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Abstract

Background & Aims In this retrospective study, we aimed to elucidate how the initial recurrence site influences the
post-recurrence survival (PRS) after the curative resection of colorectal cancer.

Patients and methods We collected samples from patients with stage I-lll colorectal adenocarcinoma who were
admitted to Yunnan Cancer Hospital from January 2008 to December 2019. Four hundred and six patients who
developed recurrence after radical resection were included. The cases were classified according to the original site of
recurrence as follows: liver metastases (n=98), lung metastases (n=127), peritoneum (n=32), other individual organ
(n=169), two or more organs or sites (n =49), and local recurrence (n=31). Kaplan—Meier survival curves were used to
compare the PRS of patients with different initial sites of recurrence. The influence of the initial recurrence site on PRS
was analyzed using the Cox proportional hazards model.

Results The 3-year PRS of simple liver metastasis was 54.04% (95% Cl, 45.46%-64.24%), and the 3-year PRS of simple
lung metastasis was 50.05% (95% Cl, 42.50%-58.95%). No significant difference was observed between simple liver
metastasis or simple lung metastasis and local recurrence with a 3-year PRS of 66.99% (95% Cl, 53.23%-84.32%). The
3-year PRS for peritoneal metastases was 25.43% (95% Cl, 14.76%-43.82%), and the 3-year PRS for two or more organ
sites was 34.84% (95% Cl, 24.16%-50.24%). The peritoneal (hazard ratio [HR], 1.75; 95% Cl, 1.10-2.79; P=0.0189) and
metastasis to two or more organs or sites (HR, 1.59; 95% Cl, 1.05-2.43; P=0.0304) were PRS-independent adverse
prognostic factors.

Conclusion The prognosis of patients with peritoneum and multiple organs or sites recurred was poor. This study
suggests early monitoring of peritoneal and multiple organ or site recurrence after surgery. This part of patients
should receive comprehensive treatment as early as possible to improve their prognosis.
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Introduction

The key reason for the increasing mortality of colorec-
tal cancer each year is the recurrence and metastasis
of the cancer after radical surgery in some patients [1].
Data from our center published previously indicates
that 25.10% of patients with stage I-III colorectal can-
cer experience postoperative recurrence [2]. Multiple
influencing factors, including histological grade, serum
CEA level, tumor location, surgical method, number
of positive lymph nodes, and adjuvant chemotherapy,
function as independent risk factors for the recurrence
and metastasis of colorectal cancer post-surgery [3, 4].
A post-recurrence survival (PRS) of 23.1 months after
colorectal cancer recurrence was reported, and the
post-recurrence prognosis was found to be poor [5].
Older age, advanced pathological stage, rectal tumor,
and recurrence are independent risk factors for PRS in
colorectal cancer [6]. Postoperative recurrence surgery,
chemotherapy, and radiotherapy can affect the PRS. The
accurate detection of recurrent lesions after the resec-
tion of colorectal cancer and appropriate treatment
post-recurrence can reduce the mortality of patients
with colorectal cancer [7, 8].

Although the duration of survival post recurrence is
significantly reduced, in recent years, with the advance-
ment of medical technology, the methods used for oli-
gometastatic therapy have been improved continuously,
and currently, patients with post-surgery recurrence
have longer survival. However, differences in the site of
initial recurrence may still affect patient outcomes. The
accurate detection of the site of initial recurrence leading
to poor patient outcomes post recurrence is important
for treatment. In addition, predicting the prognosis post
recurrence is also important for determining the treat-
ment strategy for colorectal cancer. However, a limited
number of studies have investigated the effect of the ini-
tial site of recurrence on the postoperative prognosis.

In this study, the first recurrence of organ metastases
after surgery was categorized based on six initial sites of
recurrence, and the impact of each initial recurrence site
on the post-recurrence prognosis was analyzed.

Patients and methods

Ethics statement

This study protocol was reviewed and approved by the
Institutional Review Board of Yunnan Cancer Hospital
(KY2019141) and conducted in accordance with the prin-
ciples of the Declaration of Helsinki. Written informed
consent was obtained from all patients.

Inclusion of patients
The study was conducted in accordance with the require-
ments of the Reporting Epidemiology for Enhanced
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Observational Studies (STROBE) Statement: Guidelines
for Reporting Observational Studies [9]. We included
patients with stage I-III colorectal adenocarcinoma
undergoing radical surgical resection who were treated
at Yunnan Cancer Hospital from March 8, 2010 to May
29, 2018. Four hundred and six patients with postop-
erative recurrence and a follow-up of more than 3 years
were included in this retrospective study. Patients who
received preoperative neoadjuvant therapy and had a his-
tory of other primary tumors were excluded from this
study.

