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Background: This study aimed to investigate the predictive significance of preoperative red cell volume 
distribution width (RDW) level for prognosis and to establish nomograms incorporating preoperative blood 
markers to predict postoperative complications and survival in patients with colorectal liver metastases 
(CRLM).
Methods: This retrospective study included 380 enrolled CRLM patients who underwent hepatic resection. 
Predictors of postoperative complications were explored using binary logistic regression analysis. Covariates 
associated with overall survival (OS) and progression-free survival (PFS) were evaluated through univariate 
and multivariate Cox regression analyses. Only variables that reached statistical significance at P<0.1 in the 
univariate analysis were allowed to enter the multivariate analyses. The independent predictors that retained 
in the final multivariate model were incorporated into nomograms. 
Results: The optimal cut-off point of preoperative RDW-CV was 16%, and elevated RDW-CV 
was significantly associated with better prognosis (mPFS: 5.0 vs. 8.9 months, P=0.007; mOS: 59.0 vs.  
42.0 months, P=0.041). The optimal cut-off point of preoperative RDW-SD was 43.9 fl, and elevated RDW-
SD was significantly associated with worse prognosis (mPFS: 8.0 vs. 13.0 months, P<0.001; mOS:36.8 
vs. 70.2 months, P=0.001). A nomogram predicting postoperative complications was constructed based 
on preoperative gamma-glutamyl transpeptidase (GGT) ≥34.5 U/L, preoperative RDW-CV ≥14.1%, 
and intraoperative blood loss ≥200.0 mL, with AUROC of 0.658. The calibration curves and Hosmer-
Lemeshow test revealed desirable model calibration (chi-square: 3.99, P=0.91). A nomogram predicting 
PFS was constructed based on preoperative GGT ≥31.0 U/L, preoperative D-dimer ≥0.251 mg/L, 
preoperative RDW-CV <16.0%, preoperative RDW-SD ≥43.9 fl, positive lymph node metastasis, bilobar 
liver distribution, and R0 resection with good discrimination (C-index: 0.676±0.016) and calibration. A 
nomogram for the prediction of OS was constructed with favorable discrimination (C-index: 0.700±0.021) 
and calibration. Significant differences in PFS and OS were shown among patients stratified into three 
different risk groups (P<0.001) based on the nomograms.
Conclusions: This study first revealed the relationship between preoperative RDW-SD, RDW-CV, and 
prognosis in patients with CRLM. It also established nomograms especially considering preoperative blood 
markers to predict postoperative complications, PFS, and OS, which facilitated physicians to determine the 
optimal clinical management strategies.
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Introduction

Colorectal cancer (CRC) is the third most common 
malignancy with more than 1.8 million new cases 
worldwide per year, and it accounts for 9% of all cancer-
related deaths (1). Liver is the predominant site of distant 
metastases with 25–30% of CRC patients developing 
metastases in this organ (2,3). Liver resection of colorectal 
liver metastasis (CRLM) offers the best chance for a cure 
and long-term survival, as it has a five-year survival of 
up to 47–60%. Recurrences occur in 40–75% of patients 
with CRLM (2,4) and the incidence of postoperative 
complications is approximately 38–54% (5,6). Therefore, 
effective prediction of the survival of patients with CRLM 
in this specific clinical scenario is urgently needed. Accurate 
prognostic assessment helps manage appropriate treatment 
and follow-up plans. Nomograms incorporating and 
illustrating important prognostic factors have been widely 
used as reliable tools for predicting survival probabilities 
for individual patients. Chen et al. (7) established a 
comprehensive evaluation of relapse risk score based on 
KRAS status, primary node status, extrahepatic disease, 
carcinoembryonic antigen (CEA) level, and tumour burden 
score to predict the prognosis of patients with CRLM. Liu 
et al. (8) revealed that a nomogram constructed according 
to tumour size, liver metastasis number, RAS mutation 
status, and primary lymph node metastasis has a favorable 
calibration and C-index for predicting survival in patients 
with CRLM.

In recent years, various blood markers with different 
changes were hypothesized to have a relationship with 
prognosis of malignant tumour diseases. Previous 
findings demonstrated that high serum gamma-glutamyl 
transpeptidase (GGT) levels and D-dimer levels were 
significantly associated with worse prognosis in lung 
cancer, hepatocellular carcinoma, etc. (9-12). It has been 
reported that the red cell volume distribution width (RDW) 
level of patients with malignant tumours including rectal 
cancer, colon cancer and bladder cancer is correlated with 
diagnosis, staging, and prognosis (13-15). However, no 
study has revealed the relationship between RDW level 
and prognosis in patients with CRLM after liver resection, 
and no nomogram has incorporated preoperative blood 
markers. Therefore, the aim of this study was as follows: 

(I) to investigate the predictive significance of preoperative 
RDW level for prognosis; (II) to establish nomograms 
incorporating preoperative blood markers to predict 
postoperative complications and survival in patients with 
CRLM. We hypothesized that nomograms incorporating 
preoperative RDW level will enhance the predictive ability 
and facilitate physicians to determine the optimal clinical 
management strategies for CRLM patients. We present the 
following article in accordance with the STROBE reporting 
checklist (available at http://dx.doi.org/10.21037/apm-20-
2418).

