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Purpose: The aim of our study was to identify the diagnostic ability of free fatty acids 
(FFAs) in younger colorectal cancer (CRC) patients by comparing carcinoembryonic antigen 
(CEA) and carbohydrate antigen 19-9 (CA19-9).
Methods: Patients screened for CRC at Fujian Medical University Union Hospital from 
January 2011 to December 2014 were recruited. Patients pathologically diagnosed with 
CRC or colorectal adenoma (CA) and healthy control participants were included. The 
enzyme endpoint method was applied to measure FFA levels. Receiver operating char-
acteristic (ROC) curve analysis was performed to further evaluate the diagnostic ability 
of FFAs.
Results: FFA levels in late-stage patients (tumour-node-metastasis (TNM) stages III– 
IV) were higher than those in early-stage patients (TNM stages I–II) (P=0.02). The FFA 
levels in CRC patients were higher than those in controls of all ages, those younger 
than 50 years, males and females (P<0.001), and this difference was larger for patients 
younger than 50 years and females than for the all ages group. There was no significant 
difference in the FFA level between CA patients and healthy participants (P=0.53). The 
area under the curve (AUC) values of FFA, CEA, CA19-9, FFA+CEA, FFA+CA19-9 
and FFA+CEA+CA19-9 distinguished CRC patients from controls at all ages, with 
values of 0.604, 0.731, 0.640, 0.754, 0.678 and 0.758, respectively; however, in the 
younger CRC patients (age≤50), the AUC values were 0.701, 0.735, 0.669, 0.798, 
0.749, and 0.801. The AUC in female patients younger than 50 years was larger than 
that in males (0.769 vs 0.660), and this value was greater than the value for CEA in 
males (0.739) and females (0.729).
Conclusion: The FFA level not only can complement the predictive ability of the CEA and 
CA19-9 levels but also has a superior predictive ability in female and younger patients with 
CRC. FFA levels may have a potential role in triage screening of early CRC.
Keywords: free fatty acid, colorectal cancer, colorectal adenoma, sex, younger patients

Introduction
Colorectal cancer (CRC) remains a common cancer worldwide and a significant 
public health burden. The estimated annual incidence is 1.2 million new cases 
per year.1 Unfortunately, while we have witnessed a declining incidence trend over 
the past few decades in the older population due to widespread colonoscopic 
screening,2 incidence and mortality rates for adults aged 20–49 have been increas-
ing steadily.3 On the one hand, younger patients with CRC suffer from 
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clinicopathologic features and underlying tumour biology, 
such as methylation status, microsatellite instability, and 
somatic mutations, compared with those in their older 
counterparts. Colorectal tumours have more unfavourable 
histologic features, are usually diagnosed at a more 
advanced stage, and more frequently involve left-sided 
primary tumours.4,5 On the other hand, due to a lack of 
routine screening, emerging lifestyle issues such as obe-
sity, lack of exercise, dietary factors and the widespread 
belief that cancer is associated with ageing, family doctors 
can too easily discount the possibility of colorectal cancer 
in young patients, even when they present with character-
istic symptoms such as blood in the stool and abdominal 
pain.4,5 It was reported that the median time to treatment 
from symptom onset in CRC in patients younger than 50 
years was more than 7 times that in older patients.6 It is 
critical to find a reliable biomarker to diagnose younger 
patients, who do not undergo colonoscopy screening, with 
CRC as early as possible.

Free fatty acids (FFAs) are triacylglycerol (TAG) pre-
cursors that are needed to replenish TAG stores in adipose, 
liver and muscle tissue through esterification; when hepa-
tic glycogen is low and when muscles need energy, the 
TAGs in adipose tissue are broken down into FFAs for 
energy.7 FFAs are involved in insulin resistance and the 
metabolism of glucose and lipids and may play a role in 
the progression of diseases, such as diabetes, coagulation/ 
fibrinolysis disorders and hypertension.8–10 Recently, 
increasing evidence has demonstrated that cancer involves 
numerous metabolic pathways, such as glycolysis and the 
tricarboxylic acid cycle.11 In addition, cancer cells fre-
quently exhibit alterations in fatty acid metabolism to 
sustain growth and proliferation, fulfil energy require-
ments and provide metabolites for anabolic processes, 
which can be represented by abnormal FFA levels.12

