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d Department of Medical Biosciences, Pathology, Umeå University, Sweden
e Department of Obstetrics and Gynecology, Turku University Hospital and University of Turku, Turku, Finland
f Cancer Research Unit, Institute of Biomedicine and FICAN West Cancer Centre, University of Turku, Turku, Finland
g Department of Obstetrics and Gynecology, Sahlgrenska Centre for Cancer Research, Sahlgrenska University Hospital and Sahlgrenska Academy at Gothenburg 
University, Gothenburg, Sweden

A R T I C L E  I N F O

Keywords:
Epithelial ovarian cancer
Biomarkers
Glycovariant
CA125
Diagnostics

A B S T R A C T

Objective: To evaluate diagnostic accuracy of novel nanoparticle immunoassays across different histotypes of 
tubo-ovarian carcinoma (TOC) at diagnosis.
Method: This multicenter observational study consisted of consecutive patients (n = 1,312) having surgery due to 
suspected ovarian pathology. Serum were analyzed with Sialyl-Thomsen-nouveau (STn) antibody and 
Macrophage-Galactose-Lectin (MGL) for the detection of cancer antigen 125 (CA125) and 15-3 (CA15-3) gly
coforms using CA125 enzyme immunoassay (EIA), CA15-3EIA and HE4EIA as references. Receiver operating 
characteristics (ROC) were applied and sensitivity at 75 % and 98 % specificity were calculated across histotypes.
Result: TOC was present in 596 patients and 716 had benign disease. CA125STn showed higher sensitivity at 98 % 
specificity compared with CA125EIA for high grade serous ovarian carcinoma (HGSC) (0.85 vs 0.62, p < 0.001), 
HGSC early-stage (0.66 vs 0.24, p = 0.003), and HGSC late-stage (0.90 vs 0.69, p < 0.001). CA15-3STn showed 
higher sensitivity at 98 % specificity compared to CA125EIA for mucinous ovarian carcinoma (0.50 vs 0.16, p =
0.038). No improvements were found for low grade serous carcinoma (LGSC), endometrioid and clear cell his
totypes. The best performing combined biomarker test was CA125STn 

+ HE4EIA with higher sensitivity at 98 % 
specificity for HGSC (0.93 vs 0.86, p < 0.001) and HGSC late-stage (0.97 vs 0.91p < 0.001) compared with 
CA125EIA + HE4EIA.
Conclusion: The STn glycovariants of CA125 and CA15-3 have improved sensitivity at high specificity for high 
grade serous and mucinous ovarian carcinoma and often perform better than the commonly used biomarker 
CA125EIA.

Introduction

Detecting specific glycosylation patterns on a protein marker rather 
than the protein levels, as currently measured, could potentially increase 
the specificity and the sensitivity of the ovarian cancer (OC) biomarker 
assays [1]. Carcinomas originating in both the ovaries and the fallopian 

tubes are today included in epithelial derived OC, consequently the term 
tubo-ovarian carcinoma (TOC) has been suggested [2]. TOC is a heter
ogenous group of histological subtypes rather than a single disease en
tity. Each subtype has its own molecular and cellular profile, precursor 
lesion and spreading pattern as well as clinical presentation and prog
nosis [3]. The diagnostic performance of the tumor markers varies 
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across different histotypes [4,5], and performs best in high grade serous 
carcinoma (HGSC) which is usually detected at late stage. There is an 
intense interest to identify sensitive and specific biomarkers, that detect 
the whole panel of histological subtypes to allow early detection and 
diagnosis.

The two best biomarkers for early detection that are currently in 
clinical use, are cancer antigen 125 (CA125), the antibody-defined 
version of Mucin 16 (MUC 16), and human epididymis protein 4 
(HE4) [6]. However, these two biomarkers show insufficient sensitivity 
and specificity for the detection of early-stage TOC, as well as specific 
histotypes [7]. The carcinoma antigen 15-3 (CA15-3), the antibody- 
defined version of Mucin 1 (MUC1), is primarily a tumor marker for 
breast cancer but is reported to be elevated in TOC as well [8,9]. Gly
covariants of CA15-3 and CA125 have been reported to be elevated in 
ovarian cyst fluid [10].

