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Abstract

Objective—Aim of this study was to report clinical outcomes of cervical cancer patients treated
with weekly cisplatin chemo-radiation therapy (chemoRT) stratified by pre-treatment cisplatin in
vitro chemosensitivity.

Methods—This was a retrospective analysis of patients with cervical cancer seen at our
institution between May 2009 and August 2011. Patients underwent pre-treatment in vitro
chemoresponse testing (Precision Therapeutics, Inc.) and were treated with concurrent weekly
cisplatin chemoRT. The study consisted of 33 patients with FIGO tumor stages 1b2 to Il1b. Pre-
treatment cisplatin chemoresponse of individual patient tumors was determined from
chemoresponse dose response curves and scored as responsive (R), intermediate response (IR), or
nonresponsive (NR).

Results—There were 28 patients with squamous cell carcinoma and 5 with adenocarcinoma.
Cisplatin chemosensitivity was R and IR in 18 patient specimens and NR in 15. The 2-year
recurrence-free survivals (RFS) were 87% for patients whose specimens tested R+ IR to cisplatin
compared to 58% for those whose specimens were NR (p = 0.036). The 2-year RFS was 86% for
the R + IR group compared to 46% for the NR group for patients with tumors that were squamous
cell histology (p = 0.009). Stepwise proportional hazards modeling for RFS demonstrated that
chemoresponsiveness to cisplatin (p = 0.029) and FDG-PET lymph node status (p = 0.011) were
the only independent predictors of RFS for patients with squamous cell histology.

Conclusion—Pre-treatment in vitro cisplatin chemoresponse testing of cervix cancer biopsies
was technically feasible and prognostic of RFS in patients treated with weekly cisplatin chemoRT.
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Introduction

Concurrent chemo-radiation (chemoRT) became the standard of care for patients with
advanced cervical cancer following the NIH Clinical Alert announcement in 1999.1 Weekly
cisplatin chemoRT is the most commonly used regimen. It is thought that concurrent
cisplatin sensitizes tumor cells to irradiation and that this mechanism? is responsible for the
improved therapeutic results demonstrated in prospective clinical trials. Cisplatin has also
been shown to have direct cytotoxic effects.3-6 It is not known if radiosensitization, direct
toxicity, or both are responsible for improved results of cisplatin chemoRT compared to RT
alone. A meta-analysis suggests that the improved results of chemoRT are due to a decrease
in the distant metastatic rate. This suggesting an important role for direct cisplatin
cytotoxicity.’

In vitro chemotherapy testing of pretreatment tumor specimens is a logical approach to
determine drug cytotoxicity before initiating therapy. The development of an in vitro RT
assay with the addition of cisplatin to evaluate clinical outcomes has been reported for 17
patients with advanced cervical cancer.8 No relationship between the addition of cisplatin to
the RT assay and clinical outcomes was demonstrated. The results of a recent study of in
vitro chemoresponse in 273 cervix cancer patient specimens demonstrated the feasibility of
performing the in vitro chemoresponsiveness assay and that there is variability in
chemoresponse among patients.®

The aim of this current study was to report the clinical outcomes of cervical cancer patients
treated with weekly cisplatin chemoRT based on pretreatment cisplatin in vitro
chemoresponse testing. The hypothesis of this study was that clinical outcome would vary
based on pretreatment in vitro sensitivity to cisplatin.

Materials and Methods

Between May 2009 and August 2011 a consecutive group of 75 patients with a new
diagnosis of cervical cancer underwent routine pretreatment chemoresponse testing with the
commercial ChemoFx® test (Precision Therapeutics, Inc.; Pittsburgh, PA). From this group
of 75 patients the assay did not grow in vitro in 31 patients and grew successfully in 44
(59%). The prescribed ChemoRT was not completed in 8 patients (8/44) due to patient
noncompliance and 3 tumors (3/44) were of uncommon histology. The remaining 33
patients (33/44) are the subject of this report. They had squamous cell carcinoma or
adenocarcinoma and completed treatment with curative weekly cisplatin chemoRT per our
institutional guidelines.10 Briefly, patient treatment consisted of weekly external irradiation,
weekly brachytherapy, and weekly chemotherapy with Cisplatin. Data collection was
performed prospectively into an institutional cervix cancer database. This retrospective
study was approved by the Washington University Human Research Protection Office with
waiver of informed consent.
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All patients underwent a pretreatment staging workup including history and physical
examination, examination under anesthesia, and a whole-body FDG-PET/CT. Cervix
biopsies were obtained at the time of examination under anesthesia for surgical pathologic
evaluation and chemoresponse assay testing. Patients were staged using International
Federation of Gynecology and Obstetrics (FIGO) clinical staging. A repeat FDG-PET/CT
was performed 3 months after completing chemoRT to evaluate response to treatment.

