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Abstract. In recent years, there has been an increasing
awareness among physicians of the value of therapeutic
interventions in patients suffering from lung cancer and
mesothelioma. A search for an optimal approach using surgery,
irradiation and chemotherapy in different settings of the
tumour disease, including curatively aimed adjuvant
chemotherapy after locoregional surgery or radiotherapy, has
resulted in gradually improved survival rates. Still, early
detection is crucial if there is to be a possibility of curing
patients or prolonging life in cases of relapsed disease. Several
studies have been initiated in which surrogate markers are
evaluated in comparison to chest X-rays and computer
tomography. The present review focuses on the predictive and
prognostic value of using serological cytokeratins as tumour
markers for patients suffering from thoracic malignancies.

Lung cancer kills more than 1,200,000 people every year
worldwide (1). Lung cancer is divided into two entities, non-
small cell lung cancer (NSCLC) and small cell lung cancer
(SCLC). NSCLC represents 80% of all lung cancer cases,
and at the time of diagnosis, approximately 20-30% (stages
1 and 2) are candidates for surgical intervention, resulting
in a 5-year survival rate in cases of small tumours less than
4 cm (T1 and T2 tumours) of approximately 50-70% (2).
The value of neoadjuvant chemotherapy is still highly
controversial, hence the results of ongoing phase III studies
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are eagerly awaited. Adjuvant chemotherapy for patients
with NSCLC is today accepted as mandatory for patients
with operable tumours and survival rates are similar to
those in breast and ovarian cancer (3). Patients with
localized, inoperable, non-small cell lung cancer are treated
with radiotherapy. A recently updated literature review
indicates that concurrent radiochemotherapy is better than
radiotherapy alone, with regards to locoregional control,
progression-free survival and relative mortality risk at 2
years’ follow-up (4). Treatment for advanced-stage NSCLC
generally includes the use of systemic chemotherapy as well
as biological ‘targeted therapy’ at later stages of the disease.
Several treatment regimes are available and today a vast
majority of patients are treated with both second- as well as
third-line treatments.

Surgical management of small cell lung cancer generally
yields little benefit, since these tumours disseminate early
to regional lymph nodes and distant sites. However, this
issue has not yet been fully elucidated and some authors
advocate that patients with very early-stage tumours should
be considered for a combined treatment modality including
surgery and chemotherapy (5). Chemotherapy is the
backbone of the treatment of SCLC. The role of chest
irradiation is well documented, especially in limited-stage
disease. Patients in complete remission should receive
prophylactic cranial irradiation to reduce the risk of brain
metastases (0).

Mesothelioma, still a relatively rare disease, displays an
increasing incidence (7). Patients who are surgically fit are
offered pleurectomy or extrapleural pneumonectomy (8, 9).
Radiation therapy has been advocated as a suitable
treatment, but, as stated in a recent review, needs further
evaluation (10). Patients with advanced disease are treated
with chemotherapy and new combinations with pemetrexed/
cisplatin have resulted in increased survival (11).
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Thus, today several potentially effective treatment
options exist for at least significant subpopulations of
patients suffering from thoracic malignancies. There is a
real need to predict the identity of these patient
subpopulations who may benefit from a toxic treatment,
including detection of relapse/progressive disease at an early
stage. The diagnostic tools most commonly used today are
various X-ray techniques, including chest X-ray, computer
tomography and PET investigations. These methods are
reliable, but other more easily available applied techniques,
such as analysing serum/blood samples, may be of interest
as complementary tools in managing thoracic cancer
patients. This review presents a compilation of the current
literature, focusing on the predictive and prognostic
implications of the use of serological cytokeratin tumour
markers in managing thoracic malignancies.

Cytokeratins: General Background

Cytokeratins are a family of more than 20 intermediate
filament proteins expressed in cells of epithelial origin (12).
Their subdivision into two groups (cytokeratins 1-8 , type II
group, 53-68 kDa, neutral to basic proteins; and cytokeratins
9-20, type I group, 40-56 kDa, acidic proteins) reflects the
functionally very important heterodimeric nature of
cytokeratins. Cytokeratins assemble into obligate non-
covalent structures of one type I and one type II cytokeratin
protein, respectively; gradually, they become organized into
larger filamentous polymeric structures (13).

