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Abstract - Objective: Even after surgery and intensive postoperative treatment, the mortality
rate of patients with perforated colorectal cancer (CRC) is high. The purpose of this retrospective
study was to evaluate risk factors for postoperative recurrence and hospital mortality in patients
with perforated CRC.

Patients and Methods: We experienced a total of 142 patients who were diagnosed with colorec-
tal perforation and who underwent emergency surgery from 2008 to 2021. First, we performed a clin-
icopathological study of patients with perforated CRC. Next, we examined the clinicopathological char-
acteristics of the CRC and non-CRC groups. We investigated the histopathological characteristics and risk
factors for postoperative recurrence and hospital mortality in 32 patients with perforated CRC.

Results: The Hinchey stage of the CRC group was significantly higher than that of the non-CRC
group (p=0.00619), and that in the proximal site group was significantly higher than that of the
cancer site group (p=0.00489). The rate of recurrence in the proximal site perforation group was
significantly higher than that in the cancer site perforation group (p=0.0135). Patients with T4 dis-
ease showed a significantly higher rate of recurrence than those with T3 disease (p=0.0443). The
number of dissected lymph nodes in the recurrence-free group was significantly higher than that
in the recurrence group (p=0.0377). There was a tendency for more patients in the recurrence-free
group to receive postoperative adjuvant chemotherapy,; however, this difference was not statistical-
ly significant. The preoperative shock rate in the hospital mortality group was significantly higher
than that in the alive at discharge group (p=0.0169).

Conclusions: The proximal site perforation, T4 disease, and the small number of dissected
lymph nodes were the risk of the recurrence. The large number of preoperative shocks was the risk
of the hospital mortality.

KEYWORDS: Perforation, Colorectal cancer, Recurrence, Adjuvant chemotherapy, Hospital
mortality.

INTRODUCTION can easily lead to septic shock, and the disease
is likely to rapidly become severe. Once the dis-
Because colorectal perforation causes wide- ease becomes severe, it leads to disseminated

spread dissemination of bacteria throughout the intravascular coagulation (DIC) and multiple or-
intra-abdominal space, severe bacterial infection gan failure (MOF), a condition associated with a
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mortality rate of 12-26% in modern medicine'”.
To improve the survival rate, it is important to
accurately assess the patient’s general condi-
tion and preoperative risk factors for mortality,
and to apply appropriate surgical indications
and procedure selection with subsequent inten-
sive care. On the other hand, colorectal cancer
(CRC) is a frequent cause of colorectal perfora-
tion, and in many cases, perforation occurs in
patients with an advanced stage of disease and
is associated with a poor prognosis. However,
perforation in patients with CRC confers a risk
of postoperative recurrence due to the malignant
nature of the disease. Furthermore, the recur-
rence rate is higher in patients with CRC than
in those who have undergone elective surgical
treatment for CRC3!°. This is because patients
with perforated CRC are prone to peritoneal re-
currence due to the spread of cancer cells from
the perforation site into the peritoneal cavity'.
In addition, since patients with perforated CRC
have advanced cancer, the perforation may cause
peritonitis, which may reduce the systemic im-
mune capacity and lead to distant metastasis to
the liver and lungs'?. To improve the prognosis of
patients with perforated CRC, it seems import-
ant to explore the risk factors for recurrence. In
the present study, we aimed to clarify the clin-
ical characteristics of patients with colorectal
perforation, and to determine the characteristics
of patients with perforated CRC by comparing
the characteristics of patients with and without
CRC. We investigated the risk factors for the re-
currence of perforated CRC and how to improve
the prognosis. In addition, we analyzed the risk
factors for hospital mortality and investigated
appropriate treatments.

PATIENTS AND METHODS
Patients

We experienced a total of 142 patients who were
diagnosed with colorectal perforation and who
underwent emergency surgery from 2008 to 2021.
Among them, 32 patients with colorectal perfo-
ration caused by CRC were investigated. We ex-
cluded cases of perforation of the appendix and
cases of perforation due to suture failure in pa-
tients who received colorectal surgery.

