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Abstract

Epithelial ovarian cancer (EOC) is responsible for more cancer-related deaths than any other
malignancy of the female reproductive system. The standard of care for advanced EOC involves a
combination of cytoreductive surgery and platinum-based chemotherapy. Although a majority of
patients respond to a platinum-containing regimen, many fail to respond to first-line treatment
(platinum-refractory disease) or experience disease progression within 6 months of completing
treatment (platinum-resistant disease). Even in patients who initially respond to platinum-based
therapy, secondary development of platinum resistance is common. Many chemotherapeutic
regimens with comparable efficacy and toxicities are available, leaving the determination of
optimal therapy to the physician’s discretion.

There have been many efforts over the years to develop accurate predictors of outcomes in patients
treated with chemotherapy to help inform treatment decisions. Predictive treatment markers are
particularly relevant in a disease such as EOC, where a large number of similarly efficacious
chemotherapy regimens are available. Chemosensitivity and resistance assays (CSRAS) are
attractive approaches to interrogate the efficacy and complex biology of EOC. Some early
predictive cellular tests, such as the early clonogenic assays, were limited by technical and
logistical issues. Over time, changes in these assays have improved their prognostic and predictive
value, but there is still a lack of widespread adoption due to methodological difficulties or limited
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clinical validation. Herein, we provide an overview of the evolution of CSRAs used to predict
outcomes in patients treated with chemotherapy that have been evaluated for use in EOC, with a
focus on the latest generation chemoresponse assay.

Keywords

Epithelial ovarian cancer; chemotherapy; outcomes markers; cancer treatment; targeted
chemotherapy; chemosensitivity; ChemoFx

1. INTRODUCTION

Epithelial ovarian cancer (EOC) is the fifth most common cause of female cancer death and
is responsible for more deaths than any other malignancy of the female reproductive system
[1]. In 2015, about 21,000 women are expected to receive a new diagnosis in the United
States, with a predicted mortality of approximately 14,000 women [1]. Symptoms are often
nonspecific, and many patients with early-stage disease are asymptomatic [2]. As a
consequence, the majority of EOC cases are diagnosed at advanced stages or after distant
spread [3]. Prognosis for EOC correlates with the extent of residual disease after surgical
excision. A recent retrospective analysis of 11,541 women diagnosed with invasive epithelial
EOC between 1994 and 2001 indicated that although most patients survived less than 5
years, 31% of patients survived =10 years. Of note, approximately one-third of these long-
term survivors were initially diagnosed with stage 111 and stage IV disease [4].

“Ovarian cancer” generally describes epithelial ovarian, fallopian tube, and primary
peritoneal cancers [5]. Current standard of care for EOC involves cytoreductive surgery and
a combination of paclitaxel and a platinum compound such as carboplatin or cisplatin [6].
Although most patients have platinum-sensitive disease, defined by disease progression >6
months from previous platinum-based treatment, resistance to platinum-based treatment is
common, with roughly 20% of women experiencing disease progression <6 months after
completing a platinum-based regimen (platinum-resistant disease [5]) or who fail to respond
at all to first-line treatment (classified as platinum-refractory) [7-10]. In addition to drug
resistance, EOC is characterized by frequent disease recurrences and progressively shorter
disease-free intervals following subsequent rounds of treatment [3-11]. Patients with
platinum-sensitive disease are commonly treated with one of several platinum-based
regimens upon recurrence; for patients with platinum-resistant disease, a number of non-
platinum-based regimens are typically used [6].

Despite the numerous treatment options available, the median progression-free survival
(PFS) in women with primary stages 11B-IV EOC is approximately 16 to 18 months, with a
median overall survival (OS) time of 43 to 44 months [3,7,8]. Consequently, there is a need
for improved regimens that offer better outcomes in patients with EOC. Currently,
chemotherapeutic regimens for primary and recurrent EOC are empirically physician
selected; there are no validated algorithms to determine the most efficacious chemotherapy
for an individual patient. Given the known variability in outcomes of patients treated with
different chemotherapeutic agents, identification of more reliable predictors of effective
therapy would likely improve outcomes. This review will provide an overview of the
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development and evolution of chemosensitivity and resistance assays (CSRAS) used to
predict outcomes in patients receiving chemotherapy, with a focus on more recent clinical
evidence associated with contemporary assays, while exploring the strengths, limitations,
and current knowledge gaps for clinical assay use in EOC.

2. MARKERS INFORM TREATMENT SELECTION IN ONCOLOGY

Biomarkers are objectively measurable indicators of normal biological processes, pathogenic
processes, or pharmacologic responses to a therapeutic intervention [12]. Importantly, 2
categories of biomarkers provide physicians with distinct information (Fig. 1). Prognostic
markers forecast how a patient may fare in the absence of treatment (or despite non-targeted,
standard treatment) by comparing outcomes for marker-positive and marker-negative
patients when a therapeutic intervention is not included as a variable [13]. In contrast,
predictive markers compare the effect of a given intervention in both marker-positive and
marker-negative patients and prospectively identify individuals likely to have a benefit from
a specific treatment [13].

Traditional molecular biomarkers that inform treatment selection include genetic, genomic,
and protein expression data from tissue samples that can inform optimal treatment selection
[14]. Tumor cell biology is complex, however, involving dynamic changes induced by gain
or loss of function mutations that result in specific acquired capabilities, including
insensitivity to antigrowth signals, tissue invasion and metastasis, and evasion of apoptosis
[15]. Further, there are many molecular and biochemical mechanisms among tumor types
that may underlie these capabilities in any given patient [15], many of which remain
uncharacterized. Determination of the precise mechanisms of dysregulation underlying a
particular cancer has the potential to allow accurate prediction of whether a given therapy is
likely to succeed or fail in an individual patient.

