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Preoperative serum CA125 is an independent predictor for prognosis
in operable patients with non-small cell lung cancer
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The role of serum CA125 and CEA in the prognosis of non-small cell lung cancer (NSCLC) remains controversial, espe-
cially in early stage patients, which need further clarification. Thus, in this study we carried out a large scale retrospective
analysis of the prognostic value of CA125 and CEA in 645 patients with NSCLC, to explore their predictive value in the
NSCLC. Patients who underwent curative surgical resection for NSCLC were from Zhejiang Cancer Hospital of China from
2006 to 2011. Microparticle enzyme immunoassay was used to measure preoperative serum CA125 and CEA. Univariate
analyses and a multivariable proportional hazard Cox regression model were applied to assess the prognostic significance of
the different covariates. Kaplan-Meier method was used to analyze survival curve. Both CA125 and CEA were correlated with
stage, but also CA125 was different by grade, and CEA was related to histology. The Kaplan-Meier survival analysis showed
that patients with elevated CA125 or CEA had unfavorable disease progression-free and overall survival time compared to
those with normal CA125 or CEA. Furthermore, multivariate Cox analysis revealed that elevated CA125 had significantly
higher risk for relapse (HR, 1.76; p=0.001) and death (HR, 1.80; p<0.001), but not for elevated CEA as relapse (HR, 1.06;
p=0.736) and death (HR, 1.25; p= 0.119) both were statistically non significant. This study showed that both CA125 and
CEA play important roles in disease progression while only CA125 as an independent predictive marker for prognosis in

patients with NSCLC.
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Lung cancer, in terms of both incidence and mortality, is
the most common malignant neoplasm in the world [1]. Non-
small cell lung cancer (NSCLC) accounts for approximately
80-85% of all lung cancer cases. Despite the improvements in
the diagnosis and treatment in recent years, the 5-year survival
rates of lung cancer remain as low as 16 %, with significant vari-
ation depending on the stage of disease at the time of diagnosis
[2]. The majority of people diagnosed with NSCLC are at a late
stage and therefore not suitable for surgery [3]. The prognosis
of advanced NSCLC patients is variable and may depend on
different prognostic factors, including biological features of
cancer cells. Therefore, the identification and analysis of these
prognostic factors may define a subgroup of NSCLC patients
with a more effective treatment.

Screening for early NSCLC biomarkers, recognition of ther-
apeutic predictors, and development of new drugs are the key
players in improving the patients’ outcome [4, 5]. The current
tumor markers for NSCLC include carcinoembryonic antigen
(CEA), soluble fragment of cytokeratin 19 (CYFRA21-1), tis-
sue polypeptide antigen (TPA), neuron-specific enolase (NSE),
carbohydrate antigen 125 (CA125), squamous cell carcinoma
antigen (SCC) and some others [6-10]. Despite extensive stud-
ies so far, few are turned out to be useful in clinic. Even those
used in clinic do not show enough sensitivity, specificity and
reproducibility for general use. Among those tumor markers,
CEA has been shown to carry prognostic and predictive value
of risk of recurrence and of death in NSCLC independently
of treatment or study design [11]. However, controversy still
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exists. A recent review [11] evaluated 18 studies in NSCLC
suggested that CEA was a prognostic marker, while 7 studies
had different opinions. Such discrepancy may be due to the
variation of cutoff values for the CEA and different traditions
and techniques in different geographic areas. In addition,
an elevated CEA level can be found in a variety of cancers
including colon cancers which indicates that such protein
marker lack their lung-cancer specificity and may be a general
cancer marker only[12, 13]. CEA is also detected in other
pathological conditions such as heart failure, hepatic cirrhosis
and pancreatitis, which further complicate the interpretation
of such markers when cancer patients simultaneously carry
those diseases [14-16].

CA125 was initially described as a good prognostic indi-
cator for lung cancer in 1990s [17, 18]. CA125 has also been
described as an important tumor marker for diagnosis and
follow-up of ovarian cancer [19, 20]. Salgia et al have evalu-
ated 216 newly diagnosed NSCLC patients by monitoring the
CA125 and CEA levels pre- and post-therapy. They concluded
that CA125 and CEA were useful indicators of disease extent
and therapeutic marker [21]. A significant correlation between
high levels of baseline CA125 and worse survival in advanced
stages (III-IV) NSCLC patients have been reported [22]. How-
ever, the role of serum CA125 in the prognosis of early stage
of NSCLC remains unclear.

