
volume with total liver volume to createa novel 
parameter, the TLVR. A higher TLVR value me- 
ans a higher total liver tumor volume and a 
lower total liver volume, indicating that the 
TLVR is a more comprehensive assessment of 
tumor burden. Moreover, our results demon-
strated that the TLVR could be separated into 
distinct intervals with different conversion rat- 
es. Differentiated by the cutoff value of 0.23, 
patients with a low TLVR had a two times higher 
conversion rate than those with a high TLVR. 
Therefore, we considered TLVR to serve as a 
simple and practical parameter for predicting 
conversion outcomes for unresectable CRLM 
patients.

Previous studies have built various models for 
predicting conversion therapy outcomes in ini-
tially unresectable CRLM. Modest DP et al. [29] 
recognized factors including lung metastases, 
BRAF mutation and baseline elevated alkaline 
phosphatase levels, which were associated wi- 
th conversion failure by analysis of a prospec-
tive cohort consisting of 270 patients with wild-
type RAS unresectable CRLM. This model failed 
to include several classical parameters, such 
as the size, number and distribution of liver 
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tumors, which are closely associated with the 
technical difficulty of hepatectomy. Correa-Ga- 
llego C et al. [30] evaluated the ability of PET- 
CT metabolic response parameters, including 
the standard uptake value (SUV), total lesion 
glycolysis (TLG) and the maximal metabolically 
active lesion volume, to predict conversion to 
resectability in patients with unresectable CR- 
LM treated with hepatic arterial infusion (HAI) 
and systemic chemotherapy. However, they 
failed to obtain a satisfactory result due to the 
limited population and uninterpretable data. In 
the present study, the C-NED score was proven 
to be an effective predictive scoring system  
to indicate the actual conversion probability for 
initially unresectable CRLM patients before tre- 
atment. Moreover, the C-NED score was also 
proven to be a significant negative prognostic 
factor. In addition, the C-NED score is practical 
in clinical practice. The advantage of acquiring 
the C-NED score is that it is simple and does 
not expand the cause of imaging examination. 
And pathological biopsy is the routine baseline 
examination before treatment, which is easily 
accessible.

The combination of chemotherapy and target-
ed therapy was recognized as an effective first-
line treatment strategy, as reported with satis-
factory response rates [12, 13]. However, our 
data revealed that as the C-NED score in- 
creased, the duration and ORR of first-line sys-
temic therapy was significantly prolonged and 
lower, presenting worse sensitivity to first-line 
systemic therapy. The results indicated that the 
C-NED score is more likely to be an inherent 
indicator reflecting the tumor response to sys-
temic treatment, regardless of how effective 
the treatment regimen is. 

Although the predictive and prognostic impact 
of numerous genetic markers has been evalu-
ated, KRAS remains the most commonly used 
due to its wide availability and robust associa-
tion with long-term outcomes, especially for 
CRLM patients undergoing radical hepatecto-
my [31-34]. And the selection of targeted the- 
rapy is also based on KRAS mutation status. 
Interestingly, our data found that KRAS muta-
tion status was a prognostic factor but not a 
conversion outcome predictive factor. The prog-
nostic value of a marker combining the C- 
NED scoring system and KRAS mutation status 
worth exploring in further study.

Notably, the baseline CEA level failed to be- 
come a predictive factor and was not incor- 
porated into the presenting scoring system. 
Although CEA is regarded as an indicator of 
tumor recurrence or progression during follow-
up, it has mostly been presented as a prognos-
tic factor rather than a treatment outcome  
predictive factor in CRLM in previous scoring 
systems [18, 19, 21]. Two other worthwhile 
parameters, namely, invasion of the hepatic 
vein and invasion of the portal vein, also failed 
to be incorporated into the score; these have 
been reported to be related to treatment 
response and conversion treatment outcome 
by Tanaka K et al. [35]. Reversal of the attach-
ment or invasion of major intrahepatic vessels 
by liver metastases is regarded as the key to 
conversion to NED. The failure of these three 
parameters to be included in the final scoring 
system might be due to collinearity with the 
TLVR in the current study.

It should be acknowledged that there were sev-
eral limitations to the current study. First, this 
model was built based on a retrospective study 
that included an uncontrolled methodology and 
a limited number of patients recruited from a 
single cohort with selective bias. The number  
of patients in the internal cohort and external 
validation cohort was limited. The findings must 
be validated in a prospective, multicenter clini-
cal trial with a larger population in the future. 
Additionally, several tumor molecular markers 
were not included in the current study. It has 
been reported that BRAF, TP53, and SMAD4 
mutations, microsatellite status, CpG island 
methylator phenotype (CIMP) status and tumor 
immune infiltration were significantly associat-
ed with long-term survival and treatment res- 
ponse prediction in CRLM [36, 37]. Thus, it is 
necessary to include pathological, immunolo- 
gical and molecular markers for conversion risk 
stratification in further studies.