Although at present only a subset of mechanisms underlying the ability of EOC to invade
and metastasize are characterized and targetable, screening for specific genetic mutations in
other solid tumors has provided an opportunity for the development and utilization of
targeted therapeutics. For example, in colorectal cancer, a hon-randomized evaluation of
tumor samples collected from a prospective trial studying the relative contribution of
cetuximab when combined with supportive care showed that K-ras genotype was predictive
of colorectal tumor response to cetuximab [16]. Similar studies have shown strong
associations between a mutation in K-rasand resistance to panitumumab or cetuximab in
metastatic colorectal carcinoma [17]. In breast cancer, amplification of the ERBBZ (formerly
HERZ or HERZIneu) gene correlates with a poorer prognosis [18]. In contrast, EOC is a
disease of genetic instability with the most consistent molecular abnormality being p53
mutations [19]. Indeed, bevacizumab has recently been approved by the US Food and Drug
Administration (FDA) for the treatment of platinum-resistant EOC [20]. Only the poly
(ADP-ribose) polymerase inhibitors (PARPI), such as olaparib, have been able to target the
DNA repair deficiencies leading to genetic instability in EOC [21]. Indeed, olaparib recently
received accelerated FDA approval for treatment of patients with advanced-stage EOC with
deleterious germline mutations of BRCA who have been treated with =3 prior lines of
chemotherapy [21]. Because at least 10% of invasive EOC cases involve BRCA mutations
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[22] and olaparib is indicated for late stages of disease [21], treatment informed by this
validated genetic marker provides benefit to a limited subgroup of patients. In a recent
retrospective study in 26 patients with gynecological malignancies, a commercially-available
tumor profiling report identified targeted therapies for several patients, though none were
FDA-approved for use in the individual’s tumor type and no patients were candidates for
olaparib [23]. Such studies highlight some challenges currently facing utilization of
biomarker discovery and targeted therapy development in EOC. This suggests that selection
of the most efficacious therapy in EOC may result from not only an understanding of the
molecular and biochemical processes underlying cancer growth but also alternative
predictive screening tools.

In addition to the genetic and driver mutations identified from interrogation of the molecular
phenotype of solid tumors, additional markers, such as those based on imaging and
electrophysiological analyses, have been developed [14]. For example, identification of
tumor-node-metastasis staging using CT and MRI has been used as both prognostic and
predictive biomarkers. Further, recent work has also indicated that other measurements,
including objective quantification of physical function (ie, measurement of balance, lower
extremity strength, and gait using the short physical performance battery), may function as
prognostic biomarkers predicting premature mortality among cancer survivors [24].

Markers yielding a prognostic or predictive response to a therapeutic intervention may also
include those obtained from CSRAs, in which response to one or more chemotherapy
agent(s) is objectively quantified /n vitro [25]. Here, the response to each single-agent or
combination chemotherapy serves as a phenotypic marker to indicate the relative sensitivity
or resistance of a tumor to a specific treatment option and may therefore be useful for
informing selection of effective therapy [25]. Such assays may be particularly useful where
multiple therapeutic options exist and there are no clear selection criteria for a specific
regimen for an individual patient, as in EOC [6,26].

2.1. Predictors of Outcome in Patients Treated With Chemotherapy: Ideal Characteristics

Currently, empiric selection of chemotherapeutic regimens in EOC relies on data from
clinical trials. However, identification of reliable predictors of outcomes in patients treated
with chemotherapy could offer several advantages, including the ability to address the needs
of individual patients, effective disease control, improved therapeutic outcomes, and
improved quality of life. Effective predictors of treatment outcomes must satisfy certain
criteria, including measurable clinical benefit. Predictors of outcomes in patients receiving
chemotherapy should also allow the user to clearly prioritize between several treatment
options. To be adopted for widespread use, a predictor of patient outcomes also needs to be
cost-effective, accurate, reproducible, and easy to use. It is important to note that such
predictive markers will indicate the relative efficacy of the drug(s) tested but not necessarily
the absolute effect of a specific drug dose [27].

Curr Pharm Des. Author manuscript; available in PMC 2018 May 24.
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3. PREDICTORS OF OUTCOME IN PATIENTS TREATED WITH
CHEMOTHERAPY—EARLY CSRA ASSAYS

The first attempt at large-scale predictive assays involved development of human tumor stem
cell assays in the 1970s with the goal of identifying effective anticancer drugs for individual
patients. Investigators developed methods that promoted growth of cell suspensions derived
from human tumors in enriched agar [28]. This led to the development of cell-survival
assays that measured the colony-forming efficiency of tumor-derived cells in the presence of
various drugs [29]. Such assays became popular in clinical drug testing and preclinical drug
screening following initial reports describing correlations between /n vitro cellular responses
and clinical responses. An early study indicated significant correlations between /n vitro and
in vivo sensitivity of EOC to anticancer drugs in all of the 18 samples tested (£<0.005) [30].
However, concerns over technical (e.g., low plating efficiencies [26]), theoretical (eg,
uncertainty surrounding interpretation [31]), and other assay limitations [32] shifted focus
toward the development of alternative tests.

The next stage of development of predictive assays involved use of CSRAS incorporating a
variety of detection systems. In the section that follows, we discuss examples of assays that
have been used to predict lack of response to chemotherapy (resistance assays) and/or
response to chemotherapy (sensitivity assays; Fig 2). Although the technologies of the
assays differed, all shared similar principles and general procedures: (a) tumor cells were
isolated and established in an /n vitro medium; (b) cells were incubated with the
chemotherapeutic agent(s) of interest; (c) cell survival (or death) was assessed; and (d) a
report detailing sensitivity and/or resistance to tested drugs was generated.

