Ann Surg Oncol (2021) 28:6705-6713
https://doi.org/10.1245/s10434-021-09746-w

Annals of q
SURGICAL ONCOLOGY pdaies.

updates
OFFICIAL JOURNAL OF THE SOCIETY OF SURGICAL ONCOLOGY

ORIGINAL ARTICLE - GYNECOLOGIC ONCOLOGY

Disease Distribution at Presentation Impacts Benefit of IP
Chemotherapy Among Patients with Advanced-Stage Ovarian

Cancer

Beryl L. Manning-Geist, MD'"

, Mackenzie W. Sullivan, MD'?, Vishnudas Sarda, MPH',

Allison A. Gockley, MD'?, Marcela G. del Carmen, MD?, Ursula Matulonis, MD?, Whitfield B. Growdon, MD?>,
Neil S. Horowitz, MD'?, Ross S. Berkowitz, MD"?, Rachel M. Clark, MD?, and Michael J. Worley Jr, MD'?

'Division of Gynecologic Oncology, Department of Obstetrics, Gynecology and Reproductive Biology, Brigham and
Women’s Hospital, Harvard Medical School, Boston, MA ; ’Dana-Farber Cancer Institute, Boston, MA; *Division of
Gynecologic Oncology, Vincent Obstetrics and Gynecology, Massachusetts General Hospital, Harvard Medical School,

Boston, MA

ABSTRACT

Background. Ovarian cancer with miliary disease spread
is an aggressive phenotype lacking targeted management
strategies. We sought to determine whether adjuvant
intravenous/intraperitoneal (IV/IP) chemotherapy is bene-
ficial in this disease setting.

Methods. Patient/tumor characteristics and survival data
of patients with stage IIIC epithelial ovarian cancer who
underwent optimal primary debulking surgery from
01/2010 to 11/2014 were abstracted from records. Chi-
square and Mann—Whitney U tests were used to compare
categorical and continuous variables. The Kaplan—-Meier
method was used to estimate survival curves, and outcomes
were compared using log-rank tests. Factors significant on
univariate analysis were combined into multivariate
logistic regression survival models.

Results. Among 90 patients with miliary disease spread,
41 (46%) received IV/IP chemotherapy and 49 (54%)
received IV chemotherapy. IV/IP chemotherapy, compared

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1245/s10434-
021-09746-w.

© Society of Surgical Oncology 2021

First Received: 7 August 2020
Accepted: 4 February 2021;
Published Online: 8§ March 2021

B. L. Manning-Geist, MD
e-mail: ManningB @MSKCC.org

with IV chemotherapy, resulted in improved progression-
free survival (PFS; 23.0 versus 12.0 months; p = 0.0002)
and overall survival (OS; 52 versus 36 months; p = 0.002)
in patients with miliary disease. Among 78 patients with
nonmiliary disease spread, 23 (29%) underwent IV/IP
chemotherapy and 55 (71%) underwent IV chemotherapy.
There was no PFS or OS benefit associated with IV/IP
chemotherapy over IV chemotherapy in these patients. On
multivariate analysis, IV/IP chemotherapy was associated
with improved PFS (HR, 0.28; 95% CI 0.15-0.53) and OS
(HR, 0.33; 95% CI 0.18-0.61) in patients with miliary
disease compared with those with nonmiliary disease (PFS
[HR, 1.53; 95% CI 0.74-3.19]; OS [HR, 1.47; 95% CI
0.70-3.09)).

Conclusions. Adjuvant IV/IP chemotherapy was associ-
ated with oncologic benefit in miliary disease spread. This
survival benefit was not observed in nonmiliary disease.