Methods

First, we performed a clinicopathological study
of patients with perforated CRC. Next, we ex-

2

amined the clinicopathological characteristics of
the perforated CRC and non-CRC groups. The
preoperative data gathered included: age, sex,
perforation site, Hinchey stage, operation time,
time to operation from onset of symptoms, pres-
ence of preoperative shock (systolic pressure
<80 mmHg), the sequential organ failure assess-
ment (SOFA) score'®, and hospital mortality. In
addition, the sites of perforation were classified
into two groups (the cancer site group and the
proximal site group), and a clinicopathological
comparison was performed. In terms of post-
operative recurrence, we divided the patients
into two groups, the recurrence group and the
recurrence-free group, and compared their clin-
icopathological factors. Patients with perforated
CRC were classified into two groups: the hos-
pital mortality group and the alive at discharge
group, and risk factors for hospital mortality
were investigated. Finally, we compared overall
survival rates according to stage and site of per-
foration (cancer site, proximal site).

Evaluations

Regarding the extent of lymph node (LN) dissec-
tion in CRC patients, the Japanese guidelines™
stipulate a standard regional dissection involving
the intermediate and main lymph nodes. Dis-
ease stages were determined according to the 8th
UICCP. Patient background characteristics, sur-
gical findings, histopathological findings, postop-
erative course, and distant results were reviewed.

All procedures were in accordance with the
Ethical Standards of the Responsible Committee
on Human Experimentation (institutional and na-
tional) and with the 1964 Declaration of Helsinki
and later versions. This study was approved by
the Ethics Committee of Mitoyo General Hospital
(approval number: 21-CRO1-185; approval date,
December 19, 2021).

Statistical Analysis

Statistical analyses were performed using IBM
SPSS 24 package program (SPSS Inc., Armonk,
NY, USA). The chi-square and Fisher’s exact tests
were used to compare categorical variables, and
Student’s #-test or the Mann-Whitney test was
used to compare continuous variables. The over-
all survival was calculated using the Kaplan-Mei-
er method, and differences in survival were deter-
mined by using the log-rank test. All tests were
two-sided and values of <0.05 were considered
statistically significant.
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RESULTS

The mean age was 75.7 years old, and there were
19 males and 13 females.

The most common site of perforation was the
sigmoid colon (n=18; 56.3%), followed by the rec-
tum (n=7), transverse colon (n=3), cecum (n=3), as-
cending colon (n=1), and descending colon (n=1).
Twenty patients had proximal site perforation and
12 had cancer site perforation. The most common
treatment was primary resection without anas-
tomosis (n=21; 65.6%)), followed by primary re-
section with anastomosis (n=8), drainage without
resection (n=2), and second stage operation (n=1).
Surgery-related mortality rate was 6.3% (n=2) and
the hospital mortality rate was 15.6% (n=5).

The most common histological type was the
moderately differentiated type (tub2) (n=16; 50%),
followed by well differentiated type (tubl) (n=9),
mucinous adenocarcinoma (muc) (n=3), and pap-
illary adenocarcinoma (pap) (n=1). The pathologi-
cal stage was stage Il in 10 patients, stage Il in 8,
and stage IV in 9 (Table 1).

Clinicopathological characteristics
of the CRC and non-CRC groups

There were 32 patients in the CRC group and 110
patients in the non-CRC group. There were no sig-
nificant differences between the two groups with
respect to age, sex, perforation site, operation time,
time to operation from the onset of symptoms, pres-
ence of preoperative shock (systolic pressure <80
mmHg), sequential organ failure assessment (SOFA)
score, and hospital mortality. The Hinchey stage of
the CRC group was significantly higher than that of
the non-CRC group (p= 0.00619) (Table 2).

