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Vivo, Patient-Derived 3D Spheroid 
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Although 70–80% of newly diagnosed ovarian cancer patients respond to first-line therapy, almost 
all relapse and five-year survival remains below 50%. One strategy to increase five-year survival is 
prolonging time to relapse by improving first-line therapy response. However, no biomarker today can 
accurately predict individual response to therapy. In this study, we present analytical and prospective 
clinical validation of a new test that utilizes primary patient tissue in 3D cell culture to make patient-
specific response predictions prior to initiation of treatment in the clinic. Test results were generated 
within seven days of tissue receipt from newly diagnosed ovarian cancer patients obtained at standard 
surgical debulking or laparoscopic biopsy. Patients were followed for clinical response to chemotherapy. 
In a study population of 44, the 32 test-predicted Responders had a clinical response rate of 100% 
across both adjuvant and neoadjuvant treated populations with an overall prediction accuracy of 89% 
(39 of 44, p < 0.0001). The test also functioned as a prognostic readout with test-predicted Responders 
having a significantly increased progression-free survival compared to test-predicted Non-Responders, 
p = 0.01. This correlative accuracy establishes the test’s potential to benefit ovarian cancer patients 
through accurate prediction of patient-specific response before treatment.

Although the current first-line treatment paradigm for newly diagnosed ovarian cancer patients is initially effec-
tive in 70–80% of cases, most patients will relapse1 and fewer than half of all women diagnosed with ovarian 
cancer will survive beyond five years2. Overall survival may be prolonged by lengthening the time to initial pro-
gression as this time interval has an impact upon clinical treatment and response3–5. There are no biomarkers 
currently available to accurately predict patient response to first- or second-line therapy, hampering efforts to 
increase overall survival by this strategy. A test that could make an accurate response prediction on a case-by-case 
basis at diagnosis could benefit the 20–30% of patients that do not respond initially and improve their clinical 
outcomes.

The treatment paradigm for newly diagnosed ovarian cancer patients is well defined by clinical guidelines set 
by the National Comprehensive Cancer Network (NCCN) and usually follows one of two paths, either surgical 
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debulking followed by six cycles of platinum/paclitaxel chemotherapy or laparoscopic biopsy followed by 3–4 
cycles of platinum/paclitaxel chemotherapy, interval debulking, and an additional 3 cycles of the same chemo-
therapy6–8. Upon relapse patients are classified as “platinum sensitive” or “platinum resistant” dependent upon 
the length of time to recurrence following the completion of first-line, platinum-based chemotherapy; “platinum 
sensitive” patients maintain disease-free status greater than six months while “platinum resistant” patients pro-
gress in less than 6 months9,10.

Currently, tests to support clinical treatment decisions in oncology generally fall into one of two categories, 
neither of which identifies individual Responder or Non-Responder patients. In one category, tests use the pres-
ence of single biomarkers or mutations (e.g., BRCA, HER2, EGFR, PD-1, BRAF, etc.) to establish patients that 
harbor actionable markers and therefore may respond to targeted therapies. Many tested patients have no action-
able markers11; and many additional patients who are treated based on positive mutation or biomarker status do 
not respond to the marker-associated treatment12–14. In the second category, multiple gene mutations in defined 
sets place tested patients within a defined prognostic group of clinical outcomes based on a quantitative, indi-
vidualized value15–18. By this determined value, patients are accurately identified as more or less likely to benefit, 
however, the tests do not predict individual response, and there are still many patients who receive treatment 
without a response. The clinical accuracy for both categories of test is sometimes limited because results are not a 
consequence of patient-specific tissue interaction with drug, but rather are generated in the complete absence of 
cell-drug interaction. Infectious disease treatment paradigms have solved this limit to clinical utility by obtaining 
patient-specific evidence of response through direct exposure of live patient-specific bacteria to various drugs 
and routinely and effectively use in vitro response to guide regimen selection. If comparably effective, an analo-
gous process in cancer using live patient-specific cancer cells to effectively select patient-specific cancer therapies 
would have tremendous beneficial impact on clinical care in oncology.