3.1. DiSC Assay

The differential staining cytotoxicity (DiSC) assay uses differential staining/dye exclusion
principles [33,34]. DiSC was originally developed to test hematologic neoplasms that grew
poorly in culture [34] and assesses cellular response to chemotherapy by determining cell
death within an entire population of cells [31,33]. Following culture in the presence of
chemotherapeutic agents [31,34], the samples are stained with Fast Green dye; following
counterstaining, “living” and “dead” cells can be differentiated based on their appearance.
The DiSC assay has been used to predict response to chemotherapy in patients with lung
carcinomas [34], with no large studies conducted in EOC. A number of practical limitations,
including the amount of labor associated with preparing and scoring DiSC microscope
slides, have minimized interest in and use of this assay.

3.2. MTT Assay

The methylthiazol-tetrazolium (MTT) assay capitalizes on the ability of live, but not dead,
cells to reduce a tetrazolium-based compound (MTT) to a blue formazan product [35]. This
assay has been directly compared to both DiSC and clonogenic-based assays [27,35].
Although the technical success rate was similar to that of both clonogenic and DiSC assays,
the MTT assay demonstrated improved speed and accuracy due to the semi-automated
nature of the test [27,35]. The assay has been examined in several malignancies, including
EOC [36]. In patients with EOC and no previous treatment with cytotoxic drugs, assay
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results were correlated with clinical outcomes 6 to 9 months after surgery. However, OS was
not significantly different between patients receiving therapy predicted to be sensitive and
patients receiving therapy predicted to be resistant using the MTT assay (cumulative
survival, 36% vs. 15%; P=0.19). Similar results were observed in a subgroup of patients
receiving platinum-based chemotherapy (cumulative survival, 36% vs. 18%; P=0.37),
indicating that the MTT assay has limited correlation with long-term outcomes in patients
with EOC.

The Extreme Drug Resistance Assay (EDRA) relies on the metabolic incorporation of
tritiated thymidine (and the inhibition of thymidine incorporation by anticancer drugs) to
measure cell viability [37] and predict resistance to chemotherapy [38]. In the context of this
assay, extreme drug resistance is defined as tumor cell growth larger than a standard
deviation over the median growth observed following exposure to a chemotherapeutic agent
[39]. The EDRA has a poor capacity to predict sensitivity to drugs, but it has a high degree
of accuracy when predicting drug resistance [37,40]. The use of EDRA to inform treatment
selection in EOC has been studied with variable results [39,40]. Based on clinical outcome
from 79 treatment-naive patients with advanced EOC, platinum resistance detected by /n
vitro EDRA independently predicted progression-free survival (PFS) (6 months vs. 24
months; Cl, 1.82—7.83) and OS (19% vs. 68%; ClI, 1.06-5.07) [41]. In one retrospective
study of 50 women with EOC, platinum-sensitive patients treated with EDRA-directed
therapy had a significantly improved response rate (65% vs. 35%) and higher rate of PFS at
one year (68% vs. 16%) compared with patients treated empirically [40]. However, EDRA-
guided therapy did not improve outcomes in platinum-resistant patients [40] and in cases of
recurrent EOC [42]. Eltabbakh et a/ found that EDR to paclitaxel did not necessarily
correlate response to the combination of paclitaxel and cisplatin as primary therapy for EOC
patients [43]. A later study evaluated the use of an EDRA in 39 patients with primary EOC,;
39 patients who did not receive EDRA-guided therapy served as a control population. No
significant difference in overall response rate was observed between the 2 groups (87.5% vs.
71.8%) [39]. In addition, significant differences in EDR frequency have been observed based
on histological subtypes of EOC [44]. However, Matsuo et a/. investigated that low drug
resistance (LDR) to both platinum and taxane chemotherapy, as determined by an in vitro
EDRA, predicts improved survival in patients who undergo cytoreductive surgery [45].
Hence, it is more reasonable to select an LDR agent than an EDR agent to increase the
probability of tumor response. Tiersten et al. saw no significant differences in PFS outcomes
between platinum-sensitive and resistant populations based on EDRAs and highlighted the
need for prospective vs. retrospective studies [46]. Overall, interpretation of the value of
EDRA is limited by the small sample sizes in clinical trials conducted to date and the lack of
correlation between assay results and overall outcomes.

The Histoculture Drug Response Assay (HDRA), which was developed in the early 1990s
and uses the MTT endpoint for detection [47], differs from other assays in that tumor
specimens maintain their 3-dimensional structure in culture [48]. In a small study of patients
with EOC (n=29), overall accuracy of the test (ie, agreement between sensitivity as
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determined by the HDRA and observed clinical response) was shown to exceed 80% [49]. In
a prospective study of 104 patients with EOC, patients predicted to be sensitive to both
paclitaxel and carboplatin by HDRA (n=24) had a significantly lower recurrence rate (29.2%
vs. 71.4%; P=0.02), as well as prolongation of PFS (34 months vs. 16 months, £=0.03),
compared with patients deemed resistant to one or both agents (n=49) [50]. Correlation
between HDRA results and OS was not assessed. A later study of 79 patients with EOC had
similar findings: patients predicted to be carboplatin-sensitive by HDRA (n=22) experienced
a significantly longer disease-free interval than those receiving therapy deemed resistant by
the HDRA (n=15; 23.2 months vs. 13.8 months; A<0.05) [51]. Median overall survival,
however, was not significantly different between the groups (60.4 months vs. 37.3 months;
P=0.621), indicating a poor correlation of this assay with long-term outcomes.

