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Abstract 

Background: The preoperative controlling nutritional status (CONUT) score and circulating tumour 
cell (CTC) status are associated with poor prognosis of colorectal cancer (CRC). The aim of the present 
study is to determine whether the combination of CONUT and CTC (CONUT-CTC) could better 
predict the prognosis of CRC patients treated with curative resection. 
Methods: Preoperative CONUT score was retrospectively calculated in 160 CRC patients who 
underwent curative resection at Zhongnan Hospital of Wuhan University from 2015 to 2017. 
Preoperative CTC counts were enumerated from 5 ml peripheral vein blood by a CTCBIOPSY® device. 
According to the preoperative CONUT and CTC status, the patients were divided into three groups: 
CONUT-CTC (0), CONUT-CTC (1) and CONUT-CTC (2). The relationship between CONUT score 
and CTC, as well as the associations of CONUT-CTC status with clinicopathological factors and survival, 
were evaluated. 
Results: Preoperatively, the number and positive rate of CTC were positively correlated with the 
preoperative CONUT score (P<0.01). An elevated CONUT-CTC score was significantly associated with 
deeper tumour invasion (P=0.025), lymphatic vessel invasion (P=0.002), venous invasion (P<0.001) and 
higher pTNM stage (P=0.033). Kaplan-Meier analysis and log-rank tests revealed significant decreases in 
recurrence-free survival (RFS) and cancer-specific survival (CSS) among CRC patients with 
CONUT-CTC score of 0, 1 and 2 (P<0.001). In pTNM stage-stratified analysis, high CONUT-CTC score 
was significantly associated with the poor (P<0.001) and CSS (P<0.001) of patients with stage III disease, 
but not correlated with the prognosis of patients with stage II disease (RFS: P=0.077; CSS: P<0.090). 
Further univariate and multivariate analyses showed that CONUT-CTC was an independent factor 
affecting patients’ RFS [hazard ratio (HR)=2.66, 95% confidence interval (CI):1.79-3.96, P<0.001] and CSS 
(HR=3.75, 95%CI: 2.14-6.57, P<0.001). In time-dependent receiver operating characteristics (ROC) 
analyses, CONUT-CTC score had a higher area under the ROC curve (AUC) for the prediction of RFS 
and CSS than did preoperative CONUT score or CTC status.  
Conclusion: The preoperative CONUT-CTC score is associated with tumour progression and poor 
prognosis in patients with CRC treated with curative resection, indicating that better information on 
CRC prognosis could be obtained from combined preoperative host immune-nutritional status and CTC 
detection. 
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Introduction 
The latest epidemiological data report that 

colorectal cancer (CRC) is now the third most 
frequently diagnosed cancer, but CRC is the second 
leading cause of cancer-related death worldwide, 
with over 1.8 million new cases and 881,000 deaths 
occurring in 2018[1]. Despite progressive improve-
ments in early diagnosis and multidisciplinary 
treatment, recurrence and metastasis remain a very 
common and usually fatal mode of failure after 
attempted curative treatment[1-3]. The 5-year relative 
survival rate for CRC patients still remains 
approximately 65%, yet about 50% of CRC patients 
will eventually develop recurrence and metastasis[2]. 
One of the key reasons is that CRC is a heterogeneous 
disease, but current prognostic or predictive factors 
for CRC do not provide optimal risk stratification, 
thereby affecting the tailored treatment for individual 
patients[4]. Therefore, it is necessary to establish novel 
but reliable biomarker panels that can help predict the 
risk of metastasis and guide individualized treatment.  

Circulating tumour cell (CTC) that shed from the 
primary tumour mass, circulate through the 
bloodstream and travel to different organs of body are 
considered to be the precursors of metastasis[5-7]. As 
a “liquid biopsy” technology, CTC detection is of 
important value for getting more insights into 
metastasis-associated progression[7, 8]. Our group 
and others have contributed a considerable body of 
evidence indicating that CTC detection in peripheral 
blood has great clinical potential for identifying 
potentially metastatic disease earlier, monitoring 
treatment response and evaluating patients’ clinical 
outcome in CRC[9-12]. In the process of CTC 
detection, a fact that cannot be ignored is that the 
number of CTCs in peripheral blood is extremely low, 
with one CTC in millions of blood cells[13]. It has 
been estimated that approximately 1×106 CTCs per 
gram of tumour tissue are released into the circulation 
daily[14], but most of them are recognized and 
cleared by immune cells in the blood microenviron-
ment; ultimately, less than 0.1% CTCs can reach 
distant organs to form metastasis lesion[15]. The 
above perspective has also been confirmed in our 
previous studies, which showed that the number of 
CTCs was negatively correlated with lymphocyte 
count in peripheral blood[16, 17]. Of note, we also 
found that CTC count had a negative correlation with 
decreased prognostic nutrition index (PNI)[18], which 
is an important indicator reflecting the perioperative 
nutritional conditions of patients with malignant 
gastrointestinal tract tumours[19]. According to the 
above findings, we speculated that preoperative host 
immune-nutritional status is closely related to the 
number of CTCs in peripheral blood; focusing on this 

topic could provide us with more valuable clinical 
information. Recently, controlling nutritional status 
(CONUT) score, as a newly proposed scoring system 
of immune-nutritional status, has gradually attracted 
clinicians’ attention[20]. It consists of three blood 
parameters, including the serum albumin levels, total 
peripheral lymphocyte counts and total cholesterol 
concentration, which are representative markers of 
protein reserves, calorie deficiency, and impaired 
immune defences, respectively[20]. Emerging evi-
dence has demonstrated that CONUT score was 
associated with the prognosis of patients with solid 
tumours[21], including CRC[22-24]. However, the 
relationship between preoperative CONUT score and 
CTC remains unknown, and the combined use of 
these two indices (CONUT-CTC) for evaluating the 
prognosis of CRC patients treated with curative 
resection has not yet been explored. 

