
\Abstract. Background: Treatment options for patients with
platinum-resistant ovarian cancer are generally palliative in
nature and rarely have realistic potential to be curative.
Because many patients with recurrent ovarian cancer receive
aggressive chemotherapy for prolonged periods, sometimes
continuously, therapy-related toxicities are a major factor in
treatment decisions. The use of ex vivo drug sensitivity
screens has the potential to improve the treatment of patients
with platinum-resistant ovarian cancer by providing
personalized treatment plans and thus reducing toxicity from
unproductive therapy attempts. Materials and Methods: We
evaluated the treatment responses of a set of six early-
passage patient-derived ovarian cancer cell lines towards a
set of 30 Food and Drug Administration-approved
chemotherapy drugs using drug-sensitivity testing. Results:

We observed a wide range of treatment responses of the cell
lines. While most compounds displayed vastly different
treatment responses between cell lines, we found that some
compounds such as docetaxel and cephalomannine reduced
cell survival of all cell lines. Conclusion: We propose that ex
vivo drug-sensitivity screening holds the potential to greatly
improve patient outcomes, especially in a population where
multiple continuous treatments are not an option due to
advanced disease, rapid disease progression, age or poor
overall health. This approach may also be useful to identify
potential novel therapeutics for patients with ovarian cancer. 

Ovarian cancer is the fifth most common cause of cancer
deaths among women and accounts for more deaths than any
other cancer of the female reproductive system, including
breast cancer (1, 2). Ovarian cancer is more prevalent in older
women (≥65 years), a patient population that also has lower
survival rates when compared to younger patients. If detected
at early stages, patient survival is approximately 92%.
However, only 15% of all patients with ovarian cancer are
diagnosed early, resulting in overall 5-year survival rates of
around 45% (1, 2). Standard treatment consists of surgery and
systemic chemotherapy with a combination of a platinum
compound and a taxane. While the majority of patients
achieve remission in response to such combination treatments,
70% eventually experience relapse with a platinum-resistant
tumor, at which point there are few treatment options (1-10).

Precision medicine approaches using ex vivo drug-
sensitivity testing (DST) have recently received attention in
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the cancer research community as part of institutional
personalized medicine initiatives (11-14). To date, most
efforts using ex vivo screening have concentrated on
hematological cancers such as acute myeloid leukemia
(AML) (13, 15-18). This is mostly due to the lack of
available tumor biopsies at the time of therapeutic need and
of low numbers of viable cells from core biopsies. 

However, advances in drug-screening technologies and
DST analysis algorithms have significantly improved the
availability of this precision medicine platform for use in
solid tumors such as ovarian cancer. 

Materials and Methods

Patient-derived ovarian cancer cell lines. The patient-derived
ovarian cancer cell lines (C1P, C5X, E1P, E3X, P5X and P9A1) and
normal control cell line (OCE1) were established and cultured as
described previously (19). Briefly, the ovarian cancer cell lines were
maintained as described before (19) in Ovarian Carcinoma Modified
Ince medium from Live Tissue Culture Service Center (LTCC,
University of Miami, Miami, FL, USA). The normal ovarian
epithelium (OCE1) culture was maintained in WIT-Fo culture
medium as described before (20), also available from LTCC. 

This study examined two clear-cell (C1P and C5X), two
endometrioid (E1P and E3X) and two papillary serous (P5X and
P9A1) primary ovarian cancer cell cultures. These ovarian cancer cells
recapitulate the expected subtype-specific molecular features of human
ovarian cancer. Cultures of papillary serous ovarian cancer cells
express paired box 8 (PAX8), Wilms tumor protein 1 (WT1), p16,
consistent with the serous phenotype. In contrast, clear-cell cultures
are negative for WT1, but positive for hepatocyte nuclear factor 1-beta
(HNF1B), specific for clear-cell phenotype. Serous ovarian cancer is
typically associated with p53 mutations and non-serous cancer with
phosphoinositide 3-kinase (PI3K) mutations; the P5X cell line has a
p53 (Y236N) mutation; in contrast C1P and E1P have PI3K (O546L,
p539R and E545G) mutations. We also previously showed that when
implanted into immunocompromised mice, P5X, P9A1, C5X and E1P
cells recapitulate their respective serous, clear-cell and endometrioid
morphologies (19). Based on mRNA expression, these cell lines form
two different clusters: The P9A1, C1P, and E3X co-cluster (C1)
correlates with poor outcome and relative taxol/platin resistance, and
the P5X, C5X and E1P co-cluster (C2) correlates with better outcome
and relative taxol/platin sensitivity. 

