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HIGHLIGHTS

 Serum proteins are capable of predicting residual cancer in remission ovarian cancer patients.
» BDNF provides excellent prediction of PFS in among both early and advanced stage patients.
A combination of clinical factors and serum proteins provides superior prediction of recurrence among all patients.
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Objective. To investigate the utility of a combined panel of protein biomarkers and clinical factors to predict
recurrence in serous ovarian cancer patients.

Methods. Women at Augusta University diagnosed with ovarian cancer were enrolled between 2005 and
2015 (n = 71). Blood was drawn at enrollment and follow-up visits. Patient serum collected at remission was
analyzed using the SOMAscan array (n = 35) to measure levels of 1129 proteins. The best 26 proteins were con-
firmed using Luminex assays in the same 35 patients and in an additional 36 patients (N = 71) as orthogonal
validation. The data from these 26 proteins was combined with clinical factors using an elastic net multivariate
model to find an optimized combination predictive of progression-free survival (PFS).

Results. Of the 26 proteins, Brain Derived Neurotrophic Factor and Platelet Derived Growth Factor molecules
were significant for predicting PFS on both univariate and multivariate analyses. All 26 proteins were combined
with clinical factors using the elastic net algorithm. Ten components were determined to predict PFS (HR of 6.55,
p-value 1.12 x 1075, C 2.57-16.71). This model was named the serous high grade ovarian cancer (SHOC) score.
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Conclusion. The SHOC score can predict patient prognosis in remission. This tool will hopefully lead to early
intervention and consolidation therapy strategies in remission patients destined to recur.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Ovarian cancer is the 5th leading cause of cancer death among
women and most lethal gynecologic cancer with 14,000 deaths per
year [1]. Greater than 75% of women are diagnosed with late stage dis-
ease of the serous histologic subtype, and they are often treated with ag-
gressive cytoreduction followed by six cycles of doublet chemotherapy
consisting of a platinum and taxane agent [2,3]. Remission rates with
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this therapy are close to 80%. Despite excellent initial response rates,
the 5-year survival for late stage ovarian cancer is estimated to be 40%
with approximately 70% of women recurring in the first 18 months
[4-6].

Periodic evaluation is performed by imaging with computed tomog-
raphy (CT), physical exams, and monitoring of serial CA-125. However,
previous studies have suggested up to 75% of patients declared in remis-
sion by the previous means will have microscopic disease noted on a
second look surgery [2,6]. This indicates that current disease evaluation
modalities do a poor job of deciphering patients who are at the highest
risk for residual microscopic disease post treatment. Furthermore, stud-
ies have shown these tests to monitor remission do little to inform the
gynecologic oncologist which patients are at the highest risk of
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recurrence [5,7]. Given this information, a test that can indicate which
remission patient is at the highest risk of recurrence or death would
be of great value.

Here we present a serum biomarker panel drawn at remission,
which is capable of predicting patient progression free survival (PFS).
The panel was initially discovered in 35 patients using the SOMAscan
array, which is capable of detecting over 1100 serum proteins. The pro-
teins with the most significant p-value and hazard ratio on univariate
analysis were selected for orthogonal validation using the Luminex
assay. Luminex assay was performed using the original 35 patient
sera, as well as, an additional 36 patient sera (n¢, = 71). An elastic
net algorithm was then applied to determine which combination of
serum proteins and patient clinical characteristics would best predict
patient prognosis. This resulted in a multicomponent panel providing
excellent prediction of recurrence of SHOC patients who are in
remission.

2. Materials and methods
2.1. Sample collection

This was a single-institution, prospective observational study exam-
ining serial serum samples in patients with serous high grade ovarian
cancer (SHOC) (N = 71). This study was approved by the institutional
review board at the Medical College of Georgia at Augusta University;
a written informed consent was obtained from all subjects or from a le-
gally authorized representative. The ethics committee at Augusta Uni-
versity approved the consenting procedure used in this study.