3.5. MiCK Assay

The recently developed microculture kinetic (MiCK) assay measures chemotherapy-induced
apoptosis [52] by measuring changes in optical density, and recent studies have investigated
the use of this assay in EOC [53,54]. In an observational study of 98 evaluable patients with
EOC, clinical responses of empirically treated patients correlated with MiCK assay results:
patients treated with the best chemotherapy option, as determined by the MiCK assay, had
longer OS relative to those treated with a non-best therapy (>45 months vs. 25 months;
F£<0.01). Additionally, significantly fewer patients treated with the best chemotherapy,
according to MiCK, recurred (53.3% vs. 76.3% for patients treated with non-best therapy;
P=0.02). A separate investigation indicated that use of the MiCK assay to select therapy led
to increased OS (10.1 months vs. 4.1 months if the physician did not use the MiCK assay;
P=0.02) [54]. However, of the 44 patients in this study, only 2 had EOC (other tumors,
including breast, non-small cell lung cancer, and non-Hodgkin lymphoma were included in
the analyses). Thus, the potential value of this assay in the management of EOC remains
unproven.

4. PREDICTORS OF OUTCOME IN PATIENTS TREATED WITH
CHEMOTHERAPY: CHEMORESPONSE ASSAY

While the studies described above support the feasibility of integrating a predictive assay
into therapeutic decisions, several limitations, including technical difficulties [26,31,35],
small sample sizes [49], poor correlations with OS [50,51], or lack of effect in critical
subpopulations [40], have prevented their widespread adoption. The recently developed
chemoresponse assay, ChemoFx®, integrates some technical advances and has been
extensively evaluated in patients with EOC during the past decade. This /n vitro test, which
has been evaluated in a manner similar to that used to validate other markers designed to aid
effective treatment selection [16], quantifies the effect of chemotherapeutic agents on
proliferating cells derived from patient tumor specimens using direct visualization
techniques (Fig. 3) [55]. Published studies have reported improved reliability and precision
relative to manually performed assays due to the integration of automated cell plating, drug
preparation, and drug-application techniques used to perform the test [56,57]. Analytical
validation conducted using cell lines and both single-agent and combination chemotherapy
demonstrated consistently low coefficients of variance (<5%) [56,57]. The section below
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summarizes clinical evidence (including results of a large prospective study) supporting the
association between the chemoresponse assay-predicted sensitivity and resistance with
treatment outcomes (i.e., PFS and OS) in patients receiving chemotherapy in both primary
and recurrent EOC (Table 1).

4.1. Primary Epithelial Ovarian Cancer

In an early retrospective study of 192 women with advanced-stage primary EOC who
received carboplatin or cisplatin as a single-agent or in combination as therapy, treatment
with an agent predicted to be sensitive or intermediate-sensitive by the chemoresponse assay
was associated with significant prolongation of OS relative to women treated with an agent
predicted to be resistant (72.5 months and 48.6 months vs. 28.2 months, respectively;
P=0.04) [58]. Further, data from this cohort was compared with a cohort of more than 7000
women with primary EOC from 4 large cooperative group drug studies with similar
pathological characteristics as the chemoresponse assay cohort [7,8,59,60]. Treatment with
chemotherapy predicted to be sensitive by the chemoresponse assay led to a 65%
prolongation in OS (72.5 months vs. 44 months). By contrast, patients treated with therapy
predicted to be resistant by the chemoresponse assay experienced a 36% decrease in OS
compared with the control cohort (28.2 months vs. 44 months).

The ability of the chemoresponse assay to identify patients with platinum-resistant EOC was
evaluated in a study of 276 women treated with carboplatin/paclitaxel-based chemotherapy
after cytoreductive surgery [61]. Patients for whom the chemoresponse assay predicted
resistance to carboplatin displayed a significantly higher risk of disease progression than
patients with the chemoresponse assay results predicting sensitivity or intermediate-
sensitivity (median PFS: 11.8 months vs. 16.6 months; £<0.001). Thus, the chemoresponse
assay successfully identified patients who were resistant to platinum-based chemotherapy
prior to treatment initiation. Importantly, the chemoresponse assay identified at least one
alternative chemotherapy option that was either sensitive or intermediate-sensitive in nearly
60% of carboplatin-resistant tumors, indicating that use of the chemoresponse assay to select
therapy may provide an opportunity to improve patient outcomes by informing more
effective first-line treatment options. In addition, an exploratory ancillary data analysis
compared pre-treatment chemoresponse assay results in 383 women with advanced stage
Type | and Type Il disease [62]. Thirty women were classified as Type | (grade 1 serous and
endometrioid as well as clear cell and mucinous cancers) and the remaining 353 were
classified as Type Il (grade 2-3 serous and endometrioid as well as undifferentiated cancers).
No significant difference in chemoresponse assay results was observed between Type | and
Type Il cancers, although Type | cancers were responsive to fewer therapies compared to
Type Il (P=0.183) and were more likely to display multidrug resistance (P=0.268). Further,
the chemoresponse assay identified at least one sensitive treatment for the majority of
patients, regardless of classification (Type I, 86%; Type 11, 93%).

4.2. Recurrent Epithelial Ovarian Cancer

A non-interventional, non-randomized study in women (N=262) with recurrent EOC
evaluated patient outcomes following chemotherapy and examined the correlation of
outcome with predicted sensitivity using the chemoresponse assay [63]. Tumor samples
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were collected at the time of cancer recurrence and tested against a panel of both single and
combination chemotherapeutic agents. Importantly, physicians selected treatment for all
patients without knowledge of the chemoresponse assay results. Treatment with a
chemotherapy predicted to be sensitive by the chemoresponse assay was associated with
significantly prolonged PFS (8.8 months vs. 5.9 months in patients treated with non-
sensitive therapies; £=0.009). Further, patients treated with therapies predicted to be
sensitive experienced a 39% lower risk of mortality compared with patients treated with
non-sensitive therapies (median OS, 37.5 months vs. 23.9 months; hazard ratio [HR], 0.61;
95% ClI, 0.41-0.89; ~=0.010). Additionally, although only 29% of patients received
therapies predicted to be sensitive when treatment was empirically chosen by physicians, the
chemoresponse assay identified at least one sensitive option for 52% of patients.

