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Abstract. Background/Aim: Epithelial ovarian cancer
(EOC) is usually diagnosed in advanced stages and has a
high mortality rate. In this study, we used the proximity
extension assay from Olink Proteomics to search for new
plasma protein biomarkers to predict overall survival (OS) in
patients with EOC. Materials and Methods: Peripheral blood
samples were obtained preoperatively from 116 EOC patients
undergoing primary debulking surgery: 28 early EOC cases
(FIGO stage I-11) and 88 advanced EOC cases (FIGO stage
III-1V). Proteins were measured using the Olink Oncology II
and Inflammation panels. In total, 177 unique protein
biomarkers were analysed. Cross-validation and LASSO
regression were combined to select prediction models for OS.
Results: The model including age and the three-biomarker
combination of neurotrophin-3 (NT-3)+transmembrane
glycoprotein NMB (GPNMB)+mesothelin (MSLN) predicted
worse OS with AUC=0.79 (p=0.004). Adding cancer antigen
125 (CAI25) and human epididymis protein 4 (HE4) to the
model further improved performance (AUC=0.83; p=0.003).
In a postoperative model including age and stage (III+1V vs.
I+11), the three-biomarker panel of chemokine (C-C motif)
ligand 28 (CCL28)+T-cell leukaemia/lymphoma protein 1A
(TCLIA)+GPNMB improved the prediction of OS (from
AUC=0.83 to AUC=0.90; p=0.05). In the postoperative
model including age and dichotomized stage (Il vs. I+11), the
biomarkers CCL28 and GPNMB1 improved the prediction of
OS (AUC=0.86; p<0.001). The combination of high levels of
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both CA125 and HE4 predicted worse survival (p=0.05).
Conclusion: In this explorative study evaluating the
performance of plasma protein biomarkers in predicting OS,
we found that adding biomarkers, especially NT-3, to the
panel improved the prediction of OS.

Epithelial ovarian cancer (EOC) is considered a silent
carcinoma because it is usually diagnosed in advanced
stages. Patients with borderline ovarian tumours have an
excellent prognosis, but the prognosis is poor for patients
with advanced EOC. Despite advances in ovarian cancer
therapy, half of patients will die within five years (1, 2).
Various biomarkers and their combinations have been tested
for the detection of EOC. CA125 has commonly been used
since the early 1990s, but it has limitations. A biomarker
panel consisting of HE4, CA125 and age can improve
discrimination between malignant and benign ovarian
tumours (3). HE4 has been found to be an independent
marker for shorter progression-free survival and shorter
overall survival (4, 5). However, a gold standard has not
been found. In the exploration for new biomarker panels, we
chose to use the Olink® Oncology II and Inflammation
panels, which are broad and well-established protein panels
that use very small amounts of plasma.

A series of studies has shown that immunological
components play a key role in cancer development. Ovarian
cancer can create a complex tumour microenvironment with
ascites consisting of a mixture of various immunosuppressive
cells that impairs the ability of the patient’s immune system
to fight the disease (6). A variety of cytokines, chemokines
and growth factors are present in EOC (7-9). The aim of the
study was to search for new protein biomarkers and
biomarker panels.

Materials and Methods

Patients and samples. Peripheral blood samples were obtained
preoperatively from 180 women with an adnexal mass admitted for
surgery at the Department of Obstetrics and Gynecology, Skane
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Table 1. Characteristics of included patients.

Histopathological morphology

Serous Mucinous Clear cell Endometroid Total
carcinoma carcinoma carcinoma carcinoma
Stage 1 7 4 2 8 21 (18.1%)
11 6 0 0 1 7 (6.0%)
11 65 2 1 2 70 (60.4%)
v 16 0 0 2 18 (15.5%)
Total 94 6 3 13 116 (100%)

Table II. Biomarker model based on LASSO regression when the reference model included age.

Reference model AUC (95%) p-Value*

Sensitivity at 95%
specificity

Specificity at 95%
sensitivity

Specificity at
best point

Sensitivity at
best point

Age 0.624 (0.516-0.732) -

Additional marker

combinations
NT-3+GPNMB+MSLN 0.792 (0.707-0.878)  0.004
NT-3+GPNMB 0.768 (0.705-0.870)  0.008
NT-3 0.730 (0.632-0.828) 0.054

0.253 (0.024-0.410)

0.410 (0.265-0.602)
0.410 (0.253-0.578)
0.325 (0.205-0.446)

0.091 (0.000-0.242) 0.879 (0.394-1.000) 0.422 (0.217-0.855)

0.333 (0.121-0.546)
0.333 (0.152-0.525)
0.242 (0.091-0.424)

0.818 (0.514-1.000)
0.879 (0.455-1.000)
0.758 (0.515-1.000)

0.699 (0.410-0.964)
0.615 (0.374-0.976)
0.699 (0.301-0.868)

LASSO: Least absolute shrinkage and selection operator. *Comparison of the reference model including age with the models with added

biomarker(s).

