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ABSTRACT 

CYFRA 21-1, a soluble fragment of cytokeratin-19 released during epithelial cell apoptosis and necrosis, has emerged as a 
promising serum biomarker across a wide range of epithelial malignancies. This review synthesizes current evidence 
regarding its diagnostic, prognostic, and predictive roles in oncology, with emphasis on its clinical applicability, limitations, 
and future perspectives. Elevated baseline concentrations of CYFRA 21-1 consistently correlate with greater tumor burden, 
advanced stage, and poorer survival in cancers such as non–small cell lung cancer, head and neck squamous carcinoma, 
esophageal, colorectal, breast, thyroid, and urothelial tumors. Serial measurement provides additional clinical insight, as 
reductions during treatment reflect therapeutic response, whereas rising levels may precede radiologic or clinical relapse. 
Despite these strengths, limited sensitivity in early-stage disease, biological heterogeneity, and lack of assay standardization 
currently restrict universal application. Integrative approaches combining CYFRA 21-1 with complementary tumor markers, 
inflammatory indices, or molecular assays show improved diagnostic and prognostic performance, underscoring its potential 
as part of multimarker algorithms rather than a stand-alone test. Ongoing efforts to harmonize assays, define reference 
intervals, and evaluate kinetic behavior in prospective cohorts are essential for translation into practice. Ultimately, CYFRA 
21-1 represents a biologically grounded, minimally invasive biomarker capable of enhancing personalized oncology by 
refining risk stratification, guiding therapeutic decisions, and enabling earlier detection of relapse. Continued validation and 
clinical integration may establish CYFRA 21-1 as a key component in the evolving landscape of evidence-based cancer 
management. 
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1. Introduction 

Cytokeratins, particularly CK19, are intermediate filament proteins abundantly expressed in simple 

epithelial cells and serve as key molecular markers in oncology. Specific soluble fragments, such as CYFRA 

21-1, are released during apoptosis or normal cell turnover, providing an accurate reflection of tumor cell 

activity. Routine measurement of these fragments in body fluids offers a minimally invasive approach to 

monitoring disease progression and assessing treatment efficacy in epithelial malignancies [1]. CYFRA 21-1 

represents a soluble fragment of cytokeratin 19, generated through proteolytic cleavage of the parent protein 

during epithelial cell apoptosis. This process is strictly dependent on caspase activation, which mediates the 

degradation of cytoskeletal components during the terminal stages of programmed cell death. Elevated serum 
levels of CYFRA 21-1 reflect increased tumor cell turnover and may serve as an indirect biomarker of 

apoptotic activity within malignant tissues [2]. CK19 itself is a low-molecular-weight cytoskeletal protein 

widely expressed across various malignancies, including lung, colorectal, and breast cancers. Strong CK19 

expression is observed in most non-small cell lung carcinomas, whereas its presence is lower in small cell lung 

cancers and variable in metastatic intrathoracic tumors. Although CK19 demonstrates high sensitivity for non-

small cell lung cancers, its diffuse expression pattern limits its prognostic utility when based solely on staining 

intensity [3]. The role of CK19 and its fragments in treatment monitoring is particularly significant, 

encompassing the assessment of surgical efficacy, evaluation of chemotherapy response, and early 

identification of disease recurrence. Beyond its monitoring function, CYFRA 21-1 also serves as an 

independent prognostic indicator, offering valuable insights into disease progression. While clinical decision-

making currently depends largely on population-based reference ranges, the high consistency of commercial 

assays and the potential for international standardization underscore the importance of incorporating this 

marker into external quality assurance schemes to ensure reliable application in clinical practice [4]. Serum 

CYFRA 21-1 levels may fluctuate over time, with some individuals exhibiting transient elevations that 

normalize in subsequent measurements. Factors such as advanced age, heavy smoking, and weight loss have 

been associated with an increased likelihood of elevated CYFRA 21-1 levels, emphasizing the need to consider 

these variables when interpreting results. These findings suggest that a single measurement may be insufficient 

for reliable clinical assessment, particularly in the context of lung cancer screening [5]. Beyond its oncological 

relevance, recent evidence suggests that CYFRA 21-1 may also reflect systemic pathological processes, 

including cardiovascular risk, highlighting its potential as a broader prognostic biomarker. These findings 

underscore the marker’s dual clinical significance and support further investigation of its diagnostic and 

prognostic applications [6]. CYFRA 21-1 has emerged as a pivotal biomarker for the early detection and 

monitoring of cancer, offering promising opportunities to improve patient outcomes. Various biosensors are 

already employed in clinical and research settings to detect this marker, and ongoing technological 

advancements continue to enhance their sensitivity, multiplexing capacity, and real-time monitoring 
capabilities, paving the way for next-generation diagnostic strategies and personalized oncology care [7]. 

 

Materials and methods: As a narrative review, we conducted a comprehensive literature search to 

evaluate the diagnostic, prognostic, and therapeutic significance of CYFRA 21-1 across various malignancies. 

