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Abstract

Background: The field of cytoreductive surgery (CRS) and hyperthermic intraperitoneal
chemotherapy (HIPEC) has suffered from a lack of clinical trials to validate its expanding use.

Objective: To evaluate published and ongoing clinical trials seeking to better define role of CRS/
HIPEC in the treatment of peritoneal surface malignancies.

Methods: Systematic review by PubMed search was performed using terms “Clinical trial,”
“intraperitoneal chemotherapy,” and “HIPEC.” ClinicalTrials.gov and EudraCT registries were
searched for active clinical trials. Eligibility included CRS/HIPEC trials investigating adult patient
populations from published clinical reports and/or trials currently accruing or at completion.

Results: Thirteen published trials and 57 active clinical trials were included for review.

Conclusions: Published and ongoing U.S. and international clinical trials for CRS and HIPEC
are defining important parameters that include improving patient selection, strategic sequences of
treatment, cytoreductive strategies, chemotherapeutics, optimal hyperthermic temperature and
timing, and toxicity profiles. Main barriers or limitations to trial development remain patient
enrollment, trial design, and oncologic community collaboration. Overall progress is positive with
increasing number of clinical trials throughout the world. Collaboration between surgeons and the
wider oncologic community will be crucial to validate this important treatment strategy.
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1| INTRODUCTION

The use of cytoreductive surgery (CRS) dates back to the 1930s, when J.V. Meigs began
performing aggressive debulking and demonstrated improved survival in patients with
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ovarian cancer with peritoneal metastasis (PM).1 The development of this aggressive
surgical approach toward PM, previously considered a terminal stage for most cancers, has
faced an arduous process toward gaining acceptance in the at-large oncologic community.
Investigations through the 1960s and 70s with further application to pseudomyxoma
peritonei (PMP) and ovarian cancer supported the role of CRS in selective management of
peritoneal disease.! The development of cytoreduction continued throughout the 20th
century, and was optimized when Sugarbaker proposed six specific peritonectomy
procedures for complete cytoreduction.? Separately, uses of adjuvant therapy began to
expand during the 1970s, with trials investigating the pharmacokinetics and effectiveness of
intraperitoneal (IP) chemotherapy.3 Hyperthermia was introduced to this paradigm when
Spratt et al demonstrated the benefit of heated IP perfusion in canines and Palta et al
developed an IP therapy filtration system.4°

Historically, the first patient was treated with hyperthermic intraperitoneal chemotherapy
(HIPEC) in 1979 for recurrent PMP, having previously undergone CRS.6 Phase I and 11
clinical trials in the 1980s subsequently demonstrated the effectiveness of IP chemotherapy
with improved survival in patients largely suffering from appendiceal or ovarian disease.”
Koga et al, Toi et al, and Fujimoto et al expanded investigations toward its use in metastatic
gastric cancer, while Sugarbaker et al prospectively compared the use of IP 5-fluorouracil
(5-FU) to systemic therapy for colorectal and appendiceal cancer.19-15 The benefits of
heated IP chemotherapy were also demonstrated in clinical trials by Zimm et al and Howell
et al.”8 Currently, CRS and HIPEC have become the standard of care for pseudomyxoma
peritonei (PMP) and peritoneal mesothelioma.18 Conducting clinical trials to validate
potential treatment efficacy for PM toward other malignancies has proven difficult.17.18

Despite the successes of these previous investigations, there have been few prospective,
controlled clinical trials for HIPEC. Challenges include trial design, bias within the
oncologic community, and poor patient enrollment. In the United States, Stojadinovic et al,
in collaboration with the U.S. Military Cancer Institute, American College of Surgeons
Oncology Group, and National Cancer Institute, attempted to enroll 328 patients for a
randomized controlled trial (RCT) investigating the role of CRS and HIPEC for the
management of colorectal PM, however, were only able to recruit a single patient. Lack of
patient accrual is a common factor in the failure of most clinical trials for CRS and HIPEC,
despite a growing need for high-level clinical evidence to validate this treatment approach
for peritoneal malignancies. Limited clinical trials, as well as significant retrospective data
already published, have provided a foundation from which more prospective clinical trials
have developed.

2| METHODS

Initially, a PubMed search was conducted using terms “Clinical trial,” “intraperitoneal
chemotherapy,” and “HIPEC.” Literature presenting the data from clinical trials between
2000 and 2016 were included in the review of published clinical studies.

