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Abstract
Background: Intraperitoneal/intravenous chemotherapy (IP/IV) was associated with 
improved survival for ovarian cancer (OC) patients in several randomized clinical 
trials. However, the uptake of IP/IV in clinical practice is varied due to conflicting 
evidence about its impact on survival and recurrence. The aim of this study was to 
explore the uptake of IP/IV treatment and to evaluate its impact on survival and re-
currence in OC patients.
Methods: Demographic and clinical information on OC patients (N = 2916) who 
underwent treatment for OC between 2000 and 2017 was obtained from the large 
healthcare system cancer registry. Duplicate records, grade 1, rare (eg, gelatinous 
carcinoma), and non-epithelial (eg, granulosa cell carcinoma) tumors were excluded. 
Kaplan-Meier survival curves were constructed to compare 5- and 10-year survival 
based on the chemotherapy type, surgery type, and stage. Multivariable Gray's piece-
wise constant time-varying coefficient models were fitted to evaluate the effect of 
IP/IV on adjusted hazard ratio (AHR) of OC survival and recurrence adjusting for 
potential confounders.
Results: The final sample consisted of 1846 OC patients, 14% (250/1846) of which 
received IP/IV chemotherapy. IP/IV was significantly associated with improved 
10-year survival (P  <  .001). Multivariable Gray's model demonstrated that IP/IV 
therapy significantly reduced the AHR of death (AHR = 0.39-1.07, P < .001) with 
the beneficial effect gradually declining over time. Use of IP/IV chemotherapy had 
no impact on OC recurrence.
Conclusions: These findings demonstrated that only a small fraction of eligible pa-
tients underwent IP/IV chemotherapy. We report a significant 10-year survival, but 
not necessarily recurrence benefit is associated with IP/IV chemotherapy compared 
to IV only, suggesting the need for novel ways of identifying patients who may ben-
efit from IP/IV chemotherapy.
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1 |  INTRODUCTION

Ovarian cancer (OC) is the deadliest gynecologic cancer in 
women, with less than half of the patients surviving 5 years 
after the diagnosis of metastatic disease,1 as OC is com-
monly diagnosed when the malignancy has already spread 
beyond the ovaries.2 Despite surgical interventions and che-
motherapy, most of the patients relapse and die from the 
malignancy.3 Since the peritoneal cavity is the primary site 
of OC metastatic spread, it has been targeted by several ran-
domized clinical trials (GOG 104, 114, 172), which showed 
that a combination of intraperitoneal and intravenous (IP/
IV) chemotherapy has better survival in women with stage 
III optimally resected OC, compared with IV chemotherapy 
alone.4–6 From a pharmacological standpoint, IP/IV can re-
sult in higher and prolonged concentration of chemotherapy 
agents in the peritoneal cavity, with lower peak plasma level 
over time.7 In 2006, Markman and Walker published a review 
highlighting significant scientific evidence on the rationale 
for incorporating IP/IV therapy into routine hospital prac-
tice.8 The post hoc analysis of the data from these trials also 
demonstrated that patients who underwent IP/IV treatment 
had better long-term survival compared with those who re-
ceived IV only treatment (61.8 vs 51.4 months).9 Moreover, a 
recent Cochrane Review that was based on nine randomized 
controlled clinical trials also suggested that IP/IV chemother-
apy increased overall survival and progression-free survival 
from advanced OC.10

Despite the promising results of clinical trials and other 
investigations of IP/IV therapy for OC, the use of IP/IV treat-
ment in the US and Europe was limited by complications 
associated with this type of chemotherapy, including higher 
toxicity, inconvenience for the patient, catheter complica-
tions, and lower rates of completion.11,12 In addition to the 
complications, the hesitancy in the uptake of IP/IV therapy 
by clinicians could have been associated with uncertain long-
term benefits of IP/IV use, though a recent study by Tewari 
et al reported that the advantage of IP/IV over IV only chemo-
therapy extends beyond 10 years.13 As a result, IP/IV therapy 
has seen a modest uptake to hospital practice, with limited 
literature reporting prevalence and results of this uptake.14