DST. In order to evaluate the utility of the ex vivo DST platform in
ovarian cancer, we tested a set of six low-passage patient-derived
ovarian cancer cell lines of different cellular origin. DST was
performed as described previously (15). Briefly, the 30 Food and
Drug Administration (FDA)-/European Medicines Agency-approved
anticancer drugs in the compound library cover a variety of targets
and pathways relevant to cancer in general and ovarian cancer
specifically (Table I).
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Table I. Compound library for ex vivo drug-sensitivity testing. All listed agents are Food and Drug Administration-approved and classified according
to mechanism of action where available.

Class                                                                 Compound

Antimetabolites                                                Cladrabine, clofarabine, gemcitabine/Gemzar
Antimitotics                                                      Cephalomannine, docetaxel, paclitaxel, vincristine
lmmunomodulators                                          Mycophenolate
Kinase inhibitors                                              Afatinib, dasatinib, erlotinib, lbrutinib, ponatinib
Rapalogs                                                           Everolimus, sirolimus
Topoisomerase 1/2 inhibitors                          Camptothecin, daunorubicin, epirubicin, ldarubicin, lrinotecan, mitoxantrone, teniposide, topotecan
Other                                                                 Anagrelide, disulfiram, fluvastatin, doxorubicin, simvastatin

Table II. Drug-sensitivity scoring (DSS) and half-maximal effective
concentration (EC50) values for the OCE1 cell line. 

Compound name                                       EC50 (μM)                DSS

Afatinib                                                           5.55                     19.61
Dasatinib                                                          0.05                     16.84
Sirolimus                                                          0.02                       0.17
Everolimus                                                      0.01                       1.28
Docetaxel                                                         0.01                       9.17
Gemzar                                                           49.82                     21.38
Cladrabine                                                        0.18                       7.81
Doxorubicin                                                     0.27                     27.61
Clofarabine                                                      0.46                     10.93
Epirubicin HCl                                                0.22                     30.39
Idarubicin HCl                                                 0.99                     21.60
Topotecan HCl                                                 8.74                     16.55
Vincristine                                                        0.01                       3.44
Camptothecin                                                   0.83                     25.09
Ponatinib                                                         3.05                     13.38
Mycophenolate mofetil                                   1.15                       1.06
Disulfiram                                                         n/a                        n/a
Gemcitabine                                                     0.18                     21.58
Teniposide                                                      11.64                       2.92
Simvastatin                                               1445.06                       5.24
Fluvastatin sodium                                         1.10                       8.01
OSI-420                                                           0.49                       9.26
Irinotecan HCl trihydrate                               1.43                       2.05
Cephalomannine                                              0.06                       6.80
Mitoxantrone HCl                                           1.13                     20.95
Mycophenolic                                              974.37                       2.99
Ibrutinib                                                           0.78                       4.93
Daunorubicin HCl                                           0.36                     28.30
Anagrelide HCl                                     270726.9                         2.89
Paclitaxel                                                         0.01                     11.32



All compounds were dissolved in 100% dimethyl sulfoxide
(DMSO) and tested in duplicate using a 10-point 1:3 dilution series
starting at a nominal test concentration of 10 μM (20,000-fold
concentration range). One thousand patient-derived mononuclear
cells were seeded per well in 384-well micro-titer plates and
incubated in the presence of compounds in a humidified environment
at 37˚C and 5% CO2. After 72 hours of treatment, cell viability was
assessed by measuring ATP levels via bioluminescence (CellTiter-
Glo; Promega, Madison, WI, USA) and dose–response curves were
generated for each compound. Interpretation of curve parameters was
performed according to the modified drug-sensitivity scoring
(DSSmod) function we previously developed (15). As a final step, the