Postoperative monitoring and recurrence

Routine blood tumor marker testing and computed
tomography (CT) scans of the thoracic and abdomi-
nal regions were performed every 3-6 months after
1-3 years and every 6-12 months after 4-5 years after
colorectal cancer resection. When symptoms developed
during the follow-up, imaging diagnosis was conducted
based on the results of the following tests: positron emis-
sion tomography (PET-CT) or bone scintigraphy for
bone pain; magnetic resonance imaging (MRI) or CT of
the head for neurological symptoms; whole abdomen
enhanced CT, abdominal ultrasound, and gastrointestinal
endoscopy for abdominal symptoms. If the site of recur-
rence was identified, cranial MRI or CT and PET-CT or
bone scintigraphy was routinely performed. Based on the
results of the diagnostic imaging tests, collective diagno-
sis by a colorectal surgeon, medical oncologist, patholo-
gist, and radiologist was performed to determine the site
of recurrence. Needle biopsy was performed on the sites
in which recurrence could not be confirmed.

Classification of the site of initial recurrence

The site of initial recurrence was defined as the organ
of recurrence and could be identified by each diagnostic
imaging test performed before treatment for identifying
recurrence. The initial metastatic organs were catego-
rized based on six sites of initial recurrence: (1) simple
liver metastasis; (2) simple lung metastasis, including
metastasis in one or both lungs; (3) peritoneal metas-
tasis (with or without abdominal organ metastasis);
(4) metastasis to other individual organs, including an
unlimited number of distant lymph nodes, bone, adrenal
gland, ovary, uterus, bladder, ureter, abdominal wall, and
muscles, among other organs; (5) two or more organs or
sites; (6) local recurrence, clear diagnosis by colonoscopy
biopsy, and no distant metastasis. Recurrence-free sur-
vival (RFS) and PRS were analyzed for patients with and
without recurrence. RFS was defined as the survival from
surgery to postoperative recurrence or all-cause death
for colorectal cancer. PRS was defined as the time from
first evidence detection to censored patient relapse to
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all-cause death in the absence of events in the last obser-
vation period.

Statistical analysis

Continuous variables were compared between the two
groups using the Mann—Whitney U test. Categorical var-
iables were compared using Fisher’s exact test. PRS was
analyzed using the Kaplan—Meier method, and the log-
rank test was used for intergroup comparisons. Univari-
ate and multivariate analyses of PRS was performed using
the Cox proportional hazards model. The following varia-
bles were analyzed: age, gender, body mass index, time to
recurrence, initial recurrence site, surgical route, primary
tumor location, tumor differentiation, tissue type, patho-
logical T stage, pathological N stage, number of lymph
nodes dissected, vessels, neural invasion, tumor depo-
sition, postoperative adjuvant chemotherapy, adjuvant
chemotherapy regimen, adjuvant chemotherapy cycle,
palliative chemotherapy, preoperative carcinoembryonic
antigen (CEA), carcinoma antigen 19-9 (CA199), and
postoperative CEA. Multivariate analysis was performed
for all variables with P value<0.05 in the univariate
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analysis. The analyses were two-sided and conducted
using the R software (version 3.6.3; http://www.R-proje
ct.org). Statistical significance was set at P-value <0.05.

Results

A total of 3599 patients with stage I-III colorectal adeno-
carcinoma who underwent radical surgery in Yunnan
Cancer Hospital from 2008 to 2019 were selected. In
strict adherence with the inclusion and exclusion criteria,
406 patients with recurrence after radical resection were
enrolled. According to recurrence within 2 years, 252
cases of early recurrence and 154 cases of late recurrence
were identified. According to the recurrence pattern, 31
cases of local recurrence, 315 cases of distant metastasis,
and 60 cases of simultaneous recurrence were identified.
Based on the recurrence site, 98 cases (24.14%) of pure
liver metastasis, 127 cases (31.28%) of pure lung metas-
tasis, 32 cases (7.88%) of peritoneal metastasis, 69 cases
(17.00%) of metastasis to other individual organs, and
49 cases (12.07%) of metastasis to two or more organ or
sites were identified (Fig. 1). The median patient age was
60 years (range 21-87 years). Two hundred and twenty

3599 cases of patients with stage I-III colorectal
cancer diagnosed in Yunnan Provincial Cancer
Hospital during 2008-2019

783 Excluded

(1)12 patients with second primary cancer, including 1 case of prostate
cancer, 3 cases of breast cancer, 5 cases of thyroid, and 3 cases of bladder
cancer;

(2) 34 patients with double primary colorectal cancer, including simultaneity
and metachronism;

(3) 3 patients with primary colorectal cancer;

(4) 734 patients with neoadjuvant therapy;

(5) 2816 Patients without postoperative recurrence

604 patients with postoperative
recurrence of stage I-III colorectal

recurrence (recurrence

252 patients with early cancer

198 Patients with postoperative

follow-up less than 3 years

within 2 years)

406 Patients with follow-up for
more than 3 years

154 patients with late
recurrence (recurrence

over 2 years)

|

31 patients with local
recurrence

315 patients with distant
metastasis

60 patients with
simultaneous
recurrence(Local recurrence
and distant metastasis)

|

J

98 patients with simple
liver metastases

127 patients with
simple lung metastases

32 patients with Peritoneal
metastasis (with or without
abdominal organ
metastasis)

69 patients with other
individual organ

49 patients with two or
more organs or sites

Fig. 1 Study flow chart
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(54.19%) patients were males. The median RFS was
11.90 months (range 0.27-66.67 months). After at least
3 years of follow-up, 235 (57.88%) patients died (Table 1).