The current practice leans toward not offering IP/IV due 
to results from a recent phase III trial of bevacizumab with IV 
vs IP/IV chemotherapy (GOG 252),15 as well as known com-
plications of IP/IV therapy.16,17 GOG252 addressed limita-
tions of earlier IP/IV trials, including small sample size and 
differences between experimental arms, and showed no im-
provement in progression-free survival for the first-line treat-
ment.18 However, interpretation of this trial is confounded 
by (i) the inclusion of multiple variables between the three 
arms comparing intraperitoneal cisplatin to intraperitoneal 
carboplatin to weekly dose-dense paclitaxel, (ii) the addition 
of bevacizumab, (iii) lower cisplatin dose, and (iv) lack of a 

control arm. Moreover, one of the limitations of clinical trials 
is that they may restrict patient entry to those with good per-
formance status, while in the real-world, the patient range can 
be much broader.14 Therefore, lack of clarity on the impact of 
IP/IV treatment on survival/recurrence in the clinical practice 
warrants further investigation.

The primary aim of this study was to elucidate the use of 
IP/IV chemotherapy in a large heterogenous healthcare sys-
tem (representing an entire regional cancer network), as well 
as to evaluate if patient survival and OC recurrence differs 
between the administration of IP/IV chemotherapy and IV 
chemotherapy alone. In addition, we analyzed factors associ-
ated with OC survivorship and recurrence. In this study, we 
provide valuable additional information to practitioners, pa-
tients, and policy makers by improving our understanding of 
IP/IV effectiveness and treatment outcomes in the real-world 
clinical population not driven by clinical trial restrictions.

2 |  METHODS

2.1 | Data source

The hospital Registry Information Services is a cancer reg-
istry designed for the collection, management, and analysis 
of patient demographic, grading, staging, treatment, and pro-
gression data on cancer patients. American Joint Commission 
on Cancer (AJCC TNM) and Surveillance, Epidemiology, 
and End Results (SEER) General Summary are used for 
cancer staging. The Registry Information Services is archi-
tected on the North American Association of Central Cancer 
Registries (NAACCR) data standard. The primary sources 
for documentation are both paper and electronic medical re-
cords, from which data are abstracted into the cancer registry 
by certified cancer registrars.

The data for our study was abstracted from the Registry 
Information Services for all women with confirmed OC who 
underwent treatment between 2000 and 2017 using honest 
broker service system. The exclusion criteria were as follows: 
duplicate records; women not eligible for IP/IV therapy, in-
cluding grade 1, rare (eg gelatinous carcinoma, combined 
small cell carcinoma), and non-epithelial (eg granulosa cell 
carcinoma, Sertoli-Leydig cell tumor); and patients with un-
known chemotherapy status. Our study was approved by the 
university's Human Research Protection Office through the 
exempt study protocol.

2.2 | Independent variables

The independent variables used in our analyses were as 
follows: demographic and lifestyle factors (eg age, ethnic-
ity, BMI, smoking, alcohol consumption); tumor (eg stage, 
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grade); surgery type (egdebulking, hysterectomy and oo-
phorectomy, other [unknown status of surgery, no surgery, 
autopsy data, or other surgery]); histology (eg serous, other 
[clear cell carcinoma, endometrioid carcinoma, mucinous 
carcinoma]); and chemotherapy type (IP/IV and IV only). 
We also extracted information on the primary treatment fa-
cility where each patient received most of her treatment (spe-
cialty hospital vs non-specialty community center).

2.3 | Outcomes

Our outcomes of interest were overall survival defined as 
time from diagnosis to death and recurrence defined as time 
from diagnosis to recurrence, censoring for death. Both out-
comes were censored at last follow-up in the absence of an 
event, time was expressed in months. Vital status was con-
firmed by the National Death Index.