Additional analyses of this trial evaluated the potential prognostic and predictive capabilities
of the chemoresponse assay [64]. The association of the chemoresponse assay-predicted
responses to the administered treatment (i.e., PFS) with actual patient outcomes (match
condition) compared with a randomly selected chemoresponse assay result for the same
patient (mismatch condition) was assessed. The HRs for PFS under match (HR, 0.67; 95%
Cl, 0.50-0.91; P=0.009) and mismatch conditions (HR, 0.81; 95% CI, 0.66—0.99; based on
3000 iterations) were both <1.0, indicating prognostic capabilities of the assay. Further, the
stronger association of assay results and PFS under match versus mismatch conditions
supports the predictive capabilities of the chemoresponse assay. The impact of cross-drug
response (i.e., the influence of either sensitivity or resistance to all assay therapies) on PFS
was also assessed. Multivariate analyses demonstrated that while cross-drug response was
not significantly associated with PFS (HR, 1.02; 95% CI, 0.95-1.09; P=0.629), there was a
strong association between the result predicted by the chemoresponse assay for the
administered treatment and PFS (HR, 0.60; 95% CI, 0.36-1.02; P=0.057). Together, these
analyses provide supportive evidence for the predictive capabilities of the chemoresponse
assay.

In a separate study, the correlation between the chemoresponse assay results and
progression-free interval (PFI) was assessed in a series of 256 patients with EOC or
peritoneal cancer [11]. In the subset (n=135) of patients treated with chemotherapeutic
regimens that exactly matched the drugs tested using the chemoresponse assay, the HR for
patients treated with agents predicted to be resistant by the chemoresponse assay compared
with patients treated with agents predicted to be sensitive by the chemoresponse assay was
2.9 (Cl, 1.4-6.3; P<0.001); similar results were achieved when the analysis included both
the patients who received an agent or agents that exactly matched (n=135), as well as
patients who received an agent that partially matched (n=121) the agent tested using the
chemoresponse assay (HR, 2.1; Cl, 1.2-3.6; P=0.01). Further, while the median PFI for
patients treated with a regimen predicted to be resistant was 9 months, the median PFI for
patients treated with a regimen predicted to be sensitive was not reached based on number of
reported events.

Finally, to investigate whether the chemoresponse assay results from primary EOC tumor
samples may inform treatment decisions at the time of recurrence, the chemoresponse assay
results for 7 guideline-recommended therapies were generated using metachronous tumor
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pairs from 242 women with EOC [65]. Tumors were collected at both primary occurrence
and at a subsequent recurrence for all patients. In general, recurrent tumor profiles were
more resistant than their paired primary tumors. Increased resistance was observed for 3 out
of 4 agents commonly used for primary EOC (cisplatin, A=0.012; paclitaxel, A<0.001; and
docetaxel A<0.001), but only 1 of 3 agents commonly used for recurrent EOC (doxorubicin,
£<0.001). Similar results were observed in a separate retrospective analysis of metachronous
tumor pairs from patients diagnosed with EOC, peritoneal cancer, fallopian tube cancer, or
uterine cancer [66]. A significant shift toward chemoresistance was observed between
recurrent and primary tumors for paclitaxel (£=0.04), but not for other agents tested.

Further analyses evaluated the effect of time on chemoresponse assay results obtained for
metachronous EOC tumor pairs [65]. When primary and recurrent tumor pairs were
collected within 17 months of each other, the predicted responses to chemotherapy remained
unchanged for all but 2 of the first-line therapies (paclitaxel and docetaxel; both ~<0.05).
When tumor specimens were collected =17 months apart, a significant difference in
predicted sensitivity was observed for all agents tested (~£<0.02 for all comparisons).

4.3. Economic Benefits of the Chemoresponse Assay

In addition to the clinical evidence supporting the use of the chemoresponse assay in EOC, 2
independent studies have reported potential economic advantages of using this tool to inform
treatment selection. In the first study, the expected cost for 6 cycles of chemotherapy was
estimated in 3 groups of patients: a previously reported group of patients with 65% actual
adherence to the chemoresponse assay results, a modeled group of patients with 100%
adherence to the chemoresponse assay results, and a modeled group of patients based on
empiric treatment selection [67]. Cost of treatment (including the cost of chemotherapeutic
agents, hematopoiesis-stimulating agents, support drugs, and the chemoresponse assay test)
was nearly $25,000 less for patients who were 100% compliant with treatment predicted to
be sensitive ($23,986) compared with patients receiving empirically selected treatment
($48,758).

In a separate analysis, the cost-effectiveness of using the chemoresponse assay to guide
treatment selection at recurrence was assessed using incremental cost-effectiveness ratios per
life-year saved (ICER/LYS) values, which measure the ratio of the difference in average
costs per patient to the difference in observed mean OS, in modeled groups of patients [68].
Use of the chemoresponse assay to aid in the selection of effective therapy was associated
with a cost-effective ICER/LY'S of roughly $2700 in both platinum-sensitive and platinum-
resistant patient subgroups. A medical intervention is generally deemed cost-effective if the
ICER/LYS is less than $50,000 to $100,000 per additional LYS. Further, when the least
expensive therapies predicted to be sensitive by the chemoresponse assay were chosen, the
average cost of 6 cycles of chemotherapy dropped below $2000 in the modeled cohort of
100% compliant patients, again indicating potential cost-saving benefits of using the
chemoresponse assay to guide selection of chemotherapy.
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5. PREDICTORS OF OUTCOME IN PATIENTS TREATED WITH
CHEMOTHERAPY: LIMITATIONS

Despite the growing body of evidence supporting the use of a marker/assay predictive of
treatment outcome to inform selection of effective chemotherapy in EOC, there are
important limitations to consider.