Chemoresponse Assay

Fresh tumor specimens obtained at the time of examination under anesthesia were placed in
McCoy’s medium on ice and sent to the commercial laboratory. ChemoFx methods have
been previously reported.1! Briefly, tumor specimens were mechanically disrupted to release
and establish malignant epithelial cells as monolayer cultures. The cultures were then tested
against a series of ten serial dilutions of cisplatin with a range of drug concentrations of 0.1
to 100uM.

Following 72 hours of drug treatment, surviving cells were fixed, stained, and counted using
automated microscopy and cell-counting software. Three replicates at each drug
concentration were performed, and the average cell counts from each drug dose of cisplatin
were divided by the average cell counts from the corresponding control wells. The resultant
survival fraction (SF) was calculated, and represents the percentage of cells surviving (i.e.
remaining in the well post-treatment) at each drug dose. The SF (y-axis) was plotted against
the cisplatin dose (x-axis) to generate a dose-response curve (Figure 1) and to determine the
associated response category: responsive (R), intermediate response (IR), or non-responsive
(NR).11

Statistical Analysis

Results

The patient and tumor characteristics for the two groups were compared using a Chi-square
or Fishers exact test. Tumor recurrence and survival times were measured from the
completion of chemoRT. StatView Version 5.0.1 software (SAS Institute Cary, NC) was
used for the analysis. A value of p < 0.05 was set as the threshold for significance for all
study outcomes. The Kaplan-Meier (product-limit) method was used to derive estimates of
survival based on total sample size. The test of equivalence of estimates of survival was
performed by the generalized Wilcoxon test. A post-hoc power calculation was performed
for Figure 2 and was 0.63 (18 versus 15 patients) and for Figure 3 the power was 0.79 (17
versus 11 patients). The Cox proportional hazards model was used for the multivariate
analysis.

Patient Characteristics

The mean age at diagnosis, FIGO clinical stage, tumor histology, rates of lymph node
involvement, and number of cycles of weekly cisplatin were similar for the two groups
(Table 1). All patients completed their prescribed external irradiation and intracavitary
irradiation per our institutional policy. The mean survival time for those alive at the time of
last follow-up was 19 months (range 6 to 33 months). At last follow-up 24 patients were
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without evidence of disease (NED), 4 were alive with disease, and 5 were dead due to
progressive cervical cancer.

The two year disease-free survivals were 87% for the cisplatin R + IR group and 58% for the
cisplatin NR group (p = 0.036) (Figure 2). There were 28 patients in the study with
squamous cell carcinoma. The 2-year disease free survivals for these patients were 86% for
the cisplatin R + IR group and 46% for the cisplatin NR group (p = 0.01) (Figure 3). The 2-
year disease free survivals for all patients by level of cisplatin response was 100% for
cisplatin responsive, 83% for cisplatin intermediate response, and 58% for cisplatin non-
responsive (p = 0.10) (Figure 4). The 2-year disease-free survivals for those with squamous
cell carcinoma were 100% for cisplatin responsive, 82% for cisplatin intermediate response,
and 46% for cisplatin non-responsive (p = 0.03) (Figure 5).

A Cox Proportional Hazards multivariate analysis for disease-free survival was performed.
Included in the model were age at diagnosis, FIGO clinical stage, FDG-PET lymph node
status at diagnosis, and cisplatin chemosensitivity. FDG-PET lymph node status (p =
0.0263) and cisplatin chemosensitivity (p = 0.0254) were the only statistically significant
independent predictors of disease-free survival.