The most abundant cytokeratins are 8, 18 and 19, and a
common example of the heteropolymer complex is the
combination of cytokeratins 8 and 18 (14). In knockout mice,
it has been demonstrated that cytokeratin 18 can be replaced
by cytokeratin 19 and together with cytokeratin 8 provide a
normal cytoskeleton (15). Exactly which cytokeratins are
expressed varies with epithelial cell type, extent of
differentiation and development of the tissue (16).
Commonly, the cytokeratin expression profile is stable, even
during malignant transformation (17). This biological feature
is utilized in routine pathology, in which cytokeratin
antibodies are used in immunohistochemistry to distinguish,
for example, lung carcinomas from metastatic carcinomas of
the lung (18, 19). Cytokeratins are detected either as
partially degraded single-protein fragments, as small
complexes or as large polymeric protein complexes when
present in the circulation (20). In healthy individuals, the
levels of cytokeratins are low in the circulation, but rise
significantly in patients with epithelial cell-associated
carcinomas. The exact process leading to the release is not
yet completely understood, but is likely the result of multiple
pathways including spill-over from rapidly proliferating
tumour cells, abnormal mitosis, neo-vascularization and/or
apoptosis.
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Apoptosis involves the activation of numerous downstream
targets and effectors, most of which include activation of
caspases (21). Interestingly, most type I cytokeratins bear
motifs that make them likely substrates for caspase
degradation, with subsequent release during the intermediate
apoptotic events. Of course, this makes cytokeratins
important reflectors of ongoing tumour cell death, partly
explaining their role as markers of tumour activity (22).

An important question is what the increased levels of
cytokeratins in serum represent. An in vitro study, in which
fragments of cytokeratin 8§ and 18 were measured in the
supernatants of cells exposed to irradiation, found a trend
towards increased amounts of cytokeratin fragments (23).
Furthermore, patients subjected to surgical intervention for
gastrointestinal or lung cancer were shown to have increased
amounts of cytokeratins in their circulation during the first
weeks after surgery (24). These studies thus suggest that
increased amounts of circulating cytokeratins are related to
released proteolytic debris, which in turn reflects cell death.

Cytokeratin Assays

Several monoclonal anti-cytokeratin antibodies are
available that react with the most abundantly found
cytokeratins, i.e. 8, 18 and 19. The immunoreactivity
patterns of thirty of these antibodies have previously been
characterized elsewhere using a variety of methods (12).
According to the literature, several cytokeratin tumour
marker assays are commercially available. Many of them
are available in both manual formats (mainly based on
open-system microtitre plate analysis, but also as
radiometric bead assays) and on automated random-access
instruments. Assays in manual formats are best suited for
sample batch analysis, which can be completed quickly at
larger clinics or, for example, by means of daily or weekly
based sample collection prior to simultaneous analysis.
Manual formats might, however, cause difficulties for
laboratories wishing to provide short turn-around times.
For cancer patient monitoring this is often not as crucial as
with STAT testing, as the patients are treated according to
predefined schemes. In most cases, it is thus sufficient that
the test result be available within a couple of weeks.
However, for diagnostic purposes it is often important to
have rapid test results. Currently, CYFRA 21-1 (Modular,
Roche Diagnostics, Mannheim, Germany), TPA (Liaison®,
Diasorin Spa, Saluggia, Italy) and TPS (Immulite, DPC,
Los Angeles, CA, USA) are available on random-access
instruments, thus reducing the time required to make the
results available. All of these tests are also available in
manual formats. The recently introduced cytokeratin
marker with a focus on non-small cell lung cancer,
MonoTotal (IDL Biotech, Bromma, Sweden), is available
in a manual format only (25).
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Cytokeratins as Serum Tumour Markers

Being generally characterized as so-called activity tumour
markers, cytokeratins have their main clinical value in
patient management for the early detection of recurrence
and in the prompt assessment of therapeutic response (26).

