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ABSTRACT

Background. This report describes patterns of disease
recurrence after optimal cytoreduction (CRS) and hyper-
thermic intraperitoneal chemotherapy (HIPEC) for
peritoneal carcinomatosis (PC) of colorectal (CRC) and
appendiceal adenocarcinoma (AC) origin.

Methods. Patients undergoing optimal CRS/HIPEC
(2007-2016) at the authors’ institution were retrospectively
reviewed from a prospectively maintained database. Data
regarding disease recurrence were analyzed.

Results. Of 74 patients who underwent CRS/HIPEC for
PC from CRC (n =46) or AC (n = 28), 49 (66%) had
recurrence during a median follow-up period of
39.5 months. The sites of recurrence were peritoneal-only
(n =34, 69%), hematogenous-only (n =6, 12%), and
combined peritoneal and hematogenous (n = 9, 19%) sites.
No patients with AC had hematogenous-only recurrence.
The median disease-free survival (DFS) time for all the
patients was 15 months (95% confidence interval [CI]
12.5-17.5 months). The recurrence rate after CRS/HIPEC
was 41% at 1 year, 73% at 3 years, and 76% at 5 years. All
the patients with hematogenous-only metastases experi-
enced recurrence within 12 months after CRS/HIPEC.
Mucinous or signet ring features predicted peritoneal
recurrence (p = 0.041), whereas a complete cytoreduction
of 1 was a predictor of early recurrence (p = 0.040).
Patients who underwent repeat cytoreduction survived
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longer than those who received systemic chemotherapy
alone. The median survival time after peritoneal-only
recurrence was 33 months (95% CI 27.8-38.9 months).
Conclusion. Recurrence for patients with PC is common,
even after optimal CRS/HIPEC. Hematogenous-only
recurrence occurs early after CRS/HIPEC, suggesting
occult disease at the time of treatment and highlighting the
need for methods to identify micro-metastases and improve
patient selection. Patients experiencing peritoneal-only
recurrence had long survival period after CRS/HIPEC,
suggesting its effectiveness at controlling peritoneal dis-
ease for a time.

The peritoneum is a common site of metastasis in
patients with colorectal carcinoma (CRC) and those with
appendiceal adenocarcinoma (AC) found in 10-25% and
72% of patients, respectively.'” Traditionally, peritoneal
carcinomatosis (PC) has been regarded as end-stage dis-
ease, with a relatively poor prognosis when treated with
systemic chemotherapy.®>* However, for selected patients
with isolated peritoneal disease, an aggressive combination
of complete cytoreductive surgery (CRS) and hyperthermic
intraperitoneal chemotherapy (HIPEC) can achieve longer
survival.” The primary goal of CRS is complete tumor
debulking (completeness of cytoreduction [CC]: CC-0 or
CC-1 resection), recognized as one of the most important
prognostic predictors after CRS/HIPEC ™ in numerous
studies (http://www.sciencedirect.com/science/article/pii/S
0960740415300141-bib2) as well as in our own institu-
tional experience.9 However, even after optimal CRS/
HIPEC, disease recurrence is common, with reported rates
reaching 75%."" In contrast to the natural history of pri-
mary CRC, in which the liver is the first site of metastasis,
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recurrences after successful CRS/HIPEC of peritoneal
metastasis tend to favor the peritoneum.'”'> Reports on
specific patterns of recurrence after CRS/HIPEC for ade-
nocarcinoma of colorectal and appendiceal origin are
scarce. Additionally, the influence of patient characteris-
tics, intraoperative findings, and pathologic features on
hematogenous or peritoneal spread, location of peritoneal
spread, and timing of recurrence remains unclear. This
study aimed to analyze the patterns and timing of recur-
rence after complete CRS/HIPEC for PC of CRC and AC
origin at a single tertiary referral center.

METHODS

A retrospective review of all patients undergoing HIPEC
at our institution was performed from a prospectively
maintained, institutional review board (IRB)-approved
database. The patients included in this analysis underwent
complete cytoreduction (CC < 1) CRS/HIPEC for PC of
CRC or AC origin (including both mucinous and non-
mucinous adenocarcinoma) between March 2007 and
January 2016. Patients with low-grade appendiceal muci-
nous neoplasms were excluded from the study. Patients
with incomplete cytoreduction (n = 28), those lost to fol-
low-up evaluation (n = 4), those who died within 90 days
after surgery (n = 2), and those who underwent palliative
CRS/HIPEC for symptom management (n = 29) also were
excluded from the analysis (Fig. 1). No distinction was
made between the patients who initially presented with PC

and the patients who progressed to PC after primary
resection. The variables collected were demographics,
medical and surgical history, perioperative treatments,
surgical and pathologic details, and follow-up information,
including survival and recurrence data.