Conclusion

The TLVR can be a valuable representa- 
tive parameter with conversion outcome. The 
C-NED score is an effective tool for predicting 
conversion outcome can help determine opti-
mal first-line management strategies for initi- 
ally unresectable CRLM patients.
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Table S1. Baseline characteristics of the total patients in the internal cohort
Variables Total (n = 215)
Median age (range) - years 55 (28-80)
Sex - no. (%)
    Male 156 (72.6)
    Female 59 (27.4)
Primary tumor site - no. (%)
    Right colon 48 (22.3)
    Left colon 105 (48.9)
    Rectum 62 (28.8)
Tumor differentiation - no. (%)
    Well/moderate 175 (81.4)
    Poor 40 (18.6)
T stage - no. (%)
    T1-3 112 (52.1)
    T4 103 (47.9)
N stage - no. (%)
    N0 39 (18.1)
    N1-2 176 (81.9)
Serum CEA - ng/mL (%)
    ≤ 200 123 (57.2)
    > 200 92 (42.8)
Serum CA19-9 - U/mL (%)
    ≤ 200 114 (53.0)
    > 200 101 (47.0)
KRAS status* - no. (%)
    Wild type 132 (74.6)
    Mutation 45 (25.4)
Timing of CRLM - no. (%)
    Synchronous 198 (92.1)
    Metachronous 17 (7.9)
Distribution of liver metastasis - no. (%)
    Unilobar 46 (21.4)
    Bilobar 169 (78.6)
Median size of largest liver tumor (range) - cm 6 (1-21)
    ≤ 6 90 (41.9)
    > 6 125 (58.1)
Median number of liver tumors (range) - no. 8 (1-100)
    ≤ 8 100 (46.5)
    > 8 115 (53.5)
Median TLVR (range) 0.13 (0.01-0.64)
Invasion of hepatic vein - no. (%)
    No 71 (33.0)
    Yes 144 (67.0)
Invasion of portal vein - no. (%)
    No 119 (55.3)
    Yes 96 (44.7)
First-line chemotherapy
    FOLFOX 137 (63.7)



Conversion treatment predicting score for CRLM

2 

    FOLFIRI 19 (8.8)
    FOLFOXIRI 36 (16.7)
    FUDR HAI 23 (10.7)
Targeted therapy
    No 59 (27.4)
    Bevacizumab 60 (44.7)
    Cetuximab 96 (27.9)
Outcome of conversion therapy - no. (%)
    Success 95 (44.2)
    Failure 120 (55.8)
Abbreviations: CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CRLM, colorectal cancer liver metastasis; 
TLVR, tumor to liver volume ratio; FUDR HAI, 5-fluoro-2’-deoxyuridine hepatic artery infusion. Notes: *Data of 177 patients were 
available.

Figure S1. Typical liver and liver tumor images of three-dimensional (3D) reconstruction for the 5 tumor liver volume 
ratio (TLVR) intervals.



Conversion treatment predicting score for CRLM

3 

Table S2. Baseline characteristics of the total patients in the external cohort
Variables Total (n = 40)
Median age (range) - years 63 (23-82)
Sex - no. (%)
    Male 35 (87.5)
    Female 5 (12.5)
Primary tumor site - no. (%)
    Right colon 8 (20.0)
    Left colon 11 (27.5)
    Rectum 21 (52.5)
Tumor differentiation - no. (%)
    Well/moderate 36 (90.0)
    Poor 4 (10.0)
Timing of CRLM - no. (%)
    Synchronous 35 (87.5)
    Metachronous 5 (12.5)
Distribution of liver metastasis - no. (%)
    Unilobar 16 (40.0)
    Bilobar 24 (60.0)
Size of largest liver tumor - no. (%)
    ≤ 6 cm 25 (62.5)
    > 6 cm 15 (37.5)
Number of liver tumors - no. (%)
    ≤ 8 34 (85.0)
    > 8 6 (15.0)
TLVR - no. (%)
    < 23% 35 (87.5)
    ≥ 23% 5 (12.5)
Invasion of hepatic vein - no. (%)
    No 23 (57.5)
    Yes 17 (42.5)
Invasion of portal vein - no. (%)
    No 31 (77.5)
    Yes 9 (22.5)
First-line chemotherapy
    FOLFOX 30 (75.5)
    FOLFIRI 4 (10.0)
    FOLFOXIRI 6 (15.0)
Targeted therapy
    No 11 (27.5)
    Bevacizumab 15 (37.5)
    Cetuximab 14 (35.0)
Result of conversion therapy - no. (%)
    Success 26 (65.0)
    Failure 14 (35.0)
Abbreviations: CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CRLM, colorectal cancer liver metastasis; 
TLVR, tumor to liver volume ratio.
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Table S3. Univariate and multivariate analyses of prognostic factors for overall survival in patients in 
the internal cohort

Variables
Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value
Age, years
    ≤ 60 reference
    > 60 1.058 (0.663-1.690) 0.813
Sex
    Male reference
    Female 0.673 (0.415-1.090) 0.107
Primary tumor site
    Colon reference
    Rectum 0.843 (0.510-1.392) 0.504
T stage
    T1-3 reference
    T4 1.141 (0.723-1.800) 0.572
N stage
    N0 reference reference
    N1-2 2.196 (1.094-4.408) 0.027 1.110 (0.513-2.401) 0.791
Serum CEA, ng/mL
    ≤ 200 reference
    > 200 1.202 (0.769-1.880) 0.419
Serum CA19-9, U/mL
    ≤ 200 reference
    > 200 1.451 (0.930-2.265) 0.101
KRAS status*
    Wild type reference reference
    Mutant 1.736 (1.072-3.038) 0.048 1.895 (1.060-3.387) 0.031
Timing of CRLM
    Synchronous reference
    Metachronous 1.900 (0.694-5.202) 0.211
Distribution of liver metastasis
    Unilobar reference
    Bilobar 1.691 (0.913-3.131) 0.095
Size of largest liver tumor, cm
    ≤ 6 reference
    > 6 1.023 (0.652-1.603) 0.923
Invasion of hepatic vein
    No reference
    Yes 1.014 (0.635-1.618) 0.955
Invasion of portal vein
    No reference
    Yes 1.263 (0.808-1.974) 0.305
C-NED score
    0 reference reference
    1 1.570 (0.901-2.735) 0.111 1.537 (0.809-2.921) 0.189
    2-3 2.481 (1.363-4.518) 0.003 2.867 (1.092-5.564) 0.002
Abbreviations: CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; CRLM, colorectal cancer liver metastasis. 
Notes: *Data of 177 patients were available.


