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Surgical treatment strategy for locally advanced colorectal cancer
with abdominal wall invasion
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Background: The incidence of abdominal wall metastasis from colorectal cancer (CRC) is very low, but
it has a poor prognosis. Despite the advances in radiotherapy, chemotherapy, and targeted therapy, patient
prognosis has not improved significantly. Through surgical treatment, some patients with locally advanced
CRC with abdominal wall invasion can achieve tumor-free survival or an improved quality of life.

Methods: The clinical data of 15 patients in our department from January 2015 to January 2020 were
retrospectively analyzed. All patients underwent preoperative three-dimensional reconstruction of the tumor
and abdominal wall after discussion with a multidisciplinary team (MDT). Patient information, including
tumor size, defect size, operation time, intraoperative bleeding, hospital stay, and other factors, was collected.
Results: All 15 patients underwent resection followed by reconstruction for locally advanced CRC
with abdominal wall invasion. The average tumor area and abdominal wall defects were 98.13+71.70 and
270.07+101.95 cm’, respectively; and accurate abdominal wall classification and zoning were obtained for all
patients. The average operation time was 431.7+189.2 min, and the average blood loss was 513.3+244.6 mL.
The recurrence rates in the incisional hernia and abdominal wall were 6.0% and 13.3%, respectively. The
patient survival rate was 87.7%.

Conclusions: Surgical treatment of locally advanced CRC with abdominal wall invasion is feasible, but

requires accurate and comprehensive preoperative evaluation.
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Introduction of incidence and mortality in China, with 376,000 new cases

and 191,000 deaths, respectively (3).

Colorectal cancer (CRC) is the third most common tumor It is common for CRC patients to have distant

in men and the second most common tumor in women, metastases. Among them, 40-50% of patients have liver

accounting for 10% of all tumor types worldwide. With metastases, 10-15% have lung metastases, and 4-19% have

more than 600,000 deaths estimated each year, CRC is
the fourth leading cause of cancer-related death globally
(1,2). According to the China Cancer Report in 2018, CRC

ranked third and fifth among all malignant tumors in terms
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peritoneal metastases, while metastases to the bone, brain,
and other locations, such as the adrenal glands and spleen,
are relatively rare (4,5). Peritoneal metastasis of CRC is
the third most common site after liver and lung metastases,
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and 5-15% of CRC patients have a peritoneal metastasis at
the time of diagnosis. The median survival of patients with
CRC and peritoneal metastasis after systemic chemotherapy
alone is only 5.2-7.0 months, while the median survival
of patients with malignant intestinal obstruction is
3.0-3.5 months (6). The 5-year survival rate of patients with
CRC combined with peritoneal metastasis is only 20-25%,
and the median survival time of these patients is only
6-9 months after being diagnosed. The 1-year survival rate
of patients with malignant ascites is <10% (7).

However, the incidence of abdominal wall invasion by a
metastasis after colon cancer surgery is very low. Reilly ez .
studied 1,711 patients with colon cancer and found that the
incidence of postoperative incision recurrence was 0.64%;
the average follow-up was 1.8 years, and 3 of 11 patients
were still alive with high mortality rate (8). In recent years,
the effectiveness of CRC chemotherapy, targeted therapy,
and immunotherapy has gradually improved. Despite
improvements, the overall treatment effect is not ideal.
Neoadjuvant chemoradiotherapy not only can reduce
tumor size and recurrence, but also increase the tumor
resection rate and anus retention rate with very slight
side effect (9). National Comprehensive Cancer Network
(NCCN) guidelines recommend preoperative concurrent
chemoradiotherapy as a priority standard treatment for
II/III rectal cancer. With improved surgical techniques
and the addition of neoadjuvant radiation therapy, 5-year
local recurrence rates have decreased from >25% to
approximately 5% to 10% (9). However, distant metastatic
disease remains the most significant cause of death for these
patients.

In this study, we conducted a retrospective analysis
and discussion of 15 cases of CRC with local invasion of
the abdominal wall to explore the feasibility of surgical
treatment for such patients.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-2094).