Therefore, in the current study, we designed a retrospective
clinical study to investigate the role of CA125 and CEA in
clinical characteristics and prognosis of early stage of NSCLC
using a total of 645 operable NSCLC patients.

Patients and methods

Patients. A total of 645 patients with primary NSCLC that
have undergone curatively resected surgery were enrolled
in this retrospective study. The patients were diagnosed at
the Thoracic Department of the Zhejiang Cancer Hospital
in Hangzhou, China, from November 2006 to January 2011.
This study was approved by the institutional review board of
the hospital. All patients provided informed consent before
surgery.

The baseline staging work-up included physical ex-
amination, complete blood count (CBC), chest computed
tomography (CT), brain magnetic resonance imaging (MRI)
and abdominal ultrasound. The tumor stage was defined
according to the seventh edition of tumor-node-metastasis
(TNM) classification. The histological diagnosis was based on
the classification criteria for lung tumors of the World Health
Organization and International Association for the Study of
Lung Cancer (WHO/IASLC).

All patients were received standardized follow-up at
a 3-month interval for the first 2 years after operation,
a 6-month interval in the third year and yearly thereafter. The
follow-up was conducted from 1 to 71 months, with a median
period of 41 months. Disease-free survival (DFS) was defined
from the date of definitive surgery to the date of local or distant

progression, death or the date of last follow-up. Overall sur-
vival (OS) was calculated as the time from pulmonary surgery
to death or censoring. At the time of analysis, 253 patients of
the total 645 patients (39.2%) reported relapse after surgery,
and 269 patients (41.7%) reported died. A complete work up
including physical examination, CBC, chest CT, brain MRI
and abdominal ultrasound was performed every time during
the follow-up.

Measurement of serum CA125 and CEA. Preoperative
serum tumor marker and clinical pathological factors were
collected from the medical record database. Basically, micro-
particle enzyme immunoassay (ARCHITECT, Abbott, USA)
was used to measure the level of preoperative serum CA125
and CEA. Serum concentrations of 35 U/ml or 5 ng/ml were
used as cut-off values for CA125 and CEA respectively in
the study according to standard clinical practice [23-25].
The patients having CA125 in serum above 35 U/ml or CEA
in serum above 5 ng/ml were considered as elevated CA125
or CEA.

Statistical analysis. Data on the groups were compared by
using the Pearson’s chi-square test in univariate analysis, as well
as using Fisher’s exact test for histology data analysis. Survival
curves were obtained by using the Kaplan-Meier method. The
survival curves were compared by using the log-rank test,
and statistical calculations were performed by using SPSS 13
(Chicago, IL, USA). A multivariable proportional hazard Cox
regression model was applied to assess the role of different
covariates including CA125 and CEA on DFS and OS. P<0.05
was considered as statistically significant.

Results

Clinicopathological characteristics of NSCLC patients.
A total of 645 NSCLC patients were enrolled in the present
study. The patients’ characteristics are summarized in Table 1.
The patients in this study were of a median age of 60 years
(range: 30-82 years), and comprised of 480 males (74.4%) and
165 females (25.6%). According to the criteria of the WHO/
IASLC classification of lung tumors, 316 (49.0% of total) were
squamous cell carcinoma, 317 (49.1%) were adenocarcinoma
and 12 (1.9%) were other types of lung cancer. Three hundred
and eight patients (47.8%) were well or moderately differenti-
ated and 280 (43.4%) were poorly differentiated. In terms of the
new IASLC staging system, 261 cases (40.5%) were categorized
as stage I, 166 (25.7%) as stage Il and 211 (32.7%) as stage III.
Among all patients, 195 patients (30.2%) never smoked, while
424 (65.7%) are smokers, and no records of smoking history
of the remaining 26 patients (4.0%).

