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10 CHAPTER I

Introduction

 Modern serum tumour markers are tumour-associated antigens that 

originate in the cancer cell and that are detectable in serum with the use 

of monoclonal antibody-based immunoassays. Serum tumour markers have 

been studied extensively to define their utility for diagnosis, prognosis, and 

therapy monitoring of cancer. Their use for the diagnosis of cancer is limited 

by the fact that tumour-associated antigens are expressed also by normal 

cells and, therefore, are frequently elevated in serum in benign diseases.  

Furthermore, serum tumour marker levels are strongly related to tumour 

mass, and are often within normal levels in early stage disease when diagno-

sis is most desirable in order to enable curative treatment [1].

 The aim of the present thesis was to examine various aspects of the use 

of tumour markers in the context of gynaecological malignancies, specifi-

cally in cancer of the ovary and the cervix.

Ovarian cancer

 Although the incidence of epithelial ovarian cancer is low, it is the 

most lethal gynaecological malignancy in developed countries. It is the 

fifth most common malignancy in women in the United States [2] and the 

sixth in Europe [3]. In the Netherlands it is the sixth cause of cancer death in 

women [3]. Ovarian cancer occurs at all ages; amongst women aged 40 years 

and above, the incidence of ovarian cancer increases rapidly, and is highest 

around 60 years [4].

 The site, pattern of spread and lack of early symptoms in ovarian can-

cer makes this malignancy hard to detect in an early stage, as well as dif-

ficult to monitor after the diagnosis has been made. As epithelial ovarian 

cancer gives late symptoms, the majority of patients present with advanced 

disease (FIGO stage III and IV). Five-year survival rates for these stages are 

poor, and are in the order of 20 – 30% for FIGO stage III, and less than 20% 

for FIGO stage IV disease [5]. After the introduction of debulking surgery fol-

lowed by intravenous administration of platinum-containing chemotherapy, 

such as carboplatin and cisplatin, with the addition of taxanes in the 90’s, 

such as paclitaxel and docetaxel, these survival rates improved slightly [6].  

However, drug resistance in initially good responders, and the severe toxicity 
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of chemotherapy continue to be a major problem of ovarian cancer treatment. 

 The availability of a reliable serum tumour marker to monitor disease 

would help to fine tune treatment of ovarian cancer.

Tumour markers in ovarian cancer

CA 125
 CA 125 is a well-established marker, nowadays commonly used in  

gynaecological practice. It is the tumour marker of choice in ovarian cancer 

for therapy monitoring and early detection of recurrence [7]. The antigen 

was first identified on the cell surface of epithelial ovarian cancer by the 

OC125 monoclonal antibody (MAb), which was generated by immunization 

of BALB/c mice with the OVCA433 cell line isolated from ascitic fluid of a  

patient with a serous papillary cystadenocarcinoma of the ovary [8]. The gene 

coding for CA 125 has been cloned and the molecule has been identified as a 

transmembrane mucin (MUC16) [9,10]. The molecular structure of MUC16 is 

very similar to that of MUC1, and the extracellular domain of the molecule 

is made of numerous highly glycosylated tandem repeat units of 156 amino 

acids each [10]. This repeat unit encompasses the antigenic site recognized 

by OC125 and OC125-like antibodies, as well as a second antigenic site recog-

nized by M11 [11] and M11-like antibodies [12].

 In the first original CA 125 assay, a homologous double-determinant 

assay, the OC125 MAb was used both as a capture and tracer antibody [13]. 

The second-generation CA 125 assays are of the heterologous double-determi-

nant type, where the M11 murine MAb is used as capture antibody, replacing 

the OC125 MAb on the solid phase and thus reducing interference [14]. 

 CA 125 is used for ovarian cancer screening in postmenopausal women,  

together with pelvic ultrasonography, with some result [15].  Its value in multi- 

modality screening for ovarian cancer in women at high-risk (BRCA1/2 muta-

tions) is limited, not only because of the intrinsic limitations of the marker 

for diagnosis of early stage disease, but also by the fact that this population 

includes a large number of premenopausal women [16,17]. Spurious CA 125 

elevations are more frequent in premenopausal women, associated to men-

struation, and benign diseases, such as endometriosis [18].

 These same factors also limit the diagnostic power of CA 125 in  

discriminating between ovarian carcinoma and benign pelvic tumours. In 
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this context, CA 125 has been studied alone or in combination with ultra-

sonography and physical examination [19] or CA 15.3 [20]. The combined use 

of pelvic examination, ultrasound and CA 125 allows the exclusion of malig-

nancy when all three methods are negative for malignancy [19]. A concomi-

tant elevation of CA 125 and CA 15.3 above the upper limit of normal (35 U/

mL and 30 U/mL, respectively), proved to be highly specific for malignancy 

(97%) [20]. Furthermore, a combination with CEA is useful in discriminating 

ovarian cancer from colorectal malignancies: a ratio of CA 125/CEA > 25 is 

strongly associated with ovarian cancer [21].

 The utility of CA 125 is greatest in monitoring the effect of treatment 

and in the follow-up of patients with ovarian cancer [7]. CA 125 levels are 

closely related to tumour status after initial debulking and completion of 

first line chemotherapy [22]. CA 125 levels after 3 courses of chemotherapy 

are predictive of outcome of treatment [23], and increasing CA 125 levels in 

the follow-up are useful for early detection of recurrence [22]. As absolute 

values of CA 125 may vary between assay methods [13], and because the trend 

of serum CA 125 concentrations reflects disease activity more correctly than 

the absolute values of individual measurements, it is mandatory to use one 

and the same assay throughout the whole follow-up period of an individual 

patient [13].

CA 15-3
 The CA 15-3 assay measures serum levels of MUC1, also known as CA 

15-3 and polymorphic epithelial mucin (PEM), among other aliases. MUC1 is 

a transmembrane mucin expressed on the ductal cell surface of glandular 

epithelia and overexpressed in adenocarcinomas of various origin, including 

those of the ovary [24]. The CA 15-3 assay uses two anti-MUC1 monoclonal  

antibodies: 115D8, generated against human milk fat globule membranes, 

and DF3, generated against a membrane-enriched fraction of breast carci-

noma metastases. Although the test was originally developed for the diagno-

sis and management of breast cancer, high levels are also found in ovarian 

cancer [20,25].

CA 72-4
 CA 72-4 is an antigenic determinant on the mucin-like tumour-asso-

ciated glycoprotein TAG 72, later named CA 72-4, defined by the monoclonal 

antibody B72.3 [26]. CA 72-4 has a molecular weight of 220 to 1000 kDa and 

CHAPTER I
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is expressed by a wide range of human adenocarcinomas, especially by those 

originating in the gastro-intestinal tract. CA 72-4 is particularly expressed 

by mucinous ovarian tumours, where CA 125 is not expressed [27]. The com-

bination of CA 72-4 and CA 125 has a higher discriminative power than CA 

125 alone to distinguish between ovarian cancer and benign diseases [28].  

The addition of CA 72-4 to the combination of CA 125, physical examination  

and ultrasound in postmenopausal women presenting with a pelvic mass  

leads to improved discrimination between malignant and benign pelvic 

masses [29].

Cervical cancer

 Cervical cancer follows breast cancer worldwide as the second most 

common malignancy among women and is a major cause of morbidity and 

mortality [30]. Survival rates vary from 95% for women with small tumours 

localized to the cervix to 47% for those with locally advanced cancer, and 21% 

for women with metastatic disease at diagnosis [31]. The incidence and mor-

tality rates vary between countries, the highest rates being recorded in the 

developing countries. A recent study has noted a striking contrast between 

the 15 old and the 10 new European Union member states in cervical cancer 

standardised incidence (9.5 v 16.7)  and mortality rates (4.9 v 10.7), indicating 

that cervical cancer still constitutes a considerable health problem in Europe 

[32]. In the Netherlands, approximately 2% of all newly diagnosed malignant 

tumours in women are cancers of the uterine cervix, corresponding to about 

700 new patients with invasive cancer each year and makes it the 14th cause 

of death [4].

 Treatment of early stage cervical cancer depends largely on tumour 

size and lymph node status, the latter constituting a major prognostic factor 

strongly linked with outcome of disease [33]. In developed countries, addition-

al imaging techniques to those accepted for FIGO staging, such as computed 

tomography (CT), magnetic resonance imaging (MRI) and positron emission 

tomography with fluorodeoxyglucose (FDG-PET), and surgical staging proce-

dures, such as sentinel node sampling and laparoscopic lymphadenectomy, 

are used to define lymph node status and, consequently, treatment [30].

 Prognostic factors other than lymph node status could contribute to-

wards defining the treatment modality most appropriate for a particular  
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patient, and outcome of disease could be improved by proper patient selec-

tion [34]. Furthermore, in women wishing to conserve fertility an adequate 

selection of patients for uterus-conserving surgery without running the risk 

of jeopardizing cure is imperative [35]. The number of patients in this situ-

ation has increased in later years, probably as a result of early detection of 

cervical cancer due to screening programmes combined with a tendency to-

wards first parity at a later age. Tumour characteristics such as large tumour 

diameter, high tumour grade, vascular invasion and deep stromal infiltra-

tion have been associated with bad prognosis, and are taken into account 

for risk grouping of patients with early stage squamous cell cervical cancer 

[33,34]. Others have found a correlation between serum tumour markers, 

prognostic factors and outcome of disease [36-40].

Tumour markers in cervical cancer

SCC-Ag
 Squamous cell cancer antigen (SCC-Ag), identifies a neutral (SCCA1) 

and an acidic (SCCA2) sub fraction of tumour antigen 4 (TA-4) first described 

by Kato and Torigoe (41), and is the serum tumour marker most commonly 

used for clinical monitoring of squamous cell cervical cancer. TA-4 is located 

in the cytoplasm of normal squamous epithelia and squamous cell cancers of 

the uterine cervix [42]. The two isoforms of SCC-Ag have a molecular weight 

of ~45-kDa and belong to the family of serine protease inhibitors (serpins) 

[43], and may have an inhibitory effect on apoptosis [44].

CYFRA 21-1
 Cytokeratins are the major constituents of the cytoskeleton in epithe-

lial cells, and belong to the group of intermediate filament proteins. CYFRA 

21-1 is an enzyme-immunoassay that measures serum concentrations of frag-

ments of cytokeratin 19, an acidic subunit of cytokeratin that is expressed in 

normal epithelium and, among others, in carcinoma of the uterine cervix, 

and was first suggested as a tumour marker for lung cancer and cervical 

cancer [45-47]. In squamous cell cervical cancer CYFRA 21-1 has been studied 

(generally together with SCC-Ag) for an association with tumour characteris-

tics and outcome of disease, with varying results [48].

CHAPTER I



15INTRODUCTION

CA 125 and CA 15-3
 CA 125 and CA 15-3 have also been studied in cervical cancer for an 

association with tumour characteristics and outcome of disease. CA 125 is  

elevated in adenocarcinoma of the uterine cervix [38,49]. In squamous cell 

carcinoma of the cervix, studies have found a significant association between 

elevated pretreatment CA 125 levels and the presence of lymph node metas-

tases [38,50], as well as vascular spread of disease [51].

 CA 15-3 has hardly been studied in the context of cervical cancer. The 

only study reported a weak association between pretreatment CA 15-3 levels 

and response to chemotherapy [52].  

Objective of the present thesis

 It was the aim of the studies described in this thesis to examine some 

technical and analytical aspects of the CA 125 assay, as well as its clinical 

performance in the context of benign and malignant gynaecological diseases. 

Further, we studied the clinical performance of various serum tumour mark-

ers in the management of ovarian and cervical cancer.

To this effect we: 

- Analyzed and compared the clinical performance of seven CA 125 assays in 

patients with benign gynaecological diseases and patients with adenocarci-

noma of the endometrium, colon and ovary [Chapter 2].

- Performed a technical and clinical evaluation of a new CA 125 serum assay 

(ACS:OV) and compared it to three other current CA 125 assays in healthy 

women, patients with benign ovarian diseases and patients with ovarian 

cancer [Chapter 3].

- Tested the utility of a panel of tumour markers (CA 125, CA 15-3 and CA 72-

4) to discriminate between benign and malignant pelvic masses [Chapter 4]. 

- Evaluated the value of CA 125 to monitor response to therapy in a group of 

patients with epithelial ovarian cancer treated with Paclitaxel [Chapter 5].

- Examined the ability of a panel of tumour markers (SCC-Ag, CYFRA 21-1, CA 

15-3 and CA 125) to identify patients with early stage squamous cell cervical 

cancer at high risk of recurrence and death [Chapter 6].

- Analyzed the value of pre-treatment SCC-Ag levels to predict lymph node 

involvement in patients with FIGO stage IB that underwent sentinel node 

procedure and/or laparoscopic lymphadenectomy [Chapter 7].
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 Seven CA 125 immunoassays were compared for their clinical per-

formance. CA 125 concentrations were determined in 289 serum samples 

obtained from women with benign pelvic tumors (samples from 98 patients) 

and patients with various cancers (samples from 111 patients). In the range of 

0–1000 kilounits/L, all assays tested were linearly correlated, with correlation 

coefficients ranging from 0.89 to 0.99. In relation to the original Centocor CA 

125 assay, there was an overall tendency to measure higher absolute values 

in the lower CA 125 value range. This was not seen in relation to the Centocor 

CA 125 II assay. ROC curves (benign vs pretreatment ovarian cancer patients) 

were nearly identical for all assays, and the areas under the ROC curves were 

not markedly different. We conclude that the CA 125 assays tested are strong-

ly related to each other and are clinically reliable for the quantification of 

serum CA 125 and that none of the assays offers higher diagnostic accuracy 

or better discrimination between patient groups, especially not in the lower 

ranges.
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 Highly specific double-determinant monoclonal antibodybased  

immunoassays have been developed during the last decade for the quantifi-

cation of tumor markers in serum. The OC 125 monoclonal antibody (Moab) 

was generated by immunization of BALB/c mice with the OVCA 433 cell line 

isolated from ascitic fluid of a patient with a serous papillary cystadenocar-

cinoma of the ovary [1]. This OC 125 Moab was incorporated into an assay 

detecting a mucin-like glycoprotein; therefore named CA 125. The CA 125 

antigen became an established marker and at present is commonly used in 

gynecologic practice for patient management in ovarian cancer [2,3]. In the 

original Centocor CA 125 assay, a homologous double-determinant assay, the 

OC 125 Moab was used both as a catcher antibody and as a tracer antibody. 

Repetition of the antibody-defined epitope on the CA 125 antigen is mandatory 

for binding and detection. The second generation CA 125 assays are of the 

heterologous double-determinant assay type, where the M11 murine Moab is 

used as the capture antibody, replacing the OC 125 Moab on the solid phase. 

Co-expression of both epitopes on the same antigen molecule is needed for 

binding and detection. It should be realized, however, that marker values 

obtained with the first generation commercial CA 125 kits can give discord-

ant [4], and even discrepant, results [5], whereas in the second generation as-

says, results are reported to be more in agreement [6-9]. Evaluations of second 

generation CA 125 assays have shown excellent analytical performance in 

combination with high quality and good quantitative relations with the 

original CA 125 assays [8,9].

 More Moabs, reactive with other epitopes on the CA 125 antigen,  

were generated and classified [10], and some were incorporated into CA 125 

assays.

 The aim of this study was to compare results obtained with first and 

second generation CA 125 assays and with assays applying other Moabs of  

the M11 category.

Materials and methods

Patients and sera
 CA 125 concentrations were quantified in 289 serum samples obtained 

from 98 female patients with benign pelvic tumors [i.e., uterine fibroids  

(n = 15), endometriotic lesions (n = 26), and benign ovarian tumors (n = 57)]  
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and from 89 patients with adenocarcinoma of the endometrium (n = 23),  

colon (n = 20), and ovary (n = 46). In addition, 102 serum samples obtained 

serially from 22 ovarian cancer patients with active disease (during and after 

chemotherapy) were included in the  evaluation.

 All blood samples were collected by venipuncture before surgery  

or serially during follow-up; sera were kept frozen at –70 °C until assayed for 

CA 125.

CA 125 Assays
 CA 125 values were measured using the following assays: the original 

Centocor CA 125 and the Centocor CA 125 II assays (Centocor), the Boehring-

er Mannheim (BM) Enzymun® CA 125 II  assay (Boehringer Mannheim), the 

BYK Liamat CA 125 II assay (Byk-Sangtec), the Mochida CA 602 assay (Mochida 

Pharmaceutical Co.), the CanAg OV 185 assay (CanAg Diagnostics), and the 

Abbott IMx® CA 125 (recalibrated) assay (Abbott Diagnostics Division). The 

characteristics of each assay are given in Table 1.

Statistical methods
 The results of the CA 125 determinations with the seven assays were 

compared by least-squares  linear regression analysis for all patient serum 

samples, for serum samples of the different patient groups,  and for different 

test result ranges. The relative difference (RD) between the Centocor CA 125 

assays (a) and  the other assays (b), was calculated according to the follow-

ing formula: RD = ((a - b)/a) x 100, for test results obtained in pretreatment 

serum samples from ovarian cancer patients. In addition, Receiver Operating  

Characteristic (ROC) curves for the discrimination of ovarian cancer from 

benign pelvic tumors were established for each assay tested, and sensitivity, 

specificity, positive and negative predictive values, and  overall test accuracy 

table	1. Assay description.

assay	 catcher	antibody	 tracer	antibody	 label	 type	of	assay
Centocor CA 125  OC 125  OC 125  125I  Coated tube IRMAa

Centocor CA 125II  M 11  OC 125  125I  Coated tube IRMA
BM Enzymun CA 125II  M 11  OC 125  Peroxidase  Coated tube EIA
BYK Liamat CA 125II  M 11  OC 125  Isoluminol  Coated tube LIA
Mochida CA 602  MA 602-1  MA 602-6  Peroxidase  Coated bead EIA
CanAg OV 185  OV 185-biotin  OV 185  Europium  Streptavidin-coated microtiter EIA
Abbott IMx CA 125  Goat polyclonal  OC 125  Alkaline phosphatase  MEIA

a IRMA, immunoradiometric assay; EIA, enzyme immunoassay; LIA, luminometric immunoassay; and MEIA, microparticle 
enzyme immunoassay.



27COMPARISON OF SEVEN  IMMUNOASSAYS

were calculated for both the cutoff at optimal accuracy and at the generally 

accepted cutoff value of 35 kilounits/L.

Results

Comparison of CA 125 assay results
 CA 125 assay results, median values, and the ranges found in the dif-

ferent study groups are given in Table 2.

 The median CA 125 value found in the total study group (n = 289),  

varies from 20 (with CanAg OV 185) to 57 (with Mochida CA 602) kilounits/L, 

the median CA 125 value being 29 kilounits/L in the original Centocor CA 

125 assay.

Linear regression analysis
 Regression analysis of CA 125 values in all patient serum samples  

obtained with the seven methods and separately for all serum samples with 

CA 125 values in the ranges of 0–35, 0–1000, and >1000 kilounits/L gave cor-

relation coefficients ranging from 0.61 to 0.99 (only data for the range 0–1000  

kilounits/L are shown in Table 3).

 For patients with benign pelvic tumors, linear regression analysis of 

CA 125 values in the ranges 0–35 and 0–1000 kilounits/L gave correlation  

coefficients ranging from 0.59 to 0.99 for all assays (data not shown); no 

CA 125 values >1000 kilounits/L were found for patients with benign pelvic  

tumors. Linear regression analysis of CA 125 values for patients with ovarian 

cancer, the total group, and in the CA 125 ranges 0–35, 0–1000, and >1000 

kilounits/L gave correlation coefficients ranging from 0.68 to 0.99 for all  

table	2.	Comparison of CA 125 results (kilounits/L) in different study groups.

assay		 BPta	(n	=	98)		 encO	(n	=	43)		 Ov12	(n	=	18)		 Ov34	(n	=	28)		 OvaD	(n	=	102)		 all	(n	=	289)
Centocor CA 125  20 (1–507)b  14 (1–1530)b  68 (9–523)b  1301 (22–6480)b  77 (1–18 602)b  29 (1–18 602)b

Centocor CA 125 II  25 (5–476)  17 (6–1058)  96 (13–811)  1037 (28–4565)  63 (3–11 985)  34 (3–11 985)
BM Enzymun CA 125 II  20 (0–460)  17 (0–966)  52 (10–596)  995 (19–5152)  75 (0–14 519)  29 (0–14 519)
BYK Liamat CA 125 II  20 (3–483)  16 (3–1383)  76 (9–480)  1223 (27–5488)  84 (4–17 090)  31 (3–17 090)
Mochida CA 602  41 (10–720)  40 (9–1044)  136 (27–821)  1135 (52–5635)  121 (16–11 730)  57 (9–11 730)
CanAg OV 185  14 (1–296)  11 (2–827)  30 (5–349)  502 (11–3172)  61 (1–4394)  20 (1–4394)
Abbott IMx CA 125  16 (2–419)  14 (2–900)  78 (8–436)  881 (22–3177)  70 (2–13 597)  26 (2–13 597)

a BPT, benign pelvic tumor; ENCO, endometrium and colon adenocarcinoma; OV12, ovarian adenocarcinoma stage I + II; OV34, 
ovarian adenocarcinoma stage III + IV; and OVAD, ovarian adenocarcinoma with active disease.
b Median (range).
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assays (data not shown). For patients with adenocarcinoma of the endo-

metrium and colon, linear regression analysis of CA 125 values in the ranges 

0–35 and 0–1000 kilounits/L gave correlation coefficients ranging from 0.64 

to 1.0 for all assays (data not shown). None of the patients in this group had 

CA 125 values >1000 kilounits/L.

 The assays tested in this study showed a linear relation with each other 

in all 21 comparisons done for all patient serum samples, for serum samples 

of the different patient groups, and for the different test result ranges (data 

not shown).

 When the generally accepted cutoff value of 35 kilounits/L was used in 

the independent assay, the calculated values for the dependent assays ranged 

from as low as 12 kilounits/L to as high as 86 kilounits/L (Table 3).

Relative difference
 Relative differences between the CA 125 values measured with the 

Centocor CA 125 II assay and the comparison assays are shown in Fig. 1, A-F. 

 A tendency to lower absolute CA 125 values in the range 0–100 

kilounits/L is found for all assays, except for the Mochida CA 602 assay.

 In relation to the original Centocor CA 125 assay, we found that 

all assays showed a tendency towards higher absolute values in the lower  

CA 125 value range and lower absolute values in the higher range, except for 

table	3.	CA 125 immunoassay comparison study for all patient samples in the range 0–1000 kilounits/L.

Dependent	( )	vs	independent	( )		 linear	regression		 ra		 S
yzx

,	kilounits/l	 comparison-assay	
	 equation	 	 	 value	at	35	kilounits/l
Centocor CA 125 II vs Centocor CA 125  y = 1.02 × x + 10.60  0.89  73.53  46
BM Enzymun CA 125 II vs Centocor CA 125  y = 1.06 × x + 5.93  0.90  70.99  43
Abbott IMx CA 125 vs Centocor CA 125  y = 0.91 × x + 5.77  0.91  56.09  38
CanAg OV 185 vs Centocor CA 125  y = 0.67 × x + 6.36  0.90  43.75  30
Mochida 602 vs Centocor CA 125  y = 1.30 × x + 27.39  0.91  82.09  73
BYK Liamat CA 125 II vs Centocor CA 125  y = 1.23 × x + 0.43  0.91  75.76  43
BM Enzymun CA 125 II vs Centocor CA 125 II  y = 1.00 × x – 1.44  0.98  35.93  34
Abbott IMx CA 125 vs Centocor CA 125 II  y = 0.83 × x + 1.25  0.97  35.27  30
CanAg OV 185 vs Centocor CA 125 II  y = 0.62 × x + 2.92  0.96  29.02  25
Mochida CA 602 vs Centocor CA 125 II  y = 1.20 × x + 20.87  0.96  52.99  63
BYK Liamat CA 125 II vs Centocor CA 125 II  y = 1.13 × x – 5.56  0.97  48.37  34
Abbott IMx CA 125 vs BM Enzymun CA 125 II  y = 0.83 × x + 2.78  0.99  22.48  32
CanAg OV 185 vs BM Enzymun CA 125 II  y = 0.61 × x + 5.06  0.96  28.35  26
Mochida CA 602 vs BM Enzymun CA 125 II  y = 1.19 × x + 23.16  0.98  36.86  65
BYK Liamat CA 125 II vs BM Enzymun CA 125 II  y = 1.11 × x – 2.08  0.97  43.92  37
CanAg OV 185 vs Abbott IMx CA 125  y = 0.73 × x + 3.15  0.97  24.04  29
Mochida CA 602 vs Abbott IMx CA 125 y = 1.40 × x + 21.73  0.97  45.81  71
BYK Liamat CA 125 II vs Abbott IMx CA 125  y = 1.33 × x – 5.82  0.99  31.81  41
Mochida CA 602 vs CanAg OV 185  y = 1.80 × x + 22.85  0.94  69.13  86
BYK Liamat CA 125 II vs CanAg OV 185  y = 1.75 × x – 6.71  0.97  47.10  55
Mochida CA 602 vs BYK Liamat CA 125 II  y = 0.90 × x – 19.19  0.95  56.76  12

a Correlation coefficient.



29COMPARISON OF SEVEN  IMMUNOASSAYS

Fig.	1. Scatter diagram depicting the relative difference between assays of pretreatment serum samples 
from ovarian cancer patients (n = 46).
(A) Centocor CA 125 II and Centocor CA 125; (B) Centocor CA 125 II and BM Enzymun CA 125 II; (C) Centocor 
CA 125 II and BYK Liamat CA 125 II; (D) Centocor CA 125 II and Mochida CA 602; (E) Centocor CA 125 II and 
CanAg OV 185; and (F) Centocor CA 125 II and Abbott IMx CA 125.

Fig.	2. Actual ROC curves for CA 125 assays [pretreatment ovarian cancer (n = 46) vs benign pelvic tumor  
(n = 98) samples]. 
Area under the curve ± SE: Centocor CA 125 (0.865 ± 0.0036), Centocor CA125 II (0.874 ± 0.0034), BM Enzymun 
CA 125 II (0.872 ± 0.0034), Mochida CA 602 (0.896 ± 0.028), CanAg OV 185 (0.871 ± 0.034), Abbott Imx CA 125 
(0.880 ± 0.033), and BYK Liamat CA 125 II (0.884 ± 0.032).
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the CanAg OV 185 assay, which measures lower values over the total range 

(data not shown).

ROC curves and different diagnostic
Assay characteristics
 ROC curves for ovarian cancer (n = 46) vs benign pelvic tumors (n = 98) 

for pretreatment serum samples are given in Fig. 2. The greatest area under the 

ROC curve was found with the Mochida CA 602 assay (0.896); all other assays 

had similar areas (Fig. 2), not markedly different from each other and from the 

Mochida CA 602 area. Test accuracy in discriminating pretreatment ovarian 

cancer patients (n = 46) from patients with benign pelvic tumors (n = 98) 

is ~83%, with an optimal accuracy at a cutoff ranging from 50 to 95 kilounits/L 

(Table 4A). Assay characteristics at the widely used cutoff of 35 kilounits/L are 

shown in Table 4B.

Ovarian cancer follow-up
 Serial serum samples were from 22 ovarian cancer patients moni-

tored for the course of the disease during treatment and follow-up. All assays 

showed similar patterns in all patients studied; an example is  given in Fig. 3. 

table	4. Assay characteristics in pretreatment ovarian cancer (n = 46) vs benign ovarian tumor samples  
(n = 98).

a.	cutoff	at	optimal	accuracy
	 cutoff	at	optimal	 	 	 Positive	 negative		 Optimal	test
	 test	accuracy	 	 	 predictive	 predictive	 accuracy,	%b

	 kilounits/la	 Sensitivity,	%		 Specificity,	%	 value,	%	 value,	%	
Centocor CA 125  60  76  86  71  88  83
Centocor CA 125II  75  76  87  73  89  83
BM Enzymun CA 125II  65  74  87  72  88  83
BYK Liamat CA 125II  50  76  86  71  88  83
Mochida CA 602  95  76  86  71  88  83
CanAg OV 185  55  72  88  73  87  83
Abbott IMx CA 125  55  76  88  74  89  84

B.	cutoff	at	35	kilounits/l
	 	 	 	 Positive	 negative		 test
	 cutoff,		 	 	 predictive	 predictive	 accuracy,
	 kilounits/l		 Sensitivity,	%	 Specificity,	%	 value,	%	 value,	%	 %c
Centocor CA 125  35  78  72  57  88  74
Centocor CA 125II  35  80  69  55  88  73
BM Enzymun CA 125II  35  78  80  64  89  79
BYK Liamat CA 125II  35  78  77  61  88  77
Mochida CA 602  35  98  39  43  97  58
CanAg OV 185  35  74  84  68  87  81
Abbott IMx CA 125  35  76  81  65  88  79

a Cutoff at optimal accuracy (kilounits/L): value that matches the shortest distance between left upper corner and ROC curve.
b Optimal test accuracy: value that matches with the cutoff at optimal test accuracy.
c Test accuracy: value that matches the cutoff value of 35 kilounits/L.
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Discussion

 This study shows that the second generation CA 125 assays and assays 

applying Moabs of the M11 group are highly concordant with each other 

and with the original Centocor CA 125 assay. This is important because, at 

this moment, the original CA 125 homologous double-determinant assay 

has been replaced by one of the second generation heterologous double- 

determinant CA 125 II assays, which is well established and commonly used 

today in gynecologic practice. CA 125 has an important diagnostic value  

in discriminating ovarian cancer from benign pelvic tumors when used in 

combination with ultrasonography [11] or CA 15.3 [12]. It is also useful in 

discriminating ovarian cancer from colorectal malignancies [13]. Further-

more, CA 125 is of value in tumor status determination after completion 

of first line chemotherapy and initial debulking, monitoring of disease in 

ovarian cancer patients, and early detection of recurrence [2], in the early 

prediction of outcome of response to first line chemotherapy [3], and also 

when paclitaxel is given in relapsed ovarian cancer patients [14]. CA 125 also 

proved to be useful in diagnosing advanced endometriosis when measured 

during the midfollicular phase [15] and in monitoring endometriosis during 

gonadotropin-releasing hormone agonist treatment [16].

