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INTRODUCTION

SS
tatistical data show that lung cancer represents
about 17% of the newly diagnosed cancers in the
world, about 23% of cancer deaths and the most

commonly encountered malignancy in men. Given the fact
that most of the lung cancers are asymptomatic in the early
stages and that patients are usually diagnosed in the middle
or advanced stage, the determination of the serum tumor
markers may have an important potential role in the early
diagnosis of these patients. Studies also try to find if they
can provide any information for the treatment and if they
have a role in monitoring chemotherapy and detecting
recurrences [1,2,3,4].

NSE

NSE is present in the body of several tissues: nervous,

neuroendocrine, smooth muscle, kidney and also in blood
cells (lymphocytes, erythrocytes, platelets). This fact is
important for the determination of this tumor marker,
because the level may be increased by hemolysis and by
the centrifugation of the blood at more than 60 minutes
after blood collection. Moderate concentrations of 
NSE can be found in pancreatic, gastric, colon and breast
cancers, in benign lung tumors and other neuroendocrine
tumors. This marker is associated with the presence of
SCLC since 1980, when it was found that 72% of SCLC
patients and 8% of the patients with other types of 
cancers have values higher than 25 ng/ml. A serum 
concentration of more than 100 ng/ml is highly suggestive
of SCLC. Now it is used for the diagnosis and treatment
of this type of cancer [4-10]. 

A study effectuated by D.N. Carney et al included 94
patients diagnosed with SCLC and 30 control subjects.
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SUMMARY

Due to the fact that lung cancer is most often an asymptomatic
disease, an important percentage of patients are diagnosed in
an advanced stage of the disease when a curative treatment is
no longer possible. Studies have shown that identification and
determination of specific serum tumor markers might play a
key role in order to detect the disease, monitor the response to
surgery or chemotherapy and provide an early detection of the
recurrences. This is a literature review regarding the role of
monitoring pulmonary cancer tumor markers such as NSE,
CYFRA 21-1, SCC, CEA, CA 125, ferritin, proGRP, IDH1
or CA 19-9.
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RÉSUMÉ
Les marqueurs tumoraux du cancer pulmonaires

En raison du fait que le cancer du poumon est le plus souvent
une maladie asymptomatique, un pourcentage important de
patients sont diagnostiqués à un stade avancé de la maladie
quand un traitement curatif n’est plus possible. Des études ont
montré que l'identification et la détermination de marqueurs
tumoraux spécifiques pourraient jouer un rôle clé dans le but
de dépister la maladie, de surveiller la réponse à la chirurgie ou
la chimiothérapie et à fournir une détection précoce des
récidives. Ceci est une revue de la littérature concernant le rôle
de surveillance de marqueurs tumoraux du cancer pulmonaire
tels que NSE, CYFRA 21-1, CSC, CEA, CA 125, la ferritine,
proGRP, IDH1 ou CA 19-9.
Mots clés: cancer du poumon, la récidive, les marqueurs
tumoraux sériques, épanchement pleural
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69% of the patients had increased levels of serum NSE
(>12 ng/ml), with levels between 4.1 and 850 ng/ml and
an average value of 52.35 ng/ml. 39% of the patients diag-
nosed with limited stage disease and 87% of the patients
diagnosed with extensive stage disease had increased 
levels of NSE. The mean values for the two groups of
patients were of 59 ng/ml and 13.8 ng/ml, respectively.
The NSE concentrations correlated very well with the
clinical response. The authors concluded that this tumor
marker could be successfully used in staging and monitor-
ing treatment response [11]. 

CYFRA 21-1

CYFRA 21-1 has the origin in the epithelial cells; it is
expressed in lung tissues and is excreted by the kidneys.
Thus, its serum determination is not relevant in the pres-
ence of renal disease. This marker is increased especially
in squamous carcinoma. Its sensitivity in the detection of
NSCLC is about 59% at a specificity of 94% and litera-
ture data show that it can be used for the estimation of
prognosis in this type of cancer, for monitoring the effect
of chemotherapy and for the detection of recurrences
(especially in squamous cell carcinoma). Increased levels
may be encountered in patients with other localizations of
tumors or with other benign pulmonary diseases [4,12-23]. 

A study realized by J.L. Pujol in 1993 included 165
patients with lung cancer and determined the concentra-
tion of CYFRA 21-1 by means of an immunoradiometric
assay. For the cut-off of 3.6 ng/ml, which was used, the
authors obtained a sensitivity of 52% and a specificity of
87%. The highest sensitivity was obtained in patients with
squamous cell carcinoma and the lowest sensitivity was
obtained in small cell carcinoma. For the patients with
NSCLC, the authors found a correlation between the
increased serum concentrations of CYFRA 21-1 and the
presence of advanced stages, mediastinal lymph nodes and
poor performance status. The overall survival was 
significantly shorter in patients with serum levels higher
than 3.6 ng/ml and a diagnosis of squamous cell carcinoma
[24]. 

