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Background: Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (CRS/HIPEC) has
improved outcomes for patients with peritoneal carcinomatosis (PC). We present our experience from a
newly developed peritoneal surface malignancy program.

Methods: An IRB approved retrospective review was performed for the first 50 patients treated with CRS/
HIPEC with clinicopathologic data described.

Results: Patients treated with CRS/HIPEC were Caucasian (64%), female (66%) with a median age of
53 years (range, 11-73 years). Primary pathology included: appendix (40%, n=20), ovary (20%, n=10), colon
(14%, n=7), desmoplastic small round cell tumor (14%, n=7) or other (12%, n=6). The median peritoneal
cancer index (PCI) score was 15.5 (range, 1-39) and 92% underwent complete cytoreduction (CCR
0/1). Median hospital length of stay was 9.0 days (range, 6-35 days). Eight patients (16%) suffered major
morbidity with 2 (4%) 30-day mortalities.

Conclusions: Short-term outcomes observed after CRS/HIPEC in a newly developed center for PC are

consistent with published higher volume center experiences.
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Introduction

Peritoneal carcinomatosis (PC) was once considered a
terminal condition with a poor prognosis and limited,
if any, treatment options. The natural history is that of
progressive abdominal distention due to the accumulation

© Journal of Gastrointestinal Oncology. All rights reserved.

of ascites, abdominal pain, uncontrolled tumor growth,
malignant bowel obstruction and ultimately death. Systemic
chemotherapy has limited efficacy and the survival of
patients with PC is approximately 6 months without

treatment (1). Cytoreductive surgery and hyperthermic
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intraperitoneal chemotherapy (CRS/HIPEC) has emerged
as an accepted treatment modality for patients with
intraperitoneal mesothelioma and PC from gastrointestinal
and gynecologic malignancies (2-4). Consensus statements
defining patient selection, pathology treated and technique
of HIPEC delivery have been published in an attempt to
standardize the management of these patients (5,6).

CRS/HIPEC is a complex procedure associated with
potential significant morbidity, hospital length of stay
and mortality (7). Gaining proficiency in cytoreductive
procedures is difficult and optimal outcome is dependent
on several variables including primary pathology, extent
of disease, prior treatment, patient selection and surgeon
experience, to name a few. There is an increasing interest in
identifying a learning curve in the development of optimal
proficiency for CRS/HIPEC procedures (8). A multi-
institutional review of the Peritoneal Surface Oncology
Group International (PSOGI) identified that 100 procedures
per center were necessary to develop optimal expertise
for the management of pseudomyxoma peritonei (9).
Investigators from the University of Pittsburgh determined
that 180 procedures were necessary to reduce incomplete
cytoreduction and morbidity rates (10). Indeed, larger
centers have been able to improve outcomes over time
as a result of better patient selection, increased operative
experience with more complete cytoreduction performed
and fewer serious complications observed (11).

How to obtain similar operative and oncologic outcomes
in a newly developed peritoneal surface malignancy
program, however, remains a challenge. As the incidence
of gastrointestinal cancers increases and with expanding
indications for CRS/HIPEC, the need for new peritoneal
surface malignancy centers that are able to achieve similar
operative and oncologic outcomes consistent with larger,
more established centers will be necessary. The University
of Tennessee Health Science Center (UTHSC, Memphis,
TN) Division of Surgical Oncology, in collaboration with
the Methodist LeBonheur Healthcare system, St. Jude
Children’s Research Hospital and West Cancer Center,
developed a peritoneal surface malignancy program in 2011.
During the first 5 years of our program, patient volume and
experience have continued to grow. We report our early
experience of the first 50 patients who underwent CRS/
HIPEC and review our short-term perioperative outcomes.
We hypothesize that a newly established peritoneal surface
malignancy program can achieve early technical proficiency
and similar operative outcome results consistent with more
established centers.
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Methods

A retrospective review was performed of a prospectively
maintained database for patients who underwent CRS/
HIPEC for management of peritoneal surface malignancies
from December 2011 to November 2015. All patients were
presented in multidisciplinary conference and were considered
for CRS/HIPEC if he/she had a good performance status
(Eastern Cooperative Oncology Group 0/1), no extra-
peritoneal disease and were determined to be potential
resection candidates based on preoperative imaging.
Institutional review board approval was obtained at St Jude
Children’s Research Hospital (XPD17-059) and the University
of Tennessee Health Science Center (17-05205-XP).