In the present study, we found that, for CRC 
patients treated with curative resection, the number 
and positive rate of CTC were positively correlated 
with the preoperative CONUT score, and an elevated 
CONUT-CTC score was significantly associated with 
multiple unfavourable clinicopathological parameters 
and poor prognosis. Furthermore, we also 
demonstrated that preoperative CONUT-CTC score 
could be a better indicator for predicting the 
recurrence-free survival (RFS) and cancer-specific 
survival (CSS) of CRC patients. These data indicate 
that the preoperative CONUT-CTC scoring system is 
a valuable postoperative prognosticator for CRC 
patients treated with curative resection and may help 
identify high-risk patients for rational therapy and 
timely follow-up. 

Materials and Methods 
Study population  

All CRC patients who underwent curative 
resection at Zhongnan Hospital of Wuhan University 
from April 2015 to April 2017 were carefully reviewed 
retrospectively. The eligibility criteria were as follows: 
(1) histopathologically confirmed CRC; (2) underwent 
curative resection; (3) with available preoperative 
CTC detection data; (4) without any neoadjuvant 
chemotherapy and/or radiotherapy; (5) adequate and 
available medical record and following-up data. 
Patients were excluded if they presented with the 
following: (1) any acute infection or chronic inflamm-
atory disease; (2) any other known autoimmune 
disorder; (3) receipt of preoperative parenteral 
nutrition before the blood sample was collected; (4) 
additional unplanned resection; (5) death within 30 
days of surgery.  

All data on patient demographics, laboratory, 
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pathologic and treatment data were retrospectively 
obtained from the electronic medical record system. 
The postoperative pathological tumour-node- 
metastasis (TNM) stage of CRC was based on the 
seventh edition of the American Joint Committee on 
Cancer (AJCC) cancer staging manual[25]. Postopera-
tive complications and their grade were defined 
according to the Clavien-Dindo classification[26], 
which included surgical site infection, anastomotic 
leakage, any organ disease, any organ infection, 
abscess, pleural effusion, ascites, bleeding, obstruct-
tion, pancreatic fistula, and lymphorrhea. This study 
was approved by the Ethical Committee of Zhongnan 
Hospital of Wuhan University and complied with the 
standards of the Declaration of Helsinki. Written 
informed consent was obtained from all patients.  

CONUT score and other markers 
Preoperative blood samples were collected and 

assayed within 2 weeks before surgery. According to 
the laboratory measurements, including serum 
albumin, total cholesterol concentrations, and total 
peripheral lymphocyte counts, preoperative CONUT 
scores were calculated as in Figure 1A and based on 
previous reports[20, 23]. The normal cut-offs for 
serum albumin, total cholesterol, and total lympho-
cytes were 35 g/l, 180 mg/dl, and 1600/mm3, 
respectively. Body mass index (BMI) was calculated 

from preoperative patient height and weight, as 
measured by our clinical staff on the date of 
admission. The patients were divided into three BMI 
groups, as indicated by the World Health Organiza-
tion: <18.5 kg/m2, 18.5-24.9 kg/m2, and ≥25 kg/m2. 
The cut-off values for serum carcinoembryonic 
antigen (CEA), carbohydrate antigen (CA) 125 and 
CA 199 levels were defined as 5.0 ng/ml, 35 U/ml 
and 37 U/ml, respectively, based on the 
recommendations of the measuring kit our institute 
adopted. 

CTC isolation and identification 
CTC isolation was performed using the 

CTCBIOPSY® device (Wuhan YZY Medical Science 
and Technology Co., Ltd., Wuhan, China), as 
described in our previous studies[11, 16]. The specific 
implementation was completed by the professional 
staff of Wuhan YZY Medical Science and Technology 
Company according to the manufacturer's instruction. 
In brief, 5 ml peripheral blood samples from each 
patient were collected in EDTA-containing tubes (BD, 
USA) and diluted up to 15 ml with 0.9% physiological 
saline containing 0.2% paraformaldehyde; then, the 
samples were transferred to tubes with an 8 μm 
diameter aperture membrane. After being filtered by 
positive pressure from 12 to 20 mmHg, the candidate 
CTCs adhered to the membrane and were identified 

by three-colour immunofluorescence 
staining, as described in our previous 
study[16]. Briefly, membranes with CTC 
were transferred to glass slides and were 
fixed with 4% PFA for 5 minutes. After 
washing the membrane with BD wash 
buffer (BD, USA) three times, 100 µl 
Cytofix/ Permeabilization Kit reagent 
(BD, USA) was added on the membrane 
for 20 minutes to allow for intracellular 
staining. Next, 10% goat serum was added 
to block for one hour, followed by 
discarding the serum and adding either 
the primary mouse antibody against 
FITC-CK (1:100; Abcam, USA) and rat 
antibody against PE-CD45 (1:100; Santa, 
USA) for incubation overnight at 4°C. The 
membrane was washed with BD wash 
buffer, followed by the addition of the 
secondary Alexa Fluor 488-conjugated 
goat anti-mouse IgG (1:100; Invitrogen, 
USA) and Alexa Fluor 546-conjugated 
goat anti-rat IgG (1:200; Invitrogen, USA). 
The nuclei were stained with Hoechst 
33342 (1:500; Sigma, USA) and incubated 
for one hour; then, the membrane was 
washed three times with BD wash buffer. 

