
O R I G I N A L  R E S E A R C H

Role of Serum CYFRA 21-1 in Diagnosis and 
Prognostic in Colorectal Liver Metastases
Shirong Li1,*, Wene Wei1,*, Zhaorong Feng1,*, Yingzhen Bian1, Jinmiao Pan1, Jinling Mai1, 
Shufang Ning1,2, Jinglei Huang1, Xiangyang Gao3,*, Litu Zhang1,2,*

1Department of Research, Guangxi Medical University Cancer Hospital, Nanning, People’s Republic of China; 2Department of Research, Guangxi 
Cancer Molecular Medicine Engineering Research Center, Nanning, People’s Republic of China; 3Health Management Institute, The Second Medical 
Center & National Clinical Research Center for Geriatric Diseases, Chinese PLA General Hospital, Beijing, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Xiangyang Gao; Litu Zhang, Email 13811130808@126.com; zhanglitu@gmail.com 

Purpose: In current studies, the role of serum Cytokeratin-19 fragments (CYFRA 21-1) in colorectal cancer (CRC) remains unclear. 
This study aimed to clarify the diagnostic and prognostic value of CYFRA 21-1 in CRC.
Patients and Methods: Data were collected for 196 stage I–III CRC patients and 50 colorectal liver metastases (CRLM) patients 
between January 2018 and December 2019. The serum CYFRA 21-1 levels were measured using the chemiluminescent particle 
immunoassay (CMIA) kit in all objects and common biomarkers such as CA19-9, CEA, HSP90α, and AFP were measured in all 
colorectal cancer patients. We investigated the association between CYFRA 21-1 level and clinicopathological features. In addition, 
we evaluated the ability of serum CRFRA21-1 to differentiate CRLM from CRC. To assess the potential prognostic value, we used 
Cox proportional hazard model for univariate or multivariate analyses.
Results: Serum CYFRA 21-1 was significantly elevated in CRLM patients compared to stage I–III CRC patients (5.85 ng/mL vs 2.29 
ng/mL, p < 0.001). For all CRC patients cohort, stage I–III CRC patients cohort and CRLM patients cohort, the optimal cutoff levels 
of CYFRA 21-1 for overall survival (OS) were 3.47 ng/mL, 2.14 ng/mL and 7.63 ng/mL, respectively, and the optimal cutoff levels for 
progression-free survival (PFS) were 3.47 ng/mL, 2.56 ng/mL and 7.63 ng/mL, respectively. For CRLM patients, Kaplan–Meier 
analysis showed that patients with high CYFRA 21-1 level had poor OS. Multivariate analysis indicated that the CYFRA 21-1 level 
was an independent prognostic factor for PFS in stage I–III patients. And CYFRA 21-1 levels and age were independent prognostic 
factors for OS and PFS in CRLM patients.
Conclusion: CYFRA 21-1 can better differentiate CRLM patients from the whole CRC patients and has unique prognostic value for 
CRLM patients.
Keywords: colorectal cancer, colorectal liver metastases, CRLM, prognosis, cytokeratin-19 fragments, CYFRA21-1, overall survival, 
progression-free survival

Introduction
The third highest incidence of cancer in the world is colorectal cancer (CRC), which has a mortality rate second only to 
lung cancer. In 2020 alone, more than 1.9 million people were first diagnosed with CRC, While 10 million deaths 
occurred solely due to the fact of cancer of which 9.4% showed direct relevance to CRC, over 930,000.1 Metastasis is not 
uncommon in cancer, especially colorectal cancer, about half of colorectal cancer patients prove to show a much higher 
tendency of metastasis, of which liver metastasis is more than frequently, and it is also a contributing factor in the 
mortality of colorectal cancer patients.2,3 With the continuous updating of medical technology, a broader spectrum of 
treatment options are available as of now, including radiation therapy, immunotherapy, palliative chemotherapy, targeted 
therapy, and local ablation therapy, surgery is still the main treatment method.

Despite a growing number of tumor biomarkers reported in recent years, there is no consensus on reliable biomarkers 
to identify and predict the prognosis of CRLM. Some studies believe that the IL-8 is related to CRLM, but its predictive 
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value is still unclear.4 Some people believe that serum carboxypeptidase a4 is closely related to CRLM and has high 
predictive value for patients with colorectal cancer. Yet, the prognosis of patients with liver metastasis has not been 
studied.5 Recently, many scholars have studied the application of circulating tumor cells (CTCs) in predicting the 
prognosis of CRC patients, and found that CTCs have high prognostic value in CRLM patients.6 However, it has high 
requirements for hospital equipment and technology, which is difficult to popularize in subordinate hospitals, and its high 
cost makes it rather hard for average working class to afford. It is difficult to popularize clinically. Therefore, there is still 
an urgent need to find more reliable and popular markers in clinical practice to obtain better clinical treatment and a more 
accurate prognosis.