The Clinical Trials.gov and EudraCT clinical trials registries were searched for currently
active, clinical trials, either within the U.S. or internationally. Search terms “HIPEC,”
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“intraperitoneal chemotherapy,” “peritoneal malignancy” were used. These databases were
searched between January and March 2017 for updated trial information. Included studies
were limited to those actively recruiting patients or those that have completed the trial
period, but continue to record follow-up data. Excluded trials included completed but
unpublished trials, trials for the creation of HIPEC data registries, those focused on adjuvant
or systemic therapy only, and treatment of metastasis outside of the peritoneal cavity. Only
trials investigating adult populations were included. Inclusion was not limited by trial start
date or length of follow-up, however, the earliest American trial began patient recruitment in
2010, with an end date of 2020, and earliest European trial began in 2010. Trials were
reviewed for data related to age of recruited patients, investigated malignancy, compared
interventions, primary and secondary endpoints, and duration of follow-up (Figure 1).
Published studies were assessed for bias and reported descriptively at both study design and
outcome levels.19

3| RESULTS OF LITERATURE AND CLINICAL TRIAL REVIEW

PubMed search yielded 13 clinical trials published after 2000. Initially 113 and 38 studies
were obtained from the ClinicalTrials.gov and EudraCT registries, respectively. After
exclusion criteria were applied, 57 clinical trials remained for inclusion in this review.

4| DISCUSSION

41| Published clinical studies

Validation of CRS and HIPEC as part of the multimodal disease management system of PM
has been hampered by a lack of prospective, clinical trials. To date, a handful of modern
published clinical trials exist which address colorectal, appendiceal, ovarian, and gastric
cancer with PM, and peritoneal mesothelioma (Table 1).

One such trial that made a significant impact in current cancer treatment guidelines is that of
Verwaal et al.2021 As a result, the current National Cancer Comprehensive Network
(NCCN) Guidelines for colon cancer, state that “if RO resection can be achieved, surgical
resection of isolated peritoneal disease may be considered at experienced centers.21” In total,
105 patients were randomized to a control arm of systemic chemotherapy with 5-FU and
leucovorin or irinotecan for up to 26 weeks and palliative surgery when necessary, or an
experimental arm of CRS and HIPEC with mitomycin-C (MMC), followed by adjuvant
chemotherapy within 3 months of surgery. This study demonstrated a significant
improvement in median survival, 12.6 months in the control group, compared to 22.4
months in the CRS/HIPEC group (£ = 0.032). Their data showed a 2-year survival rate in the
experimental arm that doubled that of the control arm. Additionally, patients with PM
involving greater than six regions of the abdomen had worse survival compared to those with
less than five regions based on Peritoneal Cancer Index (PCI), as previously reported by
Sugarbaker et al and Elias et al.22:23 Verwaal et al later published follow-up data from the
original RCT in 2008.24 Median follow-up time was 8 years (72—115 months). Median
progression-free survival was 7.7 months for patients with standard therapy and 12.6 months
after CRS and HIPEC with adjuvant chemotherapy (= 0.02). Disease-specific survival was
12.6 months for control group and 22.2 months for CRS/HIPEC group (P = 0.28).
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Ultimately, this group determined that the major impact on survival was completeness of
cytoreduction; patients with complete cytoreduction had a median survival of 48 months and
5-year survival of 45%, with no treatment-related deaths occurring. While this trial was
groundbreaking, it was not without its faults. This study did not exclude patients with more
extensive disease (>6 or 7 regions), a group previously shown to have poor rates of complete
cytoreduction and survival in prior studies by Sugarbaker et al and Elias et al.2223 The
investigators also included patients with appendiceal neoplasms, possibly confounding the
reported survival statistics.

The Verwaal group analyzed a subset of these patients whom underwent standard treatment,
with systemic therapy only.2> At this time, many were pushing for clinical trials
investigating the use of CRS/HIPEC for PMs from colorectal cancer; however, full benefit of
this standard therapy was not yet fully understood to allow for sufficient comparison. This
subgroup analysis demonstrated the effectiveness of standard therapy, including
conventional surgery and systemic chemotherapy. The median survival of 12.6 months (37—
58 months) was longer than that of previous studies, likely due to patient selection.28
Importantly, the subset of these patients that underwent a more radical resection had a
survival of 17.3 months, demonstrating a potential survival benefit for extensive resection
beyond that of standard treatment, a factor not fully investigated in the initial publication.

PMP has been traditionally managed with CRS and HIPEC; early benefits were
demonstrated through retrospective data and comparisons to historical controls.27-30 In
2006, Yan et al published the results of an open, non-randomized phase Il study of 50
patients with PMP, including patients with diffuse peritoneal adenomucinosis (DPAM),
peritoneal mucinous carcinomatosis with intermediate features (PMCA-1), and peritoneal
mucinous carcinomatosis (PMCA).31:32 All underwent CRS and HIPEC with MMC and
early post-operative chemotherapy (EPIC) with 5-FU. Overall, they demonstrated overall 1-,
3-, and 5-year survival rates of 89%, 69%, and 69%, respectively. When analyzed by
Ronnett classification, 5-year survival rates were 100%, 69%, and 0% for DPAM, PMCA-I,
and PMCA, respectively. This study while fruitful, demonstrated the difficulties in
conducting randomization within a clinical trial, as well as the impact of tumor biology on
prognosis despite maximal therapy.3! The small number of patients, and the number who
could be followed, may have affected the survival statistics. Additionally, this multi-
institutional study lacked consistent operative technique due to varied surgeon experience
with this complex procedure.

