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Abstract

Objectives—To compare clinical outcomes for stage 111C and IV ovarian cancer patients
receiving neoadjuvant chemotherapy and interval cytoreductive surgery followed by up to three
versus more cycles of post-operative chemotherapy.

Methods—We conducted a multi-institution retrospective cohort study of patients treated from
January 2005 to February 2016 with neoadjuvant platinum-based therapy followed by interval
surgery and post-operative chemotherapy. The following were exclusion criteria: more than four
cycles of neoadjuvant chemotherapy, bevacizumab with neoadjuvant chemotherapy, nonplatinum
therapy, prior chemotherapy, and elevated CA125 values after three post-operative chemotherapy
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cycles. Progression-free and overall survival and toxicity profiles were compared between groups
receiving up to three cycles versus more that three cycles post-operatively.

Results—A total of 100 patients met inclusion criteria: 41 received up to three cycles and 59
received more than three cycles. The groups were similar in terms of age, body mass index,
performance status, tumor histology, optimal cytoreduction rates, and median number of
neoadjuvant chemotherapy cycles. Median progression-free survival was 14 vs 16.6 months in
those receiving up to three cycles versus more than three cycles, respectively (HR 0.99, 95% CI
0.58 to 1.68, p=0.97). Similarly, median overall survival was not different at 47.1 vs 69.4 months,
respectively (HR 1.96, 95% CI 0.87 to 4.42, p=0.10). There were no differences in grade 2 or
higher chemotherapyrelated toxicities.

Conclusions—Extending post-operative chemotherapy beyond three cycles in patients receiving
neoadjuvant chemotherapy and interval cytoreductive surgery with normalization of CA125 levels
was not associated with improved survival or greater toxicity. Future study in a larger cohort is
warranted to define optimal length of cytotoxic treatment.

Introduction

Standard management of advanced ovarian cancer has historically included primary
cytoreductive surgery followed by adjuvant chemotherapy. More recently, the use of
neoadjuvant chemotherapy prior to interval cytoreductive surgery followed by completion of
chemotherapy has been shown to be non-inferior to primary cytoreductive surgery in terms
of progression-free and overall survival in randomized prospective trials.12 This strategy
may also reduce peri-operative morbidity associated with cytoreductive surgery and is being
used with increasing frequency in the United States in selected patients, such as those
deemed unable to be optimally cytoreduced primarily or those with complex medical co-
morbidities.23

Most patients undergoing neoadjuvant chemotherapy receive three or four cycles of pre-
operative chemotherapy in accordance with treatment protocols used in randomized trials.
1245 However, practice patterns for post-operative chemotherapy following interval
cytoreductive surgery are more variable. The number of post-operative chemotherapy cycles
generally ranges from three to six cycles, potentially resulting in more chemotherapy for
patients receiving the neoadjuvant chemotherapy approach compared with patients receiving
upfront surgery. For these patients, the optimal number of chemotherapy cycles following
interval cytoreductive surgery that balances treatment efficacy and safety has not been
defined.® In contrast, following primary cytoreductive surgery, most women receive six
adjuvant chemotherapy cycles based on prior studies demonstrating that treatment beyond
six cycles increases toxicity without improvement in outcomes.’9 It is unclear whether six
post-operative chemotherapy cycles following a maximal surgical cytoreductive effort at
interval cytoreductive surgery after neoadjuvant chemotherapy also optimizes patient
outcomes.

Our objective was to compare clinical outcomes for stage 111C and IV ovarian cancer
patients receiving neoadjuvant chemotherapy and interval cytoreductive surgery followed by
up to three cycles versus more than three cycles of post-operative chemotherapy. We were
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specifically interested in evaluating outcomes in the subset of patients whose CA125 was
normal by the time they completed three cycles of post-operative chemotherapy to determine
if any additional chemotherapy after that was beneficial. This subgroup was selected because
these patients present clinically challenging decision-making about when to stop
chemotherapy. In contrast, many providers would choose to continue chemotherapy in
patients with persistently elevated CA125 values at this time point.

Our primary outcome was progression-free survival. Secondary outcomes included overall
survival and chemotherapy-related toxicities. We hypothesized that additional chemotherapy
beyond three post-operative cycles would not significantly improve progression-free survival
and would be associated with greater treatment-related toxicity.