Keywords Epithelial ovarian cancer -
Intraperitoneal chemotherapy - Miliary disease

The increasing use of phenotypic, genetic, and molec-
ular profiling is rapidly changing the therapeutic landscape
of ovarian cancer. For example, testing for homologous
recombination deficiency has opened the door for the use
of poly ADP-ribose polymerase (PARP) inhibition, and
laparoscopic assessment of disease burden/distribution has
emerged as a modality to determine the likelihood of
achieving a successful surgical resection. > Several studies
have demonstrated that miliary disease distribution, defined
as diffuse abdominal and pelvic tumor studding in the
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absence of bulky pelvic and abdominal disease, is associ-
ated with decreased rates of complete gross resection and
worse prognoses.l’4 Despite the aggressive nature of this
tumor phenotype, there are no targeted strategies for its
clinical management.

In the mid-1980s, pharmacologic and clinical studies
showed a survival benefit with intravenous/intraperitoneal
(IV/TP) administration of chemotherapy in the management
of ovarian cancer, which was subsequently validated by
multicenter, randomized controlled trials Gynecologic
Oncology Group (GOG) 104, GOG 114, and GOG 172.7°
In 2006, the National Cancer Institute issued a clinical
announcement supporting the use of IV/IP chemotherapy in
the treatment of optimally cytoreduced advanced-stage
ovarian cancer, stating that “a combination of IV and IP
administration of chemotherapy conveys a significant sur-
vival benefit among women with optimally debulked
epithelial ovarian cancer compared to IV administration
alone.” However, these findings were later contradicted by
the results of GOG 252, which suggested no benefit with
IV/IP chemotherapy when administered in conjunction
with maintenance bevacizumab.'”

Given the peritoneal-based pattern of spread of ovarian
cancer, we hypothesized that patients with disseminated
miliary disease at presentation may uniquely benefit from
adjuvant IV/IP chemotherapy. The primary objective of
this study was to compare the oncologic outcomes of
patients with miliary, high-grade, stage IIIC epithelial
ovarian/fallopian tube/primary peritoneal carcinoma
(EOC) who underwent IV/IP chemotherapy versus those
who underwent IV chemotherapy alone. The secondary
objective was to compare the survival outcomes of patients
with nonmiliary disease spread who underwent IV/IP
chemotherapy with those who underwent IV chemotherapy
alone.

PATIENTS AND METHODS

After institutional review board approval, we performed
a retrospective chart review of patients at Brigham and
Women’s Hospital and Massachusetts General Hospital
who underwent primary debulking surgery for stage IIIC
EOC between 1 January 2010 and 31 November 2014.
Patients were excluded from analysis if they were treated
with neoadjuvant chemotherapy; had not undergone
debulking surgery; underwent suboptimal debulking; had
stage I, II, or IV disease; had nonepithelial or low-grade
disease; did not have a description of initial disease dis-
tribution or residual tumor burden documented in their
operative report; or had incomplete medical records.
Patients were then categorized as having had miliary or
nonmiliary disease spread based on the description of

initial disease burden previously defined by Torres et al.™*
The miliary subtype group included patients with diffuse
abdominal and pelvic tumor studding with or without
omental caking in the absence of bulky pelvic and
abdominal disease, as described in their operative records
(Supplementary Fig. 1). The nonmiliary subtype group
included patients with bulky abdominopelvic disease who
did not meet the descriptive criteria for miliary disease.

Patients in both groups were then further separated into
two groups based on whether they had (at least one cycle)
or had not received IV/IP chemotherapy (Fig. 1). Treat-
ment with IV/IP chemotherapy was based on the surgeon’s
discretion. IV/IP chemotherapy regimens included the
“GOG 172 regimen” (IV paclitaxel 135 mg/m? x 24 h on
day 1 followed by IP cisplatin 100 mg/m?* on day 2, then IP
paclitaxel 60 mg/m* on day 8) and the “modified GOG 172
regimen” (IV paclitaxel 135 mg/m* x 24 h on day 1 fol-
lowed by IP cisplatin 75 mg/m?® on day 2, then IP paclitaxel
60 mg/m? on day 8). The intent of adjuvant chemotherapy
was to administer six cycles of treatment to both the IV/IP
chemotherapy and IV chemotherapy alone groups.