Many glycoproteins undergo aberrant glycosylation during the ma
lignant process which occurs in many types of human cancers [11]. 
Lectins are the most widely used biorecognition agent for glycans but 
have poor binding strength. There are now results suggesting that 
detection of tumor specific glycan structures on glycoprotein biomarkers 
in serum samples is feasible, by using lectin coated fluorescent lantha
nide nanoparticles for detection [12] (Jain et al 2024, manuscript). The 
diagnostic performance of the method in the different TOC histological 
subtypes is not known.

The aim of the present study was to evaluate the diagnostic accuracy 
of the nanoparticle aided detection of CA125 and CA15-3 glycoforms 
across different histotypes of TOC at the time of diagnosis.

Methods

Study design

A cross sectional multicenter observational study was performed at 
three universities: Gothenburg and Umeå in Sweden, and Turku in 
Finland.

Study population

At the University hospital of Umeå, serum samples were collected 
1990–2016, at the Sahlgrenska hospital of Gothenburg 2016–2019, and 
at the University hospital of Turku 2009–2019. The recruitment and 
sampling processes were similar at all study centers. Consecutive pa
tients undergoing surgery due to suspected ovarian pathology were 
included after informed consent. Serum were drawn prior to surgery and 
any neoadjuvant chemotherapy.

Clinical stage and morphological classification
Diagnoses were validated by histopathological report review by se

nior consultant gynecologic pathologists at each study center, and 
adapted to the 2014 WHO pathologic classification of gynecologic tu
mors [13]. Cases classified before 2014 with a serous carcinoma grade 2 
diagnosis, were re-classified as either HGSC or LGSC after reassessment 
of tumor slides to avoid/diminish the risk of misclassification. Samples 
with metastases to the ovary with primary origin of cancer elsewhere 
and borderline ovarian tumors were excluded from the analysis. Women 
with carcinoma with the primary site in the ovary C56.9, fallopian tube 
C57.0 and peritoneum C48.1–2 were included and classified as TOC. The 
stage classification according to FIGO 2014 was retrieved by manual 
review of the medical records.

The reference serum were drawn from women with benign ovarian 
diseases undergoing gynecologic surgery.

Collection of samples
At the University hospital of Umeå, Sweden, samples were centri

fuged for 1500xg in 15 min, and the serum was added to kryo-pipes 
which were frozen into − 80 degrees C within one hour in standard 
freezers. At Sahlgrenska University hospital of Gothenburg, Sweden and 
Turku University Hospital, Finland the samples were processed similarly 
as above according to standard protocol.

Laboratory assays

Materials
OVCAR-3 cell line purified CA125, anti-CA125 (Ov185) mab, anti- 

CA15-3 (Ma552) mAb and STn1242 mAb were provided by Fujirebio 
Diagnostics (Gothenburg, Sweden). Yellow streptavidin-coated low- 
fluorescence microtiter plates, wash buffer, and assay buffer were ob
tained from Uniogen Oy (Turku, Finland). Recombinant human lectin 
MGL-Fc was purchased from Sino Biologicals Inc. (Beijing, China). 
Europium (III)-chelate doped Fluoro-Max™ polystyrene nanoparticles 
(95 nm diameter, 30,000 chelates per particle, Eu+3-NP) were from 
Seradyn Inc. (Indianapolis, IN).

Glycovariant assays
The cohort was tested using three biomarkers: CA125STn, CA15-3STn, 

and CA125MGL.
The glycovariant (GV) immunoassays detect CA125 and CA15-3 

carrying STn or MGL-binding glycans using a dual-antibody/lectin 
approach. For capture, biotinylated anti-CA125 (Ov185 Fab2) or anti- 
CA15-3 (Ma552 Fab2) immobilizes total CA125/CA15-3 on 
streptavidin-coated wells. For detection, glycosylation-specific probes 
(STn antibody or MGL lectin) conjugated to Eu+3-NPs bind to captured 
GVs, enabling quantification via time-resolved fluorescence (TRF). 
Assay details were adapted from prior studies [10,14]. Briefly, capture 

Table 1 
Characteristics of the study population at the time of gynecological surgery.