Serum samples were obtained at enrollment and then at subsequent
follow up visits, including during treatment, remission, and recurrence.
Blood samples were collected in serum separator tubes (BD Biosci-
ences) and allowed to clot for 30 min at room temperature. Aliquots
of serum were prepared immediately after phlebotomy into wells of
96-well plates (150 pl/well) to create master plates. Daughter plates
were then created by pipetting 5-25 pl of serum/well to avoid repeated
freeze/thaw for all samples. Samples were aliquoted and stored in a
—80 °C freezer until use. The first available remission sample from
each patient was used for analyses.

2.2. Study population

Remission was defined in accordance to Revised RECIST criteria
(version 1.1) in combination with physical exam, clinical imaging, and
CA125 [8,9]. Patient records were reviewed for clinical data including
demographics, treatment, chemotherapy response and disease status.
Using this data, PFS was calculated for patients in remission. Progression
free survival was calculated as time from blood draw to first
progression.

All patients were treated with cytoreduction surgery and doublet
chemotherapy with carboplatin and paclitaxel. Optimal cytoreduction
was defined as <1 cm of disease left behind at the time of cytoreduction
surgery [10]. Patients were not excluded for having received neoadju-
vant chemotherapy, maintenance therapy, or were on a clinical trial,
as long as they received platinum and paclitaxel.

2.3. Laboratory measurements

The SOMAscan array is a commercially available assay from the com-
pany SomalLogic (Boulder, CO USA). We sent 35 serum samples taken
from SHOC patients at remission to SomaLogic. After the SOMAscan
array analysis was complete, the data was sent back, which was then
analyzed to determine, which proteins had the best hazard ratios and
p-value for predicting time to death on univariate analysis [11]. The pro-
teins with a log rank p-value of <0.05 and hazard ratio >2.5 were se-
lected for in house confirmation via multiplex Luminex assay.
Multivariate analysis was not performed on the significant SOMAscan

proteins. The majority of significant proteins on the SOMAscan array
did not have a corresponding Luminex assay available and were omitted
from Luminex analysis.

24. Validation of SOMAScan data by Luminex assay

We elected to measure twenty-six proteins based on the SOMAscan
array results as well as previously published data [12]. These proteins
were Insulin-like Growth Factor Binding Proteins (IGFBP1, 2, 5, 6 and
7,) Interferon Gamma (IFN<y), interleukins (IL4, IL6, SIL6R, IL10, IL13,
IL15), Macrophage Inflammatory Proteins (CCL3 and CCL4), Monocyte
Chemotactic Protein 1 (MCP1/CCL2, MCP3/CCL7), Macrophage Derived
Chemokine (MDC/CCL22), tissue Plasminogen activator inhibitor-1
(tPAI1), Platelet Derived Growth Factors (PDGF.AA and PDGF.ABBB),
Regulated on Activation, Normal T cell Expressed and Secreted
(RANTES/CCLS5), soluble Glycoprotein 130 (sgp130), soluble Intercellu-
lar Adhesion Molecule 1 (sICAM1), soluble Tumor Necrosis Factor Re-
ceptors (STNFRII and, sTNFRI), and soluble Vascular Adhesion Protein
1 (sVCAM1) [12]. These proteins were examined for their ability to pre-
dict PFS when drawn at remission.

Luminex assays for the above mentioned 26 proteins were obtained
from Millipore (Millipore Inc., Billerica, MA, USA). Multiplex assays
were performed according to instructions provided with the Kkit.
Serum samples were incubated with capture antibodies immobilized
on polystyrene beads for 1 h. The beads were then washed and further
incubated with biotinylated detection antibody cocktail for 1 h. Next,
beads were washed twice to remove unbound detection antibody, and
then incubated with phycoerythrin-labeled streptavidin for 30 min.
Last, beads were washed and suspended in 60 pl of wash buffer.

The median fluorescence intensities (MFI) were measured using a
FlexMAP 3D array reader (Millipore, Billerica, MA) with the following
instrument settings: events/bead: 50, minimum events: 0, flow rate:
60 pl/min, Sample size: 50ul and discriminator gate: 8000-13,500.

Before performing the profiling, assays were performed at different
serum dilutions to ensure the MFI values of the samples were within
the linear range of the standard curve.