Up to 30% of patients with primary gastric cancer may present with synchronous PM,
spurring the development of clinical trials utilizing CRS and HIPEC as an aggressive
treatment approach.33 In a phase 111 trial, Yang et al enrolled 68 patients with PM of gastric
origin for randomization to treatment with CRS alone or CRS with HIPEC.3* Median
survival in the CRS group was 6.5 months as compared to 11 months in the CRS and HIPEC
cohort (P=0.046). Furthermore, PCI and completeness of cytoreduction (CCR) scores, were
both found to have a significant impact on survival.3® In the 23 patients with a high PCI
(=20), the median overall survival of the CRS and HIPEC group was 13.5 months as
compared to 3-month survival in the CRS-only group (P=0.012). Although a small study
cohort, the addition of HIPEC to complete cytoreduction showed improved survival.34

J Surg Oncol. Author manuscript; available in PMC 2019 August 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morano et al.

Page 5

In 2006, the National Cancer Institute (NCI) issued an announcement stating IP
chemotherapy should be regarded as a standard adjuvant therapy for stage 111 epithelial
ovarian cancer.36 This shift in treatment paradigm was the result of the aggregate data from
eight clinical trials published from 1994 to 2006, in which combined I\V/IP or IP-only
therapy was compared to systemic therapy only, after surgical debulking.3"~43 The most
recent of these studies (2006), a phase 111 RCT by the Gynecologic Oncology Group,
randomly assigned 415 patients with stage Il ovarian carcinoma or primary peritoneal
carcinoma, after maximal debulking and with no residual mass greater than 1.0 cm, to
treatment with adjuvant systemic paclitaxel/cisplatin or systemic paclitaxel with IP
paclitaxel/cisplatin. The authors demonstrated a median progression-free survival of 23.8
months in this group as compared to 18.3 months in the control arm (£ = 0.05), and median
overall survival of 65.6 and 49.7 months, respectively (2= 0.03).#3 This study did not
attempt to assess duration of treatment on clinical outcome, with many patients halting IP
treatment early due to toxicity or adverse events. The authors propose that most benefit may
come from the early cycles of therapy only; an aspect that would require further randomized
testing.

Chi et al later demonstrated the improved median overall survival of 54 months in patients
who underwent optimal cytoreduction by including upper abdominal cytoreduction, as
compared to 43 months in patients who underwent more traditional resection, involving just
the lower abdominopelvic region. Yet despite maximal cytoreduction, most patients recurred
within 2 years, many with platinum-resistant disease, highlighting the need for effective
adjuvant therapy.** Spiliotis et al conducted a prospective randomized phase 111 study
investigating the efficacy of HIPEC for epithelial ovarian cancer (EOC).4> EOC often
presents at an advanced stage with spread throughout the abdominopelvic region due to
indolent spread.#® From 2006-2013, this group randomized 120 women with stage 111C/IV
recurrent EOC, who previously underwent CRS/debulking and adjuvant chemotherapy.
Patients were randomized to CRS and HIPEC with subsequent systemic chemotherapy or
CRS with systemic chemotherapy only. For HIPEC, paclitaxel and cisplatin were used in
platinum-sensitive disease, while doxorubicin and paclitaxel or MMC were used for
platinum-resistant disease. In the HIPEC treatment group, mean survival were 26.9 and 26.4
months in the stage 111C and IV groups, respectively. In those treated with CRS and systemic
chemotherapy only, mean overall survival were 14.2 and 11.9 months in patients with stage
I1IC and 1V, respectively. The addition of HIPEC produced a significant survival benefit for
both stage I11C and 1V disease with both platinum-sensitivity and platinum-resistance. Even
after the positive results of this study, there remained questions regarding the ideal
intraperitoneal chemotherapy regimen to optimize survival in these patients.

