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Introduction
	 Approximately 80% of lung cancers are Non-Small Cell Lung 
Cancer (NSCLC). Improved screening using thoracic computed to-
mography increased early diagnosis of Stage I NSCLC, as well as, the 
5-year survival after curative surgery [1-4]. Despite optimal surgical 
treatment, cancer recurs in >20.0% of patients. The median post-re-
currence survival time ranges from 8.1 to 17.7 months [5]. Tumor 
size, tumor location and morphology, and lymph node involvement, 
contribute to disease recurrence. The histological heterogeneity of 
NSCLC with different clinical presentations makes prognosis diffi-
cult [6]. Identification of preoperative serum markers enables more 
accurate prognosis [7]. Carcinoembryonic Antigen (CEA) and Cyto-
keratin Fragment 19 (CYFRA 21-1) are two predictive markers that 
have been extensively studied in lung cancer [8].

	 Oncofetal glycoprotein CEA is overexpressed in approximately 
35-60% of patients with NSCLC [9]. A number of studies demon-
strates that elevated preoperative serum CEA concentrations predict a 
poor prognosis in early-stage NSCLC [10-13], while others report no 
prognostic value for Overall Survival (OS) [14-18], but rather associ-
ated with tumor histology, smoking [14,15], or postoperative disease 
recurrence [16-18].

	 Cytokeratin 19 is expressed in the epithelial lining of the bron-
chial tree and is overexpressed in lung tumors [19]. The C-terminal 
fragment of cytokeratin 19 is detected by two specific monoclonal 
antibodies (Bm 19.21 and Ks 19.1). Elevated serum CYFRA 21-1 
was found in lung cancer patients [20,21]. Serum CYFRA 21-1 levels 
are independent of sex and smoking history[22]. Several reports have 
demonstrated the independent prognostic value of CYFRA 21-1 for 
survival and tumor relapse after resection [23-26].

	 Studies that evaluated the prognostic significance of CEA and 
CYFRA 21-1in the same patient population with stage I-II NSCLC 
suggested that only CYFRA 21-1, and not CEA, was an independent 
prognostic indicator for survival [27] and metastasis [28], while oth-
ers [29,30], showed that both markers have independent prognostic 
value. It was also noted that prognosis was dependent on tumor histol-
ogy: patients with adenocarcinoma, but not squamous cell carcinoma 
had elevated preoperative CEA associated with shorter survival and  
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Abstract
Purpose: Increased preoperative serum Carcinoembryonic Antigen 
(CEA) and Cytokeratin-19 Fragment (CYFRA 21-1) levels are asso-
ciated with a poor postoperative prognosis in early-stage Non-Small 
Cell Lung Cancer (NSCLC). The Tumor Marker Index (TMI), calcu-
lated as the mean of the CEA and CYFRA 21-1 levels normalized to 
their respective diagnostic cutoff values, is a predictor of prognosis. 
This study aimed to validate the prognostic value of the TMI for Over-
all Survival (OS) and Disease-Free Survival (DFS) in a large patient 
population.

Methods: Five-year OS and DFS based on preoperative serum CEA 
and CYFRA 21-1 levels and the TMI were evaluated in 454 patients 
(252 men and 202 women) with Stage I NSCLC (median age, 67 
[range: 35-86] years) who underwent complete surgical resection. 
Univariate and multivariate analyses of serum CEA and CYFRA 21-1 
levels, and the TMI were performed.

Results: The 5-year OS and DFS rates were significantly lower 
for patients with elevated serum CEA/CYFRA 21-1 levels than for 
patients with normal CEA/CYFRA 21-1 levels. The TMI was also 
markedly different, demonstrating significantly lower OS and DFS 
in patients with a TMI of >0.5 (P<0.001). Eighty-four patients with 
normal CEA and CYFRA 21-1 levels had an elevated TMI, which 
correlated with significantly lower OS and DFS. Multivariate analy-
sis indicated the independent prognostic value of the TMI.

Conclusion: The TMI is an independent preoperative prognostic 
factor in Stage I NSCLC and should be considered in the decision 
making for postoperative therapy.

Keywords: Non-Small Cell Lung Cancer; Prognostic Factor; Se-
rum Marker; Survival; Tumor Marker Index
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early recurrence.. In contrast, poor prognosis in squamous cell carci-
noma was associated with elevated CYFRA 21-1 [31]. Higher serum 
CEA concentrations in adenocarcinoma patients made it difficult to 
estimate the CEA cutoff value [32,33].