EOC Benign disease
n n = 596 n = 716

Cohorts, n (%) ​ ​ ​
Gothenburg 404 213 (36) 191 (27)
Umeå 502 99 (17) 403 (56)
Turku 406 284 (48) 122 (17)
Age, median (range) ​ 66 (22–90) 54 (16–94)
<51 years 363 69(12) 294 (41)
≥51 years 946 527 (88) 419 (59)
Clinical stagea, n (%) ​ ​ ​
Early stage ​ 138 (23) ​
Stage I ​ 83 (14) ​
Stage II ​ 55 (9) ​
Late stage ​ 440 (74) ​
Stage III ​ 288 (48) ​
Stage IV ​ 152 (26) ​
EOC, histotype, n (%) ​ ​ ​
HGSC ​ 408 (68) ​
LGSC ​ 52 (9) ​
Mucinous ​ 38 (6) ​
Clearcell ​ 29 (5) ​
Endometrioid ​ 51 (9) ​
Carcinosarcoma ​ 7 (1) ​
Undifferentiated ​ 11 (2) ​
Benign diagnoses, n (%) ​ ​ ​
Neoplastic tumorb ​ ​ 487 (66)
Endometriosis ​ ​ 83 (12)
Non-neoplastic tumorc ​ 148 (21)

Abbreviations: EOC, epithelial ovarian cancer; HGSC, high grade serous carci
noma; LGSC, low grade serous carcinoma.

a Clinical stage according to FIGO classification. Stage classification missing, n 
= 18.

b Neoplastic tumor includes serous cystadenoma, mucinous cystadenoma, 
benign cystic teratoma, benign Brenner tumors, dermoid cysts, benign fibroma, 
benign thecomas.

c Non-neoplastic tumor includes follicular cyst, corpus luteal cyst.
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antibodies (50 ng/25 µl/well in assay buffer) were immobilized for 60 
min (RT). After washing, 25 μL of standard or diluted serum (1:10) in 
assay buffer (300 mM NaCl, 100 mM CaCl2, 5 µg/ml MAK33 poly 
blocker) was added in triplicate and incubated for 60 min at RT with 

shaking. A tracer (25 μL of Eu+3-NPs coated with MGL lectin or anti-STn 
mAb in assay buffer) was added and incubated for 1 h at RT with 
shaking. Wells were washed six times, and TRF of Eu+3 was measured 
(λex: 340 nm; λem: 615 nm) using the Hidex Sense Multi-Technology 

Fig. 1. A-G. Predictions from logistic regression models divided by histotype (panel A-G). Regression models for assays and combinations are shown on X. The Y axis 
represents predicted values from each model where assays are weighted by their coefficients. Samples from women with benign ovarian pathology are indicated in 
green and malignant pathology in brown.
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Microplate Reader (Hidex Oy, Turku, Finland).
For CA125 GVs (both MGL and STn), purified CA125 from OVCAR-3 

cell line was used to prepare standards (2–500 U/mL). For CA15-3STn 

standards, ascites from a TOC patient with 300 U/mL CA15-3 was used. 
Standards and samples were added in triplicate, and the coefficient of 
variance (CV%) was calculated. Intra- and inter-assay CVs were <10 % 
and <15 %, respectively, validated using low/high controls per plate.

Reference Assays:
Conventional EIAs for CA125, CA15-3, and HE4 were used as 

references. Fujirebio CanAg CA125 EIA, CanAg CA15-3 EIA, and CanAg 
HE4 EIA kits were run according to the manufacturer’s instructions. 
CA125 and HE4 were chosen as reference biomarkers due to their 
widespread use in clinical TOC diagnosis, while CA15-3, primarily used 
for breast cancer, is also reported as elevated in TOC.

Statistical analyses

Results from the glycovariant and conventional enzyme 

Table 2 
Single biomarker analyses across different EOC histotypes in the multi-cohort study on nanoparticle aided detection CA125STn and CA15.3STn.

75 % specificity 98 % specificity

Histotype EOC Benign SN p-valuea vs ref. SN p-valuea vs ref.