Bibliographic research was performed in October 2025. Articles were selected through PubMed and open-

access databases using keywords related to CYFRA 21-1 in oncology. A total of 70 publications were included 

in the analysis, encompassing clinical studies, meta-analyses, and reviews addressing the clinical utility of 

CYFRA 21-1 in different cancer types. 
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2. Clinical Utility of CYFRA 21-1 in Oncology. 
2.1 Lung cancer 
CYFRA 21-1 levels are consistently higher in patients with non-small cell lung cancer (NSCLC), 

particularly in squamous cell carcinoma. Measuring CYFRA 21-1 alongside carcinoembryonic antigen (CEA) 
enhances the ability to distinguish malignant from benign pulmonary conditions. The combined use of these 
markers improves early detection and supports clinical decision-making [8]. Compared to other tumor markers 
such as CEA, CA 19-9, and neuron-specific enolase (NSE), CYFRA 21-1 demonstrates particular strength in 
detecting squamous cell carcinoma. Incorporating it into a multimarker panel increases diagnostic precision, 
allowing for better patient stratification and more informed treatment planning [9]. CYFRA 21-1 levels 
naturally increase with age, a factor that should be considered during interpretation. Age-specific reference 
ranges help reduce the risk of false-positive results, and adjusting diagnostic thresholds based on patient age 
can enhance the reliability of this biomarker in clinical practice [10]. When combined with other tumor markers 
such as CEA, NSE, pro-gastrin-releasing peptide (ProGRP), and squamous cell carcinoma antigen (SCC), 
CYFRA 21-1 improves the sensitivity of early lung cancer detection. This approach is particularly valuable 
for identifying peripheral squamous and adenocarcinomas. Multimarker panels may facilitate earlier 
intervention and improved patient outcomes [11]. CYFRA 21-1 concentrations are significantly higher in 
malignant pulmonary diseases compared to benign conditions. Diagnostic cutoff values may require 
adjustment depending on specific clinical scenarios, such as the presence of cavitary lesions. Tailoring these 
thresholds to clinical context enhances diagnostic accuracy [12]. Higher CYFRA 21-1 levels correlate with 
more advanced tumor stages and reduced overall survival in patients with NSCLC. Elevated concentrations 
indicate a poorer prognosis and help identify high-risk individuals. Incorporating CYFRA 21-1 into prognostic 
models may aid in guiding personalized treatment strategies [13]. In patients undergoing immunotherapy, 
elevated CYFRA 21-1 levels have been associated with shorter overall survival, suggesting a link to treatment 
resistance. Regular monitoring of CYFRA 21-1 during immunotherapy may provide insights into therapeutic 
response and allow for timely treatment adjustments [14]. CYFRA 21-1 levels typically decrease in patients 
responding to chemotherapy, whereas non-responders exhibit little or no change. This makes CYFRA 21-1 a 
valuable biomarker for evaluating treatment efficacy. Serial measurements enable clinicians to better assess 
therapeutic response and modify strategies as needed [15]. Monitoring dynamic changes in CYFRA 21-1 levels 
during chemotherapy provides critical information regarding patient outcomes. Sequential measurements 
reflect treatment effectiveness and support more personalized clinical decision-making [16]. Combining 
CYFRA 21-1 with additional markers such as CEA, NSE, SCC-Ag, and ProGRP enhances diagnostic accuracy 
for lung cancer. This multimarker approach allows for more precise differentiation between tumor types and 
stages, improving patient management and enabling tailored therapeutic plans [17]. Preoperative CYFRA 21-
1 levels have been identified as independent prognostic factors for survival and tumor recurrence in patients 
with resected NSCLC. Elevated preoperative concentrations are associated with a decreased likelihood of 
survival or recurrence-free status 15 months or more after surgery. These findings suggest that CYFRA 21-1 
is a valuable tool for identifying patients at high risk of treatment failure [18]. CYFRA 21-1 also serves as a 
prognostic marker in patients with advanced NSCLC undergoing chemotherapy. Higher baseline levels are 
associated with shorter progression-free and overall survival. Monitoring serum CYFRA 21-1 during treatment 
can guide clinical decisions and identify patients who may benefit from more intensive therapy [19]. In patients 
with extensive-stage small cell lung cancer (ED-SCLC) receiving first-line platinum-doublet chemotherapy, 
elevated pretreatment serum CYFRA 21-1 levels (≥7.0 ng/mL) were associated with significantly shorter 
progression-free survival (118 days vs. 125 days) and overall survival (213 days vs. 295 days) compared to 
patients with lower levels. Increased CYFRA 21-1 concentrations also correlated with a higher incidence of 
refractory relapse, supporting its potential as a prognostic biomarker in ED-SCLC [20]. In a prospective 
observational study of 121 patients with advanced NSCLC treated with combined chemoimmunotherapy, 
serum CYFRA 21-1 levels above 3.0 ng/mL were significantly associated with improved progression-free 
survival (PFS) in both discovery and validation cohorts. In contrast, carcinoembryonic antigen (CEA) levels 
did not show a significant correlation with PFS. These findings highlight the potential of CYFRA 21-1 as a 
predictive biomarker for treatment efficacy in NSCLC patients receiving combined chemoimmunotherapy [21]. 
A pilot study investigating serum biomarkers for lung cancer risk among individuals exposed to residential 
radon demonstrated that the combination of interleukin-6 (IL-6) and CYFRA 21-1 significantly improved 
diagnostic accuracy. While IL-6 alone exhibited high specificity but moderate sensitivity, the combined 
measurement of IL-6 and CYFRA 21-1 yielded the highest area under the receiver operating characteristic 
curve (AUC), sensitivity, and specificity for distinguishing lung cancer patients from high-risk individuals. 
These results suggest that IL-6 and CYFRA 21-1 co-assessment could enhance early detection strategies in 
radon-exposed populations [22]. 
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2.2 Head and neck cancers 