	 The combination of tumor markers significantly improves their 
prognostic ability. Cedrés et al. showed that patients with Stage III–IV 
NSCLC with elevated three markers, CEA, CYFRA 21-1, and cancer 
antigen-125,had the poorest prognosis [33]. A similar result was ob-
tained using a combination of CEA, CYFRA 21-1, and neuron-specif-
ic enolase [34]. A combination of CYFRA 21-1 and a laminin chain 
gamma 2, predicted a poor OS better than any other markers associ-
ated with NSCLC [35]. The CEA and CYFRA 21-1 combination is 
also reported to have higher sensitivity and specificity for the clinical 
diagnosis of NSCLC [36-38]. CEA and CYFRA 21-1 gene expression 
signature was also predictive of a favorable outcome [39].

	 Muley et al. have shown that a geometric mean of the preoperative 
CEA and CYFRA 21-1 levels normalized to their respective diagnos-
tic cutoff values, called tumor marker index (TMI), has a prognostic 
significance [40]. The same authors [41] and subsequently Tomita et 
al. [42] later confirmed these findings, while Blankenburg et al. [43] 
found no association between elevated preoperative TMI and a poor 
postoperative prognosis.

	 To resolve this controversy, this study investigates the usefulness 
of the TMI in a large patient population with equal number of men 
and women. We demonstrate that TMI is an independent prognostic 
factor for postoperative 5-year OS and disease-free survival (DFS) in 
patients with Stage I NSCLC.

Materials and Methods
Subjects: All study participants have provided informed written con-
sent. The study was approved by the Ethics Committee Ethics Com-
mittee of Tokyo Medical University (Tokyo, Japan). The research was 
conducted in accordance with the Declaration of Helsinki.

	 This retrospective study included 454 patients with Stage I NS-
CLC who underwent complete surgical resection, consisting of a lo-
bectomy and lobe-specific selective lymph node dissection, at Tokyo 
Medical University Hospital between January 2006 and December 
2009. Lymph node dissection was performed in all cases. The cohort 
comprised 252 men and 202 women, with a median age of 67 (range: 
35-86) years. Patients were followed up for ≥5 years or until death. 
The overall postoperative follow-up period ranged from 46 to 2,955 
days (1.5-97.2 months), with a mean of 2,004 days or 65.9 months.

Tumor size and histology: Histological evaluations were performed 
at our hospital’s Department of Surgical Pathology. Two independent 
pathologists specializing in lungs and other mediastinal organs per-
formed the histological evaluations. Among the 454 patients, 378 had 
adenocarcinoma, 61 had squamous cell carcinoma, and 15 had other 
lung cancers (large cell carcinoma [n=10], adenocarcinoma with large 
cell carcinoma [n = 3], and pleomorphic carcinoma [n=2]). Patients 
who underwent preoperative treatment, as well as, those with incom-
plete or partial resection (e.g., segmentectomy) and patients with low-
grade malignant tumors (e.g., carcinoid or mucoepidermoid carcino-
mas) were excluded from the study (Figure 1A).

Carcinoembryonic antigen and cytokeratin-19 fragment mea-
surements: Preoperative serum CEA and CYFRA 21-1 levels were  

measured in the in-house hospital clinical laboratory in 448 and 348 
patients, respectively. The normal upper limits for serum CEA and 
CYFRA 21-1 levels were 5.0 and 3.3 ng/mL, respectively. The TMI 
was calculated as the geometric mean of the CEA and CYFRA 21-1 
levels normalized to their respective diagnostic cutoff values (5.0 and 
3.3 ng/mL, respectively) in 346 patients in whom both markers had 
been measured, using the following equation [40].

 

Statistical analyses: Receiver operating characteristic (ROC) curve 
analysis was performed to identify the optimal TMI cutoff value for 
predicting probable OS and DFS rates. The point with the greatest 
combined specificity and sensitivity was chosen according to the area 
under the ROC curve analysis (0.675 [95.0% confidence interval]: 
0.591-0.760). The optimal TMI cutoff value for predicting postopera-
tive survival was 0.5 according to min (1-sensitivity)2 + (1-specifici-
ty)2 expression that takes both sensitivity and specificity into account 
(Figure 1B).