As the understanding of the complexity of tumors has grown throughout recent decades, so
has the appreciation for the many factors that may influence an individual’s response to
chemotherapy. Such factors include intratumoral heterogeneity (e.g., the presence of cancer
stem cells), interactions with the tumor microenvironment, and conflicting inflammatory
responses from tumor-antagonizing and tumor-promoting leukocytes [69]. Additionally,
metastatic disease may have unique genetic changes and microenvironment interactions
distinct from the primary tumor, leading to an altered response to treatment. Additionally,
acquired resistance to treatment may result from a number of mechanisms. For example,
targeted agents directed at a specific pathway or mechanism may still allow some cells to
survive, and these cells may then reestablish functional capability via mutation, epigenetic
reprogramming, or remodeling of the stromal microenvironment. Alternatively, cells may
reduce and/or shift their dependence on a particular pathway in response to cytotoxic or
targeted therapy; as such, the most effective therapy selection may require a combination of
therapies co-targeting several pathways at once. Given this added complexity of acquired
resistance, determination of the most efficacious therapy is, in some ways, akin to aiming for
a moving and evolving target throughout the course of a disease, and an /n vitro predictive
marker is unable to account for such complex and dynamic interactions that may influence
the efficacy of a given agent. However, such a tool may still yield valuable information about
the relative efficacy of specific cytotoxic agents; particularly when used in combination with
predictive markers. This may be particularly important when determining first-line therapy
for patients with EOC, as up to 70% of patients with advanced-stage disease will experience
recurrence at some point [11]. Predictive markers provide valuable information regarding
tumor sensitivity and resistance to specific agents, but cannot predict if and when a patient
will experience recurrence. However, 2 studies investigating the consistency of predicted
tumor response results across metachronous gynecological tumor pairs have suggested that
the chemoresponse assay results from primary disease may also inform treatment at
recurrence [65,66], particularly if disease recurs within 17 months (the median PFS of
women with primary EOC).

Finally, a marker used to predict treatment response will provide the most accurate
information when the agent(s) tested /7 vitro exactly match the treatment used clinically
[11]. For example, the predicted response to doxorubicin should not be inferred to predict
the response to pegylated liposomal doxorubicin, an alternative formulation of the drug with
different uptake, clearance, and tumor exposure [70]. Thus, care must be taken in not only
the choice of drugs to test, but also the interpretation and implementation of results.

Regardless of these limitations, a predictor of outcome in patients with EOC treated with
chemotherapy has potential to be a useful tool. Considering the complexity of the disease
state and numerous variables that may influence the performance of a given agent /n vivo,
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physicians may consider using treatment marker results in combination with other tools
(e.g., genetic screening Kits to guide biologic and targeted therapy) to inform therapy
selection for individual patients.

6. PREDICTORS OF CHEMOTHERAPY OUTCOMES IN EOC: GUIDELINE
RECOMMENDATIONS AND MARKER VALIDATION

Current clinical practice guidelines, including those published by the American Society of
Clinical Oncology (ASCO) in 2011, do not recommend the use of assays that predict
sensitivity or resistance to chemotherapeutic agents outside of the clinical trial setting
[29,71], and optimal evaluation of the predictive value of such assays is the subject of debate
[72-74]. Additionally, current National Comprehensive Cancer Network (NCCN) guidelines
recognize that some NCCN member institutions use treatment markers to inform selection
of optimal chemotherapy from among the many equivalent options but indicate that current
evidence does not warrant the use of such tests to supplant standard-of-care chemotherapy
[6]. It is worth noting that the most recent guidance from ASCO [71] has been largely based
on evaluation of a limited number of published studies available through 2010. Recent
studies demonstrating advancements in predictive treatment markers should prompt potential
revision of current guidelines.

In the non-interventional trial performed by Rutherford ef a/, patients treated with agents
predicted to be sensitive by the chemoresponse assay demonstrated improved treatment
outcomes (i.e., PFS and OS) compared with patients treated with agents predicted to be
resistant (Fig. 4) [63]. In this study, however, patients were not randomized to a treatment
group as outlined in the ASCO technology assessments [29,71]. Rather, physicians
empirically treated their patients with one of 15 prospectively-specified agents or regimens
and could access the chemoresponse assay results only after disease progression; therefore,
no patients in this study received therapy informed by the chemoresponse assay [63].
Historically, a randomized study design, in which patients receive chemotherapy based on
either empiric (i.e., physician-selected) or marker-guided treatment has been thought to be
the most informative trial design necessary to define the role of a predictor of clinical
outcome [71]. Such a trial would directly compare treatment outcomes (e.g., PFS and OS)
following either physician-selected treatment or treatment with the single best option/
regimen identified by a predictive marker. Additionally, by providing the physician in the
marker arm with a single drug/regimen, this trial design would clarify interpretation of
results by removing physician bias and other variables that may influence treatment
selection in the experimental arm. In particular, such a randomized trial performed in
patients with platinum-resistant EOC (and thus, with a generally poorer prognosis), has been
deemed by some as the ideal study in which to identify whether a marker has demonstrable
predictive value. As demonstrated in a randomized trial in which recurrent platinum-
resistant EOC patients received either assay-guided (using an ATP-based tumor
chemosensitivity assay) or physician-guided therapy, however, such a trial design is not
without limitations, including the potential for physician bias [75].
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More recent marker study design publications have outlined limitations of the randomized
marker-guided study design by questioning its ability to determine if a marker is predictive
(and not only prognostic) and highlighting the large sample size required for appropriate
statistical analyses, which may be difficult in a less common disease such as EOC [76,77].
Additionally, a recent evaluation by the Center for Medical Technology Policy indicated that
a trial design in which marker results guide analysis but not treatment assignment is
recommended for evaluating marker utility [78]. This type of trial design has been used to
support the predictive value of treatment markers, including KRAS [16] and EGFR [79], that
are currently used to assist physicians in choosing effective treatments. More recently, a
preplanned retrospective analysis from a study that was similar in design to previous marker
validation studies [16,79], in which patients with platinum-sensitive recurrent serous EOC
were randomized to receive placebo or olaparib regardless of BRCA mutation status,
supported the hypothesis that olaparib was most likely to benefit patients with BRCA
mutations [80]. As the understanding of cancer biology continues to grow and the use of
treatment markers to identify the most appropriate therapy for an individual patient becomes
more widespread, additional studies and further discussion may be necessary to achieve
consensus regarding the trial design and data sufficient to validate markers used to inform
effective therapy selection.
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assays used to predict treatment outcomes.