2.4 | Statistical analysis

Analyses were performed on a cohort of patients eligible for 
IP/IV chemotherapy (n = 1846) to compare survival and re-
currence among IP/IV treated patients in comparison to IV 
only patients. Descriptive statistics were performed using 
two-sample t-test for continuous variables and Fisher exact 
test or Chi-squared test for categorical variables, as appropri-
ate. Univariable comparison of 1-year survival across groups 
was done using Kaplan-Meier curves with log-rank test or 
Peto-Peto-Prentice tests used for statistical significance, as 
appropriate.19

Two outcomes were assessed in univariable and multivari-
able analyses: (i) overall survival (OS), defined as time from 
diagnosis to death; and (ii) recurrence-free interval (RFI), 
defined as time from diagnosis to recurrence, censoring for 

death. Both outcomes were censored at last follow-up in the 
absence of an event. Univariable and multivariable Gray's 
piecewise constant time-varying coefficient (TVC) models 
were used instead of Cox regression analysis when propor-
tional hazard assumption was violated, which occurred for 
several risk factors, including treatment type (IP/IV vs IV 
only). Unlike Cox regression, Gray's TVC models allow for 
time-varying hazard ratio (HR), which provides assessment 
of the HR between groups (eg IP/IV and IV only) of patients 
when the proportional hazards assumption required for Cox 
regression does not hold, ie the HR is not constant over time.20 
As a result, for the factors which do not support proportional 
hazard assumption the Gray's models produce minimum and 
maximum HR, which are represented as HR range.

In the univariable analysis, each potential covariate was 
individually fitted using Gray's model with 4 degrees of free-
dom as was suggested by Gray.20 Dummy variables were 
created for each level of the categorical variables. If the pro-
portional hazard assumption for the covariate was met, the 
covariate was used as a non-time varying covariate, and a 
single hazard ratio was reported using Cox proportional haz-
ard models. On the other hand, if the proportional hazard as-
sumption was not met, a 4-degrees of freedom spline was fit 
for the covariate, and a range of HR was reported. Variables 
with significance at the level of 0.15 in univariable models 
were then fitted into the multivariable Gray's model to obtain 
the final set of covariates using the backward selection with 
P value less than or equal to 0.10. We used the same final set 
of covariates to refit the data using Gray's model to achieve 
the estimates of adjusted hazard ratio (AHR) for these co-
variates. In all cases, if the HR varied over time for a given 
variable, the results are presented using the range (minimum 
– maximum) of HR, otherwise a constant HR is presented. 
All data management and data analyses were implemented 
in SAS version 9.4 (SAS Institute, Cary, NC, USA) and R 
version 3.5.1.

F I G U R E  1  Study cohort description. A 
sample of 2916 OC records was abstracted 
from the hospital Registry Information 
Services, of which 1846 were analyzed after 
exclusion of duplicates, patients not eligible 
for IP/IV chemotherapy, and those who did 
not receive chemotherapy, 2000-2017
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3 |  RESULTS

Between 2000 and 2017, all of the patients with OC 
(n = 2916) who underwent treatment at large hospital sys-
tem facilities were identified through the cancer registry. 
Duplicated records (n = 285), non-epithelial and rare cancers 
(n = 105), non-chemotherapy or unknown chemotherapy sta-
tus (n = 564), and tumor grade 1 (n = 116) were excluded to a 
final sample size of 1846 (Figure 1). Basic demographic and 
clinical characteristics of this study group are summarized in 
Table 1.

Among the studied cohort, 250 (13.5%) women received 
IP/IV chemotherapy. Patients treated with IP/IV chemo-
therapy had significantly better 10-year survival pattern 
compared to IV only patients (P < .0001), though the effect 
decreased with time (Figure 2A). In particular, IP/IV pa-
tients had 30% 10-year survival rate compared to 24% sur-
vival rate for IV only chemotherapy patients (Figure 2A). 
The survival rates at 5  years was, respectively, 61% and 
38% for IP/IV and IV only patients. Of all of the surgery 
types, patients who underwent hysterectomy and oophorec-
tomy had the highest 5- and 10- year survival compared to 

All, N = 1846
IV only, 
N = 1596 IP/IV, N = 250 P

Age N = 1846 N = 1596 N = 250

62.8 (12.2) 63.7 (12.2) 56.9 (10.0) <.001

Ethnicity N = 1838 N = 1588 N = 250

White 1762 (95.9%) 1520 (95.7%) 242 (96.8%) .50

Other 76 (4.1%) 68 (4.3%) 8 (3.2%)

