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Abstract
BACKGROUND
Adjuvant chemotherapy using intraperitoneal (IP) treatment has demonstrated
survival benefit over intravenous (IV) therapy alone in patients treated with
upfront debulking surgery for advanced stage ovarian cancer. Neoadjuvant
chemotherapy followed by interim surgery and adjuvant chemotherapy has
similar outcome in survival as compared to upfront surgery followed by adjuvant
IV chemotherapy. IP chemotherapy has not been widely adopted in clinical
practice for a number of reasons. Whether IP chemotherapy delivered in the
patients who received neoadjuvant chemotherapy can be well tolerated or
confers any clinical benefit has not been well studied.

AIM
To evaluate the experience of adjuvant IP chemotherapy in the community cancer
clinic setting, and the clinical benefit and tolerability of incorporating IP
chemotherapy in patients who received neoadjuvant treatment.

METHODS
We retrospectively evaluated toxicities and outcomes of patients with stage III
and IV ovarian cancer diagnosed at our institution between 07/2007 and 07/2015
who received intraperitoneal chemotherapy after cytoreductive surgery (group 1)
or after neoadjuvant chemotherapy followed by interim surgery (group 2).

RESULTS
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Thirty eight patients were treated with IP chemotherapy, median age was 54
years old (range 38.6 to 71 years). In group 1 (n = 25), 12 (48%) of the patients
completed 4 or more cycle of IP treatment after upfront debulking surgery; while
in group 2 (n = 13), 8 (61.5%) of the patients completed all 3 cycles of the assigned
IP chemotherapy after receiving neoadjuvant IV chemotherapy followed by
surgery, and 2 (15.4%) more patients tolerated more than 3 cycles. In those
patients who did not get planned IP chemotherapy, most of them were treated
with substitutional IV chemotherapy, and the completion rate for 6 cycles of IV +
IP was 92%. Abdominal pain, (64% in group 1 and 38% in group 2), vomiting,
(36% in group 1 and 30.8% in group 2), dehydration (16% in group 1 and 15.4% in
group 2), and hypomagnesemia (12% in group 1 and 15.4% in group 2) were the
most common adverse effects in all patients, while patients who have received
neoadjuvant chemotherapy were more likely to get hypokalemia, fatigue and
renal insufficiency. Progression free survival (PFS) was 26.5 mo (95% CI 14.9,
38.0) in group 1 and 27.6 mo (95% CI 13.1, 42.1) in group 2. The overall survival
was 100.2 mo (95% CI 67.9, 132.5) for group 1 and 68.2 mo (95% CI 32.2, 104.0) for
group 2. For the entire cohort, PFS was 26.5 mo (95% CI 15.9, 37.0) and OS was
78.8 mo (95% CI 52.3, 105.4).

CONCLUSION
The use of IP/IV chemotherapy can be safely administrated in the community
cancer clinic setting. The use of IP/IV chemotherapy in patients who have
received neoadjuvant chemotherapy followed by surgery is feasible and
tolerable. Despite various modification of the IP regimen, incorporation of IP
chemotherapy in the adjuvant setting appears to be associated with improved
PFS and overall survival.

Key words: : Ovarian cancer; Intraperitoneal chemotherapy; Community setting; Safety;
Tolerability; Outcome

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Intraperitoneal chemotherapy has shown survival benefits in the adjuvant
setting among the patients with advanced stage ovarian carcinoma undergoing
debunking surgery. However, this intraperitoneal route could not be widely adopted due
to a number of issues including patients choice and its cumbersome nature. The present
study explores its feasibility in a community cancer setting. We have retrospectively
analyzed the rates of toxicities and outcome of the patients who received this therapy in
our cancer center. We conclude that intraperitoneal chemotherapy can be safely
administered in the community cancer setting and improves the overall and progression
free survival.

Citation: Meghal T, Dave V, Tang H, Kumar V, Xu Y. Clinical benefit and tolerability of
adjuvant intraperitoneal chemotherapy in patients who have or have not received neoadjuvant
chemotherapy for advanced ovarian cancer. World J Clin Oncol 2019; 10(5): 201-212
URL: https://www.wjgnet.com/2218-4333/full/v10/i5/201.htm
DOI: https://dx.doi.org/10.5306/wjco.v10.i5.201