Luminex median fluorescence intensity (MFI) data was subjected to
quality control steps as described in our earlier study [13]. Described
briefly, wells with low bead counts (below 30), or high bead CV
(above 200) were flagged for exclusion. The coefficient of variation of
replicate wells was also checked and wells with CV > 25% were not in-
cluded in further analyses.

Protein concentrations were estimated using a regression fit to the
standard curve with known concentration included on each plate
using a serial dilution series. To achieve normal distribution, MFI and
concentrations for standards were log2 transformed prior to all statisti-
cal analyses.

2.5. Statistical analysis

All statistical analyses were performed using the R language and en-
vironment for statistical computing (RStudio version 1.1.383; R Founda-
tion for Statistical Computing; www.r-project.org). The protein
concentrations were log2 normalized after initial QC. The statistical sig-
nificance of differences was set at p < 0.05, all p values were two sided.
Correlation analysis between serum protein concentrations were per-
formed using the Pearson parametric correlation test. Cox proportional
hazards models were used to evaluate the impact of clinical factors and
serum protein levels on PFS. These results are reported with corre-
sponding 95% confidence intervals. Patients with no history of recur-
rence or death were censored at the date of last follow-up visit.
Patients who died of natural causes unrelated to cancer were censored
at time of death. Patient PFS was censored at 10 years. Kaplan-Meier
survival analysis and log-rank test were used to compare differences
in PFS between 10 groups classified based on each 10th percentile of
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patients. The percentile with the best p-value and hazard ratio were
subsequently chosen to be presented in this manuscript.

In order to create a comprehensive multivariate score that
accounted for all clinical and serum data, we used the well-established
elastic net algorithm (R package glmnet), [ 14]. This algorithm combines
multiple predictors in a linear combination and tunes the model base on
a penalty term, which is the sum of the square of the coefficients used in
the model. The effect of the penalty term can be adjusted to either have
no effect lambda = 0 or as lambda approaches infinity, variable coeffi-
cients approach 0. The sum of the linear combination yields a composite
score for each individual patient. The number of predictors is optimized
by varying an alpha value from 0 to 1. Where an alpha of 0 includes all
possible predictors, while an alpha of 1, decreases the number of predic-
tors to the lowest number possible. In our study, alpha was varied from
0 to 1 in increments of 0.01. The optimum lambda was determined
using the lambda.min function in R, which automatically chooses the
best lambda value to eliminate errors on cross validation. The composite
score of the combined predictors for each value of alpha were then sub-
ject to survival analysis and cox proportional hazards to determine the
best score for predicting PFS.

3. Results
3.1. Patient population demographics

Seventy-one patients with SHOC were prospectively enrolled to pro-
vide serum samples during the course of their treatment and regular fol-
low up. Of the 71 patients, 25 (35%) were used in a previous study [12].
Median follow up for these 71 patients was 5.5 years, and the median
time from the date of being declared in remission to the date of the
blood sample analyzed was 3 months with interquartile range of 0.19
to 16.2 months. Median age of diagnosis was 62 years old, and the ma-
jority of patients were Caucasian. Patient demographic information is
summarized in Table 1.

Demographic data contributing to PFS on univariate analysis were
stage (p-value: 0.004) and optimal cytoreduction (p-value: 0.037),
and receiving maintenance chemotherapy (p-value: 0.05). Neoadjuvant
chemotherapy (p-value: 0.22) and being on a clinical trial for first line
chemotherapy (p-value: 0.058) had no impact on PFS. On multivariate
analysis, stage (HR 2.00, CI 1.18-3.34, p-value: 0.01) remained

Table 1
Clinical and demographic characteristics of ovarian cancer patient cohort.