Methods

Patients

There were 380 enrolled CRLM patients who underwent 
hepatic resection between February 2009 and February 2018 
in Cancer Hospital, Chinese Academy of Medical Sciences. 
This study was conducted with approval from the Institute 
Research Ethics Committee of the Cancer Hospital, Chinese 
Academy of Medical Sciences (ID: NCC2019C-016). The 
study conformed to the provisions of the Declaration of 
Helsinki (as revised in 2013). Informed consents from 
patients have been obtained. Eligibility criteria were: (I) 
histologically proven colorectal adenocarcinoma liver 
metastases; (II) patients underwent hepatic resection 
and colorectal resection for therapeutic purpose. The 
exclusion criteria were: (I) with other malignancies; (II) 
loss to follow-up or incomplete clinical data. Flow diagram 
for the selection of CRLM included in the final analyses 
of this study was shown in Figure 1. By using peripheral 
venous punctures, blood samples for the evaluation 
of serum testing markers were obtained. Preoperative 
serum GGT levels  (normal  range:  0–55.0  U/L) ,  
D-dimer levels (normal range: 0–0.550 mg/L), RDW-CV 
(normal range: 11.6–14.6%) and RDW-SD (normal range: 
37.0–51.0 fl) were measured within 1 week before surgery. 

Treatment

It was recommended to receive neoadjuvant chemotherapy 
(NAC) for CRLM patients if there were some high-
risk factors for recurrence (16). The NAC regimens 
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recommended include FOLFOX (5-fluorouracil+oxaliplatin), 
FOLFIRI (5-fluorouracil+irinotecan), and CapeOX 
(capecitabine+oxaliplatin). The targeted therapy regimens 
included bevacizumb and cetuximab. Patients usually 
underwent liver resections within 4–6 weeks after the 
completion of NAC. Liver resections were defined as major 
liver resection (resections of more than two segments) or 
minor liver resections. According to the Clavien system (17),  
postoperative complications were graded, and major 
complications were defined as grade III or IV complications. 
The highest grade was used when patients experienced 
multiple postoperative complications. The postoperative 
complications were also defined as surgery-related 
complications (gastrointestinal tract leak, gastrointestinal 
tract necrosis, intrathoracic or intraabdominal abscess, 
hemorrhage, ileus, et al.) and general complications 
(pulmonary, cardiac, hepatic, renal complications, and 
catheter sepsis) (18). The clinical risk-scoring (CRS) scores 
were defined as follows: number of CRLM more than 
1 (1 point); maximum CRLM diameter more than 5 cm  
(1 point); CEA level >200.0 ng/mL (1 point); primary 
lymph node positive (1 point); a disease-free interval of 
less than 12 months after the diagnosis of primary CRC  
(1 point).

Follow-up and outcomes

Patients were followed up at regular intervals after surgery. 

The first follow-up date was one month after surgery, with 
subsequent ones every 3 months in 2 years, every 6 months 
between 2–5 years, and every one year thereafter. Overall 
survival (OS) was defined as the interval from the date of 
resection to death or the last follow-up. Progression-free 
survival (PFS) was defined as the interval from the date of 
resection to progression or the last follow-up.

Statistical analysis

To analyze continuous variables, the Mann-Whitney U 
test was implemented. And categorical variables were 
analyzed by the Chi-square or Fisher’s exact test. X-tile 
analysis was implemented to investigate the optimal 
cut-off values of the preoperative testing markers for 
survival (19). The optimal cutoff values for post-operative 
complications were identified by the highest Youden 
index (sensitivity+specificity-1). To determine the optimal 
segmentation threshold for survival curves risk stratification, 
the X-tile analysis was conducted.

The OS and PFS were measured by the Kaplan-Meier 
method and compared with the log-rank test Factors 
predictive of postoperative complications were explored 
using binary logistic regression analysis. Covariates 
associated with OS and PFS were evaluated through 
univariable and multivariate Cox regression analyses. Briefly, 
as the sample included in this study is limited, only variables 
that reached statistical significance at P<0.1 in the univariate 

Figure 1 Flow diagram for the selection of CRLM patients. CRLM, colorectal liver metastases.
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analysis were allowed to enter the multivariate analyses. 
Forward method was used to select the final predictors. 
The independent predictors that retained in the final model 
were incorporated into a nomogram. The C-index and area 
under the receiver operating characteristic curve (AUROC) 
was used to evaluate the discrimination of the nomogram. 
The calibration plots and the Hosmer-Lemeshow chi-
square test were performed to assess the calibration. The 
decision curve analysis (DCA) was conducted to determine 
the clinical usefulness by quantifying the net benefits at 
different threshold probabilities. SPSS version 22 software 
(Armonk NV, USA) and R software (http://www.r-project.
org) were used to perform statistical analysis. Statistical 
significance was defined as P<0.05.