 

 
Figure 1. Definition of CONUT score and determination of optimal cut-off value. A. The scoring 
system for the CONUT scale. According to the cut-off value by ROC analysis, CRC patients were 
divided into two groups, the CONUT-low group and -high group. B. ROC analysis of the optimal 
cut-off value of CONUT score based on patients’ cancer-specific survival. Abbreviations: CRC, 
colorectal cancer; CONUT, controlling nutritional status; ROC, receiver operating characteristic; 
AUC, area under curve; CI, confidence interval. 
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Finally, CTC were imaged and enumerated using a 
fluorescence microscopy (IX81; Olympus, Tokyo, 
Japan). CTCs captured on membranes were 
photographed using IPP software (Media Cybernetics 
Inc., Silver Spring, MD, USA). CK+/CD45-/Hoechst+ 
cells were defined as CTCs, while CK-/CD45+/ 
Hoechst+ cells were regarded as white blood cells 
(WBC). Based on the results of our previous study, 
CTC count ≥ 1 was defined as CTC-positive[16]. 

Definition of preoperative CONUT-CTC score  
According to the status of preoperative CONUT 

score and CTC, the CONUT-CTC score was calculated 
as follows: the patients with CONUT-high (CONUT 
score ≥ 3) and CTC-positive (CTC count ≥ 1) were 
assigned a score of 2; the patients with only 
CONUT-high (CONUT score ≥ 3) or CTC-positive 
(CTC count ≥ 1) were assigned a score of 1; the 
patients with CONUT-low (CONUT score < 3); and 
CTC-negative patients (CTC count = 0) were assigned 
a score of 0. 

Surveillance and follow-up strategy 
Adjuvant treatments, including chemotherapy 

(5-fluorouracil-based combination chemotherapy) 
and radiotherapy, were planned according to the 
postoperative pathological tumour stage, doctor’s 
selection and patient’s desire. Following the 
recommendations in recognized guidelines[27-29], all 
patients were recommended for postoperative 
monitoring by physical examination and laboratory 
tests, including tests for tumour markers (such as 
CEA and CA199) every 3 months for the first 2 years, 
every 6 months for the next 3 years, and annually 
thereafter. Imaging, most frequently computer 
tomography (CT) of the thorax, abdomen and pelvis, 
was recommended for performing at a minimum of 
every 12 months for at least 3 years. Colonoscopy was 
recommended for typically performing within the 
first year after surgery and then repeated every 3 to 5 
years unless advanced tumours were identified. If 
necessary, further evaluations, such as positron 
emission tomography (PET) or magnetic resonance 
imaging (MRI), were initiated to better identify 
recurrence. Follow-up data were available from 
patient files or by telephone interview with the 
patients or guardians. All patients were monitored 
either until September 31, 2018 or their death. RFS 
was determined from the date of resection to the date 
of tumour recurrence or distant metastasis. CSS was 
defined as the time in months between the operation 
and death caused by GC or last follow-up. Tumour 
recurrence was definitively diagnosed based on the 
appearance of new lesions on CT, MRI, and/or PET 
images and/or histological confirmation through 

biopsy after reviewing the radiographic reports.  

Statistical analysis 
Categorical data were summarized by a number 

(%). Continuous variables are presented as median 
with ranges (minimum, maximum) or mean ± 
standard deviation (mean ± SD). The optimal cut-off 
value for CONUT score was determined by the 
maximum of Youden index (sensitivity + specificity-1) 
based on receiver operating characteristics (ROC) 
curve analyses. The relationships between the 
CONUT-CTC score and the clinicopathologic 
characteristics were analysed with the Pearson χ2 test. 
Correlation between CONUT score and CTC count 
was assessed with Spearman’s correlation coefficient. 
The overall cumulative probability of RFS and CSS 
were calculated using the Kaplan-Meier method, and 
differences in survival rates among groups with 
different preoperative CONUT score, CTC status or 
CONUT-CTC score were determined using the 
Log-Rank test. The variables associated with RFS and 
CSS that were significant in univariate analyses were 
selected for multivariate Cox proportional hazards 
model to identify independent prognostic factors. 
ROC analyses were further used to compare the 
prognostic value of independent prognostic factors, 
and AUC were calculated. Hazard ratios (HR) 
estimated from the Cox analysis are reported as 
relative risks with corresponding 95% confidence 
intervals (CIs). A two-sided P value < 0.05 was 
considered statistically significant. All statistical 
analyses were performed with SPSS software (version 
22.0, SPSS Institute, Chicago, IL, USA). 