Preoperative planning and operative technique for CRS/
HIPEC have been previously described.”'®!’ Briefly,
diagnostic laparoscopy was performed routinely and con-
verted to laparotomy when complete cytoreduction was
deemed possible. The peritoneal cancer index (PCI) was
recorded according to the Sugarbaker classification.'®
Cytoreduction then was performed, and the CC score was
recorded. Next, HIPEC was administered via the closed
abdomen technique using a fixed dose of 40-mg mitomycin
C according to consensus guidelines.'®

Routine follow-up surveillance included carcinoembry-
onic antigen (CEA) level and contrast-enhanced computed
tomography (CT) of the chest, abdomen, and pelvis every
3—4 months for 2 years, and then every 6 months thereafter
for a total of 5 years. Additional imaging was obtained if
patients presented with symptoms suspicious for recur-
rence. Recurrence was defined as the presence of new
lesions on diagnostic imaging or the presence of patho-
logically confirmed metastasis.

We defined three categories for the sites of recurrence:
(1) peritoneal recurrence-only, (2) hematogenous recur-
rence-only (including distant lymph node metastasis), and
(3) combined peritoneal and hematogenous recurrence
sites. Peritoneal recurrences were further categorized by

All CRS/HIPEC procedures
N=322 248 Excluded
Other malignancies N=185
Palliative HIPEC N=29
CC Score >2 N=28
Died within 90 days of surgery N=2
L. . Lost to follow-up N=4
Eligible patients
N="74

Documented recurrence
49 (66%)

Disease-Free
25 (34%)

J

Peritoneal Hematogenous & Peritoneal Single organ involvement
34 (69%) 9 (19%) 6 (12%)
88% involved the 31% involved distant
peritoneum sites

FIG. 1 Study population. CRS/HIPEC cytoreductive surgery and hyperthermic intraperitoneal chemotherapy, CRC colorectal cancer
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disease location as follows: lower abdomen (including
pelvis), upper abdomen (including diaphragm), or diffuse
disease.

Statistical Analysis

Descriptive data analysis was performed by calculating
frequencies and percentages for categorical variables and
measures of central tendency (means or medians) for
continuous variables. Chi square, Fisher’s exact test, and
independent two-sample ¢ test were used to determine
significant differences between the groups. Overall survival
(OS) was calculated as the time from CRS/HIPEC to the
date of death using the Kaplan—Meier method, and disease-
free survival (DFS) was calculated as the time from CRS/
HIPEC to the first evidence of recurrence using the hazard
function. The recurrence rate was defined as the percentage
of patients who experienced recurrent disease within the
observation period.

Uni- and multivariate analyses were performed with
Cox regression. Univariate logistic regression was per-
formed to identify predictors of peritoneal or
hematogenous recurrence. A p value lower than 0.05 was
considered statistically significant. All p values were two-
sided. The statistical software for the social sciences
(SPSS) version 22.0 (IBM Corp., Armonk, NY) was used
for all statistical analyses.

RESULTS
Patient Characteristics

The study population and baseline characteristics are
reported in Fig. 1 and Table 1. The study comprised 74
patients, 46 (62%) with CRC and 28 (38%) with AC.
Resection of the primary tumor was performed at an out-
side institution for 55 patients (74%). This was more
common among the patients with AC (89% vs 67%;
p = 0.028). Of all the study patients, 17 (23%) had their
diagnosis initially determined during emergent surgery.
The patients with a diagnosis of AC showed a trend toward
more emergent surgeries (32% vs 17%; p not significant).
Synchronous peritoneal metastases were found at diagnosis
for 45 patients (61%). At diagnosis, 44 patients (59%) had
node-positive disease (N1/N2), 20 patients (27%) had
node-negative disease, and 10 patients (14%) had unde-
termined node status (Nx).