Results

Clinicopathological characteristics

Three hundred and eighty patients were included in 
this study, including 144 females and 236 males with an 
average age of 56.8±10.0 years. Primary tumours located 
in the colon were found in 205 patients (53.9%). Bilobar 
distribution of liver metastases was found in 133 patients 
(35.0%). The median diameter of the largest liver metastasis 
was 2.6 cm [interquartile range (IQR): 1.8–4.0]. The 
median number of liver metastases was 2.0 (IQR: 1.0–3.0).  
Extrahepatic metastases were observed in 46 patients 
(12.1%). Primary lymph node metastasis of the primary 
tumour was observed in 69.5% of the patients. Synchronous 
metastasis was observed in 291 patients (76.6%). A CRS 
score of 3–5 was observed in 158 patients. One hundred 
and fifty patients (39.5%) underwent major liver resection. 
ASA class 1–2 was observed in 339 patients (89.2%). The 
median operation time was 283.5 min (IQR: 180.0–370.0), 
and the median intraoperative blood loss was 200.0 mL 
(IQR: 100.0–400.0). A total of 197 patients (51.8%) 
received NAC; 136 patients (69.0%) received an oxaliplatin-
based NAC regimen, 30 patients (15.2%) received an 
irinotecan-based regiment and 31 patients (15.8%) received 
oxaliplatin-based regimen combined with irinotecan-based 
regiment. Sixty-six patients (33.5%) underwent targeted 
therapy (bevacizumab: 31 patients; cetuximab: 34 patients; 
bevacizumab + cetuximab: 1 patient). The median NAC 
cycles was 5.0 (IQR: 3.0–7.0). One hundred and ninety-
three patients underwent postoperative chemotherapy. The 
preoperative median RDW-SD value was 45.6 fl (IQR: 
41.0–51.8). The preoperative median RDW-CV value was 

13.7% (IQR: 12.7–15.5). The preoperative median GGT 
value was 31.0 U/L (IQR: 20.0–50.0). The preoperative 
median D-dimer value was 0.370 mg/L (IQR: 0.220–0.630). 
The demographic and clinical characteristics of the patients 
are listed in Table 1.

Predictors for postoperative complications

In this  study,  179 patients  (47.11%) experienced 
postoperative complications (surgery-related complications: 
58 patients, general complications: 87 patients, and surgery-
related complications combined with general complications: 
34 patients), including 68 major complications and 111 
minor complications. According to the highest Youden 
index, the optimal cut-off points of preoperative RDW-CV 
level, RDW-SD level, D-dimer level, and GGT level were 
14.1%, 48.6 fl, 0.485 mg/L, and 34.5 U/L, respectively. 
The elevated RDW-CV level, RDW-SD level, D-dimer 
level, and GGT level were significantly associated with 
occurrence of postoperative complications.

In the univariate analysis ,  preoperative serum, 
preoperative GGT ≥34.5 U/L (P=0.001), preoperative 
D-dimer ≥0.485 mg/L (P=0.032), preoperative RDW-
CV ≥14.1% (P<0.001), preoperative RDW-SD ≥48.6 fl 
(P=0.004), NAC (P<0.001), diameter of liver metastases  
≥3.0 cm (P=0.005), major liver resection (P=0.005), 
operation time ≥283.5 min (P=0.010), and intraoperative 
blood loss ≥200.0 mL (P=0.001) were significantly 
associated with postoperative complications. The predictors 
(P<0.1) were included in the multivariate analysis, and 
preoperative GGT ≥34.5 U/L (OR =1.811, 95% CI: 
1.178–2.786, P=0.007), preoperative RDW-CV ≥14.1%  
(OR =1.590, 95% CI: 1.001–2.526, P=0.049), and 
intraoperative blood loss ≥200.0 mL (OR =1.739, 95% CI: 
1.113–2.716, P=0.015) were independently associated with 
the presence of postoperative complications (Table 2).

Nomogram for the prediction of postoperative complications

A nomogram with three independent predictors from the 
multivariate analysis was developed (Figure 2). These factors 
were assigned specific scores as follows: preoperative serum 
GGT ≥34.5 U/L, 100; preoperative RDW-CV ≥14.1%, 
94; and intraoperative blood loss ≥200.0 mL, 94. The 
total risk score of each patient based on the nomogram 
was calculated, and it ranged from 0 to 288. The cut-
off value was set at 144 according to the ROC curve, 
with a sensitivity of 0.631 and a specificity of 0.632. The 
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Table 1 Characteristics of CRLM patients after liver resection

Characteristics Total (n=380) Characteristics Total (n=380) Characteristics Total (n=380)

Age, mean (SD) 56.8±10.0 Diameter of metastases,  
media (IQR)

2.6 (1.8–4.0) Synchronous metastasis, n (%) 291 (76.6)

Male, n (%) 236 (62.1) Number of liver metastases, 
media (IQR)

2.0 (1.0–3.0) KRAS mutationa, n (%) 74 (37.0)