Methods
Patients

We selected 15 colorectal tumors patients with abdominal
wall invasion from the General Surgery Department of
Shanghai Ninth People’s Hospital from January 2015
to January 2020 for inclusion in this retrospective study.
This study was approved by the ethics committee of the
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Ninth People’s Hospital Affiliated to Shanghai Jiaotong
University (approval number: 2016-128-177). This study
was performed in accordance with the ethical standards of
our institutional research committee and the principles of
the Declaration of Helsinki (as revised in 2013).

The inclusion criteria were as follows: (I) patients aged
18-85 years old; (II) patients who consented to radical or
palliative surgery; (III) the postoperative pathological result
was CRC; and (IV) patients signed the informed consent
form. The exclusion criteria were as follows: (I) patients
with severe organ dysfunction; (II) patients with an inability
to tolerate anesthesia; and (III) patients or their family
members were unwilling to accept the surgery.

Treatment

All patients underwent enhanced computed tomography
(CT) or positron emission tomography and computed
tomography (PET-CT) before surgery to exclude the
presence or absence of a distant metastasis of the tumor.
Furthermore, all patients received an accurate preoperative
assessment, including three-dimensional reconstruction
of the tumor and abdominal wall after discussion with
a multidisciplinary team (MDT). Information about
the patients’ tumor size, defect size, operation time,
intraoperative bleeding, hospital stay, and other relevant
factors was collected.

Image data was imported into Medraw software (Image
Medraw Technology Co., Ltd., China) in digital imaging
and communications in medicine (DICOM) format for
three-dimensional reconstruction. The imaging physician
and clinician jointly built a three-dimensional model,
which included bone, muscle, blood vessels, urinary
system, and abdominal wall tumor lesions, and provided
the corresponding records and statistics. Combination,
disassembly, rotation, and other methods were used to show
the anatomical relationship between the abdominal wall
tumors and surrounding important organs, and provide
theoretical support for the preparation of individualized
surgical plans. Combined with the classification and division
of the abdominal wall to determine the type of abdominal
wall defect, the clinician can develop an individualized
surgery plan to simulate the following: the abdominal wall
defect area after abdominal tumor resection (according
to the anatomical relationship between the abdominal
wall tumor and adjacent tissues and organs), the incision
situation, and the presence or absence of tumor metastasis.
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Table 2 Surgical and follow-up data

Variable Value or M + SD Variable Value or M + SD
Age 54.9+12.4 Type of defect
Gender Type | 0
Male 13 Type ll 3
Female 2 Type lll 12

With other ilinesses

Coronary heart disease 2
Tuberculosis 1
Hepatitis B 1
Hydronephrosis 1

Tumor area infection

Origin
Colon 11
Rectum 4
Follow-up

Follow-up data were retrospectively obtained from the
medical records. Each patient was followed-up every six
months, and the final follow-up was on August 16, 2020.
Follow-up data included death, flap necrosis, incision
infection, mesh infection, intestinal fistula, and other
conditions.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics 22.0 (IBM SPSS Statistics, IBM Corporation,
Armonk, NY, USA). Categorical values were reported as
the frequency and percentage, and continuous values were
reported as the mean =+ standard deviation (SD) or the
median with range, depending on whether the values were
normally distributed or not. Categorical variables were
statistically analyzed by the chi-square test, and continuous
variables were compared using Student’s #-test or the Mann-

Whitney U test.

Results

This study included 15 patients (13 males and 2 females).
The mean age of the patients was 54.87x12.39 years, the
mean average hospital stay was 35.23+11.92 days, and the
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Tumor area (cm?) 98.13+71.70

Abdominal wall defects (cm®) 270.07+101.95

Time of the operation

Total 431.7+189.2

Flap 733.3+130.2

No-Flap 356.2+109.9
Blood

Total 513.3+244.6

Flap 866.7+94.3

No-Flap 425.0+183.1

Complication

Infection of incision 5
Infection of mesh 1
Subcutaneous seroma 2
Hematoma 1
Abdominal hernia 1
Fistula 1
Death 2

mean American Society of Anesthesiologists (ASA) score
was 1.87£0.52. Other relevant information is listed in
Table 1.