Biomarker n n CA125EIA HE4EIA CA125EIA HE4EIA

HGSC 408 716 ​ ​ ​ ​ ​ ​

CA125EIA ​ ​ 0.95 Ref ​ 0.62 Ref ​
HE4EIA ​ ​ 0.97 ​ Ref 0.84 ​ Ref
CA125STn ​ ​ 0.93 0.136 0.005 0.85 <0.001 0.640
CA15.3STn ​ ​ 0.92 0.046 0.001 0.79 <0.001 0.129

HGSC es 41 716 ​ ​ ​ ​ ​ ​

CA125EIA ​ ​ 0.83 Ref ​ 0.24 Ref ​
HE4EIA ​ ​ 0.88 ​ Ref 0.56 ​ Ref
CA125STn ​ ​ 0.73 0.697 0.406 0.66 0.003 0.697
CA15.3STn ​ ​ 0.83 1 0.943 0.54 0.040 1

HGSC ls 349 716 ​ ​ ​ ​ ​ ​

CA125EIA ​ ​ 0.98 Ref ​ 0.69 Ref ​
HE4EIA ​ ​ 0.98 ​ Ref 0.88 ​ Ref
CA125STn ​ ​ 0.97 0.295 0.266 0.90 <0.001 0.730
CA15.3STn ​ ​ 0.95 0.040 0.040 0.84 <0.001 0.209

LGSC 52 716 ​ ​ ​ ​ ​ ​

CA125EIA ​ ​ 0.83 Ref ​ 0.31 Ref ​
HE4EIA ​ ​ 0.85 ​ Ref 0.48 ​ Ref
CA125STn ​ ​ 0.83 1 1 0.52 0.065 0.987
CA15.3STn ​ ​ 0.71 0.344 0.262 0.40 0.566 0.680

Mucinous 38 716 ​ ​ ​ ​ ​ ​

CA125EIA ​ ​ 0.76 Ref ​ 0.16 Ref ​
HE4EIA ​ ​ 0.76 ​ Ref 0.29 ​ Ref
CA125STn ​ ​ 0.53 0.112 0.088 0.16 1 0.219
CA15.3STn ​ ​ 0.68 0.617 0.677 0.50 0.038 0.088

Endometrioid 51 716 ​ ​ ​ ​ ​ ​

CA125EIA ​ ​ 0.84 Ref ​ 0.31 Ref ​
HE4EIA ​ ​ 0.92 ​ Ref 0.73 ​ Ref
CA125STn ​ ​ 0.84 1 0.461 0.55 0.051 0.170
CA15.3STn ​ ​ 0.80 0.991 0.325 0.45 0.355 0.023

Clear cell 29 716 ​ ​ ​ ​ ​ ​

CA125EIA ​ ​ 0.72 Ref ​ 0.21 Ref ​
HE4EIA ​ ​ 0.76 ​ Ref 0.34 ​ Ref
CA125STn ​ ​ 0.72 1 1 0.48 0.324 0.791
CA15.3STn ​ ​ 0.83 0.865 1 0.52 0.230 0.865

Abbreviations: EIA, enzyme immunoassay; EOC, epithelial ovarian cancer; es, early stage; HGSC, high grade serous carcinoma; LGSC, low grade serous carcinoma; ls, 
late stage; ref, reference; SN, sensitivity; STn, Sialyl-Thomsen-nouveau.

a p-value, statistical significance was assessed with McNemar test. p-values were corrected for multiple testing with Benjamini-Hochberg correction and results 
considered significant <0.05.
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immunoassays were imported into R version 4.2.3 (R Core Team, 2023). 
The data was log2-transformed and used to fit logistic regression models 
with individual assays, or combinations thereof, as predictors and 
sample group as response variable (benign vs malignant). Thus, each 
assay combination reported is a separate logistic regression model with 
the assays used as predictors. Analyses were performed using subsets of 
all samples in the pooled study population defined by sample charac
teristics, i.e. a priori chosen histotype and tumor stage subgroups. 
Combinations of biomarkers were tested for benefits (diagnostic per
formance) and only combinations with the highest diagnostic accuracy 
are reported.

Logistic regression models were evaluated by leave-one-out cross- 
validation (LOOCV), where all samples in the data except one were used 
to fit the model, the response predicted for the left-out sample. This was 
repeated such that each sample was left out once. Results reported on 
model performance, including area under the curve (AUC) and partial 
area under the curve (pAUC) for specificity 1–0.9, 95 % confidence in
tervals (CI), sensitivity (SN) and specificity (SP), were based on the 
LOOCV analysis.