BMI ≥24 kg/m2, n (%) 194 (51.1) Bilobar liver distribution, n (%) 133 (35.0) Heterochronous resection, n (%) 130 (34.2)

Comorbidity, n (%) 171 (45.0) Extrahepatic metastases, n (%) 46 (12.1) Major liver resection, n (%) 150 (39.5)

ASA score 3–4, n (%) 41 (10.8) CRS score 3–5, n (%) 158 (41.6) Concomitant RFA, n (%) 42 (11.1)

Preoperative CEA,  
media (IQR)

8.0 (3.6–27.1) Right hemicolon, n (%) 64 (16.8) Operation time (min),  
media (IQR)

283.5  
(180.0–370.0)

Preoperative GGT,  
media (IQR)

31.0  
(20.0–50.0)

R0 resection, n (%) 260 (68.4) Blood loss (mL), median (IQR) 200.0  
(100.0–400.0)

Preoperative  
D-dimer, media (IQR)

0.370  
(0.220–0.630)

Poor differentiation, n (%) 95 (25.0) Neoadjuvant chemotherapy,  
n (%)

197 (51.8)

Preoperative  
RDW-SD, media (IQR)

45.6  
(41–51.8)

T3–T4 stage, n (%) 353 (92.9) Postoperative chemotherapy,  
n (%)

193 (50.8)

Preoperative  
RDW-CV, media (IQR)

13.7  
(12.7–15.5)

Positive lymph node  
metastasis, n (%)

264 (69.5) Postoperative complications,  
n (%)

179 (47.1)

Primary site in  
colon, n (%)

205 (53.9) –

aKRAS status was available in 200 patients; CRLM, colorectal liver metastases; CEA, carcinoembryonic antigen; GGT, gamma-glutamy 
ltranspeptidase; RDW, red cell volume distribution width; IQR, interquartile range; CRS, clinical risk–scoring; RFA, radiofrequency ablation.

performance of the model was desirable with an AUROC of 
0.658 (95% CI: 0.604–0.712) (Figure 3A). Calibration curves 
and the Hosmer-Lemeshow test demonstrated acceptable 
model calibration (chi-square: 3.99, P=0.91) (Figure 3B). 
DCA revealed that using this nomogram was probably more 
beneficial (Figure 3C).

Best cut-off point of preoperative serum testing markers 
for survival

The optimal cut-point of preoperative RDW-CV was 
16.0%, and elevated RDW-CV was significantly associated 
with better prognosis (mPFS: 15.0 vs. 8.9 months, P=0.007; 
mOS: 59.0 vs. 42.0 months, P=0.041) (Figure 4A,B). The 
optimal cut-point of preoperative RDW-SD was 43.9 fl, and 
elevated RDW-SD was significantly associated with worse 
prognosis (mPFS: 8.0 vs. 13.0 months, P<0.001; mOS: 36.8 
vs. 70.2 months, P=0.001) (Figure 4C,D). Optimal cut-point 
of preoperative GGT was 31.0 U/L, and elevated GGT was 
significantly associated with worse prognosis (mPFS: 7.1 vs. 
13.0 months, P<0.001; mOS: 36.0 vs. 57.7 months, P=0.001). 

The optimal cut-point of preoperative Di-dimer was  
0.251 mg/L, and elevated Di-dimer was significantly 
associated with worse PFS (mPFS: 8.4 vs. 14.0 months, 
P=0.003) and an equivalent OS (mPFS: 42.0 vs. 54.8 months, 
P=0.330).

Analysis of CRS score for survival

The Kaplan-Meier analysis of PFS and OS for different 
values of the CRS score is shown in Figure 5. Patients were 
stratified by their CRS score into the high-risk group (CRS 
score 3–5) and low-risk group (CRS score 0–2). Patients 
in the high-risk group exhibited worse PFS (mPFS: 7.0 
vs. 12.0 months, P<0.001) and worse OS (mOS: 35.2 vs.  
57.7 months, P<0.001) (Figure 5).

Prognostic factors for PFS

In this study, 286 patients (75.26%) experienced tumour 
progression. The median PFS was 10.0 months (IQR: 
8.6–11.4), and the 1-, 3-, and 5-year PFS rates were 
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Table 2 Prognostic factors for post–operative complications in CRLM patients after liver resection

Factor
Univariate analysis Multivariate analysis

P OR (95% CI) P OR (95% CI)

Age ≥60 years 0.827 1.047 (0.695–1.575)

Male 0.306 1.243 (0.819–1.885)

BMI ≥24 kg/m2 0.190 0.763 (0.510–1.143)

Comorbidity 0.910 0.977 (0.652–1.464)

ASA score 3–4 0.820 1.078 (0.564–2.062)

Preoperative CEA ≥10.0 ng/mL 0.233 1.281 (0.853–1.924)

Preoperative GGT ≥34.5 U/L 0.001 2.025 (1.341–3.057) 0.007 1.811 (1.178–2.786)

Preoperative D–dimer ≥0.485 mg/L 0.032 1.579 (1.040–2.400)