Differences in clinical and treatment factors between
patients who underwent IV chemotherapy and those who
underwent IV/IP chemotherapy were examined for both the
miliary and nonmiliary patient subgroups. Clinical factors
included age, body mass index (BMI), Charlson comor-
bidity index (CCI), and BRCA mutational status.
Treatment-related factors included mean operative time,
mean estimated blood loss, receipt of maintenance therapy,
surgical complexity, extent of residual disease at the con-
clusion of primary debulking surgery, mean number of IV/
IP chemotherapy cycles, and receipt of the GOG 172 reg-
imen versus the modified GOG 172 regimen. Surgical
procedures were assigned a complexity score reflecting the
difficulty and number of procedures performed, as descri-
bed by Aletti et al.'? Patients with visible remaining gross
residual disease < 1 cm (maximal diameter of largest
residual tumor nodule) after primary debulking surgery
were considered to have undergone optimal debulking, and
those with no visible disease were considered to have
undergone a complete gross resection.

Differences in variables were examined with the chi-
square test for categorical variables and Mann—Whitney
U test for continuous variables, as indicated. p-Value <
0.05 was considered statistically significant. Associations
are reported as hazard ratios (HRs) with 95% confidence
intervals. Progression-free survival (PFS) was defined as
the number of months between date of primary debulking
surgery and disease progression based on computed
tomography (CT) findings or biopsy, or death, whichever
came first. Overall survival (OS) was defined as the number
of months between date of primary debulking surgery and
death from any cause. Patients who were alive and
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FIG. 1 Study design /\
High Grade Stage I1IC
EOC Undergoing PDS
n= 168
Miliary Tumor Non-miliary
Subtype Tumor Subtype
n =90 n=78
Received IV/IP Received IV/IP
Chemotherapy Chemotherapy
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Received IV Received IV
Chemotherapy Alone Chemotherapy Alone
n=49 n=>55

progression free or alive with disease were censored for
PES and OS, respectively, at date of last follow-up. The
Kaplan—-Meier method was used to estimate survival
curves, and survival outcomes were compared using log-
rank tests. Factors significant on univariate analysis were
then combined into a multivariate logistic regression model
of PFS and OS. The SAS version 9.4 (SAS Institute Inc,
Cary, NC) statistical package was used for all statistical
analyses.

RESULTS

Among 168 patients who underwent optimal cytore-
duction for stage IIIC high-grade EOC during the study
period, 90 (54%) had miliary spread and 78 (46%) did not.

N

Miliary Subtype Group: Patient and Treatment
Characteristics

Of patients with miliary disease, 41 (46%) received IV/
IP chemotherapy and 49 (54%) received IV chemotherapy
alone. The mean number of IP chemotherapy cycles was
44 (SD 1.7), and 17 patients (41%) completed all six
cycles of IV/IP chemotherapy. Of 39 patients with avail-
able dosing information, 19 (49%) received the GOG 172
regimen and 20 (51%) received the modified GOG 172
regimen.

Miliary patients undergoing IV/IP chemotherapy versus
IV chemotherapy alone were more likely to be < 70 years
old (83% versus 59%, respectively; p = 0.01) and have
lower mean BMI (25.5 kg/m” versus 28.5 kg/m?, respec-
tively; p = 0.01). There were no significant differences in
BRCA mutational status, receipt of maintenance therapy, or
age-adjusted CCI between those who received IV/IP
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chemotherapy and those who received IV chemotherapy
alone (Table 1).

Patients with miliary disease who received IV/IP
chemotherapy compared with those who received IV
chemotherapy alone had longer mean operative time (275.5
versus 218.1 min, respectively; p < 0.05) but lower mean
estimated blood loss (EBL; 557.5 versus 832.7 mlL,
respectively; p = 0.02). Rates of high surgical complexity
were similar (75.6% versus 81.6%, respectively; p = 0.49).
Patients who received IV/IP chemotherapy were also more
likely to have undergone complete gross resection (29%
versus 12%, respectively; p = 0.04) (Table 1).