Clinicopathological characteristics
of the sites of perforation in the cancer site
and proximal site groups

The CRC patients were divided into two groups,
the cancer site group (n=12) and proximal site
group (n=20), according to the site of perforation
and their clinicopathological characteristics were
compared. There were no significant differences
between the two groups with respect to the mac-
roscopic classification, histological type, T factor,
N factor, pathological stage, time to operation from
the onset of symptoms, and hospital mortality. The
Hinchey stage of the proximal site group was sig-
nificantly higher than that of the cancer site group
(p=0.00489). The most common site of recurrence
was the peritoneum in both groups (Table 3).

TABLE 1. Clinicopathological characteristics of patients
with perforated CRC.

Clinicopathological
characteristics (n=32) Number (%)
Age (years) 75.7 (44-99)
Sex (male/female) 19/13
Location of tumor
Cecum 2 (6.3%)
Ascending colon 1(3.1%)
Transverse colon 3 (9.4%)
Descending colon 1 (3.1%)
Sigmoid colon 18 (56.3%)
Rectum 7 (21.9%)
Perforation site
Cancer site 12 (37.5%)
Proximal site 20 (62.5%)
Treatment
Primary resection without anastomosis 21 (65.6%)
Primary resection with anastomosis 8 (25%)
Drainage without resection 2 (6.3%)
Second stage 1 (3.1%)
Surgery-related mortality 2 (6.3%)
Hospital mortality 5 (15.6%)
Macroscopic classification
Type 2 20 (62.5%)
Type 3 9 (28.1%)
Unknown 3 (9.4%)
Histological type
tubl 9 (28.1%)
tub2 16 (50%)
pap 1(3.1%)
muc 3 (9.4%)
Unknown 3 (9.4%)
T factor
T3 17 (53.1%)
T4a 9 (28.1%)
T4b 6 (18.8%)
N factor
NO 10 (31.3%)
N1 12 (37.5%)
N2 1 (3.1%)
Unknown 9 (28.1%)
Stage
II 10 (31.3%)
11 8 (25%)
v 9 (28.1%)
Unknown 5 (15.6%)

tubl: well differentiated type; tub2: moderately differentiated
type; pap: papillary adenocarcinoma; muc: mucinous adeno-
carcinoma

Clinicopathological characteristics
of patients with and without recurrence

After excluding patients with stage IV disease or
an unknown disease stage, the 17 patients who
could be followed up were divided into two groups,
the recurrence group (n=9) and the recurrence-free
group (n=8), and their clinicopathological charac-
teristics were compared. There were no significant
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TABLE 2. Clinicopathological characteristics of CRC and non-CRC groups.

Cancer group Non-cancer p-value
(n=32) group (n=110)
Age (years) 75.7£11.8 75.0€14.2 0.756
Sex 0.159
Male 19 49
Female 13 61
Site of perforation 0.532
Cecum 2 1
Ascending colon 1 5
Transverse colon 3 7
Descending colon 1 6
Sigmoid colon 18 75
Rectum 7 16
Hinchey stage 0.00619
1 8 44
2 0 8
3 14 18
4 10 40
Operation time (min) 150.5+48.3 136.5+44.1 0.162
Time to operation from onset of symptoms (hours) 21.6£30.7 22.9432.3 0.114
Preoperative shock 0.659
Yes 2 12
No 30 98
SOFA score 1.56+1.5 1.73£2.0 0.695
Hospital mortality 0.679
Yes 5 12
No 27 98

Mean+tstandard deviation, SOFA: Sequential Organ Failure Assessment.

differences between the two groups with respect to discharge group (n=27). There were no significant

the macroscopic classification, histological type,
T factor, N factor, and pathological stage. Proxi-
mal site recurrence was observed significantly
more frequently than recurrence at the cancer site
(p=0.0135). In addition, in patients with recur-
rence, T4 disease was observed significantly more
frequently than T3 disease (p=0.0443). The num-
ber of dissected lymph nodes was significantly
higher in the recurrence-free group than in the re-
currence group (p=0.0377). With regard to postop-
erative adjuvant chemotherapy, the recurrence-free
group tended to receive adjuvant chemotherapy
more frequently; however, this difference was not
statistically significant (Table 4).