All 15 patients underwent abdominal wall tumor
resection. The average tumor area and abdominal wall
defects were 90 cm” and 270 cm’, respectively. The defects
were accurately typed and partitioned (7able 2), and all of the
cases were diagnosed with adenocarcinoma by postoperative
pathology. Three patients underwent flap transplantation,
while two patients received vacuum sealing drainage
(VSD) to temporarily close the abdominal cavity and then
underwent a two-staged abdominal wall reconstruction.
The average operation time was 431.7+189.2 min, and the
average blood loss was 50mL. The average operation time
and blood loss for flap transplantation were 70 min and
80 mL, respectively. The average operation time and blood
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Figure 1 Effect of flap transplantation on operation time and intraoperative blood loss. (A) Mean operation time with or without flap

transplantation. (B) Mean operation time and bleeding volume with or without flap transplantation.

loss without flap transplantation were 30 min and 40 mL,
respectively (Figure I).

The longest follow-up time among the 15 patients was
5 years, and the shortest follow-up time was 4 months.
Incision infections occurred in five patients after surgery,
and two patients died due to an advanced tumor. One
patient developed an abdominal wall hernia, one patient
developed a subcutaneous hematoma, and one patient
developed an intestinal fistula. The recurrence rates of
incisional hernia and abdominal wall tumor were 6.0% and
13.3%, respectively. The patient survival rate was 87.7%.

Discussion

Abdominal wall metastasis of CRC is very rare; however,
its occurrence signified that the tumor is advanced with
a poor prognosis (8). Aggressive surgical treatment will
result in a substantial abdominal wall defect, and palliative
surgical resection will result in postoperative recurrence,
creating a considerable challenge for surgeons. Therefore,
conservative treatment often becomes the first choice for
such patients. First-line drugs, such as oxaliplatin and
irinotecan, for the treatment of patients with CRC have
achieved good results. With the progression of targeted
therapy and immunotherapy, patients with advanced CRC
can achieve long-term survival. However, the overall
treatment effect is not ideal. At present, there are still no
relevant guidelines or expert consensus regarding the best
approach for CRC metastases to the abdominal wall.
Radiotherapy, chemotherapy and neoadjuvant therapy
have greatly improved the recurrence and mortality of
colorectal cancer after surgery. However, for patients
with locally advanced rectal cancer in the abdominal wall,
radiotherapy, chemotherapy and neoadjuvant therapy can
only achieve a certain period of time to shrink the tumor
and prolong the patient's mid-term survival time (10). If
the patient is unable to undergo surgical treatment, or the
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quality of life can be improved only through the above
methods; if the patient uses neoadjuvant chemotherapy or
radiotherapy to create conditions for surgery, combined
with radiotherapy and chemotherapy after surgical treatment
can make the patient survive with radical cure or tumor-
free survival, prolong the survival period and Improve
the quality of life of patients (11). However, patients with
locally advanced colorectal cancer often have other organ
invasions, multiple organ dysfunctions, etc. Various reasons
may increase the risk of surgery and anesthesia, and increase
the risk of postoperative death. Accurately assessing the
overall and local conditions of the patient before surgery is
still the biggest challenge for surgical treatment.

The traditional view is that the treatment of CRC
metastases to the abdominal wall should first consider
the condition of the primary tumor. If the CRC cannot
be controlled or there are other distant metastases in
other organs, then the main treatment should be a
symptomatic or systemic treatment, such as chemotherapy
and radiotherapy. Surgery for CRC metastases to the
abdominal wall has high technical requirements because
it is difficult to reconstruct the abdominal wall, and the
overall prognosis is poor. With the development of modern
medical concepts and technologies, as well as the routine
use of a comprehensive preoperative evaluation by a MDT,
the treatment concept of CRC metastases to the abdominal
wall has changed, and active surgical treatment has become
a feasible choice (12,13). Through surgery, some patients
with locally advanced CRC with abdominal wall invasion
can achieve tumor-free survival or an improved quality of
life. Patients are often able to tolerate surgery, the tumor
can be completely removed, and multiple organ dysfunction
or tumor invasion of large blood vessels can increase
the risk of perioperative anesthesia and mortality. The
treatment strategy is to formulate a personalized treatment
plan through accurate assessment of the systemic conditions
and MDT discussion (14). If the tumor can be completely
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Figure 2 Surgical procedure for abdominal wall tumor. (A) Preoperative measurement; (B) colorectal cancer with abdominal wall invasion;

(C) abdominal wall defect; (D) resection of bowel and abdominal wall tumor; (E) component separation technique; (F) Reconstruction the

peritoneum; (G) reconstruction the abdominal wall; (H) setting of the drainage tube.

resection, the combined treatment method such as enlarged
resection of the abdominal wall tumor + resection of
multiple involved organs combined with postoperative
chemotherapy is performed. If the tumor cannot be
completely removed, neoadjuvant chemoradiation is the
first choice to see whether it can create conditions for
surgery. If after treatment, the conditions for surgery are
met and surgical treatment is possible. If there is no surgery
conditions, local or systemic drug treatment is given (15).