Compared with flexible sigmoidoscopy, low-cost and noninvasive blood tests can be utilized to determine biomarkers 
which make said tests a more suitable option as a screening tool. Besides widely recognized tumor biomarkers such as 
CA19-9 and CEA, CYFRA 21-1 is a relatively new tumor biomarker discovered in recent years. Recent studies indicate 
that CYFRA 21-1 can be used not only for the differential diagnosis and prognosis of lung, laryngeal, and esophageal 
cancer but also for CRC.7–10 However, some studies have shown that CYFRA21-1 does not significantly distinguish 
CRC from benign cases and non-cancer controls and is not sensitive enough to be used as a screening marker alone.11,12 

The European group on tumor markers guidelines pointed out that continuous CEA determination is more sensitive to 
patients with colorectal cancer liver metastasis, but it relies on the same CEA detection method and has a long time span, 
which has higher requirements for patients’ medical compliance.13 Here, we will investigate serum CYFRA 21-1 levels 
in CRLM and stage I–III patients and explore its diagnostic and prognostic value.

Materials and Methods
Collection of Patients
Data from 246 patients with colorectal cancer admitted to The Cancer Hospital of Guangxi Medical University from 
January 2018 and December 2019 were included in our retrospective study. The retrospective analysis consists of these 
data. The enrollment criteria are as follows: (1) The diagnosis was confirmed by histopathology; (2) To evaluate the type 
of distal metastasis; (3) No tumor-related treatment had been performed at the time of diagnosis; (4) All test indicators, 
such as CEA, CA19-9, AFP, HSP90α and CYFRA 21-1, were obtained before treatment; (5) Complete clinical 
information. The followings are excluded from the study cohort: (1) Concomitant with other primary cancers; (2) 
Experienced other malignant solid tumors; (3) Received tumor-related treatment before admission; (4) The type of distant 
metastasis cannot be assessed; (5) Unavailable and incomplete clinical information. Patients were first diagnosed with 
CRC and received their first tumor-related treatment, after which full follow-up begins. Follow-up time was defined as 
the time interval from the date of diagnosis until the date of the last known follow-up visit or date of death. Patient 
selection and research methods are shown in Figure 1. All methods were carried out in accordance with the Declaration 
of Helsinki. Ethics approval number: LW2023062.

Methods
Venous blood samples were drawn from subjects who had completed an 8-hour or above fast, which happened upon said 
subjects’ arrival the ward, followed by a series of serum sample preparation process. Serum CEA, CA19-9, AFP, and 
CYFRA 21-1 levels in centrifuged blood specimens were measured by chemiluminescent particle immunoassay (CMIA). 
These operations were performed utilizing the Architect Alinity I analyzer and matching kits (American Architect 
Diagnostics, USA). All processes were guided by the instruction manual of the analyzer and the kit. The content of 
plasma-free HSP90α in centrifuged blood samples was determined using the ELISA kit. Operate under manufacturer’s 
instructions. Serum samples were mixed with paramagnetic particles coated with CYFRA 21-1 specific monoclonal 
antibody KS. The sample’s CYFRA 21-1 antigen binds to a CYFRA 21-1 antibody-coated particle. After rinsing, 
the second step was followed by adding another CYFRA 21-1 specific monoclonal antibody BM labeled with acridine 
ester to form a reactant intermixture. When another rinse was completed, the pre-starter and excitation solutions were 
dropped in the reaction intermixture. The chemiluminescence reaction was surveyed in relative luminescence units 
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(RLUs), and the content of CYFRA 21-1 antigen in the specimen was proportional to the RLUs value tested by the 
optical inspection system.

Statistical Analysis
SPSS (version 25.0) was used to analyze the tumor biomarker indexes and clinical characteristics statistically. 
Continuous data are expressed in the median and interquartile range. The optimal cutoff values of CYFRA 21-1 
among each subgroup are determined by reference to the X-tile software. The diagnostic values were analyzed according 
to the area under the curve (AUC) obtained by the Receiver Operating Characteristics (ROC) curve analysis. The primary 
outcomes of survival analysis were overall survival (OS) and progression-free survival (PFS). The survival rate of 
patients was analyzed by Kaplan Meier method and Log rank test. Prognostic factors associated with OS and PFS were 
assessed by univariate and multivariate analysis using Cox proportional hazard model. Nomogram was constructed using 
R 4.1.2, and independent risk factors in multivariate analysis and CYFRA 21-1 were selected for inclusion in the 
nomogram. A p-value less than 0.05 was supported to statistically different.