In our clinical work, we found that in some cancer 
patients, the FFA level was elevated even when TAG 
and total cholesterol (TCHO) levels were normal, indi-
cating that a high FFA level may be the only abnorm-
ality in biochemical tests. To our knowledge, evidence 
about whether FFAs can be considered screening bio-
markers is insufficient. In this study, we measured the 
FFA level in 1023 patients with CRC and 612 with 
colorectal adenoma (CA) to analyse the value of FFAs 
in the diagnosis of CRC according to patient age. To 
evaluate the diagnostic performance of FFA in younger 
CRC patients, patients under 50 years old were 
analysed.13,14 Furthermore, we evaluated whether 

FFAs have a potential role as prognostic biomarkers 
by evaluating the association between FFA levels and 
clinicopathologic characteristics in patients with CRC. 
Our study suggested that the FFA level has not only 
the ability to complement CEA and CA19-9 levels, but 
also has superior predictive ability in female and 
younger patients with CRC. Additionally, the FFA 
level has a potential role in prediction of tumour-node- 
metastasis (TNM)stage III and IV.

Materials and Methods
Study Subjects
This retrospective cohort consisted of healthy patients 
undergoing routine physical examination at the medical 
examination centre and inpatients who underwent colo-
noscopy biopsy and radical colorectal cancer resection 
at Fujian Medical University Union Hospital from 
January 2011 to December 2014. A total of 1023 
patients pathologically diagnosed with CRC, 621 
patients with CA and 330 healthy participants were 
recruited for our study. There were 210 men and 120 
women among the healthy participants [median age 
(interquartile range, IQR): 59 (49–68) years], 399 men 
and 213 women among the patients with CA [median 
age (interquartile range, IQR): 60 (50–67) years], and 
647 men and 376 women among the patients with CRC 
[median age (interquartile range, IQR): 59 (50–68) 
years] (P=0.214). Body mass index (BMI) was similar 
in healthy participants [23.11 (19.92–25.91)] and in 
patients with CA [23.51 (19.79–25.87)] or CRC [23.91 
(19.02–26.69)] (P=0.294). The CEA and CA19-9 levels 
in healthy individuals, CA patients and CRC patients 
were 1.95±1.03, 3.21±6.64, and 14.39±47.61 ng/mL and 
10.50±6.69, 15.58±42.60, and 39.26±101.8 U/mL, 
respectively. Patients with diabetes, hypertension, 
a family history of obesity, atherosclerosis, fatty liver, 
BMI>27 or other malignancies were excluded. The 
baseline characteristics of the study population are 
shown in Table 1. National and international profes-
sional societies from Europe and the United States 
have recommended starting colonoscopy screening 
from age 50 years,13,14 and CRC patients under age 50 
were defined as young patients in our study. Patients 
with CRC were included in the case group, and patients 
with CA as well as healthy participants were included in 
the control group.
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Analysis of FFA, CEA, and CA19-9 Levels
Peripheral blood samples were obtained from patients 
newly diagnosed with CRC. FFA levels were measured 
routinely with a Cobas 8000 automatic biochemical ana-
lyser (Roche, Diagnostics, Basel, Switzerland) according 
to the manufacturer’s instructions. The enzyme endpoint 
method was applied to measure FFA levels. The FFAs that 
we detected were nonesterified fatty acids (Wako Pure 
Chemical Corporation, Japan). The serum levels of CEA 
and CA19-9 were measured using a Cobas 6000 analyser 
(Roche Diagnostics, Basel, Switzerland). According to the 
manufacturer’s instructions, the cut-off value for normal 
CEA was 5 ng/mL and that for normal CA19-9 was 37 
U/mL.

Statistical Analysis
Statistical analysis was performed using SPSS version 
21.0 software or GraphPad Prism version 8.0. All mea-
surement data were analysed to determine normality 

and the homogeneity of variance between the two 
groups. Data with a normal distribution and homoge-
neity of variance were analysed with Student’s t test to 
determine significant differences; otherwise, 
a nonparametric test was applied. One-way ANOVA 
was used to analyse significant differences among 
more than two groups, and the LSD-t test was used 
for post hoc comparisons. The chi-square test was used 
to analyse the difference between males and females in 
normal, CA and CRC. The diagnostic value of FFA was 
estimated by receiver operating characteristic (ROC) 
curves. The Youden index was used to determine the 
optimal cut-off value for FFAs to differentiate between 
CRC patients and controls, and sensitivity and specifi-
city were calculated according to the cut-off value. All 
tests were two-tailed, and a P value less than 0.05 was 
considered statistically significant. A logistic regression 
model was used to analyse the relationship between 
covariates and the probability of CRC in the case and 
control groups; the OR was adjusted for covariates.