The burden of disease, as defined by the peritoneal cancer
index (PCI), was calculated at the completion of adhesiolysis.
The abdomen is divided in to 13 regions with each region
given a numeric score [0-3] with 0—no visible disease,
1—disease <0.5 cm, 2—disease <5 cm and 3—disease >5 ¢cm
and/or tumor confluence (12). PCI scores range from
0-39. The completeness of cytoreduction (CCR) score
was determined at the completion of cytoreduction and
prior to HIPEC (13). A CCR-0 score indicates no visible/
macroscopic disease; CCR-1 score indicates tumor nodules
<2.5 mm in diameter; CCR-2 score indicates nodules
>2.5 mm but <2.5 cm in diameter; CCR-3 score indicates
nodules >2.5 c¢m in diameter. Cytoreduction was performed
as previously described (14,15). HIPEC was performed via
a closed technique after the removal of all possible disease.
Anastomoses, stoma creation and drain placement were
performed at the completion of HIPEC. Patients were
monitored in the intensive care unit postoperatively and
transferred to the ward when appropriate. Postoperative
morbidity was graded using the Clavien-Dindo schema (16).
Follow up was performed at 2 weeks, 6 weeks, 3 months,
6 months, then at 6 month intervals thereafter. Follow up
examination included physical examination, routine blood
work including tumor markers (CEA, CA 125 and CA 19-9)
and cross-sectional imaging (computed tomography-CT
and/or magnetic resonance imaging-MRI).

Long-term follow up and outcome data were available
for all patients who underwent CRS/HIPEC. Overall
survival (OS) was defined as the duration of time from
CRS/HIPEC to death or date of last follow up (months).
Frequencies were characterized using the median (range)
or mean (standard deviation), where appropriate. For
comparison, the first 25 HIPEC procedures where
compared to the second 25 HIPEC procedures. Categorical
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Table 1 Demographic characteristics

Variable Results (n=50)
Age (years) 53.5[11-73]
Race
Caucasian 32 [64]
African American 16 [32]
Other 2[4]
Female gender 33 [66]
ASA score
2 7 [14]
3 37 [74]
4 6[12]
Time to HIPEC (months) 6 [0-131]
Prior laparotomy 36 [72]
Prior HIPEC 31[6]
Neoadjuvant chemotherapy 38 [76]
Pathology
Appendix 20 [40]
Ovary 10 [20]
Colon 7[14]
DSRCT 7[14]
Mesothelioma 2 [4]
Small bowel 2 [4]
Gastric 1[2]
HCC 1[2]

Results presented as frequency [percent] or median [range];
ASA, Association of Anesthesia score; HIPEC, hyperthermic
intraperitoneal chemotherapy; DSRCT, desmoplastic small
round cell tumor; HCC, hepatocellular carcinoma.

variables were evaluated using chi square method while
continuous variables were analyzed with independent 7-test.
Kaplan-Meier method was used to calculate OS for the
most common pathologies treated. A P value of <0.05 was
considered significant. Statistical analysis was performed
using SPSS software, version 24 (IBM Corporation,
Armonk, NY).

Results

A total of 73 patients underwent evaluation for PC during

© Journal of Gastrointestinal Oncology. All rights reserved.

the study period of which 50 underwent successful CRS/
HIPEC and 23 patients (31%) were deemed unresectable
secondary to advanced disease/other comorbidities. We
further investigated the outcome for the first 50 patients
who underwent CRS/HIPEC. The median age was
53.5 years (range, 11-73 years) and a majority (64%)
were Caucasian. Thirty-six patients (72%) had undergone
prior laparotomy while 76% had received prior systemic
chemotherapy. Three patients had undergone prior CRS/
HIPEC. The most common pathologies treated included:
appendix (40%), ovary (20%), colon (14%), desmoplastic
small round cell tumor (DSRCT, 14%) or other (12%). The
median time to CRS/HIPEC was 6 months from the date
of diagnosis (1able I).