METHODS

We conducted a multi-institution retrospective cohort study of women diagnosed with and
treated for stage 111C and IV epithelial ovarian/fallopian tube/primary peritoneal cancer
between January 2005 and February 2016 at five academic institutions in three cities.
Treatment included platinum-based neoadjuvant chemotherapy followed by interval
cytoreductive surgery and post-operative chemotherapy. Exclusion criteria were as follows:
more than four cycles of neoadjuvant chemotherapy, bevacizumab administration with the
neoadjuvant chemotherapy regimen, non-platinum-based therapy, prior history of
chemotherapy administration, elevated CA125 values (>35 U/mL) following three cycles of
post-operative chemotherapy, other evidence of disease progression during primary
treatment (by exam or imaging), maintenance chemotherapy, and insufficient treatment data
(lack of chemotherapy start date or number of neoadjuvant chemotherapy or post-operative
chemotherapy cycles). Both dose dense and standard every 3 week dosing schedules were
included. Patients with post-operative chemotherapy regimens using intraperitoneal
chemotherapy were included. Patients were not excluded based on a maximum number of
post-operative cycles. The decision to proceed with neoadjuvant chemotherapy as opposed
to primary surgery as well as whether to administer up to three cycles versus more than three
cycles of post-operative chemotherapy was per physician discretion. Selection criteria were
not standardized across all sites given the retrospective nature of this study. Institutional
review board approval was obtained at all sites.

Demographic variables, clinical, pathologic, and survival outcome data were collected.
Patients were stratified into two groups for analysis: those receiving up to three cycles and
those receiving more than three cycles of post-operative chemotherapy. Our primary
outcome variable was progression-free survival, defined as time from cycle 1 day 1 of
neoadjuvant chemotherapy to the date of first documented recurrence, death, or the date of
most recent contact. Recurrence was defined by imaging confirmation with or without a rise
in CA125 level, or treatment for a recurrence if a rise in CA125 level alone occurred.
Overall survival was defined as time from cycle 1 day 1 of neoadjuvant chemotherapy to the
date of death or the date of most recent contact.

Descriptive statistics were reported as median and range or meanSD for continuous
variables, or frequencies and percentages for categorical variables. Data were compared
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between groups receiving up to three versus more than three post-operative chemotherapy
cycles using Student’s t-test (parametric) or Wilcoxon test (non-parametric) for continuous
variables and Chi-square test or Fisher’s exact test for categorical variables. Survival
analyses were calculated using the Kaplan-Meier method with differences between survival
curves calculated by log-rank test. Statistical analyses were performed using Statistical
Analysis Software (SAS) 9.3 (SAS Inc., Cary, NC, USA). Statistical significance was
determined using an a of 0.05.

RESULTS

Some 225 patients were identified who received neoadjuvant chemotherapy for advanced
ovarian cancer. Of these, 125 patients did not meet inclusion criteria leaving 100 evaluable
patients. The most common reasons for exclusion were persistent CA125 elevation
following three post-operative chemotherapy cycles or disease progression during upfront
treatment, receipt of more than four cycles of neoadjuvant chemotherapy, or insufficient
treatment data. Forty-one patients received up to three post-operative chemotherapy cycles;
three patients received two post-operative chemotherapy cycles; and the remaining 38
patients received three cycles. Fifty-nine patients received more than three post-operative
cycles. The rationale for number of post-operative cycles given was only clearly documented
for 10 patients. For two patients, three versus six post-operative cycles was discussed and the
number given was based on patient preference. In eight patients, suboptimal cytoreduction
or delayed normalization of CA125 was used as a rationale for the number of cycles.
Baseline demographic characteristics and tumor characteristics are shown in Table 1.
Patients in the two groups were similar in terms of age, body mass index, performance
status, tumor histology (over 70% serous carcinoma in both groups), stage at presentation,
and rates of optimal cytoreduction. The median follow-up time was longer in the group
receiving more than three cycles of post-operative chemotherapy (31.4 vs 21.7 months,
p=0.005).

There were no significant differences in surgical complication rates, nodal dissection rates,
or estimated blood loss between the groups (data not shown). In addition, length of hospital
stay, post-operative intensive care unit admissions, and 30-day post-operative complication
rates were similar between the two groups. There were more bowel resections performed in
patients receiving more than three post-operative cycles compared with those receiving up to
three cycles (21.0% vs 4.9%, p=0.04).

Neoadjuvant chemotherapy treatment characteristics are summarized in Table 1. The median
number of neoadjuvant chemotherapy cycles received was three for both groups.
Administration of granulocyte colony stimulating factor, rates of dose delays, and rates of
dose reductions were similar between the two groups. There were no differences in grade 2
or higher chemotherapy-related toxicities between those receiving up to three versus more
than three post-operative chemotherapy cycles (data not shown).