Results
Add up to 246 CRC patients were amassed in this study, incorporating 196 patients with stage I–III and 50 with CRLM 
(Table 1). All CRC patients with a median age of 60 years were composed of 96 female and 150 male. Routine tumor 
markers were evaluated in all CRC patients. The levels of CEA, CA19-9, AFP, HSP90α and CYFRA 21-1 in all CRC 
patients were 4.36 (2.19, 15.40) ng/mL, 7.15 (3.18, 26.25)U/mL, 2.57 (1.90, 3.38) ng/mL, 46.60 (30.79, 70.53) ng/mL 
and 2.47 (1.77, 4.07) ng/mL, respectively (Table 1). In subgroup analysis, it was observed that the expression levels of 
CEA, CA19-9, HSP90α and CYFRA 21-1 were obviously higher in patients with CRLM than in patients with stage I–III 
(all p < 0.05, Figure 2 and Table 1).

Figure 1 Study design and workflow diagram.
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Relevance Between CYFRA 21-1 and Clinicopathological Features
The relevance between pre-treatment CYFRA 21-1 level and clinicopathological features in all CRC patients and 
subgroups were shown in Table 2 and Table 3. Serum level of pre-treatment CYFRA 21-1 had strong relevance of 
primary tumor, pre-treatment CEA, CA19-9 and HSP90α, lymphatic invasion, and stage in all CRC patients (all p < 
0.05). For subgroups, the pre-treatment CYFRA 21-1 level showed no significant correlations with any clinicopatholo-
gical features in the CRC patients with stage I–III. However, the pre-treatment CYFRA 21-1 levels were visibly relevant 
with the primary tumor’s location, pre-treatment CA19-9 and HSP90α in the CRLM patients subgroup (all p < 0.05).

The Ability of CYFRA 21-1 to Differentiate CRLM Patients
To evaluate the ability of CYFRA21-1 to differentiate patients with stage I–III and CRLM, we also included common 
tumor markers, for instance CA19-9, CEA, AFP, and the emerging marker HSP90α for comparison. We appraise the 

Table 1 Basic Characteristics of CRC Patients with Stage I–III and CRLM

Parameters All CRC Patients CRC Patients with  
Stage I–III

CRLM Patients p-value 
(I–III VS CRLM)

Sex(n)

Female 96 81 15

Male 150 115 35 0.14
Age(years) 60(51, 67) 60(52, 67) 57.5(47.75, 68) 0.34

Location of primary tumor(n)

Colon 114 86 28
Rectum 128 108 20

Rectum&colon 4 2 2 0.075
CEA (ng/mL) 4.36(2.19, 15.40) 3.80(2.03, 11.54) 19.54(5.00, 291.68) <0.001

CA19-9 (U/mL) 7.15(3.18, 26.25) 6.25(2.83, 14.20) 57.15(8.33, 404.73) <0.001

HSP90α (ng/mL) 46.60(30.79, 70.53) 43.90(29.36, 61.85) 60.35(34.82, 125.25) 0.002
AFP (ng/mL) 2.57(1.90, 3.38) 2.60(1.87, 3.37) 2.51(1.97, 3.45) 0.579

CYFRA 21-1 (ng/mL) 2.47(1.77, 4.07) 2.29(1.66, 3.08) 5.85(3.95, 19.50) <0.001

Lymphatic invasion(n)
Ly 0 97 92 5

Ly1, 2, 3 149 104 45 <0.001

Stage(n)
I 23 23 0

II 62 62 0

III 111 111 0
IV 50 0 50 -

Notes: The Mann–Whitney U-test or Student’s t-test was used to compare continuous variables between CRC patients with stage I–III and CRLM patients. 
The Chi square test was used to compare categorical variable between the two groups.