Throughout the past few decades many in vitro chemotherapy resistance and sensitivity assays (CRSAs) have 
been developed using various techniques including 2D cell culture, tissue slices, and soft agar assays19–23. None 
of these previously developed assays are recommended by the American Society of Clinical Oncology for patient 
treatment selection outside of clinical trials and there is debate within the oncology community as to their util-
ity24. Stated reasons for the current lack of adoption include insufficient evidence of clinical benefit to patients 
and lack of demonstrated clinical utility to physicians. The predictive accuracy of CRSAs may be a function of the 
in vitro techniques utilized. For example, 2D cell culture has low success rates with primary cells and has limited 
biologic fidelity and thus limited sensitivity for patient-specific drug response25,26. To address these shortcomings, 
we have developed an ex vivo 3D cell culture drug response test with a rapid turnaround time and a validated, 
scalable process. The test combines the increased cell culture success rate and biological fidelity of 3D cell culture 
with standardized procedures resulting in increased replicate testing, decreased intra-assay heterogeneity, and the 
testing of standard of care agents utilized in the treatment of ovarian cancer.

Here, we provide the analytical validation and initial prospective clinical validation of this test to accurately 
predict patient-specific response to first-line chemotherapy in newly diagnosed ovarian cancer patients prior 
to treatment initiation. The response prediction encompasses all drugs received by the patients as part of their 
first-line and/or second-line therapy, enabling patient matched correlation between test result and patient clinical 
response to standard of care therapy. This correlation provides robust evidence of the future potential use of this 
test in a clinical setting to increase positive outcomes and benefit patients through better informed treatment 
decision making.

Results
Analytical validation of the test. In order to produce a test that could perform universally across the het-
erogeneity of patient samples, we first analytically validated the test using a combination of cell lines and primary 
patient samples (Fig. 1). The timing of drug incubation was standardized using cell lines due to the limited cell 
numbers reproducibly available from any one primary tumor and the need to produce reliable, large scale results 
for this aspect of the test (Fig. 1A). If, upon individual primary sample testing, it had become obvious that no 
drug response was found in 20 primary samples, we would have re-evaluated both the drug curve and the timing 
of exposure. Drug response was interrogated from 24 to 120 hours following addition to 3D spheroids and IC50s 
were calculated and graphed over time. A single, optimal time period of 72 hours was established that allowed 
the differentiation of test response/non-response without falling too close to either extremes of the dose response 
curves.

Inter-assay reproducibility was performed on one primary sample (Fig. 1B) and three cell lines (Fig. 1C) 
following the standard SOPs for the response prediction test. The original sample, primary tumor or cell line, 
was initially processed to single cells in suspension by one performer and then separated among all performers 
equally who then performed individual spheroid formation, drug dosing, viability assays, and data analysis. The 
similarity of results was judged against Response/Non-Response categories for each drug (red hash lines). For 
the primary sample, six separate performers at KIYATEC were able to produce similar results within the range 
of drug response categories. Similar results were seen when the test was performed on cell lines between two 
different performers with a mix of Response and Non-Response to the tested drugs that were replicated between 
performers. Intra-assay reproducibility was performed by one person on three different primary samples with 
successful reproduction of their own results on separate occasions (Fig. 1D).

Characteristics of the patients. A total of 154 women with a diagnosis of ovarian cancer were enrolled 
from November 2014 to November 2018. Ninety-two were eligible for this analysis with newly diagnosed, treat-
ment naive ovarian cancer, receipt of fresh tissue from either a primary debulking surgery or laparoscopic biopsy, 
76 and 16 respectively (Fig. 2), and receipt of platinum-based chemotherapy. Eighty-three tissues (90%) were 
successfully tested for drug response to at least carboplatin and paclitaxel. Eight of the nine test failures were 
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due to poor viability of the cells isolated from the samples either at the initial tissue digestion or in the untreated 
controls over the course of the assay. Only one sample failed due to technician error. All 83 successfully assayed 
tissues were tested for categorical response to carboplatin, paclitaxel, and cell numbers permitting, approved 
second- and third-line agents, including doxorubicin, topotecan, gemcitabine, and olaparib (Fig. 2C,D). Every 
sample except one had a measurable level of response or moderate response to at least one agent. The one patient 
sample with no response had no discernably obvious reasons for the lack of drug response in the assay. Multiple 
patient samples had a response to both carboplatin and paclitaxel (20 of 83, 24%) while (38 of 83, 46%) responded 

Figure 1. Analytical validation of the assay. (A) Timing analysis of optimal drug response in five ovarian 
cancer cell lines. Abbreviations: Carbo = carboplatin, Pac = paclitaxel, Dox = doxorubicin, Topo = topotecan, 
Gem = gemcitabine, Olap = olaparib. (B–D) Representative data generated testing the intra- and inter-assay 
reproducibility. Reproducibility was defined as having similar drug response readouts which are indicated by 
the vertical red hash lines in the graphs. (B) Overlapping non-linear regression curves of drug response in the 
assay performed by 6 separate operators on one primary tissue sample. Each color represents a curve generated 
by a different operator. (C) Repetition of the assay by two individual operators for 3 different cell lines and 2 
drugs each. (D) Repetition of the assay by a single operator for 3 separate primary tissue samples and 2 drugs 
each. At each data point, n = 7.
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to carboplatin or paclitaxel alone with the majority of those (24 of 38, 63%) being a response to carboplatin rather 
than paclitaxel. Importantly, 30% of patients (25 of 83) did not respond to either carboplatin or paclitaxel.