 The CA 125 antigen carries two major antigenic domains, and mono-

clonal antibodies against CA 125 can be classified as either OC125-like or 

M11-like [10]. With the introduction of second generation CA 125 assays, 

it was assumed that the use of two different antibodies would improve 

the quality of the assay. However, when the assay test results obtained in  

pretreatment serum samples of ovarian cancer patients vs patients with  

Fig.	3.	Serial measurement in an ovarian cancer patient monitored for course of disease during treatment 
and follow-up. Ca, cancer.
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benign ovarian tumors are assessed (Table 4A), we find  sensitivity, specifi-

city, positive and negative predictive values, and overall test accuracy to be 

highly similar. This is also reflected by nearly identical ROC curves (Fig. 2). 

When the generally accepted cutoff of 35 kilounits/L is applied, the second 

generation assays seem to improve slightly in sensitivity but not in specificity 

(Table 4B).

 Median CA 125 values obtained for all serum samples measured with 

the Mochida 602 and CanAg OV 185 assays are higher and lower, respectively, 

compared with the original Centocor CA 125 and the Centocor CA 125 II 

assays (Table 2). This may be due to differences in specificity and affinity 

of the Moabs used in these assays. The assays tested in this study showed a  

linear relationship with each other in all 21 comparisons  done for all patient 

serum samples, for serum samples of the different patient groups, and for 

the different test result ranges. The CanAg OV 185 assay has the tendency to 

yield lower values than the other assays, which is reflected by lower slopes 

(Table 3) and in a higher relative difference over the whole range when  com-

pared with both the original Centocor CA 125 (data not shown) and the Cen-

tocor CA 125 II assay (Fig. 1E). One explanation could be that the CanAg OV 

185 assay is a homologous double-determinant assay, using the same M11-

like antibody both as capture- and as tracer antibody. The M11-like group of  

antibodies is more homogeneous than the OC125-like group, showing a 

strong cross-inhibition with most other antibodies from the same group, and 

in general, they do not form good immunoassay pairs with other  members 

of their group [10].

 The other assays, when compared to the original Centocor CA 125 assay, 

tend to measure higher absolute values in the lower range (0–100 kilounits/L) 

and lower absolute values in the higher range, except for the  CanAg OV 185 

assay. In clinical practice, systematically lower values in the higher range do 

not pose a problem, but higher values in the lower range may have important 

clinical consequences, especially when the generally accepted cutoff value 

of 35 kilounits/L is used. In a comparison of the other assays with the new 

standard assay, the Centocor CA 125 II (Fig. 1, A-F), an overall tendency was 

found to lower absolute values in the lower CA 125 value range and higher 

absolute values in the higher CA 125 range for the BM Enzymun and BYK CA 

125 II assays. For the Mochida CA 602, on the contrary, higher values were 

found  over the whole range. With the CanAg OV 185 and the Abbott IMx CA 

125 assays, lower values were measured over the whole range. This might 
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be explained by the fact that M11-like antibodies are  incorporated in the 

Mochida CA 602 and the CanAg OV 185 assays, whereas the Abbott IMx CA 

125 assay uses polyclonal antibodies for catching, with the OC 125 Moab as 

detector. Moreover, differences in  standardization are of influence. In those 

assays incorporating OC 125 as the detector antibody, one sample  was found 

to measure higher than the original Centocor CA 125 II assay. An explana-

tion for this could not be found in the clinical data.

 It can be concluded that the new CA 125 assays are strongly related to 

each other and are clinically reliable for the quantification of serum CA 125, 

but they do not offer higher diagnostic accuracy or better discrimination 

between patient groups, especially not in the lower ranges. However, one 

should not interchange results from different methods during the course of 

monitoring disease progression in the same patient.



34

A

PART A - CHAPTER II

References

1. Bast RC Jr, Feeney M, Lazarus H, Nadler LM, Colvin RB, Knapp RC. Reactivity of a 

monoclonal antibody with human ovarian carcinoma. J Clin Invest 1981;68:1331–7.

2 Kenemans P, Yedema CA, Bon GG, von Mensdorff-Pouilly S. CA 125 in gynecological 

pathology–a review. Eur J Obstet Gynecol Reprod Biol 1993;49:115–24.

3. Yedema CA, Kenemans P, Voorhorst FG, Bon GG, Schijf CPT, Beex LVAM, et al. CA 125 

half-life in ovarian cancer: a multivariate survival analysis. Br J Cancer 1993;67:1361–7.

4. van Kamp GJ, Verstraeten AA, Kenemans P. Discordant serum CA 125 values in com-

mercial immunoassays. Eur J Obstet Gynecol and Reprod Biol 1993;49:99–103.

5. Kenemans P, Bon GG, Kessler AC, Verstraeten AA, van Kamp GJ. Multicenter techni-

cal and clinical evaluation of a fully automated enzyme immunoassay for CA 125. Clin 

Chem 1992;38:1466–71.

6. Kenemans P, van Kamp GJ, Oehr P, Verstraeten AA. Heterologous double-determinant 

immunoradiometric assay CA 125 II: reliable second-generation immunoassay for determin-

ing CA 125 in serum. Clin Chem 1993;39:2509–13.

7. Uhl W, Denk B. Improved CA 125 determinations using two different monoclonal antibod-

ies. In: Klapdor R, ed. Current tumor diagnosis: applications, clinical relevance, 

research, trends. Munich: Zuckschwerdt Verlag, 1994:384–8.

8. Kenemans P, Verstraeten AA, van Kamp GJ, von Mensdorff-Pouilly S. The second 

generation CA 125 assays. Ann Med 1995;27:107–13.

9. Bonfrèr JMG, Baan AW, Jansen E, Lentfer D, Kenemans P. Technical evaluation of three 

second generation CA 125 assays. Eur J Clin Chem Clin Biochem 1994;32:201–7.

10. Nustad K, Bast RC Jr, O’Brien TJ, Nilsson O, Seguin P, Suresh MR, et al. Specificity 

and affinity of 26 monoclonal  antibodies against the CA 125 antigen: first report from the 

ISOBM TD-1 workshop. Tumor Biol 1996;17:196–219.

11. Schutter EMJ, Kenemans P, Sohn C, Kristen P, Crombach G, Westermann R, et al. 

Diagnostic value of pelvic mass examination, ultrasound, and serum CA 125 in postmeno-

pausal women with a pelvic mass. Cancer 1994;74:1398–1406.

12. Yedema CA, Massuger L, Hilgers J, Servaas J, Poels L, Thomas CMG, et al. Pre-opera-

tive discrimination between benign and malignant ovarian tumors using a combination of 

CA 125 and CA 15.3 serum assays. Int J Cancer 1988;3(Suppl):61–7.

13. Yedema CA, Kenemans P. Wobbes T, Thomas CMG, Bon GG, Mulder C, et al. Use of 

serum tumor markers in the differential diagnosis between ovarian and colorectal adeno-

carcinomas. Tumor Biol 1992;13:18–26.

14. Davelaar EM, Bonfrèr JMG, Verstraeten AA, ten Bokkel Huinink WW, Kenemans 

P. CA 125: a valid marker in ovarian carcinoma patients treated with paclitaxel? Cancer 

1996;78:1;118–27.

15. Hompes PGA, Koninckx PR, Kennedy S, van Kamp GJ, Verstraeten AA, Cornillie F. 

Serum CA 125 concentrations during midfollicular phase, a clinically useful and reproduc-

ible marker in diagnosis of advanced endometriosis. Clin Chem 1996;42:1871–4.

16. Özaksit G, Çaglar T, Çiçek N, Kusçu E, Batioglu S, Gökmen O. Serum CA 125  

levels before, during and after treatment for endometriosis. Int J Gynecol Obstet 

1995;50:269–73.



35COMPARISON OF SEVEN  IMMUNOASSAYS



AIII



Chapter III

Clinical and technical 
evaluation of the 
ACS:OV serum assay and  
comparison with three other 
CA 125-detecting assays.

Elvira M. Davelaar1 

Eltjo M.J. Schutter2 

Silvia von Mensdorff-Pouilly1 

Gerard J. van Kamp3 

Rob A. Verstraeten1 

Peter Kenemans1

Departments of 1Obstetrics and Gynaecology, and  
3Clinical Chemistry, Vrije Universiteit Medical Center,  

Amsterdam, The Netherlands

Department of 2Obstetrics and Gynaecology, Medisch Spectrum Twente, 

Enschede, The Netherlands

Annals of Clinical Biochemistry 2003;40:663-673



A

Abstract

 Background. In this study the clinical and technical performance of 

the CA125-detecting Bayer ACS:OV immunoluminometric serum assay was 

compared with three other well-established CA125-detecting assays. 

 Methods. A total of 1112 serum samples was included in this evaluation: 

462 from apparently healthy women, 153 from patients with benign ovarian 

disease, 163 from patient with malignant ovarian disease, 10 from patients 

with borderline ovarian malignancies and 78 samples from 12 ovarian cancer 

patients during monitoring of disease. Serum samples from women with 

malignant endometrial (n = 68) and colon (n = 32) diseases were also included.  

Moreover, serum samples from women with benign uterine disease and  

endometriosis (n = 136) plus 10 serum samples from men (n = 7) and women  

(n = 3) with human anti-mouse antibodies (HAMA) after immunoscinti- 

graphy were included. All samples were tested in duplicate with the Bayer 

ACS:OV, the Centocor CA125 II, the Abbott IMx CA125 and the Roche (for-

merly Boehringer Mann heim) Enzymun-Test® CA125 II assays. 

 Results. The clinical performance of the Bayer ACS:OV assay, assessed 

in various patient groups, was similar to that of the two other automated 

assays. In serum from patients with benign diseases the highest values 

were found in patients with benign ovarian tumours. In the ovarian cancer  

patients followed during the course of disease we found similar marker  

patterns with all four assays. In contrast to the Roche Enzymun-CA125 II  

assay and to a lesser extent the Centocor CA125 II assay, the Bayer ACS:OV 

assay was less sensitive to interference from HAMA.

 Conclusion. The Bayer ACS:OV assay is a precise and reliable test for 

the quantification of CA125 in serum.

PART A - CHAPTER III38
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Introduction

 Highly specific double-determinant monoclonal antibody-based im-

munoassays have been developed during the last decade for the quantifica-

tion of tumour markers in serum. The OC125 monoclonal antibody (MAb) 

was generated by immunisation of BALB/c mice with the OVCA433 cell line 

isolated from ascitic fluid of a patient with a serous papillary cystadenocar-

cinoma of the ovary [1]. This OC125 MAb was incorporated into an assay, 

named CA125, detecting a mucin-like glycoprotein. The CA125 antigen  

became an established marker, nowadays commonly used in gynaecological 

practice for management of patients with ovarian cancer [2,3]. 

 In the original Centocor CA125 assay (Fujirebio Diagnostics, Malvern, 

USA), a homologous double-determinant assay, the OC125 MAb was used 

both as capture and tracer antibody. Therefore, repetition of the antibody-

defined epitope on the CA125 antigen is mandatory for binding and detec-

tion. The second-generation CA125 assays are of the heterologous double-

determinant type, where the M11 murine MAb is used as capture antibody, 

replacing the OC125 MAb on the solid phase and thus reducing interference. 

Co-expression of both epitopes on the same antigen molecule is needed for 

binding and detection. It should be realised, however, that marker values 

obtained with the first-generation commercial CA125 assays give discordant 

[4], and even discrepant results [5], whereas in the second-generation assays, 

results are reported to be more in agreement [6-10]. Nevertheless, evaluation 

of second-generation CA125 assays showed excellent analytical performance 

in combination with a high-quality and good quantitative correlation with 

the original CA125 assays [8-10].

 More MAbs, reactive with other epitopes on the CA125 antigen were 

generated and classified [11] and some were incorporated into CA125 assays 

(e.g. OC 197). Recently, the gene coding for the CA125 molecule identified by 

MAb OC125 has been partially cloned and sequenced [12-14] and designated 

MUC16. It is located on chromosome 19. CA125 is a transmembrane mucin 

with a large extra cellular domain made of numerous tandem repeats of 156 

amino acids. Each repeat is richly O-linked glycosylated and has a cysteine-

enclosed loop that contains the binding sites for OC125 and M11. 

 In this study, the immunoluminometric Bayer ACS:OV assay was com-

pared with three well-established CA125-detecting assays in serum samples 

from patients with benign and malignant gynaecological diseases and colon 
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tumours, from a healthy female population and from patients with poten-

tially interfering human anti-mouse antibodies (HAMA) positive specimens. 

Material and methods

Serum samples and study population
 Between 1987 and 1996 a total of 1112 serum samples was collected 

and included in this clinical evaluation: 462 from apparently healthy women, 

153 from patients with benign and 163 from malignant ovarian disease, 10 

from patients with borderline ovarian malignancies and 78 samples from 12 

ovarian cancer patients during monitoring of disease. Serum samples from 

women with malignant endometrial (n = 68) and colon (n = 32) diseases were 

also included. Moreover, serum samples from women with benign uterine 

diseases and endometriosis (n = 136) as well as 10 samples from men (n = 7) 

and women (n = 3) who had developed HAMA after injection of MAbs for  

immunoscintigraphy were included. 

 All samples were obtained before operation with the exception of the 

78 follow-up and 10 HAMA-positive samples. Serum samples were split in six 

aliquots and stored frozen at -800 C in order to introduce the same number 

of cycles of freezing and thawing for each CA125 assay. Parallel analysis was 

performed with the four methods involved. 

 Samples were tested in duplicate with the Bayer (formerly Chi-

ron) ACS:OV (Bayer BV, Mijdrecht, The Netherlands) the Centocor CA125 II  

(Fujirebio Diagnostics, Malvern, USA), the Abbott IMx CA125™ (Abbott Di-

agnostic Products, Hoofddorp, The Netherlands) and the (Roche, formerly  

Boehringer Mannheim) Enzymun-Test® CA125 II (Roche Diagnostics Neder-

land BV, Almere, The Netherlands) assays. The same technician performed 

each assay. 

 Five samples with concentrations above or in the higher upper range 

of the Bayer ACS:OV assay standard curve were included for linearity experi-

ments. 

CA125 Immunoassays
Bayer ACS:OV 
 The Bayer ACS:OV assay is a two-site immunoluminometric assay 

developed for the ACS:180 automated chemiluminescence analyser. In the  
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assay the sample is incubated with mouse MAb B27.1, with specificity for the 

OC125 epitope domain of the CA125 antigenic structure, covalently coupled 

to paramagnetic particles, and with a second mouse MAb, CCD 242, specific 

for the M11 epitope domain. CCD 242 is labelled with an acridinium ester. 

The antibody-analyte-antibody complex, coupled to the paramagnetic parti-

cles, is separated magnetically from free reactants, which are washed out, 

and emitted photons were measured in the ACS:180 analyser. 

Centocor CA125 II
 In the one-step sandwich Centocor CA125 II immunoradiometric  

assay (IRMA), samples are incubated with polystyrene beads coated with 

mouse MAb (M11) as capturer and 125I-labeled mouse MAb (OC125) as detec-

tor. The radioactivity, bound to the beads due to formation of an immune 

complex, is measured after removal of unbound material in a washing step.

Roche Enzymun-Test CA125 II 
 The Roche Enzymun-Test CA125 II is a one-step, heterologous enzyme 

immunoassay (EIA) using streptavidin-coated tubes with the biotinylated 

capture M11 F(ab’)
2
 fragment and the horseradish peroxidase-labelled trac-

er OC125 F(ab’)
2
 fragment of the corresponding MAbs. Immune complexes 

formed on incubation are bound to the tube via streptavidin-biotin interac-

tion. Unbound material is removed in a washing step and, after addition 

of substrate [H
2
O

2
] and chromogen [2.2’-amino-di(3-ethylbenzthiazoline)-

6’-sulphonate (ABTS)], enzyme activity is measured with a photometer. The  

Roche Enzymun-Test CA125 II was performed on the automated Roche ES 300 

immunoanalyser.

IMx CA125 assay
 The Abbott IMx CA125 assay is a heterologous microparticle enzyme 

immunoassay (MEIA) in which microparticles coated with sheep polyclonal 

anti-CA125 antibodies are mixed with prediluted sample. An aliquot of the 

reaction mixture is transferred to a glass fibre matrix on which the micro- 

particles bind irreversibly. After washing, alkaline phosphatase-conjugated 

MAb OC125 is added and, after washing, the substrate 4-methyl umbelliferyl 

phosphate is added and the fluorescent product is measured by the MEIA 

optical assembly of the IMx analyser.
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Technical evaluation

 The analytical performance of the Bayer ACS:OV assay was assessed as 

follows:

 The between-run imprecision was evaluated using seven control 

samples, run 14 times in duplicate, in parallel with each comparison assay 

on consecutive days. For each assay the Bayer Diagnostics Tumour Marker 

controls TM1 and TM2, the BioRad I and II level TM controls and three in-

house controls of low, medium and high CA125 concentrations (AZVU pool 

low, medium and high) were used. Mean CA125 concentrations of the con-

trol samples ranged between 22.3 and 411.7 U/mL. The controls were ana-

lysed with each test run, except for the IMx CA125 assay, for which controls 

were run every day or every fourth disk, on a ‘what comes first’ basis. The  

Abbott controls were run on each disk.

 Imprecision of the Bayer ACS:OV assay was assesssed over the measur-

ing range from 2 to 1000 U/mL.

 The linearity on dilution was assessed by analysing of five samples, 

with concentrations of 620-1665 U/mL, diluted stepwise as many as seven 

times with the diluent supplied with each kit by the manufacturer.

Statistical analysis

 Reference values for each assay were calculated, giving mean, stand-

ard deviation, median, and 95th and 97.5th percentile of the values obtained 

for the group of apparently healthy women; the data showed a gaussian dis-

tribution. Reference values for each assay were also calculated for the dif-

ferent patient groups, giving mean, standard deviation and median. The 

agreement between the four assays was evaluated by least-squares linear 

regression analysis with the use of SPSS-PC software (SPSS, Chicago, IL). The 

diagnostic value of each assay was evaluated by receiver operating character-

istics (ROC) curve analysis for discriminating between ovarian cancer and 

benign pelvic tumours. Areas under the ROC curves (AUCs) were calculated 

according to Hanley and McNeil [15, 16]. The differences between the assays 

results obtained by the Bayer ACS:OV assay and by each of the other CA125 

assays were plotted against the average of the corresponding two measure-

ments according Bland and Altman [17]. 

 Graphs of CA125 concentrations determined by the four assays during 

the time off follow-up and treatment monitoring, were compared. Sensitivity 

for HAMA interference was assessed by measuring CA125 concentrations  
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with each assay in HAMA-positive serum samples from 10 patients with dif-

ferent HAMA titres. HAMA titres were determined as described by de Bree et 

al [18]. All HAMA assays were performed in our laboratority. The antibodies 

E48 and U36 were supplied by Fujirebio Diagnostics (Malvern, USA). These 10 

HAMA-positive samples are only used as a model to demonstrate that inter-

fering substances such as HAMA may lead to falsely elevated tumour marker 

concentrations in serum. The antibody E48 is a MAb derived from mice im-

munized against cells from a metastatic squamous cell carcinoma of the  

larynx. Antibody U36 is a MAb derived from mice immunized with the  

MNSCC cell line, UM-SCC-22B.

Results

Technical evaluation

Precision

 Between-assay precision (coefficients of variation, CV) of the Bayer 

ACS:OV assay ranged from 4.5% to 6.0%. For the other assays these values 

were 2.6-19.9% (Enzymun-Test CA125 II), 5.7-10.8% (Centocor CA125 II), and 

3.3-6.9% (IMx CA125) (data not shown). 

 Imprecision of the Bayer ACS:OV assay over the measuring range from 

2-1000 U/mL is demonstrated by plotting the CV’s for the duplicate test re-

sults as measured for each sample (See Fig. 1). There is a strong negative rela-

tion between Bayer ACS:OV assay values and the coefficients of variation, 

i.e. the lower the value the higher its CV (max. 42.3% for Bayer ACS:OV assay 

values < 2 U/mL) and vice versa. 

Figure	1.	Scatterplot showing the relation between the coefficients of variation (for duplicate test results as 
measured for each sample) and Bayer ACS:OV values.
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Linearity on dilution

 The correlation coefficients for five serially diluted samples ranged 

from 0.997 to 1.000; the mean recovery was 98.8% (range 94 - 103%) (Fig. 2). 

Clinical evaluation

Cut-off values

 Age-related distributions of CA125 values from apparently healthy 

women and cut-off values, as obtained with each assay, are shown in Table 1. 

It is clear that pre-menopausal women have higher serum CA125 concentra-

tions, probably reflecting ovarian activity.

Correlation between the assays

 Linear regression analysis was performed for the Bayer ACS:OV and the 

Figure	2.	Linearity on dilution of five serum samples containing various concentrations of CA125.

table	1.	Age-related distributions of CA125 values and cut-off values (U/mL) in healthy women

age	(years)
Bayer	acS:Ov

n Mean	 SD Median Minimum Maximum
	Percentile
95th																97.5th

< 49 y 153 12.7 9.6 11.0 1 56 35.0 45.6
49 - 54 y 155 10.9 8.1 9.0 1 46 31.0 34.3
> 54 y 154   8.2 6.5 7.0 1 59 17.0 18.1
centocor	ca	125	ii
< 49 y 153 16.0 10.0 14.0 3 61 37.0 44.0
49 - 54 y 155 14.0 8.8 12.0 1 60 31.4 43.0
> 54 y 154 11.8 6.6 11.0 3 43 24.5 30.9
roche	enzymun-test	ca125	ii
< 49 y 153 12.5 9.3 11.0 1 57 32.0 39.5
49 – 54 y 155 11.3 7.9 9.0 1 49 26.6 31.4
> 54 y 154 8.6 6.0 8.0 1 41 18.0 20.1
abbott	iMx	ca	125
< 49 y 153 9.6 7.4 8.0 1 46 24.6 31.7
49 – 54 y 155 8.9 6.8 7.0 1 40 24.4 32.6
> 54 y 154 7.2 5.0 6.0 1 44 14.0 16.0

SD, standard deviation
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other methods with the test results obtained with serum samples (n = 640) 

from the patient groups (from healthy women and from patients with HAMA 

were not included), for the ranges ≤ 35 U/mL (n = 359), 35 - 100 U/mL (n = 93), 

and for individual patient groups (See Table 2).

 HAMA-positive samples were excluded from the assay comparison cal-

culations. Slopes ranging from 0.54 to 1.26 for the Bayer ACS:OV versus the 

comparison assays were found and correlation coefficients for these compar-

isons ranged from 0.73 to 0.99.

Test results in benign and malignant diseases (see )

 Measurement in pre-treatment serum samples from patients with be-

nign diseases yielded median Bayer ACS:OV values ranging from 16 U/mL in 

benign ovarian tumours to 22 U/mL in endometriosis. At the cut-off value 

of 35 U/mL, as advised by each manufacturer, the lowest number of false 

independent
Bayer	acS:Ov	values	
(U/ml)	/	disease n Slope

y-axis
intercept r S

	y|x

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

All 640 1.07
1.14
1.21

29.16
-1.54
-0.07

0.9489
0.9756
0.9839

839.94
583.66
476.00

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

≤ 35 359 0.64
0.65
1.01

3.16
5.92
4.35

0.8505
0.7967
0.8878

4.01
4.61
3.50

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

35-100 93 0.54
0.73
1.01

23.84
15.62
10.28

0.7352
0.8856
0.9256

12.35
8.46
6.90

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx  CA 125

Endometriosis 90 1.07
0.99
1.04

-7.34
1.12
4.57

0.9580
0.9500
0.9660

13.67
10.69
12.45

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

Benign uterine
diseases

46 1.07
1.20
1.47

-3.78
-2.44
1.49

0.9930
0.9916
0.9960

5.21
5.71
3.93

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

Benign ovarian
diseases

153 0.70
0.81
1.21

5.13
4.40
2.09

0.9510
0.9640
0.9870

15.46
13.32
8.08

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

Colon cancer 32 0.95
1.29
1.37

-0.43
2.99
2.27

0.9197
0.9293
0.9629

3.81
3.59
2.62

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

Endometrial
cancer

68 0.96
0.98
1.13

-2.85
4.33
6.25

0.9920
0.9980
0.9971

19.22
9.68
11.48

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

Ovarian cancer,
Stages I and II

65 1.26
1.28
1.24

-95.21
-64.75
0.71

0.9539
0.9833
0.9999

699.40
424.53
36.14

Centocor CA 125 II
Enzymun-Test CA 125 II
IMx CA 125

Ovarian cancer,
Stages III and IV

98 0.98
1.08
1.18

187.49
82.06
26.17

0.9596
0.9748
0.9872

1475.28
1170.89
837.77

table	2.	Regression analysis
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positive test results was obtained with the Abbott IMx CA125 assay (6.5% in 

benign uterine diseases); the highest number of false positives (26.7% in en-

dometriosis) was found with the Roche Enzymun-Test CA125 II assay (data 

not shown).

 In pre-treatment serum samples from patients with malignant diseases, 

the highest median Bayer ACS:OV values were found in samples from patients 

with ovarian cancer, stage III or IV (761 U/mL), and the lowest in patients with 

colon cancer (12 U/mL). At a cut-off level of 35 U/mL, about equal true posi-

tive rates were obtained with all assays in ovarian cancer stages III/IV, (± 96%). In 

stages I/II, the Centocor CA125 II assay gave the highest true positive rate (72.3%) 

(data not shown). 

Figure	3.	Box-and-whisker plots of the Bayer ACS:OV data. The upper and lower borders of the boxes repre-
sent the 75th and 25th percentiles (interquartile range (IQR)), respectively. The horizontal lines in the boxes 
are medians.  The points at the end of the whiskers are 1.5*IQR removed from the median.

Figure	4.	Receiver operating characteristic curves for Bayer ACS:OV and the three reference assays com-
paring data obtained from ovarian cancer patients (n = 163) vs patients with benign pelvic masses (n = 199). 
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ROC curve analysis

 The diagnostic performance of the Bayer ACS:OV assay and the refer-

ence assays were assessed with ROC curve analysis (see Fig. 4). All assays per-

formed equally well. The areas under the ROC curves (AUCs) were 0.906 [95% 

confidence internal, (CI): 0.872-0.934] for the Bayer ACS:OV assay, 0.908 (95% 

CI: 0.874-0.936) for the Centocor CA125 II assay, 0.903 (95% CI: 0.867-0.931) for 

the Roche Enzymun-Test CA125 II assay, and 0.918 (95% CI: 0.885-0.944) for 

the Abbott IMx CA125 assay. There was no statistically significant difference 

between the respective AUCs (P > 0.05).

Bland-Altman plots 

 The differences between the assay results obtained by the Bayer ACS:OV 

assay and by each of the other CA125 assays, plotted against the average of 

the corresponding two measurements are depicted in Fig. 5. The slope of the 

difference was closest to zero when the Bayer ACS:OV and Centocor CA125 II 

assays are compared. The steepest negative slope is obtained with the Abbott 

Figure	5.	Bland-Altman plots depicting on the y-axis the differences of Bayer ACS:OV test results and those 
obtained with the Centocor CA125 II assay (a), the Enzymun Test CA125 II assay (b), and IMx CA125 assay (c) 
for serum samples of patients with benign and malignant ovarian diseases. On the x-axis the average of the 
corresponding two measurements are plotted.

a

b

c
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IMx CA125 assay. The figure also shows that the differences are related to 

the size of the measurement, i.e. the higher the assay results the greater the  

differences become.

Monitoring of patients 

 Serial samples were taken from 12 ovarian cancer patients monitored 

during treatment and follow-up. All assays showed similar patterns in all 

patients studied. Four examples are shown in Fig. 6. As can be seen, similar 

marker patterns were found with all four assays. Increasing concentrations 

of the marker correlated with recurrent or progressive disease, whereas  

decreasing values indicated regressive disease.

Figure	6.	Serum concentrations measured with each of the four assays in four ovarian cancer patients 
during the course of disease. SL, second look operation; PD, progressive disease; MRD, minimal residual 
disease.

Figure	7.	HAMA (human anti-mouse antibodies) interference assessed by measuring CA125 concentrations 
with each assay in sera from 10 patients with different HAMA titres. 
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HAMA interference 

 HAMA interference was assessed by measuring CA125 values with 

each assay in serum samples from 10 patients with different HAMA titres. As 

shown in Fig. 7, interference was strongest with the Enzymun-Test CA125 II  

assay, followed by the Centocor CA125 II assay. Both the IMx CA125 and  

the Bayer ACS:OV assays were the least influenced by the presence of HAMA in 

the specimen.

Discussion

 CA125 is a 200 – 1000 kDa mucin-like glycoprotein, first defined by the 

OC125 MAb [1]. The CA125 antigen carries two major antigenic domains, and 

MAbs against CA125 can be classified as either OC125-like or M11-like [11]. 