Nonmiliary Subtype Group: Patient and Treatment
Characteristics

Of the 78 patients with nonmiliary disease, 23 (29%)
received IV/IP chemotherapy and 55 (71%) received IV
chemotherapy alone. The mean number of IP chemother-
apy cycles was 4.7 (SD 1.9), and 14 patients (61%)
completed all six cycles of IV/IP chemotherapy. Of 22
patients with available dosing information, 12 (54.5%)
received the GOG 172 regimen and 10 (45.5%) received
the modified GOG 172 regimen.

There were no significant differences in age, mean BMI,
BRCA mutational status, receipt of maintenance therapy, or
CCI between patients who received IV/IP chemotherapy
and those who received IV chemotherapy alone (Table 1).

TABLE 1 Comparison of patient and treatment characteristics in miliary versus nonmiliary patients undergoing IV/IP chemotherapy

Characteristic Miliary disease (n = 90) Nonmiliary disease (n = 78)
IV/IP chemotherapy IV chemotherapy p value® IV/IP chemotherapy IV chemotherapy p-
(n=41) (n =49) (n = 23) (n =55) Value®
Age (years)
<70 82.9% 59.2% 0.01 91.3% 80.0% 0.22
> 170 17.1% 40.8% 8.7% 20.0%
Mean BMI (kg/m?) 25.5 28.5 0.01 26.1 26.6 0.94
Charlson comorbidity index
Low (0-1) 9.8% 10.2% 0.55 4.4% 7.3% 0.25
Intermediate (2-3) 56.1% 44.9% 82.6% 63.6%
High (= 4) 34.2% 44.9% 13.0% 29.1%
BRCA status
Wild type 72.0% 62.5% 0.59 91.7% 66.7% 0.23
mBRCA1 20.0% 18.8% 8.3% 22.2%
mBRCA2 8.0% 18.8% 0.0% 11.1%
Mean operative time 275.5 218.1 0.05 279.3 237.7 0.51
(min)
Mean estimated blood 557.5 832.7 0.02 504.8 871.9 0.30
loss (mL)
Surgical complexity
Low 2.4% 0.0% 0.49 0.0% 1.9% 0.53
Moderate 22.0% 18.4% 34.8% 24.7%
High 75.6% 81.6% 65.2% 74.1%
Residual disease
Complete gross resection  29.3% 12.2% 0.04 78.3% 80.0% 0.86
Optimal (< 1 cm) 70.7% 87.8% 21.7% 20.0%
Histology
Serous 87.8% 81.6% 0.42 73.9% 65.5% 0.47
Nonserous 12.2% 18.4% 26.1% 34.5%
Maintenance therapy
No 68.3% 81.3% 0.16 78.3% 90.7% 0.14
Yes 31.7% 18.8% 21.7% 9.3%

4Chi square for categorical variables and Mann-Whitney U test for continuous variables were used to generate p values
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There were no significant differences in mean operative
time or mean EBL between patients who received IV/IP
chemotherapy and those who received IV chemotherapy
alone (Table 1). There was no difference between the rates
of high surgical complexity (65% versus 74%, respec-
tively; p = 0.53). There was also no difference between the
rates of complete gross resection (78% versus 80%,
respectively; p = 0.86).

