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Abstract

Introduction: The survival benefits of surgical cytoreduction in ovarian cancer are
well-established. However, the surgical outcome has never been assessed while
controlling for the efficacy of chemotherapy. This leaves the possibility that cytore-
duction may not be beneficial for patients whose cancer does not respond well to
adjuvant treatment. We sought to answer whether surgical cytoreduction indepen-
dently improves overall survival when controlling for chemotherapy outcome.
Material and Methods: We performed a retrospective case-control study using our
institution's ovarian cancer database to evaluate the effect of optimal cytoreduction
on advanced stage, high-grade serous ovarian cancer. Patients' characteristics were
compared using both univariate and multivariate regression modeling to assess for
independent predictors of overall survival.

Results: A total of 470 patients were assessed for inclusion; 234 responders to chem-
otherapy and 98 nonresponders. Significant survival characteristics were identified
and included in the multivariate analysis. Independent predictors of survival in the
multivariate analysis were age, responder status, optimal cytoreduction, neoadjuvant
chemotherapy, and number of chemotherapy cycles. Kaplan-Meier survival curves
showed improved survival for both patients who responded to chemotherapy and for
those undergoing optimal cytoreduction (p <0.001). We also demonstrated improved
survival for patients receiving optimal cytoreduction among both nonresponders and
responders (p <0.001).

Conclusions: Our analysis shows that patients who undergo optimal cytoreduc-
tion have an overall survival benefit regardless of their response to chemotherapy.
Therefore, cytoreduction should be considered in all patients, even in those with ad-
vanced disease, if an optimal result can be achieved. This study was underpowered to
assess patients who received neoadjuvant chemotherapy as a separate subgroup, but

the order of treatment was controlled for in the overall analysis.

Abbreviations: Cl, confidence intervals; CRS, cytoreductive surgery; HR, hazard ratio.
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1 | INTRODUCTION

Ovarian cancer is the deadliest gynecologic malignancy and the
fifth leading cause of cancer deaths in women in the USA.X The
majority of cases are diagnosed at an advanced stage (stage
Il or IV). The standard treatment regimen for advanced-stage
ovarian cancer involves a combination of cytoreductive surgery
(CRS) and chemotherapy. Chemotherapy consists of a platinum-
based doublet, usually paired with paclitaxel.? In our study,
disease that recurred within 6 months of completing treatment
was considered platinum resistant. If the disease-free interval
was greater than 6 months, the disease was considered plati-
num sensitive. Platinum-based chemotherapy is consistently
the strongest predictor of overall survival (OS) in patients with
ovarian cancer.?™®

The second-most important predictor of survival is the amount
of disease remaining at the conclusion of CRS.% Traditionally, the
objective of CRS has been to have no residual lesions greater than
1 cm in size at the conclusion of surgery, termed an optimal cytore-
duction. This has been the standard for the analysis of cytoreduc-
tive outcomes since the 1990s. More recently, it has been shown
that patients with no visible residual disease after surgery (complete
cytoreduction) have longer OS than patients with disease less than
1 cm in size (optimal cytoreduction) or residual disease greater than
1 cm (suboptimal cytoreduction).®™%°

If disease burden is such that optimal or complete cytoreduction
is likely, upfront CRS is preferred.* However, if the surgeon believes
that suboptimal cytoreduction is likely based on the patient's dis-
ease distribution or that the risk of extensive surgery is too great
based on the patient's comorbidities, then administering 3-6 cycles
of neoadjuvant chemotherapy followed by an interval CRS is under-
taken without compromising 05.12°%°

While the benefits of chemotherapy response and optimal
CRS have been validated repeatedly, the effect of optimal CRS
in the context of response to chemotherapy has only recently
been evaluated.*® Showing an OS benefit completely indepen-
dent of chemotherapy response is important to establish that it is
the physical removal of tumor that is beneficial and that optimal
surgery is not simply a consequence of a less aggressive tumor
biology.

We performed a retrospective, single-institution, cohort study
comparing OS in patients with advanced, high-grade serous ovar-
ian cancer, using multivariate analysis to identify independent pre-
dictors of OS. We hypothesized that optimal cytoreduction would
result in improved OS, even when adjusting for chemotherapy

response.