A limiting factor for the diagnostic use of cytokeratin
markers is that they are not organ specific, but rather can
be used for a number of epithelial cancers (26). The three
most commonly applied cytokeratin markers overall are
TPA, TPS and CYFRA 21-1. TPA is a broad-spectrum test
that measures cytokeratins 8, 18 and 19, while TPS and
CYFRA 21-1 measure cytokeratins 18 and 19, respectively.
Recently, a new broad-spectrum cytokeratin assay has
been introduced, MonoTotal, which also measures
cytokeratins 8, 18 and 19, but using a different
combination of antibodies (25). Although based on
detection of the same type of proteins in serum, individual
cytokeratin assays may give different reactivity profiles,
reflecting the uniqueness of each assay. This is due to both
the different detector antibodies employed in the
individual assays and to the actual release of different
cytokeratins into the circulation, a process that may differ
between the cytokeratins. Thus, as with many other types
of tumour markers, cytokeratin tumour markers are not
simply interchangeable and their performance should not
be assumed to be similar (26).

Cytokeratin Assays in Non-small Cell Lung Cancer

Cytokeratins may be considered as markers of epithelial cell
turnover, and their potential uses in the diagnosis, prognosis
and monitoring of carcinomas have been discussed. Table I
summarizes most of the published studies in which different
cytokeratin assays have been evaluated as tumour markers
in NSCLC.

Increased serum levels of cytokeratins, especially the
cytokeratin fragment 19 (CYFRA 21-1), have been
demonstrated in patients with carcinomas of the lung. As
early as 1994, Niklinski et al. (27) demonstrated elevated
levels of CYFRA 21-1 in NSCLC patients compared to
controls and that levels were associated with the clinical
stages. These results were later confirmed by several other
authors (Table I) (28). Thus, cytokeratins may provide
useful information to the clinician. The issue is, of course,
how to interpret these levels. Also in this respect CYFRA
21-1 has been most studied and elevated levels of this
marker at diagnosis are clearly associated with a poor
prognosis and reduced survival (29-31). In addition, some
studies have indicated that increased cytokeratin serum
levels are negatively/inversely associated with survival (32,
33). Post-treatment monitoring of CYFRA 21-1 for the
early detection of recurrent disease has been suggested as a

clinically valuable option, since evaluations of the marker
could demonstrate that serially increasing values were
associated with progressive disease (34) and recurrence
after surgery (35). Typically, CYFRA 21-1 levels decrease
within 2 weeks of surgery but remain elevated or increase
over the follow-up period (12-18 months) in patients with
recurrent disease (36-38).

Cytokeratins other than CYFRA 21-1 have received
relatively little attention in this regard. In a small study,
increased circulating levels of cytokeratin 8 and 18 were
found to be associated with advanced disease (39); more
recently, levels of circulating cytokeratins, analyzed using
MonoTotal, have been shown to correlate with progressive
disease (25).

Compared to other tumour markers (Table I), most
studies suggest that cytokeratins, CYFRA 21-1 in particular,
provide an important adjunct to the clinical staging system
and may help in better assessing prognosis (30). In many
cases, CYFRA 21-1 compares favourably or similarly to
other alternatives, such as CEA, and in some cases the
markers may be considered complementary. One of the first
and largest evaluations of CYFRA 21-1 in a clinical setting
was a European multicentre study; here, a predefined cut-
off level displayed 57% sensitivity, at 96% specificity, for
SCC, which was higher than for all the other included
markers, ie. squamous cell carcinoma marker (SCC),
carcinoembryonic antigen (CEA) and TPA (40). The study
supports the notion that increasing CYFRA 21-1 levels may
be of value for the clinician in indicating the early
discontinuation of, or change in, therapy for patients with
recurrent or progressive disease.