Results 
Patient characteristics 

A total of 160 eligible patients, including 90 
(56.3%) males and 70 (43.7%) females, were enrolled, 
with ages ranging from 28 to 81 years (Mean ± SD: 
58.4 ± 11.8 years). Among all the included patients, 
tumours were located in the colon in 93 (58.1%) 
patients and in the rectum in 67 (41.9%) patients. 
There were 38 (23.8%), 55 (34.4%), and 67 (41.8%) 
tumours with well, moderate, and poor grades, 
respectively. T1, T2, T3 and T4 grade tumours were 
found in 4 (2.5%), 20 (12.5%), 62 (38.8%), and 74 
(46.2%) patients, respectively; stage I, II, and III 
disease was identified in 13 (8.1%), 78 (48.8%), and 69 
(43.1%) patients, respectively. Based on the 
illustration in Figure 1A, the preoperative CONUT 
scores of all included patients were calculated, 
respectively. Furthermore, according to the optimal 
cut-off value determined by ROC analysis, 3 was 
defined as the optimal cut-off value for CONUT score 
[specificity: 0.821, sensitivity: 0.625; area under the 
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curve (AUC) = 0.759, 95%CI: 0.668-0.850, P<0.001] 
(Figure 1B), and ≥3 was defined as a high 
preoperative CONUT score. There were 86 (53.8%) 
and 74 (46.2%) patients with low and high pre-
operative CONUT scores, respectively. Preoperative 
CTC-negative and -positive status was found in 43 
(26.9%) and 117 (73.1%) patients, respectively. The 
CONUT-CTC score was 0 for 34 (21.3%) patients, 1 for 
61 (38.1%) patients, and 2 for 65 (40.6%) patients. The 
major clinicopathological characteristics of all 
included patients are summarized in Table S1.  

Relationship between preoperative CONUT 
score and CTC  

Representative images of CTCs (from patient 6 
and 83) were shown in Figure 2A. The relationships 
between preoperative CONUT score and CTC were 
examined. The results showed a significant positive 
correlation between serum preoperative CONUT 
score and CTC count (r=0.623, P<0.001) (Figure 2B). In 
addition, the positive rate of CTC in patients in the 

preoperative CONUT-high group was significantly 
higher than that in the CONUT-low group (P<0.01) 
(Figure 2C). 

Correlation between preoperative 
CONUT-CTC score and clinicopathological 
characteristics 

The relationships between preoperative 
CONUT-CTC score and the clinicopathological 
characteristics of 160 included CRC patients were 
presented in Table 1. The data showed that preopera-
tive CONUT-CTC score was significantly correlated 
with depth of tumour invasion (P=0.025), pTNM stage 
(P=0.033), lymphatic vessel invasion (P=0.002) and 
venous invasion (P<0.001) but was not correlated with 
gender, age, BMI, tumour location, tumour size, 
histopathological type, lymph node metastasis, severe 
complication, adjuvant chemotherapy, preoperative 
CEA level, preoperative CA125 level or preoperative 
CA199 level (P>0.05 for all). 

 

 
Figure 2. Relationship between preoperative CONUT score and CTC in peripheral blood of CRC patients. A. Representative CTC images from included patients 
6 and 83. Three-colour immunofluorescence staining based on FITC-labelled anti-CK, PE-labelled anti-CD45, and Hoechst nuclear staining was applied to identify and 
enumerate CTC from non-specifically trapped WC. B. Correlation analysis between preoperative CONUT score and CTC count. C. Difference analysis of CTC 
positive rate between preoperative CONUT-low and -high group. Note: Scale bar: 20 μm. Abbreviations: CONUT, controlling nutritional status; CTC, circulating 
tumour cell; CRC, colorectal cancer; FITC, fluorescein isothiocyanate; PE, phycoerythrin; WBC, white blood cell. 
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Table 1. Relationships between CONUT-CTC score and 
clinicopathological characteristics of 160 CRC patients 

Characteristics CONUT-CTC score [n (%)] χ2 
value 

 P value 
Score 0  
(n = 34) 

Score 1  
(n = 61) 

Score 2  
(n = 65) 

Gender    0.195 0.907 
Male 18 (52.94) 35 (57.38) 37 (56.92)   
Female 16 (47.06) 26 (42.62) 28 (43.08)   
Age (years)    0.425 0.808 
<60  16 (47.06) 32 (52.46) 35 (53.85)   
≥60  18 (52.94) 29 (47.54) 30 (46.15)   
BMI (kg/m2)    4.755 0.313 
<18.5 15 (44.12) 22 (36.07) 32 (49.23)   
≥18.5, <25.0 13 (38.24) 33 (54.10) 24 (36.92)   
≥25.0 6 (17.64) 6 (9.83) 9 (13.85)   
Tumour location    3.981 0.137 
Colon 16 (47.06) 41 (67.21) 36 (55.38)   
Rectal 18 (52.94) 20 (32.79) 29 (44.62)   
Tumour size (cm)    1.011 0.603 
<3 17 (50.00) 37 (60.66) 37 (56.92)   
≥3 17 (50.00) 24 (39.34) 28 (43.08)   
Histopathological type    1.114 0.573 
Well-moderate  22 (64.71) 36 (59.02) 35 (53.85)   
Poor 12 (35.29) 25 (40.98) 30 (46.15)   
Depth of tumour invasion    7.406 0.025* 
T1-T2 10 (29.41) 8 (13.11) 6 (9.23)   
T3-T4  24 (70.59) 53 (86.89) 59 (90.77)   
Lymph node metastasis    5.115 0.078 
N0-1 27 (79.41) 41 (67.21) 37 (56.92)   
N2-3 7 (20.59) 20 (32.79) 28 (43.08)   
pTNM stage    6.831 0.033* 
I-II 23 (67.65) 39 (63.93) 29 (44.62)   
III 11 (32.35) 22 (36.07) 36 (55.38)   
Lymphatic vessel invasion    12.538 0.002* 
Negative 27 (79.41) 40 (65.58) 29 (44.62)   
Positive 7 (20.59) 21 (34.42) 36 (55.38)   
Venous invasion    17.944 <0.001* 
Negative 29 (85.29) 37 (60.66) 32 (49.23)   
Positive 5 (14.71) 24 (39.34) 33 (50.77)   
Severe complication     1.539 0.463 
Absence  28 (82.35) 50 (81.97) 58 (89.23)   
Presence 6 (17.65) 11 (18.03) 7 (10.77)   
Adjuvant chemotherapy    4.401 0.111 
No 21 (61.76) 31 (50.82) 26 (40.00)   
Yes 13 (38.24) 30 (49.18) 39 (60.00)   
Preoperative CEA (ng/ml)    1.389 0.499 
<5  25 (73.53) 39 (63.93) 47 (72.31)   
≥5  9 (26.47) 22 (36.07) 18 (27.69)   
Preoperative CA125 ( U/ml)    0.169 0.919 
<35 26 (76.47) 46 (75.41) 51 (78.46)   
≥35 8 (23.53) 15 (24.59) 14 (21.54)   
Preoperative CA199 ( U/ml)    0.415 0.813 
<37 23 (67.65) 45 (73.77) 47 (72.31)   
≥37 11 (32.35) 16 (26.23) 18 (27.69)   