Smoking history N = 1741 N = 1499 N = 242

Current user 242 (13.9%) 211 (14.1%) 31 (12.8%) .75

Former user 355 (20.4%) 302 (20.1%) 53 (21.9%)

Never user 1144 (65.7%) 986 (65.8%) 158 (65.3%)

Alcohol history N = 1739 N = 1497 N = 242

Current user 125 (7.2%) 113 (7.5%) 12 (5.0%) .22

Former user 25 (1.4%) 23 (1.5%) 2 (0.8%)

Never user 1589 (91.4%) 1361 (90.9%) 228 (94.2%)

BMI N = 1111 N = 926 N = 185

28.3 (7.6) 28.5 (7.9) 27.5 (6.2) .15

Treatment facility N = 1552 N = 1302 N = 250

Specialized 1009 (65.0%) 759 (58.3%) 250 (100.0%) <.001

Community based 543 (35.0%) 543 (41.7%) 0 (0.0%)

Surgery N = 1846 N = 1596 N = 250

Advanced debulking 1021 (55.3%) 836 (52.4%) 185 (74.0%) <.001

Hysterectomy and 
oophorectomy

530 (28.7%) 471 (29.5%) 59 (23.6%)

Other 295 (16.0%) 289 (18.1%) 6 (2.4%)

Histology N = 1639 N = 1397 N = 242

Serous 1073 (65.5%) 907 (64.9%) 166 (68.6%) .27

Other 566 (34.5%) 490 (35.1%) 76 (31.4%)

Grade N = 1411 N = 1206 N = 205

2 277 (19.6%) 249 (20.6%) 28 (13.7%) .023

3 1134 (80.4%) 957 (79.4%) 177 (86.3%)

Stage N = 1772 N = 1526 N = 246

Stage 1 307 (17.3%) 280 (18.3%) 27 (11.0%) <.001

Stage 2 138 (7.8%) 118 (7.7%) 20 (8.1%)

Stage 3 863 (48.7%) 703 (46.1%) 160 (65.0%)

Stage 4 464 (26.2%) 425 (27.9%) 39 (15.9%)

T A B L E  1  Personal and clinical 
characteristics of studied patients
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advanced debulking and other procedures with 10-year sur-
vival rates of 22%, 45%, and 1%, for the advanced debulk-
ing, hysterectomy and oophorectomy, and other surgery 
groups respectively(P < .0001) (Figure 2B). Survival also 
significantly (P < .0001)differed across cancer stages, with 
77% 10-year survival for stage 1 OC compared to 49% for 
stage 2 OC, 15% for stage 3 OC, and 5% for stage 4 OC 
(Figure 2C).

There were no statistically significance differences in 
10-year recurrence rates between IP/IV and IV only chemo-
therapies (P = .082), with 41% and 53% 10-year recurrence 
free rate for the IP/IV and IV only chemotherapy groups re-
spectively (Figure 3A). Ten-year recurrence free rates across 
surgery groups were significantly different (P < .0001), such 
that recurrence free percentage at 10 years were 40%, 65%, 
and 73% for advanced debulking, hysterectomy, oophorec-
tomy, and other surgery groups respectively (Figure 3B). Note 
that in this analysis, death is treated as censored, and hence 
once death happens, the person is taken out of the risk set 
and do not contribute further to the estimation of recurrence 
free rate. This leads to larger recurrence free percentages for 
groups with high percentage of early death. The 10-year re-
currence free rates were significantly (P <  .0001) different 
between OC stages with 83% recurrence free for stage 1 OC, 

60% for stage 2 OC, 32% for stage 3 OC, and 42% for stage 
4 OC (Figure 3C).

Time-varying HRs for univariable Gray's models for 
overall survival are presented in Figure S1A. IP/IV chemo-
therapy (HR = 0.35-1.42, P < .001), as well as other poten-
tial confounders for OC survival including age at diagnosis 
(HR = 1.03, P < .001), surgery type (HR = 0.20-0.32 for ad-
vanced debulking vs others, P < .001; HR = 0.14 for hyster-
ectomy and oophorectomy vs others, P < .001),tobacco use 
(HR = 1.34 for previous use vs never use, P = .002), histology 
(HR = 1.13-2.72, P < .001), and cancer stage (HR = 1.27-
3.64 for stage 2 vs stage 1; HR = 5.84-7.32 for stage 3 vs 
stage 1; HR = 11.00 for stage 4 vs stage 1, all P < .001) were 
significantly associated with survival (Table 2).