Key message

Surgical cytoreduction is a mainstay of treatment in ovar-
ian cancer. However, its impact on survival has not been
assessed in the context of chemo-sensitivity. We establish
that optimal cytoreductive surgery improves overall sur-

vival regardless of the cancer's response to chemotherapy.

2 | MATERIAL AND METHODS

We performed a retrospective cohort study of patients with stage Il
or IV high-grade serous tubo-ovarian or primary peritoneal cancer at
our institution. Optimal cytoreduction was defined as residual disease
less than 1 cm and was determined at the conclusion of the case by
the primary surgeon. Disease-free interval was calculated starting at
the conclusion of treatment. Patients who had a disease-free interval
greater than 6 months from the conclusion of their primary treatment
were termed “responders”. Patients who had persistent disease or a
recurrence within 6 months of completing primary treatment were
termed “nonresponders”. These terms were used because we were
unable to separate patients with platinum-refractory disease from
those with platinum-resistant disease because of the small number
of patients with refractory disease. At the completion of treatment,
patients were followed with cancer antigen-125 (CA-125) and clinical
examination every 3 months. Elevated CA-125 or new-onset symp-
toms prompted imaging evaluation at the primary physician's discre-
tion. To be included for assessment, patients must have had at least
6 months of follow-up data following their primary treatment. We ex-
cluded patients with low-grade, stage | or Il, or non-serous histology.

Patients were identified through the University of lowa Ovarian
Cancer Dataset (University of lowa IRB-01: #201804817), which con-
tains patient data from 1990 to 2015. Clinical data regarding surgical
complexity,”” outcome, functional status, and chemotherapy were
collected. The responder and nonresponder groups were compared
using Student's t-test for continuous variables and chi-squared tests
for dichotomous variables (p <0.05) (Table 1). All variables were then
evaluated for their association with survival using the same tests.
Variables deemed significant in the univariate analysis (p <0.05) were
then evaluated in a multivariate logistic regression to determine each
variable's significance when controlling for other covariates. Cox pro-
portional hazard ratios (HRs) and 95% confidence intervals (Cls) were
calculated for all variables. A backward elimination technique based

on Akaike information criterion was used to further refine the model.



CARDILLO ET AL.

TABLE 1 Comparison of clinical data between responders and nonresponders. Clinical data were culled and univariate analysis with
logistic regression was used to compare responders and nonresponders. Responders and nonresponders differed in 10/14 criteria

Responders Nonresponders
N =234 N =98 p-value
Age 59 62 0.035
Charlson Comorbidity Index
1-3 45 12 0.078
4-6 158 68
>6 25 15
Stage
3 193 70 0.023
4 41 28
Disease in upper abdomen (other than omentum) by imaging
Yes
Large bowel (N = 17) 167 81 0.033
Spleen (N = 5)
Porta - hepatis (N = 32)
Mesenteric mets (N = 21)
Other (N = 115)
No 67 17
Disease in the chest by imaging
Yes
Chest (N = 26) 30 18 0.192
Pleural effusion (N = 47)
No 204 80
Grade
2 22 17 0.045
3 196 75
Residual disease after surgery
RO 60 4 <0.001
R1 117 52
R2 57 42
Surgery in pelvic lymph node
Yes 57 13 0.026
No 177 85
Surgical complexity
Low (1-3) 112 60 0.239
Intermediate (4-7) 118 35
High (28) 4 3
Surgery in para-aortic lymph node
Yes 51 13 0.075
No 186 85
Neoadjuvant chemotherapy
Yes 10 13 0.004
No 219 81
Number of cycles delivered
<6 7 7 0.296
26 227 89

(Continues)
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TABLE 1 (Continued)

Responders Nonresponders
N =234 N =98 p-value
Treatment
Optimal (optimal surgery and 26 cycles) 165 49 <0.001
Suboptimal 69 49
Dose-dense chemotherapy
Yes 30 4 0.023
No 204 94

Note: RO: No macroscopic disease; R1: residual disease <1 cm; R2: residual disease >1 cm. Using modern classification, all grade 2 specimens were
high grade.

FIGURE 1 Flow of included patients.
Of 470 patients within our database,
332 met our inclusion criteria. Of these,
234 (70.5%) were considered responders

University of lowa Ovarian Cancer Dataset
Search: Serous Ovarian Cancer
N =470

Excluded: and 98 were nonresponders, which is
-Recurrent: 17 consistent with historical percentages for
- Benign: 5

platinum sensitivity. F/U, follow-up.

