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Colorectal cancer (CRC) is the third most common cancer worldwide, and surgical treatment remains

the first-line treatment to provide a cure. In addition to the aging population, obesity, low physical ac-

tivity, and smoking habits increase CRC risk. Despite advances in surgical techniques, chemotherapy,

and radiotherapy, colorectal cancer remains the second leading cause of cancer-related deaths world-

wide. For early-stage CRC, endoscopic treatment, including endoscopic mucosal resection and endo-

scopic submucosal dissection, has been performed. However, lymph node dissection is an integral part

of surgical treatment for advanced-stage cancer because of the high incidence of lymph node metastasis.

Conventional open surgery has evolved into laparoscopic and robotic surgery. Although prospective

studies have confirmed the safety and feasibility of laparoscopic surgery for CRC, relevant treatment

models of transverse colon cancer and rectal cancer still need to be further explored and validated. Fur-

thermore, multidisciplinary treatment is needed to cure CRC completely. This review aimed to provide

an update on recent advances in the surgical treatment of CRC. (J Nippon Med Sch 2022; 89: 246―254)
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Introduction

According to the International Agency for Research on

Cancer (IARC) estimates in 2018, colorectal cancer (CRC)

was the third most common cancer and the second lead-

ing cause of cancer-related mortality and is associated

with high morbidity worldwide1. Colorectal cancer (CRC)

is a heterogeneous disease, and the majority of CRCs de-

velop slowly from adenomatous polyps or adenomas2. In

addition to the adenoma to carcinoma sequence, approxi-

mately 25% of sporadic CRCs arise via serrated precursor

lesions3. The risk of developing CRC could also be associ-

ated with increasing age, male sex, genetic, environ-

mental, socioeconomic status, nutritional status, physical

activity, smoking, and lifestyle factors4,5. Currently, the

proportion of older adults with CRC has increased; in

2050, an estimated 6.9 million new CSCs will be diag-

nosed in adults aged 80 years or older worldwide (20.5%

of all cancer cases)6. In contrast, epidemiological studies

have shown that the incidence of CRC in young people

is also gradually increasing7. In Japan, treatment for CRC

is generally decided in accordance with the 2019 edition

of the Japanese Society for Cancer of the Colon and Rec-

tum (JSCCR) guidelines, which are prepared by the Japa-

nese Society for Cancer of the Colon and Rectum8. This

review aimed to provide an update on recent advances

in the treatment of CRC.

Endoscopic Treatment

Advances in the development of flexible endoscopes and

endoscopic devices have increased the demand for mini-

mally invasive treatments and expanded the indications

for endoscopic treatments9. Upon diagnosis, T1 CRC

might be resected endoscopically in en bloc endoscopic

mucosal resection (Fig. 1) and endoscopic submucosal re-

section for large and complex lesions (Fig. 2). Recently,

peranal endoscopic myectomy has been performed for

rectal lesions with severe fibrosis, in which dissection is

performed between the inner circular and outer longitu-

dinal muscle layers10. Endoscopic full-thickness resection

has also become possible (Fig. 3); for lesions that are < 2
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Fig.　1　Endoscopic mucosal resection is used to resect precancerous, early-stage cancer from the 

digestive tract. It is performed by injecting saline solution into the submucosal space to 

elevate the lesion (A). Subsequently, the lesion is captured and removed using a snare 

while minimizing mechanical or electrocautery damage to the deeper layers of the gastro-

intestinal wall (B, C). The lesion may be removed in a single attempt or in a piecemeal 

fashion (D).

cm in size, this modality (performed using a full-

thickness resection device system [Ovesco Endoscopy,

Tuebingen, Germany]) has shown a good overall techni-

cal efficacy with acceptable safety11. Endoscopic removal

is both safer and less expensive than surgery when per-

formed by expert endoscopists12. In cases where endo-

scopic resection is challenging or the risk of complication

is high due to various polyp-specific factors, such as size,

location, appearance, and a sessile nature, where endo-

scopic resection is challenging or the risk of complication

is high, a combined endoscopic and laparoscopic surgery

(CELS) can significantly reduce costs and lower compli-

cation rates while preserving the patient’s colon13. Guide-

lines for treating T1 CRC in Japan mention lymphovascu-

lar invasion, histological grade, submucosal invasion

depth, and tumor budding as risk factors for lymph node

metastasis8. Recently, Kudo et al.14 reported that an artifi-

cial intelligence system showed higher discriminating

power than the current guideline for predicting lymph

node metastasis in patients with T1 CRCs.

