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Introduction

Lung cancer is the leading cause of cancer-related deaths 
worldwide (1). Non-small cell lung cancer (NSCLC) is 
the most common histological type of lung cancer; more 
than half of these tumors are unresectable at the time of 
diagnosis (2). With the development of precision medicine 
for advanced NSCLC, various tyrosine kinase inhibitors 
(TKIs) can be prescribed in addition to conventional 
cytotoxic chemotherapy regimens. Despite the increase in 
treatment options, NSCLC still has a poor prognosis. 

Multiple prognostic factors in NSCLC such as TNM 

stage, histology, age, performance status, progression-free 
survival (PFS) (3-6), and serum tumor marker levels were 
reported (7,8). Patients with advanced NSCLC usually 
undergo follow-up imaging with computed tomography 
(CT) after first-line chemotherapy; second-line therapy 
is prescribed upon diagnosis with disease progression as 
determined by the Response Evaluation Criteria in Solid 
Tumors (RECIST) (9). However, the RECIST guidelines 
are not adequate in patients with multiple metastases and/or 
non-measurable disease.

Serum tumor markers are widely used in the diagnosis 
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and monitoring of NSCLC (10-12), with carcinoembryonic 
antigen (CEA) and cytokeratin 19 fragment (CYFRA 21-
1) being most sensitive (13-16). Both were reported as 
prognostic factors for overall survival (OS) in patients 
with resected NSCLC (7,8). However, another study 
reported controversial findings on whether serum CEA 
was associated with OS in NSCLC (17). Moreover, the 
significance of changes in serum CEA and CYFRA 21-1 in 
response to treatment has not been clarified.

We investigated the association between the treatment 
responses of CEA and CYFRA 21-1 and OS of patients 
with NSCLC. 

Methods

Patients

We retrospectively examined treatment-naïve patients with 
advanced or relapsed NSCLC, European Cooperative 
Oncology Group Performance Status (ECOG PS) 0, 1 or 
2, and increased serum CEA or CYFRA 21-1 who were 
treated at the Japanese Red Cross Kyoto Daiichi Hospital 
between April 2010 and December 2015. All patients who 
receive chemotherapy in our hospital quit smoking at 
the start of treatment. The eligibility criteria were: (I) a 
pathological NSCLC diagnosis; (II) platinum-based doublet 
therapy for ≥4 cycles or epidermal growth factor receptor 
(EGFR) TKIs for ≥4 months as first-line treatment; and (III) 
measurement of serum CEA and CYFRA 21-1 levels at 1 
and 4 months after treatment initiation.

This study was approved by the institutional review 
board of the Japanese Red Cross Kyoto Daiichi Hospital (no. 
666) and conducted in accordance with the principles of the 
Declaration of Helsinki.

Tumor marker responses

CEA and CYFRA 21-1 levels in sera obtained from peripheral 
venous blood were measured by a radioimmunoassay 
(cobas® 8000, Roche Diagnostic K.K., Tokyo, Japan 
and Chemiluminescent Enzyme Immunoassay System 
LUMIPULSE® L2400, FUJIREBIO INC., Tokyo, Japan). 
Pretreatment serum CEA and CYFRA 21-1 levels ≥5 and 
≥3.5 ng/mL, respectively, were defined as positive. Patients 
with a decrease in serum tumor marker levels of greater than 
25% compared to pretreatment levels were categorized as 
the “decreasing group” and all others as the “non-decreasing 
group,” based on a previous report (18).

Imaging-based tumor responses

Imaging-based responses (IBRs) were evaluated based 
on the RECIST using CT and categorized as a complete 
response (CR), partial response (PR), stable disease (SD), 
and progressive disease (PD) (9).

Statistical analysis

Comparisons between the two groups were performed 
using the Mann-Whitney U test for continuous variables 
and the χ2 test for categorical variables. OS was analyzed 
with the Kaplan-Meier method and compared with the log-
rank test. Prognostic factors for OS were identified using 
univariate and multivariate analyses. Multivariate analysis 
was performed with the factors found to be significant 
in the univariate analysis and PS. P values less than 0.05 
were considered significant. All statistical analyses were 
performed with Prism (version 8.01; GraphPad Software 
Inc, CA, USA).