Node-positive disease was more common among the
patients with CRC (67% vs 45%; p = 0.007). In terms of
histology, 26 patients (35%) had adenocarcinoma with
mucinous features, 5 patients (6%) had signet ring cells,
and 11 patients (15%) had mixed mucinous and signet ring

cell features, and these were more commonly associated
with AC (p = 0.014). Tumor differentiation was catego-
rized as well-differentiated in 4 cases (5%), moderate in 32
cases (43%), and poorly differentiated in 31 cases (36%).
The CRC primary tumors were less differentiated than the
AC primary tumors (p = 0.009). The median PCI was
8.5 £ 6, and the majority of the patients had a PCI lower
than 20 (n = 67, 91%,).

Sites of Recurrence

The sites of recurrence are summarized in Fig. 1 and
Table 1. During the observation period, 49 patients (68%)
had documented recurrence. Of these 49 patients, 34 (69%)
had peritoneal-only recurrence, 6 (12%) had hematogenous
metastasis with single-organ involvement, and 9 (18%) had
a combination of peritoneal and hematogenous recurrence.
Recurrence was diagnosed on follow-up imaging, except
for 4 patients. Of these four patients, three had their
diagnosis determined during exploratory laparoscopy,
performed in two cases due to increasing tumor marker and
in one case due to small bowel obstruction. The fourth
patient had an enlarged palpable inguinal lymph node,
which prompted excisional biopsy.

Of six patients with hematogenous recurrence to a single
organ, four had isolated liver recurrence, and two had
isolated lung recurrence. Three patients had metastasis to
multiple distant organs, and all the metastases were asso-
ciated with peritoneal recurrence. Recurrences in the
patients with AC favored the peritoneum (n = 19, 100%)
compared with the patients who had primary CRC (n = 24,
80%), although this trend was not significant, and none of
the patients had hematogenous-only recurrence.

In a separate analysis of peritoneal recurrences, 20
patients (27%) had recurrence in the lower abdomen and
pelvis, 10 patients (14%) had recurrence in the upper
abdomen, and 12 patients (17%) presented with diffuse
metastasis. Mucinous or signet ring cell features shown by
pathology were significantly associated with a peritoneal
pattern of metastases compared with hematogenous-only
recurrences (p = 0.027) and were found to be predictive of
peritoneal failure shown by univariate logistic regression
(p = 0.041). No significant differences were found when
peritoneal and hematogenous patterns were compared via
primary location, synchronous metastasis during resection
of the primary tumor, histologic features, differentiation,
perioperative chemotherapy, PCI, or CC scores (Table 2).

Survival Analysis
The median DFS was 14 months (95% (I,

9.2-18.8 months) for the patients with AC and 15 months
(95% CI, 11.6-18.3 months) for the patients with CRC
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TABLE 1 Patient, treatment, and recurrence characteristics
Variables Overall n =74  Primary appendiceal n = 28 (38) Primary CRC n = 46 (62) p value®
Median age: years + SD 54 £ 11.6 57.5 + 10.6 52.5 £ 12.1
Female sex 46 (62) 20 (71) 26 (57) 0.150
Primary tumor resection OSH 55 (74) 25 (89) 30 (65) 0.028
Emergent surgery 17 (23) 9 (32) 8 (17) 0.155
Adenocarcinoma, histologic subtype 0.014
Nonmucinous 32 (43) 6 (21) 26 (57)
Mucinous features 26 (35) 13 (46) 13 (28)
Signet ring cell features 5 (6) 4 (14) 1)
Mucinous and signet ring cell 11 (15) 5 (18) 6 (13)
Differentiation 0.009
Well 4(5) 4 (14) 0
Moderate 32 (43) 8 (29) 24 (52)
Poorly 31 (36) 8 (29) 19 (41)
Unknown 11 (15) 8 (29) 3(7)
Lymph node status 0.007
NO 20 (27) 11 (39) 9 (20)
NI/N2 44 (59) 13 (46) 31 (67)
Nx 10 (14) 4 (14) 6 (13)
Systemic chemotherapy before CRS 40 (54) 12 (43) 28 (61) 0.580
Synchronous diagnosis of PC 45 (61) 17 (61) 28 (61) 0.989
Median PCI 4+ SD 85+6 9.5+ 65 7+ 64 0.774
Recurrence n =49 (66) n =19 (68) n =30 (65) 0.816
Location of recurrence 0.180
Peritoneal only 34 (70) 16 (84) 18 (60)
Hematogenous with single-organ involvement 6 (12) 0 6 (20)
Combined peritoneal and hematogenous 9 (18) 3 (16) 6 (20)
Any peritoneal recurrence n =43 (58) n =19 (68) n =24 (52) 0.515
Lower abdomen 20 (47) 8 (42) 12 (50)
Upper abdomen 10 (23) 6 (32) 4. (17)
Diffuse/retroperitoneal 13 (30) 5 (26) 8 (33)
Median DFS: months 4+ SE 15 (1.3) 14 (2.4) 15 (1.7) 0.644
Median follow-up: months + SD 39.5 (27.5) 33.5 (15.2) 45 (30.7)