The median PCI was 15.5 (range, 1-39) and a CCR 0/1
resection was performed in 92%. Preoperative cystoscopy
and bilateral ureteral catheter placement was performed in
a majority (90%) at the time of CRS/HIPEC. The CRS/
HIPEC procedure lasted a median of 549 minutes (range,
210-836 minutes) with a median of 575 mL of blood loss
(range, 50-4,300 mL). Forty-five patients (90%) underwent
multivisceral resection with 58% undergoing resection
of 4 or more organs. Twelve patients (24%) required
stoma placement at the time of CRS/HIPEC of which
half subsequently underwent reversal. Postoperatively, all
patients were monitored in the ICU (median 3 days; range,
1-25 days) with a median hospital length of stay of 8.5 days
(range, 6-35 days, Table 2).

Twenty-two patients (44%) had some form of
complication of which 16% were classified as major
(Clavien-Dindo 3-5). Patients who suffered a major
complication were more likely to have a longer ICU length
of stay (8.1 vs. 2.7 days, P<0.001), while age, PCI score,
length of surgery, blood loss, multivisceral resection or
number of anastomoses had no significant impact. Four
patients (8%) required transfer to a rehabilitation or skilled
nursing facility and 13 patients (26%) were re-admitted
within 30 days of discharge after CRS/HIPEC. Two
patients died within the 30-day postoperative period, one
from a pulmonary embolus on day 6 and the other from
multisystem organ failure secondary to an anastomotic leak
on day 9. Adjuvant radiation was administered to 12 patients
(all with DSRCT pathology) while 66% received adjuvant
chemotherapy.

With a median follow up of 22 months (range,
0-58 months), 30% were alive with no evidence of disease
and 30% alive with disease. Twenty patients died either from
their disease (34%) or from another cause (6%). Thirty-
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Table 2 Operative characteristics

341

Table 3 Outcome characteristics

Variable Results (n=50) Variable Results (n=50)
PCI 15.5 [1-39] Any complication 22 [44]
Cytoreduction score (CCR) Minor 14 [28]
CCR-0 33 [66] Major 8 [16]
CCR-1 13 [26] Facility transfer 48]
CCR-2 4 18] Re-admission 13 [26]
Length of surgery (minutes) 549 [210-836] Mortality (30-day) 2 [4]
Blood loss (mL) 575 [50-4,300] Mortality (90-day) 0
Red blood cell transfusion 36 [68] Adjuvant radiation 6[12]
Fresh frozen plasma transfusion 11 [22] Adjuvant chemotherapy 33 [66]
Multivisceral resection 45 [90] Recurrence 36 [72]
>4 organs 29 [58] Distant metastasis 10 [20]
Any anastomosis 34 [68] Follow up status
One 26 [76] No evidence of disease 15 [30]
Two 8 [24] Alive with disease 15 [30]
Ostomy creation 12 [24] Dead of disease 17 [34]
Diverting 9[75] Dead of other cause 3[6]
Reversal 6 [50] Follow up (months) 22 [0-58]
ICU length of stay (days) 3 [1-25] Results presented as frequency [percent] or median [range].
Hospital length of stay (days) 8.5 [6-35]

Results presented as frequency [percentage] or median [range].
PCI, peritoneal cancer index; ICU, intensive care unit.

six patients (72%) developed recurrence of disease with a
median of 12 months (range, 0-43 months) to development
of recurrence. Ten patients (20%) developed distant disease
with a median time to development of distant disease of
6 months (range, 0-22 months; 7able 3). The 1- and 3-year
OS was 86% and 53% while the 1- and 3-year RFS was
81% and 45%, respectively (Figures 1,2).