Of the 76 primary debulking patients, 67 (88%) had successful tests performed on their excised tumor tissue. 
Thirty-five of these patients had the required minimum six months of clinical follow-up to determine clinical 
response to standard first-line combination carboplatin/paclitaxel therapy (Fig. 3). These patients were classified 
as clinical responders or non-responders based on their disease status at six months following the completion of 
chemotherapy. No stratification was made based on achieving complete cytoreduction (R0)27, stage, grade, or dis-
tribution of disease28. The 35 patients with sufficient clinical follow-up for test correlation encompassed multiple 
stages, grades, and histological subtypes. All 16 of the laparoscopic biopsy patients (100%) had successful tests 
performed on their excised tumor tissue and nine patients had CT imaging data prior to biopsy and directly prior 
to interval debulking surgery to categorize their response to neoadjuvant chemotherapy29,30.

Test response predicts clinical response to first-line adjuvant chemotherapy in newly diagnosed 
ovarian cancer with primary debulking. In order to determine the accuracy of test predictions, we com-
pared the test response category of the tested tissues to the clinical response of the enrolled patient on an indi-
vidual level (Fig. 3). When determining if a patient was a Responder or Non-Responder to clinical combination 

Figure 2. Descriptive characteristics of the patients enrolled in the prospective clinical validation study. (A) 
Clinical pathology of all patients enrolled in the study. (B) Flow chart of the patient inclusion process. (C) Drug 
response category for all 83 successfully tested patient samples. Green indicates Responder, yellow Moderate 
Responder, and red Non-Responder. Blank squares indicate that drug was not tested. (D) Summary table of 
responses indicated in C. Carboplatin has only two categories, Responder and Non-Responder. Abbreviations: 
Carbo = carboplatin, Pac = paclitaxel, Dox = doxorubicin, Topo = topotecan, Gem = gemcitabine, 
Olap = olaparib.
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therapy of carboplatin and paclitaxel, they were deemed to be a Responder if their test response fell within the 
Responder category for either carboplatin or paclitaxel. If their test response prediction indicated non-response 
to carboplatin and moderate or non-response to paclitaxel, then they were considered a Non-Responder. For two 
patients, OVC13 and OVA71, doxorubicin and gemcitabine were added to their initial 6 cycles of chemotherapy 
respectively. OVC13 had no test response to carboplatin or paclitaxel but did have test response to doxorubicin 
and was therefore classified as a true positive. OVA71 had no test response to carboplatin, paclitaxel, or gemcit-
abine and was therefore classified as a true negative. Histology of the primary tumor samples received revealed 
pan-cytokeratin positive cells indicating the presence of epithelial cells and these samples were verified to be ovar-
ian cancer through pathology. Importantly, all samples formed spheroids in the 3D cell culture system although 
the size, shape, and compaction of the spheroids differed from sample to sample (Fig. 4).

In addition to predictive accuracy we also examined the prognostic capability of the test in newly diag-
nosed ovarian cancer patients that receive upfront primary debulking followed by adjuvant platinum-based 

Figure 3. Clinical pathology of all patients in the newly diagnosed, treatment naïve, primary debulking 
category. Green indicates a Test Responder, Yellow a Test Moderate Responder, and Red a Test Non-
Responder. Abbreviations: Carbo = carboplatin, Pac = paclitaxel, Dox = doxorubicin, Topo = topotecan, 
Gem = gemcitabine, Olap = olaparib; + = CA-125 ≤ 60, ++ = CA-125 > 60, <500, +++ = CA-125 ≥ 500.

https://doi.org/10.1038/s41598-019-47578-7


6Scientific RepoRtS |         (2019) 9:11153  | https://doi.org/10.1038/s41598-019-47578-7

www.nature.com/scientificreportswww.nature.com/scientificreports/

chemotherapy (Fig. 3). A Kaplan-Meier survival curve (Fig. 5A) indicated a significant difference in median 
progression-free survival (PFS) from surgery for those patients that were prospectively test-predicted to respond 
to first-line platinum-based chemotherapy (greater than 20 months) compared to those that were test-predicted 
to not respond (nine months) (HR 0.3414, 95% CI 0.08927 to 1.305, p = 0.01). First-line chemotherapy took 
an average of five months to complete resulting in only about a four-month chemotherapy free period for the 
test-predicted Non-Responders.

