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Abstract
Purpose: We aimed to construct a nomogram to predict personalized post-recurrence 
survival (PRS) among colorectal cancer liver metastasis (CRLM) patients with post-
hepatectomy recurrence.
Methods: Colorectal cancer liver metastasis patients who received initial hepatectomy 
and had subsequent recurrence between 2001 and 2019 in Sun Yat-sen University 
Cancer Center from China were included in the study. Patients were randomly as-
signed to a training cohort and a validation cohort on a ratio of 2:1. Univariable 
analysis was first employed to select potential predictive factors for PRS. Then, the 
multivariable Cox regression model was applied to recognize independent prognostic 
factors. According to the model, a nomogram to predict PRS was established. The 
nomogram's predictive capacity was further assessed utilizing concordance index 
(C-index) values, calibration plots, and Kaplan–Meier curves.
Results: About 376 patients were finally enrolled, with a 3-year PRS rate of 37.3% 
and a 5-year PRS rate of 24.6%. The following five independent predictors for PRS 
were determined to construct the nomogram: the largest size of liver metastases at 
initial hepatectomy, relapse-free survival, CEA level at recurrence, recurrent sites, 
and treatment for recurrence. The nomogram displayed fairly good discrimination 
and calibration. The C-index value was 0.742 for the training cohort and 0.773 for the 
validation cohort. Patients were grouped into three risk groups very well by the nomo-
gram, with 5-year PRS rates of 45.2%, 23.3%, and 9.0%, respectively (p < 0.001) in 
the training cohort and 36.0%, 9.2%, and 4.6%, respectively (p < 0.001) in the valida-
tion cohort.
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1  |   INTRODUCTION

Colorectal cancer (CRC), the third most common cancer, 
is the second leading cause of cancer-associated death 
globally.1 Synchronous or metachronous liver metasta-
ses will occur in nearly 50% of CRC patients.2 Except for 
hepatectomy, there has been no other treatment until now 
offering the possibility of a cure for colorectal cancer liver 
metastasis (CRLM). Unfortunately, recurrences are de-
tected in more than 50% of CRLM patients within 2 years 
after the initial resection,3 and the 5-year recurrence pos-
sibility is as high as 70%.3,4 The high rate of postoperative 
recurrence remains a major challenge for CRLM patients’ 
long-term survival and the 5-year survival rate is merely 
37%–58%.3,5-7

Multiple prognostic models have been put forward to fore-
cast the postoperative relapse-free survival (RFS) and over-
all survival of CRLM patients, and these are primarily built 
upon the features of the primary tumor and initial liver resec-
tion.8-10 Nevertheless, the effect of prognostic factors at base-
line may change dramatically as the disease progresses.11,12 
For CRLM patients with recurrence, post-recurrence survival 
(PRS) may be largely impacted by the characteristics of re-
currence and the therapeutic methods for recurrence instead 
of the characteristics of the primary tumor and initial liver 
resection.13-16 Constructing effective models to predict PRS 
is quite warranted. Nomograms are widely regarded as reli-
able models for individualized prognostic predictions.17 By 
developing an intuitive and user-friendly graph, nomograms 
simplify statistical models into a predicted probability for the 
clinical outcome. In various cancers, they have demonstrated 
more advantages than traditional staging systems for progno-
sis prediction.18-20 However, no well-established nomogram 
has been built specifically for personalized PRS prediction 
of CRLM.

The present study aimed to construct a nomogram to pre-
dict PRS integrating the clinical characteristics and treat-
ment methods of recurrence. Therefore, we first established 
a nomogram for PRS prediction in 251 CRLM patients 
with post-hepatectomy recurrence. Then, we validated this 
prognostic model in an independent cohort of 125 CRLM 
patients.

2  |   METHODS

2.1  |  Study population

Consecutive CRLM patients who received the first curative 
hepatectomy during April 2001 and May 2019 at Sun Yat-
sen University Cancer Center (SYSUCC), China, were taken 
into consideration. Eligibility criteria included: pathologi-
cally diagnosed CRLM; both the primary lesions and hepatic 
metastases underwent radical surgery with tumor-negative 
resection margins (R0); and post-hepatectomy recurrence de-
tected before June 2019. Patients without active follow-up or 
adequate clinical information for analysis were excluded, as 
were patients with a history of other malignancies. The cur-
rent study was conducted following the Helsinki Declaration. 
The Medical Ethics Committee of SYSUCC approved this 
study, with an approval number of B2020-107–01.