The final multivariable Gray's model for survival in-
cluded IP/IV therapy, age at diagnosis, surgery type, and 
stage. IP/IV therapy, surgery type, and stage violated pro-
portional assumption (Figure S1B), and therefore they have 
time-varying effect on OC overall survival (Table 2). The 
analyses showed that IP/IV therapy significantly reduced 
the hazard of death for OC patients after adjusting for other 
confounding variables (AHR = 0.39-1.07, P <  .001)with 
the beneficial effect being largest right after the chemo-
therapy, but gradually declining (Figure  S1B). Advanced 

F I G U R E  2  Ten-year survival curves for hospital Registry Information Services OC patients who were eligible and received chemotherapy by: 
(A) Type of chemotherapy; (B) Surgery type; (C) Cancer stage
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debulking (AHR  =  0.32-0.52, P  <  .001), as well as hys-
terectomy and oophorectomy (AHR  =  0.35, P  <  .001), 
were significantly associated with reduced hazard of death 
compared to other surgeries with the effect significantly 
decreasing in the following 2 years (Figure 2). The same 
model showed that older age at diagnosis (AHR  =  1.02, 
P  <  .001), histology (AHR  =  0.52-1.38, P  =  .002), and 
higher stage (AHR  =  1.24-4.08 for stage 2 vs stage 1, 
AHR = 5.47-7.04 for stage 3 vs stage 1, and AHR = 8.88 
for stage 4 vs stage 1, all P < .001) significantly increased 
the hazard of death for OC patients.

Time-varying HRs for univariable Gray's model for re-
currence are presented in Figure S2A. IP/IV chemotherapy 
had no significant effect on recurrence in OC patients com-
pared to those who received IV only (HR = 1.26, P = .052) 
(Table 3). Factors associated with recurrence include age at 
diagnosis (HR = 1.00-1.03, P = .003), race (HR = 0.49-2.69 
for white vs others, P = .040), BMI (HR = 0.97, P = .002), 
surgery type (HR = 2.51for advanced debulking vs others, 
P = .010), histology (HR = 1.44-3.12, P < .001), and can-
cer stage (HR = 3.53 for stage 2 vs stage 1; HR = 5.41-8.72 
for stage 3 vs stage 1; HR = 4.54 for stage 4 vs stage 1, all 
P < .001).

The multivariable model for recurrence showed that 
lower BMI (AHR = 0.98, P = .020), histology (AHR = 1.45, 
P = .020), and higher stage (AHR = 3.55 for stage 2 vs stage 
1, AHR = 4.50-5.83 for stage 3 vs stage 1, and AHR = 3.08 
for stage 4 vs stage 1, all P < .001) significantly increased the 
hazard of recurrence for OC patients after adjusting for other 
confounding variables (Table 3, and Figure S2B).

4 |  DISCUSSION

In this study, we assessed the utilization of IP/IV chemotherapy 
in 1846 OC patients in a large healthcare system and analyzed 
survival and recurrence outcomes associated with its use. We 
found that only 14% of eligible patients received IP/IV chemo-
therapy in the period between 2000 and 2017. Moreover, we 
observed that IP/IV treatment was administered in specialized 
hospitals only. We observed survival advantage of patients 
treated with IP/IV, which decreased over time, but remained 
significantly different from patients who received IV therapy 
only, even after adjusting for factors significantly associated 
with OC survival, including age, surgery type, and cancer stage. 
We report a significant survival, but not recurrence benefit 

F I G U R E  3  Ten-year recurrence curves for hospital Registry Information Services OC patients who were eligible and received chemotherapy 
by: (A) Type of chemotherapy; (B) Surgery type; (C) Cancer stage
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associated with any IP/IV chemotherapy exposure compared to 
IV only. An improved understanding of risk factors associated 
with OC survival and recurrence in patients treated with IP/
IV chemotherapy may hold a key to the development of novel 
strategies for OC management.