The statistical significance of differences between sensitivities at pre- 
defined specificities (75 %, 98 %) were assessed with the McNemar test. 
These were chosen from what is reasonable considering a diagnostic 
situation in a cohort with symptomatic women (75 %) or a pre- 
symptomatic screening situation (98 %). P-values were corrected for 
multiple testing with Benjamini-Hochberg correction, results considered 
significant where false discovery rate (FDR) was <0.05.

Results

Study population

The study population consisted of 1,312 participants from Gothen
burg (n = 404, 31 %), Umeå (n = 502, 38 %) and Turku (n = 406, 31 %), 
of which 596 were diagnosed with TOC. The mean age at TOC diagnosis 
was 66 years (range 22–90), 138 women were diagnosed in early stage 
(stage I and II) and 440 women in late stage (stage III and IV). In 18 
women, no data on stage were available. The most common histotype 
was HGSC (n = 408, 68 %). The mean age of women with benign di
agnoses was 54 (range 16–94). The study population is described in 
Table 1.

Diagnostic performance of glycovariant assays

The day-to-day variation of the control samples for the glycovariant 
assays was very low and the CV was below 20 % within the three sample 
replicates. The distribution of the biomarkers in malignant disease and 
benign controls per histotype is shown in Fig. 1A-G. In all tested histo
types at 98 % specificity, CA125STn and CA15-3STn performed equally or 
better than CA125EIA or HE4EIA as single biomarker tests (Table 2). 
Similar results were observed when biomarker combinations were 
tested. Adding CA15-3STn to the combination of CA125STn + HE4EIA, the 
best performing single biomarkers, did not significantly improve diag
nostic sensitivity further (Table 3).

Sensitivity at 75 % specificity was not improved with glycovariants 
compared with CA125EIA or HE4EIA (Table 2, Table S1). Glycovariant 
CA125MGL performed less well than the conventional biomarkers, 
therefore CA125MGL results will not be further reported. Improvements 
in sensitivity at 98 % specificity will be described for each histotype in 
the following sections.

Area under the curve (AUC) is presented for single (Fig. 2A-2G) and 
combined (Fig. 3A-3G) biomarker tests across histotypes. Additionally, 
AUC and pAUC with 95 % CI is presented in supplementary table S2, 
indicating the largest benefit for the glycovariant biomarkers at high 
specificity represented by pAUC.

Table 3 
Combined biomarker analyses across different EOC histotypes in the multi- 
cohort study on nanoparticle aided detection CA125STn and CA15.3STn.

EOC Benign 75 % specificity 98 % specificity

Subgroup n n SN p- 
valuea

SN p- 
valuea

HGSC 408 716 ​ ​ ​ ​

CA125EIA + HE4EIA ​ ​ 0.97 Ref 0.86 Ref
CA125STn + HE4EIA ​ ​ 0.98 0.516 0.93 <0.001
CA15.3STn + HE4EIA ​ ​ 0.98 0.445 0.92 <0.001
CA15.3STn + CA125STn 

+ HE4EIA
​ ​ 0.98 0.512 0.93 <0.001

HGSC, early stage 41 716 ​ ​ ​ ​

CA125EIA + HE4. EIA ​ ​ 0.93 Ref 0.61 Ref
CA125 STn + HE4. EIA ​ ​ 0.93 1 0.76 0.257
CA15.3 STn + HE4. EIA ​ ​ 0.95 0.861 0.71 0.598
CA15.3STn + CA125STn 

+ HE4EIA
​ ​ 0.93 1 0.78 0.122

HGSC, late stage 349 716 ​ ​ ​ ​

CA125 EIA + HE4 EIA ​ ​ 0.99 Ref 0.91 Ref
CA125 STn + HE4EIA ​ ​ 0.99 1 0.97 <0.001
CA15.3 STn + HE4 EIA ​ ​ 0.99 1 0.96 0.001
CA15.3STn + CA125STn 

+ HE4EIA
​ ​ 0.99 1 0.97 <0.001

LGSC 52 716 ​ ​ ​ ​

CA125 EIA + HE4 EIA ​ ​ 0.83 Ref 0.46 Ref
CA125 STn + HE4 EIA ​ ​ 0.85 0.496 0.63 0.065
CA15.3 STn + HE4 EIA ​ ​ 0.85 0.602 0.54 0.571
CA15.3STn + CA125STn 

