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Cytoreductive surgery (CRS) followed by hyperthermic intraperitoneal chemotherapy

(HIPEC) is a radical but effective treatment option for select peritoneal malignancies. We

sought to determine our early experience with this method for peritoneal carcinomatosis

secondary to mucinous adenocarcinomas of appendiceal origin. As such, we performed a

retrospective clinical study of 30 consecutive patients undergoing CRS with planned

HIPEC at the Princess Alexandra Hospital, between June 2009 to December 2012, with

mucinous adenocarcinomas of the appendix. CRS was performed in 30 patients, 13 received

HIPEC intraoperatively and 17 received early postoperative intra-peritoneal chemotherapy

(EPIC) in addition. Mean age was 52.3 years and median hospital stay was 26 days (range

12–190 days). Peritoneal cancer index scores were 0–10 in 6.7% of patients, 11–20 in 20% of

patients and .20 in 73.3% of patients. Complete cytoreduction was achieved overall in 21

patients. In total, 106 complications were observed in 28 patients. Ten were grade 3-A, five

were grade 3-B and one grade-5 secondary to a fatal PE on day 97. In patients who received

HIPEC, there was no difference in disease-free survival (P¼ 0.098) or overall survival (P¼
0.645) between those who received EPIC versus those who did not. This study demonstrates

that satisfactory outcomes with regards to morbidity and survival can be achieved with

CRS and HIPEC, at a single-centre institution with growing expertise in the technique. Our

results are comparable with outcomes previously described in the international literature.
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The combination of cytoreductive surgery (CRS)
and hyperthermic intraperitoneal chemothera-

py (HIPEC) is an effective treatment option for select
peritoneal malignancies.1,2 The management centers
on improving survival for a historically palliative
disease. CRS aims to achieve complete tumor
clearance, requiring extensive peritoneal and viscer-
al resection. Once optimal cytoreduction is com-
plete, HIPEC is employed intraoperatively and is
selectively followed by early postoperative intra-
peritoneal chemotherapy (EPIC). Direct delivery
into the peritoneal cavity facilitates higher regional
dosing and, because of decreased systemic expo-
sure,3 is achieved with fewer toxicities, although the
role for EPIC following HIPEC remains debatable.4

Such an aggressive treatment comes with signif-
icant potential morbidity; thus, appropriate patient
selection is vital.5 A considerable learning curve
exists.6 However, with increasing experience, an
institution can significantly reduce its morbidity and
mortality.7

Our aim was to evaluate the outcomes early in
our experience with CRS and HIPEC at the Princess
Alexandra Hospital, specifically for mucinous ade-
nocarcinoma of the appendix, and compare these
outcomes with those reported in the literature
globally for primary end points such as morbidity,
mortality, and survival. We further sought to
determine the role of HIPEC with or without EPIC
because the literature remains ambivalent on this
topic to date.

Patients and Methods

A retrospective analysis of medical records was
performed on all consecutive patients with perito-
neal carcinomatosis of appendiceal origin who
underwent CRS between June 2009 and December
2012. Selection for surgery was on a case-by-case
basis in a multidisciplinary team setting, led by the
two senior surgeons. All appendiceal malignancies
encountered were classified in accordance with the
World Health Organization classification for tumors
of the digestive system.8 These were further
classified into either low grade or high grade
depending on the level of cytoarchitectural atypia.
Suitability for resection was evaluated based on
available tumor histopathology, radiology, and
extent of disease evident at diagnostic laparoscopy,

objectively classified using the peritoneal cancer
index (PCI). The medical oncology team assessed
suitability for HIPEC and/or EPIC. Patients with
extraperitoneal metastatic disease were excluded
from treatment unless simultaneous resection of
metastases was considered feasible. Ethics approval
was obtained for the study through the local ethics
committee (Metro South Human Research Ethics
Committee: HREC/13/QPAH/63).

Cytoreductive surgery

The goal of CRS is to resect all visible peritoneal
disease, and the procedure is composed of a series
of resections dependent on disease dissemination.
Abdominal resections were followed in accordance
with Sugarbaker.9 This approach often employed
splenectomy, cholecystectomy, and stripping of the
omental bursa peritoneum. Other visceral resections
variably included ascending and descending colon,
uterus, ovaries, stomach, gallbladder, transverse
colon, and small bowel (depending on serosal
involvement). Such aggressive multiorgan resection
was only indicated if complete cytoreduction was
achievable.