We found that only one in seven (14%) patients eligible 
for IP/IV received this chemotherapy in specialized hospitals, 

despite the NCI Clinical Announcement of survival benefit 
of IP/IV chemotherapy. Use of IP/IV chemotherapy has not 
been universally implemented, likely due to excessive tox-
icity, inpatient infusion of paclitaxel, and/or intraperitoneal 
port complications. Less than half of patients eligible for IP/
IV chemotherapy were receiving it, which has resulted in the 
development of modified GOG 172 and outpatient regimens 
with similar retrospective outcomes.21,22 Wright et el. re-
ported that although the use of IP/IV chemotherapy increased 
significantly at the National Comprehensive Cancer Network 
Centers between 2003 and 2012, fewer than half of eligible 
patients received IP/IV therapy.21 The same publication also 
highlights the high degree of variation in the adoption of IP/
IV therapy across similar hospitals, ranging from 7% to 87% 
depending on the setting.21

In our cohort, IP/IV patients were younger and had lower 
stage, which is corroborated by a previous report,21 and sug-
gests that this therapy was prescribed to people who had a 
potentially higher chance of tolerating IP/IV chemotherapy. 
We also observed that IP/IV patients had a lower proportion 
of “other” as surgery type (no surgery, autopsy), potentially 
suggesting a healthier sample. Previously published data sug-
gest that the specialty training of the physicians present at 
the surgery (gynecologic oncologist vs other) was a major 
predictive parameter for an optimal cytoreduction.23 Review 
of 19 studies by Vernooij et al demonstrated that surgery 
performed by gynecologic oncologists and treatment in spe-
cialized hospitals results in longer survival.24 Nevertheless, a 
large proportion of primary OC surgeries are still performed 
by nonspecialist surgeons at community hospitals.25,26

The 5-year survival rates observed in this study were higher 
for IP/IV treated patients compared to the national average of 
48% reported by SEER, while the 5-year survival for IV only 
treated patients was lower.1 Ten-year survival rates were simi-
lar to previously reported 19% for IP/IV and 15% for IV only 
patients.13 The analyses showed that IP/IV therapy signifi-
cantly reduces the hazard of death for OC patients after ad-
justing for other confounding variables (AHR = 0.346-0.878, 
P < .001), which was similar to what was reported in GOG-114 
(ARR = 0.75, P = .03)4 and GOG-172 (ARR = 0.75, P = .01).8

One of the strengths of this study was its ability to evaluate 
survival outcomes in OC patients treated at a large heteroge-
neous healthcare system representing an entire regional cancer 
network. The size of the system allowed for the comparison of 
survival advantage between hospitals with possible structural 
barriers to IP/IV use (no trained staff and resources) and large 
specialty hospitals without structural barriers to offering IP/
IV therapy. The strengths of this study also include large sam-
ple size, inclusion of all eligible OC patients treated in a large 
healthcare system for 17 years, and the focus on a patient pop-
ulation that was not necessarily captured by previous research. 
Additionally, very few existing publications on OC survival had 
such a long follow-up period.

