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Abstract

Objective To delineate the association of postoperative
complications with clinicopathologic factors and to iden-
tify risk factors for tumor recurrence and mortality after
tumor resection in patients with colorectal cancer (CRC).
Methods The clinical data of 1144 patients with CRC who
underwent surgical intervention between 2003 and 2013
were retrieved. Correlations of postoperative complications
with clinicopathologic factors were examined using uni-
variate analysis. Risk factors for tumor recurrence and
mortality of the patients after tumor resection were iden-
tified using multivariate Cox proportional hazards models.
Time to relapse and overall survival were analyzed using
log-rank test of Kaplan—-Meier analysis.

Results Blood carcinoembryonic antigen (CEA) signifi-
cantly correlated with early symptoms, preoperative man-
ifestations, and tumor pathology. Low differentiation grade
of tumor increased the risk of recurrence after surgery in all
patients with CRC. In the same cohort of patients, elevated
blood CEA, low differentiation grade of tumor, laparo-
tomy, smoking history, and TNM stage IV and III
increased the mortality risk after tumor resection. In
patients with advanced colon cancer, risk for postoperative
mortality was increased by blood CEA, advanced tumor
stage, and low tumor differentiation grade; while in those
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with advanced rectal cancer, blood CEA, pathologic type
other than mucinous/adenocarcinoma, and laparotomy
were identified as significant risk factors. In both groups of
patients, postoperative chemotherapy significantly reduced
the risk of mortality.

Conclusions The present work has identified clinical fac-
tors increasing the risk of recurrence as well as mortality
after surgery in more than 1,000 patients with CRC.
Postoperative chemotherapy is associated with a significant
reduction in the risk of mortality. All of these findings
should provide insights into the better management of
critically ill patients with CRC.

Keywords Colorectal cancer - Clinicopathologic factors -
Recurrence - Prognosis

Introduction

Colorectal cancer (CRC) ranks third in cancer incidence
globally and is the fourth leading cause of cancer-related
mortality worldwide. Traditionally, CRC is highly preva-
lent in Western populations in North America, Australia,
and West Europe; however, since more people in Asia,
South America, and sub-Saharan Africa have adopted
Western lifestyle and dietary habits, the number of CRC
cases in these countries has gradually increased. According
to the National Central Cancer Registry of China, the
estimated number of new CRC cases in 2011 was 310,244,
while the number of CRC-related deaths in the same year
was 149,722. Several risk factors have been established for
CRC including age, family history of CRC, inflammatory
bowel disease, dietary habit, diabetes, obesity, and the
presence of adenomatous polyps with malignant potential
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The molecular mechanisms of CRC initiation and pro-
gression have attracted intense investigation. It has long
been accepted that colorectal tumorigenesis involves
accumulation of gene mutations, chromosomal instability,
and microsatellite instability [2—4]. In addition to genetic
alternations, sustained inflammatory responses have been
recently suggested to play certain roles in colon tumori-
genesis [5, 6]. The complex network of genetic alternations
with other pro-oncogenic pathways, however, is yet to be
identified.

In developed countries, surveillance colonoscopy among
high CRC risk individuals has been shown to be effective in
reducing CRC incidence and mortality. The program allows
removal of pre-cancerous lesions. It also ensures early
detection of CRC at the asymptomatic stage, increasing the
chance of successful treatments [1]. Despite the benefits of
colonoscopy in cancer surveillance, many populations at
high CRC risk, especially those in rural areas, do not have
access to CRC screening. Indeed, only about 14% of CRC
cases are diagnosed at their early stage, with a portion of
patients presenting distinct metastasis, a manifestation that
can significantly worsen patients’ survival [7, 8]. As such,
non-invasive biomarkers and clinicopathologic factors use-
ful for early CRC detection and stratification of CRC patients
are being intensely investigated [9, 10]. Those for prompt
detection of tumor recurrence after surgery are also urgently
needed. In this context, in the present study, we performed a
large-scale analysis of the clinical data of more than 10000
patients with CRC who underwent curative surgical resec-
tion to identify new diagnostic and prognostic markers for
CRC. The analysis also uncovered clinicopathologic
parameters associated with common postoperative compli-
cations, providing insights into the management of patients
with CRC after surgery.