With the introduction of second-generation CA125 assays, it was assumed 

that the use of two different antibodies would improve the sensitivity and 

specificity of the assay.

 The present study shows that the Bayer ACS:OV assay is highly compa-

rable to the original Centocor CA125 II assays and two other commercially 

available tests that measure serum CA125 antigen concentrations. This is 

despite the fact that the Bayer ACS:OV assay uses MAb B27.1 (OC125 like)  

as capture and CCD 242 (M11-like) as tracer antibody, whereas the other  

assays have M11 as capture and OC 125 as tracer antibodies. The overall  

within-run precision was excellent. CVs in pooled serum samples in the high, 

medium and low assay ranged from 4.9% to 6.0%. For the inter-assay preci-

sion, the CV values were between 4.9 and 6.0%. Dilution experiments showed 

recoveries of 94–103%, with correlation coefficients ranging from 0.997 to 

1.000. 

 The Bayer ACS:OV assay showed a linear relation with the other assays 

included in our study over the whole measuring range, and in all patient 

groups. The slopes of the regression lines, calculated with the original Cen-

tocor CA125 II assay as the reference assay, ranged from 1.26 in the patients 

with ovarian cancer, stages I/II and 0.54 when samples with values between 

35 and 100 U/mL were compared, irrespective of disease status. 

 The age-related upper limit of normal of the Bayer ACS:OV assay,  

expressed in upper 97.5 percentiles, measured in the younger age group,  

was similar to that found with the Centocor CA125 II assay, while in the 
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other two age groups lower values were found. This points to antigenic  

differences between CA125 circulating in the blood of pre-menopausal  

women and that present in the circulation of post-menopausal women.

 CA125 has a good diagnostic power in discriminating ovarian cancer 

and benign pelvic tumours, whether alone or in combination with para-

meters such as ultrasonography and physical examination [19] or CA 15.3 

[20]. This diagnostic power is also evident from the area under the ROC curve 

(0.906 ± 0.017) presented in Fig. 4, which is not significantly different from 

those found with the Centocor CA125 II assay (0.908 ± 0.017) and Roche Enzy-

mun-Test CA125 II (0.903 ± 0.017).

 The clinical performance of the Bayer ACS:OV assay, assessed in various 

groups of patients, was comparable to that of the two other automated assays. 

In serum samples from patients with benign diseases, the highest values 

were found in patients with benign ovarian tumours, which is concordant 

with our earlier findings [10]. 

 In the ovarian cancer patients followed during the course of disease, 

we found similar marker patterns with all four assays. The trend of the con-

centrations reflected disease activity more correctly than the absolute values 

of the markers did; therefore it is mandatory to use one and the same assay 

throughout the whole follow-up period of an individual patient.

 In contrast to the Enzymun-Test CA125 II assay and to a lesser extent 

the Centocor CA125 II assay, the Bayer ACS:OV assay was hardly sensitive to 

HAMA interference, similar to the IMx CA125 heterologous assay. HAMA may 

lead to falsely elevated marker concentrations in serum from patients who 

have received MAbs in the past. These findings are in line with those of Roth 

and Zahn [21] who reported that interference such as by HAMA still might be 

encountered when using the Enzymun-Test CA125 II and, to a lesser extent, 

the Centocor CA125 II assay.

 In conclusion, the Bayer ACS:OV assay is a precise and reliable test for 

the quantification of serum CA125. It has an excellent performance on the 

ACS:180 analyser. It may also be concluded that due to the choice of MAbs 

included in the Bayer ACS:OV assay, interference of anti-idiotypic antibodies 

is avoided.
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 Objective. The purpose of this study was to assess the differential diag-

nostic potential of a combination of CA 125, CA 15-3, and CA 72-4 antigens in 

the definition of malignant disease, especially ovarian carcinoma in patients 

with a pelvic mass.

 Study design. A total of 412 patients were evaluated in a multicenter, 

retrospective study.

 Results. Two hundred twenty-six malignant, 171 benign pelvic tumors 

(of which 129 were benign ovarian tumors), and 15 borderline tumors were 

evaluated. One hundred thirty-three patients had ovarian carcinoma. In 76 

cases (55%), the International Federation of Gynecology and Obstetrics stage 

was III or IV. Borderline tumors (n = 15) were excluded from the statistical 

calculations. CA 125 antigen was the most sensitive marker for ovarian 

carcinoma (81%). The highest specificity and positive predictive value was 

obtained with CA 15-3 antigen (95% and 92%, respectively). Considering a 

concomitant elevation of all 3 markers as positive, a positive predictive value 

of 97% was found. However, only 28% of the patients in the total group and 

41% of the patients with ovarian carcinoma had a concomitant elevation of 

all 3 markers. The combination of all 3 markers with levels below the cut-off 

resulted in a (false-positive) positive predictive value for malignancy between 

12% and 36%. With the use of logistic regression analysis, we found a correct 

prediction in 73% of the cases. CA 15-3 antigen makes the most significant  

(P < .0001) contribution to the logistic model in the prediction of malignancy 

in the total group, with all pelvic masses with an odds ratio of 3.86.

 Conclusion. The combination of a simultaneous elevated level of CA 

125, CA 15-3, and CA 72-4 antigens was predictive for malignant disease in al-

most all cases. However, such concomitant elevation was found in few of the 

malignant masses. Logistic regression analysis revealed that CA 15-3 anti-

gen makes the most significant contribution to a model for the prediction of  

malignancy in the total group. The logistic model gave a correct prediction 

in 73% to 83%. The present tumor marker panel seems inferior to combi-

nations with other test modalities, which include ultrasonography and/or 

physical examination and/or menopausal status or age. 

 Keywords: Pelvic mass, ovarian carcinoma, differential diagnosis, CA 

125 antigen, CA 15-3 antigen, CA 72-4 antigen, logistic model
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 Despite advances in imaging techniques the identification of the ori-

gin and character of a pelvic mass remains difficult. Most patients with a 

pelvic mass who are referred to a gynecologist appear to have a tumor of 

ovarian origin [1]. A prediction of the character of a pelvic mass is essential 

for optimal surgical treatment. In case of ovarian carcinoma, an operation 

by a gynecologic oncologist results in a 25% lower death rate at 3 years than 

an operation by a general gynecologist or general surgeon [2].

 Tumor markers are useful tools in the diagnosis of tumors. However, 

the discriminatory capacity of the CA 125 assay, the most widely used tumor 

marker in gynecologic oncology (especially ovarian carcinoma) seems insuf-

ficient to discriminate between benign and malignant pelvic masses. This 

study evaluates the combined use of a panel of serum tumor markers that 

consists of CA 125, CA 15-3, and CA 72-4, with respect to their capacity to de-

termine before the operation whether a pelvic mass is malignant or benign. 

Such combinations have been used before: Einhorn et al [3] and Soper et al 

[4] demonstrated that a combination of CA 125 and CA 15-3 and/or TAG 72 

(tumor-associated antigen 72, later known as CA 72-4) increased specificity. 

Jacobs et al [5] found the highest diagnostic accuracy by defining a positive 

result as an elevation of any 2 of CA 125, CA 15-3, or CA 72-4.

 The CA 125 antigen is defined by the murine monoclonal antibody 

OC125. As a serum marker, it is widely used for the detection and monitor-

ing of ovarian carcinoma. As a single test, it might have sufficient power to 

predict whether optimal cytoreduction can be done, but it is not sufficient 

to make an accurate preoperative prediction of the origin and nature of the 

pelvic mass. The sensitivity of CA 125 in ovarian carcinoma is approximately 

85% and in malignant pelvic masses that include tumors of nonovarian ori-

gin is 69%. In patients with benign disease, the percentage of subjects with 

nonelevated CA 125 levels is only 62% to 80% [6].

 CA 15-3 is a commercially available test measuring a MUC-1–encoded 

glycoprotein, polymorphic epithelial mucin. MUC-1 is expressed at the api-

cal surface of most glandular epithelia. It plays a role in cell protection and  

lubrication and may also interfere with cellular adhesion and thus play a role 

in metastasis. CA 15-3 is widely used as a marker for breast cancer, but high 

serum concentrations have also been found in patients with ovarian cancer 

[7]. In asymptomatic apparently healthy women 0% to 10% elevated levels 

can be found, with the use of cutoff levels that vary from 22 to 40 U/mL. 

In sera in a group of patients with benign and malignant disease, 2% to 20% of 
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the benign tumors have elevated levels, which suggests malignant disease [8]. 

 CA 72-4 is an antigenic determinant on the mucin-like human tumor-

associated glycoprotein that is defined by the monoclonal antibody B72.3. 

It is mainly used as a marker for gastric cancer, but it has been investigated 

also in gynecologic cancer, especially ovarian carcinoma. CA 72-4 is mainly 

expressed in mucinous tumors in which CA 125 is expressed in only 56%. The 

specificity of CA 72-4 is 91% to 100% [4,9-11].

 Because of their high specificity, CA 15-3 and CA 72-4 were combined 

in this study with CA 125 to evaluate the discriminatory capacity of this tu-

mor marker panel in patients with a pelvic mass.

Patients, material, and methods

 Serum samples were obtained from the serum bank of the Vrije Uni-

versiteit Medical Center in Amsterdam, which also contains sera collected 

from patients who were admitted to gynecologic departments of cooperating 

hospitals. Patients with a pelvic mass were included if well-defined clini-

cal data were available. The origin of the tumors and the histopathological 

classification (World Health Organization) and International Federation of 

Gynecology and Obstetrics stage are summarized in Table I. All patients gave  

informed consent. In the period from November 1, 1990, through December 

31, 1992, a pelvic mass could be defined in 511 patients. All patients under-

went surgical exploration with biopsy and/or excision of the pelvic mass; his-

tologic analysis of the tissue was performed at the departments of pathology 

of the participating hospitals. Ninety-nine serum samples were unsuitable 

for assessment because of storage problems. A total of 412 samples were avail-

able for determination of tumor marker levels. Two CA 125 values are miss-

ing because of technical problems (1 in the benign group, 1 in the malignant 

group). Blood samples were collected within the 4 weeks before operation. 

After clotting for 30 minutes at room temperature, serum was separated by 

centrifugation at 3000 revolutions/min for 10 minutes, aliquoted, and stored 

at –20°C. Every 3 months, the samples were transferred to Amsterdam where 

they were stored at –80°C until batch analysis, according to the manufac-

turer’s instructions with the Boehringer Mannheim Enzymun CA 125 II, CA 

15-3 and CA 72-4 assays (Boehringer Mannheim, Mannheim, Germany), with 

cutoff levels of 35, 30, and 3.5 U/mL, respectively, on the automated ES 300 
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system, Roche Diagnostics (Boehringer Mannheim), at the Department of 

Clinical Chemistry of the Netherlands Cancer Institute, Amsterdam.

Statistical analysis. 
 Analysis was performed with samples in 3 partially overlapping sub-

groups: (1) all malignant tumors (n = 226) versus all benign tumors (n = 171), 

(2) ovarian carcinoma (n = 32) versus all benign tumors, and (3) ovarian carci-

noma versus benign ovarian tumors (n = 129). Differences in age distributions 

were assessed with the Mann-Whitney test. Test performance characteristics 

of CA 125, CA 15-3, and CA 72-4 and the possible combinations of these meth-

ods for their ability to discriminate benign from malignant pelvic masses are  

expressed as sensitivity, specificity, positive and negative predictive values 

(PPV and NPV), and overall test accuracy. Receiver operating characteris-

tic curves (ROC) were drawn by plotting the true-positive rate (Sensitivity) 

against the false-positive rate (100 – Specificity). The highest overall test accu-

racy was determined by the calculation of the shortest distance of the curve 

to the upper left corner of the ROC graph, using the Pythagoras theorem 

(Distance = √[(100 – Sensitivity/100)2 + (Specificity/ 100)2]). The area under the 

ROC curve (AUC) was calculated by MedCalc V 4.30 Software (MedCalc Soft-

ware, Mariakerke, Belgium). The 95% CI figures were read from the Geigy 

scientific tables (if the sample sizes were <100) or were calculated by the for-

mula: proportion of cases (p) ± 1.96 SE (p) 100 for sample sizes (n) > 100. The 

SE of a sample proportion was calculated by the formula: (p) = √(p [1 – p]/n). 

Logistic regression analysis was used as a statistical technique that resulted 

in a model to estimate the simultaneous impact of CA 125, CA 15-3, and CA 

72-4 in the prediction of malignancy. SPSS/PC software (SPSS Inc, Chicago, Ill) 

was used. The estimated probability for malignancy is 1/(1 + e–Z), where z is 

the constant + B1 x (CA 125) + B2 x (CA 15-3) + B3 x (CA 72-4) + B4 x (age group).  

The odds ratio (OR) is identical to exponent B. The serum assay values were  

entered as dichotomous variables (serum CA 125 of ≤35 U/mL = 1, >35 U/mL = 2; 

serum CA 15-3 of ≤30 U/mL = 1, >30 U/mL = 2; serum CA 72-4 of ≤3.5 U/mL 

= 1, >3.5 U/mL = 2). Age was categorized in the following manner: 1 = ≤ 38 

years; 2 = 39 to 47 years; 3 = 47 to 52 years; 4 = 52 to 56 years; 5 =56 to 61 years;  

6 = 61 to 65 years; 7 = 66 to 70 years; 8 = 70 to 74 years; 9 = 74 to 80 years; and 

10 = ≥  80 years.
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Results

 Of the 412 patients, 171 patients (41.5%) had a benign tumor; 226 pa-

tients (54.9%) had a malignant tumor, and 15 patients (3.6%) had a borderline 

tumor. In the benign tumor group, 129 benign ovarian tumors are included; 

of the 226 malignant tumors, 133 tumors were ovarian carcinoma. Patients 

with malignant masses were significantly older than patients with benign 

PART A - CHAPTER IV

table	i. Specification of patient material (n=412)

Organ		 no.	 character	 no.	 Histology	features	 no.	 FiGO	 no.			 Grade	 no.
	 	 	 	 	 	 Stage
Ovary 277 Benign 129 Simple cyst, not specified 44
    Mucinous cyst adenoma 29
    Dermoid cyst 13
    Serous cystadenoma 12
    Endometrioma 6
    Fibroma  9
    Fibrothecoma   4
    Fibroadenoma   5
    Cystadenofibroma    5
    Benign Brenner tumor    1
    Inflammatory disease     1
  Malignant 133 Serous cystadenocarcinoma 51 IA 24 1 23
    Adenocarcinoma NS  29 IB   3 2 22
    Mucinous cystadenocarcinoma 17 IC 13 3 38
    Endometrioid adenocarcinoma 15 IIA   5 4 2
    Clear cell carcinoma 9 IIB   2 NS 48
    Granulosacell tumor   6 IIC 10 
    Mixed mullerian tumor   3 III 17
    Malignant Brenner tumor   1 IIIA   5
    Sarcoma   1 IIIB   9
    Fibroadenocarcinoma   1 IIIC 34
      IV 11
  Borderline 15 Mucinous cystadenocarcinoma 11 IA 11
    Serous cystadenocarcinoma   4 IB   1
      IC   3
Tuba 3 Malignant 3 Adenocarcinoma NS   2 IIIA 1 1   0
    Serous cystadenocarcinoma 1 IIIB 1 2   1
      IIIC 1 3   1
        4   0
        NS   1
Cervix 11 Malignant 11 Adenocarcinoma    4 I  6 1   1
    Squamous cell carcinoma 3 II  2 2   1
    Adenosquamous carcinoma 2 III   1 3   2
    Clear cellcarcinoma    1 IV  2 4   1
    Anaplastic carcinoma 1    NS   6
Uterus 118 Benign 42 Fibroids  39
    Diffuse hyperplasia 2
    Adenomyosis 1
  Malignant 76 Adenocarcinoma   71 I 58 1 28
    Adenosquamous carcinoma  2   II 9  2 26
    Leiomyosarcoma 2 III 4 3 17
    Mixed mullerian tumor 1 IV 5 4   2
        NS   3
Vulva  3 Malignant 3 Squamous cell carcinoma 3 I 0 1   1
      II 2 2   1
      III 1 NS   1

FIGO, International Federation of Gynecology and Obstetrics; NS = not specified.



61

disease (P < .001). Because borderline tumors are clearly different from malig-

nant tumors in clinical behavior and in prognosis, they were not classified in 

either the benign or malignant group. In the group of 15 borderline tumors, 

CA 125 was elevated in 9 cases; CA 72-4 was elevated in 4 cases, and CA 15-3 

showed normal levels in all cases. The borderline tumors were excluded from 

further statistical calculations. In Fig 1, the ROC curves for CA 125, CA 72-4, 

and CA 15-3 are plotted. The optimal cutoff values in the various subgroups 

are shown in Table II, which include cutoff levels that were used previously 

in the literature.

THE DIFFERENTIAL DIAGNOSTIC POTENTIAL

Fig.	1.	Actual ROC curves for CA 125 (hatched line), CA 15-3 (solid line), and CA 72-4 (dotted line) assays that were 
used to discriminate between malignant (n = 226) and benign (n = 171) tumors. 

table	ii.	Various cutoff levels of CA 125, CA 15-3 and CA 72-4 in separate parts of the study population that 
allowed comparison with data in the literature.

	 ovarian	carcinoma	(n=133)		versus	 ovarian	carcinoma	(n=133)	versus	 all	malignant	(n=226)	versus
	 benign	ovarian	tumors	(n=129)	 all	benign	(n=171)	 all	benign	(n=171)
   SENS SPEC PPV NPV SENS SPEC PPV NPV SENS SPEC PPV NPV
CA 125 20 U/ml  88 56 67 82 88 54 60 85 72 54 67 60
 		32	 U/ml* 82 71 75 79 82 72 70 84 62	 72	 75	 59	
   35 U/ml 81 73 76 79 81 76 72 83 60 76 77 59
	 		57	 U/ml*	 77	 82	 82	 78	 77	 84	 79	 83	 52 84 81 5
   60 U/ml 74 83 82 75 74 84 78 80 50 84 81 56
 100 U/ml 65 90 87 71 65 91 85 77 44 91 87 55
AUC 0.855 0.860 0.733

CA 15-3 24	 U/ml* 65 90 87 71 65	 88	 81	 77	 51	 88	 85	 58
 26	 U/ml*	 62	 93	 90	 70 62 91 84 76 47 91 87 57 
 30 U/ml  53 95 92 66 53 95 90 72 39 95 92 54
AUC 0.806 0.804 0.740
 
CA 72-4   2.0 U/ml 78 59 67 72 78 59 59 78 74 59 70 63
   3.0 U/ml 65 82 79 69 65 80 72 75 56 80 79 58
   3.2 U/ml 64 82 79 69 64 81 72 74 53 81 78 57
	 		3.5	 U/ml*	 63	 86	 82	 69	 63	 84	 76	 75	 52	 84	 81	 57
   4.5 U/ml 49 91 86 63 49 91 81 70 38 91 85 53
 10 U/ml 37 97 93 60 37 97 91 66 26 97 92 50
AUC 0.766 0.767 0.722

AUC, Area under the ROC curve. *Cutoff level with shortest distance to the upper left corner of the ROC curve; the bold 
lettering throughout the Table indicates the optimal cutoff level in the various groups.
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 CA 125, as single test, was significantly better (AUC, 0.860) at discrimi-

nating between ovarian carcinoma and benign pelvic masses than either 

CA 72-4 (AUC, 0.767; P = .003) or CA 15-3 (AUC, 0.804; P = .013). However, in 

the discrimination between any malignant versus benign disease, there was 

no difference between the various tests. Table III shows the outcome of the 

calculations of sensitivity, specificity, PPV, NPV, and overall test accuracy 

with the 95% CI for the main combinations and the results as a single test 

in discriminating malignant from benign disease. CA 125 is the single test 

with the highest sensitivity (81% in patients with ovarian cancer); the highest 

specificity and PPV were obtained with CA 15-3 (95% and 92%, respectively), 

table	iii.	Test results for the main possible combinations of serum CA 125, CA 15-3, and CA 72-4 in the 
discrimination of  all malignant (n = 226) from all benign (n=171) pelvic masses. 

CA 125* CA 15-3† CA 72-4‡ N = § SENS 95%CI SPEC 95%CI PPV 95%CI NPV 95%CI ACC 95%CI

+ + + 64 28 22-33 99 97-100 97 89-100 51 45-56 58 55-63
+ + NoII 85 36 29-42 97 96-100 94 87-98 53 48-59 62 57-67
+	 no	 no	 175	 60	 53-66	 76	 69-82	 77	 70-83	 59	 52-65	 67	 62-71
+ No + 100 40 34-47 95 91-98 91 85-97 55 49-60 64 59-69
- - - 168 27 21-32   36 29-44 36 28-43 27 22-33 30 26-55
- - No 211 38 31-44  25 10-32 40 34-47 24 18-50 32 28-37
- No No 220 40 34-47 24 18-31 41 35-48 23 17-30 33 29-38
- No - 176 29 23-35  35 28-42 37 33-47 27 21-33 32 27-36
no	 +	 no	 	95	 38	 32-45	 95	 92-98	 92	 84-96	 54	 48-60	 63	 58-68
No + +  66 28 22-34 99 97-100 97 89-100 51 46-56 59 54-64
No - - 223 38 31-44   19 13-25 38 32-44 19 13-25 30 25-34
No - No 302 62 55-68   5   2-  8 46 40-52   8   4-16 37 32-42
no	 no	 +	 145	 52	 46-59	 84	 79-90	 81	 75-88	 57	 51-63	 66	 61-71
No No - 252 48 41-54 16 10-21 43 37-49 19 12-25 34 29-39

Single tests are in bold. ‘No’: this method is not involved in this combination.
* + = > 35 U/mL; – = < 35 U/mL. 
† + = > 30 U/mL; – = < 30 U/mL. § True positives + false positives
‡ + = > 3.5 U/mL; – = < 3.5 U/mL. II This method is not involved in this combination.

Fig.	 2. Histogram of estimated probabilities of malignancy that were determined by logistic regression 
analysis. The black bars on the left side of center represent the number of cases actually with benign tumors 
at each level of probability, the gray bars on the right side of center represent the malignant tumors at each 
level of probability.
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which surpassed the result found by the logistic model. A combination of 

elevated levels of all 3 markers resulted in a PPV of malignancy of 97%.  

However, only 28% of all malignant tumors and 41% of the patients with 

ovarian carcinoma fulfilled this condition. A combination of all 3 serum  

tumor markers with values below the cutoff level resulted in a false-positive 

PPV for malignancy between 12% and 36%, which was identical to a correct 

prediction of benignancy of 64% to 88%.

 Table IV shows the results of logistic regression analysis, and Fig. 2 

demonstrates the frequency distribution of the estimated probability for  

malignancy. In the group all malignant and all benign, 72.5% were correctly 

predicted; in the subgroup ovarian carcinoma and all benign, 82.9% were 

predicted correct. CA 15-3 made the most significant (P < .0001) contribution 

to the logistic model in the prediction of malignancy with an OR of 3.86,  

followed by CA 72-4 (OR, 3.74), CA 125 (OR, 1.74) and age group (OR, 1.28).

  

Comment

 This study addresses the problem of obtaining a correct preoperative es-

timation of malignancy in patients with a pelvic mass. These 412 patients who 

were referred with a pelvic mass constitute one of the largest cohorts studied 

so far, although they were selected retrospectively. Therefore, it may not re-

flect the referral pattern of suspicious lesions to centers in the Netherlands. 

table	iv.	Results of  logistic regression analysis in separate parts of the study population with optimal cut-
off levels calculated by ROC-analysis       
  

  P value OR  95% CI                            Percent correct

Ovarian carcinoma (n = 133) CA 15-3 <0.0001 6.9332 2.8988- 16.5824 81.30
  vs benign ovarian tumors (n = 128)* CA 72-4   0.0001 4.3382 2.0512- 9.1751 
 CA 125 <0.0001 4.8200 2.3639- 9.8280
 Age group 0.1015 1.1230 0.9801- 1.2519

Ovarian carcinoma (n = 133) CA 15-3 0.0001 4.0830 2.0065- 8.3084 82.89
  vs all benign tumors (n = 171)† CA 72-4 0.0001 3.8567 1.9541- 7.6117
 CA 125 <0.0001 6.2783 3.2346- 12.1858
 Age group 0.0222 1.0195 1.0195- 1.2852

All malignant tumors(n = 225) CA 15-3 <0.0001 3.8606 2.1137-  7.0512 72.54
  vs all benign tumors (n = 171)‡ CA 72-4 <0.0001 3.7414 2.1480- 6.5168
 CA 125 0.0358 1.7418 1.0375- 2.9244
 Age group <0.0001 1.2797 1.1681- 1.4019

*z = –7.2522 + 1.5728 x (CA 125) + 1.9363 x (CA 15-3) + 1.4675 x (CA 72-4) + 0.1023 (age group).
†z = –7.323 + 1.8371 x (CA 125) + 1.4068 x (CA 15-3) + 1.3498 x (CA 72-4) + 0.1351 (age group).
‡z = 5.2737 + 0.5549 x (CA 125) + 1.3508 x (CA 15-3) + 1.3195 x (CA 72-4) + 0.2466 (age group).
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Serum tumor markers can be elevated in tumors of ovarian, nonovarian, and 

nongynecologic origin and, with the exception of human chorionic gonado-

tropin and α-fetoprotein, have insufficient intrinsic characteristic properties 

to determine the origin of a pelvic mass. Only the serum ratio CA 125/carci-

noembryonic antigen of >25 was found to have a discriminatory power in the 

differential diagnosis between adenocarcinomas of ovarian and colorectal 

origin with a specificity of 100%, a sensitivity of 91%, and an overall test ac-

curacy of 94% [12].

 This study was retrospective and thus may contain selection bias. The 

age of the patients with a malignant tumor was higher than the age of pa-

tients with benign disease. This is concordant with data in the literature. 

On the other hand, most pelvic masses are benign even in patients who are 

postmenopausal. In our study, the contribution of age to the present  logistic 

model was low (OR, 1.12-1.28).

 The long interval between storage and analysis might have been an-

other confounding factor. However, when the sample is stored at –80°C, the 

stability of the serum tumor markers CA 125, CA 15-3, and CA 72-4 is good; 

and reliable determination, even after storage for several years, is possible. 

Another confounding factor might be the bimanual pelvic examination or 

vaginal ultrasound scan shortly before a blood sample was taken. However, 

Sari et al [13] found no changes in the CA 125 levels after physical exami-

nation, neither abdominally nor vaginally nor after transvaginal ultra-

sonography. 

 The manufacturers of the various assays give reference values, which 

differ slightly between various test methods. Mostly, the upper 95th percen-

tile is taken from a population of healthy control subjects, which follows 

the recommendation of the International Federation of Clinical Chemistry. 

Healthy control subjects usually include women both before and after meno-

pause, whereas the mean serum level of CA 125 in women after menopause is 

significantly lower than in healthy women before menopause. The moment 

of serum collection in the menstrual cycle may influence the level of the 

marker. An increase far beyond the normal cutoff level  during menstruation 

is observed for CA 125, CA 19-9, and CA 72-4. [14]

 For the Boehringer Mannheim Enzymun CA 15-3 assay, the manufac-

turer’s reference value is 30 U/mL. In a study that included 900 healthy con-

trols in which one half of the group had an unknown menopausal status, a 

cutoff level of 28 U/mL was found. [15] Erbagci et al[16] found a significantly 
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elevated level of CA 15-3 in the mid luteal phase. However, this was refuted 

by Bon et al.[17] Our study population consisted of a mixed group of women 

before and after menopause in which the influence of the menstrual cycle or 

menopause was not considered.

 For CA 15-3, we used the manufacturer’s reference value of 30 U/mL. 

This value differs slightly from the optimal cutoff level of 24 U/mL and 26 U/

mL, as calculated by ROC analysis in the various subgroups.

 For CA 125, the optimal cutoff level is 32 U/mL in the group of any ma-

lignant and benign disease and 57 U/mL in the subgroups ovarian carcinoma 

and benign ovarian tumors; the same value was found in the ovarian carci-

noma and all benign tumors group. In the literature, cutoff levels of 35, 65, 

and 100 U/mL have mostly been used. These cutoff values also were applied 

and added to Table II. The test properties of CA 125 change only marginally 

with these various cutoff levels.

 In the present study, we found an optimal cutoff level for CA 72-4 of 

3.5 U/mL, which was calculated by ROC analysis. Comparable results were 

found by Woolas et al, [10] with a value of 3.8 U/mL in 429 patients with a pel-

vic mass. A cutoff level of 4 U/mL was found by Negishi et al,[18] which led to 

a specificity of 91%. In another study by our group [11] that used ROC analysis, 

the optimal cutoff level was 3.0 U/mL for all pelvic masses and 3.15 U/mL for 

ovarian tumors. Other authors [3,4,10] used cutoff levels between 3.2 and 10 

U/mL; however, ROC curves were not used.