Glehen et al conducted a phase 11, prospective, non-randomized clinical trial between 1998
and 2001 investigating the role of aggressive cytoreduction, including peritonectomy, and
“intraperitoneal chemohypothermia (IPCH)” in the management of PM of various primary
malignancies.?’ The 56 enrolled patients (36 synchronous and 20 metachronous) included
26 colonic adenocarcinoma, 7 PMP, 7 ovarian carcinoma, 6 gastric adenocarcinoma, 5
peritoneal mesothelioma, 3 small bowel adenocarcinoma, and 2 of unknown primary. The 27
patients who underwent a complete macroscopic resection (R0 and R1) had a 2-year survival
rate of 79.0%, as compared to 44.7% in the 29 patients who received an R2 resection (mean
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survival 558.2 days vs 360.1 days, respectively, £=0.006). This earlier study helped spur
the development of further trials since its completion, but its results are subject to
interpretation partly due to the small cohort of patients and heterogeneity of peritoneal
malignancies.

Peritoneal mesothelioma is exceedingly rare, with approximately 2500 cases of malignant
mesothelioma per year.#8 Concordantly, clinical trials investigating the role of CRS and
HIPEC with this disease have included a small number of patients, but have demonstrated
significant results. Following a series of small, phase | trials published by the National
Cancer Institute, Loggie et al published results of a phase |1 prospective, non-randomized
clinical trial of 12 malignant peritoneal mesothelioma (MPM) patients, 8 with symptomatic
ascites, who were treated with CRS and HIPEC (MMC) between 1997 and 2001.49:50 Al
patients had resolution of ascites. This group demonstrated an encouraging 34.2 months
median overall survival and 33% 5-year survival, as compared to 5-12 months median
survival for historically untreated cases.*® Deraco et al similarly conducted a phase I trial of
19 patients with MPM treated with CRS and HIPEC (cisplatin + MMC or cisplatin +
doxorubicin) between 1995 and 2002.51 Three-year progression-free and overall survival
were 66% and 69%, respectively.5! Lastly, Hesdorffer et al published a phase I/11 feasibility
study of 27 patients treated with CRS and IP chemotherapy (cisplatin and doxorubicin) 2-3
weeks post-operatively, as well as IP gamma IFN-1b and whole abdominal radiation.>2
Median disease-free and overall survivals were 30 and 70 months, respectively.

These studies, although investigating treatment of PM from various malignancies,
demonstrated benefit of complete cytoreduction. Patients achieved improved survival with
satisfactory quality of life from CRS, in some instances even without HIPEC. The addition
of HIPEC, though increasing toxicity in some trials, also added a survival benefit for those
undergoing full cytoreduction. It is becoming clearer from these studies that while these
treatment strategies have improved the management of peritoneal metastases, there remain
questions as to the ideal chemotherapies, timing, duration, and use of these therapies
combined with systemic therapy and surgery. These aspects are under investigation in the
expanding number of U.S. and international clinical trials.

Active clinical trials

Despite the successes of previous clinical trials, further studies are required to define the role
of CRS and HIPEC in various peritoneal malignancies. Currently, there are a number of
clinical trials either actively recruiting or continuing to accrue follow-up data (Table 2).
These studies are being conducted internationally, with over 10 countries represented,
almost half occurring in the U.S. (Figure 2). The number of trials occurring in the E.U. and
past difficulties with patient recruitment has led to significant collaboration across
institutions to meet accrual requirements (Figure 3). These clinical trials seek to answer the
remaining questions in defining the role of CRS and HIPEC in the treatment of peritoneal
metastases. While we highlight the technical aspects and potential impact of a number of
studies, all 57 included clinical trials can be found in Table 2.
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4.2.1| Colorectal/appendiceal—The ICARuUS (Intraperitoneal Chemotherapy After
cytoreductive Surgery) trial (), at Memorial Sloan Kettering Cancer Center (MSKCC), seeks
to determine the benefit of HIPEC with MMC versus early, post-operative, normothermic IP
chemotherapy (EPIC) with floxuridine after optimal CRS in patients with appendiceal and
colorectal cancers. Enrollment began in March 2013, with an estimated completion date of
March 2018. The primary outcome measure of the study is disease-free survival, within 3
years, though secondary measures will monitor surgical and chemotherapy-related toxicities
(grades 3-5) up to 60 days post-operative. Data from this study may guide surgeons and
oncologists in developing the most effective treatment timeline incorporation IP therapy.