	 Postoperative OS and DFS curves were plotted according to the 
Kaplan-Meier method. OS was measured from the date of surgery to 
the date of death or last follow-up. A log-rank test was performed to 
evaluate the significance of differences in survival rates among the 
groups. A P<0.05 was considered statistically significant. Multivari-
ate analysis using the Cox proportional hazards model was used to es-
tablish the association between tumor size and CEA and CYFRA 21-1 
levels and the TMI. Additional characteristics (age, sex, smoking his-
tory, and tumor histology) were included in the univariate analysis. 
All statistical analyses were conducted using Statistical Package for 
the Social Sciences for Windows (software version 24.0; IBM Corp., 
Armonk, NY, USA).

Results

	 Patient description and marker levels:The cohort consisted of 454 
patients. The median age prior to surgery was 67 (range: 35-86) years, 
with 77.8% of patients <75 years. All of the patients had Stage I dis-
ease. The patient characteristics are summarized in Table 1.

21.1
5.0 3.3

serumCEAlevel serumCYFRA levelTMI    = ×   
   

Figure 1: (A) Flow chart of patient recruitment and (B) Receiver Operating Charac-
teristic (ROC) curve for determining the Tumor Marker Index (TMI) cutoff value. Ab-
breviations: CEA=carcinoembryonic antigen; CYFRA 21-1=cytokeratin-19 fragment; 
NSCLC=non-small cell lung cancer.
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	 Preoperative serum CEA levels ranged from 0.2 to 137.0 ng/mL 
(median: 1.5 ng/mL); 23.1% of patients had elevated CEA levels of 
>5.0 ng/mL. CYFRA 21-1 levels ranged from 0.1 to 212.0 ng/mL 
(median: 1.0 ng/mL); 6.6% of patients had elevated CYFRA 21-1 lev-
els of >3.3 ng/mL. In 346 patients, both markers had been measured, 
and the TMI was calculated. TMI values ranged from 0.09 to 3.87 
(median: 0.50); 50.3% of patients had an elevated TMI value of >0.5. 
Among patients who had normal serum CEA and CYFRA 21-1 levels, 
84 had an elevated TMI value. The CEA, CYFRA 21-1, and TMI data 
are summarized in Table 1.

Survival and univariate and multivariate analyses: The mean 
postoperative follow-up period was 2,004 days (65.9 months), rang-
ing from 46 to 2,995 days (1.5-97.2 months). The 5-year survival rate 
was 85.0%.

	 The 5-year OS and DFS rates were significantly lower for patients 
with elevated serum CEA levels than for patients with normal CEA 
levels (P<0.01 and P<0.001, respectively) (Figure 2A and Table 2). 
Similarly, OS and DFS rates were significantly lower for patients with 
elevated serum CYFRA 21-1 levels than for patients with normal CY-
FRA 21-1 levels (P<0.01 and P<0.05, respectively) (Figure 2B and 
Table 2). In addition, significantly lower OS and DFS rates were ob-
served for patients with an elevated TMI value than for patients with 
a normal TMI value (P<0.001 for both OS and DFS) (Figure 2C and 
Table 2).

	 The clinical variables associated with a significantly poorer sur-
vival that were identified by univariate analysis included: male sex 
(mean survival: 1,785 days in men vs. 1,940 days in women; P<0.01), 
smoking history (1,771 days in smokers vs. 1,972 days in non-smok-
ers; P<0.01), tumor size (1,651 days for tumors >3.0 cm vs. 1,978 
days for tumors <3.0 cm; P<0.001), and tumor histology (1,353 
days for non-adenocarcinoma vs. 1,794 days for adenocarcinoma; 
P<0.0001) (Table 3 and Table 4).

	 Univariate analysis of preoperative tumor markers confirmed their 
significance for OS (Table 3). The mean survival of patients with se-
rum CEA levels of >5.0 ng/mL was 1,454 days compared to 1,869 
days for patients with serum CEA levels of <5.0 ng/mL (P<0.05). The 
mean survival of patients with serum CYFRA 21-1 levels of >3.3 ng/
mL was 1,472 days compared to 1,845 days for patients with serum 
CYFRA 21-1 levels of <3.3 ng/mL (P<0.01). Patients in whom the 
calculated TMI value was >0.5 had a lower mean survival than pa-
tients with a TMI value of <0.5 (1,702 vs. 1,944 days, respectively; 
P<0.01).