All data are n (%) unless otherwise specified

CRC colorectal cancer, SD standard deviation, OSH outside hospital, Nx undetermined node status, CRS cytoreductive surgery, PC peritoneal

carcinomatosis, PCI peritoneal carcinomatosis index, SE standard error

*Results are considered statistically significant at p < 0.05

(nonsignificant p) during a median follow-up period of
39.5 months after CRS/HIPEC. The recurrence rate after
CRS/HIPEC was 41% at 1 year, 73% at 3 years, and 76%
at 5 years. The survival rate after CRS/HIPEC was 94% at
1 year, 71% at 3 years, and 41% at 5 years.

In the univariate Cox regression, DFS correlated nega-
tively with perioperative treatment (p = 0.034) and a CC
score of 1 (p = 0.014). In the multivariate analysis, only a
CC score of 1 negatively affected DFS (Table 3). A Ka-
plan—Meier analysis for different spread patterns found that

the patients with hematogenous-only recurrence experi-
enced the recurrence markedly earlier (median DEFS,
4.5 months; 95% CI, 0.1-10.1 months), whereas the
patients with peritoneal-only spread or combined peri-
toneal and hematogenous spread had recurrence later (DFS,
10.6 months; 95% CI, 6.5-14.6 months; p = 0.04)
(Fig. 2). < F3 > The median survival period for the
patients who experienced peritoneal-only recurrence after
CRS/HIPEC was 33 months (95% CI, 27.8-38.9 months).
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TABL_E 3 COX regress.ion. Univariate analysis Multivariate analysis
analysis: uni- and multivariate
predictors of disease-free HR 95% CI p value®  HR 95% CI p value®
survival (DES)
Female sex 0.763 0.423-1.375 0.368
Age > 50 years 1.047 0.588-1.862  0.876
Primary, colorectal 0.875 0.492-1.557  0.651
OSH 0.890  0.471-1.682  0.719
Synchronous metastases 0.075 1.725-3.147 0.075 1.194 0.570-2.502 0.639
Time to HIPEC 0.931 0.526-1.646  0.805
Emergent surgery 0.573 0.277-1.188 0.135
Poor differentiation 1.140 0.618-2.102 0.674
Preoperative chemotherapy 2.169 1.058-4.446  0.034 2.059  0.937-4.526  0.072
PCI > 20 1.676  0.659-4.264  0.278
CC=1 2.040 1.154-3.608  0.014 1.968 1.030-3.760  0.040
Positive LN at 1st surgery 1.432 0.728-2.819 0.298
Any complication 1.092 0.620-1.926 0.760
Severe complication 1.368 0.660-2.833 0.399

HR hazard ratio, CI confidence interval, OSH outside hospital, HIPEC hyperthermic intraperitoneal
chemotherapy, PCI peritoneal carcinomatosis index, CC completeness of cytoreduction, LN lymph node

“Results are considered statistically significant at p < 0.05

4 - p=0.115
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Peritoneal &
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FIG. 2 Comparison of time to recurrence following CRS/HIPEC between: a isolated peritoneal, isolated hematogenous, and peritoneal and
hematogenous recurrences combined; b isolated hematogenous and any peritoneal recurrence

Treatment of Recurrences and Survival

Among the 15 patients who experienced some form of
hematogenous recurrence (6 with isolated and 9 with
combined hematogenous and peritoneal recurrence), 13
(87%) received adjuvant therapy after surgery. Further-
more, all the patients were treated with systemic therapy
after recurrence, and five patients (33%) underwent surgi-
cal resection of the metastasis (3 had repeat CRS/HIPEC
and 2 had liver resection). During a median follow-up
period of 32 months, the median survival after CRS/
HIPEC was not reached by the patients receiving surgery,

and their median DFS was 19 months. The patients who
received systemic treatment alone had a median OS of
31 months and a median DFS of 5 months (OS, non-
significant p; DFS, p = 0.007).