The PRODIGE 7 study, a randomized, multicenter, phase 111 trial at the Insitut du Cancer de
Monpellier Val d’Aurelle (Monpellier, France), was designed to evaluate the added benefit
of HIPEC to complete CRS. Accrual of the 270 patients with colorectal cancer and limited
peritoneal dissemination was completed in 2013, with ongoing collection of survival data.
Patients who underwent complete cytoreduction were randomized intraoperatively to receive
HIPEC or saline lavage only. In this study, oxaliplatin (460 mg/m?) in 2 L/m? of dextrose
5% over 30 min at a minimal temperature of 42°C was used. One hour before the HIPEC, 20
mg/m? of leucovorin and 400 mg/m? of 5-fluorouracil were given intravenously. While this
study is promising, it does come with potential issues. The participation of multiple
institutions with varying degrees of experience and lack of an inter-institutional protocol for
usage and timing of systemic therapies may cloud the definitive role of HIPEC in the
management of these patients. In addition, it is possible patients randomized to the no-
HIPEC arm could later receive another surgery with HIPEC after they recur. Similarly, the
CAIROG6 Study (Netherlands) will focus on the role of perioperative systemic therapy on
survival in patients undergoing CRS and HIPEC for CRC (). This phase 1I/111 study will
randomize patients to undergo neoadjuvant systemic therapy with FOLFOX (5-fluorouracil,
leucovorin, oxaliplatin) or CAPOX (capecitabine, oxaliplatin) with bevacizumab followed
by CRS and HIPEC, then adjuvant systemic therapy with FOLFOX or CAPOX.53:54 The
control arm will undergo CRS and HIPEC only. The primary measures will be Clavien-
Dindo grade I11-V postoperative complications and overall survival, with up to 3 years
follow-up.2> An important contribution of these studies will be showing the value of full
cytoreductive surgery while also receiving systemic chemotherapy. Therefore, these may
become landmark studies highlighting the importance of multidisciplinary management for
patients with PM from CRC.

In Amsterdam, at the Academisch Medisch Centrum— Universiteit van Amsterdam, the
COLOPEC study aims to determine the effectiveness of adjuvant HIPEC in preventing PM
(). Up to 176 patients with T4 or intra-abdominally perforated colon cancer that have
undergone curative resection, will be randomized to receive adjuvant HIPEC with
oxaliplatin or not. Patients will be followed for recurrence-free survival up to 18 months
post-operatively, as well as endpoints related to safety/toxicity, disease-free survival, overall
survival, and presence of concomitant liver or lung metastases. The ProphyloCHIP study
(France) began patient enrollment in 2010, with a goal of 130 patients (). This multicenter,
randomized, phase |11 study aims to compare the effectiveness of exploratory laparotomy
and HIPEC as a prophylactic, follow-up procedure, as compared to standard surveillance in
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patients at high-risk of developing PM from CRC after initial surgery and adjuvant
chemotherapy. After primary resection of disease, patients will undergo 6 months of
standard, adjuvant chemotherapy (currently FOLFOX-4 regimen), if work-up is negative,
patients will be randomized to standard surveillance or laparotomy with HIPEC. The
primary outcome measure will be 3-year disease-free survival, with secondary measures of
3-year, 5-year, and peritoneal disease-free survival. These two studies will assist physicians
in determining the role of HIPEC as a prophylactic measure, both initially and in the
adjuvant setting.

Wake Forest University Health Sciences, in collaboration with the National Cancer Institute
(NCI), is conducting a phase I, non-blinded, randomized trial investigating the hematologic
toxicity profiles and effectiveness of CRS and HIPEC with MMC or HIPEC with oxaliplatin
for the management of PM from appendiceal carcinoma or primary peritoneal cavity
malignancies (). Because CRS and HIPEC are considered the mainstay of treatment for
these types of malignancies, this group is seeking to identify the safer IP chemotherapeutic.
17.18 The primary outcome measure will be the difference in rate of grade 3 or 4 hematologic
toxicities between the two groups, with secondary outcome measures of disease-free
survival and quality of life assessments (3 years). As of December 2015 this study has
recruited 116 patients. This study may aid in determination of the most effective
intraperitoneal agent in the treatment of appendiceal carcinoma, as well as a potential for
reduction in treatment toxicity.

4.2.2 | Ovarian—A multi-center, phase 1l RCT at MSKCC is currently enrolling patients
with ovarian, fallopian tube, and primary peritoneal cancers (). This study evolved from an
initial small, phase | study demonstrating the safety of CRS and HIPEC in patients with
recurrent, platinum-sensitive, epithelial ovarian cancers undergoing secondary
cytoreduction.®® The study will randomize patients to secondary CRS with or without
carboplatin-based HIPEC, followed by systemic chemotherapy. The HIPEC arm will receive
5 cycles, and the CRS-only arm 6 cycles of platinum-based systemic therapy. Patient
enrollment began in January of 2013, with a goal of 98 patients. Similarly, UNICANCER,
comprised of HIPEC centers in Belgium, France, and Spain, are recruiting patients for a
phase 111 study (). Much like the MSKCC trial, this group is investigating the effect of CRS
with or without HIPEC on overall survival (primary outcome) and relapse-free survival
(secondary outcome) of patients with resectable, recurrent, platinum-sensitive ovarian cancer
isolated to the peritoneum. With an initial start date of April 2011, this group aims to enroll
444 patients and complete data collection, with up to 4 years of follow-up, by December
2020. Studies such as these remain crucial, as, despite the previously discussed NCI
announcement regarding the benefits of IP chemotherapy for ovarian cancer, this modality
has been met with skepticism by the community-at large. These issues have led to significant
issues with patient accrual in both studies.