The PCI is a score calculated after determining
the extent of disease in 13 defined regions of the
abdomen and pelvis, giving a possible score of
between 1 and a maximum of 39. Intraoperative
calculation of the PCI was determined as a marker
of presurgical disease burden.10 In 3 of the early
patients included in the study, where an intraoper-
ative calculation of PCI was not performed, the
treating surgeon calculated a score retrospectively
after evaluation of preoperative imaging, histopa-
thology results, and the operative report.

The degree of tumor clearance, or ‘‘completeness
of cytoreduction,’’ was determined intraoperatively
using the CC score.10 CC-0 indicates no visible
residual disease is present. CC-1 describes remain-
ing tumor nodules of ,2.5 mm. CC-2 describes
residual tumor nodules between 2.5 mm and 2.5 cm,
and CC-3 describes residual tumor .2.5 cm. Both
CC-0 and CC-1 are considered to be complete
cytoreduction in mucinous appendiceal adenocarci-
noma, because any residual tumor ,2.5 mm can be
theoretically effectively eradicated through the use
of HIPEC.11 Incomplete clearance indicates gross
macroscopic residual disease, where attempts at
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debulking will contribute to greater morbidity,
without long-term benefit.3

Heated intraperitoneal chemotherapy

Intraperitoneal chemotherapy aims to complement
surgical resection by eradicating free tumor cells or
persistent nodules ,2.5 mm in size. Increased dose
intensity is facilitated by intraperitoneal adminis-
tration, which limits systemic absorption because of
the peritoneal-plasma barrier, thus minimizing
toxicity while maximizing efficacy.3 We used the
‘‘open coliseum’’ technique for intraperitoneal ad-
ministration,12 which permits an even spread of the
chemotherapeutic agent throughout the abdominal
cavity.

Mitomycin C was infused at 35 mg/m2 body
surface area after CRS, with a capped dose of 140
mg. Mean infusion temperature was 39.58C for 90
minutes. Necessary anastomoses were completed
after cessation of HIPEC. Intra-abdominal drains
remained in a dependent position to facilitate
ongoing drainage and permitted EPIC in select
patients. For EPIC, 5-fluorouracil was administered
at 500 mg/m2 body surface area and was left in the
abdominal cavity to dwell for up to 23 hours. EPIC
was repeated on days 2 to 6 in those patients who
could tolerate it.

Clinical variables

Patient clinical data were collected retrospectively
from medical records and a chemotherapy database.
Preoperative demographic indicators examined in-
cluded age, sex, Eastern Cooperative Oncology
Group (ECOG) status (a measure of premorbid
functional status), disease duration), tumor markers
[carcinoembryonic antigen (CEA) and cancer anti-
gen 19.9 (CA-19.9)] and histopathologic grade.
Intraoperative indicators included operation dura-
tion, intraoperative transfusion requirements, pro-
cedures performed intraoperatively, PCI score, and
CC score. Postoperative complications were report-
ed and graded using the Clavien and Dindo
classification.13 In patients who had complete
cytoreduction, disease-free survival (DFS) was re-
corded as time from date of surgery to date of
recurrence, death, or last date of follow-up. Overall
survival (OS) was recorded as time from date of
surgery to date of death or date of last follow-up.
Patient data on survival and recurrence were
acquired through clinical follow-up and evaluation
of the death registry.

Statistics

Where appropriate, patient clinical variables were
summarized with a count (n) and percentage, mean
(6SD), or median (range). Univariate analysis was
performed to evaluate the relationship of relevant
clinical variables with morbidity (hospital stay,
highest complication, total complications), mortality,
DFS, and OS. For continuous variables, negative
binomial regression analysis was used. For categoric
variables, logistic regression analysis and ordinal
regression analysis were performed as appropriate.
DFS and OS were expressed as Kaplan-Meier curves
for selected variables. Mantel-Cox regression and v2

analysis were performed to evaluate the level of
significance for each variable where appropriate.
Statistical significance was defined as P , 0.05. Data
were analyzed using SPSS for Windows v.17 (SPSS,
Chicago, Illinois).