CYFRA 21-1 exhibits moderate diagnostic sensitivity but remarkably high specificity in head and neck 

squamous cell carcinoma (HNSCC). Elevated serum levels are strongly associated with poorer overall and 

disease-free survival, indicating that this cytokeratin-19 fragment not only reflects tumor burden but also 

mirrors biological aggressiveness. Its measurement can refine clinical assessment and complement 

conventional diagnostic methods such as imaging and histopathology [23]. Although CYFRA 21-1 alone may 

not be sufficiently sensitive for early detection, its reliability and specificity make it a valuable adjunct in 

oncologic diagnostics. When interpreted alongside other serum markers or radiological findings, it enables 

more precise differentiation between malignant and benign lesions in the head and neck region, supporting its 

role as a complementary rather than stand-alone biomarker in clinical evaluation [24]. Higher pretreatment 

CYFRA 21-1 concentrations are frequently observed in patients with advanced disease and correlate with 

unfavorable therapeutic outcomes. Elevated levels prior to chemoradiotherapy are associated with an increased 

risk of locoregional recurrence and distant metastasis, underscoring the potential value of CYFRA 21-1 in 

pretreatment risk stratification. Regular monitoring of CYFRA 21-1 dynamics may help identify patients who 

could benefit from intensified follow-up or adjuvant therapy [25]. In laryngeal carcinoma, increased CYFRA 

21-1 levels closely correspond with tumor presence and stage, reinforcing its significance as a biochemical 

marker of disease activity. Although the optimal diagnostic cutoff remains under debate, this marker provides 
practical value when interpreted in conjunction with endoscopic and imaging findings. Incorporating CYFRA 

21-1 into standard diagnostic panels can therefore enhance the accuracy of clinical staging [26]. In certain 

subtypes, such as cutaneous squamous cell carcinoma of the head and neck, serum CYFRA 21-1 levels may 

offer additional insight into tumor size, invasiveness, and biological behavior. These observations suggest its 

potential as a complementary indicator for disease monitoring, particularly in aggressive or metastatic cases 

[27]. Baseline serum CYFRA 21-1 concentrations appear to reflect overall tumor load and pathological 

aggressiveness, providing supplementary information for prognosis and treatment planning. When combined 

with traditional staging parameters, this biomarker can improve individualized therapeutic decision-making 

and strengthen risk prediction [28]. Although CYFRA 21-1 lacks sufficient sensitivity to detect all cases of 

minimal residual disease following radiotherapy, sequential measurement may reveal early recurrence patterns. 

Integrating serial CYFRA 21-1 testing into post-treatment monitoring protocols could therefore provide an 

earlier indication of disease reactivation or progression [29]. Progressive increases in CYFRA 21-1 levels have 

been shown to precede the clinical or radiological detection of distant metastases by several weeks, suggesting 

that dynamic monitoring rather than single measurements may be crucial for early relapse identification at 

potentially more treatable stages [30]. Combining CYFRA 21-1 with additional tumor markers such as CEA, 

SCC-Ag, or tissue polypeptide-specific antigen (TPS) substantially improves both diagnostic sensitivity and 

prognostic performance. Multimarker strategies capture a broader spectrum of tumor activity, providing a more 

comprehensive and reliable assessment of disease status compared to single-marker evaluation [31]. Persistent 

elevation of CYFRA 21-1 is frequently linked to increased metastatic potential and reduced overall survival. 

Tracking its trajectory over time can help differentiate between active disease and remission, thereby 

supporting more individualized follow-up strategies [32]. Continuous post-treatment increases in CYFRA 21-

1 concentrations often signal early recurrence and poorer prognosis. Regular measurement of this marker as 

part of follow-up protocols may enhance early relapse detection and enable timely therapeutic intervention, 

ultimately improving long-term outcomes for patients with HNSCC [33]. 