Preoperative RDW–CV ≥14.1% <0.001 2.116 (1.399–3.198) 0.049 1.590 (1.001–2.526)

Preoperative RDW–SD ≥48.6 fl 0.004 1.859 (1.217–2.839)

NAC <0.001 2.281 (1.511–3.445) 0.083 1.516 (0.948–2.427)

Primary site in colon 0.907 0.976 (0.652–1.462)

Right hemicolon 0.434 1.240 (0.724–2.122)

Poor differentiation 0.859 0.959 (0.602–1.527)

T3–T4 stage 0.910 0.956 (0.437–2.092)

Positive lymph node metastasis 0.139 1.395 (0.898–2.169)

Synchronous liver metastasis 0.342 1.262 (0.782–2.036)

Diameter of liver metastases ≥3.0 cm 0.005 1.786 (1.188–2.686)

Multiple liver metastases 0.268 1.257 (0.839–1.884)

CRS score 3–5 0.115 1.390 (0.923–2.094)

Bilobar liver distribution 0.114 1.407 (0.922–2.147)

Extrahepatic metastases 0.295 1.391 (0.749–2.583)

Heterochronous resection 0.628 0.900 (0.588–1.377)

Major liver resection 0.005 1.809 (1.193–2.741)

Concomitant RFA 0.170 1.574 (0.824–3.008)

Operation time ≥283.5 min 0.010 1.701 (1.133–2.554)

Blood loss ≥200.0 mL 0.001 2.089 (1.367–3.191) 0.015 1.739 (1.113–2.716)

CRLM, colorectal liver metastases; CEA, carcinoembryonic antigen; GGT, gamma-glutamy ltranspeptidase; RDW, red cell volume  
distribution width; NAC, neoadjuvant chemotherapy; CRS, clinical risk-scoring; RFA, radiofrequency ablation.

43.9%, 23.1%, and 22.4%, respectively. In the univariable 
analysis, preoperative CEA ≥10.0 ng/mL, preoperative 
GGT ≥31.0 U/L, preoperative D-dimer ≥0.251 mg/L, 
preoperative RDW-CV <16.0%, preoperative RDW-SD 
≥43.9 fl, T3-T4 stage, positive lymph node metastasis, 
multiple liver metastases, bilobar liver distribution, 

extrahepatic metastases, synchronous liver metastasis, 
non-R0 resection, major liver resection, operation time 
≥283.5 min, complications, and NAC were related to 
decreased PFS (P<0.05). 

Seven independent prognostic factors for PFS were 
identified in the multivariable analysis: preoperative GGT 
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Figure 2 Nomogram predicting the probability of post-operative complications in CRLM patients. CRLM, colorectal liver metastases.

Figure 3 Evaluation of nomogram in the prediction of post-operative complications. (A) The ROC curves of the nomogram. (B) The 
calibration curves for predicting post-operative complications presence. (C) DCA for the nomogram. ROC, receiver operating characteristic 
curve; DCA, decision curve analysis.
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≥31.0 U/L (HR =1.369, 95% CI: 1.074–1.744, P=0.011), 
preoperative D-dimer ≥0.251 mg/L (HR =1.425, 95% CI: 
1.081–1.877, P=0.012), preoperative RDW-CV ≥16.0% 
(HR =0.516, 95% CI: 0.373–0.713, P<0.001), preoperative 
RDW-SD ≥43.9 fl (HR =1.533, 95% CI: 1.170–2.009, 
P=0.002), positive lymph node metastasis (HR =1.433, 
95% CI: 1.082–1.899, P=0.012), bilobar liver distribution  
(HR =1.391, 95% CI: 1.068–1.814, P=0.015) and R0 resection 
(HR =0.629, 95% CI: 0.483–0.819, P=0.001) (Table 3). 

Nomogram for PFS prediction 

A prognostic nomogram for PFS with point scales for the 
above seven independent prognostic factors was established 
(Figure 6). These factors were assigned specific scores as 
follows: preoperative GGT ≥31.0 U/L, 47; preoperative 
D-dimer ≥0.251 mg/L, 53; preoperative RDW-CV <16.0%, 
100; preoperative RDW-SD ≥43.9 fl, 64; positive lymph 
node metastasis, 54; bilobar liver distribution, 49; non 
R0 resection, 70. The C-statistic for PFS prediction was 
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Figure 4 Survival analysis of RDW level. (A) PFS analysis of RDW-CV <16.0% versus RDW-CV ≥16.0%. (B) OS of RDW-CV <16.0% 
versus RDW-CV ≥16.0%. (C) PFS analysis of RDW-SD <43.9 fl versus RDW-SD ≥43.9 fl. (D) OS analysis of RDW-SD <43.9 fl versus 
RDW-SD ≥43.9 fl. RDW, red cell volume distribution width; PFS, progression-free survival; OS, overall survival.

0.676±0.016, which was significantly greater than that of 
the CRS score (0.676 vs. 0.564, P<0.001). A calibration 
plot for the probability of PFS at 1, 3 and 5 years (Figure 7) 
demonstrated good calibration between the predictions by 
the nomogram and the actual observations. 