+ HE4EIA
​ ​ 0.83 0.334 0.63 0.065

Mucinous 38 716 ​ ​ ​ ​

CA125 EIA + HE4 EIA ​ ​ 0.74 Ref 0.29 Ref
CA125 STn + HE4 EIA ​ ​ 0.76 1 0.29 1
CA15.3 STn + HE4 EIA ​ ​ 0.89 0.111 0.50 0.073
CA15.3STn + CA125STn 

+ HE4EIA
​ ​ 0.87 0.219 0.50 0.073

Endometrioid 51 716 ​ ​ ​ ​

CA125 EIA + HE4 EIA ​ ​ 0.94 Ref 0.73 Ref
CA125 STn + HE4 EIA ​ ​ 0.96 1 0.76 0.904
CA15.3 STn + HE4 EIA ​ ​ 0.96 1 0.76 0.674
CA15.3STn + CA125STn 

+ HE4EIA
​ ​ 0.96 1 0.8 0.303

Clear cell 29 716 ​ ​ ​ ​

CA125 EIA + HE4 EIA ​ ​ 0.86 Ref 0.28 Ref
CA125 STn + HE4 EIA ​ ​ 0.86 1 0.48 0.514
CA15.3 STn + HE4 EIA ​ ​ 0.90 1 0.66 0.111
CA15.3STn + CA125STn 

+ HE4EIA
​ ​ 0.93 0.974 0.62 0.142

Abbreviations: EIA, enzyme immunoassay; EOC, epithelial ovarian cancer; HGSC, 
high grade serous carcinoma; LGSC, low grade serous carcinoma; ref, reference; 
SN, sensitivity; STn, Sialyl-Thomsen-nouveau.

a p-value, statistical significance was assessed with McNemar test. p-values 
were corrected for multiple testing with Benjamini-Hochberg correction and 
results considered significant <0.05.
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High grade serous ovarian carcinoma

Sensitivity of CA125STn was better than CA125EIA (0.85 vs 0.62, p <
0.001) at 98 % specificity (Table 2). Combining CA125STn with HE4EIA 

showed higher diagnostic sensitivity compared with the combination of 
CA125EIA + HE4EIA (0.93 vs 0.86, p < 0.001) (Table 3).

High grade serous ovarian carcinoma, early-stage
The CA125STn glycovariants presented higher sensitivity than 

CA125EIA (0.66 vs 0.24, p = 0.003) at 98 % specificity (Table 2).

High grade serous ovarian carcinoma, late-stage
CA125STn exhibited higher diagnostic sensitivity than CA125EIA 

(0.90 vs 0.69, p < 0.001) at 98 % specificity (Table 2). CA125STn in 
combination with HE4EIA improved sensitivity compared to CA125EIA +

HE4EIA (0.97 vs 0.91, p < 0.001) (Table 3).

Mucinous ovarian carcinoma

Conventional HE4EIA and CA125EIA presented lower diagnostic per
formance in this histotype compared to other histotypes. However, 
sensitivity of CA15-3STn was better than CA125EIA (0.50 vs 0.16, p =
0.038) at 98 % specificity in mucinous OC (Table 2). Combining CA15- 
3STn and HE4EIA tended to improve sensitivity compared with the 
combination CA125EIA + HE4EIA (0.50 vs 0.29, p = 0.073) (Table 3).

Low grade serous-, endometrioid-, clear cell- ovarian carcinoma

The STn glycovariant assays did not perform better than the 
CA125EIA or HE4EIA assays individually or in combination in these his
totypes (Table 2) (Table 3).

Fig. 2. A-G. ROC-curves across different histotypes. Glycovariant biomarkers and EIA markers as well as 95 % CI for the different biomarkers. Abbreviations: HGSC, 
high grade serous cancer; LGCS, low grade serous cancer.
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Discussion

This cross-sectional study examined the diagnostic accuracy of gly
covariants of CA125 and CA15-3 compared with CA125EIA and HE4EIA 

across different histotypes of tubo-ovarian carcinoma (TOC) at diag
nosis. Highest sensitivity was provided by CA125STn for HGSC at high 
specificity. In mucinous OC, CA15-3STn was the best performing 
biomarker. For LGSC, endometrioid or clear cell OC the single glyco
variant markers did not significantly improve the sensitivity nor 
decrease it. The combination HE4EIA + STn glycovariants performed 
significantly better than any single biomarker alone or the combination 
of HE4EIA + CA125EIA, regardless of histotype. The glycovariant com
binations performed best in participants with HGSC. For the smaller 
histotype subgroups the sensitivity of CA125STn and CA15-3STn is often 
numerically higher at 98 % specificity compared with CA125EIA or 
HE4EIA but the differences are not significant.