INTRODUCTION
Epithelial ovarian cancer is the most common cause of death among women with
gynecologic malignancies and the 5th  leading cause of cancer death in the United
States[1].  Approximately 75% of women have stage III or IV disease at diagnosis[2].
Several randomized studies have demonstrated survival benefit when intraperitoneal
(IP) chemotherapy is utilized in the adjuvant treatment after maximal debulking
surgery vs only intravenous (IV) chemotherapy[3-5]. Cochrane review of 8 IP studies
showed a hazard ratio (HR) of 0.81 to be less likely to die from ovarian cancer after
receiving IP vs IV alone[6]. Another long term follow up study using combined data
from Gynecologic Oncology Group (GOG) 114 and GOG 172 demonstrated median
survival  difference  of  about  10  mo  in  favor  of  IP  therapy [7 ].  However,  IP
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chemotherapy has not been widely used in the academic or community cancer centers
alike,  due  to  concerns  of  toxicity,  such  as  abdominal  pain,  severe  nausea  and
vomiting, catheter associated infection, as well as unfamiliarity of the treatment or
unavailability in the facilities[8]. In a retrospective examination of six medical centers
in the National Comprehensive Cancer Network, the use of IP was found in up to 50%
of the eligible patients which peaked in year 2007-2008, but the usage rate plateaued
afterwards[8].  More  recently,  alternative  IV  regimens  incorporating  dose  dense
delivery of paclitaxel or angiogenesis inhibitor bevacizumab have been reported and
have been applied in the clinical practice[9-11].

European Organization for Research on Treatment of Cancer (EORTC) conducted a
randomized study comparing neoadjuvant IV chemotherapy followed by interim
debulking surgery followed by adjuvant chemotherapy vs upfront debulking surgery
followed by adjuvant IV chemotherapy, and showed that the neoadjuvant approach is
not  inferior  to the adjuvant IV treatment[12].  The question then emerges whether
patients  who have  received neoadjuvant  IV chemotherapy followed by optimal
debulking surgery can still tolerate and benefit from adjuvant IP chemotherapy. An
OV21/PETROC study tried to address this question. The first report of the phase II
portion did show a lower progression rate at 9 mo as compared to IV chemotherapy
suggesting benefit of IP chemotherapy after neoadjuvant treatment[13].

Our community cancer center has started offering IP chemotherapy to eligible
ovarian cancer patients since 2005. Since 2010, after the publication of the EORTC
study using the neoadjuvant chemotherapy approach, we continued to offer adjuvant
IP chemotherapy in patients who received neoadjuvant chemotherapy. In this study,
we aimed to examine the experience of conducting IP chemotherapy in a community
cancer center setting.  We will  compare the toxicity profile of IP when used after
upfront  surgery  versus  after  neoadjuvant  chemotherapy and interim debulking
surgery, and evaluate the outcomes of patients who received IP treatment either after
upfront surgery or after neoadjuvant treatment.

MATERIALS AND METHODS
This  study was  reviewed and approved by the  Institutional  Review Board.  The
electronic medical records and hospital tumor registry was queried for all patients
who were diagnosed with ovarian, fallopian tube, or primary peritoneal cancer based
on the International Classification of Diseases (ICD) 9 and ICD 10 codes. Patients who
were diagnosed of stage II, III or IV cancers between July 2005 and July 2015 and
received at least 1 treatment of IP chemotherapy were eligible and included in the
analysis.  Medical records were reviewed for collection of data on demographics,
pathology, chemotherapy agents, regimens, dose modifications and side effects. The
progression free survival (PFS) and overall survival (OS) were calculated using the
day of surgery as the start day, and March 30, 2017 as the last day of censor.

PFS was considered to have ended at the time of cancer progression as shown on
radiography, or death from any cause. If progression was first detected on the basis of
increased CA125 level, and a computed tomography (CT) scan was performed within
4 wk, then the date of progression would be the date of the scan. If no CT scan was
done  within  4  wk,  then  the  date  of  CA125  increase,  with  levels  defined  by  the
Gynecologic Cancer Intergroup criteria[14],  would be the date of progression.  If  a
patient was lost for follow up, then the last day of follow up will be the end date for
calculation of PFS or OS. In a small number of patients who were lost for follow up
and had Medicare insurance, the Medicare data base was checked to estimate the date
of death.

Patients treated with IP chemotherapy following surgery for recurrence disease
were included. In PFS and OS calculation, the start day was the day of the second
surgery.

We  hypothesized  that  IP  chemotherapy  would  be  associated  with  improved
survival compared with IV chemotherapy, and our pre-study statistical sample size
calculation  indicated  that  at  31  patients  will  be  required  to  have  80% power  to
compare to the historical data, assuming a median OS of 30 mo in the primary surgery
group[12], and 60 mo for the IP group[7], with SD of 60 and the effect size of 0.5. Kaplan
Meier estimation curves were used for estimation of survival and log-rank test was
applied. Stata (StataCorp. 2017. Stata Statistical Software: Release 15. College Station,
TX: StataCorp LLC) was used for all the calculations.