Mercy Medical Center (Baltimore, MD) is currently investigating the combination of CRS
and HIPEC (carboplatin) with adjuvant chemotherapy (carboplatin and paclitaxel) as
compared to CRS with adjuvant, combination systemic (paclitaxel) and IP (cisplatin and
paclitaxel) chemotherapy in patients with stage I11/1V ovarian, fallopian tube, or primary
peritoneal cancer (). The 48 patients recruited for this phase 11 study will be newly
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diagnosed, without prior intervention. The goal of this trial will be to determine the safety of
HIPEC in the perioperative period, with a primary outcome measure of 30-day postoperative
complication rates as compared to those undergoing systemic, adjuvant therapy. Secondary
outcome measures will track progression-free survival (at 24 months), overall survival (up to
5 years), and quality of life. This study is unique in that it acknowledges the effectiveness of
IP chemotherapy in the management of PM of ovarian or fallopian tube origin, but seeks to
identify the safest timing of IP delivery.

4.2.3| Gastric—Gastric cancer remains the third leading cause of cancer-related death in
China despite improvements in screening and aggressive management.> This has led to a
number of studies developed in China to employ HIPEC in managing this disease. Peng et al
from the Sixth Affiliated Hospital of Sun Yat-Sen University in China will soon begin a
randomized phase Il trial to investigate the addition of HIPEC to standard treatment for
patients with primary gastric cancer (). All patients will undergo neoadjuvant chemotherapy,
followed by gastric resection with D2 lymphadenectomy, and adjuvant chemotherapy. The
experimental arm will receive HIPEC, while controls will receive only peritoneal lavage
with distilled water. This group seeks to determine the safety and efficacy of HIPEC
prophylactic measure to prevent recurrence due to potential peritoneal seeding at initial
resection.®8 Their estimated enrollment of 640 patients will be followed for progression-free
survival for 1-3 years and overall survival up to 5 years. Cui et al of the Affiliated Tumor
Hospital of Guangzhou Medical University in China are currently recruiting patients for a
similar study. This randomized phase 11 trial, which began in July 2014 and estimates
enrolling 582 patients, will similarly study the effect of HIPEC after gastrectomy with D2
lymphadenectomy for locally advanced gastric cancer (). Primary outcome will be overall
survival for up to 5 years, with secondary measures of recurrence-free, locoregional-free,
and hepatic metastases-free survival. A similar phase 111 study from the Affiliated Nanjing
Drum Tower Hospital of Nanjing University Medical School is unique in that it will be
double-blinded (), investigating the role of HIPEC in stage T3-T4 gastric cancer treatment.
This group hopes to show improved overall survival (at 24 months), while also monitoring
complication rates, time to progression, and time to distant metastases. While HIPEC has
previously been shown as an effective tool to prolong survival in patients with PM from
gastric cancer, and is currently recommended in treatment guidelines from the Health
Committee of China, its role as a prophylactic measure has yet to be determined.58

While the United States has a lower incidence of gastric cancer, it accounts for 1.3% of new
cancer diagnoses annually.>® Senthil et al at Loma Linda University Cancer Center aim to
enroll 15 patients for a phase | trial to determine the safety and tolerability of HIPEC with
MMC and cisplatin within the 90-day postoperative period (). Enrollment of patients with
T3/T4 and/or have clinically positive nodes is ongoing with a study completion date of
December 2018. M.D. Anderson Cancer Center is currently recruiting up to 18 patients for a
phase 11 study investigating the efficacy of HIPEC with MMC and cisplatin, in addition to
gastrectomy and cytoreduction for patients with PM from gastric cancer ().

The GASTRICHIP study, conducted by Glehen et al at Hospices Civils de Lyon (France), is
a prospective, open, randomized, multicentric, phase I trial (). This trial will compare the
control arm of gastrectomy, D1-2 lymphadenectomy and systemic therapy (5-FU/folinic

J Surg Oncol. Author manuscript; available in PMC 2019 August 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morano et al.

Page 10

acid) to the experimental arm randomized to additionally receive HIPEC (oxaliplatin).
Beginning in 2013, the primary outcome measure will be 5-year overall survival, and
secondary measures of recurrence-free survival, locoregional-free survival, and treatment-
related morbidity and mortality. Patients will have resectable T3 or T4 gastric
adenocarcinoma, with out without positive peritoneal cytology discovered during diagnostic
laparoscopy. This study follows on previously published data by Glehen et al reporting the
findings of a retrospective, multicentric study including 159 patients with gastric PM.80
Charite University in Germany has began a phase I11 trial, the GASTRIPEC study, in March
2014. All patients will receive neoadjuvant therapy, followed by CRS, and adjuvant therapy,
but patients in the experimental arm will also receive HIPEC. Primary outcome will be
overall survival (up to 2.5 years), with secondary measures that include time to progression,
quality of life, time to distant metastases, toxicity, and requirement of second surgery. These
studies will similarly demonstrate the benefit of HIPEC as a prophylactic measure in
patients that may not present with macroscopic PM.