2.2  |  Data acquisition, treatment 
strategies, and follow-up

Clinical information of CRLM patients was collected retro-
spectively from the patients’ medical histories and included 
general characteristics, primary tumor-related factors, initial 
hepatectomy-related factors, perioperative treatment, and de-
tails of recurrence. Postoperative complications of hepatectomy 
were measured by the FABIB score system.21 Comorbidities 
were documented in the Charlson Comorbidity Index.22 The 
clinical risk score (CRS) 23 is the most widely accepted scoring 
system for predicting CRLM patients' prognosis. The disease-
free interval from primary lesions resection to liver metastasis, 
the number and the largest diameter of hepatic metastases, and 
preoperative CEA are four of the criteria that make up the CRS. 
Therefore, the thresholds of these four variables in the current 
study were consistent with the CRS system. As for RFS from 
hepatectomy to recurrence, the largest size of recurrence, and 
CEA at recurrence, there were no accepted criteria for classi-
fication. To optimize the stratification of patients, optimal cut-
off values were used. Treatment strategies for CRLM patients 
mainly referred to the European Society for Medical Oncology 
guidelines 24-26 and were discussed by the multidisciplinary 

Conclusion: A novel nomogram was built and validated to enable the prediction of 
personal PRS in CRLM patients with post-hepatectomy recurrence. The nomogram 
may help physicians in decision making.
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team in SYSUCC. Patients were followed until December 
2019. Tumor recurrence was confirmed histologically and/or 
radiographically. PRS was calculated from the date of recur-
rence to the date of death by any cause.

2.3  |  Statistical analyses

Categorical variables were shown as frequencies and percentages. 
Continuous variables were presented as the mean±standard devi-
ation (if parametric distribution) or median and interquartile range 
(if nonparametric distribution). The Chi-square test or Fisher's 
exact test was used to compare categorical variables. Optimal cut-
off values were calculated by the X-tile software (version 3.6.1).27 
Survival proportions were estimated using the Kaplan–Meier 
(KM) method, with the log-rank test for comparison. Variables 
with a p value less than 0.1 in the univariable Cox analysis were 
selected to enter the multivariable Cox regression analysis. The 
nomogram for PRS was constructed based on the multivariable 
Cox regression model. Its predictive capacity was measured by 
Harrell's concordance index (C-index), KM curves grouped by 
the tertiles of the nomogram-predicted score, and calibration 
plots. The C-index quantifies the capacity of the nomogram to 
discriminate patients with different outcomes. It ranges from 0.5 
to 1.0, with the minimum value indicating random chance and 
the maximum value representing perfect discrimination.28 The 
bootstrap resampling for calibration plots was used with 1000 
repetitions. Statistical analyses were performed with R software 
(version 3.5.3; http://www.Rproj​ect.org) or SPSS (Version 23.0; 
IBM Corp). If not specified, a p value below 0.05 was thought to 
be statistically significant. All p values were two-tailed.

3  |   RESULTS

The flow chart of the current study is presented in Figure 1. 
About 475 patients in total met the inclusion criteria. Among 
them, 17 patients (3.6%) with a history of other malignancies, 
39 patients (8.2%) without active follow-up and 43 patients 
(9.1%) with incomplete recurrence data were excluded. The 
3-year and 5-year PRS rates of the remaining 376 patients 
were 37.3% and 24.6%, respectively. Table S1 summarizes 
the recurrence patterns of the 376 patients. The initial recur-
rence site was intrahepatic only in 185 (49.2%) patients, lung 
only in 44 (11.7%) patients, other single sites in 21 (5.6%) 
patients, and more than two sites in 126 (33.5%) patients 
(Table S1). These 376 patients were randomly assigned to a 
training (n = 251) and a validation cohort (n = 125) at a 2:1 
ratio. The median follow-up was 27.7 months for the training 
cohort and 26.6  months for the validation cohort. Detailed 
clinical characteristics of these cohorts are summarized in 
Table 1. The median RFS for the training and validation co-
horts were 6.1 and 6.5 months, respectively.