Notes: *indicates P<0.05. CRC, colorectal cancer; CONUT, controlling nutritional 
status; CTC, circulating tumour cell; BMI, body mass index; TNM, tumour-node- 
metastasis; CEA, carcinoembryonic antigen; CA125, carbohydrate antigen 125; 
CA199; carbohydrate antigen 199.  
 

Survival analysis 
The median follow-up duration was 30 months 

(range, 6-42 months). By the last follow-up time, 68 
(42.5%) patients developed disease recurrence, and 47 
(29.3%) died. The recurrence and death rates of 
patients in preoperative CONUT-CTC score groups 0, 
1 and 2 were 11.76%, 34.43% and 66.15% and 2.94%, 
19.67% and 52.31%, respectively, with significant 

differences between groups (P<0.001) (Figure 3). The 
median RFS and CSS were 31.8 (range 30.0-33.5) 
months and 36.5 (range 35.3-37.8) months, 
respectively. As expected, traditional factors were 
associated with CRC patients’ RFS and CSS, such as 
histopathological type, depth of tumour invasion, 
lymph node metastasis, pTNM stage, lymphatic 
vessel invasion, venous invasion and adjuvant 
chemotherapy (P<0.05 for all) (Table S2 for RFS; 
Table S3 for CSS). In addition, both high preoperative 
CONUT score and CTC-positive status were 
significant correlated with poor RFS (Log-Rank 
P<0.001) and CSS (Log-Rank P<0.001) (Figure S1). 

Kaplan-Meier analysis and the Log-Rank test 
showed that an elevated CONUT-CTC score was 
significantly associated with shorter RFS (Log-Rank 
P<0.001) (Figure 4A) and CSS (Log-Rank P<0.001) 
(Figure 4B). Stage-specific RFS and CSS are shown in 
Figure 5. In patients with stage II disease, the mean 
RFS and CSS time of patients was not significantly 
different among different preoperative CONUT-CTC 
score groups, although both of them were shorter in 
the preoperative CONUT-CTC score of 2 group than 
that of patients with scores of 1 or 0 (RFS: Log-Rank 
P=0.077; CSS: Log-Rank P<0.090) (Figure 5A and 5B). 
Among patients with stage III disease, the mean RFS 
and CSS time of patients with a preoperative 
CONUT-CTC score of 2 was significantly shorter than 
that of patients with scores of 1 or 0 (Log-Rank 
P<0.001) (Figure 5C and 5D). However, we did not 
conduct a subgroup analysis in patients with stage I 
disease due to the small number of patients. 

Univariate and multivariate analyses were 
further performed to explore the factors associated 
with RFS and CSS in the included CRC patients. In 
univariate analyses, traditional clinicopathological 
features (such as histopathological type, depth of 
tumour invasion, lymph node metastasis, pTNM 
stage, lymphatic vessel invasion, venous invasion and 
adjuvant chemotherapy), as well as preoperative 
CONUT score, preoperative CTC status and 
preoperative CONUT-CTC score, were associated 
with RFS and CSS (P<0.05 for all) (Table 2). Factors 
showing significance by univariate analysis were 
integrated into multivariate Cox proportional hazards 
analysis. In this study, CONUT score, CTC status and 
combined features (CONUT-CTC score) were highly 
correlated. Therefore, two separate multivariate 
models were generated to avoid the multicollinearity 
among the above three variables. The results showed 
that preoperative CONUT score and CTC status were 
independent prognostic factors for RFS and CSS after 
excluding other confounding factors (P<0.05 for all). 
Moreover, the combined features (CONUT-CTC 
score) were also an independent prognostic factor for 
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RFS and CSS in the included patients (RFS: HR=2.66, 
95%CI: 1.79-3.96, P<0.001; CSS: HR=3.75, 95%CI: 
2.14-6.57, P<0.001) (Table 3). 