It is well known that CEA is the most representative
tumor marker for the colon carcinoma (44% true positive
test results), CA 19-9 has the highest sensitivity for the
diagnosis of pancreatic carcinomas, CA 72-4 has the high-
est sensitivity for the detection of gastric cancer (52%),
AFP for the primary liver carcinomas (80%), CA 15-3 for
breast cancer (42%), CA 125 for the ovarian cancer
(50%), SCC for cervical carcinoma (55%), PSA for the
prostate cancer (83%), NSE for SCLC (54%). In NSCLC,
literature data say that CYFRA 21-1 has a sensitivity of
49% (higher than that of CEA and SCC) and a specifici-
ty of 95% in the diagnosis of lung carcinoma. A study
realized in 1993 showed a correlation between the levels
of CYFRA 21-1 and the tumor size and tumor stage. The
association between CYFRA 21-1 and NSE proved to
have a high sensitivity in differentiating between benign
and malignant lung disease [25].

SCC

SCC is a marker that is increased in squamous carcino-
mas of the lung, breast, cervix, esophagus, head and neck
regions. Its determination may be influenced by the 
presence of kidney disease or by contamination by skin or
saliva. It has a higher specificity than CYFRA 21-1 in the
diagnosis of NSCLC, but a lower sensitivity. The combina-
tion of CEA, CYFRA 21-1 and SCC can be used for the 
differential diagnosis of NSCLC with other squamous 
cancers [4,26-33].

Literature data show that SCC concentrations of >2
mg/l indicate the diagnosis of NSCLC with a probability
of 95% and the diagnosis of a squamous tumor with a
probability of 80% [34].

CEA

CEA concentrations are usually increased in the 
adenocarcinomas of the colon, lung, breast, stomach, liver
and ovaries. CEA has a sensitivity of about 40% for the
detection of lung cancer and it is especially increased in 
adenocarcinoma and large cell lung cancer. Its specificity is
quite low and it is often used in combination with other
markers, such as CYFRA 21-1. CEA can be used successful-
ly for treatment monitoring, estimating prognosis and detec-
tion of recurrences and cerebral metastases in patients with
NSCLC (especially adenocarcinoma) [4,35-40].

A study realized by M. Grunnet et al demonstrated
that the serum CEA concentration could be an indicator
of risk of recurrence and of death in NSCLC and a 
prognostic indicator [41].

CA 125

CA 125 is encountered in adenocarcinoma and large
cell lung cancer. It can be successfully used in the differen-
tial diagnosis of lung cancer, in evaluating the prognosis and
the response to treatment in NSCLC [4,42,43].

Literature data show that the histological diagnosis of
adenocarcinoma or large cell lung cancer can be power-
fully sustained by a CA 125 concentration higher than
100 U/ml and a CEA concentration higher than 10 mg/l
[34].

A study realized in 2003, which included 48 patients
diagnosed with advanced stage of NSCLC (IIIA-IV) and
treated with platin-based chemotherapy, demonstrated
that the CA 125 concentrations could predict treatment
response and survival time in these patients [44].

Ferritin

Serum ferritin can be elevated in different malignancies
like lymphoma, acute leukemia, multiple myeloma, breast
cancer, testicular cancer, due to various mechanisms like the
inflammation caused by the tumor, the secretion of the
tumor cells, or the reduced metabolization caused by liver
metastases. Research is still necessary to define the role of
serum ferritin in the management of lung cancer. Until now,
literature data say that patients diagnosed with SCLC have
higher ferritin levels than normal individuals. They don’t
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show any correlation between the serum ferritin concentra-
tion and the degree, the staging, the histological type, the
treatment response or clinical course of the disease, but the
survival time seems to be longer in patients with low serum
levels [4,45-50].

ProGRP
Another tumor marker which may be increased

in lung cancer is ProGRP (Pro-gastrin-releasing peptide).
It has a good sensitivity and specificity for the detection
of SCLC (73% of patients with SCLC and a few patients
with NSCLC have increased levels). Its association with
NSE leads to a sensitivity of 88%. Lung cancer is sus-
pected when the serum concentration exceeds 200 pg/ml,
whereas SCLC is suspected when the serum concentra-
tion exceeds 300 pg/ml. ProGRP can be used successfully
in differentiating SCLC from other types of lung cancer
and it is not correlated with the clinical stage [4,51-54].