 

2.3 Esophageal cancer 

CYFRA 21-1 has been extensively investigated as both a diagnostic and prognostic biomarker in 

squamous cell carcinoma of the esophagus. Preoperative serum concentrations exceeding 3.5 ng/mL were 

observed in approximately 20% of patients and were associated with larger tumor size (≥40 mm), deeper 

invasion (T2–T4), and lymph node metastasis. Following radical resection, CYFRA 21-1 levels significantly 

declined, and elevated preoperative values were identified as independent predictors of overall survival [34]. 

When combined with squamous cell carcinoma antigen (SCC-Ag) to form the Tumor Marker Index (TMI), 

CYFRA 21-1 enables a more refined prognostic assessment. Patients with a high TMI demonstrated 

significantly poorer survival compared to those with a low TMI, while the addition of postoperative adjuvant 

chemotherapy improved outcomes in the high-TMI group [35]. CYFRA 21-1 also serves as a valuable marker 

for monitoring treatment response, as reductions in serum levels following radiotherapy or chemoradiotherapy 

correlate with favorable clinical outcomes and a lower risk of disease recurrence [36]. Furthermore, integrating 

CYFRA 21-1 with inflammatory parameters such as the platelet-to-lymphocyte ratio (PLR) or lymphocyte-to-
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monocyte ratio (LMR) enhances its prognostic utility. Elevated PLR × CYFRA 21-1 values or the combination 

of high CYFRA 21-1 with low LMR are associated with poorer prognosis, increased risk of relapse, and a 

reduced likelihood of achieving a complete therapeutic response [37,38]. Pre-treatment assessment of CYFRA 

21-1 may also help predict tumor sensitivity to chemoradiotherapy. Li et al. reported that patients with low 

pre-treatment CYFRA 21-1 levels (<3.4 ng/mL) achieved higher overall response rates (CR + PR: 96.3%) 

compared to those with elevated levels (60%) [39]. However, CYFRA 21-1 alone does not consistently 

correlate with clinicopathological parameters. Sugase et al. found that elevated serum CYFRA 21-1 was not 

associated with age, sex, TNM stage, tumor location, histological differentiation, or Ki-67 expression, 

underscoring the need to combine this marker with others for a more accurate prognostic evaluation [40]. Wu 

et al. demonstrated that CYFRA 21-1 is more suitable for monitoring treatment efficacy than for early 

diagnosis. Its diagnostic sensitivity was 33.9%, surpassing that of SCC-Ag, CEA, and CA19-9, and serum 

levels correlated with TNM stage and lymph node metastasis following resection [41]. In conclusion, CYFRA 

21-1 represents a valuable biomarker for diagnosis, therapeutic response evaluation, and prognostication in 

esophageal squamous cell carcinoma. Integrating this marker with other tumor-associated biomarkers and 

systemic inflammatory indicators markedly enhances prognostic accuracy [42]. 

 

2.4 Colorectal cancer 

CYFRA 21-1 has demonstrated significant clinical utility in identifying primary colorectal malignancies, 

particularly in distinguishing malignant from benign lesions. In a study by Lee et al., a serum threshold of 

≥1.13 ng/mL yielded a diagnostic sensitivity of 47%, surpassing that of CEA (37%) and CA 19-9 (32.6%), 

with an area under the ROC curve of 0.81 ± 0.03, underscoring its superior diagnostic accuracy for colorectal 

cancer detection. Its strong performance in detecting recurrent disease further highlights its clinical relevance 

[43]. Measurement of CYFRA 21-1 is also valuable for evaluating therapeutic response. Lee et al. observed 

that postoperative or post-chemotherapy declines in serum levels were indicative of favorable treatment 

outcomes, whereas rising concentrations frequently preceded clinical recurrence, confirming its role in 

longitudinal patient monitoring [43]. Beyond established malignancies, CYFRA 21-1 may assist in detecting 

advanced precancerous colorectal lesions. Lim et al. reported that serum CYFRA 21-1 effectively 

differentiated individuals with advanced adenomas from healthy controls, achieving an AUC of 0.732 (95% 

CI 0.656–0.809, P < 0.001) and demonstrating higher sensitivity than other tumor markers, suggesting its 

potential role in early detection and preventive screening strategies [44]. Serum CYFRA 21-1 concentrations 

also correlate with disease progression and metastatic burden, particularly hepatic metastases. Shimada et al. 

found that elevated serum levels were associated with more advanced Dukes stages (C and D), supporting its 

utility in assessing tumor spread and disease severity [45]. When compared with established tumor markers 

such as CEA and CA 19-9, CYFRA 21-1 demonstrates enhanced sensitivity for detecting both early metastases 

and recurrent disease. The combination of CYFRA 21-1 with other biomarkers has been shown to improve 

diagnostic accuracy and strengthen the monitoring of therapeutic response and disease dynamics [45]. High 

pre-treatment CYFRA 21-1 concentrations have been linked to poorer prognosis and an increased risk of 

disease recurrence. Huang et al. reported that patients with elevated baseline levels exhibited shorter overall 

survival, suggesting that CYFRA 21-1 can serve as a complementary prognostic indicator alongside traditional 

clinical parameters [46]. Preoperative evaluation of CYFRA 21-1 provides additional prognostic insight, as 

elevated levels have been associated with increased recurrence risk and reduced survival duration, enabling 

clinicians to better identify high-risk patients and optimize perioperative management strategies [47]. 