3.1  |  Prognostic variables for PRS in the 
training cohort

Univariable analysis was employed on those 251 patients in 
the training cohort. The following ten variables with a p value 
below 0.1 were associated with PRS: age at recurrence, patho-
logic N-stage, the largest size of hepatic metastases at the time 
of initial hepatectomy, extrahepatic metastases at the time of 
initial hepatectomy, RFS from hepatectomy to recurrence, site 
of recurrence, number of recurrences, the largest size of recur-
rence, CEA level at recurrence, and treatment for recurrence 
(Table S2). Multivariable analysis revealed that liver metas-
tases exceeding 5 cm in diameter at the time of initial hepa-
tectomy, intra- and extrahepatic recurrence, elevated CEA 
level at recurrence, and adoption of supportive care or tradi-
tional Chinese medicine for recurrence were independently 
associated with shorter PRS (HR > 1, p < 0.05) (Figure 2). 
In contrast, the adoption of surgical resection or ablation for 
recurrence and longer RFS from hepatectomy to recurrence 
were independently associated with prolonged PRS (HR < 1, 
p < 0.05) (Figure 2). KM curves visually demonstrated the 
differences in PRS among patients grouped by these five in-
dependent prognostic factors (Figures S1 and S2).

3.2  |  Construction of a nomogram for 
predicting PRS

The five independent prognostic factors above were in-
tegrated to construct a prognostic nomogram for PRS 
(Figure  3). The corresponding score for each variable can 
be identified by drawing a vertical line upward to the point 
scale. Get the score for each variable and sum them up. To 

F I G U R E  1   Flowchart of the current study

http://www.Rproject.org
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T A B L E  1   Clinicopathologic characteristics of 376 eligible patients

Variables
Training cohort
N = 251

Validation cohort
N = 125

General characteristics

Ageb , year 55.4 ± 11.3 54.5 ± 11.7

Gender, male/female (%) 168/83 (66.9/33.1) 85/40 (68.0/32.0)

RAS mutation, yes/no/NA 52/105/94 (20.7/41.8/37.5) 38/53/34 (30.4/42.4/27.2)

BRAF V600E mutation, yes/no/NA 6/94/151 (2.4/37.5/60.2) 3/54/68 (2.4/43.2/54.4)

MMRstatus, dMMR/pMMR/NA 6/137/108 (2.4/54.6/43.0) 3/81/41 (2.4/64.8/32.8)

Charlson Comorbidity Index, 0/≥1 192/59(76.5/23.5) 82/43(65.6/34.4)

Primary tumor

Location (%)

Colon/Rectum 158/93 (62.9/37.1) 82/43 (65.6/34.4)

Right-sided/Left-sided 59/192 (23.5/76.5) 22/103 (17.6/82.4)

Tumor grade, G1–2/G3 194/57 (77.3/22.7) 99/26 (79.2/20.8)

T-stage, T3–4/Tis-2 231/20 (92.0/8.0) 118/7 (94.4/5.6)

N-stage, N1–2/N0 165/86 (65.7/34.3) 75/50 (60.0/40.0)

Liver metastasesc 

DFI, >12 months/≤12 months 43/208 (17.1/82.9) 17/108 (13.6/86.4)

Number of CLM, multiple/single 162/89 (64.5/35.5) 91/34 (72.8/27.2)

Largest size of CLM, >5/≤5, cm 37/214 (14.7/85.3) 19/106 (15.2/84.8)

Preoperative CEA, >200/≤200, ng/ml 16/235 (6.4/93.6) 6/119 (4.8/95.2)

Distribution of CLM, bilobar/unilobar 169/82 (67.3/32.7) 93/32 (74.4/25.6)

Concomitant ablation, yes/no 55/196 (21.9/78.1) 35/90 (28.0/72.0)

FABIB score, 0–2/≥3 242/9(96.4/3.6) 123/2(98.4/1.6)

CRS, 3–5/0–2 119/132 (47.4/52.6) 57/68 (45.6/54.4)

Extrahepatic metastases, Yes/no 24/227 (9.6/90.4) 19/106 (15.2/84.8)

Duration of perioperative chemotherapy, months

≤3 74 (29.5) 34 (27.2)

3–6 85 (33.9) 46 (36.8)

≥6 92 (36.7) 45 (36.0)

Use of biological agentsa 

None 189 (75.3) 96 (76.8)

Bevacizumab 38 (15.1) 10 (8.0)

Cetuximab 24 (9.6) 19 (15.2)

Recurrence characteristics

Relapse-free survival, year

≤1 196 (78.1) 95 (76.0)

1–2 35 (13.9) 23 (18.4)

≥2 20 (8.0) 7 (5.6)

Site of recurrence

Intrahepatic only 134 (53.4) 52 (41.6)

Extrahepatic 58 (23.1) 34 (27.2)

Intrahepatic and extrahepatic 59 (23.5) 39 (31.2)