Clinical variables Remission patients with blood samples (N = 71)

Age 62 + 13
Race

African-American 9 (13%)

Asian 0 (0%)

Caucasian 61 (86%)

Other 1(1%)
Stage

1 7 (10%)

2 7 (10%)

3 53 (75%)

4 4 (5%)
Response to front line therapy

Remission 71 (100%)
Optimal debulking

Yes 65 (92%)

No 6 (8%)
Neoadjuvant chemotherapy

Yes 12 (17%)

No 59 (83%)
Clinical trial

Yes 28 (39%)

No 43 (61%)
Maintenance therapy

Yes 22 (31%)

No 49 (69%)

predictive of PFS; optimal cytoreduction (HR: 0.39, CI: 0.15-1.002, p-
value: 0.051) and receiving maintenance chemotherapy (HR 0.49, CI:
0.90-2.90, p-value 0.11) were not significant for predicting PFS.

3.2. SOMAscan array data

The SOMAscan array was used to test 35 patients and returned data
on over 1100 proteins. Our data indicate that 86 of the proteins are as-
sociated with patient survival at a nominal p value of 0.05. Interestingly,
many of these proteins that are associated with poor survival are impli-
cated in the inflammatory processes; whereas proteins that are associ-
ated with good survival are implicated in anti-tumor immunity.
Among the best proteins identified by SOMAscan, Luminex assays
were available for four proteins (BDNF, MDC, PAI1, and PDGF.AA). The
SOMAscan data of these four proteins are shown in Table 2.

3.3. Luminex assay data

Luminex serum analyses were performed on the 71 patients who
reached remission. A total of 26 proteins were analyzed by Luminex.
Four of these proteins were based on the SOMAscan data (BDNF, MDC,
PAI1, and PDGF.AA) while the other 22 proteins (IGFBP1, IGFBP2,
IGFBP5, IGFBP6, IGFBP7, IFNG, IL4, IL6, sIL6R, IL10, IL13, IL15, MIP1A,
MIP1B, MCP1, MCP3, PDG.ABBB, sICAM1, sgp130, sTNFRI, sTNFRII,
sVCAM1, and RANTES) were chosen based on previous data [12].
Thirty-five of the seventy-one patients analyzed by Luminex were also
patients used for the SOMAscan array. Proteins were analyzed for
their ability to predict progression free survival based on different cut-
offs. For example, a cutoff of 50% means half the patients are in the
high concentration group while the other half are in the low concentra-
tion group. Proteins capable of predicting PFS were BDNF (HR 4.11, 95%
Cl: 1.73-9.76, p-value: 0.0005), PDGF.AA (HR 2.04, 95% CI: 1.12-3.73, p-
value: 0.017), and PDGF.ABBB (HR 3.62, 95% CI: 1.61-8.14, p-value:
0.00009, Fig. 1A). Interestingly, BDNF had mild correlation with both
PDGF.AA and PDGF. ABBB: Pearson correlation coefficients of 0.68 (p-
val < 0.001) and 0.58 (p-val < 0.001), respectively. PDGF.AA and PDGF.
ABBB had a strong degree of correlation: Pearson correlation coefficient
0f 0.82 (p-val < 0.001. Using the glmnet algorithm, we then investigated
if any combination of these proteins could better predict PFS compared
to individual proteins (Fig. 1B). The combination of PDGF.AA and BDNF
(HR 4.61, CI 1.94-10.94, p-value: 4.46 x 10~°) provided marginally im-
proved PFS prediction compared to BDNF alone. This is further demon-
strated by that BDNF was 5-fold more important in determining the
score compared to. PDGF.AA (relative contributions —0.02 versus
—0.004, respectively). This combination was also capable of predicting
recurrence within 1.5 and 3 years of the blood sampling date (Fig. 1B).

It is not surprising that suboptimal cytoreduction is a predictor of
PES (HR 2.73, CI: 0.14-0.94, p-value: 0.037); however, only six patients
had suboptimal cytoreduction (Fig. 2A); and therefore, its utility in
predicting PFS is limited. Stage is a better predictor of PFS in terms of
HR (HR = 8.49, Cl: 2.05-35.24, p-value: 4 x 10~%) than the best individ-
ual proteins or in combination (PDGF.AA and BDNF) (Fig. 2A). Because
of the known role of stage and optimal cytoreduction in predicting pa-
tient prognosis, multivariate analysis was performed using stage, opti-
mal cytoreduction, and having received maintenance chemotherapy

Table 2
Four prognostic protein candidates identified by SomaArray. Disease specific survival was
calculated as time from blood draw to death.