Post-operative chemotherapy treatment characteristics are shown in Table 2. The median
number of post-operative chemotherapy cycles given in the group receiving more than three
post-operative cycles was five (range of four to nine cycles). As anticipated, this group
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received a higher median number of total chemotherapy cycles when including neoadjuvant
chemotherapy and post-operative chemotherapy (8 vs 6 cycles, p<0.0001). There were no
differences in granulocyte colony stimulating factor administration, dose delays, dose
reductions, or grade 2 or higher toxicities between the two groups. However, limited
documentation resulted in several missing data points for these toxicities (Table 2).

Median CA125 values at various time points during treatment are shown in Table 3.
Normalization of CA125 occurred at a later time point for patients receiving more than three
post-operative chemotherapy cycles compared with those receiving up to three post-
operative cycles (normalization after median cycle number four total versus cycle number
three total, respectively, p=0.03).

Subgroup analyses were performed to investigate whether a particular subset of patients with
poor prognostic characteristics might have benefitted from additional chemotherapy cycles.
These subgroups included: stage 1V disease, optimal cytoreduction with residual disease less
than one centimeter or not otherwise specified (Table 1), and delayed normalization of
CAL125 (later than cycle three). There was no subgroup for which a significant progression-
free survival or overall survival benefit was observed when comparing those receiving up to
three cycles versus those receiving more than three cycles (data not shown). Suboptimal
cytoreduction could not be analyzed as a subgroup due to there being no patients in the
group receiving up to three post-operative cycles in this analysis.

Kaplan-Meier survival analysis curves for progression-free survival and overall survival are
shown in Figures 1 and 2, respectively. Median progression-free survival was 14 vs 16.6
months in those receiving up to three post-operative cycles versus those receiving more than
three post-operative cycles, respectively, and the progression-free survival curves were not
significantly different between the groups (p=0.97). Similarly, median overall survival was
47.1 vs 69.4 months, respectively, and the overall survival curves were not significantly
different between the groups (p=0.098).

DISCUSSION

In this hypothesis-generating pilot study, we found that additional chemotherapy beyond
three post-operative cycles did not impact progression-free survival or overall survival if
CA125 was normalized after cycle three of post-operative chemotherapy, though a trend
toward improvement in overall survival with more than three cycles was observed.
Importantly, we excluded patients with residual disease by exam, imaging, and CA125
values following three post-operative chemotherapy cycles to address the research question
of whether additional chemotherapy was beneficial in patients for whom the timing of
stopping chemotherapy is least clear.

Neoadjuvant chemotherapy followed by interval cytoreductive surgery and post-operative
chemotherapy is a valid approach for the treatment of advanced ovarian cancer in selected
individuals.® The optimal number of chemotherapy cycles — particularly in the post-
operative setting following interval cytoreductive surgery — remains unclear. In the setting of
upfront surgery followed by post-operative chemotherapy, the concept that more may be
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better has been explored in various forms: more upfront cycles,” additional agents,10
maintenance cycles,1! and dose-dense regimens.1213 Of these investigations, Japanese data
support that more chemotherapy may translate into improved survival outcomes.12 In the
setting of neoadjuvant chemotherapy followed by interval cytoreductive surgery and post-
operative chemotherapy, there is also some suggestion that additional chemotherapy beyond
six total cycles may be acceptable or beneficial. National Comprehensive Cancer Network
(NCCN) guidelines recommend a minimum of six treatment cycles including at least three
post-operative chemotherapy cycles.!# In addition, in the Japan Clinical Oncology Group
0602 trial,> four cycles of both neoadjuvant chemotherapy and post-operative chemotherapy
were given based on phase |l feasibility data; the results of this trial are pending. A recent
retrospective multi-institution analysis in Canada found no significant differences in overall
survival for patients receiving zero to three versus four or more post-operative chemotherapy
cycles following neoadjuvant chemotherapy and interval cytoreductive surgery.® Our study
showed similar findings in a selected population and may be better validated in a larger
prospective setting.