Table 1 Baseline Characteristics of the Study Population Including Healthy Participants and Patients with Colorectal Adenomas and 
CRC in This Study

Parameter Normal (n=330) CA (n=612) CRC (n=1023) P value

Male 210 399 647 0.724a

Female 120 213 376

Age (Years), Median (Range) 59 (49–68) 60 (50–67) 59 (50–68) 0.241b

BMI (kg/m2), Median (Range) 23.11 (19.92–25.91) 23.51 (19.79–25.87) 23.91 (19.02–26.69) 0.294b

CEA (ng/mL), Mean±SD 1.95±1.03 3.21±6.64 14.39±47.61 <0.001b

CA19-9 (U/mL), Mean±SD 10.50±6.69 15.58±42.60 39.26±101.8 <0.001b

FFA (mmol/L) Mean±SD 0.48±0.22 0.49±0.22 0.58±0.27 <0.001b

Tumour TNM stage (n, %) / / I 142 (13.9%) /
II 236 (23.1%)

III 471 (46.0%)
IV 174 (17.0%)

Tumour location (n, %) / / Colon 388 (37.9%) /
Rectum 635 (62.1%)

Tumour sizes (n, %) / / <5 cm 370 (36.2%) /
≥5 cm 653 (63.8%)

Lymph node metastasis (n, %) / / No 594 (58.1%) /
Yes 429 (41.9%)

Notes: aThe chi-square test was performed to analyse significant differences. bOne-way ANOVA was performed to analyse significant differences. 
Abbreviations: CA, colorectal adenoma; CRC, colorectal cancer; BMI, body mass index; CEA, carcinoembryonic antigen; CA19-9, cancer antigen 19-9; TNM, tumour- 
node-metastasis, SD, standard deviation.
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Results
FFA Levels in CRC Patients and the Age 
Range of Patients with CA and CRC
The concentrations of FFAs in the peripheral blood of 
healthy participants, patients with CA, and patients 
with CRC were 0.483±0.217 mmol/L, 0.492±0.217 
mmol/L, and 0.579±0.268 mmol/L, respectively. The 
FFA level in patients with CRC was higher than that 
in CA patients (P<0.001) and healthy participants 
(P<0.001). There was no significant difference in FFA 
levels between CA patients and healthy participants 
(P=0.53). The FFA levels in healthy, CA and CRC 
patients are shown in Table 1.

By recruiting CRC patients treated in our hospital 
for four years, 26.3% (269/1023) of patients with CRC 
younger than 50 years old, 9.7% (100/1023) younger 
than 45 years old, and 5.5% (56/1023) younger than 40 

years old were included in our study. In addition, 
25.3% (155/612) of patients with CA younger than 50 
years old, 14.5% (89/612) younger than 45 years old, 
and 8.5% (52/612) younger than 40 years old were 
finally included.

Association Between FFA Levels and 
Clinicopathological Characteristics in 
CRC Patients
In the analysis of the clinicopathological data of CRC 
patients, we found that the FFA level in TNM stage III 
+IV patients was higher than that in TNM stage I+II 
patients (0.60±0.38 vs 0.56±0.24, mmol/L, P=0.02), but 
the FFA level was not significantly correlated with tumour 
location, tumour size, lymph node metastasis, CEA level 
or CA19-9 level in the peripheral blood.