Number of recurrences, multiple/single 174/77 (69.3/30.7) 94/31 (75.2/24.8)

Largest size of recurrence, ≥3/<3, cm 67/184 (26.7/73.3) 30/95 (24.0/76.0)

(Continues)
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Variables
Training cohort
N = 251

Validation cohort
N = 125

CEA at recurrence, ng/ml

<5 105 (41.8) 43 (34.4)

5–40 106 (42.2) 59 (47.2)

>40 40 (15.9) 23 (18.4)

Treatment of recurrence

Chemotherapy + Radiotherapyd  99 (39.4) 55(44.0)

Resection 42 (16.7) 16(12.8)

Ablatione  89 (35.5) 38(30.4)

Otherf  21 (8.4) 16(12.8)

Note: Data are presented as the means ± SDs or n (%).
Abbreviation: CEA, carcinoembryonic antigen; CLM, colorectal liver metastasis; CRS, clinical risk score; DFI, disease-free interval from primary tumor resection to 
liver metastases; dMMR, deficient mismatch repair; NA, not available; pMMR, proficient mismatch repair.
aPerioperative period of initial hepatectomy. 
bAt recurrence. 
cAt initial hepatectomy. 
dChemotherapy or radiotherapy, or a combination of the two. 
eRadiofrequency ablation, cryoablation, microwave ablation or stereotactic ablative body radiotherapy. 
fSupportive care, traditional Chinese medicine. 

T A B L E  1   (Continued)

F I G U R E  2   Multivariable Cox analysis and corresponding forest plot of post-recurrence survival in the training cohort. #At recurrence; 
§Chemotherapy or radiotherapy, or a combination of the two; ¶Radiofrequency ablation, cryoablation, microwave ablation or stereotactic ablative 
body radiotherapy; *Supportive care, traditional Chinese medicine
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obtain the estimated rates of 1-, 3-, and 5-year PRS, locate 
this sum on the “Total Points” axis, and then, draw a line 
vertically straight down to the survival axes (Figure 3).

3.3  |  Evaluation and 
validation of the nomogram

With a C-index value of 0.742, the nomogram had a good 
discrimination capability in the training cohort. Calibration 
curves demonstrated that the predicted probability of 3-year 
PRS (Figure  4a), and 5-year PRS (Figure  4b) closely ap-
proximated the actual observation. For the validation cohort, 
a C-index of 0.773 for PRS prediction was obtained. The 
nomogram was also well-calibrated in the validation cohort 
regardless of the probability of 3-year PRS (Figure  4c) or 
5-year PRS (Figure 4d). Furthermore, survival curves were 
used to evaluate the nomogram's discrimination power in 
predicting PRS (Figure  5a,b). According to the tertile of 
the model-predicted score, patients were grouped into low-
risk, medium-risk, and high-risk groups with 3-year PRS 
rates of 56.6%, 43.2%, and 12.0%, respectively (p < 0.001; 
Figure 5a), and 5-year PRS rates of 45.2%, 23.3%, and 9.0%, 

respectively (p  <  0.001; Figure  5a) in the training cohort. 
Clinical features of patients in different risk groups are pre-
sented in Tables S3 and S4. Different risk groups divided by 
the tertile were also presented with well-separated survival 
curves in the validation cohort (Figure 5b). The 3-year PRS 
rates for the low-, medium-, and high-risk subgroups were 
56.7%, 36.7%, and 4.6%, respectively (p < 0.001; Figure 5b), 
and the 5-year PRS rates were 36.0%, 9.2%, and 4.6%, re-
spectively (p < 0.001; Figure 5b).

4  |   DISCUSSION

For the first time, a nomogram was constructed and validated 
to predict the PRS of CRLM patients with post-hepatectomy 
recurrence in this study. In clinical practice, the nomogram, 
an easy-to-use scoring tool, enables both physicians and 
CRLM patients to acquire individualized prediction of PRS.

Previous reports have paid little attention to the PRS 
of CRLM patients, and the prognostic factors are still am-
biguous. In patients with post-hepatectomy recurrence, 
only three factors were consistently reported as indepen-
dent predictors of PRS, including RFS from hepatectomy 

F I G U R E  3   Nomogram for predicting the 1-, 3-, and 5-year post-recurrence survival rates. Draw a straight line vertically from the axis of each 
variable to reach the top “Points” scale. Add the score of five variables up then draw a line vertically from the “Total Points” scale to intercept the 
survival axes. The 1-, 3-, and 5-year post-recurrence survival rates will be determined accordingly
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to relapse, recurrent sites, and therapeutic methods for re-
currence.13,15,16,29 Our results were consistent with those 
reported above and confirmed that intra- and extrahepatic 
recurrence was independently associated with shorter PRS, 
while adoption of surgical resection or ablation for recur-
rence and longer RFS were favorable prognostic factors. 