4.2.4 | Pancreatic—Beckert et al of University Hospital Tibingen (Tibingen, Baden-
Wirttemberg, Germany) seek to expand the accepted use of CRS and HIPEC to metastatic
pancreatic adenocarcinoma (PANHIPEC) (EUDRA-CT 2015-002288-41).61 Only 15-20%
of patients with pancreatic adenocarcinoma are eligible for curative resection and 66—-92%
will eventually develop recurrent disease, typically locoregionally.62 The primary endpoint
of this study is 30-day mortality, with secondary endpoints of safety and toxicity based on
Common Terminology Criteria for Adverse Events (CTCAE) 4.0. This study seeks to
validate this aggressive treatment strategy for pancreatic cancer, as often, due to anatomic
location and advanced disease at diagnosis, an RO resection may not be possible. The
investigators seek to weigh the increased risk of morbidity and mortality with the survival
benefit demonstrated in previous studies.53:64

Carolinas Medical Center plans to similarly investigate the surgical outcomes and
clinicopathological results of treating patients with T1-T3, resectable pancreatic ductal
adenocarcinoma with pancreaticoduodenectomy and HIPEC with gemcitabine, in
conjunction with perioperative systemic therapy (). This phase Il, proof-of-concept study is
enrolling a small cohort of ten patients and will primarily examine peritoneal disease-free
survival, as well as overall survival. These patients will be compared to historical controls
that have been treated with 6 months of adjuvant gemcitabine as by their institutional
protocol.

4.2.5] Modifying intraperitoneal drug delivery—Further studies are being
conducted internationally that seek to improve the delivery of chemotherapeutics during
HIPEC, as well as eliminate remaining disease after maximal cytoreduction. These studies
investigate the dosage, temperature, pressure, and timing of intraperitoneal chemotherapy in
an effort to define the most effective treatment strategies.

The Fondazione IRCCS Istituto Nazionale dei Tumori (Milan, Italy) is investigating the
ability to improve the uptake of chemotherapy by neoplastic tissue after CRS. This will be
achieved by using high intra-abdominal pressure (IAP) (18—-22 mmHg). Currently enrolling
up to 38 patients, this phase Il study will randomize each patient to undergo CRS and
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HIPEC, with low IAP (8-12 mmHg) in the control arm and high pressure in the
experimental arm (). Postoperatively, tumor tissue concentration of cisplatin, collected
within 15 min of procedure, will be compared to that of normal tissue. Secondary outcome
measures will track pharmacokinetic advantage and patient physiologic parameters, toxicity,
and postoperative complications.

A phase |11 at Hasselt University, in collaboration with Ziekenhuis Oost-Limburg (Belgium),
is enrolling up to 60 patients in order to compare the effectiveness of a concentration-based
versus body surface area-based protocol for dosing intraperitoneal chemotherapy. Many
institutions utilize a body surface area-based (BSA) approach, however, this group postulates
that sex, pathophysiologic changes, and presence of ascites can affect the initial homogenous
drug concentration delivered to the patient. Others using a concentration-based approach,
face unpredictability in the levels of plasmatic chemotherapy and the toxicity profile of
chosen dosage. These two methods will be compared by randomizing patients to receiving
either a BSA-based or concentration-based regimen of HIPEC after CRS, for duration of 30
min. Primary outcome measures will be an assessment of pharmacologic advantage by an
area-under-the-curve ratio of IP fluid oxaliplatin concentration over time, as well as drug
excretion in urine, intraoperative drug concentration within tumor nodules, and 3 months
overall morbidity and mortality. This study will aid surgeons in determining the ideal
conditions for IP chemotherapy delivery.

Studies into applicability of minimally invasive approaches to CRS have also begun. This
approach has been demonstrated as feasible and safe in both prospective and retrospective
studies at high volume centers.85-68 Currently, diagnostic laparoscopy is most commonly
used for determination of tumor burden prior to open CRS. Laparoscopic CRS may improve
short-term morbidity in patients undergoing this procedure, while maintaining the surgical
precision of an open laparotomy. University of California, San Diego Moores Cancer Center
is compiling data from a phase I clinical trial to confirm the potential of this approach for
reduction in 30-day post-operative morbidity and mortality, while maintaining adequate
ability for full cytoreduction (). Ideally, this method would allow for faster recovery and
return to systemic therapy, which could facilitate a complete response to CRS and HIPEC.