Figure 1 FFA levels in controls and CRC patients according to age (<35, 36–50, 51–65, and >66 years). The differences between groups (normal vs CA, normal vs CRC and 
CA vs CRC) were analysed by Student’s t test. One-way ANOVA was used to analyse significant differences among the normal, CA and CRC groups. The LSD-t test was 
used for post hoc comparisons of different age groups. *, <0.05; **, <0.01; ***, <0.001. A–D: FFA level differences between Normal, CA and CRC in groups of Age<35, 
Age36-50, Age 51-65, Age >66. E–G: FFA level differences from patients younger than age 35 to older than 66 in groups of Normal, CA and CRC. 
Abbreviations: CA, colorectal adenoma; CRC, colorectal cancer; Ns, no significant difference.
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FFA Levels in Healthy Participants and 
Patients with CA and CRC of Different 
Ages
To investigate the relationship between FFA levels and age 
in detail, we divided the healthy participants and patients 
with CA and CRC into four groups according to the 
average age distribution. As shown in Figure 1, the FFA 
levels increased with age in normal participants (P=0.001) 
and patients with CA (P=0.032) but did not increase with 
age in CRC (P=0.075). The FFA level increased with age 
in the controls (P=0.001) and with colorectal disease 
severity in the age ≤35 (P<0.001), age 36–50 (P<0.001), 
age 51–65 (P=0.008), and age >66 (P=0.002) groups, and 
as age increased, the curve flattened in CRC patients 
compared with controls.

Evaluation of FFA as a Potential 
Diagnostic Biomarker for CRC from 21 
to 88 Years Old
The area under the curve (AUC) values for FFA, CEA 
and CA19-9 were 0.604, 0.731 and 0.640, respectively. 
For combined detection, the AUCs of FFA+CEA, FFA 
+CA19-9, and FFA+CEA+CA19-9 were 0.754, 0.678 and 
0.758, respectively (Figure 2). As shown in Table 2, the 
sensitivities of FFA, CEA and CA19-9 were 41.6, 55.8 
and 45.7, and the sensitivities of the combinations were 
49.5, 50.3 and 53.9. The specificities of FFA, CEA and 
CA19-9 were 73.1, 81.1 and 77.3, respectively. For com-
bined detection, the specificities were 90.4, 75.8 
and 87.3.

Evaluation of FFA as a Potential 
Diagnostic Biomarker for CRC Younger 
Than or Equal to 50 Years Old
The AUC values for FFA, CEA and CA19-9 were 
0.701, 0.735 and 0.669, respectively. For combined 
detection, the AUCs of FFA+CEA, FFA+CA19-9, and 
FFA+CEA+CA19-9 were 0.798, 0.749 and 0.801, 
respectively (Figure 3). As shown in Table 3, the 
sensitivities of FFA, CEA and CA19-9 were 48.7, 
50.4 and 48.3, and the sensitivities of the combinations 
were 59.2, 67.4 and 68.2. The specificities of FFA, 
CEA and CA19-9 were 84.5, 87.5 and 81.6, respec-
tively. For combined detection, the specificities were 
81.8, 79.1 and 79.3.

Performance and Cutoff Values of Three 
Biomarkers for Determining the 
Incidence of CRC in the Case and 
Control Groups in Patients Younger or 
Older Than 50 Years
According to the multivariate logistic regression model 
analysis (Table 4), the prognostic values for CRC of 
FFA, CEA and CA19-9 in patients younger than 50 years 
old were 5.210, 7.068 and 4.298, and those for patients 
older than 50 years were 1.421, 5.073 and 2.533.

Diagnostic Performance of FFA in 
Distinguishing CRC Patients from 
Controls by Sex
As shown in Figure 4, significant differences were 
observed in both males and females to distinguish patients 
with CRC from controls (P<0.001), and little diagnostic 
value was found between the CA and normal groups. 
When we detected FFA levels in normal adults, we 
found that FFA levels were elevated in females compared 
with males (P<0.05). Interestingly, when colorectal sever-
ity worsened, the growth of FFAs in females was larger 
than that in males with CRC. The AUCs to diagnose CRC 
from controls in females and males were 0.642 and 0.587, 
and the AUCs in females and males younger than 50 were 
0.769 and 0.660, respectively.