We further calculated the total risk scores of each patient 
based on the nomogram, and the total points for the scores 
ranged from 0 to 500. According to the total risk scores, 
X-tile analysis was conducted to determine the optimal 

segmentation threshold for dividing patients into three 
subgroups {high-risk [321–437], middle-risk [219–320] 
and low-risk [0–218] groups}. As shown in Figure 5, the 
high-risk group was associated with significantly worse 
PFS than the middle-risk group (P<0.001; mPFS: 4.7 vs.  
7.7 months) and the low-risk group (P<0.001; mPFS: 4.7 vs. 
20.2 months). The middle-risk group exhibited significantly 
worse PFS than the low-risk group (P<0.001; mPFS: 7.7 vs. 
20.2 months). 
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Table 3 Prognostic factors for PFS in CRLM patients after liver resection

Factor
Univariate analysis Multivariate analysis

P HR (95% CI) P HR (95% CI)

Age ≥60 years 0.957 0.993 (0.784–1.259)

Male 0.720 1.045 (0.822–1.328)

BMI ≥24 kg/m2 0.328 0.891 (0.706–1.123)

Comorbidity 0.733 0.960 (0.760–1.213)

ASA score 3–4 0.792 1.051 (0.724–1.527)

Preoperative CEA ≥10.0 ng/mL 0.041 1.277 (1.010–1.613)

Preoperative GGT ≥31.0 U/L <0.001 1.639 (1.296–2.074) 0.011 1.369 (1.074–1.744)

Preoperative D-dimer ≥0.251 mg/L 0.003 1.491 (1.145–1.942) 0.012 1.425 (1.081–1.877)

Preoperative RDW-CV ≥16.0% 0.008 0.665 (0.492–0.899) <0.001 0.516 (0.373–0.713)

Preoperative RDW-SD ≥43.9 fl <0.001 1.590 (1.244–2.033) 0.002 1.533 (1.170–2.009)

Primary site in colon 0.668 1.053 (0.833–1.329)

Right hemicolon 0.686 1.066 (0.782–1.454)

Poor differentiation 0.078 1.269 (0.974–1.655)

T3–T4 stage 0.047 1.693 (1.007–2.849)

Positive lymph node metastasis <0.001 1.742 (1.329–2.283) 0.012 1.433 (1.082–1.899)

Diameter of liver metastases ≥3.0 cm 0.395 1.106 (0.877–1.396)

Multiple liver metastases <0.001 1.994 (1.569–2.534)

Bilobar liver distribution <0.001 2.034 (1.603–2.581) 0.015 1.391 (1.068–1.814)

Extrahepatic metastases 0.004 1.613 (1.161–2.240)

Synchronous liver metastasis 0.011 1.425 (1.088–1.938)

R0 resection <0.001 0.515 (0.404–0.657) 0.001 0.629 (0.483–0.819)

Heterochronous resection 0.266 0.869 (0.678–1.113)

Major liver resection <0.001 1.977 (1.563–2.502)

Concomitant RFA 0.001 1.291–2.568

Operation time ≥283.5 min 0.002 1.456 (1.153–1.838)

Blood loss ≥200.0 mL 0.275 1.143 (0.899–1.453)

Complications 0.005 1.392 (1.103–1.755)

Neoadjuvant chemotherapy 0.001 1.480 (1.170–1.872)

Postoperative chemotherapy 0.240 0.870 (0.690–1.098)

PFS, progression-free survival; CRLM, colorectal liver metastases; CEA, carcinoembryonic antigen; GGT, gamma-glutamy ltranspeptidase; 
RDW, red cell volume distribution width; NAC, neoadjuvant chemotherapy; CRS, clinical risk-scoring; RFA, radiofrequency ablation.
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Prognostic factors for OS

In this study, 163 patients (42.9%) died. The median OS 
was 44.1 months (IQR: 37.5–50.7). In the univariable 
analysis, preoperative GGT ≥31.0 U/L, preoperative 
RDW-CV <16.0%, preoperative RDW-SD ≥43.9 fl, 
positive lymph node metastasis, multiple liver metastases, 
bilobar liver distribution, extrahepatic metastases, non 
R0 resection, major liver resection, operation time 
≥283.5 min, complications, NAC and non-postoperative 

chemotherapy were related to decreased OS (P<0.05). Six 
independent prognostic factors for OS were identified in 
the multivariable analysis: preoperative GGT ≥31.0 U/L  
(HR =1.410, 95% CI: 1.009–1.973, P=0.044), primary 
lymph node metastasis (HR =1.703, 95% CI: 1.158–2.503, 
P=0.007), R0 resection (HR =0.594, 95% CI: 0.426–0.827, 
P=0.002), major liver resection (HR =1.512, 95% CI: 
1.071–2.133, P=0.019), complications (HR =1.626, 95% CI: 
1.184–2.233, P=0.003), and postoperative chemotherapy 
(HR =0.615, 95% CI: 0.451–0.839, P=0.002) (Table 4). 