The 3-year PRS rate of 252 patients with early relapse
was 44.59% (95% CI, 38.85%-51.19%), whereas the
3-year PRS rate of 154 patients with late recurrence
was 53.28% (95% CI, 46.20%-61.45%) (HR, 0.78; 95% CI,
0.59-1.02; P=0.0717) (Table 2 and Fig. 2A). The 3-year
PRS of patients with local recurrence was 66.83% (95%
CI, 53.04%-84.22%), and the 3-year PRS of patients with
distant metastasis was 49.41% (95% CI, 44.16%-55.27%),
which were significantly greater than the 3-year PRS in
patients with synchronous recurrence and metastasis
(30.32%; 95% CI, 21.10%-43.56%) (Table 2 and Fig. 2B).
The 3-year PRS of patients with simple liver metasta-
ses was 54.04% (95% CI, 45.46%-64.24%), and the 3-year
PRS of patients with simple pulmonary metastases was
50.05% (95% CI, 42.50%-58.95%). No significant differ-
ence was observed in patients with relapse. The 3-year
PRS of patients with peritoneal metastases was 25.43%
(95% CI, 14.76%-43.82%), and the 3-year PRS of patients
with metastases to two or more organs was 34.84% (95%
CI, 24.16%-50.24%) (Table 2 and Fig. 2C).

Univariate and multivariate analyses of the factors asso-
ciated with PRS are shown in Table 2. Univariate analysis
showed that peritoneal metastasis, metastasis to two or
more organs or sites, distant metastasis, right colon and
rectal cancer, later pathological N stage, vascular inva-
sion, tumor deposition, preoperative CEA, CA199 eleva-
tion, and postoperative CEA elevation were associated
with a shorter PRS. Metastasis to the peritoneum (haz-
ard ratio [HR], 1.75; 95% CI, 1.10-2.79; P=0.0189) and
two or more organs or sites (HR, 1.59; 95% CI, 1.05-2.43;
P=0.0189) in multivariate analysis (0.0304) along with a
later pathological N stage was an independent poor prog-
nostic factor for PRS (Table 2).

The 3-year PRS rate was 25.43% (95% CI, 14.76%-
43.82%) in patients with peritoneal recurrence, in con-
trast to 49.89% (95% CI, 44.96%-55.36%) in patients
without peritoneal recurrence (HR, 1.97; 95% CI, 1.30—
2.98; P=0.0015) (Table 2 and Fig. 3C). The 3-year PRS
rate was 34.84% (95% CI, 24.16%-50.24%) in patients
with recurrence in two or more organ sites, whereas
in patients with recurrence in other individual organs
(including liver alone, lung alone, peritoneum, local
metastasis, or metastasis in other sites), the 3-year PRS
rate was 49.68% (95% CI, 44.67%-55.26%) (HR, 1.51;
95% CI, 1.04—2.18; P=0.0296) (Table 2 and Fig. 3E). The
3-year PRS rate was 66.99% (95% CI, 53.23%-84.32%) in
patients with local recurrence, compared with 46.47%
(95% CI, 41.59%-51.93%) in patients without local recur-
rence (HR, 0.51; 95% CI, 0.29-0.94; P=0.0310) (Table 2
and Fig. 3F). No significant difference was observed in
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the 3-year PRS between patients with and without liver
metastases alone, lung metastases alone, and metastases
to other individual organs (P> 0.05) (Fig. 3A, B, D).

Discussion

The key finding of this study is that the prognosis of
patients with local recurrence is the same as that of
patients with liver or lung metastases alone. Patients with
peritoneal metastases and metastases to two or more
organ sites had the worst prognosis, and these were inde-
pendent poor prognostic factors for PRS. Sawayama et al.
demonstrated that liver metastases are associated with
early recurrence in patients with stage I-III CRC [10].
Patients with hepatic recurrence with dissemination had
a shorter PRS after recurrence compared with patients
with recurrence in other organs. Patients with recur-
rence in the lungs had better prognosis than patients
with recurrence in other organs. The number of meta-
static organs and invasive treatment was correlated with
patient prognosis. Future studies on the number of initial
recurrences and treatment strategies for organs may help
improve the prognosis of patients with colorectal cancer
post recurrence.