Results

Patient characteristics

A total of 748 patients diagnosed with advanced NSCLC 
were analyzed, including 96 and 55 CEA- and CYFRA 
21-1-positive patients, respectively (Figure 1). Among 
CEA-positive patients, 74 (77.9%) and 79 (82.2%) were 
in the decreasing group at 1 and 4 months, respectively. 
Among CYFRA 21-1-positive patients, 47 (85.5%) and 39 
(70.9%) were in the decreasing group at 1 and 4 months, 
respectively. There were measurable lesions in 86 and  
50 patients and non-measurable lesions in 10 and 5 patients 
who were positive for CEA and CYFRA 21-1, respectively. 
While there was no significant difference between the 
tumor marker response (TMR) groups at 4 months, there 
were significantly more patients who were female, never 
smoked, and responded to chemotherapy in the decreasing 
group (Table 1).

OS as a function of TMR 

In CEA-positive patients, there was no significant difference 
in OS between the decreasing and non-decreasing groups 
1 month post-treatment initiation (16.9 vs. 13.4 months, 
P=0.684) (Figure 2A). Median OS at 4 months post-treatment 
initiation was significantly different between the two 
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groups [16.9 vs. 10.3 months; hazard ratio (HR), 0.50; 95% 
confidence interval (CI), 0.27–0.93; P=0.025] (Figure 2B).

In CYFRA 21-1-positive patients, the decreasing group 
showed a significantly longer OS at 1 and 4 months post-
treatment initiation than the non-decreasing group. 
Median OS in the decreasing and non-decreasing groups at  
1 month post-treatment initiation was 15.1 and 7.2 months, 
respectively (HR, 0.34; 95% CI, 0.13–0.85; P=0.016) 
and 15.5 and 7.2 months, respectively, at 4 months post-
treatment initiation (HR, 0.29; 95% CI, 0.15–0.57; 
P<0.001) (Figure 2C,D). 

OS according to image-based responses

CT at 4 months post-treatment initiation was performed 
in 86 and 50 CEA- and CYFRA 21-1-positive patients, 
respectively (i.e., those with measurable lesions). Among 
CEA-positive patients, 0 (0%), 40 (46.5%), 21 (24.4%), and 
25 (29.1%) exhibited a CR, PR, SD, and PD, respectively. 
Among CYFRA 21-1-positive patients, 0 (0%), 19 (38.0%), 
7 (14.0%), and 24 (48.0%) exhibited a CR, PR, SD, and 
PD, respectively. 

Predictors for survival

Univariate analysis identified EGFR mutation status, IBR, 
and CEA response at 4 months as predictors of OS in the 
CEA-positive group. ECOG PS, IBR, and CYFRA 21-1 
response at 1 and 4 months were predictors of OS in the 
CYFRA 21-1-positive group (Table 2). In the multivariate 

analysis, EGFR mutation status in the CEA-positive group 
and serum CYFRA 21-1 response at 4 months in the 
CYFRA 21-1-positive group were significantly associated 
with OS (HR, 0.48 and 0.41; 95% CI, 0.26–0.89 and 0.18–
0.95; P=0.02 and P=0.038, respectively) (Table 3). 

Discussion

In this study, a reduction of greater than 25% in serum 
CEA or CYFRA 21-1 levels at 4 months after chemotherapy 
was significantly associated with a longer OS in patients 
with advanced NSCLC. In addition, the reduction in serum 
CYFRA 21-1 levels at 4 months was independent of ECOG 
PS and the IBR.

In a meta-analysis of patients with advanced NSCLC 
enrolled in phase III trials, the IBR (i.e., objective response 
and disease control rates) after first-line chemotherapy was 
an independent prognostic factor (19). Although the IBR 
according to the RECIST guidelines is a well-established 
method of tumor evaluation, it is not necessarily accurate. 
The RECIST guidelines include the evaluation of the 
sum of the longest diameter of up to 5 target lesions (9). 
In advanced NSCLC, however, the total tumor burden, 
and changes therein, are not evaluated properly with the 
IBR because there may be multiple metastatic lesions, 
some of which may be undetectable. Even a measurable 
lesion cannot be evaluated adequately if tumor necrosis, 
hemorrhage, and/or cavitation are present.