The mean OS based on primary pathology was as
follows: appendix pathology (38.8 months; 95% CI,
28.4-49.1 months), ovary pathology (40.2 months; 95%
CI, 28.4-52.0 months), DSRCT (38.5 months; 95% CI,
33.6-43.4 months) and colon pathology (28.7 months; 95%
CI, 21.7-35.7 months; Figure 34,B,C,D). We examined the
treatment or outcome for the first 25 patients and compared
them to the second set of 25 patients who underwent CRS/
HIPEC. There were no major differences in treatment
or outcome for either group of patients during the study
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period (1% 25 patients versus 2" 25 patients). The PCI score
was higher and the length of the CRS/HIPEC procedure
was longer for the first group of 25 patients, both of which
were significant. The length of follow up was shorter for
the 2" 25 patients who underwent CRS/HIPEC, although
the follow up data is not as mature as for the more recent
cohort (Tuble 4).

Discussion

As a new center for peritoneal surface malignancies with
less than 5 years of experience, our goal at the creation of
the program was to emulate the operative and oncologic
results of more established centers. These centers began
similar to ours and as they have continued to grow have
developed into national referral centers for PC (10,11).
As such, their collective experience has set the standard of
care for operative expectations and oncologic outcomes for
newer centers who begin to perform CRS/HIPEC.
CRS/HIPEC procedures were performed at our
institution by either one of two fellowship trained surgical
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Figure 2 Recurrence free survival.

oncologists who both had exposure to peritonectomy
procedures during general surgery residency and surgical
oncology fellowship. Procedures were often double
scrubbed during the more difficult portions of the
procedure, such as clearing of the pelvic disease and/or
stripping of the diaphragm, as these are often the most
difficult and time intensive portions of the procedure (15,17).
We determined that we were able to maintain operative
cadence, reduce blood loss and shorten the more lengthy
portions of the procedure using a two attending surgeon
technique. While having two-surgeons with peritonectomy
experience during training was an early advantage, gaining
the clinical judgement and technical expertise needed to
achieve excellent outcomes requires additional exposure
and time. Others have determined that obtaining technical
proficiency is an acquired skillset and involves a lengthy
learning process, dependent on several variables, most
notably case volume (9). While our case volume has steadily
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grown each year, Polanco and colleagues noted that 180
cases were necessary to reduce the rate of incomplete
cytoreduction while 90 cases were required to have an effect
on oncologic outcomes (10). Voron and colleagues reported
on 204 patients who underwent CRS/HIPEC identifying
that 140 cases were needed to achieve technical proficiency
and reduce major morbidity (18).

Our center is in its infancy compared to these larger
experiences, however, our early perioperative outcomes
do yield some positive insights, specifically with respect to
cytoreduction and short-term complications. The CCR score
is useful as an indirect surrogate of technical proficiency
and an important predictor of outcome in patients who are
successfully able to undergo CRS/HIPEC (19). We were
able to achieve optimal cytoreduction (CCR 0/1) in 92% of
patients. This compares favorably with other new as well as
established centers able to achieve CCR 0/1 rates ranging
from 70-87% (9,10,18,20,21).

Postoperative morbidity and mortality are also crucial
determinants of outcome and useful variables in defining
proficiency of CRS/HIPEC procedures. These procedures
are inherently of long duration and associated with significant
morbidity and mortality, ranging from 24-34% and 2-4%,
respectively (22-24). In review of our early experience, 28% of
patients suffered a minor (Clavien-Dindo 1-2) complication
with 16% suffering a major (Clavien-Dindo 3-5)
complication and two patients died (4%). These results
are congruent with other reported series. In a multicenter
study of 1,290 patients with nonovarian pathology, Glehen
and colleagues reported a major postoperative complication
(grade 3 and 4) occurring in 403 patients (33.6%) with
a perioperative mortality occurring in 52 (4.1%) (25).
Increasing patient age and the extent of carcinomatosis (PCI
score) were independent predictors of major morbidity and
mortality. Our results also compare similarly to other new
centers who have been able to achieve low morbidity and
low perioperative mortality (20,21). Several independent
predictors of morbidity and mortality have been identified
including age, operative time, extent of disease, completeness
of cytoreduction, number of anastomoses, HIPEC center,
tumor location and grade, as well as others (10,23,26,27).
We were unable to identify any factors associated with major
morbidity or mortality, presumably because of the small
number of patients, but did observe a higher ICU length of
stay in those with a major complication. Recently, a novel
tool to predict major morbidity and identify low-risk patients
who are likely to benefit from CRS/HIPEC has been
described and may be useful during preoperative counseling
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Figure 3 Overall survival based on pathology.

of patients with PC (28).