selective DSSmod (sDSSmod) for each drug in each patient screen was
calculated according to the formula: sDSSmod=DSSmod (cancer cells)
− DSSmod (normal cells). Given in this way, sDSSmod incorporates
information on each drug’s potency, efficacy, effect range and
therapeutic index, making it possible to prioritize compounds over
multiple parameters using a single numerical metric. In addition, this
methodology allows compounds to be ranked by cancer-selective
efficacy for each individual patient. For example, a large positive
sDSSmod means that a compound is highly selective for ovarian
cancer cells over normal cells in a given sample (favorable scenario),
while a large negative score means that the cells are likely to be
resistant to the treatment (unfavorable scenario). 
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Figure 1. Ex-vivo drug-sensitivity testing. A: The heatmap of modified drug-sensitivity scoring (sDSSmod) profiles revealed a large variability in both
the direction and magnitude of drug responses in the ovarian cancer cell lines tested. The sDSSmod profile for each cell line is depicted with all drugs
that had a score of more than +5 or less than −5 in at least one cell line (drugs that had no effect on all cell lines were excluded). Cell lines and
drugs were clustered using hierarchical clustering with a Tanimoto distance metric. Red indicates a positive sDSSmod score, while blue indicates a
negative sDSSmod score. sDSSmod scores in response to treatment with docetaxel (B) and gemcitabine (Gemzar) (C). Data are the means±SEM.



All calculations and scoring routines were carried out in MatLab
and additional curve fitting and statistical analyses were performed
in GraphPad prism (Version 7.02; GraphPad Software, San Diego,
CA, USA). ANOVA with Bonferroni post-hoc testing for multiple
comparisons was used for the analysis of differences between
different cell lines.

Results
DST of normal ovarian epithelium. The normal ovarian
epithelium cell line OCE1 was established and immortalized
as described previously (19). Merritt et al. demonstrated that
this cell line expresses cell-surface markers and displays an
expression profile consistent with the ovarian
surface/inclusion cyst epithelium (19). OCE1 cells displayed
submicromolar sensitivity to the majority of compounds

(Table II). These cells showed particular sensitivity to the
rapalogs everolimus and sirolimus (Table I). Sensitivity to
other compound classes such as topoisomerase 1/2 inhibitors
were mixed and compound specific. The drug sensitivity
results obtained from the normal ovarian epithelium cell line
serves as a baseline for the calculation of the sDSSmod
values of patient-derived ovarian cancer cell lines.

DST of patient-derived ovarian cancer cell lines. Similar to
what we previously observed in AML, the tested cell lines,
derived from different patients, displayed a wide variety of
treatment responses (Figure 1). Three of the tested compounds
(docetaxel, vincristine and cephalomannine) displayed activity
in all of the tested lines; however, the magnitude of response
differed significantly (Figure 1A and B). Treatment responses
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Figure 2. Individual screening results. Bar graphs of clinically actionable drug responses for endometrioid cancer cell lines E1P (A) and E3X (B).



to the remaining compounds varied between the cell lines
without any clear clustering based on subtype as shown in
response to treatment with gemcitabine (Figure 1A and C).
While the two clear-cell subtypes cluster together based on
treatment response, this was not observed with the
endometrioid and papillary serous cell lines (Figure 1A).
Indeed, the endometrioid and papillary cell lines displayed
vastly different treatment responses, further emphasizing the
heterogeneity in treatment response between tumors of the
same histological subtype (Figure 1A and Table I). 

Antimitotics (cephalomannine, docetaxel, paclitaxel and
vincristine) (Table I) display efficacy against all of the tested
cell lines. Docetaxel, specifically, was one of the most
effective compounds in 5/6 of the tested lines, although most

lines showed sensitivity to two or more compounds of this
class (Figure 1A and B). Paclitaxel, however, was only
effective against C1P and CX5 (Figure 1A, Table I). A
number of topoisomerase 1/2 inhibitors (Table I) displayed
activity in the tested cell lines, although these compounds
did not cluster together and no single compound was active
in all of the models (Figure 1A) nor in both cell lines of the
same histological subtype. Even in cases of compounds that
led to responses in all tested cell lines, such as vincristine,
the magnitude of response was vastly different. Vincristine
was one of the top compounds against P9A1, C5X and P5X,
while more active treatment was suggested for E3X, C1P and
E1P (Figure 1A and Table I). Responses were specifically
low in the endometrioid cell lines (Table I).
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Figure 3. Individual screening results. Bar graphs of clinically actionable drug responses for the papillary serous cancer cell lines P5X (A) and
P9A1 (B).