In this study, we analyzed the data of patients who
exhibited relapse within 2 years and those who exhibited
relapse after 2 years and found no significant difference in
the prognosis between the two groups. Possibly, 2 years is
not the optimal cut-off value for assessing RFS. Evidence
from studies has confirmed that colorectal cancer recur-
rence within 16 months of initial treatment should be
marked as "early stage." A primary tumor stage of pT3,4/
ypT3,4 and positive lymph node status pN + /ypN + pre-
dict early recurrence [11]. In other studies, patients with
early recurrence of less than 13 months showed signifi-
cantly shortened post-recurrence overall survival. Higher
preoperative CA19-9 levels, venous invasion, and the
absence of adjuvant chemotherapy were associated with
early recurrence [12].

This study also showed that the incidence of pure lung
metastases was higher than that of pure liver metastases.
The potential reason is that we included 216 (53.20%)
patients with rectal cancer. Patients with primary rectal
cancer have been shown to be more likely to develop lung
metastases than patients with colon cancer [13]. Clinical
studies on colorectal cancer have shown differences in
the metastatic patterns between mucinous adenocarci-
noma, signet ring cell carcinoma, and the more common
adenocarcinoma. Adenocarcinoma primarily metasta-
sizes to the liver, whereas peritoneal metastasis is more
common in mucinous adenocarcinoma and signet ring
cell carcinoma [14]. Clinicopathological and prognostic
differences between signet-ring cell carcinoma (SRCC)
and adenocarcinoma (ADC) in colorectal cancer. SRCC
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Table 1 Patient characteristics
Characteristic All (406) No death (171) Death (235) P-value
Age (years)
Mean (SD) 58.72(12.71) 58.11(12.87) 59.17 (12.59) 0408
Median (IQR) 60.00 (21.00-87.00) 60.00 (21.00-85.00) 61.00 (22.00-87.00)
BMI (kg/m?)
Mean (SD) 22.36 (3.25) 22.70 (3.24) 22.12(3.23) 0.077
Median (IQR) 21.89 (13.89-34.29) 22.04 (15.24-31.60) 21.78 (13.89-34.29)
Recurrence group 0.005
Local recurrence 31 (7.64%) 19 (11.11%) 12 (5.11%)
Distant metastasis 315 (77.59%) 136 (79.53%) 179 (76.17%)
Simultaneous recurrence 60 (14.78%) 16 (9.36%) 44 (18.72%)
Recurrence time 0.058
Early recurrence 252 (62.07%) 97 (56.73%) 155 (65.96%)
Late recurrence 154 (37.93%) 74 (43.27%) 80 (34.04%)
Recurrence site 0.013
Liver 98 (24.14%) 47 (27 49%) 51 (21.70%)
Lung 127 (31.28%) 52 (30.41%) 75(31.91%)
Peritoneum 32 (7.88%) 7 (4.09%) 25 (10.64%)
Other individual organ 69 (17.00%) 31 (18.13%) 38(16.17%)
Two or more organs or sites 49 (12.07%) 15 (8.77%) 34 (14.47%)
Local recurrence 31 (7.64%) 19 (11.11%) 12 (5.11%)
Liver 0.179
No 308 (75.86%) 124 (72.51%) 184 (78.30%)
Yes 98 (24.14%) 47 (27.49%) 51 (21.70%)
Lung 0.747
No 279 (68.72%) 119 (69.59%) 160 (68.09%)
Yes 127 (31.28%) 52 (30.41%) 75(31.91%)
Peritoneum 0.016
No 374 (92.12%) 164 (95.91%) 210 (89.36%)
Yes 32 (7.88%) 7 (4.09%) 25 (10.64%)
Other individual organ 0.604
No 337 (83.00%) 140 (81.87%) 197 (83.83%)
Yes 69 (17.00%) 31 (18.13%) 38 (16.17%)
Two or more organs or sites 0.082
No 357 (87.93%) 156 (91.23%) 201 (85.53%)
Yes 49 (12.07%) 15 (8.77%) 34 (14.47%)
Local recurrence 0.024
No 375 (92.36%) 152 (88.89%) 223 (94.89%)
Yes 31 (7.64%) 19 (11.11%) 12 (5.11%)
Sex, no. (%) of patients 0.738
Male 220 (54.19%) 91 (53.22%) 129 (54.89%)
Female 186 (45.81%) 80 (46.78%) 106 (45.11%)
Surgical approach 0.056
OR 291 (71.67%) 114 (66.67%) 177 (75.32%)
LR 115 (28.33%) 57 (33.33%) 58 (24.68%)
Primary site 0.102
Right colon 105 (25.86%) 36 (21.05%) 69 (29.36%)
Left colon 85 (20.94%) 42 (24.56%) 43 (18.30%)
Rectum 216 (53.20%) 93 (54.39%) 123 (52.34%)
Tumor differentiation, no. (%) of patients 0.340
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Table 1 (continued)
Characteristic All (406) No death (171) Death (235) P-value
Unknown 39 (9.61%) 17 (9.94%) 22 (9.36%)
Well 15 (3.69%) 6(3.51%) 9 (3.83%)
Moderate 199 (49.01%) 92 (53.80%) 107 (45.53%)
Poor-undifferentiated 153 (37.68%) 56 (32.75%) 97 (41.28%)
Mucinous type 0.260
No 386 (95.07%) 165 (96.49%) 221 (94.04%)
Yes 20 (4.93%) 6(3.51%) 14 (5.96%)
T stage, no. (%) of patients 0.068
T0 12 (2.96%) 8 (4.68%) 4(1.70%)
T 34 (8.37%) 18 (10.53%) 16 (6.81%)
13 336 (82.76%) 132 (77.19%) 204 (86.81%)
T4 24 (5.91%) 13 (7.60%) 11 (4.68%)
N stage, no. (%) of patients <0.001
NO 158 (38.92%) 87 (50.88%) 71 (30.21%)
N1 149 (36.70%) 57 (33.33%) 92 (39.15%)
N2 99 (24.38%) 27 (15.79%) 72 (30.64%)
AJCC 8th ed. stage <0.001
| 39 (9.61%) 24 (14.04%) 15 (6.38%)
Il 119 (29.31%) 63 (36.84%) 56 (23.83%)
Il 248 (61.08%) 84 (49.12%) 164 (69.79%)
Lymph node yield, n (%) 0.267
<12 98 (24.14%) 46 (26.90%) 52 (22.13%)
>12 308 (75.86%) 125 (73.10%) 183 (77.87%)
LVI 0.022
Unknown 54 (13.30%) 28 (16.37%) 26 (11.06%)
Yes 56 (13.79%) 15 (8.77%) 41 (17.45%)
No 296 (72.91%) 128 (74.85%) 168 (71.49%)
PNI 0.270
Unknown 81 (19.95%) 34 (19.88%) 47 (20.00%)
Yes 23 (5.67%) 6(3.51%) 17 (7.23%)
No 302 (74.38%) 131 (76.61%) 171 (72.77%)
Tumor deposit, no. (%) of patients 0.191
No 340 (83.74%) 148 (86.55%) 192 (81.70%)
Yes 66 (16.26%) 23 (13.45%) 43 (18.30%)
Adjuvant chemotherapy, no. (%) of patients 0.635
No 109 (26.85%) 48 (28.07%) 61 (25.96%)
Yes 297 (73.15%) 123 (71.93%) 174 (74.04%)
Chemotherapy regimen 0.524
5-FU/capecitabine 25 (8.42%) 13 (10.57%) 12 (6.90%)
CAPOX/XELOX 90 (30.30%) 34 (27.64%) 56 (32.18%)
FOLFOX 164 (55.22%) 70 (56.91%) 94 (54.02%)
Other 18 (6.06%) 6 (4.88%) 12 (6.90%)
Chemotherapy cycle 0.748
<6 153 (51.52%) 62 (50.41%) 91 (52.30%)
>6 144 (48.48%) 61 (49.59%) 83 (47.70%)
Adjuvant radiotherapy 0.197
No 385 (94.83%) 165 (96.49%) 220 (93.62%)
Yes 21 (5.17%) 6(3.51%) 15 (6.38%)
Palliative chemotherapy 0.581
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Table 1 (continued)