Correlation of CA125 and CEA with clinicopathological
characteristics. The correlation between the level of CA125
and clinicopathological characteristics before surgery was
shown in Table 1. Of the total 645 patients, 124 (19.2%) had
elevated CA125 levels, which were related to unfavorable grade
and clinical stage. The proportion of patients with elevated
CA125 in poorly differentiated patients was significantly
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Table 1. Association between CA125 and clinicopathological parameters of patients with non-small cell lung cancer (NSCLC)

Variable Case, CA125 P-value!
N (%)
Normal (< 35U/ml) High (> 35U/ml ) (n=124)
(n=521) (%)
(%)
Age 0.266
<65 years 463 (71.8) 379 (81.9) 84 (18.1)
>65years 182 (28.2) 142 (78.0) 40 (22.0)
Sex 0.280
Male 480 (74.4) 383 (79.8) 97 (20.2)
Female 165 (25.6) 138 (83.6) 27 (16.4)
Grade of differentiation 0.015
Good 308 (47.8) 259 (84.1) 49 (15.9)
Poor 280 (43.4) 213 (76.1) 67 (23.9)
missing 57 (8.8)
Histology 0.967
Squamous carcinoma 316 (49.0) 256 (81.0) 60 (19.0)
Adenocarcinoma 317 (49.1) 255 (80.4) 62 (19.6)
Others 12 (1.9) 10 (83.3) 2(16.7)
Stage <0.001
I 261 (40.5) 231 (88.5) 30 (11.5)
I 166 (25.7) 137 (82.5) 29 (17.5)
I 211 (32.7) 149 (70.6) 62 (29.4)
missing 7 (1.1)
Smoking 0.219
None smoker 195 (30.2) 164 (84.1) 31 (15.9)
Smoker 424 (65.7) 339 (80.0) 85 (20.0)
missing 26 (4.0)

! Bold-italic values are statistically significant (p < 0.05).

higher than in those well or moderately differentiated patients
(23.90% versus 15.90%, p=0.015); and also, elevated CA125
was correlated with advanced stages (III) which is higher than
in early stages (Il or I) (29.40% versus 17.50% versus 11.50%,
p<0.001). However, the level of CA125 is unrelated with age,
sex, histology and smoking.

Then, the correlation between CEA and clinicopathological
parameters was analyzed and shown in Table 2. One hundred
and seventy-eight NSCLC patients had elevated CEA (178/645,
27.6%), which was closely correlated with advanced clinical
stage and histology. Among patients with stage III, 34.1% pa-
tients had elevated CA125, compared to 26.5% in stage Il and
23.0% in stage I (p=0.025); similarly, the proportion of elevated
CA125 in patients with adenocarcinoma was higher than
that in squamous carcinoma (35.0% versus 21.2%, p<0.001).
However, the level of CA125 is unrelated with age, sex, grade
and smoking.

Association of CA125 and CEA with disease-free sur-
vival and overall survival. The correlation of CA125 level
with prognosis was analyzed by the Kaplan-Meier method.
As shown in Figure 1, CA125 level showed significant cor-
relation with both disease-free survival (DFS) (p<0.001) and

overall survival (OS) (p<0.001) in NSCLC patients. Patients
with elevated CA125 showed significantly reduced survival
time compared with that of those with normal CA125 level,
indicating that CA125 is an effective prognosis predictor for
NSCLC patients. The median time of DFS or OS in patients
with higher CA125 was significantly shorter than in patients
with normal CA125, respectively (DFS: 26 months versus
not reachable; OS: 29 months versus 61 months). This result
indicated CA125 as an unfavorable factor for NSCLC patient
outcomes.

The correlation of CEA level with prognosis was also
analyzed by the Kaplan-Meier method. Similarly, CEA level
was also showed significant correlation with both disease-
free survival (DFS) (p=0.024) and overall survival (OS)
(p=0.001) in NSCLC patients. Patients with elevated CEA
showed significantly reduced survival time compared with
those with normal CEA level. The median of DFS and OS
in patients with higher CEA were significantly shorter than
in patients with normal CEA (DFS: 45 months versus not
reachable; OS: 44 months versus 61 months). This result also
indicated that CEA as an unfavorable prognostic maker for
NSCLC patients.
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Table 2. Association between CEA and clinicopathlogical parameters of patients with non-small cell lung cancer (NSCLC)