Although early recurrence has been consistently reported to 
indicate poor PRS, its definition remains ambiguous. Imai 
et al.30 discovered that 8 months after liver resection was the 
optimal cutoff value of early recurrence, while Liu et al.10 
defined optimal early recurrences as those occurring within 
12 months. In this study, we found that patients' PRS could 

F I G U R E  4   Calibration curves of the nomogram for predicting the 3- and 5-year post-recurrence survival in the training cohort (A, B) and 
validation cohort (C, D). The 45° blue dotted line indicates a perfect prediction, and the nomogram's predictive performance is represented by the 
solid lines. Vertical bars, confidence intervals. The nearest the solid line fitting is to the dotted line, the higher the nomogram's predictive accuracy 
will be

F I G U R E  5   Kaplan–Meier curves for the post-recurrence survival of CRLM patients from three risk groups. Patients were grouped by the 
tertile of the nomogram-predicted score in the training (A) and validation cohort (B). The log-rank test was performed between groups
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be better distinguished with 12 months as the cutoff point for 
early recurrence.

However, several other factors in the literature have also 
been reported to be correlated with PRS but have not been 
verified in this study. Such factors include RAS status,15 pos-
itive lymph node metastasis of the primary tumor,16 margins 
at hepatectomy,13 preoperative CEA level,31 and disease-free 
interval from colectomy to liver metastasis.13 Instead, the 
level of CEA at recurrence, the number of recurrences, and 
the diameter of recurrent tumors that were not taken into 
account previously were associated with PRS in this study, 
although the latter two were not significant predictors in the 
multivariable analysis. Interestingly, the largest size of liver 
metastases at the time of initial hepatectomy, a variable com-
monly used for postoperative prognosis prediction, was also 
an independent predictor for PRS. Large tumor size may not 
only increase the difficulty of operation, but may also indi-
cate poor tumor biological behavior.32,33

Notably, when recurrence is detected in CRLM patients 
after the initial hepatectomy, the only prognostic indicator 
in this nomogram that can intervene is the treatment method 
for recurrence. In the current study, repeated resection and 
ablation as treatments for recurrence both led to a consider-
able survival advantage in terms of median PRS (74.48 and 
35.45 months, respectively) compared to that with chemother-
apy alone (21.45 months). Favorable survival with repeat re-
section for CRLM patients has also been reported by previous 
studies.34-37 Generally, for those patients with better biological 
behavior, physicians tend to choose aggressive local treatment. 
In this study, patients who received repeated resection typi-
cally had longer RFS (time from the initial hepatectomy to 
recurrence), fewer instances of intra- and extrahepatic recur-
rence, fewer or smaller tumors at recurrence, and lower levels 
of CEA at recurrence (Table S5), which was similar to the re-
sults of previous reports.38 Although these confounding fac-
tors were corrected in the multivariable analysis and repeated 
resection was demonstrated as an independent predictor for 
PRS, bias toward different treatments may still be influenced 
by other unknown factors. Nevertheless, considering the out-
standing survival advantage with resection, when repeated re-
section and ablation are both technically feasible, the former is 
strongly recommended.39,40

Our research has several limitations. First, the nomogram 
was established on the basis of retrospectively collected data 
from a single institution. Although the nomogram showed good 
performance in the internal validation cohort, an external co-
hort is quite necessary to confirm its clinical utility. Second, the 
genetic status of a significant number of patients was missing in 
this study. Previous studies have emphasized a close association 
between molecular characteristics and outcome after CRLM re-
section.41-43 Although there was a trend of poor prognosis in 
patients with RAS-mutated, BRAF V600E-mutated, or pMMR 
tumors, no statistically significant difference was observed in 

this study (Figure  S3). The incorporation of molecular char-
acteristics into the prognostic model may further increase the 
nomogram's predictive performance.

In conclusion, a prognostic nomogram with five factors 
may enable physicians to predict individual PRS accurately 
and easily in CRLM patients with post-hepatectomy recur-
rence. Using the nomogram to identify patients at different 
risk groups of survival might influence the physicians’ deci-
sion making.
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