Figure 6 Nomogram for survival. (A) Nomogram for PFS. (B) Nomogram for OS. PFS, progression-free survival; OS, overall survival.
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Nomogram for OS Prediction 

A prognostic nomogram for OS after resection with point 
scales for the six independent prognostic factors described 
above was constructed (Figure 6). These factors were 
assigned specific scores as follows: preoperative GGT 
≥31.0 U/L, 53; primary lymph node metastasis, 54; non-R0 
resection, 62; major liver resection, 40; complications, 91; 
and postoperative chemotherapy, 100. The C-statistic for 
OS prediction was 0.700±0.021, which was significantly 
larger than that of the CRS score (0.700 vs. 0.574, P<0.001). 
A calibration plot for the probability of survival at 1, 3, and 
5 years (Figure 7) demonstrated good calibration between 
the predictions by the nomogram and actual observations. 
The total risk scores ranged from 0 to 523 for each patient 
based on the nomogram. According to the total risk scores, 
the optimal segmentation threshold for dividing patients 
with CRLM into three subgroups was 335–523 (high-
risk group), 242–334 (middle-risk group) and 0–241 (low-

risk group). As shown in Figure 5, the high-risk group was 
associated with significantly worse OS than the middle-
risk group (P=0.014; mOS: 28.1 vs. 35.2 months) and the 
low-risk group (P<0.001; mOS: 28.1 months vs. not reach). 
The middle-risk group was associated with significantly 
worse OS than the low-risk group (P<0.001; mOS:  
35.2 months vs. not reach). 

Discussion

This study firstly revealed the relationship between 
preoperative RDW-SD level, preoperative RDW-CV level, 
and prognosis. The elevated RDW-CV level was associated 
with postoperative complications and favorable PFS. The 
elevated RDW-SD level was associated with unfavorable 
PFS. Additionally, this study established nomograms 
exclusively based on preoperative blood markers to predict 
postoperative complications, PFS, and OS in patients with 
CRLM after liver resection, which could facilitate the 

Figure 7 Calibration curves for predicting (A) 1-year, (B) 3-year and (C) 5-year PFS and (D) 1-year, (E) 3-year and (F) 5-year OS. Predicted 
survival produced by nomogram is plotted on the x-axis, and actual survival is plotted on the y-axis. Dashed lines represent an identical 
calibration model in which predicted PFS or OS approximate to actual PFS or OS. PFS, progression-free survival; OS, overall survival.
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Table 4 Prognostic factors for OS in CRLM patients after liver resection

Factor
Univariate analysis Multivariate analysis

P HR (95% CI) P HR (95% CI)

Age ≥60 years 0.870 1.027 (0.748–1.410)

Male 0.390 0.872 (0.637–1.193)

BMI ≥24 kg/m2 0.907 0.982 (0.722–1.335)

Comorbidity 0.546 0.908 (0.665–1.241)

ASA score 3–4 0.411 1.212 (0.766–1.918)

Preoperative CEA ≥10.0 ng/mL 0.073 1.327 (0.974–1.807)

Preoperative GGT ≥31.0 U/L 0.001 1.675 (1.223–2.295) 0.044 1.410 (1.009–1.973)

Preoperative D-dimer ≥0.251 mg/L 0.331 1.183 (0.843–1.660)

Preoperative RDW–CV ≥16.0% 0.043 0.656 (0.436–0.986)

Preoperative RDW–SD ≥43.9 fl 0.001 1.738 (1.241–2.434)

Primary site in colon 0.284 1.185 (0.869–1.616)

Right hemicolon 0.461 1.163 (0.778–1.738)

Poor differentiation 0.577 1.108 (0.773–1.588)

T3–T4 stage 0.231 1.544 (0.758–3.144)

Positive lymph node metastasis 0.002 1.802 (1.234–2.631) 0.007 1.703 (1.158–2.503)

Diameter of liver metastases ≥3.0 cm 0.154 1.250 (0.920–1.700)

Multiple liver metastases <0.001 1.817 (1.318–2.504)

Bilobar liver distribution <0.001 1.901 (1.388–2.605)

Extrahepatic metastases 0.007 1.806 (1.177–2.770)

Synchronous liver metastasis 0.110 1.387 (0.928–2.073)

R0 resection <0.001 0.505 (0.368–0.693) 0.002 0.594 (0.426–0.827)

Heterochronous resection 0.852 0.970 (0.702–1.340)

Major liver resection <0.001 2.162 (1.583–2.951) 0.019 1.512 (1.071–2.133)

Concomitant RFA 0.058 1.524 (0.987–2.356)

Operation time ≥283.5 min 0.003 1.618 (1.184–2.213)

Blood loss ≥200.0 mL 0.053 1.382 (0.995–1.918)

Complications <0.001 1.834 (1.345–2.500) 0.003 1.626 (1.184–2.233)

Neoadjuvant chemotherapy 0.003 1.628 (1.176–2.255)

Postoperative chemotherapy 0.002 0.606 (0.444–0.826) 0.002 0.615 (0.451–0.839)

OS, overall survival; CRLM, colorectal liver metastases; CEA, carcinoembryonic antigen; GGT, gamma-glutamy ltranspeptidase; RDW, red 
cell volume distribution width; NAC, neoadjuvant chemotherapy; CRS, clinical risk-scoring; RFA, radiofrequency ablation.
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individualized evaluation of patients’ prognosis, distinguish 
high-risk patients, and determine optimal clinical 
management strategies.