Results

A total of 30 patients received CRS and HIPEC at the
Princess Alexandra Hospital between June 2009 and
December 2012 (Table 1). The mean age was 53.3
years (12.87 years) for 16 men and 14 women.
Median disease duration preoperatively was 5
months (1–75 months) and the ECOG status was
�1 in 93% of patients (Table 1).

High-grade adenocarcinoma of the appendix
accounted for tumor origin in 7 patients (23.3%),
with low-grade adenocarcinoma in 23 patients. In
patients who had preoperative measurement of
tumor markers CEA (n ¼ 26) and CA-19.9 (n ¼ 30),
elevations were observed in 15 patients (57.7%) and
8 patients (26.7%), respectively. One patient was
initially treated as having ovarian cancer and
received 6 cycles of carboplatin/paclitaxel prior to
CRS. The PCI was 0 to 10 in 2 patients (6.7%), 11 to
20 in 6 patients (20%), and .20 in 22 patients
(73.3%). Details of the surgical resections performed
can be found in Table 2. Adequate completeness of
cytoreduction (CC score 0–1) was achieved in 21
patients (70%).

A total of 17 patients (56.7%) received EPIC
following CRS and HIPEC, with a median admin-
istration of 2 days (1–5 days). Reasons why EPIC
was either not given or not completed include
incomplete cytoreduction (23%), surgical complica-
tions/illness (50%), patient refusal (15.4%), and
incomplete documentation (11.5%).

There were a total of 106 complications (Clavien
and Dindo classification) observed in 28 patients
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(Table 3). Of these, 41 complications were grade 1, 49
were grade 2, 10 were grade 3A, 5 were grade 3B,
and 1 was grade 5. The 10 grade 3A complications
included 3 intra-abdominal collections, 4 pleural
effusions, a pneumothorax, an upper gastrointesti-
nal bleed, and a prolonged gastroparesis (both
requiring an endoscopic assessment). The 5 grade
3B complications included 2 intra-abdominal collec-
tions, a loculated pleural effusion requiring postero-
lateral thoracotomy for drainage, a vesical leak, and
a gastric perforation. A single grade 5 complication

was an in-hospital death due to PE that occurred on

postoperative day 97.

A total of 30 patients were evaluated, with a

median follow-up time of 222 days (40–1268 days).

At the latest time of review, there was no identifiable

disease recurrence for patients in our series with

complete cytoreduction. A total of 3 deaths (10%)

were recorded, with a median time to death of 126

days (97–576 days).

Table 1 Patient characteristicsa

Variable Value

Total no. of patients 30

Age, y

Mean (6SD) 52.3 (612.9)
Range 25–71

Sex, n (%)

Male 16 (53)
Female 14 (47)

ECOG status, n (%)

0 15 (50)
1 13 (43.3)
2 1 (3.3)
3 1 (3.3)
4 0 (0.0)

Tumor grade, n (%)

Appendix: high grade 7 (23.3)
Appendix: low grade 23 (76.7)

Operation duration , h, mean (6SD) 10.1 (62.9)
Intraoperative transfusion, n (%) 18 (60)

PCI score

Mean 26.8
PCI 0–10, n (%) 2 (6.7)
PCI 11–20, n (%) 6 (20)
PCI .20, n (%) 22 (73.3)

CRS þ HIPEC (mitomycin C), n (%) 13 (43.3)
CRS þ HIPEC þ EPIC (5FU), n (%) 17 (56.6)

EPIC

Median no. of days of EPIC 2
No. (%) of patients who completed

5/5 days of EPIC 3 (10)

CCR score, n (%)

CCR-0 9 (30)
CCR-1 15 (50)
CCR-2 1 (3.3)

CCR-3 5 (16.6)
Hospital stay, d, mean (6SD) 36 (634.9)
ICU stay, d, mean (6SD) 1.8 (61.4)

CCR, completeness of cytoreduction score; ICU, intensive care
unit; 5FU, 5-fluourouracil.

aKey baseline, intraoperative and postoperative patient
characteristics of clinical relevance to the study.