Figure 2 The distribution of serum CYFRA 21-1 and CA19-9, CEA, HSP90α, AFP levels in CRC patients with stages I–III and CRLM. (A) CYFRA 21-1 levels (p <0.001); (B) 
CA19-9 levels (p <0.001); (C) CEA levels (p <0.001); (D) HSP90α levels (p <0.001); (E) AFP levels (p =0.279).
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ability of CYFRA21-1 to distinguish patients with stage I–III and CRLM according to the constructed ROC curve 
(Figure 3). In all CRC patients, the AUC of CYFRA 21-1, CA19-9, CEA, HSP90α, and AFP were 0.844 (p < 0.001), 
0.747 (p < 0.001), 0.743 (p < 0.001), 0.644 (p = 0.0031) and 0.525 (p = 0.579). We found that the AUC values of 
CYFRA 21-1, CA19-9, and CEA were all higher than 0.7. Using these three indexes for combined detection, the AUC 
was 0.868, the sensitivity was 86.22%, and the specificity was 78%, which was not a big improvement compared to the 
83.67% sensitivity and 80% specificity of CYFRA 21-1. ROC analysis pointed out that the ability of CYFRA 21-1 to 
identify CRLM patients and patients with stage I–III was better than other indicators.

Pre-Treatment CYFRA21-1 Levels Correlate with Survival in Stage I–III and CRLM 
CRC Patients
For all CRC patients, the optimal cutoff values of CYFRA 21-1 for OS and PFS were 3.47 ng/mL. Kaplan Meier survival 
analysis noted that the patients with higher CYFRA 21-1 levels (>3.47 ng/mL) had lower OS and PFS than those with 
lower CYFRA 21-1 (≤3.47 ng/mL) (all p < 0.05, Figure 4A and B). In stage I–III CRC patients, the pre-treatment 
CYFRA21-1 levels showed no significant difference with OS under the optimal cutoff values of CYFRA 21-1 2.14 ng/ 
mL (p > 0.05, Figure 4C). However, in the stage I–III CRC patients, patients with higher CYFRA21-1 levels had 

Table 2 Association of Pre-Treatment CYFRA21-1 Levels with Clinicopathological Features in CRC Patients and Their Subgroups

Parameters All CRC Patients CRC Patients with Stage I–III CRLM Patients

Median r p Median r p Median r p

Sex
Female 2.29(1.62, 3.74) 2.05(1.58, 2.93) 6.88(4.27, 19.86)

Male 2.59(1.99, 4.17) −0.112 0.08 2.35(1.83, 3.29) −0.115 0.108 4.99(3.70, 19.38) 0.071 0.624

Age
≤60 2.45(1.60, 4.35) 2.06(1.51, 3.22) 6.95(3.51, 24.34)

>60 2.51(2.02, 3.80) 0.062 0.331 2.33(1.99, 3.03) 0.128 0.074 5.15(4.09, 13.77) −0.125 0.388

Tumor locations
Colon 2.70(1.87, 4.99) 2.32(1.61, 3.29) 6.47(4.09, 19.68)

Rectum 2.31(1.71, 3.51) 2.25(1.67, 2.86) 4.70(2.61, 10.08)

Colon&Rectum 15.85(2.71, 63.52) 0.144 0.024 2.80(2.62,-) 0.047 0.515 51.93(28.73,-) 0.282 0.047
Lymphatic invasion

Ly 0 2.24(1.67, 3.16) 2.22(1.65, 2.99) 7.63(2.11, 17.30)

Ly 1,2,3 2.77(1.89, 4.83) 0.162 0.011 2.31(1.66, 3.18) 0.011 0.875 5.65(4.10, 19.73) 0.039 0.787
Stage

I–III 2.29(1.66, 3.08) 2.29(1.66, 3.08) -

IV 5.85(3.95, 19.50) 0.369 <0.001 - - - 5.85(3.95, 19.50) - -

Notes: Pearson correlation analysis was used to analyze two continuous variables, and Spearman correlation analysis was used if one of them was a categorical variable. 
Bold values indicate statistical significance (p<0.05).

Table 3 Association of Pre-Treatment CYFRA21-1 Levels with Other Markers in CRC Patients and Their 
Subgroups

Parameters All CRC Patients CRC Patients with Stage I–III CRLM Patients

r p r p r p

Pre-treatment CEA 0.366 <0.001 −0.009 0.905 0.259 0.069

Pre-treatment CA19-9 0.452 <0.001 0.015 0.83 0.404 0.004
Pre-treatment HSP90α 0.620 <0.001 −0.068 0.349 0.722 <0.001
Pre-treatment AFP 0.106 0.099 0.032 0.663 0.147 0.307

Notes: Pearson correlation analysis was used to analyze two continuous variables, and Spearman correlation analysis was used if one of 
them was a categorical variable. Bold values indicate statistical significance (p<0.05).
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significantly shorter PFS, with an optimal cutoff level of 2.56 ng/mL (p = 0.019, Figure 4D). For CRLM patients, the 
optimal CYFRA 21-1 for OS and PFS was 7.63 ng/mL. Kaplan Meier survival analysis proved that CRLM patients with 
higher CYFRA 21-1 levels (>7.63 ng/mL) had significantly poorer OS (p = 0.018, Figure 4E), but no statistical 
difference in PFS (p = 0.06, Figure 4F).