Select SOMA proteins predictive of DSS

Molecule Cut off HR (95% confidence interval) Log rank-p
BDNF 50 10 (2.78-33.34) 0.00001
PDGF.AA 50 4.55 (1.61-12.5) 0.002
MDC 50 3.23(1.20-8.33) 0.014
PAIl 50 2.86 (1.08-7.69) 0.029
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Fig. 1. A. Progression free survival predicted by BDNF, PDGF.AA, and PDGF.ABBB. The percentile with the best combination of hazard ratio and p-value were chosen for display. B. The bar
graph shows both BDNF's and PDGF.AA's relative contribution to generating a score, which predicts PFS for each patient. The scores were determined by summing the values given post
multiplying the serum level of BDNF and PDGF.AA by their respective relative contribution. These scores determined which patients were in the low and high group for the Kaplan Meyer
survival prediction. Finally, ROC (receiver operator characteristic) curves were generated based on the ability of this combination to predict recurrence within 1.5 years and 3 years

respectively.

as covariables. BDNF (p-value: 0.013), PDGF.AA (p-value: 0.036), and
PDGF.ABBB (p-value: 0.027) all remained significant for predicting PFS
after correcting for these covariables.

Most importantly, BDNF, PDGF.ABBB, and PDGF.AA can predict PFS
in the subset of patients who have advanced stage disease (stage III
and IV) and have had an optimal cytoreduction (n = 51) (Fig. 2B).
When the glmnet algorithm was reapplied to this subset of patients,
BDNF remained the main contributor to patient prognosis. However,
the combination of BDNF and PDGF.ABBB resulted in better prediction
than if BDNF was combined with PDGF.AA (Fig. 3A). The combination
of BDNF and PDGF.ABBB was also capable of predicting recurrence
within 1.5 years and 3 years of blood sampling date (Fig. 3B). These re-
sults strongly suggest that BDNF, PDGF.AA, and PDGF.ABBB have prog-
nostic value independent of the known clinical variables.

Finally, we used the glmnet algorithm to create a composite serous
high grade ovarian cancer score (SHOCS) consisting of serum proteins
in combination with clinical variables (Fig. 4A). The best combination
was at an alpha of 0.03 and consisted of two clinical factors (stage and
optimal debulking) along with 8 different serum proteins (HR 6.55, CI:
2.57-16.71, p-value: 1.12 x 1075). The three most important factors
for determining time to recurrence are stage, serum BDNF level and
then cytoreduction status. The SHOC score provides the best prediction
of time from blood draw to recurrence within 1.5 and 3 years, with AUC
values of 0.78 and 0.83, respectively (Fig. 4B). Notably, these AUC values
were much better than the AUC values of stage alone when predicting

recurrence at 1.5 and 3 years (stage AUC 0.52, and 0.61, respectively)
(Fig. 4B).

4. Discussion

Here we present data on multiple serum proteins which were pre-
dictive of PFS in high grade serous ovarian neoplasms. BDNF and
PDGF.AA were validated by two different proteomic technologies
(SOMAscan and Luminex). Interestingly, higher levels of both of these
proteins, as well as, PDGF.ABBB were associated with better PFS, sug-
gesting that these proteins most likely have protective roles in anti-
tumor immunity. Indeed, this is supported by BDNF, PDGF.AA, and
PDGF.ABBB are known to play major roles in immune functions related
to anti-tumor immunity [11,15]. It is possible that patients with low
protein levels do not efficiently destroy residual microscopic cancer
and are therefore more likely to have recurrent disease.