Cytokeratin Assays in Small Cell Lung Cancer

Several published studies evaluate different cytokeratin
assays in SCLC, indicating a more controversial role of
cytokeratins alone in SCLC (Table II). Significantly elevated
levels of CYFRA 21-1 have been demonstrated in SCLC
compared to those in healthy subjects or in cases of benign
lung disease (41-43) and CYFRA 21-1 has also been shown
to be useful for the differential diagnosis of SCLC and
NSCLC (49). Moreover, Takei et al. (44) suggested a
significant correlation between survival and pre-treatment
levels of CYFRA 21-1 (p=0.0036). On the other hand, data
from Pujol et al. (45) indicate a negative prognostic effect
of CYFRA 21-1, significant only in squamous cell
carcinoma, but not in SCLC or other subtypes of NSCLC.

Serum neuron-specific enolase (NSE) seems to be more
useful in SCLC (46), and the combined use of CYFRA 21-1
and NSE has been shown to be an interesting combination
in the diagnosis of SCLC (50). Paone et al. (47) found NSE
and CYFRA 21-1 to provide good discrimination between
SCLC and NSCLC. The combination further significantly
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Table 1. A survey of literature concerning cytokeratins in sera in NSCLC.

Authors (ref.) Cytokeratin No of Results

patients
Diagnostics

Niklinski et al. (27) CYFRA 21-1 115 Increased levels of CYFRA 21-1 at diagnosis compared to controls;
levels correlate with clinical staging.

Pavicevic et al. (28) CYFRA 21-1 250 CYFRA 21-1 significantly (p<0.001) higher
in NSCLC patients than in controls.

Chantapet et al. (56) CYFRA 21-1 and CEA 51 CYFRA 21-1 and CEA are useful serum markers for the
diagnosis of NSCLC, with accuracy of approx. 70%.

Kim et al. (57) CYFRA 21-1 and SCC 124 CYFRA 21-1 is superior to SCC in the diagnosis of
squamous cell carcinoma of the lung.

Oremek et al. (58) CYFRA 21-1 134 The high sensitivity and specificity of CYFRA 21-1 for the differential
diagnosis of malignant and non-malignant pulmonary diseases
as well as of SCLC and NSCLC.

Prognostic value — impact on survival

Pujol et al. (29) CYFRA 21-1 2063 Meta-analysis of 2063 patients proving CYFRA21-1 to be a
putative co-variable in analyzing NSCLC outcome.

Niklinski et al. (59) CYFRA 21-1 94 Pre-operative CYFRA 21-1 has prognostic value.

Fukunaga et al. (32) Cytokeratin 8 8 CKS8 1 associated with poor prognosis.

Bergqvist et al. (33) TPAcyk 69 TPAcyk 1 associated with poor prognosis.

Monitoring of lung cancer

Yeh et al. (60) CYFRA 21-1 48 CYFRA 21-1 1 is an early predictor of recurrence after surgery.

Ebert et al. (61) CYFRA 21-1 48 CYFRA 21-1 allowed early detection of progressive
disease in non-operable patients.

Lai et al. (34) CYFRA 21-1 164 Serially increasing CYFRA 21-1 associated with progressive disease.

Niklinski ef al. (35) CYFRA 21-1 57 Increasing post-operative CYFRA 21-1 preceded or
coincided with tumour recurrence.

Pendleton et al. (39) CKS8 and CK18 24 CKS8 and CK18 1 associated with advanced disease.

Ericsson et al. (25) MonoTotal 45 Levels measured correlate with progression.

Comparison with other tumour markers
Giovanella et al. (48) CEA, NSE, TPS and 169 In patients with suspected lung cancer, the serum NSE and CYFRA 21.1
CYFRA 21.1 assay presents a suitable association to confirm the clinical hypothesis.
Kasimir-Bauer et al. (31) TPA and CYFRA 21-1 80 The detection of CK+ cells should be added to routine pathology and
for tumour marker determination; studies should focus on
CYFRA 21-1 and TPA.
Pujol et al. (45) CYFRA 21-1 621 The prognostic information provided by a high serum CYFRA 21-1 level
is independent of other well-known variables, such as performance status
and disease stage, and is perennial throughout an extended
follow-up period.
Nisman et al. (62) TPA, CYFRA 94 CYFRA 21-1 and TPS are significant prognostic factors and effective
21-1 and CEA monitors of therapy.