Surgical Treatment

Despite the rapid development of chemotherapy, radio-

therapy, and immunotherapy, surgical resection remains

the only possible cure for advanced-stage CRC15. There-

fore, it is particularly important to improve surgical treat-

ment options for advanced CRC.

I. The Extent of Lymph Node Dissection in Advanced

Colon Cancer

Lymph node dissection, performed during surgical re-

section for CRC, is used for staging and has an essential

impact on patient prognosis. The current standard of care

for curative surgery for colon cancer is complete meso-

colic excision (CME) with central vascular ligation (CVL)

or D3 dissection16. The concept of CME with CVL con-

sists of sharp dissection along the embryological planes

within the mesofascial interface with a full regional

lymph node dissection, including central ligation of the

supplying vessels17. The embryologic fusion fascia of

Toldt and Fredet is known landmark used by colorectal

surgeons (Fig. 4). Especially, in cases of right colon can-

cer, anatomical knowledge of the fusion fascia of Fredet

is useful to achieve CME and D3 with reduced risk of in-

traoperative complications18. Although meta-analysis

shows that CME is a more effective strategy for improv-

ing specimen quality and survival, it involves a higher

complication rate19. The optimal surgery for colon cancer

remains unclear because no evidence shows the benefi-

cial impact of extensive (D3) versus more limited (D2)

dissection oncological outcomes, which might increase
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Fig.　2　Endoscopic submucosal resection is used to remove large tumors from the diges-

tive tract. Several marking dots are made outside the lesion (A), and a solution is 

injected submucosally (B). An incision is made around the perimeter of the dis-

eased part or lesion using a cutting knife (C), and a direct dissection of the submu-

cosal layer is performed (D).

Fig.　3　Endoscopic full-thickness resection is a novel treatment for colorectal lesions that are not amenable 

to conventional endoscopic resection. A pair of grasping forceps or an anchor device (Ovesco Endos-

copy) is advanced through the working channel (A). The lesion is then gently pulled into the cap (B). 

A clip is then deployed, and the tissue above the clip is immediately resected with a snare (C).

morbidity20. An international, prospective, observational

cohort study (the T-REX study, n = 4,000 patients) is be-

ing conducted to establish an international consensus on

the extent of bowel resection and appropriate central

lymphadenectomy in colon cancer surgery based on an

in-depth analysis of lymph node mapping21.

II. Laparoscopic Surgery for Advanced Colon Cancer

The evolution of colorectal cancer surgery is shown in
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Fig.　4　An illustration shows the embryological plane defined by the fusion fascia 

of Toldt and the fusion fascia of Fredet, which exist between the right me-

socolon and the retroperitoneum.

Fig.　5　The evolution of surgery for CRC. In the early 1990s, surgeons switched from open surgery to laparoscopic sur-

gery. In the 2000s, robotic surgery was added to laparoscopic surgery. Recently, the development of artificial in-

telligence-based technology and navigation surgery has been advancing rapidly.