RESULTS
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Patient characteristics
Between July 2005 and July 2015, 63 patients were diagnosed of stage III ovarian
cancer and 38 (60.3%) of those patients were treated with IP chemotherapy. Of the 38
patients included in the analysis, the median age was 55.5 years and range was 38.6 to
73.8  years.  Twenty  five  patients  were  treated  with  upfront  debulking  surgery
followed by adjuvant IP and IV chemotherapy (group 1) and 13 patients were treated
with neoadjuvant chemotherapy followed by interim debulking surgery followed by
adjuvant  IP  and  IV  chemotherapy  (group  2).  The  demographics  and  clinical
characteristics of those patients are included in Table 1. Three patients had stage II
disease, and the majority had stage III disease. Two patients had stage IV disease at
diagnosis, including one with cytology positive pleural effusion which was drained
and did  not  recur  after  neoadjuvant  chemotherapy,  and  another  patient  with  a
malignant umbilical nodule which was resected during surgery. Three patients were
treated with IP therapy after surgery for the first recurrence and they were all in
group 1 and received adjuvant treatment. Before starting adjuvant treatment, the
baseline CA 125 value was abnormal in 15 (39.5%) patients, more in group 1 (12, 48%)
than in group 2 (3, 23%).

IP treatment characteristics
A modified treatment protocol with Paclitaxel 135 mg/m2 over 3 h on day 1, cisplatin
75 mg/m2 IP on day 2 and paclitaxel 80 mg/m2 IP on day 8 was the standard protocol
in this hospital[15]. All patients were treated in the out-patient setting. The first patient
who received adjuvant IP and IV treatment in group 1 was in January 2007, and the
first patient who received adjuvant IP after neoadjuvant IV treatment was in February
2011.

In group 1, 12 (48%) of the patients completed 4 or more cycle of IP treatment,
while the other 52% patients only had 1-3 cycles of IP chemo. In group 2, 8 (61.5%) of
the patients completed all 3 cycles of the prescribed IP chemotherapy after surgery,
and 2 (15.4%) more patients tolerated more than 3 cycles (Table 2).  Twenty three
percent of the patients received 1 or 2 IP treatments.

A majority of patients were started the treatment with cisplatin IP at 75 mg/m2

dose, with 96% and 84.6% in group 1 and group 2 respectively. Dose reduction of
cisplatin to 60 mg/m2 was seen in 24% in group 1 and 38.5% in group 2. In addition,
the dose omission of day 8 IP paclitaxel was common, which occurred in 44% in
group 1 and 69.2% in group 2. The delay in starting day 8 treatment due to toxicities
was  about  20%  in  both  groups.  The  delay  in  starting  a  new  cycle  of  treatment
occurred in about 20% of the patients in both groups (Table 2). Three patients did not
get IP paclitaxel treatment because they developed allergic reactions to IV paclitaxel,
and their treatment was switched to IV albumin-bound paclitaxel on day 1 and 8,
without day 8 of IP treatment.

IV treatment characteristics
The schedule and dosage of IV chemotherapy regimens showed more variations
(Table 3). In group 1, those patients who did not complete 6 cycles of IP treatment
were more likely to be treated with every 3 wk paclitaxel and carboplatin (14 patients,
56%), and this regimen was used for 7 (54%) patients in group 2 in the neoadjuvant
setting.  A minority of  others used dose dense weekly paclitaxel  and carboplatin
treatment, or carboplatin backbone in combination with docetaxel, albumin-bound
paclitaxel or gemcitabine. A total of 22 (88%) patients in group 1 completed 6 cycles of
chemotherapy,  including those  who received less  than 6  cycles  of  IP  containing
chemotherapy. Twelve out of 13 (92%) patients in group 2 completed 6 cycles of
neoadjuvant IV and adjuvant IV and/or IP treatment.

Safety profile and side effects
The occurrence of grade 3 or 4 adverse events is summarized in Table 4. Abdominal
pain (64% in group 1 and 38.5% in group 2), vomiting (36% in group 1 and 30.8% in
group 2), dehydration (16% in group 1 and 15.4% in group 2), and hypomagnesemia
(12% in group 1 and 15.4% in group 2) were the most common adverse effects in all
patients, while patients who have received neoadjuvant chemotherapy are more likely
to get hypokalemia, fatigue and renal insufficiency. Catheter malfunction was only
found in 1 patient and there was no treatment related death. Mild hematological
toxicities were seen mainly with neutropenia and anemia, and there was no difference
in the 2 groups. Prophylactic hydration was scheduled in 28% of the patient in group
1 and 23% of the patients in group 2. Prophylactic hydration was the routine practice
with one physician, and was scheduled for every patient on day 4 or 5 and day 11 or
12. Two of the 3 patients who were found to have renal insufficiency were found on
the day of planned hydration, and improved after hydration.
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Table 1  Baseline characteristics of the study patients n (%)

Demographics Total (n = 38) Adjuvant group (Group 1, n = 25) Neoadjuvant group (Group 2, n = 13)

Median age (yr) 55.5 54.3 50.1

Range 38.6-73.8 42.1-68.8 38.6-73.8

Age groups

30-50 16 10 6

51-60 10 8 2

61-75 12 7 5

Primary site

Ovarian 37 (97) 24 (96) 13 (100)

Fallopian tube 1 (3) 1 (4) 0 (0)

Tumor stage

IIB 1 (2.6) 0 (0) 1 (7.7)

IIC 2 (5.3) 2 (8) 0 (0)