Discussion

In a previous report we demonstrated that the use of chemoresponse testing in patients with
cervical cancer was feasible in a large series of specimens submitted for commercial testing
from multiple institutions across the United States.® Multiple chemotherapy agents were
tested and reported in that initial study, but there was no data presented regarding patient
treatment or outcome. The study did demonstrate that the in vitro response rates of primary
cervix cancer biopsy specimens to single agent cisplatin were 48% for adenocarcinoma and
53% for squamous cell cancer. In our current study the overall response rate was 55% for
squamous cell and adenocarcinoma.

The aim of our current study was to report the clinical outcomes of cervical cancer patients
treated with weekly cisplatin chemoRT based on pretreatment cisplatin in vitro
chemoresponse testing. We found that cisplatin chemosensitivity testing of pre-treatment
cervical biopsies correlated with clinical response and disease-free outcomes for patients
with advanced stage cervical cancer treated with weekly cisplatin chemoRT.
Chemoresponse testing was reported as responsive, intermediate response, and non-
responsive. Our data indicate that the clinical outcomes of patients was best for those whose
tumor tested responsive to cisplatin, intermediate for those testing intermediate, and worst
for those testing non-responsive.

The traditional test of chemotherapeutic agent effectiveness for patient outcomes for
chemotherapy alone or for chemoRT is to perform a prospective clinical trial utilizing the
drugs in question and subsequently evaluate the patient’s response to treatment. Clinical
responses to cisplatin in patients with advanced and recurrent cervical cancer range from 13
to 40%.3412-17 Despite recent guidelines advising against the use of chemosensitivity
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assays for individual patient management, in vitro pre-treatment testing of human cervical
cancer specimens for chemoresponse could become a new paradigm to improve patient
outcomes.18 Weekly cisplatin chemoRT is the standard of care treatment for patients with
advanced stage cervical cancer. Cisplatin chemoresponse testing in our study showed that
45% of the specimens tested were non-responsive and that the 2-year disease-free survival
was significantly diminished for these patients compared to the outcome for patients whose
pre-treatment biopsy specimens tested responsive to cisplatin.

This study is a retrospective report of patients treated with weekly cisplatin and their
outcomes are correlated to the pretreatment cisplatin chemoresponse, which emphasizes the
importance of cytoxic chemotherapy in the control of subclinical disease. Alternative
chemotherapy regimens for cervical cancer, both singly and in combination do exist, and can
be tested with this assay. Standard weekly cisplatin could be replaced with other
chemotherapy regimens for appropriately selected patients and, if validated, the results of
this assay could be used in the future to select patients for alternative regimens. Recent data
has shown that PI3K/Akt pathway may be implicated in resistance to standard
chemoradiation.19:20 This assay could be modified in the future to include sensitivity testing
for biologically targeted reagents.

The major limitation of this study was that it was not a prospective treatment study.
However, the study did include all patients seen at our institution during the study period
and they were treated per established institutional guidelines.19 All data were collected in a
prospective database.

Our data suggest that in vitro testing of cervical cancer biopsy specimens for cisplatin
chemosensitivity is feasible and prognostic of outcome for patients with advanced stage
cervical cancer treated with weekly cisplatin chemoRT. These data provide compelling
evidence that a multi-institutional study of chemosensitivity testing of cervical cancer
specimens, standardized treatment, and evaluation of outcomes should be performed.
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Sample dose response curves for cisplatin displaying R, IR, and NR results.
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Figure 2.

Disease-Free survival for all patients comparing R + IR to NR.
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Figure 3.

Disease-Free survival for patients with tumors of squamous cell histology comparing R + IR
to NR.
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Figure4.

Disease-Free survival for all patients comparing R, IR, and NR.
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Figureb5.
Disease-Free survival for patients with tumors of squamous cell histology comparing R, IR,

and NR.
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Characteristic Cisplatin Responsive  Cisplatin Non-responsive  p value
Mean age at diagnosis (yr) 52 49 0.49
FIGO Stage 0.31
1b2 3 3
lla 0 2
1b 9 4
Ila 0 1
111b 6 5
Histology 0.15
Squamous 17 11
Adenocarcinoma 1 4
Lymph Nodes 0.28
Name 12 8
Pelvic only 3 6
Pelvic & Para-aortic 3 1
Cycles Weekly Cisplatin 0.53
Six 13 11
<5 5 4
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