Variable Case, CEA P-value!
n (%)
Normal(<5 ng/ml) High (>5 ng/ml)
(n=467) (n=178)
(%) (%)
Age 0.056
<65 years 463 (71.8) 345 (74.5) 118 (25.5)
>65years 182 (28.2) 122 (67.0) 60 (33.0)
Sex 0.270
Male 480 (74.4) 353 (73.5) 127 (26.5)
Female 165 (25.6) 114 (69.1) 51(30.9)
Grade of differentiation 0.120
Good 308 (47.8) 228 (74.0) 80 (26.0)
Poor 280 (43.4) 191 (68.2) 89 (31.8)
missing 57 (8.8)
Histology <0.001
Squamous carcinoma 316 (49.0) 249 (78.8) 67 (21.2)
Adenocarcinoma 317 (49.1) 206 (65.0) 111 (35.0)
Others 12 (1.9) 12 (100) 0(0)
Stage 0.025
I 261 (40.5) 201 (77.0) 60 (23.0)
11 166 (25.7) 122 (73.5) 44 (26.5)
I 211 (32.7) 139 (65.9) 72 (34.1)
missing 7 (1.1)
Smoking 0.630
None smoker 195 (30.2) 143 (73.3) 52 (26.7)
Smoker 424 (65.7) 303 (71.5) 121 (28.5)
missing 26 (4.1)

! Bold-italic values are statistically significant (p <0.05).

Using a multivariable Cox regression model, high serum
CA125 value was shown to be an independent factor associated
with significantly unfavorable DFS and OS (Table 3). These
results were adjusted by patients” age, sex, grade, histology,
stage and smoking status. Patients who had abnormal CA125
had an elevated risk of disease progression (Hazard ratio: 1.76)
(95% confidence interval [CI], 1.27-2.43) and a higher risk of

Table 3. Evaluation of the serum CA125 with patient survival

death (Hazard ratio: 1.80) (95% CI, 1.34-2.42) compared to
the patients who had normal CA125 serum. Both risks were
statistically significant (p=0.001 and p<0.001). While no statis-
tical significances were observed in the CEA elevated patients
in both DFS and OS (p =0.736 and p =0.119). These results
demonstrated CA125 as an independent prognosis factor for
NSCLC, but not CEA.

(C(?/:jli Crude HR 95% CI p-value Adjust HR 95% CI p-value'
Disease-Free Survival?
Normal (£35) 1 1
Higher (>35) 1.89 1.40-2.57 <0.001* 1.76 1.27-2.43 0.001
Overall Survival®
Normal (<35) 1 1
Higher (>35) 2.16 1.65-2.82 <0.001 1.80 1.34-2.42 <0.001

!Associations determined by multivariable Cox proportional hazards regression and adjusted for age, sex, smoking status, stage, grade and histotype; > Hazard
ratio (HR) for relapse with respect to normal CA125 concentration; * Hazard ratio (HR) for death with respect to normal CA125 concentration.* Bold-italic

values are statistically significant (p < 0.05).
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Figure 1. Association of CA125 with the prognosis of NSCLC. Data was analyzed by Kaplan-Meier method; A) disease-free survival curves; B)overall
survival curves. Patients with elevated CA125 showed worse disease-free survival and overall survival.
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Figure 2. Association of CEA with the prognosis of NSCLC. Data was analyzed by Kaplan-Meier method; A) disease-free survival curves; B) overall
survival curves. Patients with elevated CEA showed worse disease-free survival and overall survival.