Comparison of the predictive value of 
independent prognostic factors 

ROC analysis was implemented to further 
evaluate the prognostic performance of the four 
independent factors in this study. The results showed 
that preoperative CONUT-CTC score would be better 
at predicting the RFS and OS of CRC patients 
compared to preoperative CONUT score, preopera-
tive CTC status and pTNM stage (RFS: AUC=0.734, 
95%CI: 0.656-0.812, P<0.001, Figure 6A; CSS: 
AUC=0.757, 95%CI: 0.680-0.834, P<0.001, Figure 6B). 

 

 
Figure 3. Comparison of the difference of recurrence rate and mortality in 
different preoperative CONUT-CTC score groups. Abbreviations: CONUT, 
controlling nutritional status; CTC, circulating tumour cell. 

 
 

 
Figure 4. Kaplan-Meier curves for CRC patients in the different preoperative CONUT-CTC score groups. A. Recurrence-free survival. B. Cancer-specific survival. 
Abbreviations: CRC, colorectal cancer; CONUT, controlling nutritional status; CTC, circulating tumour cell.  

 

Table 2. Univariate analyses of factors associated with recurrence-free survival and cancer-specific survival of CRC patients 

Factors  Recurrence-free survival  Cancer-specific survival 
HR 95% CI P value  HR 95% CI P value 

Gender (Male vs. Female) 0.88  0.55-1.43 0.618   0.88  0.49-1.59 0.680  
Age (<60 vs. ≥60 years) 0.70  0.43-1.14 0.151   0.85  0.48-1.51 0.573  
BMI (<18.5 vs.≥18.5, <25.0 vs. ≥25.0 kg/m2) 0.88  0.62-1.25 0.478   0.74  0.48-1.15 0.180  
Tumour location (Colon vs. Rectal) 1.48  0.86-2.22 0.187   1.44  0.81-2.54 0.216  
Tumour size (<5 vs. ≥5 cm) 1.10  0.68-1.78 0.687   1.37  0.77-2.42 0.287  
Histopathological type (Well-moderate vs. Poor) 1.41  1.04-1.93 0.028*   1.47  1.01-2.14 0.046*  
Depth of tumour invasion (T1-T2 vs. T3-T4) 1.56  1.07-2.28 0.022*   1.60  1.01-2.54 0.048*  
Lymph node metastasis (N0-1 vs. N2-3) 1.63  1.30-2.06 <0.001*  1.62  1.22-2.16 0.001*  
pTNM stage (I-II vs. III) 3.07  1.92-4.92 <0.001*  4.08  2.19-7.57 <0.001* 
Lymphatic vessel invasion (Negative vs. Positive) 2.18  1.35-3.52 0.002*   2.91  1.61-5.29 <0.001* 
Venous invasion (Negative vs. Positive) 1.94  1.20-3.12 0.007*   2.07  1.17-3.70 0.013* 
Severe complication (Absence vs. Presence) 1.34  0.72-2.41 0.334   1.17  0.56-2.41 0.680  
Adjuvant chemotherapy (no vs. yes) 1.87  1.14-3.08 0.014*   2.74  1.42-5.28 0.003*  
Preoperative CEA (<5 vs. ≥5 ng/ml ) 1.50  0.92-2.46 0.108   1.16  0.63-2.15 0.631  
Preoperative CA125 (<35 vs. ≥35 U/ml ) 1.51  0.90-2.54 0.116   1.62  0.89-2.97 0.116  
Preoperative CA199 (<37 vs. ≥37 U/ml) ) 1.45  0.89-2.38 0.138   1.49  0.82-2.68 0.188  
Preoperative CONU score (Low vs. High) 2.79  1.69-4.59 <0.001*  4.55  2.35-8.81 <0.001* 
Preoperative CTC staus (Negative vs. Positive) 5.81  2.34-14.47 <0.001*  8.14  1.97-33.57 0.004*  
Preoperative CONUT-CTC score (0 vs. 1 vs. 2) 2.78  1.88-4.13 <0.001*  3.96  2.28-6.90 <0.001* 
Notes: *indicates P<0.05. CRC, colorectal cancer; HR, hazard ratio; CI, confidence interval; BMI, body mass index; TNM, tumour-node-metastasis; CEA, carcinoembryonic 
antigen; CA125, carbohydrate antigen 125; CA199; carbohydrate antigen 199; CONUT, controlling nutritional status; CTC, circulating tumour cell. 
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Table 3. Multivariate analyses of factors associated with recurrence-free survival and cancer-specific survival of CRC patients 

Notes: *indicates P<0.05. CRC, colorectal cancer; HR, hazard ratio; CI, confidence interval; TNM, tumour-node-metastasis; CEA, carcinoembryonic antigen; CONUT, 
controlling nutritional status; CTC, circulating tumour cell. 

 
 

 
Figure 5. Stage-specific Kaplan-Meier curves for CRC patients in different preoperative CONUT-CTC score groups. A. Recurrence-free survival for pStage I/II. B. 
Cancer-specific survival for pStage I/II. C. Recurrence-free survival for pStage III. D. Cancer-specific survival for pStage III. Abbreviations: CRC, colorectal cancer; 
CONUT, controlling nutritional status; CTC, circulating tumour cell.  