Moro et al. (63) CEA, SCC and 105 The study suggests using a combination of CEA and CYFRA 21-1
CYFRA21-1 in the clinical care of NSCLC.

Wieskopf et al. (64) CEA, NSE, SCC and 161 CYFRA 21-1 is a sensitive and specific tumour marker of NSCLC,
CYFRA 21-1 especially of the squamous cell subtype.

Takada et al. (65) CEA, SCC NSE and 185 CYFRA 21-1 appeared to have the most discriminatory power
CYFRA 21-1 of the markers tested in the diagnosis of lung cancer.

Koga et al. (66) CYFRA 21-1, 137 It is concluded that CYFRA 21-1 could replace SCC for
CEA and SCC diagnosing squamous cell carcinoma of the lung.

Molina et al. (41) CEA, CA 125, SCC 189 There was a clear relationship between CYFRA 21-1
and NSE and tumour extension.

Stieber et al. (49) CYFRA 21-1, TPA 218 With single determinations, CYFRA 21-1 proved to have the highest

and TPS

general sensitivity for lung cancer.
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Table 1. continued

Authors (ref.) Cytokeratin No of Results
patients
van der Gaast et al. (67) CEA, SCC,TPA and 212 CYFRA 21-1 is a useful serum marker for patients with NSCLC,
CYFRA 21-1 especially for the disease monitoring of patients with squamous cell
carcinoma during and after chemotherapy.
Rastel et al. (40) SCC, CEA, TPA and 2250 CYFRA 21-1 is a sensitive tumour marker for NSCLC,

CYFRA 21-1

CEA, SCC, CYFRA 21-1 138
and epidermis-type proteins

(1, 2, 10/11, 14 and filaggrin)

Miedouge et al. (68)

especially squamous cell lung cancer.

The authors confirmed the high diagnostic sensitivity of CYFRA 21-1
(55.6%), but were unable to detect significant levels of
epidermis-type cytokeratins or filaggrin.

Carcinoembryonic antigen (CEA), squamous cell carcinoma antigen (SCC), neuron-specific enolase (NSE), tissue polypeptide antigen (TPA),
tissue polypeptide specific antigen (TPS), cytokeratin 19 (CYFRA 21-1), cytokeratin 8 and 18 fragments (TPAcyk). 1 means that the investigated

marker was associated with survival.

improves the diagnostic sensitivity and accuracy in SCLC
patients (48, 49).

Giovanella et al. (48) did demonstrate CYFRA 21-1 to be
strongly linked to patient outcome, independent of both
clinical prognostic factors and NSE levels, while expression
seems to be relatively independent of tumour volume
modifications. They suggest the combined use of NSE and
CYFRA 21-1 in pre-therapeutic assessment and therapy
planning.

A study by Plebani et al. (43) found that SCLC patients
with extensive disease had high levels of several of the tumour
markers studied, including the cytokeratin markers CYFRA
21-1, TPA, TPA-M and TPS; squamous cell carcinoma
antigen (SCC) was not found to be altered in SCLC.

Cytokeratin and Mesothelioma

A large number of markers used in immunohistochemistry
can facilitate the distinction between epithelial pleural
mesotheliomas and pulmonary peripheral adenocarcinomas.
Antibodies against cytokeratins are strongly positive in
mesotheliomas, but not in adenocarcinomas, where CEA or
Leu-M1 instead are detected. There are no established
serum tumour markers for mesothelioma, including the
cytokeratin serum assays summarized in Table III. Several
groups have followed cytokeratin assays over the course of
the disease, but have included only a limited number of
patients (50-53). The trend seems to be that all cytokeratin
markers tend to rise as disease progresses, though further
study is needed to establish the real significance of these
results. Their value in mesothelioma is limited as the
specificity of such tests is too low (Table III). An exception
could be that of a population heavily exposed to asbestos,
where both CYFRA 21-1 and TPA demonstrate good
positive prognostic values for mesothelioma (54) and TPA
at least has been shown to increase before clinical signs of
disease (55).