Table 2 Total visceral resections performeda

Procedure performed n

Greater omentectomy 22
Lesser omentectomy 18
Right hemicolectomy 25
Transverse colon 4
Descending colon 5
Sigmoid colon 10
Low anterior resection 8
Partial gastrectomy 7
Cholecystectomy 19
Splenectomy 16
Hysterectomy 6
Salpingo-oophorectomy 6
Partial small bowel resection 11
Hepatic resection 4
Partial bladder resection 1
Distal pancreatectomy 1
Unilateral orchidectomy 1

aThe total number of individual resections performed for each
partial/complete organ in the cohort of 30 patients.

Table 3 Postoperative complications

Complications n �Grade 3a, n

Infection

UTI 9
Pneumonia 4
Line sepsis 5
Other 5

Intra-abdominal dollection 6 5
Anastomotic leak 2
Gastric/bowel perforation 2 1
Ileus 6 1
Dehiscence 1
Pleural effusion 12 5
DVT 3
PE 2 1
Cardiovascular 5
Critical neutropenia 5
Other 39 3
Total 106 16

DVT, deep venous thrombosis; PE, pulmonary embolism; UTI,
urinary tract infection.

aA summary of postoperative complications in all 30 patients.
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Morbidity and mortality analysis

Hospital stay

Univariate analysis showed that age was associated
positively with prolonged hospital stay (standard-
ized beta, 1.33; P ¼ 0.022). No other variables were
associated with hospital stay to a level of significance.

Highest complication

No variables were associated significantly with
higher complications on univariate analysis.

Total complications

Univariate analysis showed that age was also
associated with total complications (standardized
beta, 0.08; P ¼ 0.02), and a nonsignificant trend
toward higher total complications was observed
between the use of CRSþHIPECþ EPIC compared
with CRS þHIPEC (P ¼ 0.154).

Mortality

No variables were associated significantly with
mortality on univariate analysis.

Survival analysis

Disease-free survival

Specifically, there was no statistically significant
difference between HIPECþEPIC and HIPEC alone

in terms of DFS (P ¼ 0.098), nor were there
differences of significance noted for other variables,
such as age, tumor grade, completeness of cytor-
eduction, and PCI.

Overall survival

In those patients who received HIPEC (n¼ 13), there
was no difference in OS between those who received
EPIC and those who did not (P¼0.645; Fig. 1). Other
key variables evaluated (age, completeness of
cytoreduction, PCI, tumor grade) did not reveal
any significant relationship with OS.

Discussion

CRS alongside HIPEC is a radical but effective
treatment option for select peritoneal carcinomato-
ses,2,11,14,15 and is considered by some to be the
standard of care for mucinous peritoneal carcino-
matosis of appendiceal origin.1 Because distant
parenchymal metastases are rare in low-grade
mucinous adenocarcinoma,1 an aggressive locore-
gional approach using both CRS and HIPEC is an
ideal approach.16 Importantly, the efficacy of this
combined modality treatment in peritoneal carcino-
matosis appears to be heavily influenced by factors
such as the histopathologic grade and premorbid
status, as well as the completeness of cytoreduc-
tion.3 Furthermore, improvements in morbidity and
survival associated with this operator-dependent
approach have a direct relationship to the experi-
ence of the surgical team.7

Low-grade mucinous appendiceal adenocarcino-
ma with peritoneal carcinomatosis appears to have a
unique pathophysiology. Locoregional spread of
well-differentiated mucinous adenocarcinoma is
typically in a minimally invasive fashion along the
peritoneal surface, with lymph node invasion and
parenchymal visceral metastases rarely observed.1

Visceral peristalsis provides a mechanism for
resistance against invasion by cancerous deposits,
a phenomenon that likely has a role in the lack of
invasion observed in the stomach and colon.17 This
process occurs in contrast to areas of relative stasis
or fluid reservoirs within the peritoneal cavity,
where the seeding of malignancy tends to predom-
inate. These unique aspects to the distribution of
appendiceal mucinous adenocarcinoma make it
particularly amenable to successful management
with complete surgical cytoreduction and HIPEC.16

As our understanding of this disease process has
expanded, the combination of CRS and HIPEC has