Emerging evidence also suggests a potential role for CYFRA 21-1 in identifying serrated colorectal lesions. 

Ye et al. reported significant associations between serum CYFRA 21-1 concentrations and sessile serrated 

lesions or traditional serrated adenomas, while a diagnostic scoring model integrating thermal imaging with 

CYFRA 21-1 levels improved lesion detection and surveillance accuracy [48]. 

 

2.5 Breast cancer 

Measurement of CYFRA 21-1 in fine-needle aspiration rinses of axillary lymph nodes has been shown 

to improve the sensitivity of detecting metastatic involvement compared to cytology alone, enhancing 

preoperative diagnostic accuracy and supporting more informed decisions regarding sentinel lymph node 

procedures [49]. Quantification of CYFRA 21-1 directly in fine-needle aspirates or their rinses represents an 

innovative adjunct to cytological assessment for detecting axillary lymph node metastases, aiding in 

identifying tumor involvement even when cytological findings are inconclusive and refining surgical planning 

[50]. When compared with traditional tumor markers such as CA 15-3 and CEA, serum CYFRA 21-1 levels 
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correlate with disease stage and tumor burden in breast cancer patients. Although its prognostic value is 

comparable to that of CA 15-3, current evidence does not support its use as a standalone diagnostic marker 

due to limited sensitivity and specificity in early-stage disease [51]. Serum CYFRA 21-1 has also been 

investigated for treatment monitoring and early relapse detection, with decreasing concentrations following 

therapy associated with response and increasing levels often preceding clinical or radiological signs of 

progression, suggesting its potential utility in follow-up protocols for metastatic breast cancer [52]. The 

detection of cytokeratin 19 (CK19) fragments, including CYFRA 21-1, in bone marrow samples is associated 

with poor prognosis and may indicate micrometastatic disease, as the presence of CK19-positive cells 

correlates with reduced survival, highlighting the relevance of cytokeratin-based assays for risk stratification 

[53]. Combining CYFRA 21-1 with other circulating biomarkers such as CA 15-3, CEA, HER2 shed antigen, 

LDH, or CRP improves the sensitivity of relapse detection compared to single-marker assessment. Such 

multimarker panels may enhance clinical monitoring in patients with high recurrence risk, although their 

predictive value should be interpreted cautiously [54]. Perioperative assessment of CYFRA 21-1 in patients 

undergoing hepatic resection for metastatic breast cancer provides additional prognostic information, with 

elevated pre- and postoperative levels linked to poorer outcomes, underscoring the marker’s value in 

therapeutic decision-making and postoperative surveillance [55]. In patients with leptomeningeal 

carcinomatosis secondary to breast cancer, CYFRA 21-1 concentrations in cerebrospinal fluid may reflect 
treatment efficacy, as changes in CSF levels parallel clinical course, indicating that CYFRA 21-1 could serve 

as a minimally invasive biomarker for monitoring disease in this rare complication [56]. Studies in Asian 

populations have demonstrated that CYFRA 21-1 correlates not only with tumor stage but also with 

inflammatory cytokine profiles such as IL-6, IL-8, and IL-10, suggesting that CYFRA 21-1 reflects both tumor 

activity and systemic inflammatory response and reinforcing its potential role in integrated prognostic models 

[57]. Cytological washings obtained postoperatively from axillary regions have shown that CYFRA 21-1 can 

facilitate the detection of regional recurrence after surgery, complementing imaging and cytology and offering 

a sensitive approach for local recurrence surveillance [58]. In differentiating pulmonary lesions in patients with 

a history of breast cancer, elevated CYFRA 21-1 levels combined with higher primary tumor stage are 

indicative of metastatic rather than primary pulmonary carcinoma, supporting its use as an adjunct marker to 

distinguish pulmonary metastases from new primary lung cancers in complex diagnostic scenarios [59]. 