- Borderline: 1

-Low grade: 14

- Early stage (1&2): 30
- Non-serous: 3

High-grade, Advanced-stage
Primary Serous Ovarian Cancer
N =400

No information:
- Chemo-response: 41
- F/U < 6 months: 27

Responders
N =234

Non-Responders
N =98

Kaplan-Meier curves were constructed to compare responders
and non-responders and optimal vs suboptimal CRS. Median sur-
vival was calculated for all groups, and p-values and 95% Cls are re-
ported. A final Kaplan-Meier curve was constructed combining both
variables to represent four groups of patients based on responder

status and surgery outcome.

3 | ETHICAL APPROVAL
This study was approved by the University of lowa IRB-01
#201804817 on September 5, 2018, and complied with all guide-
lines regarding human subject research.

4 | RESULTS

In total, 470 patients were identified in our cancer database as hav-
ing serous ovarian cancer. Of these, 332 met our inclusion criteria:

234 responders and 98 nonresponders (Figure 1). This rate of 70%
responders is consistent with the known rate of platinum sensitivity
in ovarian cancer.

Responders and nonresponders differed in several criteria, in-
cluding the number undergoing neoadjuvant chemotherapy, upper
abdominal disease, stage, residual disease after surgery, and age
(Table 1).

The univariate analysis revealed significant differences in sur-
vival in 12 of 14 clinical factors (Table 2). The multivariate survival
analysis was designed to adjust for all these patient characteristics.
Five criteria were found to be significant after the multivariate anal-
ysis: age (HR 1.02; 95% Cl 1.01-1.03; p = 0.002), response to che-
motherapy (HR 0.27; 95% Cl 0.20-0.35; p<0.001), optimal surgery
(HR 0.73; 95% CI 0.55-0.96; p = 0.023), number of cycles of che-
motherapy (HR 0.84; 95% CI 0.72-0.99; p = 0.038), and receipt of
neoadjuvant chemotherapy (HR 2.84; 95% Cl 1.73-4.66; p<0.001)
(Table 2; Figure 2).

Kaplan-Meier curves demonstrating survival for responders

and nonresponders and optimal and suboptimal surgical outcomes
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TABLE 2 Univariate survival analysis: all factors assessed in the cox proportional hazard model

Age (years)
Charlson Comorbidity Index Low
Medium
High
Stage
Grade
Imaging: Upper abdominal involvement (ref: No)
Imaging: Chest involvement (ref: No)
Surgical complexity score (by units)
Optimal surgery (ref: Yes)
Pelvic lymphadenectomy (ref: Yes)
Para-aortic Lymphadenectomy (ref: Yes)
Cycles of chemotherapy (# cycles)
Neoadjuvant (ref: No)
Dose-dense chemotherapy (ref: No)

Response to chemotherapy (ref: Responder)

Hazard ratio 95% ClI p-value
1.03 1.02-1.04 <0.001
ref

2.04 1.13-2.20 0.001
1.58 1.34-3.11 0.007
1.37 1.06-1.76 0.015
0.82 0.61-1.10 0.191
1.31 1.01-1.71 0.044
1.11 0.80-1.53 0.528
0.91 0.84-0.97 0.008
1.59 1.26-2.00 <0.001
1.81 1.33-2.47 <0.001
2.22 1.58-3.12 <0.001
0.65 0.59-0.71 <0.001
25825 1.50-3.38 <0.001
0.42 0.26-0.69 0.001
4.04 3.08-5.29 <0.001

Note: Bolded factors indicate significance within our univariate analysis. Factors that were significant predictors of survival within the final
multivariate analysis were age, optimal surgery, cycles of chemotherapy, neoadjuvant chemotherapy, and response to chemotherapy.

Abbreviation: Cl, confidence interval.