	 Multivariate analysis identified the TMI as being an independent 
prognostic factor not only for OS (hazard ratio: 1.966, 95.0% confi-
dence interval: 1.031–3.752; P<0.05), but also for DFS (hazard ratio: 
1.563, 95.0% confidence interval: 1.125-2.172; P<0.01) (Table 4). 
According to the multivariate analysis, tumor size was an indepen-
dent prognostic factor for DFS only and not OS.

Characteristic Patients (n = 454)

Age (years), n (%)

Range 35–86

<75 353 (77.8)

>75 101 (22.2)

Sex, n (%)

M 252 (55.5)

F 202 (44.5)

Smoking History, n (%)

Y 263 (57.9)

N 191 (42.1)

Histology, n (%)

ADC 378 (83.3)

SCC 61 (13.4)

Other 15 (3.3)

CEA Level (ng/mL), n (%)*

Median (range) 1.5 (0.2–137.0)

<5.0 337 (76.9)

>5.0 101 (23.1)

CYFRA 21-1 Level (ng/mL), n (%)*

Median (range) 1.0 (1.0–26.0)

<3.3 325 (93.4)

>3.3 23 (6.6)

TMI, n (%)*

Median (range) 0.50 (0.09–3.87)

<0.5 172 (49.7)

>0.5 174 (50.3)

Normal CEA and CYFRA 21-1 and TMI >0.5, n (%) 84 (24.3)

*Four hundred and thirty-eight, 348, and 346 patients evaluated, respectively.  

Abbreviations: ADC=adenocarcinoma; CEA=carcinoembryonic antigen; CYFRA 21-1=cytokeratin-19 
fragment; F=female; M=male; N=no; SCC=squamous cell carcinoma; TMI=tumor marker index; Y=yes.

Table 1: Demographic, clinicopathological, and biomarker characteristics of patients 
with stage I non-small cell lung cancer.

Figure 2: Kaplan-Meier Curves for (OS; Left) and (DFS; Right) According to (A) 
carcinoembryonic antigen, (B) Cytokeratin-19 fragment, and (C) tumor marker index 
values. Green curves represent normal values and blue curves represent elevated values 
of the markers.
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	 When survival analysis was performed on patients (n=84) who 
had normal preoperative serum CEA and CYFRA 21-1 levels, but an 
elevated TMI value, significant differences in the OS and DFS rates 
were found compared to patients who had all three parameters that 
were normal (Figure 3A). The 5-year OS rate was 82.8% in patients 
with a TMI value of >0.5 and 92.6% in patients with a TMI value 
of <0.5 (P<0.05). The 5-year DFS rate was 70.9% in patients with a 
TMI value of >0.5 and 86.0% in patients with a TMI value of <0.5 
(P<0.01) (Figure 3B).

	 The DFS and OS are significantly different from the patient who 
had normal preoperative serum CEA and CYFRA211 levels but an  

elevated TMI (mean DFS and OS are 16111 days and 1737days), the 
patients with low three indicators and the patient with elevated CEA 
or CYFRA211 and TMI (mean DFS and OS are 1383 days and 1461 
days).

Discussion
	 Surgery provides the best option for long-term survival in Stage I–
II NSCLC [44]. In addition, adjuvant platinum-based chemotherapy 
has been shown to be beneficial, especially for patients with Stage II 
NSCLC [45]. A high incidence of disease recurrence in Stage I pa-
tients after complete resection suggests that these patients also might 
be candidates for adjuvant chemotherapy.

Survival

CEA CYFRA 21-1 TMI

Normal Elevated
P

Normal Elevated
P

Normal Elevated
P

<5.0 ng/mL >5.0 ng/mL <3.3 ng/mL >3.3 ng/mL <0.5 >0.5

OS Rate (%) 89.7 85.8 .005* 88.5 73.2 .005* 92.7 82.8 .001*

DFS Rate (%) 80.8 65.7 .001* 78.9 64.1 .028* 85.6 70.5 .001*

*P < .05.

Abbreviations: DFS = disease-free survival; OS = overall survival.