Characteristic All (406) No death (171) Death (235) P-value
No 32 (7.88%) 12 (7.02%) 20 (8.51%)
Yes 374(92.12%) 159 (92.98%) 215 (91.49%)

Preoperative CEA, ng/mL
Mean (SD) 31.22 (254.29) 13.14 (23.55) 4434 (333.10) 0.225
Median (IQR) 5.33(0.20-4688.00) 4.13 (0.49-150.50) 5.87(0.20-4688.00)

Preoperative CA19-9, ng/ml Mean
(SD) 37.82(90.08) 2542 (36.39) 46.80 (113.46) 0.020
Median (IQR) 15.53 (0.59-1405.00) 14.80 (0.60-253.10) 16.78 (0.59-1405.00)

Postoperative CEA, ng/mL Mean
(SD) 34.36 (233.80) 5.55(16.92) 5541 (305.78) 0.042
Median (IQR) 2.38 (0.20-2965.00) 2.00 (0.20-174.60) 2.72 (0.20-2965.00)

1 Data are presented as median (IQR), mean (SD), or n (%)

2 Abbreviations: PRS post-recurrence survival, RFS recurrence-free survival, BMI Body Mass Index, CEA carcinoembryonic antigen, CA 19-9 carcinoma antigen 19-9, LR
laparoscopic resection, LVI lymphovascular invasion, OR open resection, PN/ perineural invasion

3 Pvalue, using Wilcoxon Mann-Whitney test, chi-square test, or exact Fisher test depending on whether the variable is continuous or categorical

is more likely than ADC to have a lymphatic and peri-
neural invasion, resulting in significantly poorer survival
outcomes. Improving the therapeutic effect of peritoneal
metastasis may be the key to the treatment of SRCC[15].