HR 95% ClI | p-value
A 102 |1.01,1.03 | 0.002
il e N - 0.27 |0.20,0.35 | <0.001
Optimal Surgery (No) - 0.73 | 0.55,0.96 | 0.023
Cycles Chemotherapy (Number) 0.84 |0.72,0.99 | 0.038
Neoadjuvant (No) - 2.84 |1.73,4.66 | <0.001
I T T T 1
0.5 1 3 4 5
More survival Less Survival

FIGURE 2 Multivariate cox proportional hazard model survival analysis. Significant variables in the survival univariate analysis (p <0.05)
were introduced in the multivariate analysis. The complexity index score was used to synthesize all surgical procedures in a single score.
Figures in parentheses are reference values for the variables, eg the older the patient, the less survival. Patients who had suboptimal surgery
and did not respond to chemotherapy had shorteer survival. Patients with more cycles of chemotherapy (up to six) had longer survival. Cl,

confidence interval; HR, hazard ratio.

were constructed (Figure 3). OS was 44.8 months for responders,
18.1 months for nonresponders (p <0.001), 34.2 months for patients
receiving optimal CRS, and 24.8 months for those receiving subopti-
mal CRS (p <0.001). The survival curves for the combination of these
two variables are depicted in Figure 3C.

5 | DISCUSSION

We observed, with thorough clinical data and follow-up, five in-
dependent predictors of OS in patients with advanced-stage,
high-grade serous ovarian cancer. These data come from a single
institution with a surgically aggressive philosophy and a preference
for primary CRS when feasible. From our analysis, the strongest pre-
dictor of OS was the patient's response to chemotherapy. Patients
with a disease-free interval greater than 6 months had, by far, the

longest survival. This is consistent with previously published litera-
ture and lends credence to the validity of that assertion, as well as
to our data.®”

The survival benefit of CRS, especially complete cytoreduction,
is well-established. However, the effect of surgery in the context of
a patient's response to chemotherapy has only recently been a topic
for investigation. In our study, by controlling for chemo-sensitivity,
we further assert that surgical resection contributes to OS and is
not simply a reflection of a disease process that is more amenable to
treatment. In Figure 3B, the effect of optimal cytoreduction is clear.
Ideally, we would have been able to also establish this fact within
the nonresponder subgroup (Figure 3C), but our numbers did not
allow us to make this conclusion. The survival curves within the non-
responder group in Figure 3C seem to overlap, but we must be cau-
tious in saying there is no benefit because of the very small number
of events in this cohort. Therefore, we can only draw conclusions
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FIGURE 3 Survival curves for response to chemotherapy and optimal cytoreduction. Kaplan-Meier survival curves representing overall
survival in responders vs nonresponders (A), optimal CRS vs suboptimal CRS (B), and the two groups combined (C). Overall survival was
significantly improved by both response to chemotherapy and optimal CRS. In (C), the p-value demonstrating the overall effect of optimal
CRS on survival was significant, with p<0.001. However, with only 18 events in the subgroup analysis of nonresponders, we were unable to
perform an adequate assessment of whether or not the benefit holds in this subgroup. Cl, confidence interval; CRS, cytoreductive surgery.

from the study cohort as a whole and say that optimal cytoreduction
improves OS independent of chemotherapy response. We believe
that this was an important point to establish within the cytoreduc-
tive literature, especially in the context of someday being able to
predict a patient's response to chemotherapy upon initial diagnosis.
Should that ability be realized, the predicted response to chemo-
therapy would not prohibit proceeding with surgical cytoreduction.

A recent retrospective study by Liu et al. presented data re-
garding patients who received neoadjuvant chemotherapy but
did not then undergo interval CRS.* In this cohort, the primary

reason given for 39% of the patients to not undergo CRS was
inadequate response to chemotherapy. The type of response to
chemotherapy within these patients included platinum-refractory
disease, stable or mixed response, and a positive response to che-
motherapy that was still inadequate for CRS. It was reported that
the burden of disease was considered too great to proceed with
CRS in these patients. If this is the case, then proceeding with sub-
optimal debulking likely does not benefit the patient. However,
if an optimal or complete cytoreduction is possible, even if the
patient had a poor response to chemotherapy, then CRS should
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be undertaken as it is independently beneficial for OS. In practice,
we are aware that patients are not always offered CRS if their re-
sponse to chemotherapy is poor, based on an assumption that CRS
does not benefit these nonresponders. In a post-hoc analysis of
ICONS, the objective response to chemotherapy in patients with
advanced ovarian cancer was assessed using RECIST 1.1 criteria
and then compared with cytoreduction rates. There was no cor-
relation between the response to chemotherapy and the ability
to predict an optimal or complete cytoreduction.16 Additionally, a
retrospective analysis assessing the effect of optimal or complete
cytoreduction in patients with stable or progressive disease after
neoadjuvant chemotherapy concluded that the amount of residual
disease at the conclusion of surgery was correlated with 0S.'? Our
study was underpowered to investigate the specific subgroup of
neoadjuvant chemotherapy, but the benefit of cytoreduction was
independent of neoadjuvant status. It should also be noted that
platinum sensitivity and an interval radiologic response to che-
motherapy are different outcomes, as one can only be assessed
in retrospect. However, given the dearth of data on this topic, it
is useful as a potential correlary. Therefore, based on this infor-
mation and our results, an optimal surgery seems to be benefi-
cial regardless of chemotherapy response. If a patient does not
respond well to platinum-based chemotherapy, then the strongest
improvement in their survival will be obtained via an optimal CRS,
if feasible.