Prognostic Value of Outcome Prediction for CYFRA21-1
According to the ROC curve of the survival rate of patients who were followed up for 12, 24, 36 and 48 months, the 
AUC values were compared to assess the predictive ability of CRLM patients with the assistance of CYFRA 21-1 
(Figures 5 and 6). These results showed that the long-term prognostic function of CYFRA 21-1 in the CRLM patients 
cohort was superior to the stage I–III CRC patients cohort, regardless of OS or PFS.

Independent Factors Affect the Long-Term Prognostic of CRC Patients
In order to define independent prognostic risk factors in patients with stage I–III and CRLM, univariate analysis was 
performed and the results of P <0.1 were recruited into multivariate analysis. Univariate analysis of OS in CRLM 
patients showed that age (HR 2.744, 95% CI 1.409–5.345, p = 0.003) and pre-treatment CYFRA 21-1 (HR 2.218, 95% 
CI 1.108–4.408, p = 0.023) were significant prognostic factors, and univariate analysis of PFS in CRLM patients showed 
that age (HR 1.923, 95% CI 1.026–3.605, p = 0.041) were significant prognostic factors (Table 4). Then, the results of 
univariate analysis’s variable of P < 0.1 were recruited into multivariate analysis. In a multivariate analysis incorporated 
with these variables, age (OS, HR 3.304, 95% CI 1.653–6.605, p = 0.001; PFS, HR 2.154, 95% CI 1.134–4.093, p = 
0.019) and pretreatment CYFRA 21-1 (OS, HR 5.442, 95% CI 2.701–5.362, p = 0.004; PFS, HR 2.038, 95% CI 1.069– 
3.883, p = 0.031) were independent prognostic factor of a poor prognosis in CRLM patients (Table 4).

Univariate analysis of OS in the stage I–III patients showed that pre-treatment CEA (HR 4.338, 95% CI 1.681– 
11.193, p = 0.002) and pre-treatment CA19-9 (HR 3.434, 95% CI 1.331–8.858, p = 0.011) were significant prognostic 
factors, and univariate analysis of PFS in the stage I–III patients showed that lymphatic invasion (HR 2.167, 95% CI 
1.066–4.406, p = 0.033), pre-treatment CEA (HR 2.245, 95% CI 1.163–4.335, p = 0.016) and pre-treatment CYFRA 21-1 
(HR 1.797, 95% CI 0.653–4.947, p = 0.022) were significant prognostic factors (Table 5). Then, the results of univariate 
analysis’s variable of P < 0.1 were recruited into multivariate analysis. In a multivariate analysis incorporated with these 

Figure 3 Receiver operating characteristic (ROC) curves of CYFRA 21-1, CA19-9, CEA, HSP90α, AFP and combined indexes detection (CYFRA 21-1+ CA19-9+ CEA) 
showed their discriminative power between patients with stage I–III and CRLM.
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variables, pre-treatment CEA (OS, HR 3.660, 95% CI 1.363–9.825, p = 0.010; PFS, HR 2.066, 95% CI 1.053–4.055, p = 
0.035) were an independent prognostic factor of a poor evolution in patients with stage I–III (Table 5). Meanwhile, 
CYFRA21-1 also independently affects the PFS (HR 2.167, 95% CI 1.121–4.188, p = 0.021). Univariate and multivariate 
analyses of OS and PFS in all CRC patients are shown in Supplementary Table 1.

Establishing Prognostic Nomograms
After incorporating significant independent prognostic risk factors from multivariate analysis and pre-treatment CYFRA 
21-1, we built nomograms to predict survival in CRC patients. The prognostic nomogram for OS and PFS in all CRC 
patients is displayed in Figure 7A and B. The C-index for OS and PFS prediction were 0.78 and 0.75. Figure 7C and 
D revealed the prognostic nomogram for OS and PFS in the stage I–III CRC patients, with C-index for OS and PFS 
prediction of 0.71 and 0.65. For the CRLM patients, the prognostic nomogram for OS and PFS is displayed in Figure 7E 

Figure 4 Kaplan–Meier survival curves of overall survival(OS) and progression-free survival(PFS) according to serum CYFRA 21-1 level in different groups. (A) All CRC 
patients’ overall survival(OS); (B) All CRC patients’ progression-free survival (PFS); (C) The overall survival(OS) of CRC patients with stage I–III; (D) The progression-free 
survival(PFS) of CRC patients with stage I–III; (E) The overall survival(OS) of CRC patients with CRLM; (F) The progression-free survival(PFS) of CRC patients with CRLM.
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and F. The C-index for OS and PFS prediction were 0.68 and 0.60. The calibration curves supported the prediction results 
of nomogram to some extent (Supplementary Figures 1 and 2).

