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Serum Samples
Serum samples were selected from a blood bank managed by Dr. Skubitz. Samples were
selected based upon similarities in age and CA125 values in their corresponding groups. The
groups of serum samples included 22 serum samples from healthy patients, 22 from benign
ovarian tumors, 22 from early stage (I/II) serous ovarian cancer, and 22 from late stage (III/IV)
ovarian cancer.

Proseek® Multiplex Oncology I Processing
We randomized the order of the 88 serum samples to be plated in a 96-well assay plate (Olink®,
Sweden). To control for intraplate variation, we also included two Pool References that were
placed randomly in the assay wells. The Pool Reference was generated by combing 10 µL of
serum from each of the 88 samples. We aliquoted 10 µL of serum from each sample or Pool
Reference into their designated wells, and also included 3 negative controls and 3 interplate
controls in the assay according to the Proseek® protocol. The University of Minnesota
Genomics Center performed the analysis of the Proseek® Multiplex Oncology I plate. The
offsite analysis included simultaneous Proximity Extension Assay quantification of 92 cancer-
related protein biomarkers in combination with the Fluidigm® BioMarkTM HD high-throughput
polymerase chain reaction instrument [2].

Data Analysis
The data was normalized and linearized by the University of Minnesota Genomics Center, per
the manufacturer’s protocol. Biomarker levels were compared between two groups using the
unequal variance t-test and all p-values were adjusted for multiple comparisons using the
Benjamini and Hochberg method. Receiver Operating Characteristic (ROC) analysis was
completed to summarize the classification accuracy of all candidate biomarkers. Classification
accuracy was summarized by the area under the ROC curve (AUC) and the sensitivity
corresponding to a specificity of 0.02 (i.e. ROC(0.02)).

Ovarian cancer is the 5th leading cause of cancer deaths in women in the U.S. Early detection
is the key to increased survival of patients, however, a screening tool that is adequately sensitive
and specific for use in the general population has yet to be developed. A need also exists for a
reliable diagnostic method to distinguish between a benign mass and ovarian cancer. Two
biomarkers that are currently FDA approved to detect recurrence of ovarian cancer, CA125 and
HE4, are not adequately sensitive and specific by themselves for use in screening the general
population for early stages of ovarian cancer [1]. We maintain that simultaneously screening
many more biomarkers in a standardized multiplex assay may allow for the development of an
algorithm that could be used to screen for early stage cases when they are asymptomatic.

We hypothesize that by using a multiplex approach, in which the most relevant oncology
proteins are tested simultaneously, it will be possible to identify the best candidate biomarkers
that can be used in combination with CA125 and HE4 to develop a highly sensitive and specific
assay for the detection of early stage ovarian cancer.

Our long-term goal is to develop a test that could be used to detect early stages of ovarian
cancer in the general population. Detecting ovarian cancer in its earliest, most readily treatable
stage will increase the life expectancy of women with ovarian cancer.

Proseek® Multiplex Oncology I is a 96-well assay plate
that includes 92 biomarkers that have been shown to be
upregulated in various forms of cancer, and 53 of which
have been found to be upregulated in ovarian cancer.
Using a multiplex approach allowed us to simultaneously
quantify 92 cancer-related proteins in ovarian cancer. In
this project we used the Oncology I plate to quantify
biomarkers in serum samples taken from four groups:
healthy patients, patients with benign ovarian tumors,
patients with early stage (I/II) serous ovarian cancer, and
patients with late stage (III/IV) ovarian cancer.

CA125 had the highest AUC of 0.981 (Figure 3A), and HE4 had the second best performance
with an AUC value of 0.844 (Figure 4A). CXCL13 and CD40-L were the highest performing
biomarkers following CA125 and HE4 and had AUC values of 0.825 (Figure 5A) and 0.799
(Figure 6A), respectively. In total, 29 biomarkers had an estimated AUC greater than 0.7 and
were significantly associated with cancer status.