Methods
Study cohort

The present study reviewed the clinicopathologic data of
patients with pathologically proven CRC who underwent
surgical intervention between January 2003 and June 2013
at Beijing Friendship Hospital (Beijing, China). Patients
from whom informed consent was not obtained were not
included. A total of 1144 patients with CRC were finally
enrolled. The clinicopathologic data included patients’
general background (i.e., age, gender, occupation, medical
expense, and history of alcohol consumption and smoking),
medical history (i.e., number of hospital admissions, his-
tory of hypertension, coronary heart disease and diabetes,
personal and family history of malignancy), early symp-
toms (i.e., hematochezia, changes in bowel habits, and

abdominal pain), preoperative clinical manifestations (i.e.,
preoperative distinct metastasis, preoperative hemorrhage
and anemia, perforation of colon, and blood CEA), surgical
parameters (i.e., type of operation and stoma), postopera-
tive complications (i.e., pulmonary infection, bowel
obstruction, hypoalbuminemia, and wound dehiscence),
tumor pathology (i.e., TNM stage, differentiation, and
tumor embolus), recurrence-free survival (RFS) and overall
survival (OS), and chemotherapy (i.e., type and duration).

Surgical treatment

All patients underwent surgery including Dixon operation,
Hartmann’s operations, Miles operation, radical laparo-
scopies, palliative laparoscopies, radical laparotomy, and
palliative laparotomy.

Statistical analysis

Correlations between clinicopathologic variables were
studied using univariate analysis, which was performed by
Pearson Chi-squared or Fisher’s exact test. Risk factors for
tumor recurrence and mortality were identified using Cox
proportional hazards models of multivariate analysis. RFS
and OS were analyzed using log-rank test of the Kaplan—
Meier method. Comparison with P < 0.05 was regarded as
statistically significant.

Results
Patient demographic and baseline characteristics

A total of 1144 patients with CRC were eligible for the
study, including 643 males and 497 females (the gender
data of 4 patients was missing). They had a mean age of
65 years. Among them, 29.3% were cigarette smokers, and
20.8% were frequent drinkers. Moreover, 36.0, 15.2, and
8.3% had hypertension, diabetes, and coronary heart dis-
ease, respectively. A small proportion of the patients
(6.1%) had history of malignant diseases, and 9.1% of the
cohort had a familial history of malignancy. The patients
complained of hematochezia (84.5%), change in bowel
habits (20.1%), and abdominal pain (23.1%). Moreover,
657 (57.4%) cases had colon cancer and 487 (42.6%) cases
had rectal cancer. Most of the tumors were of stage II
(38.1%) and stage III (35.0%), with over half of them
(55.3%) graded as moderately differentiated (55.3%).

All patients underwent surgery. Two hundred and sixty-
one (22.8%) underwent Dixon operation, 30 (2.6%) Hart-
mann’s operation, 100 (8.74%) Miles operation, 262
(22.9%) radical laparoscopy, 13 (1.1%) palliative
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Table 1 Correlation of blood