Discussion
Over the past few decades, colorectal cancer screening has significantly reduced morbidity and mortality. Effective 
clinical screening can detect primary lesions before they become cancerous and early cancers spread beyond the intestinal 
wall.14 The survival rate in 5 years for early localized cases is close to 90%, and the survival rate for patients diagnosed 
with end-rage colorectal cancer is only 13.1%, which is associated with the spread of distant organs, the most common of 
which are liver metastases.15 Liver metastases represent a worse prognosis and were among the most momentous 
prognostic risk factors for colorectal cancer.16 Although screening and treatment methods have improved and developed 
in recent years, survival rates in patients with distant metastases have not been effectively improved.17 Identifying 
a reliable prognostic factor is key to improving survival in patients with colorectal cancer liver metastases. Few studies 
on reliable and easily popularized tumor biomarkers can distinguish the stage I–III and CRLM patients.

Figure 5 Receiver operating characteristic (ROC) curves were used to analyze overall patient survival(OS) at the 12-, 24-, 36-, and 48-month follow-up periods. The areas 
under the ROC curve (AUCs) assessed the discriminative ability of serum CYFRA 21-1 in all CRC patients (A), in stage I–III colorectal cancer patients (B), and in colorectal 
liver metastasis (CRLM) patients (C).
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Cytokeratin has been universally used for a cancer diagnosis or prognosis monitoring circulating tumor markers, 
especially in lung cancer and breast cancer.18–20 Cytokeratin circulates in blood and tumors as a complex and is partially 
degraded.21 CYFRA 21-1, tissue polypeptide antigen (TPA), and tissue polypeptide-specific antigen (TPS) are the three 
most used cytokeratins at present. The theory that these markers are associated with disease progression of various 
malignant tumors is recognized by more and more scholars.22–24 CYFRA 21-1 is a low molecular weight (40 kDa) acidic 
(type 1) subunit scientifically known as a soluble fragment of cytokeratin 19.21 Although reports have brought to light 
that serum CYFRA 21-1 indicates a rise in CRC patients, generally uninformed about the worth of serum CYFRA 21-1 
in colorectal cancer liver metastasis.25

In recent decades, studies have found that cancer patients with distal metastases have higher levels of CYFRA 21-1, 
such as prostate cancer, nasopharyngeal carcinoma, lung cancer and thyroid cancer.26–30 In this study, patients with 
CRLM have higher levels of CYFRA 21-1, which supports this view to a certain extent. ROC curve analysis pointed that 
CYFRA 21-1 had higher diagnostic efficiency than common tumor markers such as CEA, AFP, CA19-9, HSP90α in 

Figure 6 Receiver operating characteristic (ROC) curves were used to analyze patient progression-free survival (PFS) at the 12-, 24-, 36-, and 48-month follow-up periods. 
The areas under the ROC curve (AUCs) assessed the discriminative ability of serum CYFRA 21-1 in all CRC patients (A), in stage I–III colorectal cancer patients (B), and in 
colorectal liver metastasis (CRLM) patients (C).
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Table 5 The Correlations between OS, PFS, and various Clinicopathological Factors in Stage I–III CRC Patients

Univariate Analysis Multivariate Analysis

OS PFS OS PFS

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Sex(female vs male) 0.560 
(0.217–1.443)

0.230 0.794 
(0.402–1.569)

0.507

Age (≤60 vs >60) 1.123 
(0.477–2.646)

0.790 0.908 
(0.472–1.747)

0.772

Location of the primary tumor 
(colon vs rectum vs 
rectumandcolon)

1.023 
(0.735–1.424)

0.893 0.909 
(0.612–1.348)

0.634

Lymphatic invasion (ly 0 vs ly1, 2, 3) 1.872 
(0.755–4.642)

0.176 2.167 
(1.066–4.406)

0.033 1.399 
(0.364–5.369)

0.625

Pre-treatment CEA (≤5 ng/mL vs 
>5 ng/mL)

4.338 
(1.681–11.193)

0.002 2.245 
(1.163–4.335)