Prospective test response was also interrogated for its ability to predict an individual patient’s platinum sensi-
tivity based upon the clinical criteria of PFS greater than six months following the completion of chemotherapy. 
For this analysis, test response was correlated to clinical response (CA-125 and radiographic assessment as inter-
preted by the physician) at least six months following the completion of first-line, platinum-based chemotherapy 
(Fig. 5B,C). Patients were classified into four categories based upon test response and prospective clinical assess-
ment (Fig. 5B). True positives (TP) were defined as test-predicted Responders with no evidence of disease (NED) 
as assessed by radiographic imaging and/or a CA-125 < 35 U/mL at six months post-chemotherapy completion, 
and true negatives (TN) were defined as test-predicted Non-Responders with evidence of disease as assessed 
by radiographic imaging and/or a CA-125 value > 35 U/mL within six months post-chemotherapy prediction. 
Utilizing these three measurements, test response, radiographic assessment, and clinical CA-125, the predictive 
accuracy of the assay for platinum sensitivity was 31/35 (89%) (Fig. 5C,D).

The correlation of test predictive response with clinical response was statistically significant (p = 0.0004) as 
calculated by Fisher’s exact test with a test sensitivity of 87% (95% CI 70 to 94.7) and specificity of 100% (95% CI 
56.6 to 100) (Fig. 5D). All 26 adjuvant patients identified as Responders by the test, TP, had no evidence of disease 
progression at least six months post-chemotherapy indicating clinical classification as “platinum sensitive”. Of 
the test-predicted Non-Responders (n = 9), three were refractory with progression within the first three months 
of treatment and two had clinical evidence of disease progression and relapse within six months of treatment 

Figure 4. Representative imaging of primary debulking tissue samples and 3D spheroids formed for assay 
performance. Formalin fixed, paraffin embedded sections were stained for pan-cytokeratin expression and 
isotype control to identify the presence of epithelial cells in the tumor tissue, scale bars = 50 microns. Following 
assay performance, images were taken of representative 3D spheroids in the untreated control groups to verify 
the formation of spheroids during assay performance, scale bars = 100 microns.
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completion as defined by an increase in tumor size and/or an increase in CA-125 and were successfully identified 
as resistant by the test assay, TN. Importantly, all of the five carboplatin/paclitaxel test-predicted Non-Responders 
had at least test-predicted Moderate Response to other drugs in the six drug panel, including doxorubicin and 
topotecan, suggesting they may have responded better clinically to a change in treatment. The final four patients 
were falsely identified by the test as Non-Responders but had a clinical response (false negative (FN)). There were 
zero false positives (FP).

Test false negative response may be related to CA-125 values directly prior to surgery. In an 
effort to determine why the test was providing a limited number of FN readouts, we examined multiple factors, 
including grade, stage, and histology, none of which provided any indication of differentiation between groups. 
FN readouts could also be due to the tissue received for testing. However, only one sample, OVB27, indicated 
a low amount of pan-cytokeratin positive cells (Fig. 3, outlined in black). One difference that did standout was 
the distribution of CA-125 values at the time of surgery, prior to obtaining the tissue and completely unrelated 
to the test. The FN group had a mean CA-125 at surgery of 40.38 (Range 18 to 58) and the TN group had a mean 
CA-125 of 2895 (Range 151.4 to 9796). Importantly, this distinction was not present in a comparison of the TP 
(mean 2702, Range 15 to 35685) to the TN patients indicating that initial CA-125 immediately prior to surgery 
is not a good predictor of patient response to platinum-based chemotherapy. The initial CA-125 of the four FN 
patients was also significantly lower than the combined TN and TP groups of correctly predicted patients (group 
mean = 2737, FN mean = 40.4, p = 0.0474) (Fig. 6A). Clinically, patients with low CA-125 prior to surgery are 
known to have significantly superior prognosis31–33. When coupled with the discordant test results for these four 
patients, it is possible that the test’s prediction algorithm may be modified in the future for this small minority 
patient subpopulation. With this observation, we set a cutoff of 60 U/mL CA-125 as an exploratory disqualifier 
for the test and applied it to the entire 35 patient population of the primary debulking adjuvant group (Fig. 6A). 
This removed all four FN patients and two TP. The resulting data set is 100% accurate with 24 TP patients and 
five TN patients and no FP or FN patients (Fig. 6B,D). Importantly, while the diagnostic odds ratio with the FN 
readouts was 64.6, indicating a very good test, when they are removed, it increases to 54434,35. Additionally, PFS 
in the test-predicted Responders remained significantly different from PFS in the test-predicted Non-Responders 
with a median PFS of 21 months and eight months respectively (HR 0.0002, 95% CI 0.00001 to 0.003, p < 0.0001, 
Fig. 6C). We will continue to monitor the datasets as more patients are added to see if this exploratory cutoff ulti-
mately plays a significant role in test accuracy.