University Hospital Lund, Sweden, from 2005 to 2012. Blood was
collected in citrate tubes and centrifuged, and the plasma was stored
at —20°C until analysed. All diagnoses were verified by
histopathological examination. The disease was staged, and
morphology was analysed according to the International Federation
of Gynecology and Obstetrics (FIGO). No cancer patient had
received neoadjuvant chemotherapy. The patient cohort included 28
early EOC cases (FIGO stage I-II) and 88 advanced EOC cases
(FIGO stage III-1V). The frozen plasma samples were sent to Olink
Proteomics AB, Uppsala, Sweden, for analyses.

Proximity extension assay. Proteins were measured using the Olink
Oncology II and Inflammation panels (Olink Proteomics AB,
Uppsala, Sweden) according to the manufacturer’s instructions.
Included biomarkers in each panel have been listed in Leandersson
et al. (10). Proximity extension assay (PEA) technology has been
described previously (11). The analyses were performed at Olink
Proteomics AB in Uppsala, Sweden. The technicians performing
the analyses were unaware of the patient disease status. Samples
were randomized on the plates and run-in duplicates. Data were
quality controlled and normalized using an internal extension
control as well as an interplate control to adjust for intra- and
internal variation. All assay validation data are available on the
manufacturer’s website.

Six EOC cases did not pass internal quality control in the PEA
analyses and were excluded from statistical analyses due to either
large intracorrelation variance or inability to read one of the
duplicate samples.
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Statistical analyses. To investigate whether combinations of proteins
were associated with survival at 60 months, a combination of cross-
validation and LASSO regression was employed. Overall survival at
60 months was chosen since many studies report 5-year survival. We
split the data randomly into a training set and a test set. The shrinkage
parameter (A) was estimated using k-fold cross-validation in the training
set. To perform variable selection, the estimated shrinkage parameter
Acy was then used in the test set. The selected variables and the
absolute value of the coefficients were saved, and the process was
repeated 10 times. The variables were then ordered by the number of
times they were selected and the sum of their estimated coefficients.
The lowest ranked variable was removed, and the entire process was
repeated until a final model was selected. This method has also been
described by Leandersson et al. (2020) (10). The final models were
estimated with logistic regression and predicted probabilities from this
model were used to assess the model’s discriminatory abilities.
Receiver operator curves (ROCs) were constructed, and the area under
the curve (AUC) was calculated with 95% confidence intervals using
the nonparametric bootstrap procedure. Cross-validation and LASSO
regression analyses were carried out using R v 4.1.0 (12).

Availability of data and materials. All data were obtained according
to the Swedish Act concerning the Ethical Review of Research
Involving Humans to ensure confidentiality and are available on
reasonable request.

Ethics statement. Written informed consent was obtained from all
study participants. Ethical approval was granted by the Ethical
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Figure 1. Comparison of the reference model and models with added biomarkers. A three-biomarker model including NT-3, GPNMB, and MSLN
with age as the reference model showed the highest prediction of survival (AUC=0.792, p=0.004).

Table III. Biomarker models based on LASSO regression when the reference model includes age, CAI125 and HE4.

Reference model AUC (95%) p-Value*  Sensitivity at 95%  Specificity at 95% Specificity at Sensitivity at
specificity sensitivity best point best point
Age+CA125+HE4 0.654 (0.544-0.764) - 0.169 (0.000-0.349) 0.091 (0.000-0.333) 0.758 (0.363-0.970) 0.578 (0.301-0.916)
Additional marker
combinations
NT-3+GPNMB+MSLN 0.825 (0.748-0.902)  0.003  0.482 (0.349-0.663) 0.394 (0.091-0.576) 0.849 (0.636-1.000) 0.735 (0.482-0.926)
NT-3+GPNMB 0.819 (0.742-0.895)  0.003  0.506 (0.349-0.711) 0.273 (0.061-0.556) 0.909 (0.727-1.000) 0.687 (0.518-0.843)
NT-3 0.779 (0.694-0.864)  0.012  0.446 (0.349-0.566) 0.181 (0.030-0.455) 0.879 (0.636-1.000) 0.651 (0.386-0.855)

LASSO: Least absolute shrinkage and selection operator. *Comparison of the reference model including age+CA125+HE4 with the models with

added biomarker(s).

Review Board at the Faculty of Medicine, Lund University, Sweden.
Dnr 495 2016 (amendment to Dnr 558-2004 and 94-2006).