The associations between tumor marker expression levels 
and prognosis have been investigated previously. Although 

109 patient’s serum CEA levels were 
elevated at baseline

96 patient measured
 4 months after treatment

70 patient’s serum CYFRA 21-1 
levels were elevated at baseline

55 patient measured 
4 months after treatment

327 patients were diagnosed with Stage IIIB 
or IV and postoperative relapse NSCLC

748 patients were diagnosed with NSCLC

190 patients received chemotherapy including EGFR-TKI with PS 0, 1 or 2

Figure 1 Flow chart of patient enrolment. CEA, carcinoembryonic antigen; CYFRA 21-1, cytokeratin 19 fragment; EGFR, epidermal 
growth factor receptor; NSCLC, non-small cell lung cancer; TKI, tyrosine kinase inhibitor.
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Table 1 Patient and tumor characteristics

Characteristic

CEA-positive CYFRA 21-1-positive

Decreasing group, 
n (%)

Non-decreasing 
group, n (%)

P value
Decreasing group, 

n (%)
Non-decreasing 

group, n (%)
P value

Total 79 (82.3) 17 (17.7) 39 (70.9) 16 (29.1)

Age, years 0.425 1

<70 41 (51.9) 11 (64.7) 25 (64.1) 10 (62.5) 

≥70 38 (48.1) 6 (35.3) 14 (35.9) 6 (37.5) 

Sex 0.002 0.146

Male 51 (64.6) 17 (100.0) 29 (74.4) 15 (93.8) 

Female 28 (35.4) 0 (0.0) 10 (25.6)  1 (6.2) 

History of smoking 0.005 0.026

None 24 (30.4) 0 (0.0) 10 (25.6) 0 (0.0) 

Current + former 55 (69.6) 17 (100.0) 29 (74.4) 16 (100.0) 

ECOG PS 0.133 0.501

0, 1 69 (87.3) 12 (70.6) 38 (97.4) 15 (93.8) 

2 10 (12.7) 5 (29.4) 1 (2.6) 1 (6.2) 

Stage 0.405 0.453

IIIB 8 (10.1) 3 (17.6) 6 (15.4) 4 (25.0) 

IV + postoperative recurrence 71 (89.9) 14 (82.4) 33 (84.6) 12 (75.0) 

Histology 0.082 0.565

Adenocarcinoma 12 (15.2) 6 (35.3) 23 (59.0) 8 (50.0) 

Non-adenocarcinoma 67 (84.8) 11 (64.7) 16 (41.0) 8 (50.0) 

EGFR mutation status 0.098 0.089

Positive 32 (40.5) 3 (17.6) 8 (20.5) 0 (0.0) 

Negative 47 (59.5) 14 (82.4) 31 (79.5) 16 (100.0) 

Tumor marker levels at baseline 0.793 1

High¶ 38 (48.1) 9 (52.9) 19 (48.7) 8 (50.0) 

Low 41 (51.9) 8 (47.1) 20 (51.3) 8 (50.0) 

Imaging-based response 0.033 0.002

PR, SD 53 (76.8) 8 (47.1) 23 (67.6) 3 (18.8) 

PD 16 (23.2) 9 (52.9) 11 (32.4) 13 (81.2) 
¶, high tumor marker levels at baseline were defined as >30 mg/dL for CEA and >10 mg/dL for CYFRA. CEA, carcinoembryonic antigen; 
CYFRA 21-1, cytokeratin 19 fragment; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth 
factor receptor; PR, partial response. 
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Figure 2 Kaplan-Meier plots of overall survival in CEA- and CYFRA 21-1-positive patients at 1 and 4 months post-treatment initiation. 
CEA, carcinoembryonic antigen; CI, confidence interval; CYFRA 21-1, cytokeratin 19 fragment; HR, hazard ratio; OS, overall survival.

a meta-analysis showed that CYFRA 21-1 was a prognostic 
factor in NSCLC (8), another study reported controversial 
findings for CEA (17). In this study, we found no significant 
association between serum tumor markers at baseline and 
OS. A previous study found that CEA and CYFRA 21-1 
levels correlated well with the tumor volume in patients 
with resectable NSCLC (7,8), suggesting that serum 
tumor marker levels drop when tumors shrink following 
chemotherapy. 

Here, we demonstrated that the responses of serum 
tumor markers at 4 months, especially for CYFRA 21-1, 
might be a good predictive factor, among several factors, 
including the IBR, in patients with advanced NSCLC and 
positive tumor marker levels at baseline. Only a decrease 
in serum CYFRA 21-1, but not serum CEA, was associated 
with a longer OS at 1 month post-treatment initiation. 
A previous study showed that CA125 and CA19-9 levels 
at 4 weeks post-treatment initiation were independent 

prognostic factors only in EGFR mutation-positive NSCLC 
treated with gefitinib and having more than 25% changes in 
serum CEA (18); a decrease in serum CYFRA 21-1, but not 
CEA, at baseline predicted the response to chemotherapy 
in patients with NSCLC (20); these data are consistent with 
our results. Although a low-level elevation of serum CEA is 
observed in smokers, all patients who receive chemotherapy 
in our hospital quit smoking. Therefore, we anticipated that 
the impact of smoking on the serum CEA level would not 
be as large in our study.