Although this study was not designed to adequately determine toxicity outcomes, we
examined these outcomes as pilot data. We observed no significant differences in grade 2 or
higher toxicities between those receiving up to three or more than three post-operative
chemotherapy cycles. These data were limited by missing documentation of these values,
and further prospective study with a larger cohort would help clarify this issue. Even if
additional chemotherapy in this setting would not confer greater immediate toxicity,
extending post-operative chemotherapy to beyond three cycles may have detrimental effects
—including a higher risk of platinum hypersensitivity,16 decreased bone marrow reserve,
and potentially decreased quality of life — when administering chemotherapy at the time of
future recurrences. These important considerations can help guide shared decision-making
with patients and should be further investigated in a larger cohort.

The group receiving more than three post-operative chemotherapy cycles had a later
normalization of their CA125 levels as well as a trend toward more residual disease at the
time of interval cytoreductive surgery. This finding was used as a documented rationale for
administering additional chemotherapy cycles beyond three post-operative chemotherapy
cycles in eight patients. Documentation on the rationale for the number of chemotherapy
cycles given was inconsistent and a recognized limitation to our available data. It should
again be noted that all patients in our study had normal CA125 values by the completion of
three post-operative chemotherapy cycles as we felt that those with persistently elevated
values at this time point would represent a group with a poorer prognosis.1’~19 The groups
were, however, similar with respect to adverse prognostic factors. In addition, subgroup
analyses examining factors that may confer a poorer prognosis, including cytoreduction
status, did not demonstrate a significant difference in progression-free survival or overall
survival between those receiving up to three post-operative cycles and those receiving more
than three post-operative cycles.

Additionally, we acknowledge that although not statistically significant, there was a trend
observed toward longer overall survival in the group receiving more than three post-
operative chemotherapy cycles. It is unclear whether this observation reflects the population
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of patients who may have received more chemotherapy, both upfront and possibly at future
recurrences, due to better treatment tolerance and better baseline health. Further study in a
larger cohort is necessary.

Our study has several limitations, including incomplete data with regard to toxicities,
selection bias regarding treatment duration given lack of a standard protocol, and the
relatively small sample size given the exclusion criteria. The variation in chemotherapy
regimens also may have caused some heterogeneity influencing toxicity and survival
outcomes. Nonetheless, given the limited sample size, we felt inclusion of multiple standard
platinum-based regimens was warranted. Given the paucity of data in this setting when this
study was designed, we planned to use these results as pilot data and therefore a statistical
sample size calculation was not performed. Another limitation is therefore that the study
may not have been adequately powered to detect a significant difference in survival; as such
we consider these pilot data hypothesis-generating only. There was notably a significant
difference in length of follow-up between the two analyzed groups. Given that the group
receiving more than three post-operative cycles which showed a trend toward improved
overall survival had a longer follow-up duration, it is possible that longer follow-up in the
group receiving up to three post-operative chemotherapy cycles may result in significant
findings and is a limitation of our retrospective analysis. Strengths include our multicenter
collaboration, increased generalizability due to inclusion of a variety of practice patterns and
providers, and use of data from a specific population that presents a clinically challenging
dilemma. Future potential areas of study include toxicity comparisons at the time of
treatment for recurrent disease, and evaluation of time to development of platinum-resistant
disease.

In conclusion, we found that in patients receiving neoadjuvant chemotherapy followed by
interval cytoreductive surgery and post-operative chemotherapy, receipt of more than three
cycles of post-operative chemotherapy was neither associated with improved survival nor
with greater toxicity compared with receipt of up to three post-operative cycles. Our
retrospective findings should be considered hypothesis-generating and prompt future study
in a larger cohort with a longer follow-up period.
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Highlights
. We included only patients with normal CA125 after three post-operative
chemotherapy cycles.
. No survival benefit was observed with more than three cycles compared with

up to three post-operative chemotherapy cycles.

. No subgroup was identified for which more chemotherapy is clearly
beneficial.

Int J Gynecol Cancer. Author manuscript; available in PMC 2020 August 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Kim et al. Page 10
Progression-free survival
1.0
log-rank = 0.0015
p=0.97
08
Z 086 \
3
& L
g L
9 04
02 T
NO. a? gc aM - o
risk =3c 59 16 6 1 1
0 25 50 75 100
Months from cycle 1 day 1
treatment 3c >3¢
Group 1yr 2yr 3yr 4yr Syr Median PFS
=<3
cycles | 610% | 453% | 38.9% | 25.9% . 14.03 months
postop
(3C)
>3
cycles 0 0 0 0 0
postop 80.2% 33.0% 28.8% 19.8% 19.8% 16.56 months
(>3C)
Figure 1.

Progression-free survival (PFS). Kaplan-Meier curve and percent survival over time by
treatment group.
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