When organs other than the liver were analyzed for
metastases, the location was found to affect the meta-
static patterns. Rectal cancers are more likely to metas-
tasize to the chest, nervous system, and bones, whereas
colon cancers are more likely to metastasize to the peri-
toneum [16]. The overall metastasis rate (including that
of liver or lung metastasis) of right hemicolectomy has
been shown to be lower. Meanwhile, left hemicolectomy
has a higher rate of liver metastases. Sigmoidectomy
has higher rates of liver, pulmonary, and brain metasta-
ses [17]. Patients with liver metastases from right-sided
colon cancer have a worse prognosis than patients with
liver metastases from left-sided colon cancer and are less
likely to require re-excision [18]. The overall survival of
patients with peritoneal recurrence was worse than that
of patients with recurrence at other sites. In a study of
2077 patients with stage II or III colon cancer, female
patients, stage T4, mucinous adenocarcinoma or signet
ring cell carcinoma, and right colon cancer were associ-
ated with a significantly greater risk of postoperative per-
itoneal recurrence [19].

Some patients with post-recurrence metastatic colo-
rectal cancer can be cured with surgery. Longer survival
can be achieved by palliative chemotherapy, interven-
tional therapy, radiofrequency treatment, and intraperi-
toneal hyperthermic perfusion chemotherapy. A careful
follow-up and timely intervention of patients with colo-
rectal cancer with progressive disease are essential com-
ponents of the management strategy recommended by

multidisciplinary treatment teams. Surgery should be
combined with systemic chemotherapy in the treatment
of colorectal cancer liver metastases [20]. Radiofrequency
ablation of colorectal lung metastases can help achieve
good long-term survival with a low incidence of serious
adverse events [21]. Hyperthermic intraperitoneal chem-
otherapy (HIPEC) has emerged as a potential treatment
modality for patients with intra-abdominal metastatic
colorectal cancer, especially peritoneal metastases that
can be cured by a combination of cytoreductive surgery
and perioperative HIPEC [22]. Cytoreductive surgery
and intraperitoneal hyperthermic chemotherapy (CRS-
HIPEC) is increasingly being used to treat colorectal
peritoneal metastasis (CPM). Significant learning curve
(LC) improves perioperative outcomes after CRS-HIPEC
for CPM [23]. Total mesorectal excision, or TME, dem-
onstrates the pivotal role of regional lymphadenectomy
in the surgical treatment of colorectal cancer. It has been
reported that paraaortic lymph node dissection (PLND)
has become a potentially effective treatment strategy for
isolated paraaortic lymph node metastasis (PLNM) [24].

The only effective strategy for the long-term survival
of patients with colorectal cancer with local recurrence
is early detection of local recurrence and curative treat-
ment [25]. Regardless of the advances in chemother-
apy, the only cure for colorectal metastases is surgery,
which necessitates complete resection from all meta-
static sites [26].

This study has the following limitations. First, this study
was a single-center retrospective study, which may have
led to statistical bias in the results. Second, this study did
not include cases of reoperation after recurrence. With
the development of medical technology, patients with
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Table 2 Univariate and multivariate analyses of 3-year post-recurrence survival
Variables 3-year PRS (95% Cl) Univariate Multivariate
Recurrence group HR (95% CI) P-value HR (95% ClI) P-value
Local recurrence 66.83 (53.04,84.22) 1.0 (reference) 1.0 (reference)
Distant metastasis 4941 (44.16,55.27) 1.75(0.97,3.15) 0.0618 1.19 (0.60, 2.38) 0.6185
Simultaneous recurrence 30.32 (21.10,43.56) 2.96 (1.56,5.62) 0.0009 2.17(1.01,4.64) 0.0465
Recurrence time

Early recurrence 44,59 (38.85,51.19) 1.0 (reference)

Late recurrence 53.28 (46.20,61.45) 0.78 (0.59,1.02) 0.0717
Recurrence site

Liver 54.04 (4546, 64.24) 1.0 (reference)

Lung 50.05 (42.50, 58.95) 1.12(0.79,1.61) 05172

Peritoneum 2543 (14.76,43.82) 2.23(1.38,3.60) 0.0011

Other individual organ 46.26 (36.03, 59.40) 1.25(0.82,1.91) 0.2943

Two or more organs or sites 34.84 (24.16,50.24) 1.71(1.10, 2.66) 0.0163

Local recurrence 66.99 (53.23,84.32) 0.65(0.35,1.22) 0.1829
Liver

No 46.00 (40.68,52.01) 1.0 (reference)

Yes 54.04 (45.46, 64.24) 0.80 (0.58, 1.09) 0.1526
Lung

No 47.03 (41.47,53.34) 1.0 (reference)

Yes 50.05 (42.50, 58.95) 0.92(0.70,1.22) 0.5704
Peritoneum

No 49.89 (44.96, 55.36) 1.0 (reference) 1.0 (reference)

Yes 2543 (14.76,43.82) 1.97 (1.30, 2.98) 0.0015 1.75(1.10, 2.79) 0.0189
Other individual organ