 The use of a tumor marker panel might reduce the number of false-

positive cases, at the cost of a reduction of sensitivity. In screening asymp-

tomatic women for ovarian cancer, Jacobs et al [9] found a high specificity if 

serum CA 125 was used in combination with CA 15-3 or CA 72-4, especially 

at a high cutoff level of 50 U/mL for CA 125 (specificity, 99.9%). The same 

combination was used by Einhorn et al [3] and Soper et al [4] in patients with 

pelvic masses, however with a reference value for CA 72-4 of 10 U/mL. They 

considered a test outcome to be positive if CA 125 plus CA 15-3 or CA 72-4 

were elevated or if 2 of 3 assays [5] were elevated. We used this method to 

recalculate the data of our population: if CA 125 was elevated in combina-

tion with elevated CA 15-3 or CA 72-4, we found a sensitivity of 48% in the 

total group with all malignant and a sensitivity of 67% in the group ovarian 

carcinoma patients, with a specificity of 93% in all 3 groups. Soper et al [4] 

found 63% and 96%, respectively, and Einhorn et al [3] found 67% and 98%, 

respectively. If random 2 of 3 markers were elevated, we found a sensitivity  
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of 49% in the group with all malignant tumors, and of 67% in the groups 

with ovarian carcinoma; and a specificity of 93% in all 3 groups. This was 

almost identical to the results found by Jacobs et al [5] with a sensitivity of 

67% and a specificity of 93%. Test results are not as good if nonovarian malig-

nancies are included in the study population. However, the aim of our study 

was to assess the diagnostic potential of these markers in patients with an 

undefined pelvic mass.

 If 2 or 3 tumor markers are used, one must define what a positive test 

outcome would be: if only 1 marker is elevated or if all markers are above the 

cutoff value. Sensitivity and specificity have a reversed proportional influ-

ence to each other, as can be seen clearly from ROC analysis. We have chosen 

for the combination of all markers to be positive (elevated), which leads to 

a specificity of 99%. A common finding is that some additional information 

can be obtained from the combinations of serum tumor markers but that 

other diagnostic modalities or physical states are needed for optimal and 

correct preoperative judgment of a pelvic mass. Such other modalities are 

physical examination, [1,11,19] age and/or menopausal status, [20] and imag-

ing techniques such as ultrasound scanning, [1,11] color Doppler ultrasound 

scanning with color flow imaging, [21] and computed tomography scanning 

or magnetic resonance imaging. [19]

 Logistic regression analysis has been used before for the calculation of 

the contribution of each marker to a model that would predict malignancy. 

[1,10,11,22,23] In ovarian tumors, a correct prediction of malignancy was ob-

tained in >80% of cases. In the present study, CA 15-3 has the most significant 

(P < .0001) contribution to the logistic model, because of its high specificity. 

All borderline tumors (not included in the calculations) had normal CA 15-3 

levels. Borderline tumors are often associated with elevated CA 125 levels and 

abnormal ultrasonographic characteristics. Therefore, CA 15-3 might be help-

ful in discriminating between invasive and borderline malignant tumors. 

However, as a single test for pelvic masses, CA 15-3 lacks sufficient sensitivity. 

 Another combination was developed by Jacobs et al [24]: the risk of ma-

lignancy index (RMI) uses the serum CA 125 level, an ultrasound scoring sys-

tem (U), and the menopausal status (M), in the formula RMI = U x  M  x serum 

CA 125. In the evaluation of adnexal masses, the discriminatory capacity of 

the RMI with a sensitivity and specificity of 85% and 97%, respectively, was 

superior to the tumor marker panel that was presented both in their study 

[5] and in our present study (both respectively, 67% and 93%).
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 Other methods that would analyze a pelvic mass are being investigated. 

A new and promising approach could be the use of an artificial neural net-

work. However, to date, both the number of cases and of studies is small. 

Another promising technique might be the positron emission tomography, 

which images biochemical processes in vivo. However, no studies are avail-

able yet for the evaluation of the discriminative power between malignant 

and benign pelvic masses.

 In our previous studies, [1,11] we showed that, by combining nonsuspi-

cious CA 125 levels, ultrasonography, and physical examination, a positive 

predictive value for malignancy of 0% was obtained. A same negative pre-

dictive value of 100% in detecting a benign tumor (which is identical with 

a PPV for malignancy of 0%) was found by O’Connell et al. [25] The present 

study shows that 3 simultaneously normal levels of CA 125, CA 15-3, and CA 

72-4 lead in 12%, 17%, and 36% of cases, respectively, to a false-positive test 

result. We conclude that, by combining CA 125 ≤35, CA 15-3 ≤30, and CA 72-4 

≤3.5 U/mL, it is not possible to exclude  all cases of malignant pelvic masses.  

Elevated levels of all 3 markers resulted in a PPV of malignancy of 97%. How-

ever, only 28% of malignant cases in the total group and 41% of the patients 

with ovarian carcinoma had an elevation of all 3 markers at the same time. 

 The present tumor marker panel seems to be less discriminative than 

the RMI [24] or the combination of CA 125, physical examination, and ultra-

sonography. [1] For the present time, we recommend the use of the RMI or the 

combination of CA 125 with physical examination and ultrasound scanning. 

Because CA 15-3 had the most relevant contribution to the present logistic 

model, its additional value should be investigated in a prospective study that 

also includes ultrasonography, pelvic examination, serum CA 125 measure-

ments, and menopausal status.

 We thank Hans Bonfrèr, MD, PhD, for the use of the laboratory facili-

ties at the Netherlands Cancer Institute.
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 Background. Changes in serum CA 125 from baseline do not reflect 

response to paclitaxel in relapsed ovarian carcinoma patients. Our study 

aimed to determine whether CA 125 changes relate to tumor response and 

overall survival during paclitaxel salvage treatment.

 Methods. Response data and CA 125 values of 77 platinum pretreated 

ovarian carcinoma patients were included in the study. Patients received 496 

courses of paclitaxel in total (median 6; range: 2-18 courses).

 Results. Response group numbers on the basis of World Health Orga-

nization (WHO) criteria were: 7 partial response, 22 stable disease, and 48 

progressive disease. CA 125 values at the moment of clinical response alloca-

tion, the median survival duration, and the 3-year survival rate did not differ 

among WHO defined response groups. For both the stable disease group and 

the responders, the slopes of the exponential CA 125 regression curves during 

paclitaxel treatment were negative. Response groups, as defined by CA 125 

changes, i.e., halving or doubling of baseline values, after 4 courses were 

concordant with WHO defined response groups in only 27%, but predicted 

survival far better.

 Conclusions. This study confirms that CA 125 changes in patients 

recei ving paclitaxel treatment do not correlate uith response allocations  

according to WHO criteria. In particular, patients with clinically and radio-

logically defined progression will often not show an increase in CA 125 con-

centrations from baseline. Those patients who do show doubling of CA 125 

values, however, have a very poor prognosis. The CA 125 ratio, as determined 

after 4 courses of paclitaxel treatment, may be a better indicator of response 

than WHO defined response status. 

 Keywords: CA 125, paclitaxel, ovarian cancer, chemotherapy, Taxol.

PART A - CHAPTER V



73

 Paclitaxel (Taxol®; Bristol-Myers Squibb Company, Princeton, NJ) is a 

recent anticancer agent isolated from the bark of the Western Yew (Taxus 

brevifolia), that is increasingly used in the treatment of ovarian carcino-

ma, both in platinum-refractory and in platinum-nonrefractory disease. Its 

unique cytotoxic mechanism is based on promotion and stabilization of mi-

crotubules [1]. CA 125 antigen serum concentrations have been reported to 

be an excellent predictor of response not only in patients who are treated 

with platinum-containing therapy [2], but also in patients with recurrence 

or progression of ovarian carcinoma who are treated with paclitaxel [3-5]. 

Eisenhauer et al. [6] and Pearl et al. [7], however, reported that changes in CA 

125 antigen serum concentrations from baseline did not always enable the 

response to be predicted correctly.

 The purpose of our study is to determine whether or not CA 125 anti-

gen serum concentrations are of any value in assessing tumor response  

during paclitaxel salvage treatment of patients with ovarian carcinoma.

Patients and methods

Patients
 Between July 1991 and November 1993, 117 patients with progressive or 

recurrent ovarian carcinoma were treated at the Department of Medical On-

cology of The Netherlands Cancer Institute (Antoni van Leeuwenhoek Huis) 

in a European-Canadian trial evaluating paclitaxel treatment (Bristol-Myers 

Squibb Company, Wallingford, CT, Protocol no. CA139-015 and CA139-052). 

Forty-six patients with measurable disease who had previously been treated 

with either 1 or 2 platinum-containing regimens, were treated in the first 

protocol, which was a randomized, nonblinded study in which high versus 

low dose (175 mg/m2 vs. 135 mg/ m2) and long term versus short term infusion 

(24 vs. 3-hour continuous infusion) were compared [6]. In a second protocol, a 

Phase II nonrandomized study, another 71 patients were evaluated. Patients 

who had been treated with 1 or 2 regimens of platinum-containing chemo-

therapy received 175 mg/m2 paclitaxel in a 3-hour continuous infusion and 

those who had had 3 regimens or more received 135 mg/m2, also in a 3-hour 

continuous infusion. Informed consent was obtained from all patients. 

 Of these 117 patients, 77 were included in the present CA 125 evalu-

ation study. Two patients with cancer of the fallopian tube were excluded, 

CA 125: A VALID MARKER
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as were three others with incomplete data and three who had received only  

1 course of paclitaxel. Thirty-two patients could not be evaluated because of 

missing serum CA 125 values.

 The remaining 77 patients who form the study population had a his-

tologic diagnosis of epithelial ovarian cancer and had been treated with at 

least two courses of paclitaxel. In total, 496 courses were given (median: 6, 

range 2-18). Table 1 gives the distribution of courses over the various regi-

mens and response groups. In the absence of toxic effects, the course was 

repeated every 3 weeks. When a patient developed either hematologic and/or 

nonhematologic toxic effects, the dose was adjusted. The response to treat-

ment was prospectively evaluated every 2 courses clinically and/ or radiologi-

cally until the moment the patients could be allocated to l of the 4 clinical 

response groups according to World Health Organization (WHO) criteria, as 

described by Miller et al [8]. Patients with progressive disease (PD) went off 

protocol therapy, those who achieved a partial response (PR) continued for 

4 courses, or less in the case of relapse or unacceptable toxicity, and those 

with a complete response (CR) continued for another 4 courses or until they 

reached unacceptable toxicity. Those who could not be allocated in 1 of these 

3 response groups were considered having stable disease (SD) and continued 

for 6 to 10 courses or until unacceptable toxicity occurred.

CA 125 Assay
 Serum CA 125 concentrations were determined before each course with  

paclitaxel treatment. All blood samples were collected by venipuncture and 

kept stored at -20°C until assayed for CA 125. Until March 1993, the CA 125 

concentrations were measured using the IRMA-Mat® CA 125 (Byk-Sangtec, 

Dietzenbach, Germany) and afterwards, using the LIA-Mat® CA 125 II assay 

(Byk-Sangtec, Dietzenbach, Germany). Both assays showed excellent linearity 

and there was a good correlation between the assays, as described by Bonfrer 

et al [9].

CA 125 Parameters
 The following CA 125 parameters were defined and used in the study:

1. CA 125 value at MCRA. This is the CA 125 value as determined at the  

Moment of Clinical Response Allocation (MCRA).

2. CA 125 ratio at MCRA. This is the CA 125 value at MCRA divided by the 
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baseline CA 125 value (the CA 125 concentration determined directly  

before the first course of paclitaxel treatment).

3. CA 125 value after 4 courses of paclitaxel treatment. This is the CA 125 

value measured after 4 courses of paclitaxel treatment at the time point 

directly prior to the fifth course. When a patient had <4 courses, the  

CA 125 value after 2 courses was taken.

4. CA 125 ratio after four courses of paclitaxel treatment. This is the CA 125 

ratio measured after 4 courses of paclitaxel treatment at the time point 

directly prior to the fifth course. When a patient had <4 courses, the  

CA 125 ratio after 2 courses was taken.

 All 4 CA 125 parameters were compared between WHO response 

groups using the Mann-Whitney U test. Tests were 2-tailed and P < 0.05 was 

considered significant.

CA 125 Exponential regression analysis
1. Exponential regression analysis of the CA 125 values in response groups 

as defined by WHO criteria was performed using the equation ln(serum  

CA 125) = i + s (days after initiation of treatment), where the y-axis inter-  

 cept (i) represents the baseline CA 125 secreting tumor burden, and the slope  

of the regression curve (s) represents the response to treatment [7, 10].

2.  Exponential regression analysis of the CA 125 values in response groups as 

defined by CA 125 ratio after 4 courses of paclitaxel treatment.

 The regression curves and Pearson product-moment correlation coeffi-

cients (r) were calculated using all data points through the MCRA. Differ-

ences between the mean slopes of the exponential regression curves (s) 

were compared using Student’s t test.

Definition of response groups
1. Response groups as defined by WHO criteria.

 Tumor response definitions used were based on WHO criteria [8] and are as 

follows:

Bidimensionally measurable disease

 CR was defined as the disappearance of all clinical evidence of tumor, includ-

ing normalization of the CA 125 value, determined by 2 observations not less than 4 

weeks apart.
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 PR was defined as a ≥ 50% decrease in the sum of the products of measured 

lesions, determined by 2 observations not less than 4 weeks apart. No simultaneous 

increase in the size of any lesion or the appearance of new lesions may occur. 

Nonmeasurable lesions must remain stable or regress for this category.

 SD was defined as a steady state of response less than PR or progression less 

than PD of at least 4 weeks duration. There may be no appearance of new lesions for 

this category.

 PD was defined as the unequivocal increase of at least 25% in the product of  

measured lesions. Appearance of significant new lesions will also constitute PD.

Evaluable disease only

 CR was defined as the disappearance of all clinical evidence of tumor, including 

normalization of CA 125 value, determined by 2 observations not less than 4 weeks 

apart.

 PR was defined as an estimated decrease in tumor size of ≥ 50% determined  

by 2 observations not less than 4 weeks apart. There may be no appearance of new 

lesions for this category.

 SD was defined as no significant change for at least four weeks. This includes SD 

with estimated decrease of  ≤ 50%, and lesions with estimated increase  ≤ 25%.

 PD was defined as appearance of any new lesions not previously identified or esti-

mated increase of  ≥ 25% in existing lesions.

2. Response groups as defined by CA 125 parameters.

 In addition to the classification of patients in response groups based on 

WHO criteria, another classification was assessed in this study based on the  

absolute CA 125 values and on CA 125 changes during therapy. Definition 

of response groups on the basis of CA 125 value (at MCRA, respectively, 

after 4 courses of paclitaxel treatment) was as follows: response (r) was 

defined as CA 125 values ≤ 35 U/mL, stable disease (SD) as CA 125 values 

> 35 and < 100 U/mL, and progression arbitrarily as CA 125 values ≥ 100 

U/mL at that moment. Definition of response groups on the basis of CA 

125 changes (CA 125 ratio at MCRA, respectively, after 4 courses of paclit-

axel treatment) was as follows: response was defined as CA 125 ratio ≤ 0.5 

(meaning at least a halving of the baseline CA 125 over time), as a CA 125 

ratio > 0.5 and < 2.0, and progression as a CA 125 ratio ≥ 2.0 (meaning a 

doubling of the baseline CA 125, or more, over time).

Survival analysis
 Survival was defined as the time from initiation of treatment with 

paclitaxel until death (from any cause) or until March 1, 1995 when the data 
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analysis was finished and patients were still alive. Actuarial survival curves 

were constructed from the Kaplan-Meier life table method generated by SPSS 

Software (SPSS Inc., Chicago, IL). The differences between the 2 curves were 

tested using the log rank test.

 Both median survival times and 3-year survival rates were derived 

from actuarial survival curves and the 95% confidence intervals (CI) were 

calculated for both.

Results

Clinical response groups as defined by WHO criteria and CA 125  
parameters
 Patients were assigned to 3 clinical response groups as defined by 

WHO criteria: PR (n = 71, SD (n = 22), and PD (n = 48) (Table 1). There were no 

complete responders. At the time of analysis, the median follow-up duration 

was 542 days (range: 59-1212 days).

 CA 125 values and ratios at MCRA and after 4 courses are presented 

table	1. Patient, Treatment, and CA 125 Characteristics in Relation to Clinical Response Groups as Defined 
by World Health Organization Criteria

  Partial response Stable disease Progressive disease Total group
  n = 7  n = 22  n = 48  n = 77
Median number of courses of paclitaxel (range)
175 mg/m2 in 24 hours  9 (7-12) 5.5 (2-12) 7 (2-12)
175 mg/m’ in 3 hours 10 10 (3-11) 4 (2-18) 7.5 (2-18)
135 mg/m’ in 24 hours 10 (5-15) 5.5 (5-6) 6 (2-9) 6 (2-15)
135 mg/m’ in 3 hours 9 10 (6-15) 6 (2-12) 6 (2-15)
Age
 median ± SD 59 ± 9 59.5 ± 14 56 ± 11 56 ± 12
 range in years 42-72 40-84 33-88 33-88
CA 125 value at MCRA
 median (U/mL) 85 313 253 245
 range 15-400 10-900 15-2980 10-2980
CA 125 value: ≤ 35 U/mL 1 3 3 7
 > 35 U/mL 6 19 45 70
CA 125 ratio at MCRA
 median 0.50 0.53a 1.15a 0.87
 range 0.04-1.86 0.19-2.50 0.04-5.99 0.04-5.99
CA 125 value after 4 courses
 median (U/mL) 75 123 200 170
 range 20-250 10-2110 15-2980 10-2980
CA 125 ratio after 4 courses
 median 0.47 0.52b 0.89b 0.61
 range 0.06-1.25 0.03-1.29 0.02-5.23 0.02-5.23

a P = 0,002.
b P = 0.015.
MCRA: Moment of Clinical Response Allocation; SD: stable disease.
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in Figure 1 and Table 1. CA 125 values and ratios after 2 and 3 courses are 

similar (data not shown). CA 125 ratios at MCRA (Fig. 1b) and after 4 courses 

(Fig. 1d) differed between the SD and PD groups (P = 0.002 and P = 0.015,  

respectively).

 Correlation between response groups as defined by CA 125 parame-

ters and the response groups as defined by WHO criteria is given in Table 2.  

FiGUre	 1.	 (a) CA 125 values at the moment of clinical response allocation (MCRA) in clinical response 
groups as defined by World Health Organization (WHO) criteria: PR: partial response; SD: stable disease; PD: 
progressive disease; ——— : median; - - - - - - : CA 125 value of 35 and 100 U/ml; 0:baseline CA 125 value; •:C A 125 
value at MCRA. (b) CA 125 ratios at MCRA in clinical response groups as defined by WHO criteria: PR: partial 
response; SD: stable disease; PD: progressive disease; ———: median; - - - - - -: C A 125 ratio of 0.5 and 2.0. (c) CA 
125 values after 4 courses of paclitaxel in clinical response groups as defined by WHO criteria; PR: partial 
response; SD: stable disease; PD: progressive disease; ———: median: - - - - - -: CA 125 value of 35 and 100 U/ml; 
0: baseline CA 125 value; •: CA 125 value after 4 courses. (d) CA 125 ratios after 4 courses of paclitaxel in 
clinical response groups as defined by WHO criteria; PR: partial response; SD: stable disease; PD: progressive 
disease; ———: median; - - - - - -: CA 125 ratio of 0.5 and 2.

taBle	 2.	 Concordance between Response Groups Based on CA 125 Parameters in Response Groups as  
Defined by World Health Organization (WHO) Criteria

	 response	groups	based	on	WHO	criteria
response	groups	based	on	ca	125	parameters	 responders	n	=	7	 Stable	disease	n	=	22	 Progression	n	=	48	 total	n	=	77
CA 125 value at MCRA 1/7 (14%)  3/22 (14%) 39/48 (81%)  43/77 (56%)
CA 125 ratio at MCRA 4/7 (57%)  10/22 (45%) 9/48 (19%)  23/77 (30%)
CA 125 value after 4 courses 1/7 (14%) 6/22 (27%) 34/48 (71%)  41/77 (53%)
CA 125 ratio after 4 courses 5/7 (71%)  12/22 (55%) 4/48 (8%) 21/77 (27%)

MCRA = Moment of Clinical Response Allocation

a b

dc
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Serum CA 125 values and ratios at MCRA or after 4 courses, found at the 

moment patients were allocated to a response group as defined by WHO  

criteria, did lead to a response group classification with only a minor degree 

of accordance with the WHO group.

Survival
 The median duration of survival after initiation of paclitaxel treat-

ment is given in Table 3a. Remarkably, the median survival of 654 days in the 

7 patients with a WHO defined response on paclitaxel treatment is shorter 

than the median survival (of 761 days) in the 22 patients with SD, as defined 

by WHO criteria (Table 3a). The 7 responders identified by the CA 125 value  

≤ 35 U/mL at MCRA do much better than the SD group (> 1112 days vs. 458 

days) (Table 3a), indicating that CA 125 defined response groups, although 

different from WHO groups, may have better prognostic significance than 

WHO groups.

taBle	3a.	Median Survival in Days in Clinical Response Groups as Defined on the Basis of World Health 
Organization (WHO) Criteria or CA 125 Parameters.

response	groups	as	defined	by:		 Pr		 SD		 PD		 total	group
WHO criteria  654 (372-936)  76Ia  343 (232-454)  542 (363-721)
 n = 7 [2] n = 22 [11] n = 48 [15] n = 77 [28]
CA 125 value at MCRA  > 1112ab  458 (0-1027)  481 (287-675)  542 (363-721)
 n = 7 [4] n = 12 [4] n = 58 [20] n = 77 [28]
CA 125 ratio at MCRA  662 (414-910)  466 (243-689)  312 (217-407)  542 (363-721)
 n = 25 [10] n = 42 [15] n = 10 [3] n = 77 [28]
CA 125 value at 4 courses  544 (138-950)  458 (82-834)  481 (264-698)  542 (363-721)
 n = 11 [4]  n = 16 [6]  n = 50 [18]  n = 77 [28]
CA 125 ratio at 4 courses  458 (272-644)  761a  161 (0-359)  542 (363-721)
 n = 32 [8]  n = 41 [20]  n = 4 [0]  n = 77 [28]

PR: partial response; SD: stable disease; PD: progressive disease; MCRA: Moment of Clinical Response Allocation.
a (*) = 95% confidence interval not computable.
b** = > 1112 median survival not yet reached, but greater than 1112 days.
(  ): confidence interval; [ ]: patients alive.

taBle	3b.	Three-Year Survival Rates in % in Clinical Response Groups, Defined on Basis of World Health 
Organization (WHO) Criteria or CA 125 Parameters

response	groups	as	defined	by:		 Pr		 SD		 PD		 total	group
WHO criteria  28.6 (0-62.1)  46.8 (24.1-69.5) 29.4 (15.9-42.9)  34.6 (23.4-45.8)
 n = 7 n = 22 n = 48 n = 77 
CA 125 value at MCRA  57.1 (20.4-93.8)  31.3 (3.9-58.7)  32 (19.1-44.9)  34.6 (23.4-45.8)
 n = 7 n = 12 n = 58 n = 77
CA 125 ratio at MCRA  38.5 (18.7-58.3)  35.3 (20.8-49.8)  30 (1.6-58.4)  34.6 (23.4-45.8)
 n = 25 n = 42 n = 10 n = 77
CA 125 value at 4 courses  36.4 (8-64.8)  37.5 (13.8-61.2)  33.3 (19.2-47.4)  34.6 (23.4-45.8)
 n = 11  n = 16 n = 50 n = 77
CA 125 ratio at 4 courses  24.1 (8.8-39.4)  47.1 (31-63.2)  0 (0-42.5)  34.6 (23.4-45.8)
 n = 32   n = 41   n = 4  n = 77

PR: partial response; SD: stable disease; PD: disease; MCRA: Moment of Clinical Response Allocation; ( ) = 95% confidence 
interval.
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 Three-year survival rates are given in Table 3b. Overall three-year  

survival rate for the whole population is 34.6%. Three-year survival in WHO 

response groups is highly similar for responders (28.6%) and patients with 

progression during paclitaxel treatment (29.4%), also casting some doubt on 

the accuracy of the WHO response classification. The CA 125 ratio after 4 

courses allowed identification of 4 patients with progression, who all 4 died 

within the second year (Table 3b, Fig. 2c).

 The actuarial overall survival in response groups as defined by WHO 

criteria was not significantly different between responders and those with 

progression (Fig. 2a, P = 0.570).

 The actuarial overall survival rates in responders and those with pro-

gression were also compared in CA 125 parameters-based response groups 

(Fig. 2b-2c). No significant difference was found between responders and 

those with progression in response groups defined by the CA 125 value at 

MCRA (Fig. 2b, P = 0.265), nor in response groups as defined by the CA 125 

ratio at MCRA and in response groups as defined by CA 125 value at 4 courses 

of paclitaxel treatment (data not shown), but the actuarial survival between 

responders and patients with progression as defined by CA 125 ratio after 4 

courses of paclitaxel treatment differed significantly (P = 0.001, Fig. 2c). Also, 

when comparing patients with progression to all other patients, a significant 

difference was found in the actuarial survival (P = 0.002, data not shown).

Exponential CA 125 regression curves during paclitaxel treatment 
 Mean exponential regression curves in response groups as defined by 

WHO criteria are given in Figure 3a. Individual curves were calculated for 

each patient in the study population. The median number of CA 125 values 

used for the calculations was 7 (range: 2-19). For the entire study population, 

the mean slope (s) was -0.0001 (standard deviation (sd) 0.0081), with a y-ax-

is intercept (i) of 5.47 (sd 1.34) and the correlation coefficient (r) being 0.60  

(sd 0.29). The clinical utility of the CA 125 exponential regression curve was 

evaluated by stratifying the study population according to response to treat-

ment. The mean values for s, i, and r for these groups are given in Table 4. 

The positive slope of the regression curve for patients with progression was 

significantly different from the negative slopes for patients that responded 

to paclitaxel treatment (P = 0.044) and the SD group (P < 0.0001). There was no 

significant difference between PR and SD (P = 0.787).
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FiGUre	2.	(a) Actuarial survival in the responders group versus the progression group in clinical response 
groups as defined by World Health Organization criteria (P = 0.570): - - - - - - : responders group (n = 7); ——— : 
progression group (n = 48). (b) Actuarial survival in the responders group versus the progression group in 
response groups as defined by CA 125 value at the moment of clinical response (P = 0.265); - - - - - - : responders 
allocation group with a CA 125 value ≤ 35 U/ml (n = 7); ———  : progression group with CA 125 value ≥ 100 U/
ml (n = 58). (c) Actuarial survival in the responders group versus the progression group in response groups 
as defined by CA 125 ratio after 4 courses of paclitaxel (P = 0.001); ——— :responders group with CA 125 ratio 
≤ 0.5 (n = 32); ——— : progression group with CA 125 ratio ≥ 2.0 (n = 4).

a b

c
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 Mean exponential CA 125 regression curves during paclitaxel treat-

ment in response groups as defined by CA 125 ratio after 4 courses are given in 

Figure 3b. The mean values for s, i, and r for these groups are given in Table 4. 

The positive slope of the regression curve for patients with progression was 

significantly different from the negative slope of the regression curve of  

patients that responded to paclitaxel treatment (P = 0.004), but not from the 

neutral slope of the SD regression curve (P = 0.052). There was a significant 

difference between the slopes of the curves of the SD group and the response 

group (P < 0.0001).

taBle	4.	Mean Values for s, i, and r in Exponential Regression Curves in Response Groups as Defined by 
World Health Organization (WHO) Criteria and the CA 125 Ratio after Four Courses of Paclitaxel

	 	 total		 s	(mean	±	SD)		 i	(mean	±	SD)		 r	(mean	±	SD)		 P	value	of	s
Response groups as defined by WHO criteria 
 PR  7 -0.0038 ± 0.0062  5.006 ± 0.781  0.5124 ± 0.2954  PR-SD 0.787
 SD  22  -0.0045 ± 0.0038  5.761 ± 1.363  0.6380 ± 0.2455  SD-PD < 0.0001
 PD  48  0.0024 ± 0.0088  5.406 ± 1.390  0.5904 ± 0.3045  PD-PR 0.044
Response groups as defined on basis of the
CA 125 ratio after 4 courses
 Responders  32  -0.0185 ± 0.0112  5.980 ± 1.602  0.8631 ± 0.1570  PR-SD < 0.0001
 Stable disease  41  -0.0001 ± 0.0081  5.509 ± 1.328  0.6502 ± 0.3036  SD-PD 0.052
 Progression  4  0.0162 ± 0.0107  4.846 ± 1.868  0.9170 ± 0.1051  PD-PR 0.004

S: mean slope; i: y-axis intercept; r: correlation coefficient; PR: partial response; SD: stable disease; PD: progressive disease.

FiGUre	3. (a) Exponential regression curves of CA 125 values under paclitaxel in response groups as defined 
by WHO criteria; - - - - - - : responders group (n =: 7); ——— : stable disease group (n = 22); ........: progression group 
(n = 48). (b) Exponential regression curves of CA 125 values in response groups as defined by CA 125 ratio 
after 4 courses of paclitaxel: - - - - - - : responders group with a CA 125 ratio ≤ 0.5 (n = 32); ——— : stable disease 
group with a CA 125 ratio between 0.51 and 1.99 (n = 41); ........  : progression group with a CA 125 ratio ≥ 2.0 
(n = 4).

a b
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Discussion

 This study, looking at changes in the serum concentrations of CA 125 

as a reaction to paclitaxel treatment in relapsed ovarian cancer patients, has 

2 equally important findings.

 First, CA 125 values and changes therein under paclitaxel treatment, 

do not correlate very well with response groups to which patients were allo-

cated on the basis of generally accepted WHO criteria (Table 2). Thus, CA 125 

does not seem to have any predictive value as to response under paclitaxel 

treatment. Second, CA 125 parameters correlate better with survival than 

WHO classification, as shown by actuarial survival (Fig. 2), median duration 

of survival (Table 3a) and 3-year survival rate (Table 3b). Doubling or halving 

of the baseline CA 125 value determined after 4 courses of paclitaxel treat-

ment is a better predictor of final outcome than the clinically and/or radio-

logically defined response.