. We discuss strengths and limitations of using predictors of chemotherapy

response.

Page 18
RESEARCH HIGHLIGHTS
. There is a need to optimize chemotherapy selection in epithelial ovarian
cancer.
. No tool used to predict response to chemotherapy has gained widespread
acceptance.
. We review early assays and contemporary chemosensitivity and resistance
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Fig. 1.

Prgedictive versus prognostic biomarkers. Figures represent simplified examples of how
biomarker-therapy-outcome interactions might occur. (A) In an unselected population, the
effect of standard of care (SOC) vs. a new therapy (New) is assessed. Patients treated with
New show increased survival time (ie, improved outcomes; green arrow) relative to patients
treated with SOC. (B) When the effect of SOC is evaluated in both marker-positive (dashed
red line) and marker-negative (dashed blue line) patient populations, improved survival in
the marker-positive population indicates a prognostic effect of the marker (yellow arrow).
(C) When the effect of SOC vs. New is assessed in both the marker-positive and marker-
negative populations, patients in both populations treated with New show an increased
survival time relative to patients treated with SOC (green arrows). Additionally, the marker-
positive population has better outcomes than the marker-negative populations (yellow
arrows), regardless of which therapy (SOC or New) is used, indicating a prognostic effect of
the marker. There is no predictive effect of the marker (ie, the treatment effect is independent
of marker status). (D) When the effect of SOC vs. New is assessed in both the marker-
positive and marker-negative populations, New does not improve patient outcomes over
SOC in the marker-negative population (circled green arrow between blue lines) but does
show a large improvement in patient outcomes when compared with SOC in the marker-
positive population (green arrow between red lines), indicating a predictive effect of the
marker. (E) When the effect of SOC vs. New is assessed in both the marker-positive and
marker-negative populations, patients show improved outcomes when treated with New vs.
SOC (green arrow), regardless of marker status. There does not appear to be an effect of
marker status on outcome in patients treated with either SOC or New (yellow circles),
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indicating no predictive or prognostic effect of the marker. Figure reproduced from TeZak Z,
Kondratovich MV, Mansfield E. US FDA and personalized medicine: /n vitro diagnostic
regulatory perspective. Per Med. 2010;7(5):517-530. With permission from Future Medicine
Ltd.
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Fig. 2.
Developmental timeline and overview of CSRAs. Human tumor stem cell (HTSC) assays,

aimed at identifying effective anticancer agents for individual patients, were initially
developed in the 1970s and became popular following initial reports describing correlations
between /n vitro cellular responses and clinical responses. Concerns over technical,
theoretical, and other limitations of HTSC assays led to the development of more
sophisticated CSRAs that used a variety of /n7 vitro detection systems to predict response (or
lack thereof) to select chemotherapeutic agents. CSRA, chemosensitivity and resistance
assay; DISC, differential staining cytotoxicity assay; EDRA, extreme drug resistance assay;
HDRA, histoculture drug response assay; HTSC, human tumor stem cell assay; MiCK,
microculture-kinetic assay; MTT, methylthiazol-tetrazolium assay.
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A. Agents Available for Testing with
The Chemoresponse Assay

A f D

Carboplatin Epirubicin Irinotecan Topotecan
Cisplatin i i ycil incristil
c i F i o

D: itabi P

Tumor sample collected from surgery, ascites, or
biopsy; minimum sample size needed is 35 mg of
tissue or 100 cc of fluid

Primary culture established and proliferating cells
plated

Epithelial cell enrichment confirmed via cytokeratin

03 immunohistochemistry. If 265% of cells stain
positively for cytokeratins, specimen is deemed
suitable for testing

Cells challenged with single or combination

04 chemotherapeutic agents. A total of 10 doses of each
single or combination therapy is tested; up to 9
treatments can be tested on a single plate

Cell survival measured using direct cell counting via
automated fluorescence microscopy with DAPI stain

06 Dose-response curves, representing the survival
fraction at each drug dose compared with
corresponding untreated control wells, created;
sample scored as sensitive, intermediate-sensitive,
or resistant

Sensitive e Resistant

sensitive

median

25th percentile 75th percentile

Fig. 3.
The chemoresponse assay (ChemoFx®) process overview. (A) Physicians select a panel of

chemotherapeutic agents to be tested, alone or in combination, against each tumor sample
(personal communication, Helomics). (B) During the automated chemoresponse assay
process, tumor samples are challenged with physician-selected single or combination
chemotherapeutic agents and a dose-response curve reflecting the survival fraction of each
drug dose is generated. (C) The area under the dose response curve reflects the drug
response score, with lower values indicating that a tumor is more sensitive to a treatment /n
vitro. Tumor response to each single or combination agent is then classified as sensitive,
intermediate, or resistant.
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Fig. 4.
Association of improvement of PFS and OS with prediction of resistance by the

chemoresponse assay. Probability of PFS (left) and OS (right) is depicted over time in
patients (n=262) with tumors determined by the chemoresponse assay to be either sensitive
(n=75) or have intermediate resistance (n=187) to therapy. ClI, confidence interval; HR,
hazard ratio; OS, overall survival; PFS, progression-free survival. Figures reproduced from
Rutherford T, Orr J Jr., Grendys E Jr., et al. A prospective study evaluating the clinical
relevance of a chemoresponse assay for treatment of patients with persistent or recurrent
ovarian cancer. Gynecol Oncol 2013; 131(2): 362-367. With permission from the authors
under the terms of Creative Commons Attribution License.
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Table 1