Of the significant proteins found in the study, BDNF is the least stud-
ied serum protein in ovarian cancer, compared to PDGF.AA, and PDGF.
ABBB, but arguably the best predictor of PFS in our study. There is not
a large amount of literature published about role of BDNF in ovarian
cancer; however, BDNF has been shown to play a role in the immune
system with a previous study showing activated T cells and B cells se-
crete BDNF [11]. Supporting this conclusion, in a study by Cao et al.,
[16] mice with higher serum levels of BDNF were shown to have supe-
riorly functioning immune systems and increased survival in both colon
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Fig. 2. A. Comparison of Kaplan Meyer PFS prediction by stage, optimal cytoreduction, and the combination of PDGF.AA and BDNF. When considering the stage Kaplan Meyer curve patients
with stage 1 and 2 disease were grouped together and patients with stage 3 and 4 disease were grouped together. B. Progression free survival prediction of BDNF, PDGF.AA and PDGF.ABBB
when considering only patients with stage 3 disease or later and an optimal debulking (n = 51).

and melanoma cancer models in mice. This coincides with our results
that with increasing BDNF level there is an increase in PFS even when
considering only advanced stage optimally debulked patients (30th per-
centile HR: 1.85, p-value: 0.06; 50th percentile HR: 2.16, p-value: 0.02;
80th percentile HR: 2.93, p-value 0.03). Given this information, it is es-
sential to validate the findings on BDNF in a larger scale study. If vali-
dated, BDNF could provide a key piece of insight for early intervention
in ovarian cancer patients, while in remission.

The PDGF molecules may also serve as valuable serum markers for
potential immune deficiency resulting in the inability to resolve micro-
scopic cancer. PDGF has been shown to be secreted by platelets to stim-
ulate dendritic cell differentiation, T-cell migration, and early T-cell
activation [15]. Consistent with the findings in this study, previously
our group showed that PDGF molecules are higher in controls compared
to patients with ovarian cancer [12]. In line with this reasoning, it has
also been shown that some tumors overexpressing PDGF.BB have im-
paired growth [17]. However, PDGF has a variety of other functions,
which have been shown to potentiate malignancy such as stimulating
angiogenesis [18]. However, our results indicate that elevated levels of
serum PDGF are protective. This may indicate a possible improved im-
mune response against residual microscopic cancer. Additional studies
are required for further validation of the PDGF molecules as predictors
of prognosis in ovarian cancer, as well as, differentiating in which situa-
tions their functions act to inhibit or promote cancer.

The combination of BDNF and PDGF.AA (HR 4.61, CI 1.94-10.94, p-
value: 4.46 x 10~°) showed encouraging results when combined to
predict prognosis among all patients. However, BDNF levels appear to
be the main determinant of patient prognosis in this combination. Inter-
estingly, when considering advanced stage ovarian cancer patients with

an optimal debulking; it was BDNF and PDGF.ABBB that were most pre-
dictive of prognosis (HR 4.21 p-value: 0.001). The fact that BDNF and the
PDGF molecules predict prognosis and have a positive correlation in ex-
pression supports that they could have a potential functional and inter-
active role in promoting a prolonged remission. Thus, these molecules
should be investigated further in the future which may also eventually
aide in choosing when and when not to intervene in a patient who ap-
pears to be in remission. However, based on the known contribution of
stage and optimal cytoreduction to patient prognosis, we then made a
separate model, Serous High-Grade Ovarian Cancer Score (SHOCS),
which could be applied to all patients in remission based on a combina-
tion of clinical factors and serum protein concentration.

The SHOC score, consisted of two clinical components: stage and op-
timal debulking, as well as, serum levels of 8 different proteins: BDNF,
SIL6R, sgp130, sTNFRI, IGFBP6, MIP1B, IL6, and IFNG. This combination
had the best ability to predict PFS (HR 6.55, p-value 1.12 x 1079)
when considering all patients in the entire cohort (n = 71). This score
correctly identified 40 of the 45 patients who had a recurrence. Al-
though stage and optimal debulking were key parts of the score, protein
components were far from negligible. BDNF carried almost twice the
relative impact of optimal cytoreduction. Furthermore, proteins with
small relative contribution when considered collectively have a large
impact. Interestingly of the 23 patients in the low score group, 10 had
stage 3 disease. The SHOC score also did correctly identify the lone
stage 2 patient who had a recurrence. Because of this, it seems that a fa-
vorable or unfavorable proteomic profile can indeed greatly impact a
patient's overall prognosis despite their clinical determinants. It is also
worth noting, of the four patients who had a recurrence but were pre-
dicted to not recur by the SHOC score, one had stage 1 disease and
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Fig. 3. A. Bar graph showing the contribution of both BDNF and PDGF.ABBB to determining PFS in patients with greater than stage 3 disease and an optimal debulking (n = 51). The
corresponding Kaplan Meyer curve is made by dividing patients based on the score generated for each patient based on the relative contribution bar graph. The score is determined
specifically by summing the values generated post multiplying the serum level of BDNF and PDGF.ABBB by their respective relative contribution. B. Finally, ROC (receiver operator
characteristic) curves were generated based on the ability of this combination to predict recurrence within 1.5 years and 3 years respectively.