Figure 5. In the early 1990s, laparoscopic surgery was

first proposed as an alternative to open surgery for le-

sions of the colon and rectum (Fig. 5)22. Most randomized

controlled trials in the United States and Europe reported

short-term benefits compared with open surgery, with no

significant differences in long-term outcome23―28. Laparo-

scopic surgery for the treatment of colon cancer has been

routinely performed worldwide. It is also recommended

as an acceptable treatment option in Japan29. However,

patients with high BMI, clinical N2 and T4 disease, and

tumor size ≥ 6 cm might require prudent selection of

surgical approach because these groups tend to show

worse survival than those who underwent open sur-

gery29. In contrast, laparoscopy is the dominant proce-

dure, with significantly lower costs and lower surgical

site infection than open surgery30,31. However, patient-

reported outcomes (PROs), recognized endpoint after

medical and surgical treatments, measures changes are

similar between open and laparoscopic surgery in pa-

tients with colon cancer32. Although prospective studies

have confirmed the safety and feasibility of laparoscopic

surgery for CRC, the effectiveness of laparoscopic sur-

gery for transverse colon cancer is not well established

for anatomical reasons. The mesentery of the transverse

colon is closely related to the proximal superior mesen-

teric artery and vein as well as to the foregut structures

such as the greater omentum, the pancreas, and the

lesser sac33. In addition, there are many variations of vas-

cular bifurcation, and the appropriate extent of lymph

node dissection is not standardized; transverse colectomy

is considered a complicated surgery. Against this back-

ground, there have been several reports on the usefulness

of laparoscopic surgery for transverse colon cancer. Meta-

analysis of transverse colectomy compared with open

and laparoscopy provides similar survival benefits, ear-

lier postoperative recovery, and shorter hospital stay33.

Furthermore, a randomized controlled trial showed simi-

lar short- and long-term outcomes of laparoscopic sur-

gery for transverse colon cancer compared with open

surgery34. Laparoscopic extended right hemicolectomy

and laparoscopic transverse colectomy offer similar on-

cological outcomes for mid-transverse colon cancer35.
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III. Total Mesorectal Excision and Lateral Lymph

Node Dissection for Lower Rectal Cancer

Surgery for rectal cancer is more complex because of

the accessibility and intricate anatomy of the pelvis. Total

mesorectal excision (TME) is the standard oncological ap-

proach to rectal cancer because it contains most of the in-

volved lymph nodes and tumor deposits, which was first

proposed by Heald et al.36 in 1982. This includes the rou-

tine excision of the intact mesorectum by precise, sharp

dissection in the areolar tissue between the visceral and

parietal layers of the pelvic fascia37. A clear circumferen-

tial margin is generally defined as a distance greater than

1 mm between the tumor border and resection margin38.

Patients with involved circumferential margins have an

increased risk of local recurrence and development of

distant metastases39,40. Contrastingly, lateral lymph node

metastases exist in nearly 16%-23% of patients with rectal

cancer, and 40%-50% of patients with R0 resection report-

edly achieved five-year survival8. Management of lower

rectal cancer has evolved differently in Japan compared

to the rest of the world. For example, patients with stage

II/III disease below the peritoneal reflection are com-

monly managed by TME or mesorectal excision (ME)

and lateral lymph node dissection (LLND)41. However,

western countries prefer to use TME plus preoperative

chemoradiotherapy followed by TME and postoperative

adjuvant chemotherapy with fluorouracil and oxaliplatin

to reduce local recurrence42. A large, randomized control

trial, JCOG0212, showed no difference in relapse-free sur-

vival; however, local recurrence was significantly less

common in the ME + LLND group, especially in the lat-

eral pelvis43. ME with LLND is recommended for patients

with clinical stage III disease, whereas LLND can be

omitted in patients with clinical stage II tumors44. Fur-

thermore, a meta-analysis comparing the TME plus

LLND and TME only groups in rectal cancer patients

showed no statistically significant differences in the over-

all survival and disease-free survival45. Recently, transanal

TME (TaTME) has been developed as an option to retain

circumferential resection margins (CRM) during TME46.

The most common reconstruction method in lower ante-

rior resection is the double-stapling technique (DST) an-

astomosis. Anastomotic leakage (AL) after low anterior

resection for rectal cancer is a condition that can lead to

serious complications, and it is reported to occur at a fre-

quency of approximately 10 to 15% according to the Na-

tional Clinical Database (NCD) in Japan and the Nation-

wide Inpatient Sample (NIS) database in the United

States47,48. Various factors such as anastomotic device, an-

astomotic blood flow, tension at the anastomotic site, and

comorbidity are involved in the occurrence of AL49―51. Fur-

thermore, AL is related to a patient’s quality of life and

prognosis, especially morbidity, mortality, functional de-

fects, and oncologic outcomes52―54.