Risk Factor
Univariate Analysis Multivariate Analysis

HR (95.0% CI) P HR (95.0% CI) P

Age (>75 Years) 1.673 (0.963–2.905) 0.068 – –

Sex (M) 2.064 (1.190–3.579) 0.010* – –

Smoking Status (Smoker vs. Ex-Smoker) 2.928 (1.586–5.406) 0.010* – –

Tumor Size (>3.0 cm) 2.434 (1.458–4.064) 0.001* – –

Histology (Non-ADC) 4.242 (2.525–7.124) <0.001* 3.916 (2.168-7.076) <0.001*

CEA Level (>5.0 ng/mL) 1.807 (1.042–3.135) 0.035* – –

CYFRA 21-1 Level (>3.3 ng/mL) 2.968 (1.328–6.635) 0.008* – –

TMI (>0.5) 2.699 (1.447–5.033) 0.002* 1.996 (1.031-3.752) 0.040*

*P < .05

Abbreviations: ADC = adenocarcinoma; CEA = carcinoembryonic antigen; CYFRA 21-1 = cytokeratin-19 fragment; CI = confidence interval; 
HR = hazard ratio; M = male; TMI = tumor marker index.

Risk Factor
Univariate Analysis Multivariate Analysis

HR (95.0% CI) P HR (95.0% CI) P

Age (>75 Years) 1.483 (0.965–2.277) 0.072 – –

Sex (M) 1.705 (1.135–2.561) 0.010* – –

Smoking Status (Smoker vs. Ex-Smoker) 1.863 (1.454–2.385) <0.010* – –

Tumor Size (>3.0 cm) 2.190 (1.731–2.771) <0.001* 1.568 (1.130–2.176) 0.007*

Histology (Non-ADC) 2.071 (1.747–2.455) <.001* 1.882 (1.466–2.416) <0.001*

CEA Level (>5.0 ng/mL) 1.948 (1.471–2.579) <0.001* – –

CYFRA 21-1 Level (>3.3 ng/mL) 1.897 (1.152–3.066) 0.012* – –

TMI (>0.5) 1.989 (1.461–2.709) <0.001* 1.563 (1.125–2.172) 0.008*

*P < .05

Abbreviations: ADC = adenocarcinoma; CEA = carcinoembryonic antigen; CYFRA 21-1 = cytokeratin-19 fragment; CI = confidence interval; 
HR = hazard ratio; M = male; TMI = tumor marker index

Table 2: Survival rates for patients with normal and elevated preoperative serum levels of Carcinoembryonic Antigen (CEA), Cytokeratin-19 Fragment (CYFRA 
21-1), and the Tumor Marker Index (TMI).

Table 3: Univariate and multivariate analyses of overall survival.

Table 4: Univariate and multivariate analyses of disease-free survival.
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	 Although there are many demographic, clinical, genetic, and 
pathological parameters that should be taken into consideration 
during decision making for postoperative chemotherapy, a simple 
preoperative prognostic test that could overcome the heterogeneous 
clinical and morphological presentations of NSCLC should be devel-
oped. Herein, we present evidence that the TMI, a calculated param-
eter based on preoperative serum CEA and CYFRA 21-1 levels, is a 
valid and independent prognostic indicator not only for postoperative 
OS, but also for DFS.

	 In accordance with several previous reports [5,6] our results 
demonstrate that male sex, smoking history, tumor size and histol-
ogy are independent prognostic factors in NSCLC. We validated the 
significance of the TMI for the prediction of OS in a much larger 
cohort than those of previous studies [40-43]. The number of patients 
included in the study was 454 compared to 153, 261, and 293 patients 
in previous studies. Furthermore, our patient population consisted of 
an almost equal number of men and women (252 vs. 202). This is im-
portant given the sex differences in survival in patients with NSCLC 
[46].

	 All patients included in this study underwent lobe-specific se-
lective lymph node dissection (known as ND2a-1 in Japan), which 
results in high OS [47]. In our study5-year survival rates were ap-
proximately 80.0%. Moreover, the proportion of patients with large 
cell carcinoma, who usually have a poor prognosis, was relatively low 
in our study (<20.0%). Despite high survival rates, we were able to 
demonstrate the effectiveness of the TMI in predicting a poor progno-
sis. In a previous study, Blankenburg et al. reported that the survival 
rates in 40.0% of patients with large cell carcinoma were <55.0%. The 
low OS rates may explain their inability to demonstrate the prognostic 
significance of the TMI [43].