CEA with early symptoms, Clinicopathologic parameters Frequency CEA level P value
preoperative clinical Elevated Normal
manifestations, and tumor
pathology Age (years)
0< and <55 210 72 138 0.001
55< and <70 350 127 223
55< and <70 189 84 105
75< 263 132 131
Abdominal pain
No 778 297 481 0.001
Yes 235 118 117
Perforation of colon
Absent 1002 407 595 0.028
Present 10 8 2
Bowel obstruction
Absent 899 352 547 0.001
Present 113 63 50
Distinct metastasis
Absent 853 301 552 <0.0001
Present 157 112 45
Metastatic foci
Non-resectable 87 67 20 <0.0001
Resectable 20 15 5
Absent 853 301 552
Preoperative chemotherapy
No 819 330 489 0.002
Yes 46 8 38
Preoperative anemia
Normal 605 204 401 <0.0001
Mild 237 111 126
Moderate 145 83 62
Severe 24 16 8
Postoperative hypoalbuminemia
Yes 58 32 26 0.034
No 888 364 524
Maximum tumor diameter (cm)
O< and <3.5 235 65 170 <0.0001
3.5< and <5 237 95 142
5< and <6.5 252 110 142
6.5< 254 131 123
Cancer nodules
Absent 633 236 397 <0.0001
Present 218 125 93
TNM stage
1 114 16 98 <0.0001
1I 366 121 245
1 335 149 186
v 154 111 43
N stage
NO 541 165 376 <0.0001
N1 308 160 148
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Table 1 continued Clinicopathologic parameters Frequency CEA level P value
Elevated Normal
N2 130 72 58
Nx 25 15 10
M stage
MO 847 299 548 <0.0001
Ml 152 109 43
Mx 5 4 1
Tumor grade
T1 39 4 35 <0.0001
T2 112 24 88
T3 461 185 276
T4 383 197 186
Tix 9 2 7
Dukes
b 16 7 9 0.008
c 3
d 10 8 2

laparoscopy, 355 (31.0%) radical laparotomy, and 101
(8.8%) palliative laparotomy. A total of 22 (1.9%) patients
underwent other surgical approaches.

OS and RFS

After surgery, the patients were followed up, and at the
time of data retrieval the surviving patients accounted for
64.6% of the cohort. Recurrence of tumor was seen in
26.8% of the patients.

Blood CEA was associated with early symptoms,
preoperative clinical manifestations, and tumor
pathology

CEA, which was originally extracted from human colon
cancer tissues, is a tumor marker for monitoring cancer
treatment and tumor recurrence after surgical resection. In
addition to malignancy, CEA level is known to be elevated
by other benign diseases [11]. Here, we investigated the
association of blood CEA with preoperative clinical man-
ifestations and tumor pathology using univariate analysis
(Table 1). A blood CEA level of 4.6 pg/mL was used as
the cutoff to stratify patients with normal and elevated
CEA. High blood CEA level was associated with age
(P =0.001) and preoperative clinical manifestations
including abdominal pain (P = 0.001), bowel obstruction
(P =0.001), and anemia (P < 0.0001). Of clinical
importance, high blood CEA also correlated with tumor
diameter (P < 0.0001), the presence of tumor nodules

(P < 0.0001), distinct metastasis (P < 0.0001), status of
metastatic  foci (P <0.0001), and TNM stage
(P < 0.0001). High blood CEA was also associated with
postoperative hypoalbuminemia (P = 0.034).

Clinicopathologic features associated
with postoperative abdominal and pulmonary
infection

Abdominal infection accounts for a major complication for
CRC patients after surgical intervention, despite improve-
ment in surgical procedures and patient care. Preoperative
bowel obstruction was significantly correlated with post-
operative abdominal infection (P < 0.0001) (Table 2).
Surgical procedure likely showed potential to affect the
occurrence of abdominal infection because the analysis
indicated significant association between infection and
stoma (P = 0.0391), type of operation (P = 0.0375), and
operation method (P = 0.0013). Preoperative chemother-
apy (P = 0.0401), presence of nodule (P = 0.0171), type
of tumor (P = 0.0006), and stage (P = 0.0395) and grade
of tumor (P = 0.0007) were associated with abdominal
infection.