 Seeing these differences, one might ask how much of a gold standard 

is provided by the WHO response group classification and how far CA 125 

changes under paclitaxel treatment can be neglected in the management of 

these relapsed ovarian cancer patients.

 When treated with paclitaxel, females with relapsed platinum refrac-

tory ovarian cancer have a 30% risk of febrile neutropenia and a 20% chance 

of response (with a relative short duration of remission) and an overall 1-year 

survival rate of <50% [11]. These factors, and the fact that the drug is expen-

sive with a limited availability, make it very important to be able to rely on 

accurate response criteria to determine precisely the efficacy of paclitaxel 

treatment in a given patient undergoing this palliative therapy. 

 Because the reliability of the relatively cheap CA 125 serum marker  

(as an indicator of response under paclitaxel treatment) has been questioned 

[6,7], many clinicians now use expensive imaging methods like, computed 

tomography (CT) scan and nuclear magnetic resonance to assess tumor  

response in these patients.

 The present study finds that CA 125 changes lead to response classifi-

cations, that are  only for 27 to 30% (Table 2) in concordance with the well-

known response groups defined by WHO criteria. Similar findings have been 

reported by others [6,7].

 CA 125 values followed an exponential regression as has been reported 

for patients undergoing primary therapy [10,12,13]. The regression rate was 
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significantly different in patients with progression from those who showed 

response or SD as defined by WHO criteria. In the group with progression, 

the slope of the regression curve was positive, indicating a steady rise in se-

rum CA 125 concentrations. Various studies [10,12,13] showed that a positive 

regression rate within 60 days is indicative for progression during chemo-

therapy. The slope of the regression curve was negative and highly similar 

for those patients with either SD or R to paclitaxel treatment, indicating a 

fall in serum CA 125 concentrations. We found no significant difference be-

tween these last two groups, which indicates that a negative regression rate 

is of minimal use in distinguishing patients with SD from patients with R to 

paclitaxel treatment, confirming the study results of Pearl et al [7]. However, 

from a practical point of view, it is only important to identify patients with 

progression on therapy, as all others will continue paclitaxel treatment.

 All 4 patients in the PD group as defined by CA 125 ratio after 4 courses 

had also progressive disease according to WHO criteria. However, 44 of 48 

patients with clinically and/or radiologically found progression (mostly of 

intraabdominal disease) had a CA 125 ratio at 4 courses < 2. This is in agree-

ment with the concept that CA 125 antigen shedding in the circulation is less 

than could be expected on the basis of the increase in tumor volume. The 

explanation for this phenomenon is still lacking, especially since Bonfrer 

et al [14] showed that CA 125 values under paclitaxel treatment, in in vitro 

conditions, correlated significantly with increasing and decreasing numbers 

of cancer cells.

 In conclusion, serum CA 125 concentration is clinically indeed a weak 

indicator of response to paclitaxel treatment, when using the WHO response 

classification as the gold standard. However, when taking survival as the ulti-

mate goal of treatment, it appears that WHO defined response groups them-

selves are either poorly related or not related to survival. This is strange, as 

it can be argued that after platinum and paclitaxel regimens, no other form 

of treatment could modify patients’ survival changes substantially. Remark-

ably, changes in CA 125 values when measured after 4 courses of paclitaxel 

treatment, do predict survival better or at least as well as WHO groups.

 Given that the reliability of the WHO classification could be questioned, 

with respect to determining the efficacy of paclitaxel treatment, the CA 125 

marker seems to be a more reliable, cheaper, and less stressful indicator of 

lack of response in patients undergoing palliative paclitaxel treatment.
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Abstract

 We aimed to investigate whether pretreatment serum levels of squa-

mous cell carcinoma (SCC) antigen (SCC-Ag), cytokeratin 19 (CYFRA 21-1),  and 

two mucins (CA 15-3 and CA 125) identify patients with occult disease in 

early-stage SCC of the cervix. Therefore, pretreatment serum samples were 

obtained from 78 patients with SCC of the cervix (52 IB, 9 IIA and 18 IIB), 

and tumor markers were measured with commercial immunoassays. SCC-

Ag, CYFRA 21-1 and CA 15-3 (analyzed as continuous variables) were signifi-

cantly associated with overall (OS) and disease-free survival (DFS) in univari-

ate analysis (p < 0.001 in all cases). Multivariate analysis identified lymph 

node status as the strongest predictor for OS and DFS (p < 0.001 and p = 0.001,  

respectively), followed by CYFRA 21-1 (p = 0.060 and p = 0.027, respectively), 

and CA 15-3 (p = 0.082 and p = 0.017, respectively). Clinical cutoff values 

for each marker were defined by maximizing the log-rank statistic for OS 

in the total population: 1.1 μg/l for SCC-Ag (n = 47, 60.3%), 1.4 μg/l for CY-

FRA 21-1 (n = 47, 60.3%), 40 U/ml for CA 15-3 (n = 11, 14.1%), and 30 U/ml for  

CA 125 (n = 10, 12.8%). Stage IB patients with positive SCC-Ag and CYFRA21-1 

had significantly lower OS (mean 8.3 years, 95% confidence interval, CI, 5.8–

10.7 years) and DFS (mean 7.3 years, 95% CI 4.6–10 years) than all other stage 

IB patients (OS, mean 14.5 years, 95% CI 13.5–15.5 years; DFS, mean 13.9 years, 

95% CI 12.5–15.4 years). Stage IB patients with tumors < 4cm or with negative 

lymph nodes and positive SCC-Ag and CYFRA 21-1 had significantly poorer 

OS and DFS compared to all other patients in the same group. Elevated levels 

of both CA 125 and CA 15-3 (3 patients) were associated with an extremely 

poor prognosis. In conclusion, a combination of SCC-Ag and CYFRA 21-1 may 

help to identify early-stage cervical cancer patients with occult disease re-

quiring adjuvant therapy.

B

PART B - CHAPTER VI
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Introduction

 In spite of improvements in cervical cancer treatment, cervical cancer 

incidence is the second cause of cancer-related death in women worldwide, 

only surpassed by breast cancer [1]. Survival rates vary from 80% for wom-

en with localized cancer to 47% for those with regional cancer, and 21% for 

women with metastatic disease at diagnosis [2].

 Treatment of early-stage cervical cancer depends largely on tumor 

size and lymph node status, the latter constituting a major prognostic factor 

strongly associated with disease outcome [3]. In developed countries, imaging 

techniques supplementing those accepted for FIGO staging, e.g. computed to-

mography, magnetic resonance imaging and positron emission tomography 

with fluorodeoxyglucose, and even surgical staging procedures have been 

used to assess lymph node status and, consequently, treatment outcome [1]. 

 Prognostic factors other than lymph node status could help to define 

the treatment modality most appropriate for a particular patient, and 

outcome of disease could be improved by proper patient selection.  

Tumor characteristics such as large tumor diameter, high tumor grade, 

vascular invasion and deep stromal infiltration have been associated with 

bad prognosis, and are taken into account for risk grouping of patients with 

early-stage squamous cell cancer (SCC) of the cervix [3, 4]. Furthermore, a 

variety of serum tumor markers, primarily SCC (SCC-Ag), cytokeratin 19  

(CYFRA21-1) and membrane-associated mucin MUC16 (CA 125), have been as-

sociated with tumor characteristics and outcome of disease, with varying 

results [for a recent review see ref. 5]. The CA 15-3 assay [6] determines serum 

levels of MUC1, a large, membrane-associated, heavily glycosylated mucin 

sharing many structural characteristics with CA 125, which has hardly been 

studied in the context of cervical cancer [7].

 The aim of this study was to investigate the utility of a panel of tumor 

markers (SCC-Ag, CYFRA 21-1, CA 15-3 and CA 125) to identify patients with 

early-stage cervical SCC at high risk of recurrence and death that would  

benefit from patient-tailored adjuvant therapy.

A COMBINATION OF SERUM TUMOR MARKERS
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Patients and methods

Serum samples and study population
 Serum samples were obtained before primary treatment from 78 pa-

tients (52 in FIGO stage IB, 9 in FIGO stage IIA and 18 in FIGO stage IIB) with 

primary histologically proven SCC of the uterine cervix treated at the Free 

University Medical Center of Amsterdam between 1988 and 1996. All clini-

cal charts were reviewed and patients with a prior or concomitant history of 

malignancy were excluded from the study. Table 1 lists the clinicopathologi-

cal characteristics of the patients and their primary treatment. Information 

on patient outcome was reviewed until November 2006, and was available 

for all patients; however, 2 patients were lost to follow-up in the 1st year af-

ter treatment (in 1 of them, stage IB, SCC recurred 5 months after primary 

treatment), and another 5 patients in the 2nd year; they were treated as 

censored observations. The principal events analyzed were recurrence and 

death. Disease-free survival (DFS) was defined as the time elapsed between 

the start of primary treatment and the first reappearance of cervical cancer 

at any site, or the date of the last visit for patients with no evidence of dis-

ease (table 1). Overall survival (OS) was defined as the time elapsed between  

primary treatment and death (table 1), or the date of the last visit for all other 

table	1.	Clinicopathological characteristic of the patients with SCC of the cervix

characteristics total	(n	=	78) FiGO	stage
iB	(n	=	52) iia	(n	=	9) iiB	(n	=	17)

Median age, years (range) 45 (22 – 80) 41 (22 – 80) 46 (31 – 79) 59 (33 – 75)
Histological grade
   I
   II
   III
Unknown

2
23
52
1

2
14
35
1

-
2
7
-

-
7
10
-

Tumor diameter
  < 4 cm
  ≥ 4 cm

47
31

39
13

1
8

7
10

Lymph node status
  Negative
  Positive  
   

52
26

38
14

4
5

10
 7

Primary treatment
   Surgery
   Surgery and radiotherapy
   Radiotherapy
   Chemoradiation

34
18
22
 4

32
13
 6
 1

2
3
3
1

-
2
13
2

Recurrences, n (%) 22 (28.2) 11 (21.2) 4 (44.4) 7 (41.2)
Deaths, n (%) 19 (24.4) 9 (17.3) 3 (33.3) 7 (41.2)
Median DFS, years (range) 5.1 (0.1 – 15.7) 5.3 (0.4 – 15.3) 1.4 (0.1 – 12.9) 4.4 (0.1 – 15.7)
Median OS, years (range) 5.2 (0.4 – 15.7) 5.4 (0.4 – 15.3) 3.1 (1.3 – 12.9) 4.4 (0.6 – 15.7)
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patients. All deaths were due to cervical cancer. The median follow-up of the 

patients with no evidence of disease after primary treatment was 5.9 years 

(range 0.75–15.7 years).

 Blood samples were obtained by venous puncture, allowed to clot at 

room temperature, centrifuged and the serum was aliquoted and stored at 

-80°C until analyzed.

 Procedures followed were in accordance with the Helsinki Declaration 

of 1975, as revised in 1983, and in accordance with the guidelines for re-

search of our institute.

Serum immunoassays
 Serum tumor markers were measured with the following commer-

cial immunoassays: SCC-Ag [8] with a microparticle enzyme immunoassay 

system (IMx, Abbott Diagnostics, Chicago, Ill., USA); CYFRA 21-1 [9] with the  

CYFRA 21-1 assay (Boehringer Mannheim, Tutzing, Germany) on an au-

tomated enzyme immunoassay system; CA 15-3 with the ACSTM BR assay 

(Bayer Diagnostics, Mijdrecht, The Netherlands) on the Centaur system [6]; 

and CA 125 with the Enzymun-Test CA 125 II (Boehringer Mannheim) on 

the fully automated Enzymun-Test system ES 300 [10]. SCC-Ag, CYFRA 21-1 

and CA 125 were measured in 1999, and CA 15-3 in 2002. The cutoff levels  

recommended by the manufacturers are 1.5 μg/l for SCC-Ag, 1.4 μg/l for  

CYFRA 21-1, 30 U/ml for CA 15-3, and 35 U/ml for CA 125. Clinical cutoff  

values for each marker were defined by maximizing the log-rank statistic for 

OS in the total population as 1.1 μg/l for SCC-Ag, 1.4 μg/l for CYFRA 21-1, 40  

U/ml for CA 15-3, and 30 U/ml for CA 125, and applied in the present study. 

Statistical methods
 Statistical analysis was performed using SPSS software (version 14.0, 

SPSS, Chicago, Ill., USA). Results in the different patient groups were ana-

lyzed using the Mann-Whitney U/ Wilcoxon rank sum W Test. Using Pear-

son’s χ2 test, the distribution of marker levels above or below the clinical 

cutoff was analyzed in contingency tables according to clinicopathological 

characteristics; when the sample size was small, Fisher’s exact test was em-

ployed. Univariate and multivariate analyses of OS and DFS were performed 

in the total population using the Cox proportional hazards regression model 

[11]. The model included the following clinical and pathologic features as 

potential predictors: age, FIGO stage (IB, IIA or IIB), lymph node involvement 
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(negative or positive), tumor diameter (< 4 cm or ≥ 4 cm), histology grade  

(I + II or III), and SCC-Ag, CYFRA 21-1, CA 15-3, and CA 125 levels entered as 

continuous variables. The probability of OS and DFS in relation to tumor 

marker levels was analyzed using the Kaplan-Meier method [12], and univa-

riate comparisons between subgroups were made using a two-tailed log-rank 

test; p values ≤ 0.05 were considered statistically significant. Cutoff levels 

applied in the analysis were defined by maximizing the log-rank statistic for 

OS in the total population (clinical cutoff).

Results

Tumor marker levels and clinicopathological characteristics
 Tumor marker levels assessed in the study population are listed in  

table 2. They did not differ between patients with grade I, II, or III tumors. 

 In stage IB, SCC-Ag levels ranked significantly higher in patients with  

tumors ≥ 4 cm than in patients with tumors < 4 cm (p = 0.006), and in patients 

with positive than in patients with negative lymph nodes (p = 0.042), but 

no significant differences were observed for the other markers. In addition, 

no statistically significant differences in tumor marker levels in relation to  

tumor diameter or lymph node status were found in stage IIA and IIB for any 

of the four markers. 

table	2.	Serum tumor marker levels (median, range) in the study population

n Scc-ag	μg/l cYFra	21-1	μg/l ca	15-3	U/ml ca	125	U/ml
Total population

FIGO stage
IB
IIA
IIB

78

52
9
17

1.6 (0.1 – 125)

1.2 (0.1 – 58.9)
2.5 (0.3 – 44.1)
8.7 (0.4 – 125)

1.8 (0.6 – 33)

1.4 (0.6 – 7.7)
1.9 (1 – 6.8)
4.4 (1.5 – 33)

18 (4 – 117)

18 (4 – 92)
17 (5 – 36)
27 (11 – 117)

16 (1– 914)

13 (1 – 112)
21 (7 – 33)
24 (8 – 914)

p value IB/IIB <0.001 <0.001 0.004 0.002

Tumor diameter
<4 cm
≥4 cm

47
31

1.1 (0.1 – 125)
2.6 (0.3 – 58.9)

1.4 (0.6 – 33)
2.3 (0.7 – 9.4)

18 (4 – 47)
19 (4 – 117)

13 (1 - 77)
21 (7 – 914)

p value 0.001 0.003 0.005 NS

Lymph node 
negative
positive

52
26

1.2 (0.1 – 23.3)
2.4 (0.3 – 125)

1.6 (0.6 – 9.4)
2.1 (0.8 – 33)

18 (4 – 100)
18 (4 – 117)

14 (1 – 628)
19.5 (4 – 914)

p value 0.047 NS NS NS

The Mann-Whitney U test was performed; no significant difference was found between IB and IIA, and IIA and IIB. 
NS = Nonsignificant. 
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Tumor marker levels and prognosis
Univariate and Multivariate Analyses of OS and DFS
 Cox regression analysis of OS and DFS in relation to disease character-

istics and tumor marker levels are shown in table 3. Age, histology grade and 

tumor diameter were not significantly associated with OS and DFS in uni-

variate analysis. Multivariate analysis of FIGO stage, lymph node status and 

tumor marker levels identified lymph node status as the strongest predictor 

for OS and DFS, followed by CYFRA 21-1 and CA 15-3. 

Distribution of Tumor Marker Levels in Relation to Clinicopathological Charac-
teristics and Outcome
 The distribution of negative or positive tumor marker levels and their 

combination in relation to clinicopathological characteristics, recurrence of 

disease, and death from cervical cancer are displayed in table 4. The most 

significant association with clinicopathological characteristics and outcome 

of disease was found for SCC-Ag and CYFRA 21-1 levels above the cutoff level  

(n = 38) against all others (n = 40). SCC-Ag and CYFRA 21-1 were positive in 15 

of 18 patients with either CA 15-3 or CA 125 above the cutoff level. 

Kaplan-Meier OS and DFS Analyses in Relation to Tumor Marker Levels 
SCC-Ag and CYFRA 21-1

 Kaplan-Meier analysis of SCC-Ag and CYFRA 21-1 results divided into 

table	3. Correlation between disease characteristics and tumor marker levels (analyzed as continuous vari-
ables) and outcome of disease

Factors OS

HR (95% CI) p value

DFS

HR (95% CI) p value
Univariate analysis

FIGO stage IB vs. IIA vs. IIB 1.79 (1.11 – 2.91) 0.013 1.64 (1.04 – 2.58) 0.028

Lymph node neg. vs. pos. 11.73 (3.86 – 35.65) <0.001 6.62 (2.67 – 16.45) <0.001

SCC-Ag, μg/l 1.03 (1.01 – 1.04) <0.001 1.03 (1.02 – 1.05) <0.001

CYFRA21-1, μg/l 1.10 (1.03 – 1.16) <0.001 1.11 (1.04 – 1.18) <0.001

CA 15-3, U/ml 1.03 (1.01 – 1.05) <0.001 1.03 (1.02 – 1.05) <0.001

CA 125, U/ml 1.00 (1.00 – 1.01) 0.075 1.00 (1.00 – 1.01) 0.057

Multivariate analysis

Lymph node neg. vs. pos 9.72 (3.10 – 30.49) <0.001 5.31 (2.08 – 13.71) 0.001

CYFRA 21-1, μg/l 1.06 (0.997 – 1.13) 0.060 1.08 (1.01 – 1.16) 0.027

CA 15-3, U/ml 1.02 (0.998 – 1.03) 0.082 1.02 (1.00 – 1.04) 0.017

FIGO stage IB vs. IIA vs. IIB 1.37 (0.80 – 2.33) 0.247 1.18 (0.70 – 1.98) 0.536

CA 125, U/ml 1.00 (0.998 – 1.004) 0.577 1.00 (0.96 – 1.05) 0.278

SCC-Ag, μg/l 1.00 (0.95 – 1.05) 0.990 1.00 (0.96 – 1.05) 0.839

HR = Hazard ratio
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four groups (-/-, +/-, -/+ and +/+, respectively) showed a lower OS (46% vs. 92%, 

p < 0.001) and DFS (45% vs. 85%, p < 0.001) for patients with a concomitant 

elevation of SCC-Ag and CYFRA 21-1 (markers positive) than in patients of the 

other three groups taken as a whole (markers negative). These differences in 

OS and DFS remained significant after adjusting for FIGO stage combined 

with lymph node status (p = 0.015 and p = 0.002, respectively). 

SCC-Ag and CYFRA 21-1 in Stage IB

 Results for stage IB are shown in table 5 and figures 1 and 2. Results 

were very similar in the total population (not shown). OS was lower (44% vs. 

94%, p = 0.001) for marker-positive patients (mean 8.27 years, 95% confidence 

interval, CI, 5.84–10.71 years) than for marker-negative patients (mean 14.49 

years, 95% CI 13.46–15.52 years). These differences remained significant after 

adjusting for tumor diameter (p = 0.003), and lymph node status (p = 0.018). 

table	4. Number of patients(%) with elevated tumor marker levels in relation to clinicopathological tumor 
characteristics and outcome of disease

n Scc-ag
>1.1	μg/l	

cYFra	21-1
>1.4	μg/l

Scc-ag>1.1	μg/l
and
cYFra	21-1>1.4	μg/l	

ca	15-3
>40	U/ml

ca	125
>30	U/ml

ca	15-3>40	U/ml
	or
ca	125>30	U/ml

Total 78 47 (60.3) 47 (60.3) 38 (48.7) 11 (14.1) 10 (12.8) 18 (23.1)

FIGO stage
IB 52 26 (50.0) 23 (44.2) 17 (32.7) 4 (7.7) 2 (3.8)   5 (9.6)
IIA 9   6 (66.7)   7 (77.8)   6 (66.7) 0 2 (22.2)   2 (22.2)
IIB 17 15 (88.2) 17 (100.0) 15 (88.2) 7 (41.2) 6 (35.3) 11 (64.7)

p value 0.009 <0.001    <0.001 0.001 0.002     <0.001

Tumor diameter
< 4cm 47 22 (46.8) 23 (48.9) 17 (36.2) 4 (8.5) 3 (6.4)   7 (14.9)
≥ 4cm 31 25 (80.6) 24 (77.4) 21 (67.7) 7 (22.6) 7 (22.6) 11 (35.5)

p value      0.003      0.012      0.006 NS NS           NS

Lymph node
negative 52 27 (51.9) 28 (53.8) 22 (42.3) 4 (7.7) 5 (9.6)   8 (15.4)
positive 26 20 (79.6) 19 (73.1) 16 (61.5) 7 (26.9) 5 (19.2) 10 (38.5)

p value      0.033 NS         NS    0.036 NS      0.043

Recurrences    
 no 66 29 (43.9) 28 (42.4) 20 (33.3) 5 (7.6) 5 (7.6) 10 (15.2)
 yes 22 18 (81.8) 19 (86.4) 18 (81.8) 6 (27.3) 5 (22.7)   8 (36.4)

p value      0.015      0.003     <0.001 NS NS          NS

Deaths     
no 59 31 (52,5) 30 (50.8) 22 (37.3) 6 (10.2) 6 (10.2) 11 (18.6)
yes 19 16 (84.2) 17 (89.5) 16 (84.2) 5 (24.4) 4 (21.1)   7 (36.8)

p value      0.014     0.003    <0.001 NS NS           NS

Pearson χ2 test or, for small sample sizes, Fisher’s exact test was applied. NS = Nonsignificant.
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table	5. Kaplan-Meier analysis of outcome of disease in FIGO stage IB in relation to SCC-Ag and CYFRA 21-1 levels, and 
lymph node status

Factors Deaths/
total

Mean	OS,	years
(95%	ci)

recurrences/
total

Mean	DFS,	years
(95%	ci)

SCC-Ag –/CYFRA 21-1 – 2/20 13.98 (12.31 – 15.65) 3/20 13.26 (11.20 – 15.32)
SCC-Ag +/CYFRA 21-1 – 0/9 – 0/9 –
SCC-Ag –./CYFRA 21-1 + 0/6 – 0/6 –
SCC-Ag +/CYFRA 21-1 + 7/17 8.27 (5.84 – 10.71) 8/17 7.32 (4.64 – 10.00)

Marker –/lymph node – 0/28 – 1/28 14.65 (13.51 – 15.78)
Marker +/lymph node – 2/10 10.43 (7.80 – 13.06) 3/10 9.62 (6.73 – 12.51)
Marker –/lymph node + 2/7 9.34 (5.82 – 12.85) 2/7 9.16 (5.41 – 12.90)
Marker +/lymph node + 5/7 4.72 (1.55 – 7.89) 5/7 3.40 (0,01 – 6,93)

– = Negative; + = positive. Cutoff values: SCC-Ag, 1.1 μg/l; CYFRA 21-1, 1.4 μg/l; marker + =  SCC-Ag>1.1 μg/l  
and CYFRA 21-1>1.4 μg/l; marker – = all others.

Figure	1.	Kaplan Meier analysis showing OS (a), and DFS (b) related to SCC-Ag and CYFRA 21-1 levels in FIGO 
stage IB.  

Figure	2.	Kaplan Meier analysis showing OS (a), and DFS (b) related to SCC-Ag and/or CYFRA 21-1 negative 
(markers –) or SCC-Ag and CYFRA 21-1 positive (markers +), with or without lymph node (LN) involvement in  
FIGO stage IB. Differences remained significant after adjusting for tumor diameter <4 or ≥4 cm (p<0.001). 	
 

a

a

b

b
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DFS was also lower (44% vs. 86%, p = 0.001) for marker-positive (mean 7.32 

years, 95% CI 4.64–10 years) compared with marker-negative patients (mean 

13.94 years, 95% CI 12.53–15.35 years).

 Marker-positive patients with tumors < 4 cm had a lower probability of 

OS (60% vs. 92%) than marker- negative patients in the same group (marker- 

positive patients: mean OS 8.80 years, 95% CI 5.67–11.93 years; marker- 

negative patients: mean OS 14.34 years, 95% CI 13.12–15.56 years, p = 0.017).  

Differences were not significant in patients with tumors ≥ 4 cm. Similarly, a 

poorer DFS was observed in marker-positive versus marker-negative patients 

with tumors < 4 cm (56 vs. 83%, p = 0.015), as well as for patients with tumors 

≥ 4 cm (27 vs. 100%, p = 0.048). 

 Marker-positive patients with negative lymph nodes had a lower OS 

than marker-negative patients in the same group (58 vs. 100%, p = 0.015); dif-

ferences were not significant (p = 0.115) in lymph node-positive patients (table 

5, fig.2a). DFS (table 5, fig.2b) was lower in marker-positive than in marker-

negative patients without (58 vs. 91%, respectively; p = 0.011), and with lymph 

node involvement (17 vs. 68%, respectively; p = 0.042). None of the patients 

with negative lymph nodes and tumors < 4 cm died during the observation 

period. There were 2 recurrences in this group: a late recurrence (8.6 years) 

in the the 24 marker-negative patients, and an early recurrence (1.6 years) in 

the the 5 marker-positive patients. 

CA 15-3 and CA 125

 In the total population, patients with CA 15-3 > 40 U/ml  had a lower 

OS (46 vs. 74%, p = 0.013) and DFS (44 vs. 70%, p = 0.011) probability com-

pared to patients with CA 15-3 ≤40 U/ml. Differences remained significant 

after adjusting for tumor diameter (p = 0.021 and p = 0.028, respectively), 

but not after adjusting for stage (IB vs. II), or lymph node status. Positive CA 

15-3 levels were associated with shorter OS and DFS in patients with tumors  

≥ 4 cm in the total population (23 vs. 65%, p = 0.007 and 29 vs. 64%, p = 0.007,  

respectively), but not in patients with tumors < 4 cm.

 In the total population, patients with CA 125 > 30 U/ml had a shorter 

OS and DFS compared to patients with CA 125 ≤ 30 U/ml (p = 0.044 and  

p = 0.032, respectively). Differences in OS and DFS remained significant after 

adjusting for lymph node status (p = 0.002 and p = 0.011, respectively), but not 

for stage or tumor diameter. No significant difference in OS and DFS with 

respect to CA 125 levels was observed in lymph node-negative patients. On 
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the other hand, lymph node-positive patients with raised CA 125 (n = 5) had 

a lower probability of OS (p = 0.001) and DFS (p = 0.001) than patients with CA 

125 below the cutoff (n = 21) in the same group. However, these last results 

should be interpreted with caution as they are based only on 5 CA 125-posi-

tive patients (table 4): 3 of them died within 1.7 years of primary treatment, 

and 2 were lost to follow up within the same period: 1 patient  with no evi-

dence of disease, while the other had a recurrence 6 months after primary 

treatment (see below).

 Only 3 patients had concomitantly elevated levels of CA 15-3 and CA 

125. All 3 patients (1 in stage IB, lymph node positive; 2 in stage IIB, 1 lymph 

node negative, the other lymph node positive) had disease recurrence within 

6 months of primary treatment. Two of the patients died of cervical cancer 

within 9 months of primary treatment, the 3rd (stage IB) was lost to follow 

up 9 months after primary treatment. In 2 of them, all four markers were 

elevated.

 Kaplan-Meier analysis of all four markers combined (SCC-Ag and CY-

FRA 21-1 positive or either CA 15.3 or CA 125 positive, n = 41) provided few 

additional information to that obtained with the combination of SCC-Ag and 

CYFRA 21-1 alone (results not shown).  

Discussion

 Cervical cancer incidence and mortality rates have fallen in wealthy 

countries in the last 40 years. Screening programs have led to women being  

diagnosed at an earlier stage of disease and at a younger age: In North America, 

nearly half of the cases are diagnosed before the age of 35 [13]. Patient-tai-

lored therapy is of paramount importance to be able to decrease morbidity, 

and preserve reproductive organs in patients of child-bearing age [14] with-

out running the risk of treatment failure, since recurrent disease recurrence 

generally shows a poor response to salvage therapy. A study showed that only 

12% of patients treated with a primary surgical approach for stage IB2 lesions 

(tumors > 4 cm) will have been adequately treated with surgery alone, the rest 

would be eligible for adjuvant therapy [15]. However, radical hysterectomy com-

bined with pelvic radiotherapy are associated with a significant risk of com-

plications [16], which could be partially avoided by treating high-risk patients 

with primary chemotherapy and radiation alone [17]. Pretreatment levels of 
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serum tumor markers may be indicators of occult disease providing addition-

al information to that obtained by imaging modalities and surgical staging. 

Furthermore, they constitute a noninvasive, simple, easy-to-implement and 

low-cost procedure that could prove useful not only in developing countries 

but also in Europe. In a recent study, a striking contrast was noted in stand-

ardized incidence (9.5 vs. 16.7)  and mortality rates of cervical cancer (4.9 vs. 