Figure 5. Assay response in newly diagnosed patients who underwent primary debulking surgery prior to 
platinum-based chemotherapy initiation. (A) Progression-free survival Kaplan-Meier plots of all patients within 
this cohort out to 20 months following initial surgery. The p value was calculated by the Wilcoxon test. (B) 
Defining parameters for categorizing patients as true positive, true negative, false positive, and false negative 
according to assay response and clinical response 6 months after the completion of first-line chemotherapy. 
Evidence of disease is defined by imaging analysis or physician notes. The horizontal red dashed line indicates 
a CA-125 value of 35 U/mL. The vertical red dashed line defines the break between assay Responders and assay 
Non-Responders. (C) Scatter plot of all patients analyzed within this population cohort. The green dots indicate 
clinical response defined by CA-125 with or without imaging, and the blue dots indicate clinical response 
defined only by imaging. (D) Contingency table of response cohorts. The p value was determined by Fisher’s 
exact test.
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Test response predicts future clinical response to neoadjuvant chemotherapy in newly diag-
nosed ovarian cancer. We used the same test to predict response to neoadjuvant chemotherapy in patients 
who received a laparoscopic biopsy rather than an upfront debulking surgery (Fig. 7). In order to correlate test 
response to clinical response, we utilized the rules established by response evaluation criteria in solid tumors 
(RECIST 1.1) to classify the patients as complete response (CR), partial response (PR), progressive disease (PD), 
or stable disease (SD)30 (Fig. 7B). We then correlated test-predicted Response to CR and PR and test-predicted 
Non-Response to PD or SD. After examining nine patients, one was CR and correlated with test-predicted 
Response to carboplatin (TP), six were PR and five of those six correlated with test-predicted Response to carbo-
platin and/or paclitaxel (TP), and two were SD with correlation to test-predicted Non-Response to both carbopla-
tin and paclitaxel (TN) (Fig. 7A,C). The single FN patient had PR but did not respond to carboplatin or paclitaxel 
in the test. This resulted in an accuracy in this population of 89% (8 of 9), p = 0.0833 (Fig. 7D), The sensitivity was 
86% (95% CI 48.7 to 99.3) and the specificity was 100% (95% CI 17.8 to 100) which are similar to the results from 
the adjuvant treated newly diagnosed patients (Fig. 5D). Importantly, when predictions in newly diagnosed adju-
vant treated ovarian cancer are combined with predictions in neoadjuvant treated ovarian cancer, an accuracy of 
89%, p < 0.0001 is established (Fig. 7E). This results in an overall test sensitivity of 86% (95% CI 72 to 94) and test 
specificity of 100% (95% CI 64.6 to 100). We also examined the neoadjuvant samples we received for tumor cells 
by staining for pan-cytokeratin (Fig. 8). These samples also formed a variety of spheroid shapes and sizes. Taken 
together, this data indicates the potential to use this test in multiple settings in newly diagnosed patients for an 
accurate prediction of first-line therapy response in ovarian cancer.

Discussion
No routinely used test accurately resolves an ovarian cancer patient population into future chemotherapy 
responders or non-responders prior to treatment initiation. Here we present data on the analytical validation of 
such a test and in a prospective, blinded clinical study we have established that the test is able to accurately do 
so 89% of the time. In a study population of 44 newly diagnosed ovarian cancer patients who received first-line, 
platinum-based chemotherapy, the 32 prospectively test predicted Responders had an eventual clinical response 
rate of 100%. The test had the same level of correlative response prediction accuracy for both adjuvant and neoad-
juvant treated groups. Within this group of patients this knowledge may have particular benefit for older patients 
and/or those with significant co-morbidities for whom toxicity of a prospective chemotherapeutic is weighed 
heavily in decisions to treat. Test data were generated within seven days of debulking surgery or laparoscopic 
biopsy, a clinically relevant timeframe relative to when treatment decisions are made and communicated.