 

2.6 Thyroid cancer 

CYFRA 21.1, a soluble fragment derived from cytokeratin 19, has been identified as an indicator of 

dedifferentiation in advanced thyroid cancers, with increased serum levels often associated with a more 

aggressive clinical course. Evaluating CYFRA 21.1 may provide additional insight into the differentiation 

status of thyroid tumors [60]. Research indicates that serum CYFRA 21.1 concentrations are elevated in 

patients with thyroid malignancies compared to those with benign nodular disease, suggesting its potential 

utility in distinguishing malignant from non-malignant thyroid lesions, although its specificity is limited since 

elevated levels may also occur in other clinical conditions [61]. Serum CYFRA 21.1 levels show a positive 

correlation with disease activity in patients with metastatic thyroid carcinoma, and an upward trend may 

indicate advancing disease. Continuous monitoring of CYFRA 21.1 can therefore provide useful information 

regarding therapeutic effectiveness and disease dynamics [62]. Assessing CYFRA 21.1 in lymph node 

aspirates (“washout” fluid) can enhance the detection of metastatic involvement in thyroid carcinoma, as 

elevated levels in nodal aspirates suggest metastatic infiltration; however, additional studies are warranted to 

establish its routine clinical application [63]. Serum CYFRA 21.1 may also serve as a tool to evaluate response 

to therapy in thyroid cancer patients, with higher levels linked to an increased likelihood of recurrence. Serial 

measurements can thus contribute to patient risk stratification and prognostic assessment [64]. Moreover, 

elevated CYFRA 21.1 concentrations may reflect resistance to radioiodine therapy in individuals with thyroid 

carcinoma, potentially identifying patients less likely to benefit from standard radioiodine treatment, although 

further investigation is needed to validate its clinical applicability [65]. 
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2.7 Bladder cancer 

CYFRA 21.1, a soluble fragment of cytokeratin 19, has been identified as a circulating biomarker in 

bladder cancer, with higher serum concentrations associated with advanced tumor stage and aggressive clinical 

features. Its measurement can provide insight into disease burden and the biological behavior of the tumor. 

Integrating CYFRA 21.1 with additional biomarkers such as ERCC1, p53, FGFR3, or TATI may improve 

prognostic and diagnostic accuracy, as multi-marker panels allow better patient stratification based on risk and 

guide personalized treatment strategies, although further validation is needed before widespread clinical 

adoption [66]. Elevated serum CYFRA 21.1 levels have been linked to worse survival outcomes in patients 

with bladder carcinoma, with higher concentrations often corresponding to advanced tumor grade and stage. 

Incorporating this marker into prognostic assessment can therefore support treatment decision-making [67]. 

Dynamic changes in serum CYFRA 21.1 during chemotherapy reflect therapeutic efficacy, as decreasing 

levels generally indicate a favorable response, whereas rising concentrations may signal disease progression, 

providing a minimally invasive method for monitoring patient response over time. Serum CYFRA 21.1 levels 

also correlate with disease extent in invasive bladder cancer, with higher concentrations frequently observed 

in patients with metastatic involvement or large tumor volume, thus offering indirect information regarding 

disease severity [68]. CYFRA 21.1 has been evaluated as part of multi-marker urine panels for bladder cancer 

detection, and when combined with markers such as VEGF, IL-8, MMP-9, and survivin, it can enhance 
diagnostic accuracy and sensitivity, supporting the development of non-invasive, rapid screening strategies 

[69]. However, urinary CYFRA 21.1 alone demonstrates limited reliability for detecting bladder cancer 

recurrence, as sensitivity and specificity remain suboptimal even with optimized detection thresholds, 

restricting its use as a standalone surveillance tool [70]. 

 

3. Discussion 

The collective body of evidence reviewed in this article highlights the considerable but still only partially 

realized potential of CYFRA 21-1 as a biomarker across a variety of epithelial malignancies. The principal 

clinical applications of CYFRA 21-1 across major epithelial malignancies, including its diagnostic, prognostic, 

and monitoring value, are summarized in Table 1. The biological basis of this marker—originating from the 

caspase-mediated cleavage of cytokeratin-19 during apoptosis or epithelial turnover—provides a compelling 

rationale for its release into circulation and for its association with tumor dynamics. In principle, CYFRA 21-

1 reflects the biological activity of malignant epithelium, acting as a measurable proxy for the cellular 

disintegration that accompanies tumor progression. Translating this mechanistic insight into robust clinical 

utility, however, has proven more complex than initially anticipated. 

Across different tumor types, a coherent pattern emerges. High serum CYFRA 21-1 levels consistently 

correlate with larger tumor burden, more advanced disease, and inferior survival. A reduction in concentration 

during treatment usually mirrors therapeutic efficacy, whereas rising levels often precede or accompany 

relapse. These associations are particularly strong in non–small cell lung cancer, where CYFRA 21-1 has 

shown prognostic and monitoring value in numerous independent studies. Comparable though somewhat less 

pronounced trends have been observed in head and neck squamous cell carcinoma, esophageal and colorectal 

cancers, and in metastatic breast, thyroid, and urothelial tumors. Taken together, these findings suggest that 

CYFRA 21-1 captures a shared biological phenomenon—epithelial cell disruption—rather than a signal 

specific to one organ or histologic subtype. In that sense, it functions as a broad indicator of tumor burden and 

cell turnover, bridging the gap between histopathological activity and clinical manifestation. 

A further strength of this biomarker lies in its practicality. CYFRA 21-1 measurement is minimally 

invasive, requiring only a simple blood draw, which allows for serial assessment over the course of therapy. 