No 48.29 (43.20, 53.99) 1.0 (reference)

Yes 46.26 (36.03, 59.40) 1.06 (0.75, 1.50) 0.7323
Two or more organs or sites

No 49.68 (44.67,55.26) 1.0 (reference) 1.0 (reference)

Yes 34.84 (24.16,50.24) 1.51(1.04,2.18) 0.0296 1.59 (1.05, 2.43) 0.0304
Local recurrence

No 46.47 (41.59,51.93) 1.0 (reference) 1.0 (reference)

Yes 66.99 (53.23,84.32) 0.53(0.29,0.94) 0.0310 048 (0.22,1.03) 0.0582
Sex

Male 46.60 (40.50, 53.62) 1.0 (reference)

Female 49.51 (43.00, 57.00) 0.92(0.71,1.19) 0.5295
Surgical approach

OR 46.87 (41.46,52.98) 1.0 (reference)

LR 50.83 (42.56, 60.72) 0.89 (0.66, 1.20) 0.4556
Primary site

Right colon 41.69 (33.70,51.57) 1.0 (reference) 1.0 (reference)

Left colon 55.91 (46.70, 66.95) 0.66 (0.45, 0.98) 0.0370 0.67 (044, 1.01) 0.0538

Rectum 48.02 (41.85, 55.10) 0.84(0.62,1.13) 0.2419 0.87(0.62,1.24) 04475
Tumor differentiation

Well 56.79 (38.27, 84.26) 1.0 (reference)

Moderate 5261 (46.24,59.87) 1.13(0.55,2.33) 0.7300

Poor-undifferentiated 41.62 (34.63,50.03) 1.55(0.75,3.19) 0.2346
Mucinous type

No 48.48 (43.62, 53.89) 1.0 (reference)

Yes 38.25(23.05,6347) 1.33(0.77,2.28) 0.3054
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Table 2 (continued)
Variables 3-year PRS (95% Cl) Univariate Multivariate
Recurrence group HR (95% ClI) P-value HR (95% ClI) P-value
T stag
T0 70.85 (5049, 99.41) 1.0 (reference)
T 65.86 (53.18, 81.58) 1.21(0.40, 3.66) 0.7313
13 44,65 (39.55,50.41) 2.34(0.87,6.30) 0.0921
T4 55.71 (3935, 78.86) 1.70 (0.54, 5.34) 0.3646
N stag
NO 63.07 (56.29, 70.66) 1.0 (reference) 1.0 (reference)
N1 44,06 (36.95, 52.53) 1.78 (1.30,243) 0.0003 149(1.04,2.15) 0.0315
N2 26.55(21.13,38.57) 2.72(1.95,3.79) <0.0001 2.07(1.41,3.03) 0.0002
AJCC 8th ed. stage
| 62.01 (52.16,67.18) 1.0 (reference)
Il 48.63 (38.74,54.83) 1.52(0.85,2.73) 0.1617
Il 23.57 (20.94,34.72) 2.88(1.66,4.97) 0.0002
Lymph node yield
<12 67.23 (59.97,70.52) 1.0 (reference)
>12 59.82 (54.82,68.51) 1.12(0.82,1.53) 04740
LVI
No 52.37(49.98, 55.01) 1.0 (reference) 1.0 (reference)
Yes 40.32 (38.92,45.08) 2.01(1.23,3.29) 0.0054 1.46 (0.86, 2.50) 0.1628
PNI
No 66.69 (60.83, 72.90) 1.0 (reference)
Yes 62.75 (59.38,6847) 1.57(0.90, 2.73) 0.1121
D
No 59.21 (55.34,62.07) 1.0 (reference) 1.0 (reference)
Yes 49.10 (45.12, 52.55) 146 (1.05, 2.04) 0.0248 1.10 (0.74,1.65) 0.6262
Adjuvant chemotherapy
No 63.17 (57.82,65.10) 1.0 (reference)
Yes 55.86 (50.16, 60.04) 0.99 (0.74,1.32) 0.9380
Chemotherapy regimen
5-FU/capecitabine 66.81 (61.90,67.21) 1.0 (reference)
CAPOX/XELOX 60.52 (58.42,62.00) 1.62(0.87,3.03) 0.1284
FOLFOX 53.26 (50.86, 65.33) 149(0.82,2.72) 0.1931
Other 57.82(51.78,64.93) 1.80(0.81,4.01) 0.1510
Chemotherapy cycle
<6 51.42 (48.26, 58.95) 1.0 (reference)
>6 59.71 (54.01, 63.29) 0.86 (0.64, 1.16) 03113
Adjuvant radiotherapy
No 59.28 (51.90, 62.77) 1.0 (reference)
Yes 58.01(51.00, 58.52) 0.68 (043, 1.07) 0.0950
Palliative chemotherapy
No 57.02 (49.72,60.73) 1.0 (reference)
Yes 55.88(50.14, 58.92) 1.10(0.84,1.44) 0.5048
Age group
<65 60.27 (53.93,64.07) 1.0 (reference)
>65 57.82(53.87,62.05) 0.95(0.72,1.26) 0.7132
BM group
<24 56.87 (48.97,57.65) 1.0 (reference) 1.0 (reference)
>24 40.67 (31.98, 44.06) 146 (1.12,1.89) 0.0046 1.12(0.81,1.54) 0.4850
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Table 2 (continued)
Variables 3-year PRS (95% Cl) Univariate Multivariate
Recurrence group HR (95% ClI) P-value HR (95% ClI) P-value
Preoperative CEA group