IIIA 3 (7.9) 2 (8) 1 (7.7)

IIIB 5 (13.2) 4 (16) 1 (7.7)

IIIC 22 (57.9) 14 (56) 8 (61.5)

IV 2 (5.3) 0 (0) 2 (15.4)

Recurrent (n = 3) 3 (7.9)

IIB/C 2 (8) 2 (8) 0 (0)

IIIB 1 (2.6) 1 (2.6) 0 (0)

Histology

High grade serous 37 (97.3) 25 (100) 12 (93.3)

Poorly differentiated 1 (2.7) 0 (0) 1 (6.7)

Surgery optimal debulking (< 1 cm) 23 (60.5) 17 (68) 6 (46.1)

No optimal debulking 3 (7.9) 1 (4) 2 (15.4)

Data unavailable 12 (31.6) 7 (28) 5 (38.5)

Baseline CA 125 value after surgery1

Normal 9 (23.7) 2 (8) 7 (53.8)

Abnormal 15 (39.5) 12 (48) 3 (23)

Not available 14 (36.8) 11 (44) 3 (23)

BRCA 1/2 mutations (all germline)

Positive 7 (18.5) 4 (16) 3 (23.1)

Negative 16 (42.1) 12 (48) 4 (30.8)

Unknown 15 (39.4) 8 (32) 7 (53.8)

1Baseline CA 125 value: defined as CA 125 value taken on the day of starting adjuvant treatment, intravenous or intraperitoneal, or in the 2 wk period
before chemotherapy.

Disease recurrence and OS
The median follow up of all patients were 48.7 mo (range 4 to 120.3). Ten patients lost
to follow up for overall survival (8 in group 1 and 2 in group 2). Four patients lost to
follow up for PFS (3 in group 1 and 1 in group 2). For the entire cohort, PFS was 26.5
mo (95% CI 14.9, 38.0). PFS was 26.5 mo (95% CI 14.9, 38.0) in group 1 (adjuvant) and
27.6 mo (95% CI 13.1, 42.1) in group 2 (neoadjuvant) (P > 0.05) (Figure 1A and B). The
OS was 78.8 mo (95% CI 52.3, 105.4) for the entire cohort, and 100.2 mo (95% CI 67.9,
132.5) for group 1 and 68.2 mo (95% CI 32.2, 104) for group 2 (Figure 1C and D). Three
patients were treated with adjuvant IP at the time of first recurrence and the start day
for calculation of PFS and OS was the day of second surgery, instead of the initial
diagnosis. Nineteen patients received subsequent Bevacizumab treatment when they
had further recurrence, 13 (52%) in group 1 and 6 (46%) in group 2 (Table 3).

Seven patients had detectable germline BRCA 1 mutations (Table 5). Five patients
were  diagnosed  at  an  age  older  or  equal  than  50  years  old.  Three  patients
demonstrated PFS longer than 50 mo, and 2 of  them have not recurred yet.  One
patient received PARP inhibitor treatment at recurrence.

Five patients (3 in group 1 and 2 in group 2)  had no recurrence at  the time of
censor, the median follow up of these 5 patients were 36.2 mo (range 29.5 to 50.5 mo).

One patient developed a new peritoneal mass which was biopsy proven to be
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Table 2  Treatment characteristics of intraperitoneal chemotherapy n (%)

Treatment characteristics Total (n = 38) Adjuvant group (Group 1, n = 25) Neoadjuvant group (Group 2, n = 13)

Median 3 3 3

Range (1-6) (1-6) (1-4)

Completion of IP cycles

1 5 (13.2) 4 (16) 1 (7.7)

2 3 (7.9) 1 (4) 2 (15.3)

3 16 (42.1) 8 (32) 8 (61.5)

4 9 (23.7) 8 (32) 1 (7.7)

5 1 (2.6) 1 (4) 0 (0)

6 4 (10.5) 3 (12) 1 (7.7)

IP cisplatin

Starting dose 75 mg/m2 35 (92.1) 24 (96) 11 (84.6)

Dose reduction to 60 mg/m2 11 (28.9) 6 (24) 5 (38.5)

IP paclitaxel

Dose reduction 2 (5.3) 2 (8) 0/13 (0)

Dose omission 20 (52.6) 11 (44) 9 (69.2)

Changed to IV abraxane 3 (7.9) 1 (4) 2 (15.4)

Treatment delay

Delay in starting a new cycle 8 (21.1) 5 (20) 3 (23.1)

Delay in day 8 treatment 8 (21.1) 5 (20) 3 (23.1)

Prophylactic hydration planned 10 (26.3) 7 (18.4) 3 (21.1)

IP: Intraperitoneal.

endometroid carcinoma 74 mo after initial surgery while the initial pathology was
papillary serous carcinoma. This second diagnosis was treated as a recurrent event in
PFS calculation, based on a presumed possibility of an occult mixed histology in the
primary occurrence, although a though examination by the pathologist did not show
endometroid component.