Conclusion

Over the last ten years, treatment for patients with thoracic
malignancies has changed dramatically and scientific
interest in the condition has virtually exploded. Though
initially regarded as resistant to all available therapeutics,
today these malignancies are treated with a broad
therapeutic arsenal. Several clinical studies have
demonstrated that the combined use of radiation,
chemotherapy and novel biological agents improves survival.
Patients with advanced thoracic malignancies are now
offered both second- and third-line treatments and several
research protocols are available. Since different treatment
options now exist for this patient category, the role of
follow-up for patients being treated successfully has
gradually attracted greater interest.

This review has focused on the potential of circulating
cytokeratins as disease markers of thoracic malignancies.
Since these serological markers have relatively high
sensitivity and specificity, the overall findings of the present
review imply that various cytokeratin assays may be of value
for the follow-up of patients with thoracic malignancies who
received curatively intended treatment, especially for
predicting early relapse in non-mesothelioma tumours.
However, these cytokeratin assays should not replace the
standard follow-up modalities used for these patients, i.e.
various X-ray techniques, but could, in conjunction with
clinical data, be used as complementary tools in the
everyday working situation.
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Table II. A survey of literature concerning cytokeratins in sera in SCLC.

Authors Cytokeratin No. of Results

patients
Survival

Takei et al. (44) CYFRA 21-1 87 CYFRA 21-1 might be useful as a possible indicator of
survival and therapeutic effect for lung cancer.

Pujol et al. (31) TPS and CYFRA 21-1 405 In both small cell and non-small cell lung cancers,
univariate survival analyses demonstrated that either a
CYFRA 21-1 level over 3.6 ng/mL or a TPS level over
140 U/L significantly indicated a poor survival rate.

Pujol et al. (60) CYFRA 21-1 148 High serum CYFRA 21-1 and CgA levels in SCLC are both
prognostic determinants of prognosis.

Ando et al. (60) CYFRA 21-1, NSE 57 The group of patients positive for both the NSE and
CYFRA 21-1 markers had a worse prognosis
than the group positive for only NSE.

Pujol et al. (60) CYFRA 21-1 165 The negative prognostic effect of CYFRA 21-1 was highly significant
in squamous cell carcinoma, whereas it was nonsignificant for the
other histologies, including SCLC.

Monitoring of lung cancer

Boher et al. (60) CYFRA 21-1, TPS 52 Lack of a true reversible property of the cytokeratin markers
Diagnostics

Fukunaga et al. (28) CKS8 70 The level of serum CKS8 in patients with NSCLC was significantly
higher than in those with SCLC (p<0.05).

Bombardieri et al. (56) CYFRA 21-1 584 In patients with SCLC the global sensitivity of CYFRA 21-1 was 52.3%.

Molina et al. (41) CYFRA 21-1,CEA, 189 Abnormal level of CYFRA 21-1 in 30% of

CA 125, SCC and NSE patients with SCLC (p<0.0001)

Oremek et al. (58) CYFRA 21-1 134 CYFRA 21-1 has high sensitivity and specificity for the differential
diagnosis of malignant and non-malignant pulmonary diseases
as well as of SCLC and NSCLC.

Paone et al. (56) CYFRA 21-1, NSE 67 NSE and CYFRA 21-1 provide good discrimination between
SCLC and NSCLC.

Szturmowicz et al. (56) CYFRA 21-1 116 Elevated CYFRA 21-1 values were found in 34% of
small-cell lung cancer patients.

Comparison with other tumour markers

Giovanella et al. (48) CEA, NSE, TPS 169 In patients with suspected lung cancer, including SCLC,

and CYFRA 21-1 the serum NSE and CYFRA 21-1 assay presents a suitable
association to confirm the clinical hypothesis.

Giovanella et al. (48) NSE and CYFRA 21-1 62 An applicable model of biomarkers in SCLC
could be the concurrent assay of NSE and
CYFRA 21-1 in pre-therapeutic assessment
and therapy planning.