The potential factors linked with postoperative pul-
monary infection in patients with CRC were also examined
(Table 3). Patients’ age correlated with the occurrence of
pulmonary infection (P = 0.0133). Infection was also
associated with preoperative manifestations like bowel
obstruction (P = 0.0345) and anemia (P = 0.0035).
Laparotomy resulted in a higher risk of developing pul-
monary infection compared to laparoscopy (P = 0.0263).
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Table 2 Correlation of
clinicopathologic parameters
with postoperative abdominal
infection
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Clinicopathologic parameters Frequency Abdominal infection P value
Absent Present

Bowel obstruction
Absent 701 657 44 <0.0001
Present 109 89 20

Distinct metastasis (preoperative)
Absent 682 637 45 0.0025
Present 124 106 18

Metastatic foci (preoperative)
Non-resectable 74 65 9 0.0500
Resectable 16 13 3
Absent 677 632 45

Preoperative chemotherapy
No 627 577 50 0.0401
Yes 22 17 5

Stoma
Absent 706 656 50 0.0391
Present 100 87 13

Type of operation
Radical 708 657 51 0.0375
Palliative 98 85 13

Operation name
Dixon 170 148 22 0.0013
Miles 70 63 7
Radical laparoscopy 208 199 9
Radical laparotomy 243 231 12
Palliative laparotomy 75 63 12
Other 39 37 2

Tumor nodules
Absent 450 425 25 0.0171
Present 183 163 20

Tumor type
Colon 504 477 27 0.0006
Rectum 307 270 37

Tumor stage
T1 45 42 3 0.0395
T2 51 50 1
T3 325 305 20
T4 281 249 32

Tumor grade
1 31 30 1 0.0007
2 151 146 5
3 133 127
4 129 110 19

Postoperative chemotherapy
No 368 331 37 0.0400
Yes 440 413 27
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;?Izlceosatlcljc?lr(izliin;;r;fleters Clinicopathologic parameters Frequency Pulmonary infection P value
with postoperative pulmonary Absent Present
infection
Age (years)
>65 444 419 25 0.0133
<65 367 359 8
Bowel obstruction
Absent 701 677 24 0.0345
Present 109 100 9
Preoperative anemia
Anemia 316 295 21 0.0035
Normal 487 475 12
Operating approach
Laparoscopy 348 341 7 0.0263
Laparotomy 443 417 26
Other 13 13 0
ch?r?ilceo;atgglr; Zliitl;;;rieters Clinicopathologic parameters Frequency Wound dehiscence P value
with postoperative wound Absent Present
dehiscence
Occupation
Intelligent 102 101 1 0.0308
Physical 110 103 7
Retired 456 446 10
Other 143 142 1
Preoperative chemotherapy
No 627 611 16 0.0231
Yes 22 19 3
Operation name
Dixon 170 159 11 0.0154
Miles 70 69 1
Radical laparoscopy 208 206 2
Radical laparotomy 243 240 3
Palliative laparotomy 75 73 2
Other 39 39 0
Tumor type
Colon 504 499 5 0.0011
Rectum 307 293 14
Tumor stage
T1 45 43 2 0.0497
T2 51 47 4
T3 325 319 6
T4 281 276 5
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Table 5 Correlation of
clinicopathologic parameters
with postoperative
hypoalbuminemia

@ Springer

Clinicopathologic parameters Frequency Hypoalbuminemia P value
Absent Present

Medical expense
Supplementary 110 109 1 0.0396
Public 94 92 2
Insurance 372 351 21
Self-expense 101 98 3
Other 134 123 11

Bowel obstruction
Absent 701 676 25 0.0001
Present 109 96 13

Preoperative hemorrhage
Absent 395 369 26 0.0142
Present 411 399 12

CEA level
Elevated 302 284 18 0.0283
Normal 411 400 11

Stoma
Absent 706 668 38 0.0336
Present 100 100 0

Operation name
Dixon 170 166 4 0.0169
Miles 70 70 0
Radical laparoscopy 208 200 8
Radical laparotomy 243 224 19
Palliative laparotomy 75 69 6
Other 39 38 1