 
Discussion 

Despite great progress in understanding the 
biological behaviour of CRC[28, 29], routine 

prognostic risk assessment of patients with CRC still 
relies on the traditional model. Currently, TNM 
classification is still the most commonly used 
prognostic predictive tool for CRC patients[25, 30]; 

Factors  Recurrence-free survival  Cancer-specific survival 
HR 95% CI P value  HR  95% CI P value 

Model 1        
Histopathological type (Well-moderate vs. Poor) 1.33  0.97-1.81 0.074   1.23  0.83-1.83 0.298  
Depth of tumour invasion (T1-T2 vs. T3-T4) 1.18  0.72-1.93 0.512   0.81  0.42-1.55 0.526  
Lymph node metastasis (N0-1 vs. N2-3) 1.14  0.76-1.71 0.529   0.84  0.52-1.37 0.495  
pTNM stage (I-II vs. III) 2.78  1.01-7.72 0.049*   4.94  1.46-16.69 0.010*  
Lymphatic vessel invasion (Negative vs. Positive) 1.34  0.71-2.54 0.365   1.46  0.64-3.33 0.371  
Venous invasion (Negative vs. Positive) 0.58  0.31-1.07 0.081   0.54  0.25-1.14 0.107  
Adjuvant chemotherapy (No vs. Yes) 0.74  0.32-1.70 0.484   1.29  0.47-3.57 0.619  
Preoperative CONUT score (Low vs. High) 2.02  1.19-3.43 0.010*   3.45  1.68-7.10 0.001*  
Preoperative CTC status (Negative vs. Positive) 4.79  1.82-12.60 0.002*   4.70  1.05-21.03 0.043*  
Model 2        
Histopathological type (Well-moderate vs. Poor) 1.27 0.93-1.73 0.127  1.22 0.82-1.80 0.323 
Depth of tumour invasion (T1-T2 vs. T3-T4) 1.12 0.69-1.82 0.647  0.80 0.42-1.53 0.500 
Lymph node metastasis (N0-1 vs. N2-3) 1.12 0.75-1.67 0.592  0.84 0.52-1.37 0.491 
pTNM stage (I-II vs. III) 2.99 1.09-8.16 0.033*  5.01 1.49-16.82 0.009* 
Lymphatic vessel invasion (Negative vs. Positive) 1.28 0.68-2.39 0.442  1.43 0.63-3.24 0.390 
Venous invasion (Negative vs. Positive) 0.63 0.34-1.16 0.138  0.55 0.26-1.16 0.117 
Adjuvant chemotherapy (No vs. Yes) 0.77 0.34-1.73 0.526  1.31 0.48-3.60 0.596 
Preoperative CONUT-CTC score (0 vs. 1 vs. 2) 2.66 1.79-3.96 <0.001*  3.75 2.14-6.57 <0.001* 
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however, this marker is lacking in regard to reflecting 
the characteristics of the tumour, which is difficult to 
generalize due to the individual differences between 
patients, such as the immune-nutritional status and 
micrometastatic condition in the blood. Therefore, 
these traditional prognostic factors have yet to be 
improved by the incorporation of novel biomarkers, 
which might be beneficial for individualized 
treatment of CRC patients. In the present study, we 
investigated the prognostic value of preoperative 
CONUT-CTC score, a novel incorporated prognostic 
system, for 160 CRC patients undergoing curative 
resection. To the best of our knowledge, this is the first 
study to uncover that preoperative CONUT-CTC 
score is associated with tumour progression and can 
be considered an independent marker for better 
predicting the prognosis of patients with CRC treated 
with curative resection. 

The CONUT score is proposed as a blood-based 
marker for reflecting host immune-nutritional 
status[20, 23], and growing evidence has shown that 
higher preoperative CONUT score indicates worse 
nutritional condition and pro-tumour immunity 
status[20, 22-24], which facilitates the migration, 
invasion and metastasis of tumour cells[31-35] and 
affects patients’ prognosis with multiple solid 
tumours[21], including lung[36], liver[37], gastric[38] 
and colorectal cancer[22-24]. As a component of 
peripheral blood in patients with cancer, CTC was 
originally considered to be an important mediator of 
tumour recurrence and metastasis[6] and was also 
reported to be significantly associated with poor 
prognosis in a variety of malignancies[9, 11, 39]. 
Noteworthily, recent studies have also shown that the 
release and survival of CTCs is the result of 
interactions with the host's immune system, and the 

number of CTCs in the peripheral blood can also 
indirectly reflect the immune-nutritional status of 
patients[16-18]. In view of the above findings, we 
attempted to create a new scoring system by 
combining both CONUT and CTC (CONUT-CTC), 
which is theoretically more convincing and reflects a 
stronger prognostic value for predicting survival. This 
hypothesis was confirmed in our present study, in 
which 160 CRC patients treated with curative 
resection were enrolled. Our results indicated that a 
positive correlation existed between the preoperative 
CONUT score and CTC count, and preoperative 
CONUT-CTC score can serve as an independent 
biomarker for prognostic estimates. Furthermore, 
according to ROC curve analysis, the AUC value of 
the CONUT-CTC score exceeded those of CONUT 
and CTC, providing a more convincing conclusion 
that preoperative CONUT-CTC score exhibits 
comparable prognostic ability that is even stronger 
than preoperative CONUT score or CTC alone. 