Miliary Subtype Group: Progression-Free and Overall
Survival

Among the 90 patients with miliary disease, there were
77 recurrences (86%). Patients who received IV/IP
chemotherapy had an 11-month improvement in median
PFS compared with patients who received IV chemother-
apy alone (23.0 versus 12.0 months, respectively;
p =0.0002) (Fig. 2). On univariate analysis, IV/IP
chemotherapy compared with IV chemotherapy alone was
associated with decreased risk of recurrence (HR, 0.29;
95% CI 0.16-0.52). Optimal cytoreduction compared with
complete gross resection was associated with an increased
risk of recurrence (HR, 3.31; 95% CI 1.42-7.75). Other
variables, including age, surgical complexity, and age-ad-
justed CCI, did not significantly influence PFS
(Supplementary Table 1). On multivariate analysis, which
included variables of age, receipt of IV/IP chemotherapy,
residual disease burden, and histology, IV/IP chemotherapy
compared with IV chemotherapy alone was independently
associated with improved PFS (HR, 0.28; 95% CI
0.15-0.53) (Table 2).

(a) Miliary Patient PFS

There were 56 deaths (62%) among the 90 patients with
miliary disease. Median OS was 16.0 months longer for
patients who received IV/IP chemotherapy compared with
those who received IV chemotherapy alone (52.0 versus
36.0 months, respectively; p = 0.002) (Fig. 3). On uni-
variate analysis, IV/IP chemotherapy compared with IV
chemotherapy alone was associated with decreased risk of
death (HR, 0.33; 95% CI 0.18-0.61). Optimal cytoreduc-
tion compared with complete gross resection was
associated with a trend towards increased risk of death
(HR, 2.22; 95% CI 0.95-5.21). Age > 70 years was also
associated with a trend towards increased risk of death
(HR, 1.51; 95% CI 0.87-2.63). There were no significant
differences in OS based on surgical complexity or age-
adjusted CCI (Supplementary Table 1). On multivariate
analysis, which included variables of age, receipt of IV/IP
chemotherapy, and residual disease burden, IV/IP
chemotherapy compared with IV chemotherapy alone was
independently associated with OS (HR, 0.33; 95% CI
0.18-0.61) (Table 2).

Nonmiliary Subtype Group: Progression-Free
and Overall Survival

Among the 78 patients with nonmiliary disease, there
were 56 recurrences (72%). Median PFS was similar
between patients treated with IV/IP chemotherapy and
those treated with IV chemotherapy alone (17.0 versus 29.0
months, respectively; p = 0.33) (Fig. 2). On univariate
analysis, IV/IP chemotherapy did not significantly impact
risk of recurrence (HR, 1.61; 95% CI 0.79-3.32). Other
variables, including age, CCI, surgical complexity, and

(b) Non-Miliary Patient PFS
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FIG. 2 Association of IV/IP chemotherapy with progression-free survival in miliary (a) and nonmiliary patients (b)
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TABLE 2 Multivariate

" . Characteristic Progression-free survival Overall survival
analysis of factors associated
with progression-free and Hazard ratio 95% CI Hazard ratio 95% C1
overall survival in patients with
miliary disease Age
Age < 70 years old ref - ref -
Age > 70 years old 0.86 (0.48-1.53) 1.51 (0.87-2.63)
Receipt of IV/IP chemotherapy
IV chemotherapy alone ref - ref -
IV/IP chemotherapy alone 0.28 (0.15-0.53) 0.33 (0.18-0.61)
Residual disease
Complete gross resection (CGR) ref - ref -
Optimal residual (< 1 cm) 3.09 (1.31-7.28) 2.22 (0.95-5.21)
Histology
Nonserous ref - ref -
Serious 1.21 (0.59-2.50) 0.96 (0.47-1.97)
(a) Miliary Patient OS. (b) Non-Miliary Patient OS
o == 10 5 —
- p=0.002 p=0.29
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FIG. 3 Association of IV/IP chemotherapy with overall survival in miliary (A) and nonmiliary patients (b)

residual disease burden, did not significantly influence PFS
(Supplementary Table 2). On multivariate analysis, which
included variables of age, receipt of IV/IP chemotherapy,
residual disease burden, and histology, IV/IP chemotherapy
compared with IV chemotherapy alone did not impact PFS
(HR, 1.53; 95% CI 0.74-3.19) (Table 3).