The strengths of the study include the heterogeneous study 

population representative of patients having surgical procedures for 
suspected ovarian pathology at three different university hospitals. 
Samples from patients with OC and benign ovarian lesions were pro
cessed together in the same batches and analyzed simultaneously. Lab
oratory staff members were blinded to case- control status, reference 
standard and index test, decreasing the risk of bias. All histopathological 
diagnoses were confirmed and validated by experienced senior consul
tant gynecological pathologists. The mean age of the women with TOC 
in our study is similar to the mean age for TOC in the Swedish popula
tion. Even though Benjamini-Hochberg correction for multiple com
parisons was applied, false positive results cannot be ruled out. Despite 
being relatively large, a limitation of this study is the sample size for the 
less common histotypes, reducing power to detect improvements in 
these subgroups; negative findings should be interpreted with caution. 
Interpretation could have been enhanced by data on ultrasound and 
menopausal data, which were unavailable.

Historically, OC have been classified and treated as one disease but 

Fig. 2. (continued).
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over the last two decades there has been a growing understanding that 
the different histologic types of OC also represent different diseases 
[15,16]. Considering that different histotypes have different origin, 
molecular profiles, behavior, and clinical management [15], it is plau
sible that the different histotypes are also best detected with different 
biomarkers.

The biomarkers tested here are glycoproteins that physiologically 
serve certain roles, partly being surface markers, partly being of 

intracellular origin [17,18]. Alterations in the N-linked or O-linked 
glycosylation pattern of regulatory proteins or cellular receptors lead to 
many diseases, including cancer [19]. These alterations give rise to 
micro- and macro-heterogeneity in tumor cells [20]. It is thus not sur
prising that no single biomarker, but a panel of biomarkers is needed to 
cover the spectrum of different histotypes in TOC [5]. The improved 
sensitivity of CA125STn in HGSC likely reflects the overexpression of 
STn-glycosylated CA125 in this subtype, while CA15-3STn’s utility in 

Fig. 3. A-G. ROC-curves across different histotypes. Combination glycovariant biomarkers and 95 % CI for the different biomarkers. Abbreviations: HGSC, high grade 
serous cancer; LGCS, low grade serous cancer.
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mucinous carcinomas aligns with their gastrointestinal-like mucin pro
files enriched in STn glycans [21]. Moreover, targeting the glycan 
structures that are aberrantly formed during glycosylation in malignant 
compared with benign disease, [22] and the increased binding-strength 
afforded by nanoparticles coated with lectins with high glycan speci
ficity is beneficial [23,24]. The improved performance in OC diagnosis 
has been described earlier using paired samples of serum and ovarian 
cyst fluid [10].

High sensitivity >75 % and especially high specificity >98 % are 
important in a screening setting to overcome and reduce the number of 

false positive results and unnecessary further examinations or invasive 
procedures [25]. In this cohort, CA125STn had highest sensitivity at high 
specificity in early stage HGSC, but still not sufficient for screening. 
However, the superior discriminative performance of the biomarker 
combination CA125STn + HE4EIA to detect early stage HGSC warrants 
further testing in asymptomatic women. In a screening setting a sub
stantially lower prevalence of TOC, TOC at early stages, and controls 
without benign lesions might change performance. The results of the 
present study point to the need of further refinement of panels of tumor 
markers especially developed for early detection of TOC considering the 

Fig. 3. (continued).
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diversity of histotypes, tumor biology and tumor cell origin. Moreover, 
validation in retrospective longitudinal and prospective screening trials 
will be necessary before these assays can be adopted for population 
screening.

Conclusion

This study suggests that the STn glycovariant of CA125 and CA15-3 
afford improved diagnostic sensitivity at high specificity in high grade 
serous and mucinous OC. For evaluation of the diagnostic performance 
of the glycovariant tests in less prevalent histotypes, larger cohorts are 
needed.
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