Neurovascular tumor embolus
Positive 77 67 10 0.0030
Negative 610 584 26

Tumor nodules
Absent 450 439 11 0.0054
Present 183 170 13

Tumor type
Colon 504 471 33 0.0013
Rectum 307 302 5

Tumor stage
T1 45 44 1 0.0341
T2 51 51 0
T3 325 315 10
T4 281 261 20

Differentiation grade
Low 54 49 5 0.0111
Intermediate 365 343 22
High 300 294 6
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Table 6 Multivariate Cox Clinicopathologic parameters  Status Hazard ratio  Confidence interval P value

proportional hazards model for

the risk factor for tumor 95% lower limit  95% upper limit

recurrence after tumor resection

surgery Differentiation grade Low 3.256 1.602 6.616 0.0011
Differentiation grade Medium  1.908 1.348 2.700 0.0003

Clinicopathologic features associated
with postoperative wound dehiscence/anastomotic
fistula and hypoalbuminemia

Univariate analysis identified occupation as a potential
factor for wound dehiscence/anastomotic fistula after sur-
gery among CRC patients (P = 0.0308) (Table 4). Wound
dehiscence/anastomotic fistula was also found to be asso-
ciated with preoperative chemotherapy (P = 0.0231) and
operation (P = 0.0154). The incidence of wound dehis-
cence/anastomotic fistula correlated with tumor type
(P = 0.0011) and stage (P = 0.0497).

Clinicopathologic parameters associated with postoper-
ative hypoalbuminemia were also identified (Table 5). A
blood albumin level <30 g/L. was classified as hypoalbu-
minemia, while the value >30 g/L indicated a normal
albumin level. Interestingly, how the medical expenses
were paid correlated with hypoalbuminemia (P = 0.0396).
Preoperative bowel obstruction (P = 0.0001), hemorrhage
(P = 0.0142), and blood CEA (P = 0.0283) were associ-
ated with hypoalbuminemia. Stoma and operation were two
surgical parameters identified as potential factors, of which
the statistical significance was 0.0336 and 0.0169, respec-
tively. The analysis also revealed the association of
hypoalbuminemia with tumor embolus (P = 0.0030),
tumor nodules (P = 0.0054), tumor type (P = 0.0013) and
stage (P =0.0341), and differentiation  grade
(P =0.0111).

Risk factors associated with tumor recurrence
of CRC patients after surgery

Cox regression analysis identified that low (HR 3.256;
P 0.0011) and medium (HR 1.908; P 0.0003) grade of
tumor differentiation were two risk factors for recurrence
of CRC after surgery (Table 6). Log-rank analysis showed
that several factors were associated with RFS of patients
with CRC (Fig. 1). The presence of distinct metastasis and
non-resectable metastatic foci were the two preoperative
clinical manifestations that significantly shortened RFS
(P = 0.0433 or 0.0009, respectively). CRC recurrence was
also associated with tumor embolus (P = 0.0083), high
tumor M stage (P = 0.0196), high tumor grade
(P =0.0108), and Ilow differentiation (P = 0.0001).

Interestingly the analysis suggested that recurrence inver-
sely correlated with tumor stage (P = 0.0153).