There were 33 deaths (42%) among the 78 patients with
nonmiliary disease. Median OS was 64.0 months for
patients who received IV/IP chemotherapy versus not
reached for patients who received IV chemotherapy alone
(» =0.29) (Fig. 3). On univariate analysis, IV/IP
chemotherapy compared with IV chemotherapy alone did
not significantly impact risk of death (HR, 1.56; 95% CI
0.76-3.20). Other variables, including age, CCI, and
residual disease burden, did not significantly influence OS.
On multivariate analysis, which included variables of age,
receipt of IV/IP chemotherapy, residual disease burden,

and histology, IV/IP chemotherapy compared with IV
chemotherapy alone was not significantly associated with
OS (HR, 1.47; 95% CI 0.70-3.09) (Table 3).

DISCUSSION

The findings of this retrospective cohort study demon-
strated a significant survival benefit associated with use of
IV/IP chemotherapy over IV chemotherapy alone among
patients with stage IIIC ovarian cancer who presented with
disseminated miliary disease spread. Specifically, PFS was
prolonged by 11.0 months and OS by 16.0 months in
patients who received IV/IP chemotherapy. This benefit
was not observed in patients with nonmiliary disease
spread, with no significant difference in PFS or OS asso-
ciated with IV/IP chemotherapy.
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TABL_E 3 Multivariate. Characteristic Progression-free survival Overall survival
analysis of factors associated
with progression-free and Hazard ratio 95% CI Hazard ratio 95% C1
overall survival in patients with
nonmiliary disease Age
Age < 70 years old ref - ref -
Age > 70 years old 0.66 (0.23-1.92) 0.79 (0.27-2.32)
Receipt of IV/IP chemotherapy
IV/IP chemotherapy ref - ref -
IV chemotherapy alone 1.53 (0.74-3.19) 1.47 (0.70-3.09)
Residual disease
Complete surgical resection (CSR) ref - ref -
Optimal residual (< 1 cm) 1.18 (0.53-2.63) 1.46 (0.66-3.27)
Histology
Nonserous ref - ref -
Serous 0.91 (0.43-1.92) 1.09 (0.51-2.32)

The magnitude of the survival benefit observed in the
miliary subtype group represents a potentially consequen-
tial finding, but also merits discussion on the possible
confounding variables associated with the study outcome.
Specifically, we sought to exclude two possibilities: (1)
unintended patient selection bias among the IV and IV/IP
subgroups of patients with miliary disease and between the
miliary and nonmiliary cohorts; and (2) significant differ-
ences in the chemotherapy regimens and/or cycle
completion between the IV/IP cohorts of the miliary and
nonmiliary subtypes.

In the first assessment, we sought to determine whether
certain characteristics known to drive survival benefit, such
as age, CCI, surgical complexity, BRCA status, receipt of
maintenance therapy, and residual disease volume,
explained the survival improvement observed in patients
with miliary disease who received IV/IP chemotherapy.”
While there was no significant difference in CCI, surgical
complexity, BRCA status, or receipt of maintenance ther-
apy between patients in the miliary subtype group who
received IV chemotherapy and those who received IV/IP
chemotherapy, we did find that the patients triaged to IV/IP
chemotherapy were younger and were more likely to have
undergone complete gross resection. Given that age and
residual disease volume are associated with OS and were
significantly different between patients with miliary dis-
ease who received IV chemotherapy and those who
received IV/IP chemotherapy, we performed a multivariate
logistic regression analysis that included age, residual
disease volume, and use of IV/IP chemotherapy. In this
model, IV/IP chemotherapy remained significantly associ-
ated with improved OS (HR, 0.33; 95% CI 0.18-0.66).