Despite a lack of controls for grade, stage, or success of surgery, the 12 prospectively test-predicted 
Non-Responders had a correspondingly poor clinical response rate of 42% (5 of 12). The low clinical response 
rate of the test-predicted Non-Responders establishes a comparative metric against which to weigh alternative 

Figure 6. Upfront cutoff of patients with low CA-125 values at the time of surgery improves assay accuracy. 
(A) The CA-125 values for all patients in the newly diagnosed, primary debulking cohort were graphed by their 
assay response category. The purple dots were the 4 false negative readouts. The red dashed line indicates an 
initial CA-125 cutoff value of less than 60. (B) Scatter plot of all patients analyzed within this new population 
cohort. The green dots indicate clinical response defined by CA-125 with or without imaging, and the blue 
dots indicate clinical response defined only by imaging. (C) Progression-free survival Kaplan-Meier plots of 
all patients within this cohort out to 20 months following initial surgery. The p value was calculated by the 
Wilcoxon test. (D) Contingency table of response cohorts. The p value was determined by Fisher’s exact test.
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treatment plans with a response rate higher than 42%. Further, we determined that the false negatives in the adju-
vant treated group had a relatively low pre-operative CA-125 (<60 U/mL) compared to most of the population 
(29 of 35) with a CA-125 greater than 100 U/mL. In this elevated CA-125 majority population of 29 patients, the 
test-predicted Non-Responders were associated with a clinical response rate of 0%. At this level of test accuracy, 
any alternative treatment strategy with a non-zero predicted response rate could be considered and prioritized. 
With planned additional clinical validation in a larger study, the test is positioned to enable a strategy to raise the 
current 70–80% response rate even higher in newly diagnosed ovarian cancer and potentially increase the current 
poor overall survival.

Differentiation between this test and previous chemoresponse assays is evident via direct comparison of 
techniques. This test’s superior performance may, in part, be attributable to the differences between the cul-
ture conditions, i.e., the advantages of a 3D microenvironment over 2D cell culture. In representative previous 

Figure 7. Assay response in newly diagnosed patients who underwent laparoscopic biopsy prior to initiation 
of neoadjuvant chemotherapy. (A) Clinical pathology of all patients in this group separated by their predicted 
response in the assay and in the clinic. Green indicates a Test Responder, Yellow a Test Moderate Responder, 
and Red a Test Non-Responder. Abbreviations: Carbo = carboplatin, Pac = paclitaxel, Dox = doxorubicin, 
Topo = topotecan, Gem = gemcitabine, Olap = olaparib; ++ = CA-125 > 60, <500, +++ = CA-125 ≥ 500; 
CR = complete response, PR = partial response, and SD = stable disease. (B) Defining parameters for 
categorizing patients as true positive, true negative, false positive, and false negative according to assay response 
and RECIST 1.1 criteria. The horizontal red dashed line indicates the 30% reduction in the sum of the target 
lesions that defines the minimum for defining partial response (PR). The vertical red dashed line defines the 
break between assay Responders and assay Non-Responders. (C) Scatter plot of all patients analyzed within 
this population cohort. (D) Contingency table of response cohorts for the laparoscopic biopsy group. (E) 
Contingency table of response cohorts for the combination of all newly diagnosed, treatment naïve ovarian 
cancer patients with assay response data and clinical response information. The p value was determined by 
Fisher’s exact test.
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chemoresponse testing36,37, a 2D assay was only successfully completed on 78% of eligible enrolled patients com-
pared to the current 90% success rate of the test demonstrated in this paper. Additionally, the previous tests 
generally required longer time in culture, increasing not only turnaround time but also the amount of molecular 
changes that typically occur in the cells due to microenvironmental insults from 2D cell culture conditions38,39. 
Because of the platform and performance challenges of using 2D cell culture-based tests to accurately predict 
response, alternative 3D platforms have been explored including organoid cultures40. While these have been 
successful in terms of clinical predictivity, these organoid culture systems can take six to eight weeks to generate a 
response prediction, limiting their clinical utility for most patients’ drug selection needs. This further highlights 
the strength of the seven-day turnaround time for the test validated in this study, which maximizes clinical utility 
and in general is quicker than the turnaround time of many other tests on which drugs are suggested. However, 
due to the reliance of the test validated in this study upon live cells, test utilization is limited to those tumor types 
from which sufficient tissue and live cells can be obtained such as ovarian cancer or glioblastoma in which sur-
gical resection is the standard of care. To combat this issue, studies are currently being performed to analytically 
validate techniques to utilize the test from a single diagnostic biopsy core. There techniques will then be applied 
to tumor types such as breast cancer and others that rely heavily upon neoadjuvant therapy prior to debulking 
surgery or relapse situations where full debulking surgery is not warranted or feasible.