IDH1
A study effectuated by Jie He, M.D., Ph.D in

Beijing estimated the sensitivity and the specificity of
IDH1 (isocitrate dehydrogenase) in the diagnosis of lung
cancer. There were found values of 76% and 77%, respec-
tively. The combination of this tumor marker and CEA,
CYFRA 21-1 and CA 125 provided a sensitivity of 86%,
detected by means of a mathematical model. IDH1 is
most often found in NSCLC (adenocarcinoma) [55].

CA 19-9
Although CA 19-9 is not considered clinically

useful, literature data confirm the presence of elevated val-
ues in lung cancer, presence justified by the presence of
CA 19-9 in the glands of bronchi and bronchioles [56].

Other tumor markers
Other lung cancer tumor markers which are

studied are: Nucleosome, Nucleosome DNA fragment,
Human epidermal growth factor receptor-2/neu, tissue
polypeptide antigen, tissue polypeptide-specific antigen,
tumor M2 betaine kinase,and soluble interleukin-2 recep-
tor [4].

The combination of tumor markers
As in other types of cancer, the combination

of tumor markers seems to improve the diagnostic capaci-
ty. A study realized by Ando S et al measured the con-
centrations of CEA, AFP, CA 19-9, SCC, NSE, CA 125
and CYFRA 21-1 in 312 patients diagnosed with lung
cancer: 200 patients having adenocarcinoma and 112
patients having squamous cell carcinoma. CEA, followed
by CA 125, had the highest sensitivity in the detection of
adenocarcinoma. The concentrations of both markers
were correlated with the stage of the disease. SCC, fol-
lowed by CYFRA 21-1, had the highest sensitivity rate in
the detection of squamous cell carcinoma. The results
showed that the combinations of CEA and CYFRA 21-1
and of CEA and CA 125, had sensitivities of 96.2% and
of 95.0% in detecting advanced stages of adenocarcinoma
[57].

In 2013, R. Wang et al realized a clinical eval-
uation and a cost-effectiveness analysis of different serum
tumor markers in the diagnosis of lung cancer. The

authors concluded that the combination of NSE, CEA
and CYFRA 21-1 is the optimal for the diagnosis of lung
cancer, the combination of SCC, NSE and CEA for the
diagnosis of adenocarcinoma, SCC, CEA and CYFRA 21-
1 for the diagnosis of SCC and SCC, NSE and CYFRA
21-1 in the diagnosis of SCLC. They also concluded that,
from an economic viewpoint, the association of CEA and
SCC has the highest cost-effectiveness for screening [58].

A study realized in 2008 by R. Molina et al investigat-
ed the role of the mucins CA 125, CA 19-9, CA 15-3 and
TAG-72.3 in the management of the patients with lung
cancer. It included 289 patients suspected to have lung
cancer, 417 patients with confirmed diagnosis of NSCLC
and 96 patients with confirmed diagnosis with SCLC.
The concentrations of CEA, SCC, CA 125, CA 15-3 and
TAG 72-3 were higher in patients diagnosed with NSCLC
than in patients diagnosed with SCLC. The levels of
CEA, TAG, CA 15-3 and CA 125 were higher in patients
diagnosed with adenocarcinomas than in patients diag-
nosed with squamous carcinomas. The results showed that
the use of tumor markers can help in the differentiation
between SCLC and NSCLC and that the combination of
several markers: CEA and CYFRA 21-1 for all the his-
tologies, SCC for the squmous tumors and CA 15-3 for
adenocarcinomas has a high sensitivity for the detection
of all the histological types [59].

The role of tumor markers in the diagnosis of pleural
effusions

One of the most important steps in the diag-
nosis of lung cancer is the detection of the malignant
character of pleural fluid. A study realized in Spain includ-
ed 416 patients and investigated the role of four tumor
markers: (carcinoembryonic antigen [CEA], carbohydrate
antigen 15–3 [CA 15–3], cytokeratin 19 fragments
[CYFRA21–1], cancer antigen 125 [CA 125]) in the dif-
ferential diagnosis of benign from malignant pleural effu-
sions. Their concentrations in pleural fluid were measured
by means of the electrochemiluminescence immunoassay
for the first three markers and by means of the micropar-
ticle enzyme immunoassay for the last tumor marker. The
authors established some cut-off points for these markers,
in order to obtain a specificity of 100%: 50 ng/ml for
CEA, 2,800 U/ml for CA 125, 75 U/ml for CA 15-3 and
175 ng/ml for CYFRA 21-1. At these cut-offs, the diag-
nostic sensitivities were of 29%, 17%, 30% and 22%,
respectively. For the combination of these markers, the
sensitivity was 54% and it was increased by 18% through
the utilization of cytology. An important result of this
study was that the use of at least one of these markers
could detect more than 33% of the cytology-negative
malignant pleural effusions, leading to the further investi-
gation of these patients [60].