Clinicopathological characteristics
of the hospital mortality group
and the alive at discharge group

We compared the clinicopathological results of
the hospital mortality group (n=5) and the alive at

differences between the groups in terms of age,
sex, site of perforation, perforation site (cancer
site or proximal site), pathological stage, Hinchey
stage, operation time, time to operation from the
onset of symptoms, and SOFA score. The fre-
quency of preoperative shock was significantly
higher in the hospital mortality group than in the
alive at discharge group (p=0.0169) (Table 5).

Overall survival

A significant difference was observed in the
S-year overall survival rates of the stage II and
stage IV groups (p=0.029). In contrast, the
S-year overall survival rates of the stage II and
stage III groups did not differ to a statistical-
ly significant extent (Figure 1). Furthermore,
the 5-year overall survival rates of the cancer
site perforation and proximal site perforation
groups did not differ to a statistically signifi-
cant extent (Figure 2).
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TABLE 3. Clinicopathological characteristics of the cancer site perforation group and the proximal site perforation group.

Cancer site Proximal site p-value
group (n=12) group (n=20)
Macroscopic classification 0.351
Type 2 8 12
Type 3 2 7
Unknown 2 1
Histological type 0.358
tubl 2 7
tub2 5 11
pap 1 0
muc 2 1
Unknown 2 1
T factor 0.257
T3 5 12
T4a 3 6
T4b 4 2
N factor 0.191
NO 3 7
N1 4 6
N2 0 1
Unknown 5 6
Stage 0.541
11 3 7
111 1 5
v 4 5
Unknown 4 3
Recurrent site*
Peritoneum 1 6
Liver 0 4
Lung 1 3
Local 0 2
Hinchey stage 0.00489
1 3 5
2 0 0
3 9 5
4 0 10
Time to operation from onset of symptoms (hours) 23.2433.2 20.7£29.9 0.292
Hospital mortality 1(8.3%) 4 (20%) 0.615

tubl: well differentiated type, tub2: moderately differentiated type, pap: papillary adenocarcinoma, muc: mucinous adenocarci-
noma Meantstandard deviation, Recurrent site*: there are duplicates.

DISCUSSION

Severe colorectal perforation has a poor prognosis
and can easily lead to sepsis, DIC, and MOF due
to generalized peritonitis. In the past, the mortal-
ity rate was reported to be 12-26% even after im-
mediate treatment with emergency surgery>®!6-1%,
The prediction of mortality using routinely, and
easily available preoperative parameters is im-
portant for providing adequate information about
the likelihood of postoperative death to patients
and their families and to prepare for intensive

postoperative management should the need for
rescue arise. If the patient recovers from severe
disease, long-term survival can be expected be-
cause of the disease is benign. However, in the
case of perforated CRC, even if the patient recov-
ers from the acute phase, they may have distant
metastasis or postoperative recurrence, which re-
quire treatment.

The Hinchey stage of patients with perforat-
ed CRC was significantly higher in comparison to
the non-CRC group. One of the reasons for this
was that the non-CRC group included 9 cases of
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TABLE 4. Clinicopathological characteristics of the recurrence and recurrence-free groups.