four had stage 3 disease. Validation is needed to see on a larger scale
how the SHOC score would consistently perform when evaluating
early stage patients. Despite the concerns about early stage patients,
this score was remarkably successful in predicting recurrence among
advanced stage patients. Because of this score's success in identifying
patients at the highest risk of recurrence, in the future the SHOC score
may aide in determining which remission patients need early treatment
and intervention.

Although these results are exciting, our study has a number of limi-
tations that need to be addressed with future studies. One of the largest
limitations is the lack of samples obtained from patients in the pretreat-
ment setting. A pretreatment serum value for all proteins measured in
this paper would provide a more complete picture of each protein's
role, change over time, and allow better comparison to other papers
discussing biomarkers in ovarian cancer. Another limitation is that this
paper only consisted of 71 total remission patients with half of the pa-
tients being used in the discovery data set. We suspect this small sample
number of patients in the SOMAscan array and the overall small number
of patients in the entire study most likely contributed to the large de-
crease in hazard ratio when comparing SOMAscan results (35 patients),
to the Luminex study (71 patients). However, the number of analyzed
patients is similar to other published data sets of ovarian cancer patients
[19-22]. Further studies should also focus on using assays capable of

analyzing a wider variety of serum proteins compared to Luminex. Ex-
ample assays include mass spectrometry or using the SOMAscan array
exclusively; both offer accurate and efficient detection of a large number
of proteins. By analyzing concentrations of molecules part of numerous
physiologic pathways, such as those involved in anti-tumor immunity
or general inflammation, in a larger patient population, we would hope-
fully be able to provide more evidence proteomic biopsies in remission
can predict prognosis. Perhaps, we may eventually be able to make in-
ferences into possible effective intervention. Despite these pitfalls,
there are also a number of positives to this study.

One of the major strengths of this study is its longitudinal nature.
Another positive is that the combined SHOC score consists of two clini-
cal components, stage and optimal cytoreduction, which are already
used by gynecologic oncologists [23]. Furthermore, the eight proteins
can be tested using a platform that has been previously validated and
is high throughput. Finally, the SHOC score is used to determine risk of
recurrence at a unique time point, remission.

Remission, since the development of targeted biologic therapy, im-
munotherapy, and the SOLO-1 trial, has become of increasing interest
as a time of intervention [24]. Currently, gynecologic oncologists have
no way to accurately monitor microscopic cancer and its molecular
workings in a remission patient. The SHOC score demonstrates the abil-
ity to predict prognosis during the remission time period, when only
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Fig. 4. A. Bar graph showing the contributions of stage, optimal cytoreduction, BDNF, sIL6R, sgp130, sTNFRI, IGFBP6, MIP1B, IL6, and IFNG to determining PFS among all patients in the entire
cohort (n = 71). The corresponding Kaplan Meyer curve is made by dividing patients based on the score generated for each patient based on the relative contribution bar graph. The score
is determined specifically by summing the values generated post multiplying the stage (1-4), optimal cytoreduction (0-1) and each serum protein level by their respective relative
contribution. B. SHOCS and stage ROC curves were then generated and compared based on their ability to predict recurrence within 1.5 years and 3 years, respectively. SHOCS had

superior prediction ability at both 1.5 and 3 years.

microscopic cancer is present indicating it is representative of aggres-
sive microscopic disease. We hope this study will help lay the ground
work for future investigations focusing on proteomic biopsies capable
of both detecting microscopic disease and guiding personalized mainte-
nance therapy interventions.
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