A study realized by S. Tamura in 1987 found
that CEA (carcinoembryonic antigen) and ADA (adeno-
sine deaminase) have a high sensitivity and specificity in
the differential diagnosis of different etiologies of pleural
effusions. A low sensitivity and specificity was achieved in
the case of the concentrations of ferritin, beta2-
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microglobulin and TPA (tissue polypeptide antigen) in the
pleural fluid. The concentrations of IAP immunosuppres-
sive acidic protein and ASP (acid-soluble glycoprotein) in
the pleural fluid are just a less specific expression of an
inflammatory activity [61].

A study realized in 2006 in Mumbay included 222
patients diagnosed with lung cancer and 40 normal sub-
jects. The authors measured the concentrations of
CYFRA 21-1, TPS (tissue polypeptide specific antigen),
NSE (neuron specific enolase) and CEA in their serum
and pleural fluid and studied the role of these markers in
the diagnosis of lung cancer and the correlation between
serum levels, histological types and pathological stages.
They found that TPS (cut-off =80 U/l) and CYFRA 21-
1(cut-off=3.3 ng/ml) are useful in the diagnosis and prog-
nosis of the non-small cell lung cancer(NSCLC) and NSE
(cut-off=5 ng/ml) is useful for the diagnosis of small cell
lung cancer(SCLC). The results showed also that TPS and
CEA were elevated especially in stage II of disease and
CYFRA 21-1 and NSE were elevated in stage II, III and
IV of disease (p<0.001). They also showed significant cor-
relations between the markers and the histological types:
TPS and squamous cell carcinoma, CYFRA 21-1 and
squamous cell carcinoma, adenocarcinoma and non-small
cell lung cancer, NSE and small cell lung cancer, CEA
and adenocarcinoma, squamous carcinoma. The sensitiv-
ity and specificity of TPS, CYFRA 21-1 and NSE in the
diagnosis of pleural effusions were of 94% and 95%,
respectively, while the values detected for CEA were of
only 54% and 56%, respectively [62].

The role of the tumor markers in the diagnosis of lung
cancer

A study realized by R. Molina in 2003 included 211
patients diagnosed with NSCLC and found that the diag-
nostic sensitivity for CYFRA 21-1 was 76%, 55% for CA
125, 52% for CEA, 33% for SCC and 22% for NSE. The
results showed that 87% of the patients with locoregional
disease and 100% of the patients with metastases had at
least one tumor marker with increased concentration. High
levels of CEA were associated with adenocarcinomas, high
levels of CA 125 with adenocarcinomas and large-cell lung
cancers, high levels of SCC with squamous tumors [33]. 

The role of tumor markers in estimating prognosis

A study realized by S. Cedres et al in 2011 included
270 patients diagnosed with NSCLC, in order to see the
correlation between the concentrations of the tumor
markers and the prognosis of the patients in advanced
stage diseases. For the early stages of the disease, it was
known that high serum levels of the tumor markers were
a negative prognostic factor. The results showed that the
increased concentrations of CEA, CYFRA 21-1 and CA
125 were associated with worse survival in patients with
stage III and IV NSCLC [63].

A study realized in 2002 by Hatzakis et al included 102
patients diagnosed with lung cancer. The authors measured
the pre-therapeutic concentrations of CYFRA 21-1, NSE,

TPA, CEA, CA 125 and SCC. They found an important
difference between the average values of NSE and CYFRA
21-1 in patients with SCLC and NSCLC. In patients diag-
nosed with NSCLC, they also found correlations between
the disease stage at diagnosis and the levels of CYFRA 21-
1, TPA, CA 125 and SCC and between the poor prognosis
and the levels of CYFRA 21-1, NSE, TPA and CA 125 [64].

The role of the tumor markers in detecting recurrences 

A study realized in 1999 included 62 patients diagnosed
with NSCLC, measured their serum concentrations of
CEA, NSE, SCC, TPA and CYFRA 21-1 before the 
surgical resection.  The results showed that the preoperative
serum levels of TPA and CYFRA 21-1 could predict the
probability of recurrence after treatment [65].

CONCLUSIONS

Although a lung-cancer specific tumor marker has not
been discovered yet, it seems that all the reported markers
can orientate the diagnosis and can improve the monitoring
of patients with lung cancer. More specific information
seem to be offered if a corroboration of more tumor markers
determination is performed.   
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