Risk factor associated with OS of CRC patients
after surgery

Risk factors for mortality of patients with CRC were
identified using Cox regression analysis (Table 7). The
factors included elevated blood CEA (HR 1.622;
P 0.0004), low differentiation grade of tumor (HR 1.948;
P 0.0022), laparotomy (HR 1.421; P 0.0129), smoking
history (HR 1.451; P 0.0076), TNM stage IV (HR 5.018;
P < 0.0001), and TNM stage III (HR 3.328; P 0.0002).
Log-rank analysis was also employed to identify clinico-
pathologic factors associated with the OS of patients with
CRC (Fig. 2). CRC patients who had suffered from
malignant disease in their lifetimes before had shorter OS
than those who had no history of malignancy (P < 0.0001).
CRC patients whose blood CEA was elevated also had
shorter OS than those with normal blood CEA level
(P < 0.0001). For preoperative manifestations, obstruction
(P < 0.0001), hematochezia (P = 0.001), and complaint of
abdominal pain (P = 0.001) were significantly associated
with poor OS after surgery. Poor prognosis after surgery
was significantly associated with high tumor stage
(P < 0.0001), presence of neurovascular tumor thrombi
(P < 0.0001), cancer nodules (P < 0.0001), or non-re-
sectable metastatic lesion (P < 0.0001). Palliative surgery
resulted in shorter postoperative survival than radical sur-
gery (P < 0.0001). Dismal postoperative survival was also
seen in patients receiving laparotomy vs. laparoscopy
(P < 0.0001). For postoperative chemotherapy, six to eight
cycles of treatment achieved much better prognosis than
those receiving less than two cycles of treatment
(P < 0.0001). Postoperative abdominal complications or
incision infection (P < 0.0001) and Ilung infection
(P = 0.003) were associated with shorter patients’ survival
after surgery.

Factors associated with postoperative survival
of patients with advanced colon cancer

Clinicopathologic factors associated with the OS of
patients with advanced colon cancer (stage III or IV) were
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Fig. 1 Kaplan—Meier analysis showing the association of recurrence-free survival (RFS) of the entire cohort after surgery with clinicopathologic
parameters. The differences between survivals were evaluated using log-rank test, where P < 0.05 indicated statistical significance
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studied using log-rank test of Kaplan—-Meier analysis
(Fig. 3). Dismal survival of the patients was associated
with elevated blood level of CEA (P < 0.0001) and bowel
obstruction (P = 0.002). Patients with stage IV colon
cancer not surprisingly displayed worse prognosis com-
pared to their counterparts with stage III cancer
(P < 0.0001). Shorter survival was also seen in patients
with low differentiation grade of tumors (P = 0.01),
presence of neurovascular tumor thrombi (P = 0.017), or
positive cancer nodules (P < 0.0001). The prognosis of
patients with advanced colon cancer was also associated
with the treatment they received. Palliative surgery of
either open or laparoscopic approach resulted in shorter
survival compared to radical laparotomy and radical
laparoscopy (P < 0.0001). In addition, patients receiving
no postoperative chemotherapy survived for a significantly
shorter time than those receiving chemotherapy
(P < 0.0001).

Factors associated with postoperative survival
of patients with advanced rectal cancer

Clinicopathologic factors associated with the OS of
patients with advanced rectal cancer (stage III or IV) were
also examined using log-rank test of Kaplan—Meier anal-
ysis (Fig. 4). Similar to the situation in patients with colon
cancer, poor survival after surgical intervention was asso-
ciated with elevated blood CEA (P = 0.001) and bowel
obstruction (P = 0.025). Dismal survival was found in
patients with a history of malignancy (P = 0.043), absence
of hematochezia (P = 0.002), and complaint of abdominal
pain (P < 0.0001). Again, patients with stage IV cancer
exhibited worse postoperative survival compared to those
with stage III cancer (P = 0.022). Shorter survival was
also associated with the presence of neurovascular tumor
thrombi (P = 0.012) or cancer nodules (P = 0.001).

Laparotomy resulted in shorter survival than laparoscopy
(P < 0.0001), and similarly, palliative surgery also led to

more dismal survival than the radical surgery
(P < 0.0001). Patients with ostomy had shorter OS than
those without ostomy (P = 0.037). Postoperative

chemotherapy also significantly prolonged the OS of
patients (P < 0.0001).