Table 4. Evaluation of the serum CEA with patient survival

CEA Crude HR 95% CI p-value Adjust HR! 95% CI p-value!
(ng/ml)

Disease-Free Survival®

Normal (<5) 1 1

Higher (>5) 1.38 1.04-1.83 0.024* 1.06 0.77-1.44 0.736
Overall Survival®

Normal (<5) 1 1

Higher (>5) 1.53 1.19-1.97 0.001 1.25 0.94-1.66 0.119

! Associations determined by multivariable Cox models were adjusted by age, sex, grade, histology, stage and smoking status; *Hazard ratio (HR) for relapse with respect
to normal CEA concentration; *Hazard ratio (HR) for death with respect to normal CEA concentration; ‘bold-italic values are statistically significant (p<0.05).
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Discussion

In this study, the role of CA125 and CEA in prognosis of
the operable NSCLC patients was investigated. Both CA125
and CEA had a negative correlation with NSCLC patient
outcomes. Patients with elevated expression of CA125 or CEA
had a significantly worse DFS and OS. However, when multi-
factors were adjusted, only CA125 but not CEA had significant
effect on DFS and OS, suggesting CA125 could be used as an
independent biomarker to predict the prognosis of NSCLC.

Although CA125 has poor specificity as a biomarker for
the diagnosis of early ovarian cancer, it correlates well with
response to initial therapy for the majority of epithelial
ovarian cancer [19, 20, 26]. Studies have shown that ovarian
cancer patients with persistently high CA125 levels are likely
to suffer from recurrence of symptoms and disease in less
than 6 months and have a high likelihood of dying from dis-
ease [27]. However, the prognostic role of CA125 in NSCLC
was still controversial. Many studies supported the concept
that the serum CA125 levels could be associated with the
tumor-node-metastasis stage, histological type, and survival
rate of NSCLC [28-31]. In our study, CA125 had close cor-
relation with differentiation of the tumor and clinical stages.
Patients with poor differentiated tumor or metastatic disease
(stage III) tumors had a significant higher level of CA125 as
compared to the patients with good differentiated tumor or
early stage of the disease, which was also been observed by
other investigators [21]. Tumor differentiation and stages of
diseases are critical measurements to predict the prognosis of
lung cancer. This correlation may contribute to the fact that
CA125 was a valuable tool to monitor the tumor recurrence
and dissemination [30].

In our study, elevated serum CA125 level was associated
with worse patient outcomes. Moreover, multivariate analysis
by the Cox proportional hazards model revealed that preop-
erative serum CA125 was an independent prognostic factor
in operable NSCLC patients. Patients with high CA125 had
1.76 folds risk of disease progression and 1.80 folds the risk
of death of those with normal CA125 levels. Our findings are
consistent with some of previous studies which were based on
relatively small numbers of samples [32, 33]. However, there
were some controversial data regarding the elevated CA125.
It has been reported that increased CA125 was associated also
with a variety of benign and malignant pathologies. Patients
with greater than 35 U/ml of CA125 may have cardiovascular
and chronic liver disease or previous surgical procedures (ab-
dominal, thoracic, and neurological) [34, 35]. The elevation
CA125 associated with surgery is temporary and will regress
to baseline spontaneously [36]. Therefore, it is important to
monitor the level of CA125 pre-operation and post-operation
to make sure this prognostic factor is appropriately interpreted.
Our study suggested that CA125 could be an independent
prognosis factor for early stage NSCLC, although CA125
may not as a specific biomarker, while it is very useful when
combined with other detection methods.

Some studies have shown that the levels of CEA but not
CA125 were significantly higher among patients with adeno-
carcinomas [21]. Our study showed the same results. But the
role of CEA as a prognostic marker in NSCLC patients is still
not clear. Grunnet et al reviewed 25 publications which inves-
tigated the role of CEA as a prognostic marker in NSCLC and
found that in 18 of these studies, CEA was found to be a useful
prognostic marker for either OS recurrence after surgery or/
and progression free survival while 7 of the studies were not
reliable [11]. According to multivariate Cox regression in our
study, CEA is not an independent factor in determining the
prognosis of the NSCLC patients. Our result suggested that
CEA may provide prognostic information, but unlike CA125,
CEA by itself may not be a sufficiently strong indicator to guide
treatment decisions. There are some limitations in our study.
We did not perform consecutive measurement of the CA125
during the follow-up or for recurrence assessment. And this
is a retrospective study based on patients from one hospital
and selection bias may not be completely avoided.

In conclusion, our study demonstrated preoperative serum
CA125 and CEA are closely correlated with unfavorable DFS
and OS, and intriguingly preoperative serum CA125 could
be as an independent predictor for recurrence and death in
operable patients with NSCLC, and it would be very useful
when combined with other detection methods.
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