10.7) between the 15 old and the 10 new European Union member states, 

indicating that cervical cancer remains a considerable health problem in Eu-

rope [18].

 Elevated pretreatment serum SCC-Ag levels have been associated with 

advanced disease and a poor prognosis [19-24], whereas others found no in-

dependent prognostic value for SCC-Ag in early-stage cervical cancer [25,26]. 

Similar to SCC-Ag, pretreatment serum levels of CYFRA 21-1 are significantly 

related to tumor stage, tumor size and the presence of either lymph node 

metastases or parametrial involvement, but they have no independent prog-

nostic value [26-29]. In SCC of the cervix, a significant association between 

elevated pretreatment CA 125 levels and the presence of lymph node metas-

tases has been reported [19, 30], as well as vascular spread of the disease [31].

 In agreement with the literature, in the present study SCC-Ag, CYFRA 

21-1 and CA 125 levels were significantly associated with FIGO stage (IB vs. IIB) 

and tumor size, whereas CA 15-3 was only significantly associated with stage. 

An association with lymph node status was found only for SCC-Ag levels, in 

the total population and in stage IB. Similar associations were observed in 

the contingency tables (table 4). With the exception of CA 125, all markers 

were significantly associated with OS and DFSl in univariate analysis, but 

only CYFRA 21-1 and CA 15-3 had independent prognostic value, albeit only 

for DFS, in multivariate analysis (table 3). 

 In most studies, cutoff values of tumor markers for diagnosis have 

been established in relation to healthy cohorts, and thus may not necessarily 

be useful as prognosticators of outcome. The clinical cutoff values defined 

in the present study corresponded to the diagnostic cutoff values proposed 

by the manufacturers for CYFRA21-1, did not greatly differ for CA 125 and 

CA 15-3, but was much lower for SCC-Ag. The use of CYFRA 21-1 in cervical 

SCC has been relegated in favor of SCC-Ag, but our findings suggest that the 

two markers provide complementary information. A concomitant elevation 

in SCC-Ag and CYFRA 21-1 above the clinical cutoff value defined a group of 

patients with a poor prognosis, not only within the total population but also 
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within FIGO stage IB. Lymph node-positive patients with elevated SCC-Ag  

and CYFRA 21-1 had even a worse outcome. Of more clinical interest, both 

markers above the cutoff identify a group of stage IB lymph node-negative 

patients with a poor prognosis, suggesting the presence of occult disease. 

An interplay between marker levels, and extent and outcome of disease is 

suggested by the observation that in the latter group disease outcome was 

similar to marker-negative patients with lymph node involvement. 

 The only study on CA 15-3 and cervical cancer found a weak associa-

tion between pretreatment CA 15-3 levels and response to chemotherapy [6]. 

In the present study, CA 15-3 had independent prognostic value for DFS, and 

positive levels were associated with positive lymph nodes. The three women 

with concomitant elevation in CA 15-3 and CA 125 died. The low frequency 

of elevated levels in FIGO stage IB suggests that CA 125 and CA 15-3 are mar-

ginally useful in early-stage cervical cancer, but should be evaluated as prog-

nostic factors in locally advanced disease where they may be of use in the 

future when new treatment modalities are being developed for this group of 

patients. 

 In conclusion, a panel of SCC-Ag and CYFRA 21-1 may provide informa-

tion on the presence of occult disease in early-stage SCC of the uterine cervix. 

Its use as an additional tool to establish patient-tailored therapy should be 

analyzed in prospective studies. Additionally, CA 125 and CA 15-3 may have 

prognostic value in locally advanced cervical cancer.

 Acknowledgements: The authors wish to thank Dr. J. Berkhof for ex-

pert advice on statistical analysis. This study was supported by the Biocare 

Foundation.



102

B

PART B - CHAPTER VI

References

1. Moore DH. Cervical cancer. Obstet Gynecol 2006;107:1152-1161.

2. Bielska-Lasota M, Inghelmann R, van de Poll-Franse L, Capocaccia R, EUROCARE 

Working Group: Trends in cervical cancer survival in Europe, 1983-1994: a population-

based study. Gynecol Oncol 2007;105:609-619.

3. Delgado G, Bundy BN, Zaino R, Sevin BU, Creasman WT, Major F: Prospective surgical-

pathological study of disease-free interval in patients with stage IB squamous cell carcinoma 

of the cervix: a Gynecologic Oncology Group study. Gynecol Oncol 1990;38:352-357.

4. Van de Putte G, Lie AK, Vach W, Baekelandt M, Kristensen GB: Risk grouping in stage 

IB squamous cell cervical carcinoma. Gynecol Oncol 2005;99:106-112.

5. Gadducci A, Tana R, Fanucchi A, Genazzani AR: Biochemical prognostic factors and 

risk of relapses in patients with cervical cancer. Gynecol Oncol 2007;107 (1 suppl 1): 

S23-S26.

6. Bon GG, von Mensdorff-Pouilly S, Kenemans P, Van Kamp GJ, Verstraeten RA, 

Hilgers J, Meijer S, Vermorken JB: Clinical and technical evaluation of ACSTMBR serum 

assay of MUC1 gene-derived glycoprotein in breast cancer, and comparison with CA 15.3 

assays. Clin Chem 1997;43:585-593.

7. Scambia G, Benedetti Panici P, Foti E, Ferrandina G, Leone FPG, Marciano M, Man-

cuso S: Multiple tumour marker assays in advanced cervical cancer: relationship to chemo-

therapy response and clinical outcome. Eur J Cancer 1996;32A:259-263.

8. Gaarenstroom KN, Bonfrer JM, Kenter GG, Korse CM, Hart AA, Trimbos JB, Helm-

erhorst TJ: Clinical value of pretreatment serum Cyfra 21-1, tissue polypeptide antigen, 

and squamous cell carcinoma antigen levels in patients with cervical cancer. Cancer 

1995;76:807-13

9. Bodenmuller H, Ofenloch-Hahnle B, Lane EB, Dessauer A, Bottger V, Donie F: Lung 

cancer-associated keratin 19 fragments: development and biochemical characterization of 

the new serum assay Enzymun-Test CYFRA 21-1. Int J Biol Markers 1994;9:75-81.

10. Kenemans P, Verstraeten AA, van Kamp GJ, von Mensdorff-Pouilly S: The second 

generation CA 125 assays. Ann Med 1995;27:107-113.

11. Cox DR: Regression models and life tables. J R Stat Soc 1972;B 34:187-220.

12. Kaplan EL and Meier P: Nonparametric estimation from incomplete observations. J Am 

Stat Assoc 1958;53:457-481.

13. Jemal A, Thomas A, Murray T, Thun M: Cancer statistics, 2002. CA Cancer J Clin 

2002;52:23-24.

14. Roy M, Plate M: Pregnancies after radical vaginal trachelectomy for early-stage cervical 

cancer. Am J Obstet Gynecol 1998;179:1491-1496.

15. Yessaian A, Magistris A, Burger RA, Monk BJ: Radical hysterectomy followed by tai-

lored postoperative therapy in the treatment of stage IB2 cervical cancer: feasibility and 

indications for adjuvant therapy . Gynecol Oncol 2004;94:61-66.

16. Landoni F, Maneo A, Colombo A, Placa F, Milani R, Perego P, Favini G, Ferri L, Man-

gioni C: Randomised study of radical surgery versus radiotherapy for stage Ib-IIa cervical 

cancer. Lancet 1997;350:535-540.

17. Morris M, Eifel JP, Lu J, et al. Pelvic radiation with concurrent chemotherapy com-



103A COMBINATION OF SERUM TUMOR MARKERS

pared with pelvic and para-aortic radiation for high-risk cervical cancer. N Eng J Med 

1999;340:1137-43.

18. Arbyn M, Raifu AO, Autier P, Ferlay J: Burden of cervical cancer in Europe: estimates for 

2004. Ann Oncol 2007;18:1707-1715.

19. Åvall-Lundqvist EH, Sjövall K, Nilsson BR, Eneroth PHE: Prognostic significance of 

pre-treatment serum levels of squamous cell carcinoma antigen and CA125 in cervical car-

cinoma. Eur J Cancer 1992;28A:1695-1702.

20. Duk JM, Groenier KH, de Bruijn HWA, Hollema H, ten Hoor KA, van der Zee AGJ, 

Aalders JG: Pretreatment serum squamous cell carcinoma antigen: a newly identified prog-

nostic factor in early-stage cervical carcinoma. J Clin Oncol 1996;14:111-118.

21. Yuan CC, Wang PH, Ng HT, Tsai LC, Juang CM, Chiu LM: Both TPA and SCC-Ag levels 

are prognostic even in high-risk stage Ib-IIa cervical carcinoma as determined by stratifica-

tion analysis. Eur J Gynaec Oncol 2002;23:17-20.

22. Strauss H-G, Laban C, Lautenschläger C, Buchmann J, Schneider I, Koelbl H: SCC 

antigen in the serum as an independent prognostic factor in operable squamous cell carci-

noma of the cervix. Eur J Cancer 2002;38:1987-1991.

23. Molina R, Filella X, Lejarcegui JA, Pahisa J, Torné A, Rovirosa A, Mellado B, Ordi J, 

Puig-Tintore LM, Alicarte J, Biete A, Iglesias J: Prospective evaluation of squamous cell 

carcinoma and carcinoembryonic antigen as prognostic factors in patients with cervical 

cancer. Tumor Biol 2003;24:156-164

24. Reesink-Peters N, van der Velden J, ten Hoor KA, Boezem HM, de Vries EGE,  

Schilthuis  MS, Mourits MJE, Nijman HW, Aalders JG, Hollema H, Pras E, Duk JM, 

van der Zee AGJ: Preoperative serum squamous cell carcinoma antigen levels in clinical 

decision making for patients with early-stage cervical cancer. J Clin Oncol 2005;23:1455-

1462.

25. Bolger BS, Dabbas M, Lopes A, Monaghan JM: Prognostic value of preoperative squa-

mous cell carcinoma antigen levels in patients surgically treated for cervical carcinoma. 

Gynecol Oncol 1997;65:309-313.

26. Gaarenstroom KN, Kenter GG, Bonfrer JM, Korse CM, Hart AA, Van de Vijver MJ, 

Fleuren G-J, Trimbos JB: Can initial serum CYFRA 21-1, SCC antigen, and TPA levels in 

squamous cervical cancer predict lymph node metastases or prognosis? Gynecol Oncol 

2000;77:164-170.

27. Bonfrer JMG, Gaarenstroom KN, Kenter GG, Korse CM, Hart AAM, Gallee MPW, 

Helmerhorst ThJM, Kenemans P: Prognostic significance of serum fragments of cytok-

eratin 19 measured by CYFRA 21-1 in cervical cancer. Gynecol Oncol 1994;55:371-375.

28. Bonfrer JMG, Gaarenstroom KN, , Korse CM, Van Bunningen BNFM, Kenemans P: 

Cyfra 21-1 in monitoring cervical cancer: a comparison with tissue polypeptide anti-

gen and squamous cell carcinoma antigen. Anticancer Res 1997;17:2329-2334. 

29. Molina R, Filella X, Augé JM, Bosch E, Torné A, Pahisa J, Lejarcegui JA, Rovirosa A, 

Mellado B, Ordi J, Biete A: CYFRA 21.1 in patients with cervical cancer: comparison with 

SCC and CEA. Anticancer Res 2005; 25:1765-1772.

30. Takeda M, Sakuragi N, Okamoto K, Todo Y, Minobe S-I, Nomura E, Negishi H, 

Oikawa M, Yamamoto R, Fujimoto S: Preoperative serum SCC, CA125, and CA19-9 levels 



104 PART B - CHAPTER VI

B

and lymph node status in squamous cell carcinoma of the uterine cervix. Acta Obstet 

Gynecol Scand 2002;81:451-457.

31. Massuger LFAG, Koper NP, Thomas CMG, Dom KEL, Schijf CPT: Improvement of clini-

cal staging in cervical cancer with serum squamous cell carcinoma antigen and CA125 

determinations. Gynecol Oncol 1997;64:473-476.



105A COMBINATION OF SERUM TUMOR MARKERS



BVII



Chapter VII

SCC-Ag, lymph node  
metastases and sentinel 
node procedure in  
early stage squamous  
cell cervical cancer.

Jonas van de Lande1

Elvira M. Davelaar1 

Silvia von Mensdorff-Pouilly1 

Tatjana J. Water1 

Johannes Berkhof2 

W. Marchien van Baal1 

Peter Kenemans1 and 

René H.M. Verheijen3 

Departments of 1Obstetrics and Gynecology and 2Epidemiology and 

Biostatistics, Vrije Universiteit Medical Center, Amsterdam, 

The Netherlands.
3University Medical Center Utrecht, Div. Women & Baby, 

Reproductive Medicine and Gynaecology, Utrecht, the Netherlands

Gynecologic Oncology; in press.



108

Abstract
 Objectives. We analyzed pretreatment SCC-Ag levels, lymph node (LN) 

status and disease outcome in early stage squamous cell (SCC) cervical cancer. 

 Methods. Serum SCC-Ag was measured before primary treatment in 91 

patients (FIGO stage IB1 72, IB2 10, and IIA 9). Of these 58 underwent laparo-

scopic sentinel lymph node (SLN) procedure next to pelvic lymphadenectomy.  

 Results. No false negative SLN were observed. SCC-Ag levels were higher 

in patients with positive LN compared to patients with negative LN (p = 0.010), 

but no difference was found in the SLN patients (p = 0.344). The accuracy to 

predict LN metastases of SCC-Ag at ROC established cutoff of 1.65 ng/mL and 

5.5 ng/mL was 76% and 78%, respectively, in stage IB1, and 53% and 79%,  

respectively, in stages IB2 + IIA. Whereas no deaths were observed in patients 

with negative LN and negative SCC-Ag levels (at previously established cutoff 

of 1.1 ng/mL), overall survival (OS) for patients with negative LN but elevated 

SCC-Ag was similar to that of patients with positive LN, irrespective of their 

marker levels (Kaplan-Meier analysis of all patients and in stage IB1, p = 0.002 

and p = 0.026, respectively). 

 Conclusions. SCC-Ag (>1.65 ng/mL) can predict LN metastases more  

accurately in stage IB1 than in stage IB2 + IIA. Since SCC-Ag levels above  

1.1 ng/mL are already associated with a poor prognosis, the marker seems 

to identify a subgroup of LN negative patients with occult disease that may 

benefit from full lymphadenectomy next to a SLN procedure. 

 Keywords: Squamous cell carcinoma; early stage cervical cancer; sen-

tinel node; lymph node metastases; SCC-Ag; prognosis.
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Introduction
 Cervical cancer is the second most common cancer in women world-

wide, and accounts for 9% of female cancer deaths. It is much more common 

in developing than in developed countries, reflecting the effect of screening 

programs on cervical cancer incidence in the latter. Age-adjusted survival 

varies between 61% and 41% in developed and developing countries, respec-

tively [1]. 

 The current International Federation of Gynecology and Obstetrics 

(FIGO) staging system for cervical cancer [2] does not take into account pelvic 

LN status, which is a major prognostic factor for disease outcome [3,4].  

To establish the best mode of primary treatment and limit the morbidity as-

sociated with the need of pelvic radiotherapy after radical hysterectomy, im-

aging techniques and surgical staging procedures are used to assess extent 

of local disease and LN status [5].

 Approximately 80% of cervical cancer cases are SCC carcinomas.  

SCC-Ag is the serum tumor marker most commonly used for clinical moni-

toring of SCC cervical cancer [6-9]. Elevated pre-treatment SCC-Ag levels 

correlate with extent of disease (tumor diameter, depth of cervical stromal  

invasion (DSI), lymphovascular space invasion (LVSI), parametrial involve-

ment (PI) and LN metastasis), and, in some studies, with bad prognosis [10-18]. 

 The present study investigates whether pretreatment SCC-Ag levels 

correlate with LN status defined by laparoscopic SLN biopsy and/or pelvic 

lymphadenectomy, to analyze its utility as an adjunct to SLN procedures. 

Furthermore, the prognostic value of pretreatment SCC-Ag levels was ana-

lyzed as a possible means of defining patients at high risk of recurrence that 

may benefit from primary therapy other than that warranted by current 

clinical parameters and staging, i.e. more extensive surgery or chemoradia-

tion instead of surgery. 

Materials and methods

Serum samples and study population
 SCC-Ag was measured routinely before primary treatment in 91  

patients with SCC cervical cancer (FIGO stage IB1 72, IB2 10, and IIA 9) treated 

at the VU University Medical Center between 1996 and 2006. Patients with 

a prior or concomitant history of malignancy were excluded from the study. 

SCC-AG, LYMPH NODE METASTASES AND SENTINEL NODE PROCEDURE
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All patients underwent full (laparoscopic) lymphadenectomy, which was pre-

ceded by laparoscopic SLN procedure in 58 patients, as previously described 

[19]. In summary, patients received a pre-operative intracervical injection of 

technetium-99m colloidal albumin and blue dye, SLN were identified and 

separately removed via laparoscopy. If SLN were negative for malignant cells, 

a laparoscopic pelvic LN dissection followed by radical hysterectomy (abdom-

inal or vaginal) was performed. If SLN showed malignant cells, full LN dissec-

tion was performed up to the next tumor free level, and the patient received 

radiotherapy or chemoradiation therapy. Table 1 lists the clinicopathological 

characteristics of the patients and their primary treatment. Information on 

patient outcome was available in all patients. The principal events analyzed 

were recurrence and death. Disease-free survival (DFS) was defined as the 

time elapsed between the start of primary treatment and the first reappear-

ance of cervical cancer at any site, or the date of the last visit for patients 

with no evidence of disease. OS was defined as the time elapsed between pri-

mary treatment and death, or the date of the last visit for all other patients. 

All deaths were cervical cancer related.

 Blood samples were obtained by venous puncture, allowed to clot at 

room temperature, centrifuged, and analyzed.

 Procedures followed were in accordance with the Helsinki declaration 

of 1975, as revised in 1983, and in accordance with the guidelines for re-

search of our institute.

SCC-Ag assay
 SCC-Ag [20] was analyzed routinely at each patient’s visit to the out-

patient clinic with a microparticle enzyme-immunoassay system (IMx,  

Abbott Diagnostics, Chicago, IL). The cutoff level recommended by the manu-

facturers is 1.5 ng/mL. 

Statistical methods
 Statistical analysis was performed using SPSS software (Version 15.0, 

SPSS Inc, Chicago, IL.). SCC-Ag levels and LN status were evaluated by the 

receiver-operating characteristic (ROC) method [21], and the diagnostic val-

ue calculated for SCC-Ag cutoffs extracted from the curve. The ‘best’ cutoff 

was determined by maximization of the sum of the sensitivity and specifi-

city. Assay results in patient groups were analyzed using the Mann-Whitney  

U test. The distribution of marker levels above or below the cutoffs was  
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analyzed in contingency tables according to clinicopathological characteris-

tics with the Pearson χ2  test or, when the sample size was small (any one cell 

with expected count < 5), the Fisher’s exact test. Univariate and multivariate 

analysis of DFS and OS was performed in the total population using the Cox 

proportional hazards regression model [22]. The model included as potential 

predictors the following clinicopathological features: age, histological grade 

(I + II vs. III), FIGO stage (IB1 vs. IB2 + IIA), LN involvement (negative vs. posi-

table	1.	Clinicopathological characteristic of the patients with SCC cervical cancer

characteristics n	 															FiGO	stage

Total (N = 91) IB1 (N = 72) IB2 (N = 10) IIA (N = 9)*

Median age, years (range) 42 (23 – 89) 42 (25 – 89) 48 (23 – 74) 41 (29 – 75)

Histological grade
I
II
III
Not known

8
44
38
1

7
32
32
1

1
6
3
0

0
6
3
0

DSI†

≤ 15 mm
> 15 mm
Not known

56
17
5

50
7
5

3
5
0

3
5
0

LVSI†

Absent
Present
Not known

55
20
3

46
14
2

6
2
0

3
4
1

PI†

Absent
Present

73
5

59
3

6
2

8
0

Resection margins†

Free
Not free
Not known

70
7
1

60
1
1

5
3
0

5
3
0

LN metastases:
Absent
Present

66
25

55
17

7
3

4
5

SLN procedure
SLN Negative
SLN Positive
No SLN found

58
44
12
2

38
12
2

5
0
0

1
0
0

Primary treatment:
Radical hysterectomy
Rad. hysterectomy and radiotherapy
Rad. hysterectomy and chemoradiation
Radiotherapy
Chemoradiation

61
8
9
3
10

53
6
3
2
8

5
0
3
0
2

3
2
3
1
0

Recurrences, N (%) 17 (18.7) 8 (11.1) 4 (40.0) 5 (55.6)

Deaths, N (%) 14 (15.4) 6 (8.3) 4 (40.0) 4 (44.4)

Median DFS, years (range) 4.2 (0.3 – 10) 4.3 (0.5 – 10) 3.6 (0.3 – 7.5) 3.2 (0.3 – 10)

Median OS, years (range) 4.5 (0.5 – 10) 4.4 (1.0 – 10) 4.3 (1.1 – 7.5) 5.2 (0.5 – 10)

*Three patients had tumors < 4 cm; †radical hysterectomy, N = 78.
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tive), tumor diameter (< 4 cm vs. ≥ 4 cm), and SCC-Ag levels entered as a con-

tinuous variable. PI (absent vs. present), DSI (≤ 15 mm vs. > 15 mm), LVSI (absent 

vs. present) and resection margins (free vs. not free) were added to the model 

for evaluation in the patient population that underwent radical surgery  

(N = 78). The probability of DFS and OS in relation to a previously established 

SCC-Ag cutoff of 1.1 ng/mL [23] and LN status was analyzed using the Kaplan-

Meier method [24], and univariate comparisons between subgroups were made  

using a two-tailed log-rank test; tests with p values ≤ 0.05 were considered 

statistically significant.

Results

SCC-Ag levels and clinicopathological characteristics
 SCC-Ag levels in the study population are shown in Table 2. SCC-Ag  

levels did not differ significantly between stage IB2 and IIA. Stage IB1  

patients with positive LN, but not stage IB2 or IIA patients, had significantly 

higher levels of SCC-Ag than patients with negative LN (p = 0.044). Distribu-

tion of negative or positive SCC-Ag levels in relation to clinicopathological 

characteristics and disease outcome are displayed in Table 2. 

 The value of SCC-Ag to discriminate between patients with negative 

and positive LN was analyzed by receiver-operating characteristics (ROC) 

curves in the total population (Fig. 1A) and in stage IB1 (Fig. 1B). The ’best’ 

Figure	1.	Receiver-operating characteristic (ROC) curves for SCC-Ag comparing data obtained from patients 
with negative or positive LN in (A) the total population, and (B) stage IB1. The area under the curve is 0.675 
(standard error 0.068), p = 0.010 for (A), and 0.661 (standard error 0.085), p = 0.045 for (B). The ’best’ cutoff 
point (↓) corresponds to a SCC-Ag level of 1.65 ng/mL.
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cutoff was 1.65 ng/mL in both cases. SCC-Ag values of 3.95 ng/mL and 5.5  

ng/mL corresponded to a specificity of 90% and 95%, respectively, in the total 

population. The diagnostic value for LN involvement of these three cutoffs 

was analyzed in stage IB1, and in stages IB2 + IIA (Table 3). The specificity for 

LN involvement of the 1.65 ng/mL cutoff was much higher in stage IB1 than 

in stages IB2 plus IIA; this was reflected in the corresponding likelihood ra-

tios. The accuracy of the 1.65 ng/mL cutoff to predict LN involvement in stage 

IB1 was almost the same as that of a cutoff of 5.5 ng/mL in stage IB2 plus IIA 

(Table 3). 

 Laparoscopic SLN procedure was performed in 58 patients, followed by 

full lymphadenectomy to evaluate the accuracy of the results obtained and 

to treat patients according to common guidelines. All 44 patients with nega-
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table	2. SCC-Ag levels in relation to tumor characteristics and disease outcome

Scc-ag	(ng/ml) Scc-ag	>1.1	ng/ml Scc-ag	>1.65	ng/ml
n Median	(range) p	value* n	(%) p	value†													 n	(%) p	value†

Total 91 1.1 (0.3 – 60.8) 44 (47.3) 30 (32.2)
FIGO stage
  IB1
  IB2 + IIA

72
19

0.8 (0.3 – 12.0)
2.7 (0.5 – 60.8)

<0.001 28 (38.9)
15 (78.9)

0.008 18 (25.0)
11 (57.9)

0.023

Histological grade
  I
  II
  III

8
44
38

0.9 (0.3 – 3.8)
1.0 (0.3 – 60.8)
1.3 (0.3 – 9.2)

ns 3 (37.5)
20 (45.5)
20 (52.6)

ns 1 (12.5)
12 (27.3)
16 (42.1)

ns

Tumor diameter
  <4cm
  ≥4cm

75
16

0.9 (0.3 – 12.0)
3.0 (0.5 – 60.8)

<0.001 30 (40.5)
13 (76.5)

0.007 18 (24.3)
11 (64.4) 

0.001

DSI
  ≤ 15 mm
  > 15 mm

56
17

0.7 (0.3 – 12.0)
3.0 (0.5 – 60.8)

<0.001 16 (28.6)
14 (82.4)

<0.001 10 (17.9)
11 (64.7)

<0.001

LVSI
  Absent
  Present

55
20

0.7 (0.3 – 12.0)
1.2 (0.3 – 60.8)

ns 21 (38.2)
10 (50.0)

ns 14 (25.5)
6 (30.0)

ns

PI
  Absent
  Present

73
5

0.8 (0.3 – 10.0)
11.0 (1.4 – 60.8)

0.001 29 (39.7)
5 (100.0)

0.013 18 (24.7)
4 (80.0)

0.021

Resection margins
  Free
  Not free

70
7

0.7 (0.3 – 12.0)
6.0 (1.2 – 60.8)

0.001 26 (37.1)
7 (100.0)

0.002 16 (22.9)
5 (71.4)

0.014

LN metastases
  Absent
  Present 

66
25

0.9 (0.3 – 45.0)
2.1 (0.3 – 60.8)

0.010 28 (42.4)
15 (60.0)

ns 15 (22.7)
14 (56.0)

0.002

SLN
  Negative
  Positive

44
12

0.7 (0.3 – 12.0)
1.1 (0.3 – 4.7)

ns 14 (31.8)
6 (50.0)

ns 10 (22.7)
5 (41.7)

ns

Recurrences
  no
  yes 

74
17

0.9 (0.3 – 45.0)
2.8 (0.3 – 60.8)

0.003 30 (40.5)
13 (76.5)

0.014 20 (27.0)
9 (52.9)

0.039

Deaths
  no
  yes

77
14

0.9 (0.3 – 45.0)
2.7 (0.3 – 60.8)

0.004 32 (41.6)
11 (78.6)

0.018 21 (27.3)
8 (57.1)

0.027

* Mann-Whitney U test; †Pearson χ2 test; ns = not significant.
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tive SLN had negative nodes at subsequent lymphadenectomy. From the 12 

patients with positive SLN, 9 had no further positive LN, the other three had 

1, 5 and 6 additional positive LN. No SLN could be detected in two patients: 

one (SCC-Ag 0.5 ng/mL) was LN negative, and the other (SCC-Ag 2.1 ng/mL) 

had 2 positive LN detected by lymphadenectomy. SCC-Ag levels did not differ 

significantly between patients with negative or positive SLN (Table 2). ROC 

curve analysis in this smaller group of patients was less informative than in 

the total population (results not shown).

SCC-Ag levels and outcome of disease
 Cox regression analysis of DFS and OS in relation to disease character-

istics and SCC-Ag levels was performed in the total population (Table 4). Age 

and grade were not significantly associated with DFS and OS in univariate 

analysis. Multivariate analysis identified stage and LN status as the only in-

dependent predictors for DFS and OS.

 PI, LVSI and resection margins, but not DSI, were significantly associ-

ated with DFS and OS in univariate analysis in the population that under-

B
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table	3. Diagnostic value of SCC-Ag for LN involvement in stage IB1, and in stages IB2 + IIA

iB1	(n	=	72) iB2	+	iia	(n	=	19)
Scc-ag,	cutoff 1.65	ng/ml 3.95	ng/ml 5.5	ng/ml 1.65	ng/ml 3.95	ng/ml 5.5	ng/ml
Sensitivity 53% 18% 12% 63% 63% 63%
Specificity 84% 95% 98% 46% 73% 91%
PPV 50% 50% 67% 46% 63% 83%
NPV 85% 79% 78% 63% 73% 77%
Accuracy 76% 76% 78% 53% 68% 79%
LR
95% CI

3.3
1.3 – 8.3

3.6
0.2 – 55.7

6.0
0.1 – 432.7

1.2
0.4 – 3.4

2.3
0.6 – 8.9

7.0
0.8 – 59.7

PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio (sensitivity/1–specificity); 
CI, confidence interval.

table	4. Disease characteristics and SCC-Ag levels evaluated for an association with outcome of disease in 
the total population (N = 91)

OS DFS

Factors Hr	(95%	ci) p	value Hr	(95%	ci) p	value

Univariate analysis

Stage IB1 vs. IB2 + IIA 4.46 (1.50 – 13.22) 0.004 5.11 (1.97 – 13.25) <0.001

LN neg. vs. pos. 5.32 (1.78 – 15.90) 0.001 3.29 (1.27 – 8.55) 0.009

Tumor diameter <4cm vs. ≥4cm 3.79 (1.29 – 11.16) 0.010 4.70 (1.81 – 12.19) <0.001

SCC-Ag (ng/mL) 1.03 (1.00 – 1.07) 0.031 1.03 (1.00 – 1.07) 0.019

Multivariate analysis

Stage IB1 vs. IB2 + IIA 3.42 (1.12 – 10.45) 0.031 4.39 (1.67 – 11.56) 0.003

LN neg. vs. pos. 4.27 (1.40 – 13.00) 0.011 2.66 (1.01 – 7.00) 0.048

HR, hazard ratio
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went radical hysterectomy. Only the state of the resection margins was an 

independent predictor for DFS and OS, together with stage and LN status 

(results not shown).