In the present study, EGFR mutation status in CEA-
positive patients was an independent prognostic factor 
in the multivariate analysis. In a previous study, EGFR 
mutation status in advanced NSCLC predicted OS and 
PFS (21). In lung cancer, patients with an oncogenic driver 
mutation such as EGFR achieved prolonged survival when 
receiving targeted therapy (22). The EGFR mutation status 
might have been an independent prognostic factor in CEA-
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Table 2 Univariate analysis of the factors associated with overall survival

Univariate analysis

CEA-positive CYFRA 21-1-positive

n
Median OS 

(months)
95% CI 
(months)

P value n
Median OS 

(months)
95% CI 
(months)

P value

Age, years 0.150 0.298

<70 52 14.8 11.3–19.2 35 13.4 7.8–15.5

≥70 44 20.4 12.4–29.2 20 14.6 8.9–39.6

Sex 0.505 0.394

Male 68 14.8 10.6–20.4 44 11.3 8.9–15.5

Female 28 18.4 13.0–27.2 11 18.5 7.5–33.2

History of smoking 0.059 0.135

None 24 27.2 13.0–32.9 10 20.2 4.3–NA

Current + former 72 13.7 10.6–19.2 45 11.3 8.9–15.4

ECOG PS 0.315 0.023

0, 1 81 16.4 13.0–20.6 53 14.8 10.0–16.3

2 15 12.6 6.4–26.7 2 7 6.7–NA

Stage 0.398 0.207

IIIB 11 13 6.8–23.4 10 15.1 6.2–NA

IV + postoperative recurrence 85 16.9 13.0–20.6 45 11.3 9.3–15.6

Histology 0.426 0.275

Adenocarcinoma 78 16.9 13.0–20.6 31 12.9 9.3–16.3

Non-adenocarcinoma 18 13 7.8–31.9 24 15.1 7.8–31.9

EGFR mutation status 0.022 0.185

Positive 35 22.1 16.9–29.2 8 18.5 4.3–NA

Negative 61 12.9 10.0–16.3 47 11.3 8.9–15.5

Tumor marker levels at baseline 0.200 0.385

High¶ 47 13.4 10.4–19.6 27 13.4 6.7–15.6

Low 49 18.4 13.0–27.2 28 13.2 9.3–30.9

Imaging-based response 0.008 0.018

PR, SD 61 18.4 13.0–26.7 26 15.1 10.0–31.9

PD 25 12.9 6.4–19.2 24 7.5 6.2–13.4

Tumor marker response at 1 month 0.684 0.016

Decreasing 74 16.9 12.9–20.6 47 15.1 10.3–16.4

Non-decreasing 21 13.4 8.3–33.2 8 7.2 5.0–12.9

Tumor marker response at 4 months 0.025 <0.001

Decreasing 79 16.9 13.0–22.1 39 15.5 11.3–21.5

Non-decreasing 17 10.3 6.3–19.2 16 7.2 6.1–9.4
¶, high tumor marker levels at baseline were defined as >30 mg/dL for CEA and >10 mg/dL for CYFRA. CEA, carcinoembryonic antigen; 
CI, confidence interval; CYFRA 21-1, cytokeratin 19 fragment; ECOG PS, Eastern Cooperative Oncology Group performance status; 
EGFR, epidermal growth factor receptor; PR, partial response. 
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positive patients only because this mutation is associated 
with serum CEA, but not serum CYFRA 21-1 levels (23). 
Although our study population was limited to patients with 
positive serum tumor markers at baseline, the TMR at  
4 months may identify patients with a poor prognosis, 
leading to improved treatment optimization.

This study has some limitations. First,  it  had a 
retrospective design and a relatively small sample size. 
Second, we evaluated the TMR relative to baseline levels, 
which may have exaggerated the outcomes in patients with 
low tumor marker levels; however, this is unlikely because 
the absolute serum tumor marker levels at diagnosis were 
not associated with OS. Although patients with only non-
measurable lesion are rare, we should evaluate the effect of 
chemotherapy to determine the best treatment for those 
patients. Since serum tumor marker response might be 
a better predictor for several factors, further prospective 
investigations are warranted to verify our findings.

In conclusion, significant reductions in serum CEA 
and CYFRA 21-1 levels at 4 months after initiating 

chemotherapy and/or targeted therapy with EGFR 
TKIs were positive prognostic indicators in patients with 
advanced NSCLC with elevated serum tumor marker levels 
at baseline.
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