Results

Plasma from 116 EOC patients with different histopathological
morphologies was included in the analyses (Table I). The
diagnostic performance of a reference model including age
only [AUC=0.624 (0.516-0.732)] for discrimination of survival
was poor. The biomarker NT-3 alone and in combination with
GPNMB and MSLN improved the diagnostic performance,
with the best results for the model including age and the three-
biomarker panel combination of NT-3+GPNMB+MSLN
[AUC=0.792 (0.707-0.878); p=0.004] (Table II, Figure 1).

Adding CA125 and HE4 to age in the reference model
improved the results [AUC=0.654 (0.544-0.764)], and the
performance of CA125 and HE4 was further improved by
the addition of NT-3+GPNMB+MSLN [AUC=0.825 (0.748-
0.902); p= 0.003] (Table III, Figure 2).

A third reference model was tested including age and
stage [early (stage I+II) or late (stage III+IV), AUC=0.830
(0.748-0.913)]. The addition of the CCL28+TCL1A+
GPNMB biomarkers to this reference model was found to
create the best model for predicting OS [AUC=0.899 (0.831-
0.966); p=0.048] (Table IV, Figure 3). When one or both
biomarkers (GPNMB and TCL1A) were removed from this
model, no statistical significance was observed (p=0.058 and
p=0.258).
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Figure 2. Comparison of the reference model and models with added biomarkers. A three-biomarker model including NT-3+GPNMB+MSLN with
age+CA-125+HE4 as the reference model showed the highest prediction of survival (AUC=0.825, p=0.003).

Table IV. Biomarker models based on LASSO regression when the reference model includes age and stage (I-1V).

Reference model AUC (95%) p-Value*

Sensitivity at 95%
specificity

Specificity at 95%
sensitivity

Specificity at
best point

Sensitivity at
best point

Stage I+II vs.

II+IV+age

Additional marker

combinations
CCL28+TCL1A+
GPNMB
CCL28+TCL1A
CCL28

0.830 (0.748-0.913) -
0.899 (0.831-0.966)  0.048

0.058
0.258

0.885 (0.816-0.955)
0.862 (0.782-0.942)

0.398 (0.253-0.566) 0.455 (0.091-0.758) 0.727 (0.546-0.909)

0.657 (0.060-0.888) 0.485 (0.212-0.849) 0.909 (0.758-1.000)

0.651 (0.072-0.843) 0.546 (0.091-0.788) 0.909 (0.727-1.000)
0.325 (0.024-0.795) 0.515 (0.030-0.788) 0.879 (0.667-1.000)

0.892 (0.675-0.976)

0.855 (0.747-0.40)

0.819 (0.651-0.952)
0.807 (0.675-0.964)

LASSO: Least absolute shrinkage and selection operator. *Comparison of the reference model including age+stage with the models with added

biomarker(s).

Finally, starting from a reference model using age only,
the addition of stage (early stage I+II vs. late stage III) and
CCL28+GPNMB biomarkers improved the prediction of OS
and was statistically significant in all combinations, with the
best performance for the model including age, stage and
CCL28+GPNMB [AUC=0.864 (0.783-0.946); p<0.00]
(Table V, Figure 4).

The combination of high levels of both CA125 and HE4
(both biomarkers divided at median) predicted poorer
survival (p=0.05) (Figure 5).

Discussion

In this explorative study evaluating the performance of
plasma protein biomarkers for predicting OS in EOC
patients, we found that biomarker panels can improve the
prediction of survival. The model including age and the
combination of NT-3, GPNMB, MSLN, CA125 and HE4
was the best model to predict overall survival.

Recently, neurotrophins such as NT-3 have been shown to
regulate angiogenesis through direct and indirect mechanisms
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Figure 3. Comparison of the reference model and models with added biomarkers. A three-biomarker model including CCL28+TCLIA+GPNMB
with Stage I+11 vs. III+1V+age as the reference model showed the highest prediction of survival (AUC=0.899, p=0.048).

Table V. Biomarker models based on LASSO regression when the reference model only includes age (and stage 1V is excluded).