 A clinical SCC-Ag cutoff level of 1.1 ng/mL defined in an earlier ret-

rospective study by maximizing the log-rank statistics for OS in the total 

population [23] was confirmed as the most informative cutoff in the present 

prospective study. Kaplan-Meier analysis of SCC-Ag ≤ 1.1 ng/mL (SCC-Ag nega-

tive) or > 1.1 ng/mL (SCC-Ag positive) in the total population showed a lower 

probability of DFS (68% vs. 91%, p = 0.013) and OS (55% vs. 93%, p = 0.031) for 

patients with positive than for patients with negative SCC-Ag. These differ-

ences did not remain significant after adjusting for stage (DFS, p = 0.179; OS, 

p = 0.100). After adjusting for LN status, differences remained significant for 

DFS (p = 0.038), but not for OS (p = 0.104). 

SCC-AG, LYMPH NODE METASTASES AND SENTINEL NODE PROCEDURE

Figure	 2.	 Kaplan-Meier graphs of OS (A and B), and DFS (C and D) in relation to SCC-Ag and LN status 
in the total population (A and C) and in stage IB1 (B and D). – . – . – SCC-Ag negative and LN negative (–/–); 
                  SCC-Ag positive and LN negative (+/–);  ................ SCC-Ag negative and LN positive (–/+); - - - - - - - - - - - 
SCC-Ag positive and LN positive (+/+).
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 Kaplan-Meier analysis of OS and DFS in the total population and in 

stage IB in relation to SCC-Ag and LN status divided into four groups (-/-, 

+/-, -/+, and +/+, respectively), is displayed in Fig. 2. No deaths and only one  

recurrence was observed in the 38 patients with negative LN and SCC-Ag 

(-/-), of whom 37 were stage IB1. In the total population (Fig. 2A and 2C), OS  

(p = 0.025) and DFS (p = 0.011) probability was higher for patients with nega-

tive SCC-Ag and LN (-/-) than for patients with positive SCC-Ag and negative 

LN (+/-). The same was observed in stage IB1 (Fig. 2B and 2D), but differences 

did not reach significance (OS, p = 0.087; DFS, p = 0.085). In stage IB1, outcome 

of disease of patients with positive SCC-Ag and negative LN (+/-) did not differ 

significantly from that of patients with positive LN with either negative (-/+) 

or positive SCC-Ag (+/+).

Discussion

 Radical surgery and radiotherapy have equal cure rates in stage IB-IIA 

SCC cervical cancer, but a combination of them results in increased morbid-

ity [25]. The objective of LN mapping is to reject radical surgery in favor of 

chemoradiation in case of tumor positive nodes. With appropriate detection 

techniques, the false negative rate of SLN biopsy is very low [26], and, it may 

become possible to rely on the SLN and avoid full lymphadenectomy in all pa-

tients. However, the safety of omitting a complete pelvic lymphadenectomy 

after a negative SLN biopsy is still not clear, since it has been shown that 

metastatic disease may be detectable only at a molecular level [27], and this 

may have an influence on prognosis [4]. A tumor marker that could identify a 

subgroup at higher risk, particularly within the SLN-negative cases, would be 

useful for decision making. Since elevated marker levels are associated with 

a worse prognosis, node negative patients with raised SCC-Ag may benefit 

from a full lymphadenectomy to clear submicroscopic disease.

 In agreement with previous reports [10-16], we found a correlation be-

tween clinicopathological tumor characteristics and SCC-Ag levels. Although 

SCC-Ag levels correlated with LN status, the overall clinical performance of 

the marker to predict LN involvement was poor. The differences in accuracy 

and likelihood ratio of the ‘best’ cutoff value (1.65 ng/mL) between stage 

IB1 and stages IB2 + IIA probably reflect the effect of tumor size on SCC-Ag  

levels in the latter. Because of smaller tumors in stage IB1, an elevated marker 
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is more likely to reflect the presence of LN metastases in it than in higher  

stages. Thus, 53% of stage IB1 patients with SCC-Ag>1.65 ng/mL had positive 

LN, as opposed to 16% of the patients with values ≤ the cutoff. However, in 

stages IB2 + IIA the percentage of patients with positive LN and values > or 

≤1.65 ng/mL was almost the same (63% and 55%, respectively). In IB1, a cut-

off of 5.5 ng/mL was highly specific for LN involvement (98%), but the cor-

responding sensitivity was very low (12%). This is reflected in the wide confi-

dence interval of the likelihood ratio. Nevertheless, SCC-Ag assessment may 

contribute to identify a subgroup of IB1 cervical cancer patients at high risk 

for LN involvement, and could serve as an adjunct to SLN, to define patients 

that would benefit from a full lymphadenectomy.

 Stage and LN status were the most important prognostic factors for 

outcome of disease. SCC-Ag levels have been associated to disease outcome, 

but the cutoff levels employed vary from study to study. A SCC-Ag cutoff value 

of 3.0 ng/mL was significantly associated with disease outcome in patients 

with SCC cervical cancer stages IA2 to IIB [14]. In early stage SCC cervical 

cancer, preoperative serum SCC-Ag levels > 1.9 ng/mL correlated significantly 

with the need of postoperative radiotherapy [16]. In stage IB1 patients with 

no indication for adjuvant radiotherapy, recurrences were more frequent in 

patients with elevated pre-treatment SCC-Ag (15%) than in patients with nor-

mal SCC-Ag levels (1.8%) [16]. A cutoff level for SCC-Ag of 1.1 ng/mL defined 

as being associated with a bad prognosis in a previous retrospective study 

[23], was confirmed as the most informative in the present prospective study. 

Although SCC-Ag positive patients showed a lower DFS and OS in the total 

population, these differences were not significant when adjusting for stage, 

suggesting that elevated SCC-Ag reflects tumor size, and thus poor outcome. 

In patients with negative LN, however, elevated SCC-Ag identifies a subset of 

patients with poor disease outcome, and is possibly indicating the presence 

of occult disease (Fig. 2).

 More reliable information may be obtained by combining SCC-Ag with 

other markers. Recently, we showed that SCC-Ag and CYFRA 21-1 (cytokera-

tin 19) together identify patients with early stage cervical cancer with poor 

disease outcome independent of stage, LN status and tumor size [23]. Cytok-

eratin 19 identifies LN micrometastases [27], and elevated marker levels may 

be related to their presence.

 In conclusion, SCC-Ag correlates with both OS and DFS, most likely as 

a reflection of extent of disease. In stage IB1, high SCC-Ag levels are strongly 

SCC-AG, LYMPH NODE METASTASES AND SENTINEL NODE PROCEDURE
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suspicious of the presence of LN metastases, but lower values do not exclude 

them. At present studies suggest that a SLN procedure, with the advantage 

of reduced morbidity compared to full lymphadenectomy, may be adequate, 

sufficient and safe in early stage cervical carcinoma. Nevertheless, patients 

with negative SLN but elevated SCC-Ag may benefit from full lymphadenec-

tomy to address occult disease. Whether this subgroup of patients would 

benefit from chemoradiation rather than surgery, to avoid the necessity of a 

combination of radical treatments, should be evaluated in clinical trials.

 Acknowledgements: This study was supported by the Biocare Foundation.
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 In the present thesis we examined the technical performance of  

some CA 125 assays, as well as their utility to discriminate between benign 

and malignant gynaecological diseases, and studied the clinical use of  

various serum tumour markers in the management of ovarian and cervical  

cancer.

Ovarian cancer

CA 125 assays
 CA 125 is firmly established in the clinic as a valuable tool for moni-

toring response to therapy and for early detection of recurrence in patients 

with epithelial ovarian cancer. The CA 125 assay has evolved from a manual, 

homologous radio-immunoassay employing the OC125 monoclonal antibody 

(MAb) labelled with 125I [1], to automated, heterologous (incorporating the 

M11 MAb), enzyme-linked immunoassays, which are more efficient and user-

friendly [2]. Our comparative study of seven CA 125 immunoassays showed 

that the second generation CA 125 assays and assays applying MAbs of the 

M11 group are highly concordant with each other and with the original ho-

mologous Centocor CA 125 assay [Chapter 2]. It was assumed that the use 

of two different antibodies would improve the sensitivity and specificity of 

the assay [3]. However, we found highly similar results for sensitivity, spe-

cificity, positive and negative predictive values, and overall test accuracy for 

ovarian cancer with all seven assays. This concordance was also reflected in 

nearly identical ROC curves. In a recent study, Mongia et al compared seven 

automated CA 125 immunoassays, and these authors also found acceptable  

performance characteristics and good comparison between the immuno-

assays [4]. 

 We can conclude that, from the point of view of the technical and  

clinical performance of second-generation CA 125 assays, it is immaterial 

which CA 125 assay is used in daily gynaecological practice. Although our 

studies show high comparability of results obtained with different CA 

125-detecting assays, there are, however, small differences between them 

in the absolute CA 125 values measured. Therefore, it is recommendable to 

use one and the same assay throughout the follow-up period of an individual  

patient, as the trend of CA 125 concentrations may reflect disease activity 

more correctly than the absolute values of the marker. For this reason, a 
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change of assay method should be preceded by a period of  time  of a few 

months where the two assays, the old and the new, are tested side-by-side.

 The introduction of M11, a MAb directed to an antigenic region differ-

ent from that recognized by OC125, into the CA 125 assay failed to improve 

its ability to diagnose ovarian cancer. Substitution of OC125 with another 

antibody of the same family, as in the ACS:OV serum assay, also did not influ-

ence assay performance. A clinical and technical evaluation of the ACS:OV 

serum assay, and comparison with three other CA 125-detecting assays gave 

highly comparable results between all four assays [Chapter3], in spite of a dif-

ferent MAb combination and sequence in the ACS:OV assay. The latter uses 

MAb B27.1 (OC125-like) as capture antibody and CCD242 (M11-like) as tracer 

antibody, whereas the other assays have M11 as capture and OC125 as tracer 

antibodies. Also, in contrast to the Roche-Enzymum CA 125 II assay and to a 

lesser extent to the Centocor CA 125 assay, the Bayer ACS:OV assay was hardly 

sensitive to human anti-mouse antibody (HAMA) interference. As HAMA may 

lead to falsely elevated marker concentrations in serum from patients who 

have received murine MAbs for diagnostic or therapeutic purposes limiting 

the use of CA 125 for disease monitoring [5], the Bayer ACS:OV assay could be 

the assay of choice in clinical practice. 

 CA 125 is a highly glycosylated molecule that contains 24-28% carbohy-

drates [6,7]. A recent study showed distinct differences in carbohydrate com-

position between CA 125 isolated from amniotic fluid and that isolated from 

an ovarian carcinoma cell line (OVCAR-3), suggesting that MAb directed 

against CA 125 glycoforms  could improve the diagnostic potential of CA 125 

assays [8].

CA 125 in differential diagnosis
 For women presenting with a pelvic mass, it is desirable to know  

preoperatively whether the mass is likely to be benign or malignant. Strong 

suspicion of malignancy should prompt referral of the patient to a special-

ized gynaecological oncology unit to guarantee, should it prove necessary, 

optimal disease staging and debulking [9]. Several studies have shown that 

optimal debulking is associated to a better outcome of disease in patients 

with ovarian cancer, and patients that undergo surgery in a specialized unit 

have a better outcome than those operated on by general gynaecologists 

or general surgeons [10-13]. The ability of CA 125 to discriminate between  

ovarian cancer and benign pelvic tumours in patients presenting with a  
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pelvic mass is limited by its low sensitivity for early stage ovarian cancer, and 

by spurious elevations in premenopausal women (menstrual cycle, endome-

triosis). We investigated whether or not the addition of two other tumour 

markers, CA 15-3 and CA 72.4, to CA 125 results in a better discrimination 

between benign and malignant disease. This study was done in 412 patients 

presenting with a pelvic mass, including 129 patients with benign ovarian 

tumours and 133 patients with ovarian carcinoma [Chapter 4]. Taken individ-

ually, the highest specificity for malignancy was obtained with CA15-3, and 

the highest sensitivity with CA 125. A combination of all 3 serum tumour 

markers below the cut-off level did not exclude malignancy. Elevated levels 

of all 3 markers resulted in a positive predictive value for malignancy of 97%. 

However, the high specificity of the positive marker combination (99%) was 

coupled to a low sensitivity: only 28% of malignant cases in the total group, 

and 41% of the ovarian carcinoma patients had a concomitant elevation of 

all 3 markers. This could be explained by the fact that our study population 

consisted of a mixed group of pre- and postmenopausal women, and CA 125 

fluctuations in the premenopause were not taken into consideration. A risk 

of malignancy index (RMI) that incorporates menopausal status to CA 125 

and ultrasonography estimated the probability of malignant potential for a 

pelvic mass with a sensitivity of 85% and a specificity of 97% [14,15]. A recent 

study [16] found that adding CA 125 to clinical and ultrasound information is 

unlikely to improve the preoperative characterization of an adnexal mass in 

premenopausal women. However, in postmenopausal women CA 125 alone 

and the RMI performed equally well, suggesting that the tumour marker 

panel evaluated in our study combined with vaginal ultrasonography could 

achieve a satisfactory discriminative power in postmenopausal women pre-

senting with a pelvic mass. 

 New technologies are leading to the identification of candidate mark-

ers for screening for and differential diagnosis of ovarian cancer. Candidate 

markers can be identified based on analysis of gene expression in normal 

ovarian epithelial cells and ovarian cancer tissue [17], and, subject to the 

availability of MAb, analysed for protein expression in tissue arrays, as well 

as for the presence of the antigen in serum [18]. Additional serum markers 

have been tested for their ability to distinguish malignant from benign  

pelvic masses and for screening for ovarian cancer [18,19]. Results showed 

promise for HE4, a member of a family of stable 4-disulfide core proteins 

whose function remains unknown [20]. HE4 was incorporated in a recent 
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study analyzing the use of a panel of 10 tumour markers (CA 125,  HE4, soluble 

mesothelin-related peptide, CA 72-4, activin A, inhibin, osteopontin, epider-

mal growth factor and Her-2) for the detection of ovarian cancer in 233 pa-

tients with a pelvic mass (67 epithelial ovarian cancers and 166 benign ovarian  

tumours) [21]. Results showed that HE4 had the highest sensitivity as a single tu-

mour marker, and was complementary to CA 125, for detecting ovarian cancer.  

 Proteomic analysis is attempting to identify distinctive patterns 

of peptide expression in serum that are associated to ovarian cancer [22].  

Furthermore, the field of proteomic analysis is contributing towards the 

identification of new markers that can be incorporated into individual  

assays for ovarian cancer screening by the identification of specific peptides 

associated with the disease [23].

 The use of a tumour marker panel for ovarian cancer screening and 

for discriminating between benign and malignant pelvic masses can be 

useful, but the measurement of multiple tumour markers is costly, and 

poses clinical and methodological challenges. In future, this task may be  

facilitated by new assays that are being developed based on multiplex plat-

forms containing several antibodies (multiplex ELISA) allowing for analysis 

of several different analytes with as little as 50 μL of serum [24,25]. The per-

formance of any new marker for diagnosis and monitoring ovarian cancer 

should be judged against that of CA 125 [26].

CA 125 in the follow-up of ovarian cancer
 CA 125 is an excellent marker in therapy monitoring and early  

detection of recurrence. After debulking, a normalisation of CA 125 after 

3 courses of platinum-based chemotherapy has a significant longer disease 

free interval and survival period [27,28]. In 1992, approval was given by the 

U.S. Food and Drug Administration for the use of paclitaxel in combination 

with platinum compounds for the first-line treatment of ovarian cancer 

[29]. CA 125 is an excellent predictor of response not only in patients who 

are treated with platinum-containing therapy, but also in patients with re-

currence or progression of ovarian cancer who are treated with paclitaxel 

[30]. However, later studies found that changes in CA 125 from baseline did 

not always relate with disease status in these patients [31,32]. Therefore, we  

studied whether or not CA 125 antigen serum concentrations were of any 

value in assessing tumour response during paclitaxel salvage treatment of 

patients with ovarian cancer [Chapter 5]. 
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 We found that serum CA 125 concentration is a weak indicator of  

response to paclitaxel treatment when response is defined according to the 

WHO classification (complete response, partial response, stable disease, and 

progressive disease). However, when taking survival as the ultimate goal of 

treatment, WHO defined response groups were either poorly related or not 

related to survival. On the other hand, a CA 125 ratio, defined as the CA 125 

measured after 4 courses of paclitaxel treatment divided by the CA 125 base-

line value, did predict survival better or at least as well as WHO groups.

 In a recent study, Riedinger and co-workers studied serial CA 125 con-

centrations determined during first line paclitaxel/ platinum chemotherapy 

in 130 stage IIC-IV patients. They found that a bi-exponential CA 125 decrease 

is an indicator of bad prognosis, also among those patients with a CA 125 half-

life ≤ 14 days. A bi-exponential pattern may reflect chemo-resistant tumours 

and mean that the therapy is partially ineffective [33]. Several definitions of 

CA 125 response have been proposed; a simple response definition based on 

50% decrease in CA 125 levels has recently been proposed by the Gynaecologi-

cal Cancer Intergroup (GCIG) [34]. Together with RECIST [35],  guidelines to 

define response and progression according to changes in CA 125 levels are 

been incorporated into clinical trials [26].

 In spite of new chemotherapeutic agents, cure of ovarian cancer  

remains elusive. Huang et al investigated the long-term impact of treat-

ment advances on the survival of patients with late-stage ovarian (n=27,243),  

colorectal (n=29,033) and testicular (n=1822) cancers by estimating the  

increase in the percentage cured from their disease and the change in sur-

vival time of uncured patients. Treatment improvement for ovarian cancer 

resulted in a total gain in life expectancy (GLE) of 2 years, and 80% of that 

GLE was because of an extension of survival time in uncured patients (from 

0.9 years to 2.1 years) rather than an increased cure fraction (from 12% to 

14%) [36]. In contrast, cure rates increased from 29% to 47% for colorectal 

cancer, and from 23% to  81% for testicular cancer. Future implementation 

of more effective screening modalities leading to ovarian cancer detection at 

an early stage, coupled to new forms of treatment for ovarian cancer that are 

being investigated in a number of ongoing clinical trials [37,38], will hope-

fully lead to a better disease outcome. 
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Cervical cancer

 Cervical cancer incidence and mortality rates have fallen in wealthy 

countries in the last 40 years. Screening programs have led to women  

being diagnosed at an earlier stage of disease and at a younger age. In North 

America, nearly half of cases are diagnosed before the age of 35 [39]. An accu-

rate individualization of therapy is of paramount importance for reduction 

of morbidity and, if need be, preservation of reproductive organs [40] with-

out running the risk of under treatment, as disease recurrence is generally 

only amenable to salvage therapy with very poor results. Treatment of early 

stage cervical cancer depends largely on tumour size and status of the lymph 

nodes, the latter constituting a major prognostic factor strongly linked with 

outcome of disease [41,42]. After surgical staging to establish lymph node 

status, patients with large tumours or positive lymph nodes receive primary 

radiotherapy or chemoradiation, and patients with negative lymph nodes  

undergo surgery, followed by adjuvant radiotherapy or chemoradiation if 

clinicopathological risk factors are present [43-46]. 

 In chapter 6 of this thesis we analyzed the utility of a panel  of serum 

tumour markers (SCC-Ag, CYFRA 21-1, CA15-3 and CA 125) to identify women 

with early stage squamous cell cervical cancer with poor disease outcome, 

as indicators of occult disease. In squamous cell carcinoma of the cervix, 

elevated pretreatment serum levels of SCC-Ag and CYFRA 21-1 have been as-

sociated with extent of disease and bad prognosis [47,48].  Studies have also 

found a significant association between elevated pretreatment CA 125 levels 

and the presence of lymph node metastases [49,50] and of vascular spread of 

disease [51].

 We found that a concomitant elevation of SCC-Ag >1.1 μg/L and CYFRA 

21-1 >1.4 μg/L defined a group of patients with poor outcome of disease, not 

only within the total population but also within FIGO stage IB. Lymph node 

positive patients with elevated SCC-Ag and CYFRA 21-1 had a very poor out-

come. Of more clinical interest, both markers above the cutoff identified a 

group of stage IB lymph node negative patients with poor prognosis, suggest-

ing the presence of occult disease. These patients may benefit from patient-

tailored adjuvant therapy. Our preliminary results justify the conclusion that 

the utility of this marker combination for risk stratification of early stage 

squamous cell cervical cancer should be studied prospectively in relation to 

outcome of disease, as well as in the context of clinical trials evaluating new 
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therapies, as additional inf ormation to clinicopathological characteristics 

of the tumour. 

 We also found that CA 125 and CA15-3 may have prognostic value in  

locally advanced cervical cancer. The low frequency of elevated levels in 

FIGO stage IB suggests that CA125 and CA15-3 are marginally useful in early 

stage cervical cancer, but should be evaluated as prognostic factors in locally 

advanced disease where they may be of use in the future when new modes of 

treatment become available for this group of patients. 

 In early stage cervical cancer, surgery is preceded by laparoscopic  

lymphadenectomy to evaluate lymph node status. In the presence of positive 

lymph nodes, radical surgery is abandoned in favour of chemoradiation, to 

avoid the comorbidity associated to joint radical treatments. The sentinel 

lymph node (SLN) procedure, currently safely used in breast cancer and  

malignant melanoma, is being intensively studied as an alternative to lapar-

oscopic lymphadenectomy for assessing the nodal status in early stage cervi-

cal cancer patients, showing good outcome results [52-54].

 Conceptually, sentinel lymph nodes are defined as the first lymph 

nodes draining the lymph flow from an organ, and, in case of malignant 

disease, will be the first to be affected by lymphatic dissemination of the tu-

mour [55]. Histologically tumour-negative sentinel lymph nodes predict that 

also the remaining lymph nodes will be negative [54]. The SLN procedure 

is based on the detection and assessment of this specific lymph node(s). It 

has the theoretical benefits of decreasing nerve, vessel and ureteral injuries, 

reducing blood loss and shortening operative time, so generally reducing 

the morbidity compared to current pelvic lymphadenectomy [53]. The best 

method for the detection of the sentinel node(s) seems to be a combination 

of technetium99m-labelled nanocolloid (99mTc) and blue dye [54]. At present, 

the accuracy of SLN procedures is being evaluated in patients undergoing re-

gional lymphadenectomy [56,57]. However, more research is required before 

it can replace current procedures as the standard surgical method for lymph 

node assessment [53-55,57]. 

 In Chapter 7 we studied whether pretreatment SCC-Ag levels corre-

late with the status of the pelvic lymph nodes defined by laparoscopic SLN 

biopsy and/or pelvic lymphadenectomy, to analyze the utility of the tumour 

marker as an adjunct to SLN procedures. We found that the utility of SCC-

Ag to predict lymph node metastasis in early stage squamous cervical can-

cer is limited to stage IB1 and high pretreatment serum levels (>5.5 ng/mL).  
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SCC-Ag is related to tumour volume and extent of disease. Therefore, due 

to the presence of smaller tumors in stage IB1, elevated levels of the marker 

>1.65 ng/mL already reflect the presence of  lymph node metastases with a 

higher accuracy in IB1 than in higher stages.

 The prognostic value of pretreatment SCC-Ag levels was analyzed as a 

possible mean of defining patients at high risk of recurrence that may benefit 

from primary therapy other than that warranted by current clinical parame-

ters and staging, i.e. chemoradiation instead of surgery. Strauss an colleagues 

[58] found that a SCC-Ag cutoff value of 3.0 ng/mL (2 times the 95 percentile 

serum concentration obtained in healthy women) was significantly associ-

ated with DFS and OS in patients with SCC cervical cancer FIGO stages IA2 to 

IIB.  In another study in early stage SCC cervical cancer, preoperative serum 

SCC-Ag levels>1.9 ng/mL correlated significantly with the need of postopera-

tive indication of radiotherapy [59]. In stage IB1 patients with no indication 

for adjuvant radiotherapy, recurrences were more frequent in patients with 

elevated pre-treatment SCC-Ag (15%) than in patients with normal SCC-Ag lev-

els (1.8%) [59]. In our studies, the clinical cutoff level for SCC-Ag of 1.1 ng/mL 

defined in Chapter 6 as being associated with a bad prognosis, was confirmed 

as the most informative in the prospective study described in Chapter 7. Out-

come of disease in stage IB1 patients with negative LN but elevated SCC-Ag 

(>1.1 ng/mL) was similar to that of patients with positive LN, irrespective of 

their marker levels, suggesting the presence of occult disease.

 A recent prospective study of SLN status and parametrial involvement 

in 158 patients with cervical cancer and tumours <3 cm found a close asso-

ciation between positive SLN and tumour involvement of the parametria. 

As  no parametrial involvement was found in women with negative SLN, the 

authors suggest that patients with small tumours and negative SLN would 

benefit from less radical surgery [60]. We consider that the relation between 

SCC-Ag and CYFRA 21-1 and outcome of disease in stage IB1 SCC cervical 

cancer patients should be further studied, as the markers may prove to be 

the only indicators of occult disease in some patients. Incorporation of the 

tumour markers into clinical trials as adjunct information may aid to eluci-

date their role for decision making in early stage disease.
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Conclusion

 New tumour markers and assay techniques may help to strengthen 

the role of CA 125 for ovarian cancer screening, and for discriminating  

between benign and malignant adnexal tumours. Regarding therapy moni-

toring (and early detection of recurrence) the full impact of the information 

provided by CA 125 will only be apparent with the advent of more effective 

modes of treatment for ovarian cancer.

 In cervical cancer, the combination of SCC-Ag and CYFRA 21-1 should 

be further investigated, as it constitutes a non-invasive, simple, easy to imple-

ment and low-cost procedure that may provide additional information on ex-

tent of disease to that obtained by imaging modalities and surgical staging. 
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 Serum tumour markers have been studied extensively to define their 

utility for diagnosis, prognosis, and therapy monitoring of cancer. In the 

present thesis we examined some aspects of the use of CA 125 for differential 

diagnosis and therapy monitoring of ovarian cancer, as well as the prognos-

tic value of a panel of tumour markers for squamous cell (SCC) early stage 

cervical cancer [Chapter 1]. 

Ovarian Cancer

 Ovarian cancer is a disease with a bad prognosis, primarily because it is 

generally diagnosed at a late stage. Although imaging techniques and tumour 

markers can contribute to the differential diagnosis of pelvic masses, no 

reliable screening method is available to detect ovarian cancer in an early 

stage. As CA 125 is used with success in patients with ovarian carcinoma to 

monitor the effect of chemotherapy and, in the follow up, for early detection  

of recurrence, reliable CA 125 assays are important clinical tools for the 

management of ovarian cancer.

 In Chapter 2, we compared the results of the clinical performance of 

seven serum CA 125 immunoassays obtained with first (homologous) and 

second (heterologous) generation CA 125 assays, and with assays applying 

other monoclonal antibodies (MAbs) than OC125 and M11. The ability of 

CA 125 to discriminate between benign and malignant pelvic disease was 

tested in serum obtained from 98 women with benign gynaecological dis-

ease, i.e. uterine fibroids (n = 15), endometriotic lesions (n = 26), and benign 

ovarian tumours (n = 57), and in 89 patients with adenocarcinoma of the 

endometrium (n = 23), colon ( n = 20) and ovary (n = 46). In the range of 0-1000 

kilounits/L, all assays tested were linearly correlated, with correlation coef-

ficients ranging from 0.89 to 0.99. In relation to the original Centocor CA 125 

assay, there was a tendency to measure higher absolute values in the lower 

CA 125 value range. No differences in the capacity to discriminate between 

benign pelvic disease and ovarian cancer was observed between the assays. 

Furthermore, the assays were tested in serial serum samples obtained from 

22 patients with ovarian cancer during treatment and follow-up. All seven 

assays showed similar patterns in all patients studied. We concluded that 

the seven immunoassays are highly concordant with each other and equally 
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reliable for quantification of serum CA 125, and that none of the tests  

offers higher diagnostic accuracy or better discrimination between patients 

groups. However, because of differences in CA 125 absolute values between 

the immunoassays, it is mandatory to use the same assay during the follow 

up period of an individual patient.

 In Chapter 3, we evaluated the technical and clinical performance of 

another CA 125 assay, the Bayer ACS:OV serum assay, and compared it to 

three other CA 125 immunoassays (Centocor CA 125 II, Abbot IMx CA 125 

and Roche Enzymun-Test CA 125 II assays). The assays were tested in serum 

samples obtained from 462 apparently healthy women, and before primary 

treatment from 153 patients with a benign ovarian tumour, 163 patients 

with epithelial ovarian cancer, and 10 patients with a borderline ovarian tu-

mour, as well as in 78 serial samples obtained from 12 patients with ovarian 

cancer during treatment and follow-up. Moreover, serum samples obtained 

before treatment from 68 patients with endometrial cancer, 32 patients with 

adenocarcinoma of the colon,  and 136 patients with benign uterus tumours 

and endometriosis. The assays were tested for human anti-mouse antibodies 

(HAMA) interference in  serum samples from 10 patients (7 men and 3 women) 

who had developed HAMA after immunoscintigraphy with murine MAb.  