There are two basic categories of surgery, radical
resection and palliative resection. Radical resection is
based on both radical resection of the colorectal tumor
and extended resection of the abdominal wall tumor. In
principle, the resection range should extend 2-3 cm into the
normal tissue at the tumor edge, and a rapid intraoperative
pathological examination is performed to ensure that
there is a clean margin, that no tumor remains within the
basal tissues, and that an RO resection has been achieved.
Palliative resection is mainly applied to address the
complications of abdominal wall tumors, such as ulceration,
bleeding, and infection. The purpose of palliative resection
is to enhance the quality of life of the patients and improve
their condition so that they may receive additional
treatment (Figure 2).

Surgical treatment is feasible for locally advanced
CRC with abdominal wall invasion. There are numerous
tools available to ensure that the surgery is performed
successfully and efficiently. Firstly, the concept of a MDT
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has been widely used and promoted for tumor treatment.
The promotion and application of new technologies,
including imaging, pathology, endoscopy, radiotherapy, and
chemotherapy, have significantly improved the RO resection
rate of CRC tumors. The MDT combines the advantages
of multiple disciplines to accurately assess the patient’s
condition and formulate a personalized and comprehensive
treatment plan (16). Furthermore, it can also more
effectively achieve multidisciplinary crossover, perform in-
depth analyses of problems in each professional aspect, and
make comprehensive considerations of the patient’s general
situation, various organ functions, anesthesia risks, surgical
risks, etc. Locally advanced CRC with abdominal wall
invasion is different from widespread metastasis. Radical
surgery combined with radiotherapy, chemotherapy, and
targeted therapy can significantly improve the prognosis of
patients.

Surgical resection remains the main potentially curative
treatment among patients with resectable liver, lung, and
other metastatic tumor (17,18). Accurate preoperative
assessment is important before the surgery, including
assessment of general situation organ situation which
is invaded. The patient’s various organs function well,
is a prerequisite for surgery and anesthesia. Systemic
therapies, newer biologic agents (for example, bevacizumab
and cetuximab) and immunotherapeutic agents have
revolutionized the treatment options for metastases
patients, who are intolerance to surgery (17). The patients
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who are pT3 or pT4, if the metastatic tumor can be
resection RO, combined with postoperative radiotherapy
and chemotherapy and targeted drug therapy, that survival
time may be prolonged.

An accurate preoperative assessment of the tumor should
be conducted to determine whether the patient should
undergo primary tumor resection or whether there are
unresectable distant metastases. In 215 patients prospective
observational study, Maupoey Ibafiez et 4/. studied that
for high-risk tumours (T3>5 mm and T4), CTC showed
an accuracy, sensitivity, and specificity of 82.7%, 86% and
80%, respectively (19). Catalano er 4/. found that FDG
PET/MRI compared with FDG PET/CT was superior
for staging allowing accurate local and overall staging and
restaging in a significant number of patients in colorectal
cancer (20). Imaging examinations are necessary to confirm
the size of the tumor and its relationship with adjacent
organs. A CT scan of the chest, abdomen, and pelvis
with maximum oral and contrast to evaluate the extent of
the abdominal wall tumor is essential (21). CT and MRI
examinations can help understand the tumor tissue density
and blood supply. A three-dimensional reconstruction
intuitively displays the location and adjacent relationships
of the tumor, and provides important information about
the formulation of the scope of surgical resection. Three-
dimensional visualization (3DV) technology can transform
two-dimensional images into volume images and display
the relationship between abdominal wall tumors and
surrounding tissues or organs in an all-around, multi-angle,
and transparent manner. Selected aspects of specific lesions,
especially the invasion of abdominal wall tumors to adjacent
tissues or organs, can be rotated to observe the distance in a
three-dimensional plane at multiple angles, in order to assess
whether the operation can proceed smoothly. 3DV, as a new
technical method, plays an important role in preoperative
evaluation and surgical planning, and has been used in
liver and pancreatic surgery (22). In our study, all patients
underwent preoperative three-dimensional reconstruction to
accurately assess the condition of the tumor and its adjacent
organs so as to avoid intraoperative risks (Figure 3).