Reference model AUC (95%) p-Value*  Sensitivity at 95%  Specificity at 95% Specificity at Sensitivity at
specificity sensitivity best point best point
Age 0.633 (0.519-0.746) - 0.258 (0.015-0.424) 0.063 (0.000-0.250) 0.889 (0.394-1.000) 0.422 (0.217-0.855)
Additional marker
combinations
Stage I+II vs. 0.864 (0.783-0.946) <0.001 0.364 (0.030-0.788) 0.406 (0.188-0.750) 0.844 (0.656-1.000) 0.818 (0.621-0.955)
II+CCL28+GPNMB 1
Stage I+II vs. 0.856 (0.770-0.942)  0.001  0.318 (0.000-0.803) 0.281 (0.031-0.781) 0.875 (0.688-0.969) 0.803 (0.667-0.955)
II+CCL28
Stage I+II vs. I1I 0.834 (0.750-0.918) <0.001 0.439 (0.258-0.621) 0.375 (0.031-0.750) 0.781 (0.563-0.969) 0.849 (0.606-0.970)

LASSO: Least absolute shrinkage and selection operator. *Comparison of the reference model including age with the models with added
biomarker(s).

(Garrido et al. 2019) (13). Neurotrophins include nerve cancers; however, thus far, they have not been used in ovarian
growth factor (NGF), brain-derived neurotrophic factor cancer treatment.

(BDNF), and neurotrophins 3 and 4/5 (NT-3, NT 4/5), which The low sensitivity and limited specificity of CA125 to
have a high affinity for tropomyosin kinase receptors (TRKs)  detect early-stage EOC (50-62%) do not fulfil the
that regulate the development and plasticity of the nervous requirements to use CA125 as a screening biomarker in
system and nonneuronal tissues, including reproductive  asymptomatic women (14). However, CA125 in combination
organs such as the ovaries. Studies have shown that several  with other biomarkers or supplemental data, such as age or
types of cancer overexpress neurotrophins, which contribute  disease stage in our study, or ultrasound markers can
to tumour progression and angiogenesis (13). The FDA and  improve performance. The ROMA and ADNEX algorithms,
EMA have approved the use of pharmacologic inhibitors of  especially in premenopausal women (14), can help
pan-TRK receptors in patients with TRK fusion-positive  differentiate benign ovarian tumours from cancer (15, 16).
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Figure 4. Comparison of the reference model and models with added biomarkers. The model including stage I+I1 vs. [II+CCL28+GPNMBI1 with
age as the reference model showed the highest prediction of survival (AUC=0.864, p<0.001).
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Figure 5. Kaplan-Meier analysis of overall survival in patients in terms of CA125 and HE4 levels. Patients with both values above the median are
shown in red, and patients with one or both biomarkers below the median are shown in blue.
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According to our results, the combination of high levels of
CA125 and HE4 with the addition of NT-3 showed worse
five-year OS.

The risk of EOC as well as other cancers increases with age
(17, 18). Combining age with the already well-known markers
CA125 and HE4 and the addition of NT-3 improved the
prediction model of OS significantly. By adding GPNMB and
MSLN, we expanded the study model, but no statistically
significant results were found, which may have been
influenced by the low numbers of patients in the study sample.

We found that increased levels of glycoprotein non-
metastatic B (GPNMB) predicted unfavourable survival.
GPNMB is also known as osteoactivin, a transmembrane
protein overexpressed in several cancer tissues, such as
breast cancer (19, 20), stomach cancer (21), colorectal
cancer (22), hepatocellular cancer (23) and others. Higher
GPNMB levels have been demonstrated to promote
angiogenesis, migration, invasion, and metastasis of cancer
cells (24, 25).

In our models, mesothelin (MSLN) was also a biomarker
of worse survival. The expression of MSLN is dysregulated
in several types of cancer, including pancreatic cancer (26)
and ovarian cancer (27). Studies have shown that abnormal
expression of MSLN plays an important role in tumour cell
growth, invasion, and metastasis (28, 29). In ovarian cancer,
the specific binding of MSLN and CA125 can mediate the
adhesion of tumour cells, which promotes the implantation
and metastasis of ovarian cancer in the pelvic and abdominal
cavities (30).

High levels of CCL28 in combination with TCL1A and
GPNMB as well as EOC stage and age implied worse
survival in our study. CCL28 has an important role in
regulating the chemotaxis of cells (31).

The results of this study should be interpreted with caution
due to the heterogeneity of the epithelial subtypes of
histopathology, as only patients scheduled for primary
upfront surgery were included in the study, and no patients
scheduled for neoadjuvant chemotherapy were included.
Cross-validation was used to validate the results. Despite the
limitations of the study sample, we obtained positive results,
which can provide an impetus for further research.

Conclusion

In summary, we identified biomarker panels predicting
overall survival in EOC patients. The model including age
and the combination of neurotrophin-3 (NT-3)+trans-
membrane glycoprotein NMB (GPNMB)+mesothelin
(MSLN)+cancer antigen 125 (CA125) and human epididymis
protein 4 (HE4) was the best model to predict overall
survival. Future research is warranted to replicate our results
and identify additional biomarkers in panels that can predict
the prognosis of EOC patients.
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