In summary, this study provides analytical validation and the initial prospective clinical validation of the use 
of a test to generate patient-specific evidence of response to first-line chemotherapy in newly diagnosed ovarian 
cancer patients prior to treatment initiation. The test data has a very high correlation to patient-matched clinical 
outcomes of corresponding response or non-response and encompasses drugs received by the patients as part of 
their first-line and/or second-line therapy. The high correlation against prospective clinical response (p < 0.0001), 
seven-day turnaround, and ability to predict both effective and ineffective treatments provides preliminary clin-
ical demonstration of the validated test as a powerful tool in personalized cancer care. When validated in larger, 
independent cohorts, this test represents a new class of test designed to support clinical treatment decisions in 
oncology with strong clinical utility.

Methods
Cell lines and reagents. Ovarian cancer cell line A2780 was purchased from Sigma (St. Louis, MO). OVCAR-3 
cell line was purchased from ATCC (Manassas, VA) while OVCAR-8, SK-OV-3, OVCAR-5, and OVCAR-4 were 
procured from NCI (Bethesda, MD). All cell lines were cultured as suggested in RPMI-1640 supplemented with 10% 
Fetal Bovine Serum and 1% Penicillin/Streptomycin and all primary tissues were cultured in DMEM supplemented 
with 10% Fetal Bovine Serum and 1% Penicillin/Streptomycin. All media components were sourced from Mediatech 
(Manassas, VA). All cell lines were kept at 37 °C and 5% CO2 with media changes every other day and passaged once 
90% confluency was reached. All drugs were sourced from SelleckChem (Houston, TX).

Figure 8. Representative imaging of laparoscopic biopsy tissue samples prior and 3D spheroids formed for 
assay performance. Formalin fixed, paraffin embedded sections were stained for pan-cytokeratin expression 
and IgG isotype control to identify the presence of epithelial cells in the tumor tissue, scale bars = 50 microns. 
Following assay performance, images were taken of representative 3D spheroids in the untreated control groups 
to verify the formation of spheroids during assay performance, scale bars = 100 microns.
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Patients and study design. After providing written informed consent, patients >18 years of age with sus-
pected or known ovarian cancer were enrolled onto a multi-site, prospective, non-intervention, Institutional 
Review Board (IRB) approved biology protocols by Prisma Health, formerly known as Greenville Health System, 
Cancer Institute (IRB-Committee C), Mayo Clinic (Mayo Clinic IRB), Saint Thomas/Ascension (Sterling IRB), 
and Inova Health System (Inova IRB). Tissues were also purchased from iSpecimen under their IRB protocols. 
Tissue acquisition was carried out in accordance with the guidelines and regulations specified by each institu-
tion and informed consent was obtained from all participants. Included in this analysis are patients with newly 
diagnosed, histologically confirmed high grade epithelial ovarian, fallopian tube, or primary peritoneal carci-
noma. Patients received clinical care according to standard practice and results of the assay were not provided to 
the patient or physician. Clinical follow-up 12 months from time of enrollment and standard clinical endpoints 
(history, physical exams, CA-125, and radiographic assessments) were used to assess positive or negative clinical 
response to chemotherapy. This report focuses on newly diagnosed ovarian cancer patients receiving adjuvant 
chemotherapy after primary surgical debulking and patients receiving neoadjuvant therapy following laparo-
scopic biopsy.

Histology. Upon receipt of fresh tissue, a piece was removed and immediately fixed in formalin. The fixed 
tissue was processed and embedded in paraffin. For histology staining, 5 µm sections were mounted onto glass 
slides. Rehydration and antigen retrieval were performed using citrate buffer, pH 6.0 (Abcam, Cambridge, UK). 
Slides were stained with Anti-pan Cytokeratin AE1/AE3 + 5D3 (Abcam, Cambridge, UK) or IgG Isotype con-
trol (Abcam, Cambridge, UK) for 2 hours at room temperature. Staining was detected using Mouse and Rabbit 
Specific HRP/DAB IHC Detection kit (Abcam, Cambridge, UK). Images were taken on an Olympus IX70 micro-
scope with a Jenoptik (Jena, Germany) ProgRes C14plus camera and ProgRes CapturePro software. Brightfield 
spheroid images were taken on the same microscope with the same camera and software.