T A B L E  2  Univariable and multivariable Gray's models for 
overall survival

Risk factor

Univariable Multivariable

HR 
range P

HR 
range P

Chemotherapy

IP/IV vs IV only 0.35-1.42a <.001 0.39-1.07b <.001c 

Age at diagnosis 1.03 <.001 1.02 <.001

Race

White vs others 1.04 .81

BMI 0.995 .382 N/A

Tobacco use

Current use vs 
never use

1.20 .086 1.23 .08

Previous use vs 
never use

1.34 .002 1.13 .21

Treatment facility N/A

Specialized vs 
community-
based

0.85 .045

Histology

Serous vs other 1.13-2.72a <.001 0.52-1.38b .002c 

Surgery type

Advanced 
debulking vs 
others

0.20-0.32 <.001 0.32-0.52b <.001c 

Hysterectomy 
and 
oophorectomy 
vs others

0.14 <.001 0.35 <.001

Stage

Stage 2 vs Stage 
1

1.27-3.64a <.001 1.24-4.08b <.001c 

Stage 3 vs Stage 
1

5.84-7.32a <.001 5.47-7.04b <.001c 

Stage 4 vs Stage 
1

11.00 <.001 8.88 <.001

aProportional hazard assumption is violated for Chemotherapy, Histology, 
Advanced Debulking Surgery type, Stages 2 and 3. 
bFor each factor, a specific hazard ratio (HR) for each of 10-time intervals was 
found. In the table, the range from minimum to maximum HR is shown. 
cThe overall significance of effect of risk factor on survival is given by its P 
value. 
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This study had some limitations. As with any registry based 
research, data quality, reporting of the same cases by more 
than one facility, missing data, and type I errors can become 
potential problems associated with the interpretation of the re-
sults obtained with registry data.27 Due to the relatively recent 
introduction of PARP inhibitors into clinical practice for OC, 
our study cannot assess the impact of such therapies on sur-
vival.28–30 Additionally, due to demography of the population 
covered by the large healthcare system, the majority of patients 
in the registry were of European American descent. Another 
limitation is that patients who received IP/IV were younger 
and had earlier stages of cancer, which might have explained 
the difference in survival. However, the difference between IP/
IV and IV only was significant after we have adjusted for these 
factors, which suggests that IP/IV has beneficial affects irre-
spective of these factors. While there is always potential for 
residual confounding, we do not believe that it significantly 
affected this association.

This nearly 20-year data from a large healthcare system 
demonstrates that IP/IV delivery of chemotherapy provides 
a survival benefit to OC patients. Our analysis is based on 
the community level data that is similar to the original ran-
domized control trials. Toxicity, catheter related complica-
tions, and increased use of neoadjuvant chemotherapy are 
potentials reasons explaining why so few patients received 
IP/IV chemotherapy in our cohort. While GOG 252 did 
not show benefits of IP/IV due to several issues that lim-
ited the interpretation of the trial's data, the current study 
adds to the understanding that IP/IV therapy should remain 
an option for selected patients. Regional delivery of IP/
IV chemotherapy has consistently been shown to improve 
survival, although its use is limited by adverse side effects, 
need for specialized facilities, and lack of acceptance by 
physicians. Despite the survival advantage, utilization of 
traditional IP/IV utilization failed to become widely im-
plemented and its use is decreasing. The accumulated ret-
rospective and randomized data of heated intraperitoneal 
chemotherapy (HIPEC)31 further supports the long-term 
survival benefit of intraperitoneal delivery of chemother-
apy in OC without the need for a catheter. There are several 
ongoing clinical trials investigating innovative delivery 
methods such as HIPEC and nanoparticle drug delivery.32 
The development of a feasible, non-catheter based, and/or 
less toxic intraperitoneal delivery system that offers sur-
vival advantages while overcoming the limitations of the 
traditional IP/IV therapy needs to be addressed in future 
studies.
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T A B L E  3  Univariable and multivariable Gray's models for 
recurrence

Risk factor

Univariable Multivariable

HR range P HR Range P

Chemotherapy

IP/IV vs IV only 1.26 .052 0.91 .500

Age at diagnosis 1.00-1.03a .003 1.01 .300

Race

White vs others 0.49-2.69a .040 0.35-1.48b .060c 

BMI 0.97 .002 0.98 .020

Treatment facility N/A

Specialized vs 
community-based

1.10 .363

Histology

Serous vs other 1.44-3.12a <.001 1.45 .020

Surgery type

Advanced debulking 
vs others

2.51 .010 2.05 .160

Hysterectomy and 
oophorectomy vs 
others

1.09 .81 1.81 .260

Stage

Stage 2 vs Stage 1 3.53 <.001 3.55 <.001

Stage 3 vs Stage 1 5.41-8.72a <.001 4.50-5.83b <.001c 

Stage 4 vs Stage 1 4.54 <.001 3.08 <.001
aProportional hazard assumption is violated for Age at diagnosis, Race, 
Histology, Stage 3. 
bFor each factor, a specific hazard ratio (HR) for each of 10-time intervals was 
found. In the table, the range from minimum to maximum HR is shown. 
cThe overall significance of effect of risk factor on survival is given by its P 
value. 
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