0.016 3.660 
(1.363–9.825)

0.010 2.066 
(1.053–4.055)

0.035

Pretreatment CA19-9 (≤37 U/mL 
vs >37 U/mL)

3.434 
(1.331–8.858)

0.011 1.842 
(0.765–4.433)

0.173 2.137 
(0.797–5.734)

0.131

Pretreatment HSP90α(≤82ng/mL vs 
>82 ng/mL)

1.133 
(0.334–3.847)

0.841 1.072 
(0.417–2.758)

0.886

Pretreatment AFP (≤8.78ng/mL vs 
>8.78 ng/mL)

0.049 
(0–2.195E+10)

0.826 0.049(0– 
20833779.62)

0.766

Pretreatment CYFRA 21-1 
(OS:≤2.14ng/mL vs >2.14 ng/mL, 
PFS: ≤2.56ng/mL vs >2.56 ng/mL)

1.925 
(0.747–4.961)

0.175 1.797 
(0.653–4.947)

0.022 2.167 
(1.121–4.188)

0.021

Stage (I, II vs III) 1.561 
(0.630–3.869)

0.336 2.072 
(0.999–4.298)

0.050 1.366 
(0.348–5.358)

0.655

Note: Bold values indicate statistical significance (p<0.05).

Table 4 The Correlations between OS, PFS, and various Clinicopathological Factors in CRLM Patients

Univariate Analysis Multivariate Analysis

OS PFS OS PFS

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Sex(female vs male) 1.217 
(0.613–2.415)

0.575 1.111 
(0.574–2.147)

0.755

Age  
(≤60 vs >60)

2.744 
(1.409–5.345)

0.003 1.923 
(1.026–3.605)

0.041 3.304 
(1.653–6.605)

0.001 2.154 
(1.134–4.093)

0.019

Location of the primary tumor 
(colon vs rectum vs 
rectumandcolon)

1.095 
(0.957–1.254)

0.187 1.038 
(0.907–1.188)

0.588

Lymphatic invasion (ly 0 vs ly1, 
2, 3)

1.585 
(0.486–5.161)

0.445 1.492 
(0.528–4.213)

0.450

Pre-treatment CEA (≤5 ng/mL 
vs >5 ng/mL)

1.094 
(0.501–2.389)

0.822 0.897 
(0.439–1.833)

0.766

Pretreatment CA19-9 (≤37 U/ 
mL vs >37 U/mL)

1.727 
(0. 0.891–3.347)

0.106 1.466 
(0.782–2.751)

0.233

Pretreatment HSP90α(≤82ng/ 
mL vs >82 ng/mL)

0.930 
(0.475–1.822)

0.832 1.104 
(0.584–2.088)

0.760

Pretreatment AFP (≤8.78ng/mL 
vs >8.78 ng/mL)

0.045 
(0–62.998)

0.402 0.045 
(0–34.785)

0.361

Pretreatment CYFRA 21-1 
(≤7.63ng/mL vs >7.63 ng/mL)

2.128 
(1.108–4.088)

0.023 1.786 
(0.952–3.350)

0.071 2.701 
(1.361–5.362)

0.004 2.038 
(1.069–3.883)

0.031

Note: Bold values indicate statistical significance (p<0.05).
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distinguishing the stage I–III and CRLM patients. When we combined the three indicators of CYFRA 21-1, CA19-9, and 
CEA with higher AUC, compared with CYFRA 21-1 alone, we found that the sensitivity of 86.22% of the combined 
index was slightly higher than that of CYFRA 21-1 of 83.67%, but its 78% specificity decreased for 80% of CYFRA 21- 
1. Perhaps the combined detection of these three indicators does not significantly improve its sensitivity and specificity.

There are researches indicating that CYFRA 21-1 has prognostic value in patients with lung cancer, hepatocellular 
carcinoma, oropharyngeal squamous cell carcinoma, cervical cancer, esophageal Squamous cell carcinoma and gastric 
cancer.7,31–35

In all CRC patients, it is not difficult to conclude that the prognosis of patients with high CYFRA 21-1 level is worse 
through KM survival analysis, regardless of OS or PFS. However, liver metastasis, an important prognostic factor, may 
produce a biased result. Therefore, we continued the analysis of the subgroup. In patients with CRLM, KM survival 