Assay performance. Live, fresh tissue was collected at surgical debulking or laparoscopic biopsy of pri-
mary tumor sites. Within 24 hours of surgery, the tissue was received and immediately enzymatically dissoci-
ated into single cells. The cells were formed as spheroids for 24 hours in 384-well spheroid microplates (Corning 
Inc., Corning, NY) after which time they were exposed to standard of care chemotherapies as single agents for 
72 hours. Drugs were dosed from 0.005 µM to 100 µM and response was measured via CellTiter-Glo 3D (Promega, 
Madison, WI). Cell viability was calculated for each concentration as an average of seven replicates and normal-
ized to untreated vehicle controls. Additional controls included vehicle blanks and high and low positive kill 
controls. Thresholds of assay success were set to include minimum Relative Luminescence Units (RLU) values in 
controls and the dynamic range between vehicles and blanks. Results were obtained within 7 days of tissue receipt 
and maintained in a database while patients received standard treatment in the clinic. Technicians remained 
blinded to all clinical characteristics of the tissues during performance of the test other than that they were run-
ning the ovarian cancer test. Importantly, because the assay was performed immediately upon fresh tissue receipt, 
there were a small number of cases that were determined by pathology to be either benign or not ovarian in origin 
after the assay was performed. These cases were eliminated from all downstream analysis and their numbers are 
not included in any datasets in this report.

Test response determination. For each drug tested, either a binary Response/Non-Response prediction or 
a ternary Response/Moderate Response/Non-Response prediction were established dependent upon the available 
clinical follow-up data. For carboplatin response determination, sufficient clinical data was available to establish 
binary Response/Non-Response predictions and confirm cutoffs through ROC curve analysis (AUC = 0.9630, 
95% CI 0.8998 to 1.0 p = 0.0012). Without sufficient clinical data to establish such binary predictions, IC50 
thresholds separating test-predicted Response and test-predicted Non-Response were determined experimen-
tally for each drug tested using test response distributions informed by quartile analysis of test data from multiple 
patient samples. Using results from all patient samples tested, IC50 values were collated for each individual drug 
and cutoffs informed by the approximate 25th and 75th quartiles were used to determine predicted Responders 
(IC50s below the lower threshold), Moderate Responders (IC50s between the lower and upper thresholds), and 
Non-Responders (IC50s above the upper threshold). When IC50 values fell outside of the range of concentrations 
tested, they were considered Non-Responders if too high. No tested sample’s response fell below the tested drug 
curve.

Clinical data analysis. Based on their test results, patients were categorized as either test Responders or 
Non-Responders to individual chemotherapeutics, including carboplatin, paclitaxel, doxorubicin, and gemcit-
abine. For a patient to be considered a test predicted Responder to first-line combination chemotherapy, test 
results had to indicate response to at least one of the drugs received by the patient in the clinic and tested in the 
lab. If the test results indicated no response to any of the drugs received in clinic, then the patient was classified as 
a test predicted Non-Responder. Clinical determination of non-response or response for adjuvant treated patients 
was defined as either progression within 6 months following the conclusion of chemotherapy or progression free 
status at 6 months or longer following the conclusion of chemotherapy, respectively. Positive clinical response 
to chemotherapy was defined by CA-125 below 35 U/mL41 and/or radiographic assessment42 of no evidence of 
disease or stable disease. Negative clinical response was defined as CA-125 above 35 U/mL and/or radiographic 
evidence of tumor growth/spread. In both cases, radiographic assessment held weight over CA-125, as the bio-
marker is known to be be unreliable in some cases43,44. For neoadjuvant treated patients, CT imaging was used 
to determine the sum of diameters of target lesions as defined by RECIST 1.1 prior to laparoscopic biopsy and 
directly prior to interval debulking surgery. RECIST 1.1 criteria was then used to define patients as having a com-
plete response (CR), partial response (PR), progressive disease (PD), or stable disease (SD).
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Statistical analysis. Statistical calculations were performed using Graphpad Prism 8.0. IC50 values were 
calculated using nonlinear regression normalized to vehicle treated controls. Primary analysis of test data and 
clinical outcomes utilized a Fisher’s Exact test to measure the statistical significance of the data distribution. 
Kaplan-Meier curves and Wilcoxon tests were used to examine the statistical associations between the test results 
and PFS.

Data Availability
The datasets generated and analyzed during the current study are available from the corresponding author on 
reasonable request.
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