Summary of recent publications supporting the chemoresponse assay (ChemoFx®).
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Publication

Patient Population

Study Characteristics

| Key Results

Clinical Validation Studies

Tian et al.
20144

262 women with persistent,
progressive, or recurrent EOC

Predictive analysis of patients enrolled in
Rutherford et a/. 2013

Match/mismatch analysis
indicates prognostic and
predictive value of the
chemoresponse assay

Prolongation of PFS in patients
treated with an agent predicted
to be sensitive by the
chemoresponse assay in both
pan- sensitive/resistant patients
and patients with mixed
responsivity

Significant prolongation of
PFS in all patients treated with
an agent predicted to be
sensitive by the
chemoresponse assay vs. all
patients treated with therapy
predicted to be resistant

Cross-drug response not
significantly associated with
PFS

Strong association between the
chemoresponse assay result for
administered therapy and PFS

Krivak et al.
20140

276 women with advanced
primary EOC

Prospectively accrued observational study

Significant decrease of PFS in
patients predicted to be
resistant to carboplatin by the
chemoresponse assay

Rutherford
et al. 2013¢

262 women with persistent,
progressive, or recurrent EOC;
fallopian tube; or primary
peritoneal cancer

Non-interventional, non-randomized study

Significant prolongation of
median PFS and OS in patients
with EOC treated with an
agent predicted to be sensitive
by the chemoresponse assay

Improved PFS in both
platinum-resistant and
platinum-sensitive patients
treated with an agent predicted
to be sensitive by the
chemoresponse assay s.
patients treated with an agent
predicted to be non-sensitive
by the chemoresponse assay

Herzog et
al. 20109

192 women with advanced
primary EOC treated with
platinum-based chemotherapy

Retrospective study

Significant prolongation of OS
in patients with EOC treated
with an agent predicted to be
sensitive by the
chemoresponse assay

Gallion et
al. 2006¢

256 patients with EOC or
peritoneal cancer

Retrospective study

Significant prolongation of PFI
in patients treated with a
chemotherapeutic agent
predicted to be sensitive by the
chemoresponse assay

Clinical Utility Studies
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Publication

Patient Population

Study Characteristics

Key Results

Previs et al.
20157

383 women with stage I11-1V
Type | and Type Il EOC,
fallopian tube, and peritoneal
cancer

Exploratory ancillary data analysis
including patients from a prospective
observational study (Krivak et al. 2014)

Type | cancers responsive to
fewer agents and more likely
to display multidrug resistance,
though not statistically
significant

Decrease of PFS in patients
with Type | EOC, and
significant decrease of PFS in
patients with Type Il EOC who
were predicted to be resistant
to carboplatin

Dalton et al.
20149

63 women with recurrent EOC,
peritoneal cancer, fallopian
tube cancer, or uterine cancer

Clinical utility study of metachronous
tumors

Significant shift toward
chemoresistance to paclitaxel
and trend toward a shift in
chemoresistance to carboplatin
in metachronous tumor pairs
from patients with
gynecological tumors

Dalton et al.
20147

242 women with recurrent
EOC

Clinical utility study of metachronous
tumors

57% of tumors are statistically
more resistant at recurrence
than at primary occurrence

When tumor pairs were
collected =217 months apart,
increased resistance was
observed for all agents

When tumor pairs were
collected <17 months apart,
increased resistance was
observed for 2 agents typically
used for primary EOC

Grendys et
al. 2014/

192 women with advanced
primary EOC treated with
platinum-based therapy
comprising an assay-informed
arm vs. historical control
cohort (7685 women from 4
large, cooperative phase I11
drug studies)

Analysis of Herzog et al. 2010

Relative to a historical cohort
with no access to the
chemoresponse assay results

- Prolongation of OS
in patients with
EOC treated with
an agent predicted
to be sensitive by
the chemoresponse
assay

- Decrease in OS in
patients treated
with an agent
predicted to be
resistant

Economic Analyses

Plamadeala_
et al. 2015/

Two cohorts (baseline vs.
assay-consistent) modeled
from Rutherford et a/. 2013

Economic benefit study
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Potential cost-savings when
least expensive therapies
predicted to be sensitive by the
chemoresponse assay are used

Cost-effectiveness model:
ICER/LYS (range)

- Platinum-sensitive,
assay-sensitive
subgroup: $2773
($1535-$5982)

- Platinum-resistant,
assay-sensitive
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Publication | Patient Population Study Characteristics Key Results
subgroup: $2736
($1407-$6720)
. Modeled average costs
- Baseline cohort:
$39,610
- Assay-assisted
cohort: $40,903
Havrilesky 3 patient cohorts Economic benefit study . Mean chemotherapy cost for 6
k cycles
etal 2010 . Empiric Y
(modeled - Empiric: $48,758
cohort)

Assay-assisted
(75 women with
recurrent EOC
from Gallion et
al. 2006; 65%
adherence to the
chemoresponse
assay results)

Assay-adherent
(modeled cohort
with 100%
adherence to
assay results)

Assay-assisted:
$33,187

Assay-adherent:
$23,986

Potential cost savings with
100% chemoresponse assay
compliance: $24,772

ClI, confidence interval; EOC, epithelial ovarian cancer; HR, hazard ratio; ICER/LYS, incremental cost-effectiveness rating per life-year saved; OS,

overall survival; PFI, progression-free interval; PFS, progression-free survival.

aReference 64,
breference 61,
Creference 63,

dreference 58,
e

reference 11,
freference 62,
greference 66,

hreference 65,

i
reference 25,

/reference 68,

kreference 67.
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