Moreover, of the 34 patients who experienced peri-
toneal-only recurrence after CRS/HIPEC, 11 (32%)
underwent repeat debulking, with or without HIPEC, and
survived significantly longer than those who received only
systemic treatment (median survival, 25 vs 43 months;
p = 0.015).
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DISCUSSION

This retrospective analysis of 74 patients with PC sec-
ondary to CRC and AC was performed to identify clinical
characteristics that may be associated with definite patterns
of recurrence after complete CRS/HIPEC. To our knowl-
edge, this is the first analysis to include and compare
patients with colorectal and appendiceal carcinomas, and to
use a fixed-dose protocol as per American Society of
Peritoneal Surface Malignancies (ASPSM) guidelines. Our
results indicate that the peritoneum is the most frequent site
of failure after CRS/HIPEC in CRC and AC patients.
Nevertheless, these patients with peritoneal-only recur-
rence demonstrated relatively long survival after CRS/
HIPEC compared with the survival rates published in the
literature for treatment with systemic chemotherapy alone.?
In addition, we found that the patients with hematogenous-
only recurrence tended to have recurrence earlier.

For the patients treated with CRS/HIPEC for PC of CRC
origin, peritoneal-only recurrence is reported for 30-60% of
patients, hematogenous-only metastases for 18-47% of
patients, and combined peritoneal and hematogenous recur-
rence for 13-30% of patients.'®'*~'* Possible explanations for
the wide range of peritoneal-only recurrence rates may be
related to the different HIPEC protocols in common practice.
Most available studies examining patterns of recurrence after
CRS/HIPEC are from institutions using variable methods of
intraperitoneal chemotherapy dosing, as opposed to the more
recent guidelines from the ASPSM followed at our institu-
tion,"® which recommend a fixed dose of mitomycin C. Setting
guidelines for HIPEC delivery in addition to standardizing
treatment strategies may help to achieve more reliable com-
parisons between different analyses.

Similar to previous reports, we found a high overall
recurrence rate, with 76% of patients experiencing recur-
rence during the follow-up period. Our median DFS
periods of 14 months for CRC and 15 months for AC also
were comparable with the published data on patients
undergoing HIPEC.'®'*™"> Qur findings demonstrate that
after CRS/HIPEC, recurrences most often occur in the
peritoneum only, even if complete cytoreduction is
achieved during the initial CRS/HIPEC. These results
contrast with recurrences after curative resection of pri-
mary CRC, in which the most frequently involved site is
the liver, and the peritoneum is only the third most fre-
quently involved site.?*>

A recent analysis of patients with moderately and poorly
differentiated AC after hemicolectomy demonstrated that
all recurrences were localized in the peritoneum.?® Only
one study examined recurrence rates for patients with AC
undergoing CRS/HIPEC. In that series including only cases
with poorly differentiated and signet ring features, DFS
was 1.2 years.”” In our study also, no patients with AC had

hematogenous-only spread. Furthermore, these patients
showed a tendency for peritoneal-only recurrence (84%)
compared with the patients with primary CRC (60%).
Importantly, our patients with peritoneal-only recurrences
still demonstrated a long median survival after CRS/
HIPEC (33 months).

Compared with the patients receiving systemic
chemotherapy for peritoneal carcinomatosis of CRC origin,
whose median survival was 16 months with the use of
cytotoxic agents and 17.1 months with the use of at least
one targeted agent according to a recent meta-analysis,* the
results of our study showed a long survival and may sug-
gest CRS/HIPEC effectiveness in providing control of
peritoneal disease and prolonged survival. Moreover, the
patients who underwent repeat cytoreduction, with or
without CRS/HIPEC, survived significantly longer than
those who did not receive surgery and were treated with
systemic chemotherapy. Among our patients with peri-
toneal-only recurrence, no patterns of intraabdominal
location of recurrence were found.

The Kaplan—Meier analysis showed that patients with
hematogenous-only recurrence tend to have recurrence
earlier, whereas patients with peritoneal-only spread or
combined spread have a longer DFS. Although this cohort
of patients with isolated distant recurrence is small, they
likely represent occult micrometastatic disease already
present during CRS/HIPEC. Among these patients, non-
significant trends toward poor differentiation and
synchronous metastasis at the primary resection also were
noted. Because this cohort of patients did not clearly
benefit from CRS/HIPEC, further studies are needed to
identify and better address this population. Nonetheless,
even for the patients with early distant recurrence, long-
term survival was achieved, likely due to the administra-
tion of adjuvant chemotherapy and further aggressive
systemic treatment at the time of recurrence.