The 9 mo progression free rate was 88.6% in the entire cohort.

DISCUSSION
A landmark study (GOG 172) reported median PFS of 23.8 mo and OS of 65.6 mo in
patients with advanced ovarian cancer who received IP chemotherapy in the adjuvant
setting[4]. However, only 42% patients completed all 6 cycles of IP + IV treatment, and
52%  received  4  or  more  cycles  of  IP  containing  therapy  in  that  study.  In  this
retrospective study, we reviewed the outcomes and toxicities of patients who received
outpatient IP chemotherapy in a community hospital setting. We found that 48% of
the patients tolerated 4 or more cycles of IP chemotherapy after upfront debulking
surgery, while 65.5% of the patients could tolerate all  3 cycles of the assigned IP
chemotherapy after receiving neoadjuvant IV treatment followed by surgery, and an
additional 15.4% patients tolerated 4-6 cycles. Despite a marked variation in the dose
and schedule of IV and IP chemotherapy, the entire cohort had a median PFS of 26.5
(95% CI,  15.9,  37.0)  mo and OS of  78.8  mo (95% CI  52.3,  105.4).  These  outcome
measures  are  numerically  comparable  to  those  reported  in  randomized  clinical
trials[3-5] as well as in the combination analysis[7].

One of the major aims of this study is to study the toxicity profile of IP treatment in
patients who have already received 3 cycles of neoadjuvant IV chemotherapy. In this
study, we observed abdominal pain (38%-64%), nausea and vomiting (30.8%-36%)
and electrolyte abnormalities (4%-30%) to be the most common adverse effects in all
patients, while patients who have received neoadjuvant chemotherapy are more likely
to get hypokalemia, renal insufficiency and fatigue while receiving IP chemotherapy
after surgery. Overall,  the magnitude of side effects in this study appeared to be
similar to that reported in the GOG 172 study, where the gastrointestinal side effects
were 46% and renal side effects were 7%[4]. Importantly, there is no increase in the rate
of anemia, neutropenia or thrombocytopenia in the group who have already received
neoadjuvant chemotherapy.
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Table 3  Treatment regimen variations in the intraperitoneal therapy, either in the neoadjuvant or adjuvant n (%)

Treatment regimens Total, n = 38 Adjuvant group, n = 25 Neoadjuvant group, n = 13

Taxol 175 mg/m2, Carboplatin AUC
5 or 6 every 3 wk

21 (55.3) 14 (56) 7 (54)

Carboplatin AUC 5 or 6, Taxol 80
mg/m2 day 1, 8, 15 every 3 wk (dose
dense)

3 (7.9) 2 (8) 1 (8)1

Taxol 80 mg/m2 day 1, 8,
Carboplatin AUC 2 day 1, 8 every 3
wk (weekly regimen)

1 (2.6) 0 (0) 1 (8)

Carboplatin AUC 5 and Docetaxel
75 mg/m2 every 3 wk

2 (5.2) 1 (4) 1 (8)

Carboplatin AUC 5 Gemcitabine 800
mg/m2 day 1, 8 every 3 wk (due to
peripheral neuropathy)

1 (2.6) 1 (4) 0 (0)

Carboplatin AUC 5 or 6, Abraxane
D1, 8 every 3 wk (due to allergic
reaction to Taxel)

3 (7.9) 1 (4) 2 (15)

Carboplatin AUC with Taxol x1,
with Docetaxel x1 and with
Gemcitabine x1 (due to allergic
reaction)

1 (2.6) 1 (4) 0 (0)

No IV treatment, IP treatment only 6 (15.8) 5 (20) 1 (8)

Completion of ≥ 6 cycles of IV + IP
treatment

34 (89.5) 22 (88) 12 (92)

Completion of 7-10 cycles of IV + IP 5 (13.1) 2 (8) 3 (23)

Subsequent treatment with
Bevacizumab at progression

19 (50) 13 (52) 6 (46)

1This patient also received Bevacizumab with dose dense regimen in the neoadjuvant period. IP: Intraperitoneal; IV: Intravenous.

Catheter problem only occurred in 1 patient in our study, while it was reported to
be about 20% and led to treatment discontinuation in the phase III  trial[4],  which
became one of the major concerns of adopting this treatment in the community. We
did not encounter infection or catheter occlusion; and other than proper training our
nursing staff received, there was no particular extra care to the IP catheters.

Prophyalctic hydration was a routine practice with one physician and 2 cases of
renal insufficiency were found on day 4 or 5 which were planned hydration days. In
those patients who did not have planned hydrations, this transient change of renal
function could be missed thus underdiagnosed.