Risk factors for mortality after surgery in patients
with advanced colon cancer

Risk factors for postoperative death of patients with
advanced colon cancer were examined using Cox propor-
tional hazards model of multivariate analysis (Table 8).
Factors increasing the risk of mortality after surgery were
identified as elevated blood CEA (HR 1.576; P 0.0347),
stage IV cancer (HR 2.449; P 0.0004), and low tumor
differentiation grade (HR 2.898; P 0.0006). Radical sur-
gery (HR 0.478; P 0.0056) and postoperative chemother-
apy (HR 0.547; P 0.0020) substantially reduced the risk of
mortality.

Risk factors for mortality after surgery in patients
with advanced rectal cancer

Risk factors for postoperative death of patients with
advanced rectal cancer were also examined (Table 9).
Factors that significantly increased the risk of mortality
included elevated blood CEA (HR 1.887; P 0.0235),
pathologic type other than mucinous or adenocarcinoma
(HR 21.312; P 0.0223), and laparotomy vs. laparoscopy
(HR 1.710; P 0.0476). Again, treatment with radical sur-
gery (HR 0.318; P 0.0026) and postoperative chemother-
apy (HR 0.445; P 0.0054) substantially reduced the risk of
mortality.

Table 7 Multivariate Cox proportional hazards model for the risk factor for mortality after tumor resection surgery of all patients of the present

study
Clinicopathologic parameters Status Hazard ratio Confidence interval P value
95% lower limit 95% upper limit

Smoking history No 1.451 1.104 1.908 0.0076
Blood CEA Elevated 1.622 1.240 2.121 0.0004
Differentiation grade Low 1.948 1.271 2.985 0.0022
TNM stage Stage IV 5.018 2482 10.146 <0.0001
TNM stage Stage III 3.328 1.754 6.316 0.0002
Operation Laparotomy 1.421 1.077 1.874 0.0129
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Fig. 2 Kaplan—Meier analysis showing the association of overall survival of the entire cohort after surgery with clinicopathologic parameters.
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Fig. 2 continued

Discussion

The present work retrieved and systemically analyzed the
clinical data of more than 1000 patients with CRC, pro-
viding insights into the clinicopathologic features associ-
ated with early clinical symptoms, tumor pathology, and
postoperative complications of patients with CRC. The
study also identified risk factors for tumor recurrence and
mortality of patients after surgical treatment.

CEA is a biomarker that has been employed to follow
CRC for decades, but its applicability has remained
controversial. A meta-analysis on published data sug-
gested that CEA alone might not be reliable enough to
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Fig. 3 Kaplan—Meier analysis showing the association of overallp
survival of patients with advanced colon cancer after surgery with
clinicopathologic parameters. The differences between survivals were
evaluated using log-rank test, where P < 0.05 indicated statistical
significance

detect treatable recurrences of CRC at an early stage
[12]. On the other hand, CEA, when combined with
other blood markers, was shown to be useful to assess
the effectiveness of chemotherapy of male patients with
CRC [13]. Besides, CEA is one of the factors of a
prognostic score for the survival of patients with
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unresectable advanced CRC [14]. In this study, CEA was
identified by Cox analysis as a risk factor of CRC-re-
lated death. Log-rank analysis also clearly showed that
patients with CRC with elevated CEA had shorter OS
compared to those with normal CEA level. These results
echoed a recent study suggesting that CEA is an inde-
pendent risk factor significantly affecting mortality of
patients with CRC who underwent radical tumor resec-
tion [15]. The present work also revealed the potential
link between CEA elevation and hypoalbuminemia after
surgery. The association of CEA elevation with tumor
parameters like tumor diameter identified by the present
work warrants further investigation.