Plebani et al. (56) CYFRA 21-1, TPA, 124 In patients with SCLC, high levels of all markers except SCC

TPA-M, TPS, NSE, were found when the disease was extensive. The combined
SCC, CEA, use of CYFRA 21-1 and TPA-M may
be useful for the diagnosis of lung tumours.

Takada et al. (65) CEA, SCC NSE 185 CYFRA 21-1 appeared to have the most discriminatory power of

and CYFRA 21-1 the markers tested in the diagnosis of lung cancer.

Molina et al. (41) CYFRA 21-1,CEA, 189 There was a clear relationship between CYFRA 21-1

CA 125, SCC and NSE and tumour extension.
Stieber et al. (49) CYFRA 21-1, TPA 218 In small cell carcinomas a clear increase in sensitivity could be

and TPS

achieved with combined determinations of CYFRA 21-1 + NSE.

Carcinoembryonic antigen (CEA), squamous cell carcinoma antigen (SCC), neuron-specific enolase (NSE), tissue polypeptide antigen (TPA),
tissue polypeptide specific antigen (TPS), cytokeratin 19 (CYFRA 21-1), cytokeratin 8 and 18 fragments (TPAcyk).
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Table II1. A survey of literature concerning cytokeratins in sera in mesothelioma.

Author Cytokeratin No. of Results
patients

Survival

Hedman et al. (51) TPA 11 High TPA corresponds to short survival duration.

Schouwink et al. (50) TPA and CYFRA 21-1 52 Elevated TPA or CYFRA 21-1 are significant prognostic
factors independent of other factors but not of each other.
Monitoring of mesothelioma

Hedman et al. (51) TPA 5 TPA level follows progression according to CT-scans and clinical
status of the patients.

Schouwink et al. (50) TPA and CYFRA 21-1 2 TPA and CYFRA 21-1 rose towards the end of life.

Marukawa (52) CYFRA 21-1 5 CYFRA 21-1 concentration changed in proportion
to disease activity in all cases.

Nisman et al. (53) TPS and CYFRA 21-1 10 TPS and CYFRA 21-1 have similar patterns of reactivity;
TPS better reflects clinical response.
Diagnostics

Fuhrman et al. (69) TPA and CYFRA 21-1 85 Both CYFRA 21-1 and TPA are significantly higher in sera from
patients with malignant pleura effusion than in sera from controls.

Marukawa (52) CYFRA 21-1 5 Sensitivity 40%.

Nisman et al. (53) TPS 14 TPS levels significantly higher in MPM than in SQC

Ebert et al. (70) CYFRA 21-1, TPA-M 33 Sensitivity 36.4% for CYFRA 21-1 and TPS; lower sensitivities

and TPS for TPA-M, CEA and NSM.

Viallat et al. (54) CYFRA 21-1 and TPA 41 Good sensitivity and specificity in discriminating between asbestosis
and asbestos-induced cancer for both CYFRA 21-1 and TPA.
Positive predictive value 0.95 respectively 0.91. TPA slightly
better in ROC curve analysis.

Plebani et al. (43) CYFRA 21-1, TPA, 9 All are significantly higher in mesothelioma than in benign disease;

TPM, TPS TPM, TPA and CYFRA 21-1 are significantly higher than in SCLC and

SQC, while TPM and TPA are significantly higher than in AC.

Pluygers (55) TPA TPA increases in asbestosis and even more
in mesothelioma; the increase occurs early, before other signs.
Comparison with other tumour markers

Hedman et al. (51) TPA 11 TPA is associated with survival and better than the corresponding data

for hyaluronan and CA 125.

Fuhrman et al. (69) TPA and CYFRA 21-1 41 CEA is better than TPA or CYFRA 21-1 at distinguishing

mesothelioma from other pleural malignancies.

Carcinoembryonic antigen (CEA), tissue polypeptide antigen (TPA), tissue polypeptide specific antigen (TPS), cytokeratin 19 (CYFRA 21-1).
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