Discussion
In the present study, we found that the ability of the AUC 
of FFA levels in combination with CEA and CA19-9 to 
distinguish CRC patients was 0.801, and the ability of the 
AUC to distinguish female patients with CRC younger 
than 50 years was 0.769, indicating that FFA levels not 
only can complement the predictive ability of CEA and 
CA19-9, but also have a superior predictive ability in 
female and younger patients with CRC. National and 
international professional societies from Europe and the 
United States have recommended starting colonoscopy 
screening from age 50 years,13,14 so CRC patients under 
age 50 were defined as young patients in our study. On the 
one hand, early-onset CRC is characterized by a more 
advanced stage, poorly differentiated tumours, mucinous 
neoplasms, a more distal location, and a unique biomarker 
profile, while survival outcomes for young patients even 
exceed those of older patients.4,5 On the other hand, 
younger CRC patients are a patient population where the 
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Figure 2 ROC curves of single and combined detection with FFA, CEA and CA19-9 in patients 21 to 88 years old. ROC curve analysis was used to evaluate the ability to 
distinguish patients with CRC from controls. Patients with CA and healthy participants were considered as controls. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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use of screening is limited; because physicians often 
believe CRC is an age-related disease, critical symptoms 
often go unrecognized.5,6 It is critical to identify a reliable 
biomarker to diagnose younger patients, who do not 
undergo colonoscopy screening, with CRC as early as 
possible. CEA and CA19-9 are well-known serological 
tumour markers associated with CRC, and they are both 
overexpressed in CRC tissues.15,16 Both CEA and CA19-9 
levels in serum are affected by the progression of cancer 
tissues and whether they are released into the blood, whose 
detection ability and influencing factors are relatively 
consistent.

FFAs are not only an important energy substrate for 
a number of organs but are also TAG precursors that are 
needed to replenish TAG stores in adipose, liver and 
muscle tissue through esterification.7 When hepatic glyco-
gen is low and when muscles need energy, the TAGs in 
adipose tissue are broken down into FFAs for energy. 
Some studies have focused on the potential role of FFAs 
in CRC. Al Mahrietal17 and Bartoszeketal18 demonstrated 
that the free fatty acid receptor 2 and 3 (FFAR2/FFAR3) 
genes, which are closely associated with FFA metabolism, 
promote the proliferation of colon cancer cells; in addition, 
treatment through the target of FFARs may be helpful to 
CRC. Moreover, Kawaguchi et al19 and Hsiao et al20 

demonstrated that high expression of fatty acid-binding 
protein 5 (FABP5) promotes cell growth and metastasis 
in CRC and that pterostilbene inhibits CRC cell migration 
induced by adipocyte-conditioned medium by targeting the 
FABP5-related signalling pathway. These findings indi-
cated that FFAs are involved in the progression of CRC 
and that FFAs may play an important role in energy 
metabolism stimulated by CRC tissues, consistent with 
our study. Moreover, Zhang21 et al demonstrated that the 

serum levels of FCH (free cholesterol) were significantly 
higher in patients with colorectal cancer than in patients 
with benign colorectal disease and healthy participants, 
which indicated that FCH has a potential role in the 
early diagnosis of CRC, consistent with our results; how-
ever, the FFA level was not detected in Xin Zhang’s study, 
ROCs of FCH and other lipids were not drawn, and the 
diagnostic performance of FCH was unclear. In interest, 
Zhang22 et al detected FFA levels to investigate whether 
FFAs are meaningful in cancer patients and found that 
AUCs in rectal cancer and colon cancer distinguishing 
noncancer patients (without patients with CA) were 
0.614 and 0.599, respectively, which indicated 
a comparatively general diagnostic value; however, it 
was found that FFAs not only have the value of early 
diagnosis of CRC but also have good complementary 
efficacy with CEA and CA19-9 (expressed in CRC tis-
sues), and the combined detection can improve the early 
diagnostic ability in our study, the AUC of which is 0.801 
and larger than Lili Zhang’s result.

CRC screening guidelines do not distinguish 
females from males, but there are technical limitations 
of endoscopic examinations in females, who have 
longer average total and transverse colon lengths, 
more frequent occurrence of flat-type right-sided 
colon cancer and a narrower colon diameter. In addi-
tion, socio-cultural barriers can also delay screening 
and diagnosis in female patients.23 In our study, we 
found that the FFA levels of women were better than 
those of men in distinguishing CRC patients, but the 
efficacy was relatively weaker. However, when the 
performance of early diagnosis in young patients 
under the age of 50 was studied, we found that the 
diagnostic value of FFAs in women was significantly 

Table 2 The Values of FFA, CEA, and CA19-9 Alone and Combined Biomarkers for Distinguishing CRC Patients from Healthy 
Participants and Patients with Colorectal Adenomas from 21 to 88 Years Old