Designing the ideal trial

There are obviously significant ethical dilemmas and issues of equipoise in designing the
optimal clinical trial. Physicians and patients must weight the safety and efficacy of
treatment options when determining the proper strategy for management of PM. CRS and
HIPEC have been shown to prolong overall and disease-free survival in a number of
retrospective studies and previous clinical trials, yet the ideal study remains unperformed.
Oncologists and surgeons desire a study that will clearly define the proper sequence and
duration of the currently available strategies. Additionally, patients must be stratified prior to
treatment in order to compare therapies and identify subgroups that will benefit from a
specific modality. Typically this may be done based upon performance status and burden of
disease. Accurate determination of tumor burden for treatment stratification has now become
possible with improvements in imaging and a clear understanding of the importance of the
radiologist in the management team.%9:70 Furthermore, with improved implementation of
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genomic profiling, tumor biology could direct stratification, with treatments tailored to the
specific tumor susceptibilities for individual patients.”t A number of questions need to be
answered via clinical trials in order to accomplish this daunting task: what is the role of
HIPEC for each diagnosis? Which drugs should be used? At what temperature should they
be delivered? How long should drug(s) remain in the abdomen? Which technique is more
effective, open or closed? Is there a role for repeat CRS and HIPEC in all diagnoses?

Using the example of PM from CRC, one such possibility for a clinical trial would be based
on patient stratification using the peritoneal surface disease severity score (PSDSS) to
determine resectability of those with an initial diagnosis of PM.72-74 Upon diagnosis
patients would receive 2—3 months of best systemic therapy. Patients would then be restaged
and if still surgical candidates, randomized to one of three arms: continued systemic therapy,
CRS only followed by systemic therapy, or CRS and HIPEC followed by systemic therapy.
With intention-to-treat, patients cross over to CRS and HIPEC at first signs of progression
(Figure 4). This model would allow for direct unprejudiced comparison between traditional
chemotherapy and CRS/HIPEC, while also clarifying the role of HIPEC in improving
survival and delaying disease progression. As some degree of bias is nearly always present
in clinical studies, more rigorously designed balanced trials at levels of study design and
outcome, in part, should yield valid, higher-level evidence.”

This systematic review of clinical studies in CRS and HIPEC demonstrates the strength of
existing evidence. Limitations of this review may be the inclusion of only published trials
with outcomes reporting statistically significant, favorable findings, and therefore more
likely to be published, which may introduce bias. The eligibility criteria proposed
methodologically herein may limit some of this inherent bias. Existing evidence to-date
should act as a stimulus for conducting appropriate and necessary trials. The ongoing
clinical trials discussed here will vary in their impact on the field. Many compare variations
of CRS and HIPEC in both control and experimental arms, as it would be potentially
unethical to withhold a life-prolonging therapy to one randomized group. This likely
introduces a selection bias into a number of these studies, as they will limit the included
patients to a subset of patients with PM known to benefit from this treatment strategy.

5| CONCLUSION

CRS and HIPEC are a solution looking for a problem. This disease management strategy has
demonstrated survival benefit in a number of peritoneal surface malignancies. Modern
prospective, randomized trials are currently underway across the world. Validation through
clinical trials will further define important parameters that include improving patient
selection, strategic sequences of treatment, cytoreductive strategies, chemotherapeutics,
optimal hyperthermic temperature and timing, and toxicity profiles for CRS and HIPEC.
Main barriers to trial development remain patient enrollment, trial design (feasibility vs
“ideal” study parameters), oncologic community collaboration, and financial considerations.
Regardless, overall progress is positive with increasing number of clinical trials throughout
the world. Collaboration between surgeons and the wider oncologic community will be
crucial to validate this important treatment strategy.
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FIGURE 1.
Flow chart demonstrating results of clinical trial database search and exclusion criteria
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FIGURE 2.
Number of controlled, clinical trials actively enrolling patients or continuing to accrue

follow-up data, based on the ClinicalTrials.gov and EudraCT registries. *Denotes inclusion
in studies being conducted in more than one country
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FIGURE 3.
Primary site of disease being investigated in the studies in the ClinicalTrials.gov and

EudraCT registries
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Intention-To-Treat Crossover
to Arm C if signs of
pl‘Ogl‘CSSiﬂll Or recuarrence

Algorithm for design of an ideal trial to clarify the benefit of both cytoreductive surgery
(CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) in the treatment of
peritoneal malignancies. Patients undergo systemic therapy followed by randomization to
(A) continued systemic therapy, (B) CRS and systemic therapy, or (C) CRS, HIPEC, and

systemic therapy
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