RDW level, reflected in RDW-CV and RDW-SD levels, 
is an indicator of the degree of erythrocyte morphology 
imbalance in the blood, mirroring the heterogeneity of 
erythrocyte volume (20). RDW level may change as a result 
of blood diseases, infectious diseases, malnutrition, and 
even germline mutations associated with CRC (20-22). 
Additionally, studies have revealed that elevated RDW level 
was an independent risk factor for unfavorable survival in 
patients with CRC and bladder cancer (13-15). Consistent 
with the previous studies, the results of this study revealed 
that preoperative elevated RDW-SD level was an unfavorable 
predictor of PFS and elevated RDW-CV level was related 
to postoperative complications in patients with CRLM. The 
mechanisms of the relationship between RDW and outcomes 
were unclear. There were three possible mechanisms. 
First, elevated RDW level was correlated with elevated 
IL-6, circulating cytokines, and tumour necrosis factor-
alpha which affected aggressive tumour cell behavior (23).  
Reactive oxygen species and tissue hypoxia increased as 
RDW level increased, and these factors were associated 
with high risk of postoperative complications (24). Second, 
previous studies indicated that RDW level was associated 
with inflammation markers such as C-reactive protein 
and erythrocyte sedimentation rate, which demonstrated 
that RDW level may be an inflammatory marker (25,26). 
Some studies have shown that inflammatory responses 
dramatically accelerated tumour growth, progression, and 
impaired the response to treatment (27). Third, RDW level 
was associated with dysfunction of various organs. Elevated 
RDW level indicated that patients may develop organ 
dysfunction, leading to worse outcome (28-31).

Notably, our study revealed the elevated RDW-CV level 
was associated with favorable PFS, which was not consistent 
with the findings of the previous study. Different statistical 
methods utilized to determine the optimal cutoff values 
may partially account for the discrepancy in our findings. 
Firstly, in previous studies, the cutoff values of RDW 
were determined through ROC analysis or was defined 
as medians, while in the current study, the cutoff values 
were obtained through the X tile analysis which fitting the 
relationship between prognosis and RDW-CV. Secondly, 
heterogeneity among different malignancies may drive 
different predictive value of RDW-CV.

This study also constructed novel nomograms for 
the prediction of survival. Some nomograms have been 

developed to predict individual survival probabilities for 
patients with CRLM undergoing liver resection (7,8). 
However, the nomograms developed here have the 
following specific advantages. First, preoperative blood 
markers were incorporated into the novel nomogram. 
The main advantage of these blood biomarkers is the 
ease of their collection from routine blood tests before 
surgery, so clinicians can tailor management strategies 
to individual patients conveniently. Second, according to 
the optimal threshold values, patients with CRLM were 
stratified into high-risk, middle-risk and low-risk groups. 
A significant difference in PFS and OS was shown between 
the risk groups. Clinicians could provide individualized 
prognostic information and rational suggestions for 
additional individualized therapy to improve survival 
according to stratification of patients. Third, CRS score has 
been widely used to stratify the likelihood of recurrence. 
However, the CRS score was established based on patients 
undergoing resection during the 1980s and 1990s (32) and 
relied solely on traditional clinicopathological factors and 
was not comprehensive (33). Our nomograms consisting 
of preoperative blood markers, surgical conditions, 
and tumour biological characteristics were relatively 
comprehensive. Furthermore, the nomograms showed 
desirable performance in discrimination and calibration, 
outperforming the CRS score. In addition, the high 
incidence of postoperative complications in patients with 
CRLM often leads to postponed postoperative recovery, 
increased medical costs, severe physical stress, and worse 
quality of life, which highlighted the significance of 
accurate prediction of postoperative complications. To 
our knowledge, this was the first nomogram incorporating 
several preoperative blood markers and surgical condition 
that could predict the occurrence of postoperative 
complications in patients with CRLM. 

There were several limitations in this study. First, this 
was a retrospective observational study, which could not 
confidently infer causality between variables due to potential 
confounding. The prospective cohort study will help 
further confirm our conclusions. Second, the variation of 
surgery was also diverse, and there were some unidentified 
independent factors that could not be included in the 
analyses. Third, the nomograms in this study may require 
further validation from cohorts at other medical centres. 
Despite these limitations, we believe that our study results 
provide information applicable to routine clinical practice.

In summary, this study first revealed the relationship 
between preoperative RDW-SD, preoperative RDW-
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CV, and prognosis. Original predictive nomograms were 
constructed, especially based on preoperative blood 
markers, for the survival and postoperative complications of 
patients with CRLM. The nomograms had relatively good 
performance and are practical tools to predict prognosis.
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