Fig. 1 Overall survival (OS) for no EPIC versus EPIC. Kaplan-

Meier curve comparing the relationship between those patients

who did not receive EPIC (green line) to those who did (blue line)

for OS.
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largely superseded palliative surgical debulking for
isolated peritoneal metastases associated with mu-
cinous adenocarcinoma of the appendix.2 As a
treatment option, surgical debulking only provides
temporary control of the disease process, and
although this permits symptom control in a variable
proportion of patients, the disease always reemerg-
es, demanding further surgical treatment, with
concomitant morbidity.18,19 Our disease control
and survival experience with CRS and HIPEC are
comparable with those of other studies.20–23 A long-
term study performed by Youssef et al21 reported 5-
year and 10-year survival rates of 87% and 74%,
respectively, in patients with complete cytoreduc-
tion. Completeness of cytoreduction appears to be a
key prognostic measure for this malignancy,2 and
this was illustrated in our series, with no identifiable
disease recurrence at latest follow-up in those with
complete surgical clearance.

The potential efficiency of tumor clearance
through the use of EPIC remains debatable.4,24

Although limited by the statistical power of our
cohort, this study suggests that EPIC was not clearly
associated with improved survival when used as an
adjunct treatment measure after HIPEC (Fig. 1).
Furthermore, the use of EPIC alongside CRS and
HIPEC has been shown to account for an increase in
overall morbidity in the literature.4 With poor
patient tolerance, an extensive cost burden to the
institution, and no long-term established evidence
for a survival benefit, routinely adding EPIC to
HIPEC may be difficult to justify. Further research is
essential to establish the role of EPIC in patients
with pseudomyxoma peritonei.

Reviewing the morbidity of our experience with
CRS and HIPEC, we observed 16 severe complica-
tions (�grade 3A) in 11 patients, which is comparable
with internationally described cohorts.4,25–27 Gastro-
intestinal complications and infections appeared to
dominate total complications, as is concordant with
the existing literature (Table 3).16,26–28 These findings
are unsurprising, given the extent of abdominal
surgery performed alongside the use of perioperative
intraperitoneal chemotherapy. Potential clinical var-
iables of prognostic significance identified else-
where25, 28 (use of blood products, operation
duration, and PCI) were not predictive in our series.
However, increasing age was significantly associated
with increased hospital stay and total complications
(P , 0.05). We had no postoperative mortality in this
series, which is consistent with the size of our study
in comparison with that reported elsewhere26–28 as
well as the almost uniformly favorable performance

status of our patients preoperatively (ECOG status
�1 in 93.3%). With the incorporation of CRS and
HIPEC into the armamentarium for the treatment of
peritoneal carcinomatosis, we are in accord with the
literature on the importance of carefully selecting
patients for this still relatively morbid procedure.16

Limitations

Our study has several limitations. Because of our
early experience with this management option, our
case numbers were restricted. As such, the sample
size of our study was not large enough to permit
multivariate analysis. Of particular significance is
the retrospective nature of our data collection, which
is prone to chronologic, recall, and transfer bias. Our
measurement of follow-up was restricted to outpa-
tient notes and resulting investigations as well as
identification through the death registry. Further-
more, patients managed early in this series were not
evaluated preoperatively with the PCI score, and
this may have contributed to the failure of this
marker to accurately predict outcome. The combi-
nation of these weaknesses limits, to some degree,
the extrapolation of our results to widespread
clinical practice.

Conclusion

The optimal combination of treatment modalities
remains an evolving topic in the management of
peritoneal carcinomatosis of appendiceal origin. As
evidenced by this study and others in the litera-
ture,2,16 the combination of CRS and HIPEC has an
acceptable rate of morbidity and mortality when
taking into consideration the potential for prolonged
DFS and cure. Although EPIC may have theoretical
advantages as an adjunctive treatment measure, it is
unclear whether this modality offers a better
prognosis at the expense of increased complications
and patient intolerance.4 In conclusion, this study
demonstrates that a single center can achieve
satisfactory outcomes, with acceptable morbidity,
in CRS and HIPEC for patients with peritoneal
carcinomatosis secondary to mucinous adenocarci-
noma of the appendix.
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