IV. Laparoscopic Surgery for Advanced Rectal Cancer

In rectal cancer, the role of conventional multiport la-

paroscopy is still debated. Most randomized and obser-

vational studies comparing laparoscopic and open resec-

tion for rectal cancer found equivalent oncologic margins,

lymph node harvest, and long-term oncologic outcomes,

except for the ACOSOG Z6051 and ALaCaRT random-

ized trials55. The results of randomized trials could not

prove that the short-term oncologic outcomes of laparo-

scopic surgery were equivalent to those after open sur-

gery, even when performed by surgeons with laparo-

scopic expertise55.

V. Robotic Surgery for CRC

The first robotic-assisted colectomy was performed in

2002 in the USA (Fig. 5)56. Advantages of robotic surgery

include tremor filtration, ability to scale motion, stereo-

scopic vision, and the use of wristed instruments57. These

improve the surgeon’s dexterity and allow precise lymph

node dissection and intracorporeal anastomoses. Cohort

studies have shown that compared with laparoscopic ap-

proaches, robotic approaches for partial and total colecto-

mies appear to offer improved long-term survival in pa-

tients with stage I-III colon cancer58. However, prolonged

operating times, increased costs, and steeper learning

curves remain the major drawbacks of robotic colectomy

for colon cancer59. The role of robots in colon cancer sur-

gery remains unclear. Conversely, in case of rectal cancer,

robot-assisted laparoscopic TME and transanal minimally

invasive TME might improve mid-rectal and distal rectal

cancer outcomes60,61. A meta-analysis showed that com-

pared with laparoscopic surgery, robot-assisted surgery

for rectal cancer may have a better therapeutic effect and

similar oncological outcomes62. Conversely, urinary and

sexual dysfunction are potential complications of rectal

cancer surgery; a prospective study noted that robotic

surgery offered distinct advantages in terms of protecting

the pelvic autonomic nerves and relieving postoperative

sexual dysfunction63.

VI. Navigation Surgery

Navigation technology has significantly contributed to

enhancing, safe, and accurate surgery (Fig. 5). In colorec-

tal surgery, injecting fluorescence and indocyanine green

(ICG) in the artery can be used for real-time visualization

of blood flow of colon and rectum to be reconstructed. In
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addition, the incidence of AL due to blood flow insuffi-

ciency may be reduced by assessing the perfusion of a

colorectal anastomosis64. Furthermore, artificial intelli-

gence (AI)-based real-time microcirculation analysis had

a more accurate consistent performance than the conven-

tional parameter-based method65. Interestingly, ICG is

also used for lymph node mapping. Sentinel lymph node

mapping was developed to identify the first to fourth

LNs in the lymphatic pathway, which are most likely to

harbor micrometastases66. However, the fluorescent signal

only indicates lymph node presence; therefore, tumor-

specific targeting by CEA-targeted fluorescent imaging

using SGM-101 is expected to be a tool for detecting the

presence of lymph node metastasis67. A complete under-

standing of the anatomy of blood vessels is vital for

lymph node dissection and vascular resection for the

treatment of colon cancer. Three-dimensional computed

tomographic angiography with computed tomographic

colonography may contribute to laparoscopic colorectal

surgery by providing surgeons with reliable preoperative

vascular anatomy. Preoperative information on vessel

anatomy can help manipulate the blood vessels, prevent

intraoperative vascular injury, and determine the appro-

priate extent of lymph node68.

Chemotherapy and Radiation

Chemotherapy for CRC is broadly classified as a treat-

ment for neoadjuvant chemotherapy, adjuvant chemo-

therapy, and unresectable or recurrent cases. Commonly

used anticancer drugs that have been approved for the

treatment of CRC and are covered by the Japanese Na-

tional Health Insurance include the followings8:

Cytotoxic drugs: fluorouracil (5-FU), 5-FU + levofoli-

nate calcium (l-LV), tegafur uracil (UFT), tegafur gimer-

acil oteracil potassium (S-1), UFT + calcium folinate,

capecitabine, irinotecan hydrochloride hydrate, ox-

aliplatin (OX), trifluridine/tipiracil hydrochloride (FTD/

TPI).