Comparing to the most relevant bench marker study, which is the randomized
phase  II/III  OV21/PETROC  study  presented  in  American  Society  of  Clinical
Oncology 2016[13], the rate of adverse effects in our cohort is much higher. In the above
3 arm study, patients received neoadjuvant chemotherapy followed by surgery and
were then randomized to receive IV Paclitaxel day 1, day 8 and carboplatin IV day 1
(arm 1), or the same IV-IP protocol we followed in our cohort, which is cisplatin IP
day 1,  paclitaxel  IV day 1 and paclitaxel  IP day 8 (arm 2).  The patients in arm 3
received carboplatin AUC 5 or 6 IP substituting cisplatin IP on day 1 with the rest
same as  in  arm 2.  The IP cisplatin  containing arm (arm 2)  was considered to  be
inferior and was discontinued. In their report, side effects equal or more than grade 3
occurred in only less than 10% of the patients, which is much less than in our patients.
One of the reasons for this difference could be due to the elimination of IP cisplatin in
early stage of the OV21/PETROC trial. In terms of outcome measure, the progression
rate at 9 mo was 42% in arm 1, and 24.5% in arm 3 showing favorable result in the IP
arm. In our study, the 9 mo progression free rate of the entire cohort was 88.6%. Due
to the small sample size in our study, this large difference may not be statistically
significant. However, it did show an excellent treatment response produced in our
patients.

Overall,  our  analysis  showed  that  administrating  IP  chemotherapy  after
neoadjuvant  chemotherapy  and  surgery  is  doable.  Although  it  appeared  to  be
associated with more GI and renal side effects, about half of the patients can endure
all three cycles.

Incorporating IP treatment in the adjuvant treatment of stage III and IV ovarian
cancer patients in our institution, whether or not they have received neoadjuvant
chemotherapy, was inspired by the large difference in PFS (23.8 mo vs 18.3 mo) and
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Table 4  Safety profile and side effects (grade 3 or 4) n (%)

Toxicities Adjuvant group, n = 25 (100) Neoadjuvant group, n = 13 (100)

Abdominal pain/pelvic pain 16 (64) 5 (38.5)

Nausea/vomiting 9 (36) 4 (30.8)

Fatigue 2 (8) 2 (15.4)

Renal insufficiency 0 (0) 3 (23.1)

Dehydration/hypotension 4 (16) 2 (15.4)

Catheter malfunction/infection 1 (4) 0 (0)

Anemia 3 (12) 1 (7.7)

Thrombocytopenia 1 (4) 0 (0)

Neutropenia 5 (20) 1 (7.7)

Hypokalemia 1 (4) 4 (30.8)

Hypomagnesemia 3 (12) 2 (15.4)

OS (65.6 mo vs  49.7 mo) demonstrated in the GOG 172 study[4]  and supported by
others[3,5].  This  approach has  been  challenged,  and it  is  now a  subject  of  debate
regarding the definitive benefit with IP therapy in the era of applying inhibition of
vascular endothelial growth factor (VEGF) pathway. Adding VEGF targeting agent
Bevacizumab to the chemotherapy backbone and extending its use for a prolonged
period has been evaluated in GOG 218[9]  and ICON-7 study[10],  and both studies
showed improvement in PFS and OS in high risk patients. In June 2018, Genentech[16]

reported an updated analysis of GOG 218 showing improvement in PFS from 12 mo
to 18.2  mo and a  hazard ratio  of  0.62  by adding Bevacizumab to  chemotherapy.
Bevacizumab has received approval by Food and Drug Administration for upfront
adjuvant treatment in stage III or IV ovarian cancer after initial debulking surgery[16].

Delivery of chemotherapy in a dose dense (weekly) fashion may offer therapeutic
advantage, as shown in the Japanese study (median PFS of 28 mo), longer than the
conventional every 3 wk chemotherapy (median PFS 17.2 mo)[17]. Data from the GOG
252  study  showed  a  less  impressive  difference  with  dose  dense  treatment
chemotherapy (14.2 mo vs 10.3 mo) only among those patients who did not receive
bevacizumab as part of the adjuvant treatment[11].  A more direct comparison was
carried out by the NRG/GOG 256 and was presented in 2016 SGO meeting[18]. This
study randomized patients to IV dose dense chemotherapy, IP carboplatin with IV
weekly paclitaxel, and IP cisplatin, IP paclitaxel and IV paclitaxel, and bevacizumab
was added in all 3 arms[18].  There was no difference in PFS among the three arms,
albeit the PFS was much better in all the arms than that in the previous studies. As all
patients received treatment with IV bevacizumab, it is possible that the additional
therapeutic  effect  of  bevacizumab has overshadowed the benefit  gained from IP
therapy. In addition, the dose of IP cisplatin was 100 mg/m2 in the original GOG 172
study, while it was 75 mg/m2 in the NRG study, suggesting the importance of the
treatment effect with high dose cisplatin. Adding to the controversy of the benefit of
IP chemotherapy is the new report from the phase III study applying hyperthermic IP
chemotherapy with cisplatin 100 mg/m2 or not during interim surgery in patients
already received neoadjuvant IV chemotherapy[19]. The addition of hyperthermic IP
versus surgery alone leads to improvement in both PFS and OS with HR of 0.6. The
median recurrence free survival was 10.7 mo in the surgery group and 14.2 mo in the
surgery plus hyperthermia group. The median OS was 33.9 mo in the surgery group
and  45.7  mo  in  the  surgery  plus  hyperthermia  group.  The  result  supports  the
intraperitoneal approach of treatment. Whether the therapeutic effect is a result of
hyperthermia or the high effective dose of cisplatin IP at 100 mg/m2 is still unclear,
and further confirmatory trials are needed[20].