In an era defined by precision oncology, when real-time feedback is critical for therapeutic adjustment, the 

ability to track disease activity through serum-based monitoring is extremely valuable. Several commercial 

assays have already achieved acceptable analytical performance, and progress toward assay harmonization and 

external quality control continues. Although standardization remains incomplete, CYFRA 21-1 already stands 

out for its feasibility and clinical accessibility, particularly when integrated alongside imaging and established 

tumor markers. 

Despite these advantages, several limitations temper enthusiasm for routine clinical adoption. Sensitivity 

remains the principal obstacle. Although specificity is generally adequate, the ability of CYFRA 21-1 to detect 

early-stage disease is modest in many cancer types, which restricts its value as a screening tool. Its greatest 

utility currently lies in prognostication and monitoring rather than primary diagnosis. Moreover, biological 

and analytical variability complicate interpretation. Serum concentrations can be influenced by factors such as 
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age, smoking, weight loss, or benign epithelial injury. These confounders may yield false-positive results if 

not properly contextualized. Expression of cytokeratin-19 also varies between tumors, contributing to 

heterogeneity in release kinetics. As a result, no single universal threshold can be applied confidently across 

all malignancies. 

Analytical inconsistency among studies remains another challenge. Investigators have employed a range 

of cut-off values—often between 3.0 ng/mL and 3.5 ng/mL—but without consensus regarding reference 

intervals or adjustment for demographic variables. This heterogeneity makes cross-study comparison difficult 

and limits meta-analytic synthesis. Establishing standardized cut-offs, validated through large multicenter 

cohorts, would significantly strengthen the evidence base and facilitate translation into practice. 

The temporal dimension of CYFRA 21-1 monitoring also deserves greater attention. The kinetics of 

change during therapy and follow-up appear clinically meaningful, but the optimal sampling interval and 

timing of measurements remain undefined. In advanced disease, CYFRA 21-1 often decreases with effective 

treatment and rises again at progression, but less is known about its dynamics in early-stage or minimal residual 

disease settings. Determining the marker’s lead time—that is, how far in advance an elevation predicts 

relapse—will be essential for its incorporation into modern surveillance strategies. 

When viewed through a clinical lens, several patterns of use for CYFRA 21-1 become apparent. 

Elevated baseline concentrations can serve as a marker of aggressive disease biology and identify patients who 
may benefit from closer monitoring or intensified systemic therapy. During active treatment, serial 

measurement can provide early insight into therapeutic response, complementing imaging findings and 

potentially guiding timely changes in regimen. In the post-treatment setting, a renewed rise in CYFRA 21-1 

can serve as an early signal of relapse, allowing clinicians to intervene before overt clinical deterioration occurs. 

Importantly, CYFRA 21-1 appears most effective when interpreted in combination with other biomarkers or 

clinical variables. Integrative models that combine CYFRA 21-1 with markers such as CEA, SCC-Ag, or 

inflammatory indices have achieved better discrimination and prognostic accuracy than any single marker 

alone. This multidimensional approach aligns with current trends toward composite biomarker panels that 

capture different facets of tumor biology. 

The role of CYFRA 21-1 in newer therapeutic contexts is also gaining attention. As immunotherapy, 

targeted therapy, and combined chemo-immunotherapy become standard of care in many malignancies, 

dynamic serum markers that reflect early biological response are increasingly valuable. Recent reports in non–

small cell lung cancer suggest that CYFRA 21-1 may retain prognostic and predictive relevance even in 

patients treated with immune checkpoint inhibitors, pointing to its broader applicability in modern oncologic 

paradigms. Similarly, preliminary data from less common tumor types, such as penile carcinoma, hint at wider 

relevance beyond traditional epithelial sites. These findings encourage continued exploration in both common 

and rare malignancies. 

Future progress will depend on several research priorities. Prospective studies must validate CYFRA 

21-1 across diverse cancer populations, with consistent methodology and predefined thresholds. 

Harmonization of assays and establishment of universally accepted reference ranges are essential for 

reproducibility. Longitudinal investigations should characterize the marker’s kinetic behavior—how rapidly it 

changes with therapy, how soon it signals progression, and how these dynamics compare with imaging or 

molecular markers such as circulating tumor DNA. Integrative research combining CYFRA 21-1 with genomic, 

radiomic, or immunologic parameters could yield composite signatures that more accurately mirror tumor 

biology and therapeutic response. Finally, health-economic analyses should quantify whether serial CYFRA 

21-1 monitoring improves outcomes or reduces cost by enabling earlier intervention and more efficient use of 

resources. 

The existing literature, while promising, is not without its limitations. Many studies are retrospective, 

involve small and heterogeneous cohorts, and lack standardized methodologies. Follow-up durations are often 

short, and potential confounders such as comorbid pulmonary disease or chronic inflammation are not always 

controlled. These issues may inflate effect estimates or obscure the true scope of the marker’s utility. 