Molecular targeted drugs: bevacizumab (BEV), ramu-

cirumab (RAM), aflibercept beta (AFL), cetuximab (CET),

panitumumab (PANI), regorafenib hydrate (REG), enco-

rafenib, binimetinib.

Immune checkpoint inhibitor: pembrolizumab (Pem-

bro).

I. Neoadjuvant Therapy

There are several benefits of neoadjuvant systemic

therapy: (I) improvement of surgical outcomes by down-

staging of tumor; (II) early control of systemic metastatic

spread and testing of tumor biology; and (III) in vivo test-

ing of chemotherapy sensitivity and potential incorpora-

tion of novel agents in clinical trials69. Meta-analysis

showed the potential survival benefit of neoadjuvant che-

motherapy compared to adjuvant chemotherapy for lo-

cally advanced colon cancer, without an increase in surgi-

cal morbidity69. Furthermore, preoperative chemotherapy

in combination with chemoradiation, the so-called total

neoadjuvant chemotherapy (TNT), has been reported to

have the same benefits70. A meta-analysis of the treatment

outcomes of TNT was found to increase the odds of com-

plete pathological response by 39%71.

II. Adjuvant Chemotherapy

Postoperative adjuvant chemotherapy is systemic che-

motherapy performed after surgery to prevent recurrence

and improve the prognosis of patients who undergo R0

resection. As an adjuvant therapy, fluoropyrimidine-

based chemotherapy improves survival in resected stage

III, and in a subset of high-risk stage II colon cancers

(e.g., T4 lesions, less than 12 examined lymph nodes,

poorly differentiated histology)72,73. Several landmark

studies, including the MOSAIC study, established the ad-

dition of oxaliplatin to fluoropyrimidine (fluorouracil or

capecitabine) as a new standard74―77. For years, 6 months

of adjuvant chemotherapy is the standard of care. How-

ever, the IDEA collaboration, drawing on six random-

ized, phase 3 clinical trials, showed that limiting adju-

vant chemotherapy to 3 months might reduce toxicity

(e.g., less cumulative neuropathy) without impairing

treatment efficacy for at least low-risk stage III colon can-

cers (not T4 or N2)78.

III. Chemotherapy for Unresectable or Recurrent CRC

Systemic therapy for metastatic CRC is tailored with

patient-specific and disease-specific predictive markers

such as the RAS (KRAS/NRAS) and BRAFV600E mutations

and a DNA-mismatch repair status79. Paralleled with ad-

vances in surgical and allied specialties, the increasing

number of effective drugs for CRC has substantially im-

proved overall survival. The options for molecular strati-

fied treatment available to patients with CRC have in-

creased, and biomarkers have been used to determine the

treatment strategy80. Thus, the treatment options available

to patients have expanded.

IV. Radiotherapy

Radiotherapy is used to treat patients with locally ad-

vanced rectal cancer either as adjuvant therapy after sur-

gery to prevent recurrence or before surgery to reduce

tumor volume and preserve the anal sphincter, as well as

palliative care to relieve the symptoms and prolong the

survival time of patients with unresectable colorectal can-
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cer who have symptomatic lesions8.

Conclusions

Currently, patients with advanced CRC are still mainly

treated by surgery combined with neoadjuvant chemo-

therapy, adjuvant chemotherapy, and radiotherapy to im-

prove surgical treatment. Sue to the features such as

sharp dissection along the embryological planes within

the mesofascial interface with full regional lymph node

dissection, CME for colon cancer and TME for rectal can-

cer are recommended. With the advent of individualized

and personalized medicine, continued improvements in

the treatment of advanced CRC require supporting data

from randomized clinical trials, which are also needed to

provide evidence to support the extent of bowel resection

and appropriate central lymphadenectomy in colon can-

cer surgery. Further studies are required to determine the

optimal approaches for surgical treatment of patients

with advanced CRC.
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