Although the MAbs used and their sequential order in the assay is different 

in the ACS:OV, its clinical performance was very similar to that of the other 

three assays. However, the ACS:OV assay had the advantage over the Roche 

Enzymun-Test CA 125 II assay, and to a lesser extent the Centocor CA 125 II, 

that it was less sensitive to HAMA interference, which makes it the assay of 

choice for monitoring response to treatment in clinical trials with murine 

MAb.

 In Chapter 4, the efficacy of a tumour marker panel (CA 125, CA 15-3 

and CA 72-4) to discriminate between benign and malignant pelvic masses 

was evaluated in serum samples obtained from 133 patients with ovarian 

carcinoma, 171 patients with benign pelvic tumours, and 15 patients with 

borderline tumours of the ovary. CA 125 was the most sensitive marker for 

ovarian carcinoma (81%). The highest specificity and positive predictive value 

was obtained with CA 15-3 antigen (95% and 92%, respectively). Considering a 

concomitant elevation of all 3 markers as positive (CA 125 >35U/mL, CA 15-3 

>30 U/mL, and CA 72-4 >3.5 U/mL), a positive predictive value for malignancy 
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of 97% was found. However, only 41% of the patients with ovarian carcinoma 

had a concomitant elevation of all 3 markers. Therefore, although the com-

bination of a simultaneously elevated level of CA 125, CA 15-3, and CA 72-4 

antigens was predictive for malignant disease in almost all cases, such con-

comitant elevation was found in few of the malignant masses. The present 

tumour marker panel seems inferior to tumour marker combinations with 

other test modalities, which include ultrasonography and/or physical exami-

nation and/or menopausal status or age. The discriminatory power of our 

study may have been affected by the fact that the menopausal status of the 

patients was not considered in the analysis.

 In Chapter 5 we analysed changes in serum CA 125 concentrations 

in 77 ovarian cancer patients during salvage treatment with paclitaxel, and 

related the results to tumour response and overall survival. Patients were 

assigned to 3 clinical response groups as defined by WHO criteria: partial 

remission, PR (n = 71), stable disease, SD (n = 22), and progressive disease, PD 

(n = 48). There were no complete responders.

 CA 125 values at the moment of clinical response allocation, the median 

survival duration, and the 3-year survival rate did not differ among WHO de-

fined response groups. For both the stable disease group and the re sponders, 

the slopes of the exponential CA 125 regression curves during paclitaxel 

treatment were negative. Response groups, as defined by CA 125 changes, i.e., 

halving or doubling of baseline values, after 4 courses were concordant with 

WHO defined response groups in only 27%, but predicted survival far better. 

In conclusion, our study confirmed that CA 125 changes in patients receiv-

ing paclitaxel treatment do not correlate with response allocations accord-

ing to WHO criteria. In particular, patients with clinically and radiologically 

defined progression will often not show an increase in CA 125 concentra-

tions from baseline. Those patients who do show doubling of CA 125 values, 

however, have a very poor prognosis. The CA 125 ratio, as determined after 

4 courses of paclitaxel treatment, may be a better indicator of response than 

WHO defined response status.
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Cervical cancer

 The incidence and mortality of cervical cancer in the Netherlands has 

diminished since the introduction of the cervical cancer screening program 

in 1996. Currently, treatment of early stage cervical cancer depends largely 

on the status of the lymph nodes, which are evaluated by imaging techniques 

and eventually by (laparoscopic) lymphadenectomy: patients without lymph 

node involvement undergo radical surgery, and patients with positive lymph 

nodes receive chemoradiation. Adjuvant radiotherapy or chemoradiation 

is given to surgical patients with high-risk tumour characteristics, such as 

large tumour diameter, high tumour grade, vascular invasion,  deep stromal 

infiltration, extension of tumours into resection margins and parametrial 

invasion. An accurate individualization of therapy, i.e. surgery or chemo-

radiation, is of paramount importance for reduction of morbidity without 

running the risk of under treatment, as disease recurrence is generally only 

amenable to salvage therapy with very poor results.

 In Chapter 6, we investigated the  utility of a panel of tumour markers 

(SCC-Ag, CYFRA 21-1, CA 15-3 and CA 125) to identify patients with early 

stage squamous cell cancer (SCC) of the cervix at high risk of recurrence 

and death that would benefit from patient-tailored adjuvant therapy. The 

tumour markers were measured in pretreatment serum samples obtained 

from 78 patients with SCC of the cervix (52 IB, 9 IIA en 18 IIB). All markers 

were significantly associated with overall (OS) and disease-free survival (DFS) 

in univariate analysis (p <0.001 in all cases). Multivariate analysis identi-

fied lymph node status as the strongest predictor for OS and DFS (p <0.001 

and p = 0.001, respectively), followed by CYFRA 21-1 (p = 0.060 and p = 0.027,  

respectively), and CA 15-3 (p = 0.082 and p = 0.017, respectively). Clinical cut-

off values for each marker were defined by maximizing the log-rank statistic 

for overall survival (OS) in the total population as 1.1 μg/L for SCC-Ag, 1.4 μg/L 

for CYFRA 21-1, 40 U/mL for CA 15-3, and 30 U/mL for CA 125. A concomitant 

elevation of SCC-Ag and CYFRA 21-1 (markers positive) defined a group of IB 

patients with significantly lower OS (p = 0.001) and DFS (p = 0.001). Stage IB 

patients with tumours <4 cm or with negative lymph nodes and markers 

positive had significantly poorer OS (p = 0.017 and p = 0.015, respectively)  

and DFS (p = 0.015 and p = 0.011, respectively) compared to all other patients 

in the same group, indicating that the marker combination may help to  
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identify early-stage cervical cancer patients with occult disease requiring  

adjuvant therapy. CA 125 and CA 15-3 both elevated (3 patients) were associ-

ated with an extremely poor prognosis, and may have prognostic value in 

locally advanced cervical cancer.

 SCC-Ag levels correlate with lymph node status, and the marker could 

be a useful adjunct to the still under investigation laparoscopic sentinel 

lymph node (SLN) procedure, once it is established in the clinic for the man-

agement of cervical cancer. 

 In Chapter 7, we analysed pretreatment SCC antigen levels in relation 

to lymph node status, clinicopathological tumour characteristics and out-

come of disease in 91 patients (72 IB1, 10 IB2 en 9 IIA) with early stage SCC 

of the cervix. Of these 58 underwent laparoscopic sentinel lymph node (SLN) 

procedure next to pelvic lymphadenectomy. No false negative SLNs were ob-

served. SCC-Ag levels correlated well with the clinicopathological character-

istics of the tumour. SCC-Ag levels were significantly higher in patients with 

tumours >4cm than in patients with smaller tumours. In the patients that 

underwent surgery (n = 78), SCC-Ag was significantly elevated in patients with 

parametrial involvement (p = 0.001), depth of invasion >15 mm (p >0.001), and 

tumour extension into the resection margins (p = 0.001), but was not related 

to histology grade and lymphovascular space invasion. SCC-Ag levels were 

higher in patients with positive lymph nodes (LN) compared to patients with 

negative LN (p = 0.010), but this difference was not significant in the SLN 

patients. The accuracy to predict LN metastases of SCC-Ag at ROC established 

cutoff levels of 1.65 ng/mL and 5.5 ng/mL was 76% and 78%, respectively, in 

stage IB1, and 53% and 79%, respectively, in stages IB2 + IIA. Whereas no 

deaths were observed in patients with negative LN and negative SCC-Ag levels 

(at previously established cutoff of 1.1 ng/mL, Chapter 6), OS was similarly 

reduced for patients with negative LN but elevated SCC-Ag and patients with 

positive LN, irrespective of their marker levels (Kaplan-Meier analysis of all 

patients and in stage IB1, p = 0.002 and p = 0.026, respectively). We conclude 

that in stage IB1, SCC-Ag >1.65 ng/mL can predict LN metastases more ac-

curately than in higher stages, probably because of the presence of smaller 

tumours in the former. Since SCC-Ag levels above 1.1 ng/mL are already asso-

ciated with a poor prognosis, this might point to a subgroup of patients that 

might benefit from full lymphadenectomy next to a SLN-procedure.  Further-

more, SCC-Ag levels above 1.1 ng/ mL may indicate the presence of occult 
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disease, and should be evaluated, together with other high-risk factors, for 

patient-tailored treatment.

 In Chapter 8 the results of the studies presented in this thesis are  

discussed in the light of recent developments in the field of tumour markers. 
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 Serum tumor merkstoffen of tumormarkers zijn uitgebreid onder-

zocht op hun toepasbaarheid voor diagnostiek, prognose en follow-up van 

kanker. In dit proefschrift bestuderen we het gebruik van CA 125 voor de 

differentiaal diagnose en tijdens de behandeling van ovariumcarcinoom.  

Tevens bestuderen we de voorspellende waarde van een tumormarker panel 

bij de lage stadia plaveiselcel carcinoom van de cervix [Hoofdstuk 1].

Ovariumcarcinoom

 Ovariumcarcinoom is een ziekte met een slechte prognose omdat 

deze meestal in een vergevorderd stadium wordt ontdekt. Beeldvormende 

technieken en tumormarkers kunnen behulpzaam zijn voor de differenti-

aal diagnose van een geconstateerde tumor in het bekken. Tot op heden is 

er geen betrouwbare methode die ovariumcarcinoom in een vroeg stadium 

kan ontdekken. Het bepalen van CA 125 in serum is succesvol gebleken  

tijdens de behandeling van ovariumcarcinoom en in de follow-up erna voor 

het vroegtijdig ontdekken van recidieven. Hierdoor hebben CA 125 testen 

een belangrijke plaats binnen het behandelplan van ovariumcarcinoom.

 In Hoofdstuk 2 vindt een klinische evaluatie plaats van zeven CA 125 

immunoassays. Hierbij wordt de eerste (homologe) generatie CA 125 im-

munoassay wordt vergeleken met de tweede (heterologe) generatie CA 125 

immunoassays, en met assays die andere monoclonale antilichamen (Mabs) 

bevatten dan OC125 en M11. Om onderscheid te maken tussen benigne en 

maligne tumoren in het bekken werden de CA 125 waarden vergeleken van 

98 vrouwen met een benigne gynaecologische ziekte, zoals myomen (n = 15), 

endometriose (n = 26), en benigne ovarium tumoren (n = 57), met 89 vrou-

wen met een adenocarcinoom van het endometrium (n = 23), colon ( n = 20) 

en ovarium (n = 46). In het bereik van 0-1000 kilo-eenheden/L, toonden alle  

assays lineaire correlatie, met correlatie coëfficiënten tussen de 0.89 tot 0.99. 

In verhouding tot de originele Centocor CA 125 assay, was er een tendens 

om hogere absolute waarden te meten in het bereik van de lagere CA 125 

waarden. Tussen de assays onderling werden geen verschillen gevonden om 

te differentieren tussen benigne tumoren in het bekken en ovariumcarci-

noom. Verder vond evaluatie plaats van de assays in serieel verkregen sera  

afkomstig van 22 patiënten met ovariumcarcinoom tijdens hun behandeling 
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en follow-up. Alle zeven assays toonden een gelijk verloop in alle bestudeerde 

patiënten. Onze conclusie is dat de zeven CA 125 immunoassays onderling 

niet verschillend zijn en betrouwbaar zijn voor de kwantificering van se-

rum CA 125. Ze hebben echter geen toegevoegde diagnostische meerwaarde  

tussen de verschillende patiënten groepen. Tijdens de follow-up van de indi-

viduele patiënt is het belangrijk om een en dezelfde test te gebruiken omdat 

de waarden van CA 125 kunnen variëren afhankelijk van de gebruikte assay. 

 In Hoofdstuk 3 vindt een technische en klinische evaluatie plaats van 

een andere CA 125 assay, de Bayer ACS:OV serum assay. Deze wordt vergele-

ken met drie andere CA 125 immunoassays (Centocor CA 125 II, Abbot IMx 

CA 125 en Roche Enzymun-Test CA 125 II assays). De assays werden getest in 

sera afkomstig van 462 gezonde vrouwen, 153 patiënten met een benigne 

ovarium tumor voor aanvang van behandeling, 163 patiënten met ovarium-

carcinoom, 10 met een borderline ovarium tumor, en 78 serieel verkregen 

sera van 12 patiënten met ovariumcarcinoom tijdens behandeling en follow-

up. Ook werd sera getest van 68 patiënten met adenocarcinoom van het  

endometrium en 32 van het colon, en van 136 patiënten met benigne uterus 

tumoren en endometriose. De assays werden ook getest op interferenties met 

humane anti-muis antilichamen (HAMA) in sera afkomstig van 10 patiënten 

(7 mannen en 3 vrouwen) die HAMA ontwikkelden na immunoscintigrafie 

met murine MAb. Ondanks het feit dat de ACS:OV andere MAbs gebruikt met 

een ander aangrijpingspunt in de assay, is de klinische toepasbaarheid verge-

lijkbaar met de andere drie assays. De ACS:OV assay heeft als voordeel op de 

Roche Enzymun-Test CA 125 II assay, en in mindere mate op de Centocor CA 

125 II, dat het minder gevoelig is voor interferenties met HAMA, wat de assay 

bij uitstek geschikt maakt om CA 125 tijdens behandeling te vervolgen in 

studies waar murine Mab is toegepast.

 In Hoofdstuk 4 wordt de toevoeging van een tumor marker panel (CA 

125, CA 15-3 and CA 72-4) geëvalueerd voor de differentiaal diagnose van 

benigne and maligne tumoren in het bekken in sera afkomstig van 133  

patiënten met ovariumcarcinoom, 171 patiënten met benigne tumoren in 

het bekken en 15 patiënten met een borderline ovarium tumor. CA 125 was 

de meest gevoelige tumormarker voor ovariumcarcinoom (81%). De hoogste 

specificiteit en positief voorspellende waarde werd verkregen met het CA 

15-3 antigeen (respectievelijk 95% en 92%). Indien de waarde van alle drie de 
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tumormarkers was verhoogd (CA 125 >35U/mL, CA 15-3 >30 U/mL, en CA 72-4 

>3.5 U/mL), werd een positief voorspellende waarde voor maligniteit gevon-

den van 97%. Echter, slechts 41% van de patiënten met ovariumcarcinoom 

bleek een gelijktijdige verhoging van alle drie de tumormarkers te hebben. 

Ondanks het feit dat gelijktijdig verhoogde waarden van  CA 125, CA 15-3, 

en CA 72-4 antigenen voorspellend zijn voor maligniteit in bijna alle geval-

len, werd een simultane verhoging slechts bij een aantal tumoren van het 

bekken gevonden. Het gekozen tumor marker panel lijkt minder betrouw-

baar ten opzichte van andere testmethoden zoals de echoscopie en/of het 

lichamelijk onderzoek en/of menopausale status en leeftijd. Een verklaring 

kan zijn dat in deze studie geen onderscheid werd gemaakt tussen pre- en 

postmenopausale vrouwen.

 In Hoofdstuk 5 worden veranderingen in serum CA 125 concentraties 

geanalyseerd in 77 patiënten met ovariumcarcinoom tijdens hun niet cura-

tieve 3e of 4e lijnsbehandeling met paclitaxel. Deze resultaten worden ver-

geleken met de tumor response en met de totale overlevingsduur. Patiënten 

werden onderverdeeld in drie klinische response groepen zoals gedefinieerd 

volgens de WHO criteria: partiële remissie, PR (n = 71), stabiele ziekte, SD (n = 

22), en progressieve ziekte, PD (n = 48). Er waren geen complete remissies.

 CA 125 waarden op het moment van vaststellen van klinische response, 

de mediane overlevingsduur en de 3-jaars overlevingsduur, toonden geen 

verschil met de volgens de WHO gedefinieerde response groepen. Voor de 

groepen met stabiele ziekte en remissie, waren de hellingen van de exponen-

tiële CA 125 regressie curven tijdens de behandeling met paclitaxel negatief. 

Response zoals gedefinieerd door CA 125 concentratie veranderingen, zoals 

halvering of verdubbeling van de uitgangswaarden na 4 kuren, kwam in 

slechts 27% overeen met volgens de WHO gedefiniëerde response groepen, 

maar konden de overleving beter voorspellen. Onze studie bevestigd dat CA 

125 veranderingen tijdens de behandeling van paclitaxel in ovariumcarci-

noom patiënten niet overeenkomt met de response uitkomst volgens WHO 

criteria. De patiënten met klinische en radiologische progressie tonen geen 

stijging van het CA 125 ten opzichte van het CA 125 gemeten aan het begin 

van de behandeling. Patiënten met een verdubbeling van de CA 125 waarde 

hadden echter een slechtere prognose. De CA 125 ratio, zoals bepaald na vier 

kuren met paclitaxel, is een beter voorspeller voor response, dan volgens de 

WHO gedefinieerde response.
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Cervixcarcinoom

 De incidentie en mortaliteit van cervixcarcinoom in Nederland is ver-

minderd sinds de introductie van het bevolkingsonderzoek voor screening 

op cervixcarcinoom in 1996. Momenteel wordt de behandeling van laag sta-

dium cervixcarcinoom voor het merendeel bepaald door lymfkliermetasta-

sen, welke met behulp van beeldvormende technieken en uiteindelijk met 

(laparoscopische) lymfklierdissectie worden bepaald: patiënten met tumor-

vrije lymfklieren ondergaan radicale chirurgische behandeling. Patiënten 

met lymfkliermetastasen krijgen chemoradiatie. Adjuvante radiotherapie of  

chemoradiatie wordt postoperatief gegeven aan patiënten met hoogrisico 

factoren zoals grote tumor diameter, hoge differentiatie graad, vasculair  

invasie, diepe stroma infiltratie, uitbreiding in de resectie vlakken en para-

metrium invasie.  Een nauwkeurige individualisatie van de behandeling,  

zoals radicale chirurgie of chemoradiatie, is erg belangrijk om de hoge mor-

biditeit van de behandeling te verminderen zonder het risico te lopen op 

onderbehandeling, aangezien bij tumor recidieven geen curatieve behande-

ling mogelijk is.

 In Hoofdstuk 6 wordt het gebruik van een tumor marker panel (SCC-

Ag, CYFRA 21-1, CA15-3 and CA 125) onderzocht om hoogrisico patiënten te 

kunnen identificeren in laag stadium plaveiselcel carcinoom van de cervix 

welke zouden kunnen profiteren van adjuvante therapie. De tumor markers 

werden bepaald in sera verkregen van 78 patiënten met plaveiselcel carci-

noom van de cervix (52 IB, 9 IIA en 18 IIB), voor aanvang van de behandeling. 

Alle markers waren statistisch significant voor de totale overleving en het 

ziektevrije interval in univariate analyse (p <0.001 in alle gevallen). Multi-

variate analyse toonde aan dat lymfklier status de belangrijkste voorspeller 

was voor de totale overleving en het ziektevrije interval (respectievelijk  

p <0.001 en p = 0.001), gevolgd door CYFRA 21-1 (respectievelijk p = 0.060 en 

p = 0.027), en CA 15-3 (respectievelijk p = 0.082 en p = 0.017). Klinische cut-off 

waarden voor elke tumor marker werd gedefiniëerd door het maximaliseren 

van de log-rank statistiek voor de totale overleving in de totale populatie: 1.1 

μg/L voor SCC-Ag, 1.4 μg/L voor CYFRA 21-1, 40 U/mL voor CA 15-3, en 30 U/mL 

voor CA 125. Een gelijktijdige verhoging van SCC-Ag en CYFRA 21-1 (positieve 

markers) definiëerde een groep van IB patiënten met een significant lager 

totale overlevingsduur (p = 0.001) en ziektevrij interval (p = 0.001). Stadium IB  
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patiënten met een tumordiameter <4 cm of met negatieve lymfklieren en  

positieve markers hadden eveneens een significant lagere overlevingsduur 

(respectievelijk p = 0.017 en p = 0.015) en korter ziektevrij interval (respec-

tievelijk p = 0.015 en p = 0.011) vergeleken met alle andere patiënten in de-

zelfde groep. De marker combinatie kan helpen bij de identificatie van laag 

stadium patiënten met cervixcarcinoom die occulte ziekte hebben en dus 

adjuvante therapie nodig hebben. Verhoogde CA 125 en CA 15-3 waarden  

(3 patiënten), ging gepaard met een zeer slechte prognose, en dit kan duiden 

op locale uitbreiding van cervixcarcinoom.

 Verhoogde SCC-Antigeen (SCC-Ag) waarden duidt op lymfklier meta-

stasen, en de tumor marker kan een waardevolle bijdrage leveren aan de  

(laparoscopische) sentinel lymph node (SLN) procedure. In Hoofdstuk 7 worden 

SCC-Ag waarden voor aanvang van behandeling geanalyseerd in relatie tot 

lymfklier status, klinisch-pathologische tumor kenmerken en ziekte uit-

komst in 91 patiënten (72 IB1, 10 IB2 en 9 IIA) met een laag stadium plaveisel-

cel carcinoom van de cervix. Hiervan ondergingen 58 patiënten een laparo-

scopische SLN procedure, gevolgd door pelviene lymfklier dissectie. Er 

werden geen vals negatieve SLNs gevonden. SCC-Ag waarden kwamen over-

een met klinisch-pathologische tumorkenmerken. SCC-Ag waarden waren 

significant hoger in patiënten met een tumordiameter >4 cm dan in patiën-

ten met een kleinere tumordiameter. In patiënten die geopereerd werden  

(n = 78), was SCC-Ag significant verhoogd in patiënten met parametrium  

invasie (p = 0.001), stroma invasie >15 mm (p >0.001), en positieve snijvlakken  

(p = 0.001), maar er was geen relatie met de differentiatie graad en invasie 

van de lymfovasculaire ruimte. SCC-Ag waarden waren hoger in patiënten 

met positieve lymfklieren in vergelijking met patiënten met negatieve lymf-

klieren (p = 0.010), maar dit verschil was niet significant in de SLN patiënten. 

De nauwkeurigheid om lymfklier metastasen te voorspellen met SCC-Ag in 

ROC curven, was bij cut-off waarden van 1.65 ng/mL en 5.5 ng/mL, respectie-

velijk 76% en 78% in stage IB1, en respectievelijk 53% en 79% in stages IB2 + 

IIA. Ondanks het feit dat er geen overledenen werden waargenomen in  

patiënten met negatieve lymfklieren en negatieve SCC-Ag waarden (bij een 

eerder vastgestelde cutoff van 1.1 ng/mL, Hoofdstuk 6), was de totale overle-

vingsduur zowel voor de patiënten met negatieve lymfklieren maar verhoogd 

SCC-Ag en voor patiënten met positieve lymfklieren, onafhankelijk van hun 

tumormarker waarde, verlaagd (Kaplan-Meier analyse van alle patiënten en 
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in stadium IB1, respectievelijk p = 0.002 en p = 0.026). We concluderen dat 

SCC-Ag >1.65 ng/mL in stadium IB1, lymfklier metastasen beter kan voorspel-

len dan in de hogere stadia, waarschijnlijk door de kleinere tumordiameter. 

Doordat SCC-Ag >1.1 ng/mL al gepaard gaan met een slechtere prognose, kan 

een subgroep van patienten worden geidentificeerd die mogelijk zou kunnen 

profiteren van volledige lymfklierdissectie naast de SLN-procedure. Boven-

dien duiden SCC-Ag waarden boven 1.1 ng/ mL op occulte ziekte, en zal  

verder moeten geëvalueerd, tezamen met andere hoogrisico factoren, of deze 

patiënten toch aanvullend behandeld moeten worden.

 In Hoofdstuk 8 worden de conclusies van de studies in dit proefschrift 

besproken en vindt vergelijking plaats met recente nieuwe ontwikkelingen 

van tumor markers.

SAMENVATTING





Dankwoord
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 Een proefschrift komt tot stand dankzij de hulp van velen en graag wil 

ik daarvan een aantal met name noemen.

 Allereerst alle patiënten die vrijwillig hun bloed hebben afgestaan 

voor wetenschappelijk onderzoek, waarvan vele inmiddels zijn overleden.

 Mijn promotor professor dr. P. Kenemans, beste Peter. Net zoals mijn  

voorgangster op 3Oost zou ik 2 jaar artsonderzoeker worden en 1 of 2 

publi caties schrijven. Gaandeweg bleek de serumbank nog voldoende mate -

riaal te bevatten om er een proefschrift van te maken. Een fulltime  

opleiding, 2 kleine kinderen en een partner met een startende huisarts-

praktijk gingen niet samen met het promoveren. Ik wil je bedanken voor je 

eindeloze geduld en begrip hiervoor. Jou snelle correcties cq commentaar 

heb ik als zeer positief ervaren. Ondanks de vertraging is het een mooi proef-

schrift geworden.

 Mijn andere promotor professor dr. R.H.M. Verheijen, beste René. Ook 

jij bleef stimuleren om het proefschrift af te ronden en je vertrek naar het 

UMC Utrecht heeft dat gelukkig niet in de weg gestaan. Altijd zeer snel met 

correcties en waardevol commentaar bij de concept artikelen. Dank!

 Mijn copromotor mevrouw dr. S. von Mensdorff-Pouilly, beste Silvia. 

Na het vertrek van Gerard van Kamp, en door het overlijden van Rob Ver-

straeten in 2007, was ik mijn beide copromotoren kwijt. Jij hebt toen voort-

varend hun taken overgenomen. Je bent met recht de stuwende (copro-)  

motor geweest, altijd klaar staand (ook voor een meeting bij jou thuis omdat 

we dan beide niet naar de VU hoefden te rijden) met jouw wetenschappelijke 

kennis van onschatbare waarde. Querida amiga Silvia, no se como agradecerte, 

muchísimas gracias por todo!

 Professor dr. C.W. Burger, beste Curt. Ik vind het een hele eer dat jij 

in de promotiecommissie zit. Via jou aangenomen in de VU en begonnen op 

3Oost. Het doornemen van de ‘bak’ aan het eind van de dag samen met René 

zal ik nooit vergeten. Helaas vertrok je naar het EMC Rotterdam toen ik als 

AGIO terug kwam in de VU.

 Professor dr. H.P. van Geijn, beste Herman. Fijn dat je in de promotie-

commissie wilt deelnemen, tenslotte ben je mijn opleider geweest. Het inter-

preteren van CTG’s heb ik van je geleerd. 

 De overige leden van de lees- cq promotiecommissie professor dr. M.A. 

Blankensteijn, professor dr. R.F.P.M. Kruitwagen, professor dr. B.J. Slotman, 

dr. M.J. Duk en dr. C.A. Yedema, wil ik danken voor het kritisch doorlezen 

van mijn proefschrift.
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 De mede-auteurs van de artikelen wil ik bedanken voor hun inspan-

ningen. Ook zij leverden een wezenlijke bijdrage aan dit proefschrift.

 Joan van der Heijden, lieve Joan, bedankt voor het altijd snel willen 

maken van afspraken met professor Kenemans en je luisterend oor voor mijn 

wel en wee. 

 Joost van Tol, beste Joost, het advies van Hanneke om jou voor de  

lay-out van mijn proefschrift in te schakelen, is het dubbel en dwars waard 

geweest.

 Mijn paranimfen, Coen van Guldener en Maarten Janssen. We kennen 

elkaar vanaf 1981 van onze studie en het kaarten buiten de college zalen, 

maar de vriendschap werd hechter na de introductie van de Commodore 64: 

wat een tijden toen! Ondanks onze verhuizingen naar elders zien we elkaar 

regelmatig en proberen we onze jaarlijkse wintersportvakantie er in te  

houden. Jullie waren eerder getrouwd, hadden eerder kinderen, eerder ge-

promoveerd en eerder gespecialiseerd: ik ben de laatste van ons groepje;  

ik vind het geweldig om jullie als paranimf naast me te hebben staan.

 Familie, vrienden, kennissen en collega’s: het heeft allemaal zo lang 

geduurd, dat op een gegeven moment niemand er meer naar durfde te  

vragen. Nu, het is er!

 Mijn ouders, lieve Don en Stan, jullie wil ik bedanken voor de moge-

lijkheid en het vertrouwen om jullie dochter in Nederland te laten studeren. 

Het blijft een afstand en het was lang niet altijd even gemakkelijk! Dankzij 

de komst van de kleinkinderen zien we elkaar nu 3 keer per jaar. Ik vind het 

fijn dat jullie dit mee kunnen maken.

 Jan, mi dushi, we kennen elkaar al 27 jaar, dat zegt dus genoeg. Je wilde 

wel actief mee helpen met het proefschrift maar ik liet dat, neurotisch als 

ik ben, niet toe. Gelukkig heb je veel achter de schermen voor me gedaan. 

Masha danki.

 Robert en Suzanne, jullie zijn het mooiste kado wat ik ooit in mijn 

leven heb gehad. Ondanks het fulltime kinderdagverblijf wegens fulltime-

werkende ouders en later op de basisschool de fantastische opvang door  

Monique (bedankt), zijn jullie toch echt mama’s kindjes. Omdat jullie al  

wat ouder waren, begrepen jullie dat het proefschrift te vergelijken was  

met een zeer groot werkstuk en de verdediging ervan met een zeer uit-

gebreide spreekbeurt. Vanaf nu hoef ik niet meer op zolder te werken en kan 

ik jullie gewoon weer op tijd komen ophalen.

DANK WOORD
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Ziekenhuis Leyenburg te Den Haag olv dr. G. Gerretsen (publicatie NTvG 

1991;135:613-615: Geen toename van het aantal mammacarcinomen bij sub-

cutaan estradiolgebruik), en werkte zij tot 1991 als oproepkracht bij de  
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