As a2 new CRS/HIPEC center, we have also been
fortunate to collaborate with St Jude Children’s Research
Hospital in the management of pediatric and young
adult patients with desmoplastic small round cell tumor
(DSRCT). DSRCT is a rare abdominal sarcoma with
peritoneal spread and frequently affects adolescent males.
DSRCT is an aggressive histology with a dismal historical
prognosis. Conventional treatment consisting of systemic
chemotherapy and surgical debulking now includes CRS/
HIPEC, which has demonstrated a disease-free survival and
OS benefit in appropriately selected patients (29-31). One-
year survival rates of almost 90% have been achieved with
CRS/HIPEC and those who are able to undergo complete
cytoreduction have the best prognosis (32). Seven of the
first 50 CRS/HIPEC procedures performed in our early
experience were for DSRCT. Because the risk of recurrence
is high, many go onto additional therapy including adjuvant
systemic chemotherapy, whole abdomen radiation, and
autologous stem cell transplantation (33,34). At last follow
up, two patients have passed away of disease (39 and
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41 months) while 5 remain alive, 3 with disease (FU of 17, 14
& 14 months) and 2 free of disease (FU of 29 & 19 months;
Figure 3C). The long-term impact of CRS/HIPEC for
DSRCT remains to be determined but does appear to offer
encouraging results.

One of the many challenges we have had to address
as a new center has been the evaluation and successful
completion of CRS/HIPEC procedures. As an example, 73
patients underwent evaluation for PC of which almost one-
third were deemed unresectable at the time of exploration.
A majority of patients had advanced disease precluding CCR
0/1 resection, often due to extensive small bowel serosal
involvement or a fused mesentery. These patients, therefore,
were required to recover from a nontherapeutic laparotomy
before resuming palliative chemotherapy. The decision
to abort cytoreduction and not proceed with HIPEC was
often made in consultation with a second surgeon. While
some have noted that a nontherapeutic laparotomy in
the setting of attempted CRS does not negatively affect
outcome and/or resumption of chemotherapy, we feel
this represents an area for improvement (35). Several risk
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Table 4 Comparison between 17 25 and 2" 25 CRS/HIPEC procedures

Variable 1% 25 CRS/HIPEC procedures (n=25) 2™ 25 CRS/HIPEC procedures (n=25) P value
Age (years) 47.3x17.2 50.5+18.1 0.525
PCI 19.0+12.0 12.5+7.5 0.026
Cytoreduction (CCR) 0.262

CCR-0 14 [56] 19 [76]

CCR-1 9 [36] 4[16]

CCR-2 2[4] 214
Length of surgery (minutes) 593+164 510+120 0.047
Blood loss (mL) 824+770 800+873 0.918
Multivisceral resection 22 [88] 23 [92] 0.637

>4 organs 15 [60] 14 [56] 0.774
Any anastomosis 18 [72] 16 [64] 0.544
Ostomy creation 6 [24] 6 [24] 1.0
ICU stay (days) 3.60+2.5 3.56+3.5 0.970
Length of stay (days) 9.96+3.5 10.52+6.1 0.692
Any complication 13 [562] 9 [36] 0.254

Minor 9 [36] 5[20] 0.208

Major 4[16] 4[16] 1.0
Mortality (30-day) 1[4] 11[4] 1.0
Adjuvant chemotherapy 18 [72] 15 [60] 0.370
Recurrence 21 [84] 15 [60] 0.059
Distant metastasis 7 [28] 3[12] 0.157
FU status 0.162

NED 4[16] 11 [44]

AWD 8[32] 7 [28]

DOD 11 [44] 6 [24]