In this analysis, the majority of the patients had a
diagnosis of peritoneal recurrence within the first
18 months of follow-up evaluation. Although regarded as
acceptable cytoreduction, CC-1 still predicted early recur-
rence. Early detection of the peritoneal recurrence may
allow for a more complete cytoreduction to a CC of 0.

Our study had several limitations, mostly due to its
retrospective nature and relatively small number of inclu-
ded patients, with the latter potentially limiting the
generalization of the survival analysis for the CRC and AC
subsets. Considering the advances with more effective
systemic chemotherapy treatments for patients with PC,
larger prospective trials are required for further validation
of the advantage offered by CRS/HIPEC. Moreover, future
directions of research may include a second-look laparo-
scopy for high-risk patients 6—12 months after primary
CRS/HIPEC aimed at potential identification of occult
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peritoneal recurrence. This would allow selected patients to
undergo secondary treatment at a stage most amenable to
repeat cytoreduction and HIPEC.

CONCLUSION

Recurrence in patients with PC from CRC and appen-

diceal adenocarcinoma is common, even after optimal
CRS/HIPEC, most often involving the peritoneum. Our
findings emphasize that isolated distant metastasis tends to
recur sooner than peritoneal metastasis, highlighting the
need for methods to identify occult metastatic disease and
allow for better patient selection. Patients experiencing
isolated peritoneal recurrence had long survival after CRS/
HIPEC, suggesting its effectiveness at controlling peri-
toneal disease and prolonging survival.

DISCLOSURE There are no conflicts of interest.

REFERENCES

. Vatandoust S, Price TJ, Karapetis CS. Colorectal cancer:

metastases to a World J Gastroenterol.

2015;21:11767.

single organ.

. Benedix F, Reimer A, Gastinger I, Mroczkowski P, Lippert H,

Kube R. Primary appendiceal carcinoma: epidemiology, surgery,
and survival: results of a German multi-center study. Eur J Surg
Oncol. 2010;36:763-71.

. Verwaal V], van Ruth S, de Bree E, et al. Randomized trial of

cytoreduction and hyperthermic intraperitoneal chemotherapy
versus systemic chemotherapy and palliative surgery in patients
with peritoneal carcinomatosis of colorectal cancer. J Clin Oncol.
2003; 21:3737-43.

. Franko J, Shi Q, Meyers JP, et al. Prognosis of patients with

peritoneal metastatic colorectal cancer given systemic therapy: an
analysis of individual patient data from prospective randomized
trials from the Analysis and Research in Cancers of the Digestive
System (ARCAD) database. Lancet Oncol. 2016;17:1709-19.

. Elias D, Gilly F, Boutitie F, et al. Peritoneal colorectal carcino-

matosis treated with surgery and perioperative intraperitoneal
chemotherapy: retrospective analysis of 523 patients from a
multicentric French study. J Clin Oncol. 2009;28:63-8.

. Levine EA, Stewart JH, Russell GB, Geisinger KR, Loggie BL,

Shen P. Cytoreductive surgery and intraperitoneal hyperthermic
chemotherapy for peritoneal surface malignancy: experience with
501 procedures. J Am Coll Surg. 2007;204:943-53.

. Riss S, Mohamed F, Dayal S, et al. Peritoneal metastases from

colorectal cancer: patient selection for cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy. Eur J Surg Oncol.
2013;39:931-7.

. Glehen O, Kwiatkowski F, Sugarbaker PH, et al. Cytoreductive

surgery combined with perioperative intraperitoneal chemother-
apy for the management of peritoneal carcinomatosis from
colorectal cancer: a multi-institutional study. J Clin Oncol.
2004;22:3284-92.

. Tabrizian P, Shrager B, Jibara G, et al. Cytoreductive surgery and

hyperthermic intraperitoneal chemotherapy for peritoneal carci-
nomatosis: outcomes from a single tertiary institution. J
Gastrointest Surg. 2014;18:1024-31.

. Verwaal VJ, Boot H, Aleman BMP, van Tinteren H, Zoetmulder

FAN. Recurrences after peritoneal carcinomatosis of colorectal

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

origin treated by cytoreduction and hyperthermic intraperitoneal
chemotherapy: location, treatment, and outcome. Ann Surg
Oncol. 2004;11:375-9.