With regard to the mechanisms underlying the 
relationship between CONUT score and CTC, they 
are multifaceted and remain unclear. A serials of in 
vitro experiments and clinical studies revealed that the 
potential mechanisms might be clarified by exploring 
the function of the aforementioned three components 
and their effects on the biological behaviour of 
tumour cells, including proliferation, migration, 
invasion and survival[32-35, 40-42]. Among these, 
serum albumin is not only a strong indicator of host 
nutritional conditions but also relates to the 
inflammation and immune status of host[43]. Related 
studies have shown that low serum albumin levels 
may create favourable conditions for the migration, 
invasion and colonization of tumour cells by 
deteriorating the nutritional status and immune status 

of patients[31]. Lymphocytes 
have a key role in tumour 
defence by inducing cytotoxic 
cell death, and they play an 
important role in cancer immune 
surveillance[32]. Low lympho-
cyte counts weaken the body's 
immune defence function by 
initiating a cytotoxic immune 
response, thereby exerting a 
pro-tumour effect and enhancing 
the proliferation, growth and 
invasion of tumour cells[40, 41]. 
Among the three above compo-
nents, total cholesterol level is 
the main difference between the 
CONUT score and other 
inflammatory markers. As an 
important component of the cell 

 

 
Figure 6. Time-dependent ROC curves of preoperative CONUT score, CTC status, CONUT-CTC score, and 
pTNM stage for the prediction of CRC patients’ outcomes. A. Recurrence-free survival. B. Cancer-specific 
survival. Abbreviations: CRC, colorectal cancer; CONUT, controlling nutritional status; CTC, circulating 
tumour cell; ROC, receiver operating characteristic; AUC, area under curve; CI, confidence interval. 
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membrane, cholesterol participates in a variety of 
signalling pathways related to tumourigenesis, 
progression, and immune response[34, 35]. Previous 
studies have confirmed that lower serum total 
cholesterol levels are associated with poor prognosis 
in CRC[42], which may contribute to tumour 
progression by impairing the immune system, 
affecting signalling in tumour cells, and promoting 
tumour cell proliferation, migration, and invasion[33, 
34]. Based on these findings, we deduced that the high 
CONUT score reflects the poor nutrition and low 
anti-tumour immune status of host, which creates 
favourable conditions for the proliferation, migration 
and invasion of tumour cells in tumour lesions, 
thereby promoting the release of CTCs. Meanwhile, 
the decrease of lymphocyte counts in the peripheral 
blood makes the CTCs less likely to be attacked by 
immune cells after entering the bloodstream, so that 
more CTCs survive and are detected. This also 
provided a reasonable explanation for the findings of 
our study on the relationship between high 
preoperative CONUT-CTC score and multiple 
unfavourable clinicopathological features, including 
depth of tumour invasion, pTNM stage, lymphatic 
vessel invasion and venous invasion, which were 
consistent with previous studies[9, 11, 22-24]. 

In the past few decades, many clinicopathologi-
cal biomarkers have been identified to efficiently 
predict recurrence and survival in CRC through the 
continuous efforts of researchers[44]. However, 
expensive and technical limitations have prevented 
their clinical spread. Blood-based biomarkers are now 
recognized to be attractive practical tools due to the 
advantages of being easily accessible, routinely tested, 
relatively noninvasive and inexpensive[45]. Addition-
ally, CTCBIOPSY® (Wuhan YZY Medical Science and 
Technology Co., Ltd., Wuhan, China), the device used 
in our study for CTC isolation, was jointly developed 
by us and Medical Science and Technology Co., 
Ltd.[16]. As a device based on the principle of 
isolation by size of epithelial tumour cells (ISET), it 
has been demonstrated to achieve CTC separation in a 
manner of cheapness, automation and efficiency. 
Therefore, CONUT-CTC score, as a blood-derived 
tool, has the advantages of being easily measurable, 
cost-efficient and highly repeatable in clinical practice. 
Combined with our results, preoperative 
CONUT-CTC score may be a novel and valuable tool 
for custom surveillance schedules and individualized 
therapeutic strategies for CRC patients of different 
risk subgroups. For CRC patients with a high 
preoperative CONUT-CTC score, more intense 
therapy and more frequent follow-up after curative 
resection might be needed.  

There were several limitations in this study. 

First, the study was a retrospective study from a 
single centre. Second, the sample size was relatively 
small, which made it difficult to conduct further 
verification analysis by dividing patients into training 
and validation cohorts. Third, the follow-up time was 
relatively short, and not all patients received 
standardized adjuvant therapy and follow-up 
procedures according to the NCCN guidelines, 
therefore, our results should be interpreted with 
caution and require more detailed and accurate data 
to further verify. In addition, we did not routinely 
measure and analyse other blood-derived immune- 
nutritional markers, such as PNI or Glasgow 
prognostic score (GPS). Nevertheless , there are no 
studies focusing on the relationships between 
preoperative CONUT score and CTC in CRC patients 
treated with curative resection. These preliminary 
findings can lay the foundation for future larger, 
longer and more standardized follow-up study on this 
topic, which are required to confirm our results and to 
assess the validity of this prognostic indicator.  

In conclusion, our study provides the first 
evidence that preoperative CONUT-CTC score is 
associated with tumour progression and can be 
considered an independent prognostic factor for 
predicting RFS and CSS in CRC patients treated with 
curative resection. As a novel, economical and reliable 
biomarker, it may have great clinical potential for 
individualized treatment decision-making and 
improving follow-up performance.  
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