DOC 28] 1[4]
Follow up (months) 29.1+16.7 19.3£8.4 0.012

Results presented as frequency [percentage] or mean + standard deviation. CRS/HIPEC, cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy; PCI, peritoneal cancer index; ICU, intensive care unit; NED, no evidence of disease; AWD, alive with

disease; DOD, dead of disease; DOC, dead of other cause.

factors for incomplete cytoreduction have been described
including a high burden of disease, primary tumor origin,
signet ring histology and tumor location (25,36,37). As we
examined our experience, patients who had more disease
on pre-operative imaging and colon pathology were more
likely to undergo aborted procedures. We determined that
diagnostic laparoscopy was a potential diagnostic modality
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which could help us reduce the percentage of aborted CRS
attempts. Conventional cross-sectional imaging may under
represent the exact burden of disease identified at the time
of exploration and for this reason several have advocated the
use of laparoscopy in the evaluation of patients with PC (38).
Diagnostic laparoscopy is a low morbidity procedure
that, even in the setting of prior operation, often allows
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complete assessment of the abdominal cavity (39). While
we did not routinely perform diagnostic laparoscopy
at the onset of our experience, we have since begun to
incorporate laparoscopy in the management of patients
with PC. Nineteen laparoscopy procedures have since been
performed prior to CRS/HIPEC for colorectal and high-
grade appendiceal pathology with 11 patients who have
gone onto CRS/HIPEC and the remaining undergoing
palliative chemotherapy.

Our preoperative evaluation and postoperative
management of patients who have undergone CRS/HIPEC
has also continued to evolve over time. When reviewing our
early outcomes, we observed that 1 in 4 patients required
re-admission during the perioperative period, often for
anorexia, failure to thrive and generalized deconditioning. In
an effort to be more proactive, we subsequently developed
a preoperative nutritional and physical therapy assessment
program. Patients undergo consultation preoperatively with
a clinical nutritionist and a licensed physical therapist to
assess for underlying protein-energy malnutrition, address
specific dietary intake concerns and improve preoperative
performance status and exercise tolerance. While patients
seem to appreciate a comprehensive approach, we hope
these programs will yield beneficial results in the future,
improving recovery and reducing the need for readmission
and rehabilitation. We have also hired a HIPEC
coordinator (DD & DF) to assist with the management of
these complex patients, before, during and after surgery.
The coordinator has proven instrumental in facilitating
patient communication, scheduling of preoperative studies,
ensuring adherence to protocols, postoperative examination
and long-term surveillance. The HIPEC Coordinator also
runs the weekly multidisciplinary patient conference which
consists of nursing, nutrition, physical therapy, pharmacy,
case management and anesthesia personnel as well as our
monthly peritoneal surface malignancy support group.
Lastly, we have also initiated a goal directed fluid therapy
protocol over the last two years with the Department of
Anesthesia to improve perioperative recovery as others have
demonstrated a reduced risk of major complications and
hospital length of stay when compared to standard fluid
therapy (40).

There are several important limitations to this study. The
retrospective nature and short follow up limit conclusions
regarding outcomes after CRS/HIPEC as the treatment is
not randomized. Similarly, surgeon experience and operative
judgement certainly affected outcome and treatment
decisions. When to proceed with cytoreduction or when to
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abort has continued to evolve over time and based upon our
growing experience. The heterogeneous patient population,
consisting of pediatric patients up to more advanced ages,
includes a variety of pathologies with differing grades,
biologic behavior, methods and duration of treatment.
While all patients are presented in a multidisciplinary tumor
board manner, the lack of standardized treatment amongst
pathologies adds variability and confounds results.

Conclusions

Short-term outcomes observed after CRS/HIPEC
in a newly developed center for PC are consistent
with published higher volume center experiences.
Appropriate patient selection, selective use of laparoscopy,
institution of goal directed fluid therapy protocols with
preoperative nutritional and physical therapy assessments
will hopefully yield improved outcomes as experience
develops. Establishing a HIPEC Coordinator has proven
instrumental in facilitating patient coordination, scheduling
of preoperative studies and adherence to protocols.
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