Our observation of median PFS of 26.5 mo and OS of 78.8 mo in the entire cohort of
38 patients who received IP chemotherapy is significant. Despite the variations in
dose,  schedule,  and chemotherapy agent choice,  these measures are numerically
longer  than  reported  studies  in  the  literature,  such  as  the  EORTC  neoadjuvant
study[12], the IV therapy only arms in GOG 172[4], and the arm with Bevacizumab in the
GOG 218 study[9].  Our observation should add useful information to the medical
literature  regarding  the  clinical  experience  and  benefit  of  incorporating  IP
chemotherapy in ovarian cancer treatment in the community setting.

The limitation of the study is its retrospective nature and its small sample size.
There was sometimes limitation and deficiencies in the documentation of adverse
events particularly in patients in group 1. When a patient was not scheduled to come
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Figure 1

Figure 1  Kaplan-Meier survival curves survival among ovarian cancer patients. A: Progression free survival (PFS) in the whole cohort; B: PFS in the adjuvant
and neoadjuvant groups; C: Overall survival (OS) in the whole cohort; D: OS in the adjuvant and neoadjuvant groups. PFS: Progression free survival; OS: Overall
survival.

back to the clinic for an interim lab test, a nadir in the counts of white blood cell,
hemoglobin or platelet counts may be missed. The pattern of management among
physicians varied among treatment physicians, and routine schedules of hydrations
on day 4 and day 10 were applied by one physician which possibly lead to better
capture of adverse events. Our data set is also extremely small in the evaluation of
PFS or OS.

In conclusion, our findings suggest that the administration of IP chemotherapy is
feasible in both settings of after upfront surgery and after neoadjuvant IV therapy
followed by interim surgery. It can be safely administrated in the community cancer
clinic  setting.  The  use  of  IP/IV  chemotherapy  in  patients  who  have  received
neoadjuvant chemotherapy is tolerable. Despite various schedule modifications, dose
reductions and shortening of treatment courses, incorporation of IP chemotherapy in
the adjuvant treatment of ovarian cancer appears to improve disease free survival and
OS.
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Table 5  The characteristics of patients with BRCA germline mutations

Serial Number Age at
diagnosis (yr) BRCA mutation Significance Group

assignment
PFS per study

(mo) PFS1 Recurrence

3 50 BRCA 1, Q1395X
(4302C>T)

Deleterious 1 51.2+ 73.2+ No

4 52 BRCA 1, 187del
AG

Deleterious 1 15.5 Yes

7 58 BRCA 1, Q310X Deleterious 1 14+ 36+ No

22 56 BRCA 1, G1706E Suspected
deleterious

1 23.5 Yes, deceased

23 54 BRCA 1,
unknown

Deleterious 1 12.9 Yes

28 41 BRCA 1, C64G
(309T>G)

Deleterious 2 35.7+ 53 Splenic
recurrence, at 53

mo

35 40 BRCA 1,
187delAG

Deleterious 2 29.9+ 51.9+ No

1Progression free survival (PFS) used the cut of day of 1/30/2019. PFS per study used cut off day of March 30, 2017. PFS: Progression free survival.

ARTICLE HIGHLIGHTS
Research background
Adjuvant chemotherapy using intraperitoneal (IP) treatment has demonstrated survival benefit
over intravenous (IV) therapy alone in patients treated with upfront debulking surgery for
advanced stage ovarian cancer based on the Gynecologic Oncology Group (GOG) 172 trial.
Neoadjuvant chemotherapy followed by interim surgery and adjuvant chemotherapy has similar
outcome in survival as compared to upfront surgery followed by adjuvant IV chemotherapy
based  on  the  European  Organization  for  Research  on  Treatment  of  Cancer  study.  IP
chemotherapy has not been widely adopted in clinical practice for a number of reasons, mainly
due to the concern of side effects. With the wide spread use of neoadjuvant chemotherapy, it is
unclear whether IP chemotherapy in the adjuvant setting in those patients is safe and beneficial.
There  is  an  ongoing  phase  III  study  (OV21/PETROC)  addressing  this  questions,  and  its
preliminary result showed increase in progression free survival (PFS) in the IP arm compared to
IV arm (42% vs 24.5%) using 9 mo progression rate as the outcome measure.