Consequently, although CYFRA 21-1 has demonstrated clear associations with clinical outcomes, its precise 

role in guiding management decisions remains to be fully defined. Careful interpretation within the clinical 

context is therefore imperative. 

Despite these caveats, CYFRA 21-1 has gradually earned a place among the more credible circulating 

biomarkers in oncology. Its mechanistic plausibility, reproducible correlations with tumor activity, and ease 

of measurement make it a valuable adjunct to established modalities. While it is unlikely to replace imaging 

or tissue-based diagnostics, it can enhance them by providing a biochemical dimension to disease monitoring—
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one that reflects real-time biological behavior rather than static morphology. In the broader pursuit of 

personalized cancer management, such dynamic indicators are indispensable. 

 

Table 1. Clinical significance of CYFRA 21-1 across major cancer types. 

 

Cancer type Diagnostic Utility Prognostic Value 
Monitoring / 

Predictive Role 
Key Remarks 

Non-small cell lung 

cancer (NSCLC) 

Elevated particularly 

in squamous 

subtype; improves 

differential diagnosis 

when combined with 

CEA or SCC-Ag. 

High baseline levels 

predict advanced 

stage, poor survival, 

and shorter PFS/OS. 

Serial decline 

reflects treatment 

response; early rise 

may signal relapse or 

resistance. 

Most validated 

malignancy for 

CYFRA 21-1; 

integral to 

multimarker panels. 

Small cell lung 

cancer (SCLC) 

Limited diagnostic 

sensitivity. 

High pretreatment 

levels associated 

with refractory 

relapse and inferior 

survival. 

Useful for 

monitoring 

chemotherapy 

response. 

Supplementary 

rather than primary 

biomarker. 

Head and neck 

squamous cell 

carcinoma (HNSCC) 

Moderate sensitivity 

but high specificity; 

aids differentiation 

from benign lesions. 

Elevated baseline 

levels linked to 

aggressive 

phenotype and poor 

prognosis. 

Dynamic changes 

indicate recurrence 

or metastasis; 

supports follow-up 

surveillance. 

Valuable adjunct to 

imaging and 

histopathology. 

Esophageal 
squamous cell 

carcinoma 

Elevated in ~20% of 
cases; correlates 

with tumor size and 

nodal spread. 

Independent 

predictor of overall 
survival; high values 

indicate poor 

outcome. 

Post-therapy decline 
correlates with 

favorable response. 

Prognostic accuracy 

enhanced when 
combined with SCC-

Ag or inflammatory 

ratios. 

Colorectal cancer 

Differentiates 

malignant from 

benign or 

precancerous 

lesions; higher 

sensitivity than CEA 

or CA 19-9. 

Elevated pre- and 

postoperative levels 

predict recurrence 

and shorter survival. 

Decrease after 

surgery or 

chemotherapy 

indicates effective 

treatment. 

Promising tool for 

detecting recurrence 

and advanced 

adenomas. 

Breast cancer 

Detectable in fine-

needle aspirates of 

axillary nodes; 

improves detection 

of metastasis. 

High serum or bone 

marrow levels 

associate with worse 

prognosis and tumor 

burden. 

Changes in serum 

levels track 

therapeutic response 

and relapse. 

Useful in 

multimarker panels 

(CA 15-3, CEA, 

HER2, CRP). 

Thyroid cancer 

Elevated in poorly 

differentiated or 

metastatic disease. 

High serum levels 

correlate with 

aggressive biology 

and 

dedifferentiation. 

Rising levels may 

reflect radioiodine 

resistance or 

recurrence. 

Potential marker for 

treatment 

monitoring; requires 

further validation. 

Bladder cancer 

Increased serum 

concentrations in 

invasive or 

metastatic stages. 

High levels predict 

poor survival and 

advanced disease. 

Decreasing levels 

suggest treatment 

response; rising 

levels signal 

progression. 

Limited reliability in 

urine; best used with 

additional markers 

(VEGF, IL-8, MMP-

9). 

 

Abbreviations: CEA – carcinoembryonic antigen; SCC-Ag – squamous cell carcinoma antigen; PFS – 

progression-free survival; OS – overall survival. 
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4. Conclusions 

In summary, CYFRA 21-1 exemplifies how a single molecular fragment, when properly understood and 

applied, can illuminate the underlying biology of cancer and refine patient care. Although challenges remain 

regarding sensitivity, specificity, and standardization, the accumulating evidence positions CYFRA 21-1 as an 

emerging component of evidence-based oncology. With continued refinement, validation, and integration into 

multiparametric models, it could become a practical tool for risk assessment, treatment monitoring, and relapse 

detection across diverse tumor types. Ultimately, the successful translation of CYFRA 21-1 from research to 

routine care would not only deepen our biological understanding of epithelial malignancies but also bring 

tangible benefits to patients— enabling more responsive, individualized, and effective cancer management. 
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