Variables AUC Cut-Off Sensitivity% Specificity% 95% Confidence Interval

Lower Limit Upper Limit

FFA 0.604 0.585 41.6 73.1 58.2 62.6
CA19-9 0.640 37 45.7 77.3 61.8 66.2

CEA 0.731 5 55.8 81.1 71.0 75.1

FFA+CA19-9 0.678 / 50.3 75.8 65.7 69.9
FFA+CEA 0.754 / 49.5 90.4 73.5 77.4

FFA+CEA+CA19-9 0.758 / 53.9 87.3 73.9 77.8

Abbreviation: AUC, area under the curve.
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Figure 3 ROC curves for single and combined detection with FFA, CEA and CA19-9 in patients younger than 50 years old. ROC curve analysis was used to evaluate the 
ability to distinguish patients with CRC from controls among those younger than 50 years. Patients with CA and healthy participants were considered as controls.
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better than that in men, the AUC of which was 0.769, 
which is larger than Lili Zhang’s result and larger than 
the AUC value of CEA in female patients (0.729).

The following limitations of our study must be con-
sidered. First, FFA experiments should be performed 
in vitro and in vivo to investigate the role of FFAs in 
CRC, and the survival status of patients with CRC 
should be investigated to assess the prognostic value 
of FFA assessment. Second, some groups had relatively 
small sample sizes such as patients younger than Age 
35, and it might raisebias. Third, as references of lipids 
and lipoproteins vary by age and sex,24 the short follow- 
up duration of the study with a single-centred 

retrospective design might raise bias towards sample 
selection and analysis. Hence, further prospective multi-
centre studies are needed to validate the clinical signifi-
cance of FFA in patients with CRC.

Conclusion
In summary, the FFA level can not only complement the 
predictive ability of CEA and CA19-9, but also has 
a superior predictive ability in female and younger patients 
with CRC. In addition, the FFA level can distinguish CRC 
patients with TNM stage III and IV from those with stage 
I and II. The FFA level may have a potential role in triage 
screening of early CRC and in secondary prevention.

Table 3 The Values of FFA, CEA, and CA19-9 Alone and Combined Biomarkers for Distinguishing CRC Patients from Healthy 
Participants and Patients with Colorectal Adenomas Younger Than or Equal to 50 Years Old

Variables AUC Cut-Off Sensitivity% Specificity% 95% Confidence Interval

Lower Limit Upper Limit

FFA 0.701 0.585 48.7 84.5 66.1 74.1
CA19-9 0.667 37 48.3 81.6 62.4 71.1

CEA 0.734 5 50.4 87.5 69.3 77.4

FFA+CA19-9 0.749 / 67.4 79.1 71.1 78.7
FFA+CEA 0.798 / 59.2 81.8 76.3 83.4

FFA+CEA+CA19-9 0.801 / 68.2 79.3 76.5 83.6

Abbreviation: AUC, area under the curve.

Table 4 Ability of Serological Biomarkers to Predict CRC in Patients Younger or Older Than 50 Years

Variables No. of Patients Cutoff Value Multivariate Analysis

OR ajusted
a 95% Cl P value

Younger than 50 years old

FFA (mmol/L) 367 <0.585 1 (R) –
144 >0.585 5.210 3.661–7.413 0.001

CEA (ng/mL) 375 <5 1 (R) –
136 >5 7.068 4.879–10.239 0.001

CA19-9 (U/mL) 364 <37 1 (R) –
147 >37 4.298 3.039–6.080 0.001

Older than 50 years old

FFA (mmol/L) 944 <0.585 1 (R) –
510 >0.585 1.421 1.174–1.720 0.001

CEA (ng/mL) 896 <5 1 (R) –
558 >5 5.073 4.151–6.199 0.001

CA19-9 (U/mL) 977 <37 1 (R) –

477 >37 2.533 2.085–3.076 0.001

Note: aAdjusted ORs were obtained using the regression coefficients from a multivariable logistic regression model and were adjusted by age. 
Abbreviation: OR, odds ratio.
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Figure 4 FFA levels in controls and CRC patients according to sex; ROC curves of FFA and CEA in patients younger than 50 years according to sex. The differences between 
groups (normal vs CA, normal vs CRC and CA vs CRC) were analysed by Student’s t test. The ROC curve of CEA and FFA was used to evaluate the ability to distinguish patients 
with CRC from controls among patients younger than 50 years. Patients with CA and healthy participants were considered as controls. *, <0.05; ***, <0.001. 
Abbreviation: Ns, no significant difference.
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