We performed a similar analysis among patients with
nonmiliary disease to determine whether there was a dis-
proportionate representation of poor prognostic factors in

the nonmiliary subtype group who received IV/IP
chemotherapy that could explain the lack of benefit with
this approach. Of note, there were no differences in age,
CCI, surgical complexity, BRCA status, receipt of main-
tenance therapy, or residual disease volume between those
who received IV chemotherapy alone and those who
received IV/IP chemotherapy. Although these factors were
not found to be significantly different on univariate anal-
ysis, because of their known impact on survival, we
incorporated age and residual disease volume as well as IV/
IP chemotherapy into a multivariate logistic regression
model. Under this model, IV/IP chemotherapy was not
significantly associated with a survival benefit.

In the second assessment, we investigated whether
patients with miliary disease compared with those without
miliary disease were more likely to have received or
completed the more aggressive GOG 172 regimen, which
is more time consuming and less tolerable.” In total, 47%
of miliary patients were treated with the GOG 172 regi-
men, with a mean of 4.4 (SD 1.7) IP chemotherapy cycles,
while 50% of the patients in the nonmiliary subtype group
were treated with the GOG 172 regimen, with a mean of
4.7 (SD 1.9) IP chemotherapy cycles. The similarity in
cycle number and chemotherapy dosage between the two
subtype groups suggests this did not account for the dif-
ferences in survival advantage observed with IV/IP
chemotherapy administration between patients with miliary
versus nonmiliary disease.

The recently published findings of study GOG 252 did
not demonstrate a survival advantage with IV/IP
chemotherapy over IV chemotherapy, and many have
questioned whether modifications in the dosing and
scheduling of IV/IP chemotherapy, and/or the addition of
bevacizumab, underlie the discrepant results of GOG 252
and GOG 172." In the context of our data and findings, it is
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possible that the unique characteristics of the patient
cohorts, specifically the mix of patients with miliary and
nonmiliary spread, which were not reported in the GOG
trials, contributed to our results. Similar questions have
been explored in previous investigations of IV/IP
chemotherapy in patient subsets stratified by retroperi-
toneal-based disease, tumor histology, and BRCA
mutational status, but not on the basis of miliary versus
nonmiliary phenotype'lt16 These phenotype subsets rep-
resent an intriguing target for future research to validate
whether EOC patients with miliary disease represent an
appropriate group for IV/IP chemotherapy.

As with other retrospective studies, this report and its
conclusions are limited by the accuracy and completeness
of medical records, the reliance on individual surgeon
discretion in assigning patients to IV/IP chemotherapy, and
the relatively small number of patients included in this
analysis, which limits the power and confidence to make
definitive conclusions. Because miliary disease is a poor
prognostic factor in ovarian cancer, we first separated
patients into miliary and nonmiliary disease subtype groups
before examining the association of IV/IP chemotherapy
with improved survival outcomes. This ultimately restric-
ted our sample sizes to 23 patients in the nonmiliary group
who received IV/IP chemotherapy and 41 patients in the
nonmiliary group who received IV chemotherapy. Addi-
tionally, this study does not provide information describing
the mechanism of action driving the benefit of IV/IP
chemotherapy in patients with miliary spread. Possible
explanations may include the chemotherapeutic sensitivity
of miliary tumor subtypes or the addition of IP
chemotherapy resulting in local targeting of miliary tumor,
which may be more peripheral and less accessible to IV-
administered therapeutics; however, additional investiga-
tion is warranted. "8

In conclusion, this study identified a subset of patients
with advanced-stage ovarian cancer (i.e., those with miliary
disease) in whom IV/IP chemotherapy was associated with
a significant survival benefit. This survival benefit was not
observed in a similar cohort of patients with nonmiliary
spread. The association between IV/IP chemotherapy and
improved PFS and OS in the miliary subtype group
maintained its significance after adjusting for age and
residual disease burden in multivariate analysis. On addi-
tional analysis, there were no differences in baseline or
treatment characteristics between the miliary and nonmil-
iary groups who received IV/IP chemotherapy. Taken
together, our findings suggest that patients with optimally
cytoreduced, stage IIIC ovarian cancer with miliary spread
may represent a subset of patients with aggressive disease
who could benefit from IV/IP chemotherapy.
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