<5 43.82(39.92,52.06) 1.0 (reference) 1.0 (reference)

>5 46.92 (41.77,49.27) 144 (1.06,1.95) 0.0183 1.29 (0.92, 1.80) 0.1336
Preoperative CA19-9 group

<37 49.82 (45.34,54.37) 1.0 (reference) 1.0 (reference)

>37 30.62 (28.54,42.45) 1.80 (1.35,2.40) <0.0001 1.31(0.93, 1.85) 0.1170

1 Abbreviations: APR abdominoperineal resection, BMI Body Mass Index, CEA carcinoembryonic antigen, CA 19-9 carcinoma antigen 19-9, LAR low anterior resection,
LR laparoscopic resection, OR open resection
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Fig. 2 There was no significant difference in the PRS between patients with early recurrence and late recurrence (A). The PRS of synchronous
recurrence was significantly lower than that of distant metastasis. Patients with local recurrence had the longest survival (B). The PRS of patients

with metastasis to the peritoneum or two or more organs or sites was significantly lower than that of patients with recurrence in other sites (C). PRS:
Post-recurrence survival rate

>
w
@

——  Other four recurrent groups ——  Other four recurrent groups

——  Other four recurrent groups
100 100

100

—— Only liver metastasis —— Only lung metastasis

——  Peritoneum metastasis

S s S o
E E
5 50 2 5
H £
I oas Z s
2 &
P=0.6512 P=0.0006
T T T T T T 1 f T T T T T 1 t T T T T T 1
0 12 2 36 a8 0 72 0 12 2 36 48 60 72 0 12 24 36 a8 60 72
Numberat risk Time ( months) Number at risk Time ( months) Number at risk Time ( months)
Only liver (1) 308 27 m 132 5 50 ) Only lung (-) 279 21 155 119 n 0 31 Peritoneum (1) 3714 290 I ! % s
Only liver (+) 98 ® & 2 8 21 12 Only lung(+) 127 108 9 5l “ 30 18 Peritoneum (+) 32 2 1 8 4 2 2
——  Other four recurrent groups
—  Other four recurrent groups 100
100

——  Other four recurrent groups
100

—  Local recurrence
Other single organ metastasis

—— 2 or more organs or sites metastasis

post-recurrenc
post-recurrence survival (%)

0 12 2 36 a8 60 7 0 12 2 36

24 36 48 60 72
Number at risk Time( months) Number at risk N Time ( months) Number at risk Time( months)
Single organ or site (-) 337 n 197 151 92 70 45 2 or more organs or ‘“f‘t’ :; ’;;’ 2‘2 ‘](f ‘;’5 ;‘ f Local recurrence (-) 375 295 213 162 % 70 40
Single organ or sitc (+) 69 £ 37 30 20 10 4 2 or morc rgans or sites(+) Local recurrence (+) 31 2% 21 19 13 10 9

Fig. 3 Patients with metastasis to the peritoneum or two or more organs or sites and local recurrence had worse PRS than patients without
metastasis to the peritoneum or two or more organs or sites and local recurrence (C, E, and F). No significant differences were observed in the PRS
of patients with or without recurrence at other sites (A, B, and D). PRS: Post-recurrence survival
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simple liver and lung metastases have recurrence and
metastasis but can still achieve remission with surgical
treatment. Third, this study did not include the palliative
treatment plan and cycle of patients with unresectable
metastatic rectal cancer, with or without standardized
treatment and regular follow-up. Although various prog-
nostic factors are present for patients with stage IV colo-
rectal cancer, here, we included the maximum possible
number of factors for a comprehensive analysis, and the
results and conclusions of the analysis are credible.

In conclusion, the prognosis of patients with metasta-
ses to the peritoneum and multiple organs is poor. The
findings of this study suggests the need for the early
monitoring of peritoneal and multiple organ or site
recurrence after surgery. Patients with recurrent perito-
neal and multiple organ/site metastasis should receive
comprehensive treatment as early as possible to improve
their prognosis. Actively communicating with patients
and their relatives or administering intensive treatment is
necessary.

Abbreviations

PRS Post-recurrence surviva
IRFS Recurrence-free survival

@] Confidence interval

CRC Colorectal cancer

HR Hazard ratio

IQR Interquartile range

CEA Carcinoembryonic antigen
CA19-9  Carcinoma antigen 19-9
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