Figure 7 Nomograms of CRC prognosis. (A) The prognostic nomogram for overall survival (OS) based on the prognostic scores of CYFRA 21-1, lymphatic invasion(LYM) 
and CA19-9 in all CRC patients. (B) The prognostic nomogram for progression-free survival (PFS) based on the prognostic scores of CYFRA 21-1, lymphatic invasion(LYM) 
and CA19-9 in all CRC patients. (C) The prognostic nomogram for overall survival (OS) based on the prognostic scores of CYFRA 21-1 and CEA in the stage I–III CRC 
cohort. (D) The prognostic nomogram for progression-free survival (PFS) based on the prognostic scores of CYFRA 21-1 and age in the stage I–III CRC cohort. (E) The 
prognostic nomogram for overall survival (OS) based on the prognostic scores of CYFRA 21-1 and age in the CRLM cohort. (F) The prognostic nomogram for progression- 
free survival (PFS) based on the prognostic scores of CYFRA 21-1 and age in the CRLM cohort.
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analysis showed that patients with a high level of CYFRA 21-1 also underwent conspicuously shorter OS compared with 
patients with low levels of CYFRA 21-1. Although no difference was observed in the statistics of PFS, we can see a clear 
trend from the figure and speculate that patients with high CYFRA 21-1 level may have worse prognoses in PFS. Similar 
results have been observed in the stages I–III patients, and KM survival analysis announced that patients with low 
CYFRA 21-1 levels have a better prognosis than patients with opposite levels for PFS. However, we did not find similar 
results in OS.

We continued to analyze the survival rates of CRLM patients at 12, 24, 36, and 48 months, and the ROC analysis 
unveiled that the AUC of CYFRA 21-1 was relatively high at 36 and 48 months. One study found that patients with low 
three-year survival rates tended to have higher CYFRA 21-1 in CRC patients.36 Similar to the results we got. The 
evidence above proves that CRC patients with high CYFRA 21-1 have a worse prognosis. However, they did not 
distinguish between stage I–III and CRLM patients and only looked at three-year survival rates.

A study on gastric cancer pointed out that patients with high levels of CYFRA 21-1 had significantly poorer 
prognosis, in which CYFRA 21-1 could independently affect prognosis, while CEA and CA19-9 had no predictive 
value.35 We observed similar results in colorectal cancer. In our research, the optimal cutoff value of CYFRA 21-1 in 
CRLM patients is higher than in patients with stage I–III CRC. The constructed Cox proportional hazard model indicated 
that CYFRA 21-1 and age can independently influence the prognosis of patients with CRLM, whether OS or PFS. The 
above results prove that CYFRA 21-1 may be an independent prognostic factor in gastrointestinal tumors. Some studies 
have pointed out that the preoperative CEA level may be normal even for advanced colorectal cancer, and it is not 
uncommon.37 One study had pointed out that age can independently influence the prognosis of patients with CRLM, and 
this result was consistent with the results we obtained.38 In this paper, the patients with stage I–III CRC, CYFRA 21-1 
were only independent prognostic factors for PFS in Cox proportional hazard model, not for OS. We observed that CEA 
independently affected OS and PFS in patients with stage I–III CRC, but there was no obvious link between OS or PFS in 
CRLM patients. And in our analysis, the difference between survival rates at 12, 24, 36 and 48 months for patients with 
CRC was not significant. The above evidence demonstrates that CYFRA 21-1 has a unique prognostic ability for OS in 
patients with colorectal cancer liver metastases and PFS in patients with stage I–III.

We developed survival nomograms based on the CYFRA 21-1 in the hope of increasing the reliability of prognostic 
studies. With predictions supported by the C-index, nomogram does a decent job of predicting survival.

Although CYFRA 21-1 in this paper revealed high diagnostic and prognostic value, there are some deficiencies to 
close attention and more work can be done in the future. First, we conducted only single-centre retrospective study. 
Secondly, that may be considered a contributing factor of suspected bias is our insufficient sample size. Finally, in this 
study, we only focused on liver metastases, and more studies can be done on metastases in other parts in the future, such 
as lung metastases. We will continue to refine this research, and the next step may be to conduct a multi-center 
prospective study.

Conclusions
In summary, serum CYFRA 21-1 was significantly elevated in colorectal cancer liver metastasis, which can distinguish 
stage I–III and CRLM colorectal cancer patients well. Elevated serum CYFRA 21-1 was correlated with shorter OS of 
patients with CRLM. As a cost-effective and reliable pre-treatment serum biomarker, serum CYFRA21-1 can be used as 
a diagnostic prognostic marker for colorectal liver metastases patients, in which crucial clinical significance has shown.

Data Sharing Statement
The original contributions involved in this study are included in the article/Supplementary Material. Further enquiries can 
be directed to the corresponding authors.
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