According to our classification of abdominal wall
defects (23), those caused by locally advanced CRC with
abdominal wall invasion often belong to type II or type II1.
The main treatment plan is based on mesh reinforcement
or bridge technology with component separation or
myocutaneous flap technology. At present, the implant
mesh materials primarily include synthetic non-degradable
and biodegradable meshes. A synthetic non-degradable
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mesh can provide a permanent repair of the abdominal
wall. However, it is not suitable for abdominal wall defects
with possible infections. Biodegradable mesh could support
neovascularization and host cell ingrowth, and the collagen
matrix will be replaced by the body’s own tissue, allowing
for the possible reconstruction of abdominal wall defects
with infection, especially for severely exposed patients.

The component separation technique (CST) is a method
that releases the entire abdominal wall myofascial layer by
separating a certain myofascial layer of the abdominal wall
to achieve the purpose of closing a large abdominal wall
defect. The CST mainly includes the anterior approach
CST and the transversus abdominis release (TAR)
technique of the posterior approach. The implementation
of CST technology is relatively simple. One side of the
CST can obtain up to 10 cm of myofascial tissue release in
the mid-abdomen (24). TAR technology is primarily used
to achieve release of the abdominal wall myofascial tissue
through an incision in the transverse abdominis muscle, and
can achieve 8-12 cm of myofascial release to reconstruct the
abdominal wall defect (25).

For abdominal wall defects that do not have the
appropriate conditions or are too large to be closed,
bridging repair methods can also be considered (26).
For type III abdominal wall defects with a full-thickness
absent abdominal wall, autologous tissue transplantation
is the first choice. Depending on the defect site, different
pedicled flaps can be chosen, including the tensor fasciae
latae (TFL), the rectus abdominis flap, the oblique muscle
flap, the latissimus dorsi flap, and the rectus femoris muscle.
These flaps can repair the myofascial layer and cover the
skin at the same time. However, the free myocutaneous
flap needs to be reconstructed and anastomosed using
microsurgical techniques, and thus needs to be performed
by a surgeon with special skills, which restricts the use
of these applications. Since the transplanted tissue does
not have sufficient mechanical strength, the incidence of
postoperative hernia can be as high as 29% (24). Therefore,
in our study, the repair methods for type III abdominal wall
defects were mainly a combination of autologous tissue with
a synthetic non-degradable or biodegradable mesh.

Based on the mesh, the CST or TAR, and flaps
technology, we had enough confidence to complete
the repair or reconstruction of a huge abdominal wall
defect (23). However, an accurate and comprehensive
preoperative assessment of patients with locally advanced
CRC with abdominal wall invasion was required.

The prevalence of COVID-19 can affect preoperative
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Figure 3 Three-dimensional reconstruction process. (A) Cross section of two-dimensional plane; (B) cross section of three-dimensional

plane; (C) bone reconstruction; (D) abdominal wall reconstruction; (E) top view; (F) simulation of abdominal wall defect after tumor

resection.

screening for cancer and prevent patients from receiving
timely treatment. In a study, Chen ez 4/. screening for all
3 cancers declined sharply in March through May of 2020
compared with 2019, with the sharpest decline in April
(breast, -90.8%; colorectal, -79.3%; prostate, -63.4%) in
America (27). Public health efforts are needed to address
the large cancer screening deficit associated with the
COVID-19 pandemic, including increased use of screening
modalities that do not require a procedure.

Due to the low incidence of locally advanced colorectal
cancer with abdominal wall invasion, the sample size of
this study was limited and few patients in the study were
followed for a short time. The statistical results of this study
have certain limitations.

Conclusions

The treatment of locally advanced CRC with abdominal
wall invasion is quite complicated. A preoperative evaluation

© Annals of Translational Medicine. All rights reserved.

and preparation, multidisciplinary cooperation, and
reasonable selection of surgical method are vital to ensure
that patients receive effective treatment.
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