Recurrence Recurrence-free  Recurrence
group (n=9) group (n=8) rate (%) p-value
Macroscopic classification 0.127
Type 2 4 7 36.4
Type 3 5 1 83.3
Histologic type 0.56
tubl 3 3 50
tub2 5 4 55.6
pap 0 1 0
muc 1 0 100
Site of perforation 0.0135
Cancer site 4 20
Proximal site 4 66.7
T factor 0.0443
T3 4 8 50
T4a 4 0 100
T4b 1 0 100
N factor 0.544
NO 5 4 55.6
N1 3 4 429
N2 1 0 100
Stage 0.626
11 5 4 55.6
il 4 4 50
Adjuvant chemotherapy
Yes 3 6 333 0.1442
No 6 2 75
Number of dissected lymph nodes 5.4+4.8 12.947.6 0.0377

tubl: well differentiated type; tub2: moderately differentiated type pap: papillary adenocarcinoma muc: mucinous adeno-

carcinoma Meanztstandard deviation.

iatrogenic perforation and 2 cases of fishbone per-
foration. In addition, in the group of patients with
perforated CRC, perforation of a proximal site
was more common than perforation of the can-
cer site in 20 cases (62.5%), which was thought to
have been due to the dispersal of a large amount of
stool from the proximal site, which was stenosed
by the cancerous part, into the abdominal cavity.
In the cancer site perforation group, perito-
neal contamination was usually localized and pu-
rulent, whereas in the proximal site perforation
group it was most often diffuse and fecal. A sig-
nificant difference was observed in the Hinchey
stages of the two groups’. In the present study,
the Hinchey stage of the proximal site perforation
group was significantly higher in comparison to
the cancer site perforation group. The reason for
this, as mentioned previously, was that a perfora-
tion at a proximal site was more likely to cause a
large amount of feces to spread into the abdom-
inal cavity, due to the pressure on the intestinal
tract caused by the stenosis of the cancerous area.

In the 17 patients who could be followed up
(after excluding patients with stage IV disease or
unknown stage), the rate of T4 disease was signifi-
cantly higher than that of T3 disease in patients with
postoperative recurrence. The deeper the depth, the
higher the frequency of recurrence, especially in pa-
tients with T4 disease, which seemed to be an obvi-
ous result. In addition, in patients with postoperative
recurrence, perforation was observed significantly
more frequently at proximal sites in comparison
to the cancer site. Harris et al' reported that in the
case of cancer site perforation, because recurrence
resulted from the local dissemination of cancer
cells, many cases of non-hematogenous recurrence
are observed at the local site, the peritoneum, and
other locations. Several reports have indicated high
recurrence rates both locally (15.7-44%)2**' and at
distant sites (44%) in patients with perforated CRC.
However, the sites of recurrence and their incidence
were unclear. In the present study, peritoneal recur-
rence or local recurrence were observed in 1 patient
(50%) in the cancer site perforation group and 8 pa-
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TABLE 5. Clinicopathological characteristics of the hospital mortality group and the alive at discharge group.

Hospital mortality Alive at discharge p-value
group (n=5) group (n=27)
Age (years) 72.4+13.8 76.3£11.6 0.516
Sex
Male 2 17 0.620
Female 3 10
Site of perforation 0.881
Cecum 0 2
Ascending colon 0 1
Transverse colon 0 3
Descending colon 0 1
Sigmoid colon 4 14
Rectum 1 6
Perforation site 0.581
Cancer site 1 11
Proximal site 3 17
Stage 0.576
11 1 9
1T 0 8
v 1 8
Unknown 3 2
Hinchey stage 0.0917
1 0 8
2 0 0
3 I 13
4 4 6
Operation time (min) 138+41.5 152.8+49.8 0.640
Time to operation from onset of symptoms (hours) 8+5.1 24.2+32.8 0.584
Preoperative shock 0.0169
Yes 2 0
No 3 27
SOFA score 2.4+£29 1.4+1.2 0.891

Mean#standard deviation, SOFA: Sequential Organ Failure Assessment.
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Fig. 1. Overall survival curves of patients with perforated CRC according to stage. A significant difference was observed in the