Navez J, Remue C, Leonard D, et al. Surgical treatment of col-
orectal cancer with peritoneal and liver metastases using
combined liver and cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy: report from a single-centre expe-
rience. Ann Surg Oncol. 2016;23:666-73.

Konigsrainer I, Horvath P, Struller F, Forkl V, Konigsrainer A,
Beckert S. Risk factors for recurrence following complete
cytoreductive surgery and HIPEC in colorectal cancer-derived
peritoneal surface malignancies. Langenbecks Arch Surg.
2013;398:745-9.

Cashin PH, Graf W, Nygren P, Mahteme H. Cytoreductive sur-
gery and intraperitoneal chemotherapy for colorectal peritoneal
carcinomatosis: prognosis and treatment of recurrences in a
cohort study. Eur J Surg Oncol. 2012;38:509-15.

Bijelic L, Yan TD, Sugarbaker PH. Failure analysis of recurrent
disease following complete cytoreduction and perioperative
intraperitoneal chemotherapy in patients with peritoneal carcino-
matosis from colorectal cancer. Ann Surg Oncol. 2007;14:2281-8.
Braam HJ, van Oudheusden TR, de Hingh IHJT, et al. Patterns of
recurrence following complete cytoreductive surgery and hyper-
thermic intraperitoneal chemotherapy in patients with peritoneal
carcinomatosis of colorectal cancer. J Surg Oncol. 2014;109:841-7.
Franssen B, Tabrizian P, Weinberg A, et al. Outcome of
cytoreductive  surgery and hyperthermic intraperitoneal
chemotherapy on patients with diaphragmatic involvement. Ann
Surg Oncol. 2015;22:1639-44.

Berger Y, Aycart S, Tabrizian P, et al. Cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy in patients with liver
involvement. J Surg Oncol. 2016;113:432-7.

. Jacquet P, Sugarbaker PH. Clinical research methodologies in

diagnosis and staging of patients with peritoneal carcinomatosis.
Cancer Treat Res. 1996;82:359-74.

Turaga K, Levine E, Barone R, et al. Consensus guidelines from
the American Society of Peritoneal Surface Malignancies on
standardizing the delivery of hyperthermic intraperitoneal
chemotherapy (HIPEC) in colorectal cancer patients in the United
States. Ann Surg Oncol. 2014;21:1501-5.

Manfredi S, Bouvier AM, Lepage C, Hatem C, Dancourt V,
Faivre J. Incidence and patterns of recurrence after resection for
cure of colonic cancer in a well-defined population. Br J Surg.
2006;93:1115-22.

Platell CF. Changing patterns of recurrence after treatment for
colorectal cancer. Int J Colorectal Dis. 2007;22:1223-31.
Gilbert JM, Jeffrey I, Evans M, Kark AE. Sites of recurrent
tumour after “curative” colorectal surgery: implications for
adjuvant therapy. Br J Surg. 1984;71:203-5.

Kjeldsen BJ, Kronborg O, Fenger C, Jgrgensen OD. The pattern
of recurrent colorectal cancer in a prospective randomised study
and the characteristics of diagnostic tests. Int J Colorectal Dis.
1997;12:329-34.

Kjeldsen BJ, Kronborg O, Fenger C, Jgrgensen OD. A prospec-
tive randomized study of follow-up after radical surgery for
colorectal cancer. Br J Surg. 1997;84:666-9.

Riihimdki M, Hemminki A, Sundquist J, Hemminki K. Patterns
of metastasis in colon and rectal cancer. Sci Rep. 2016;6:29765.
Grotz TE, Overman MJ, Eng C, et al. Cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy for moderately and
poorly differentiated appendiceal adenocarcinoma: survival out-
comes and patient selection. Ann Surg Oncol. 2017;24:2646-54.
Lieu CH, Lambert LA, Wolff RA, et al. Systemic chemotherapy
and surgical cytoreduction for poorly differentiated and signet
ring cell adenocarcinomas of the appendix. Ann Oncol.
2012;23:652-8.



	Sites of Recurrence After Complete Cytoreduction and Hyperthermic Intraperitoneal Chemotherapy for Patients with Peritoneal Carcinomatosis from Colorectal and Appendiceal Adenocarcinoma: A Tertiary Center Experience
	Abstract
	Background
	Methods
	Results
	Conclusion

	Methods
	Statistical Analysis

	Results
	Patient Characteristics
	Sites of Recurrence
	Survival Analysis
	Treatment of Recurrences and Survival

	Discussion
	Conclusion
	References