Boxplot analysis confirmed that CA125 shows the strongest trend of upregulation in different
stages of ovarian cancer (Figure 3B), and HE4 presents the second strongest trend (Figure 4B).
CA125 and HE4 boxplots both show a clear difference between the median biomarker levels of
the serum samples in the Healthy group as compared to the serum samples from the Early
Stage (I/II) and Late Stage (III/IV) groups. CXCL13 (Figure 5B) and CD40-L (Figure 6B) show
upregulation in the median values of the corresponding biomarkers in the Early and Late Stage
groups as compared to the Healthy group, but the difference is not as pronounced and the
whiskers of the boxplots of CXCL13 and CD40-L overlap significantly between groups,
suggesting that the ranges of these biomarkers may overlap between stages. Overall,
statistically significant trends were observed for 37 of the 92 markers (i.e. p < 0.001).
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Figure 2. Scatter plot comparison of the CA125
values for each of the 88 serum samples obtained by
ELISA vs. the Olink Proseek® plate.

ELISA and Olink® CA125 Comparison  

ROC and Boxplot Analysis

We found a high correlation between the CA125
values that were quantified by an enzyme-linked
immunosorbent assays (ELISA) performed in a CLIA
certified clinical laboratory and the CA125 values
calculated from the Proseek® PCR analysis for the 88
serum samples. The correlation between the values
was 0.86 using Pearson’s Product-Moment
Correlation with a 95% confidence interval of (0.76,
0.89).

Figure 3. ROC curve for discriminating between healthy vs. early stage ovarian cancer for
CA125 (A) and quantiles for CA125 of the 22 data points from each of the four groups (B).
The AUC has a 95% confidence interval of (0.946, 1).

Figure 4. ROC curve for discriminating between healthy vs. early stage ovarian cancer for
HE4 (A) and quantiles for HE4 of the 22 data points from each of the four groups (B). The
AUC has a 95% confidence interval of (0.709, 0.951).

Figure 5. ROC curve for discriminating between healthy vs. early stage ovarian cancer for
C-X-C motif chemokine 13 (CXCL13) (A) and quantiles for CXCL13 of the 22 data points
from each of the four groups (B). The AUC has a 95% confidence interval of (0.692, 0.940).

Figure 6. ROC curve for discriminating between healthy vs. early stage ovarian cancer for
CD40 ligand (CD40-L) (A) and quantiles for CD40-L of the 22 data points from each of the four
groups (B). The AUC has a 95% confidence interval of (0.634, 0.930).

The correlation between the ELISA CA125 values and Proseek ® values, along with the
expected upregulation of CA125 and HE4 in progressive stages of the disease, confirm the
accuracy of the Proseek® Multiplex Oncology I plate, suggesting that the multiplex approach is a
reliable test to use for future analysis of biomarker expression. Proseek® Multiplex offers the
additional benefit of reducing variation in biomarker expression which may occur when analyses
are performed at different sites.

This preliminary data shows a correlation between a number of biomarkers in serum samples
and the progression of serous ovarian cancer. CA125, HE4, CXCL13, and CD40-L have the
highest correlations between biomarker expression and cancer progression. Both CXCL-13 and
CD40-L have little previous research relating their expression to ovarian cancer, therefore this
research offers new insight into potential biomarkers for detecting ovarian cancer.

The small sample size of each group, due to limited resources, makes it difficult to draw
statistically significant conclusions about the sensitivity and specificity of the biomarkers that
were found to be upregulated. We believe that future studies including larger sample sizes
would lead to defining a profile/signature of several proteins that display a statistically significant
differential level of expression in the sera of women with ovarian cancer when compared to the
level of expression of these same proteins in the sera of healthy women.

We also plan to extend this technology to determine the protein biomarker profile/signature: (i) for
each of the major subtypes of ovarian cancer, (ii) to monitor response to chemotherapy or
recurrence of disease, (iii) for other gynecological cancers or diseases, and (iv) endometriosis as
a precursor to ovarian cancer.

Figure 1. Biomarker type composition of
Proseek® Multiplex Oncology I [2]
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