S-year overall survival rates of the stage II and IV groups (p=0.029). The 5-year overall survival rates of the stage II and stage
III groups did not differ to a statistically significant extent.
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Fig. 2. Overall survival curves of patients with perforated CRC according to the site of perforation. The 5-year overall survival
rates of the cancer site perforation group and proximal site perforation group did not differ to a statistically significant extent.

tients (40%) in the proximal site perforation group.
The frequency of peritoneal or local recurrence at
the cancer site was not lower than that at proximal
sites. The reason for the more frequent recurrence
in patients with proximal site perforation was that
the proximal site group included more cases of liv-
er (n=4) and lung (n=3) haematogenetic metastasis
as well as peritoneal and local recurrence. Radical
LN dissections cannot be performed in patients with
perforated CRC, due to severe inflammation and
the poor general condition of the patient. However,
sufficient LN dissection (=12 LNs) increased the
overall survival of patients with perforated CRC%.
In the present study, the number of dissected lymph
nodes in the recurrence-free group was significantly
higher than that in the recurrence group (p=0.0377).
As the recurrence rate increases, the prognosis will
naturally become worse.

In the present study, there was a tendency for
more patients in the recurrence-free group to receive
adjuvant chemotherapy. The recurrence rate was
33.3% in patients who received postoperative ad-
juvant chemotherapy, whereas it was 75% in those
who did not. Although age and the patient’s general
condition need to be considered when determining
its application, postoperative adjuvant chemothera-
py was suggested to be useful for preventing post-
operative recurrence in patients with perforated
CRC?2, Among patients with perforated CRC, the
overall survival of the patients with stage II disease
was not significantly different from that of patients
with and stage III disease. Postoperative adjuvant
chemotherapy was therefore considered necessary
for patients with stage II or III disease.

The operative mortality rate in patients who re-
ceive elective surgery for CRC is 3%, whereas that
for perforated (including obstructive) CRC is 2—4

times higher®. In the present study, the operative
mortality rate was 6.3% and the hospital mortality
rate was 15.6%. In patients with perforated CRC, the
preoperative shock rate was significantly higher in
the hospital mortality group (40%) than in the alive
at discharge group (0%). Thus, preoperative shock
was the only risk factor for hospital mortality in pa-
tients with perforated CRC. Radical LN dissection
is recommended but cannot always be performed
during surgery for perforated CRC because exces-
sive surgical stress must be avoided when the patient
is in a poor general condition®. In the case of perfo-
ration of CRC, if the patient is in a state of preopera-
tive shock, surgical treatment may have to be chosen
to avoid surgery-related death rather than to cure the
cancer, depending on the situation.

The present study is associated with several lim-
itations. First, the operative and postoperative man-
agement was performed by different doctors and was,
therefore, inconsistent in its quality. Second, this study
was conducted at a single center and the study popu-
lation was relatively small. A large-scale multicenter
study should be performed to confirm our findings.

CONCLUSIONS

Among patients with colorectal perforation, the
Hinchey stage of the perforated CRC group was
significantly higher than the non-CRC group. Fur-
thermore, the Hinchey stage of the proximal site
perforation group was significantly higher than that
of the cancer site perforation group. Among the 17
patients who could be followed up (after excluding
patients with stage IV disease or unknown stage),
the rate of T4 disease was significantly higher than
that of T3 disease in patients with postoperative
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recurrence. Among patients with postoperative
recurrence, perforation was observed at proximal
sites significantly more frequently in comparison to
cancer sites. Third the number of dissected lymph
nodes in the recurrence-free group was significantly
higher than that in the recurrence group. Among pa-
tients with perforated CRC, postoperative adjuvant
chemotherapy was considered necessary for stage 11
disease as well as those with stage I1I disease. Pre-
operative shock was an independent risk factor for
hospital mortality in patients with perforated CRC.
In order to improve the mortality rate and progno-
sis of patients with perforated CRC, it is important
to identify patients with risk factors for recurrence
and hospital mortality, select an appropriate surgical
procedure, and provide intensive treatment.
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