	 To further investigate the prognostic value of the TMI, we plotted 
Kaplan-Meier curves of DFS according to the TMI (Figure 2C and 
Table 2) and performed univariate and multivariate analyses (Table 
4). Our data demonstrated that the TMI is an independent prognostic 
indicator not only for OS but also for DFS, suggesting that it could 
be utilized for the prediction of potential disease recurrence, and thus 
could contribute to the decision making for postoperative chemother-
apy.

	 Our study for the first time demonstrates advantage of TMI com-
pared serum CEA and CYFRA 21-1 levels separately. We show 
that individual CEA and CYFRA 21-1 measurements often produce 
non-overlapping results in the same patient population. For example,  

among 101 patients with elevated serum CEA levels and 23 patients 
with elevated CYFRA 21-1 levels, the levels of both markers were 
simultaneously elevated in only 6 patients. Similarly, among 325 
patients with normal CYFRA 21-1 levels, 95 patients had elevated 
serum CEA levels. Furthermore, we found that among 174 patients 
with an elevated TMI value, 84 had normal CEA and CYFRA 21-1 
levels (Figure 3A).

	 We standardized the prognostic threshold of the TMI as 0.5 using 
ROC analysis. Previous studies [40-43], used a critical level approach 
that resulted in various TMI cutoff values for the prediction of surviv-
al, complicating the comparison of results between different reports. 
For instance, Blankenburg et al. defined several prognostic cutoff 
values for the TMI based on survival curves [43]. They also used a 
different diagnostic threshold for CEA assay, which may explain the 
discrepancy between their results and our own.

	 In accordance with our findings, the TMI has been shown to 
correlate with imaging characteristics of high-resolution computed 
tomography, predicting a poor prognosis in early-stage lung adeno-
carcinoma [47]. Elevated TMI also correlated with a poor survival 
in aggressive adenosquamous lung carcinoma with a relatively high 
frequency of EGFR mutations [48].

	 The TMI has also been calculated for different tumor markers, e.g. 
for preoperative CEA and Krebs von den Lungen-6 levels in NSCLC 
[49]. In general, the utilization of a combination of several markers 
appears to be a more advantageous approach for the diagnosis and 
assessment of chemotherapy response in lung cancer and other cancer 
types [50]. For example, a comparison of the diagnostic sensitivity of 
various combinations of serum tumor markers, including CEA and 
CYFRA 21-1, in patients with esophageal squamous cell carcinoma 
suggested that combinations of markers that included Chitinase-3-
like-1 protein and squamous cell carcinoma antigen had better diag-
nostic capabilities than CEA and CYFRA 21-1 for this type of cancer 
[51]. The usefulness of a prognostic marker index that is calculated 
as a combination of preoperative serum CEA and plasma tissue inhib-
itor of metalloproteinases-1 levels for the assessment of the risk of 
disease recurrence has been demonstrated in patients with early-stage 
colorectal cancer [52].

	 Several limitations of our study should be considered. First, 
false-positive results associated with elevated CEA levels due to 
smoking could not be excluded [53]. Moreover, this retrospective 
study did not include the findings of a preoperative clinical examina-
tion of the patients, which could influence serum CEA levels. Sec-
ond, variations in the rates of CEA and CYFRA 21-1 synthesis and 
elimination in highly heterogeneous lung tumors were not taken into 
consideration, and third, tumor depth and nodal status were not exam-
ined.

Conclusion
	 The TMI based on preoperative serum CEA and CYFRA 21-1 lev-
els is an independent predictor of a poor prognosis in early-stage NS-
CLC. Strict follow-up and consideration for postoperative adjuvant 
chemotherapy is suggested for patients with elevated TMI values. 
Clinical trials testing the association between TMI values and disease 
recurrence, as well as, the effectiveness of adjuvant chemotherapy in 
patients with elevated TMI values should further confirm our find-
ings.

Figure 3: (A) Patients (84) with (CEA) and (CYFRA 21-1) and elevated Tumor Marker 
Index (TMI). (B) Overall Survival (OS; Left) and Disease-Free Survival (DFS; Right) 
for the above 84 patients. Green curves represent normal values and blue curves rep-
resent elevated values.
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