Research motivation
There are multiple problems to be addressed regarding IP chemotherapy. (1) What are the side
effects of IP treatments, especially off clinical trials in a community cancer center? (2) Would
patients experience more side effects after they have received neoadjuvant IV chemotherapy and
then receive IP chemotherapy in the adjuvant setting? And (3) Is there benefit or improved
outcome in those patients who receive IP chemotherapy? As our cancer center recommended IP
chemotherapy to all fit patients as a general practice, we decided to analyze our data to answer
those questions.  We hope to  share our  community experience and to  show the safety and
efficacy data, to decrease the concerns regarding the side effects of IP, and to support the use of
IP in the right clinical setting.

Research objectives
We wished to evaluate the experience of adjuvant IP chemotherapy in the community cancer
clinic  setting,  and the clinical  benefit  and tolerability of  incorporating IP chemotherapy in
patients who have received neoadjuvant treatment.

Research methods
We retrospectively evaluated toxicities and outcomes of patients with stage III and IV ovarian
cancer diagnosed at our institution between 07/2007 and 07/2015 who received intraperitoneal
chemotherapy  after  cytoreductive  surgery  (group  1)  or  after  neoadjuvant  chemotherapy
followed by interim surgery (group 2). We reviewed the electronic records, and documented the
regimens used, dose reduction, dose delay, drug variations. We also documented toxicities,
patient characteristics.

We performed a sample size calculation to determine the least number of patients to be
included in the study to have an 80% power to compare with the historical data (60 mo for the IP
group reported in the GOG 172 study),  and came up with 31 patients.  We actually had 38
patients, which should have the above power to have a comparison.

We specified that PFS will be calculated starting from the date of diagnosis to the date of
progression on computed tomography scan or death or last known follow up. Three patients
were treated at the first recurrence with IP after surgery, and we defined the diagnosis date to be
the date of the second debulking surgery, which was used as the start date for PFS and overall
survival (OS) calculations. For some patients who lost for follow up and had Medicare insurance,
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we checked Medicare data base to extract date of death.

Research results
Thirty eight patients were treated with IP chemotherapy, median age was 54 years old (range
38.6 to 71 years). In group 1 (n = 25), 12 (48%) of the patients completed 4 or more cycle of IP
treatment after upfront debulking surgery; while in group 2 (n = 13), 8 (61.5%) of the patients
completed  all  3  cycles  of  the  assigned  IP  chemotherapy  after  receiving  neoadjuvant  IV
chemotherapy followed by surgery, and 2 (15.4%) more patients tolerated more than 3 cycles. In
those patients who did not get  planned IP chemotherapy,  most  of  them were treated with
substitutional IV chemotherapy, and the completion rate for 6 cycles of IV + IP was 92%.

Abdominal pain, (64% in group 1 and 38% in group 2), vomiting (36% in group 1 and 30.8% in
group 2), dehydration (16% in group 1 and 15.4% in group 2), and hypomagnesemia (12% in
group 1 and 15.4% in group 2) were the most common adverse effects in all patients, while
patients who have received neoadjuvant chemotherapy were more likely to get hypokalemia,
fatigue and renal insufficiency.

PFS was 26.5 mo (95% CI 14.9, 38.0) in group 1 and 27.6 mo (95% CI 13.1, 42.1) in group 2. OS
was 100.2 mo (95% CI 67.9, 132.5) for group 1 and 68.2 mo (95% CI 32.2, 104.0) for group 2. For
the entire cohort, PFS was 26.5 mo (95% CI 15.9, 37.0) and OS was 78.8 mo (95% CI 52.3, 105.4).
The 9-mo PFS rate was 88.6% in the entire cohort.

Our result reflected the real world experience of IP administration, in that most of the patients
did not get 6 cycles of IP for adjuvant treatment as in GOG 172 study. About half of the patients
can get  3  cycles  of  IP treatment,  which was also true in  those patients  who have received
neoadjuvant  treatment.  There  appears  to  be  benefits  in  PFS  and  OS  even  with  the  above
limitations.

Research conclusions
The use of IP/IV chemotherapy can be safely administrated in the community cancer clinic
setting.  The  use  of  IP/IV  chemotherapy  in  patients  who  have  received  neoadjuvant
chemotherapy followed by surgery is feasible and tolerable. Despite various modification of the
IP regimen, incorporation of IP chemotherapy in the adjuvant setting appears to be associated
with improved progression free survival and overall survival.

Our data provides community practice experience and supports the data reported in GOG 172
and Cochran review from clinical trials about the benefits and toxicities of IP therapy. The
benefit of IP treatment remains sizable even with reduced cycles of IP and dose variations.

Our study provides new information on the benefits  and toxicities  of  administration of
adjuvant  IP  in  patients  who  have  received  neoadjuvant  IV  chemotherapy.  A  phase  III
OV21/PETROC study has been designed to address this question, and our 9-mo PFS rate was
higher than reported in the study.

Research perspectives
In our community practices, administration of IP chemotherapy in the adjuvant treatment for
ovarian cancer, and in patients who have received IV chemotherapy in the neoadjuvant setting,
is feasible, safe and associated with apparent benefit in PFS and OS. This approach should be
further studied in randomized phase III clinical trials.
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