The other three factors identified within our analysis were of
varying levels of significance. Age has long been known to be nega-
tively correlated with OS, though the strength of its association was
weak in our analysis. It is also a nonmodifiable risk factor, which is
clouded by the increased comorbidities within an elderly population
and alterations in treatment regimens based on patient age. Patients
who received at least 6 cycles of chemotherapy had an improved OS
compared with those who received fewer than 6 cycles. However,
only seven patients received fewer than 6 cycles in both the op-
timal and the suboptimal groups, providing little power for such a
conclusion. Lastly, the patients who received neoadjuvant chemo-
therapy had a significantly poorer OS, but this is almost certainly
due to selection bias in a retrospective cohort study, reflecting a
greater disease burden or poorer functional status in these patients.
Multiple randomized, prospective trials have confirmed that neoad-
juvant chemotherapy does not present inferior outcomes to post-
CRS chemotherapy.t®1°

The strengths of our study are that we assessed a large cohort of
patients at a single institution with a consistent, aggressive surgical
approach. Thorough clinical data with at least 6 months of follow-up
were available for all patients. The dataset was large enough to per-
form a multivariate analysis, isolating each variable to assess the in-
dependent impact on survival.

The greatest weakness of this study is its retrospective na-
ture. As such, it suffers from selection bias, which is likely the rea-
son neoadjuvant chemotherapy showed such a strong correlation
with poorer OS. Patients selected for neoadjuvant chemotherapy
typically have poorer functional status and greater overall disease

burden. Additionally, 17% of patients undergoing surgery at our
institution for advanced-stage, high-grade serous carcinoma had
inadequate follow-up data and were excluded from our analy-
sis. It is possible that this inadequate follow-up was because of
a poorer outcome and therefore skewed our data. We were also
unable to stratify optimal CRS by residual disease volume (R1 vs
RO) because of the long timeframe over which patient data were
collected. RO has only recently increased in importance within
high-grade serous carcinoma literature, so it was inconsistently
documented in our cohort. Additionally, the introduction of
novel therapeutics such as poly (ADP-ribose) polymerase (PARP)
inhibitors, especially for patients with BRCA mutations and ho-
mologous recombination deficiency have changed the treatment
paradigms in recent years. During the data collection period for
this study, germline BRCA testing was not necessarily routine and
PARP inhibitors were not a part of treatment. It is unclear how
this may have affected our results, but the absence of this in-
formation in this study is notable in the context of the modern
literature landscape.

Lastly, as mentioned, our study was underpowered to deter-
mine a difference in patients who received neoadjuvant chemo-
therapy followed by optimal or suboptimal CRS because of our
institution's preference for primary cytoreduction. This spe-
cific subpopulation was better investigated in the retrospective
analysis by Nitecki et al., who showed an improvement in OS
with decreasing postoperative disease burden.’ Future studies
should isolate this group to more thoroughly assess the impact of

cytoreduction.

6 | CONCLUSION

Patients derive significant benefit from optimal or complete CRS.
This is true regardless of their response to chemotherapy. Therefore,
the decision to proceed with CRS should be based solely on the abil-
ity to achieve complete or optimal cytoreduction and a patient's
fitness for planned procedures. A patient's observed or predicted
response to chemotherapy should not be a factor. Future studies
should focus on the population of patients who receive neoadjuvant
chemotherapy with a poor radiologic response to clearly determine
whether there is a benefit for CRS in these patients.
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