When comparing the cell lines of the individual subtypes,
the cell lines responded to different numbers of tumor-
specific active drugs ranging from 26 in EP1 cells to 13 in
EX3 cells (Figures 2-4). Docetaxel had the highest efficacy
against both endometrioid cell lines (p≤0.0001) (Figures 1B
and 2). The other subtypes showed no such similarities in the
top candidate treatment suggestions (Figure 3 and 4).
Nevertheless, similar treatment responses were observed to
compounds displaying low tumor specificity (sDSSmod)
(Table I). The clear-cell lines, C1P and C5X, both displayed
moderate treatment responses towards the rapalogs
everolimus and sirolimus, although more efficient treatment
options are available for both cell lines. Responses to
gemcitabine on the other hand were significantly different in
these lines (p≤0.0001) (Figure 1C). While Gemzar
(gemcitabine) was the most active against C1P cells (Figure

4A), it elicited only low treatment responses in C5X cells,
where it was 17th (Figure 4B).

The papillary serous cell lines, P5X and P9A1, displayed
opposite responses to afatinib. While afatinib was the top
candidate against P5X (Figure 3A), it displayed the least
tumor specificity against P9A1 (Figure 3B). Fluvastatin on
the other hand elicited high treatment responses in both
papillary serous cell lines.

Discussion

Ovarian cancer accounts for more deaths than any other
cancer of the female reproductive system, and is more
prevalent in older woman. Despite extensive research efforts
over the past decade, overall 5-year survival has remained
low (1, 2, 21). This is specifically problematic in older
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Figure 4. Individual screening results. Bar graphs of clinically actionable drug responses for clear-cell cancer cell lines C1P (A) and C5X (B).



patients, a population that generally shows rapid disease
progression, in combination with poor overall health and low
tolerance to systemic anticancer treatments. 

We adapted a precision medicine platform originally
developed for use in AML (15) for use in ovarian cancer.
This ex vivo drug-sensitivity screening platform can be used
to assign patient-specific treatment options without delaying
patient treatment. In order to compensate for the lower
number of cells available from ovarian cancer surgical
samples, we selected 30 FDA-approved agents, most of
which are available for compassionate use in patients with
ovarian cancer and are not used routinely in ovarian cancer
treatment, as a representative set to validate this approach.

We observed a wide range of treatment responses in the
patient-derived and established ovarian cancer cell lines
evaluated in this study. These results further emphasize the
need for personalized treatment strategies for patients with
ovarian cancer. 

Antimitotics in our panel led to the highest treatment
responses in combination with high levels of treatment
specificity. Taxanes (docetaxel, paclitaxel) are FDA-
approved for use in ovarian cancer and are commonly used
clinically. Vincristine and cephalomannine, while used
against ovarian cancer, are not part of the standard clinical
routine. Nevertheless, both compounds displayed high
activity and should be further considered. The remaining
compounds showed activity in only a subset of the tested
patient-derived cell lines, showing resistance in others. We
did not observe any clustering of ovarian cancer subtypes
based on the treatment response towards the tested panel,
suggesting that the histological classification of these tumors
cannot be used as a basis for treatment decisions, although
using only two lines per classification, this result needs to be
experimentally verified in a larger cohort. DST of individual
patients with available surgical samples may be a new
avenue for the stratification of patients with ovarian cancer
and may reduce the number of unsuccessful treatment
attempts and increase survival of patients with platinum-
resistant disease.

A precision medicine approach using ex vivo drug-
sensitivity screening holds the potential to greatly improve
patient outcomes, especially in a population where multiple,
continuous treatments are not an option. Future studies will
aim to transition the platform to use fresh biopsies or surgical
samples in order to establish a clinically viable workflow that
allows for rapid decision making and treatment start.
Similarly to platinum therapy, ovarian tumors are likely to
develop resistance to DST-directed treatment after an initial
response. While it is possible to acquire a follow-up sample
in those with hematological cancers such as AML, this is not
easy in those with solid tumors where a surgical sample is
necessary for DST, making it difficult to re-evaluate the drug
sensitivity of relapsed tumor. Additionally, little information

is available on how resistance to treatments that are not
currently standard of care influence tumor cell sensitivity
towards other treatment modalities. These issues will need to
be addressed in pilot trials in order to successfully transition
the platform. The integration of normal tissue responses as a
measure of toxicity to healthy tissue is beneficial for patients,
specifically in cases with comorbidities or poor overall health.
However, little information is available about the toxicity of
the majority of compounds to normal ovarian epithelium or
the impact of age and ethnicity on drug response. Because
matched normal control samples are rarely available for
patients with cancer, it will be necessary to establish a
specific panel of normal control tissues for use in ovarian
cancer patient testing.
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