Despite recent advances in surgical procedures, a con-
siderable portion of patients with CRC is inflicted with
complications after surgery. A previous study suggested
that for patients who underwent colorectal resection, the
most frequent postoperative surgical complications are
surgical site infection, anastomotic leakage, intra-abdomi-
nal abscess, ileus, and bleeding, for which the risk factors
include preoperative anemia, operating time, bowel injury,
obesity, prior myocardial infarction, and heart failure [16].
This work identified infections of the lungs and abdomen,
hypoalbuminemia, and wound dehiscence/anastomotic fis-
tula as major complications among the studied Chinese
cohort. The clinicopathologic parameters associated with
the complications were also uncovered. Of clinical
importance, pulmonary infection was associated with the
use of chemotherapy before surgery. In addition, interest-
ingly, how the medical expenses were paid correlated with
the occurrence of hypoalbuminemia.

The beneficial effects of laparotomy on the OS of
patients with CRC are yet to be established. Studies on
separated cohorts have indicated no significant differences
between laparotomy and open surgery in terms of postop-
erative OS [17-19]. In contrast to these findings, the pre-
sent work demonstrated that laparoscopic surgery achieved
better OS of CRC patients compared to laparotomy. The

Fig. 4 Kaplan—Meier analysis showing the association of overall p
survival of patients with advanced rectal cancer after surgery with
clinicopathologic parameters. The differences between survivals were
evaluated using log-rank test, where P < 0.05 indicated statistical
significance

reasons for the discrepancy between the present work and
reported literature are unclear. Nevertheless, the usefulness
of laparoscopic surgery in improving OS of CRC patients
warrants further investigation.

Risk factors for the postoperative mortality of patients
with advanced colon or rectal cancer have also been ana-
lyzed. The results likely provide guidance in the manage-
ment of patients with late-stage colon or rectal cancer. In
both groups of patients, elevation in blood CEA level was
identified as a common factor increasing the mortality risk
after surgery, suggesting that cancer patients with high
blood CEA should be closely monitored. On the other
hand, patients receiving radical surgery and postoperative
chemotherapy were at a lower risk of postoperative death.
The advantages of a standardized, combined use of radical
surgery and postoperative chemotherapy, however, remain
to be examined.

After surgical intervention, approximately 30% of
patients show tumor recurrence. Using Cox analysis, the
present study identified tumor embolus as a risk factor for
tumor recurrence. Clinicopathologic factors like tumor
pathology were also found associated with rapid tumor
relapse and short OS of CRC patients after surgery. These
findings are in accordance with other studies, suggesting
that the aggressiveness of tumors is a significant prognostic
factor of tumor recurrence and OS [20, 21]. Notably, in
addition to tumor pathology, the present work revealed that
hematochezia increased the risk of mortality in patients
with CRC after surgery.

The present work has identified clinicopathologic fac-
tors associated with postoperative complications and
uncovered the risk factors for tumor recurrence and
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Fig. 4 continued

Table 8 Multivariate Cox proportional hazards model for the risk factor for mortality of patients with advanced colon cancer after tumor
resection surgery

Clinicopathologic parameters/treatment strategy Status Hazard ratio Confidence interval P value

95% lower limit 95% upper limit

Blood CEA level Elevated 1.576 1.033 2.403 0.0347
TNM stage v 2.449 1.487 4.033 0.0004
Tumor differentiation grade Low 2.898 1.577 5.326 0.0006
Surgery type Radical surgery 0.478 0.283 0.806 0.0056
Postoperative chemotherapy Yes 0.547 0.374 0.801 0.0020

Table 9 Multivariate Cox proportional hazards model for the risk factor for mortality of patients with advanced rectal cancer after tumor
resection surgery

Clinicopathologic parameters/treatment strategy Status Hazard ratio Confidence interval P value

95% lower limit 95% upper limit

Blood CEA level Elevated 1.887 1.089 3.267 0.0235
Pathologic type Other 21.312 1.515 299.874 0.0233
Surgery type Radical surgery 0.381 0.203 0.714 0.0026
Surgical approach Laparotomy 1.710 1.006 2.909 0.0476
Postoperative chemotherapy Yes 0.445 0.252 0.788 0.0054
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mortality. These findings should pave the way for
improvement of surgical care and prevention of recurrence
and mortality of CRC patients.
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