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We dedicate this book to the patients who were treated for 
colorectal cancer and participated in research program 
delineated in this text.

좋은 수술에는 왕도는 없다. 인간 해부학 지식을 바탕으로 
한 수술 치료 원칙만 있다.

There is no royal road to good surgery, only principle of 
surgery based on human anatomy exist.

良質の手術を習得する近道はない。ただ、解剖に基づい
た手術を心掛けるのみ.

完美手術無捷徑,其要旨在於遵守人體解剖學所呈現的外科
基本原理.

達至良好外科手術是沒有捷徑的 。然而,手術的原則是基於
人體解剖學的知識.

外科的成功没有捷径,只有基于现代人体解剖的外科原则.

 ليس هناك طريق ملكي لعملية جراحية جيدة ولكن فقط مبدأ الجراحة على أساس التشريح البشري

لابد ان بكون حاضرا

अच्छि सर्जरी के लिए शाही सड़क नहीं है, लेकिन केवल मानव शरीर रचाना विज्ञान के 
आधार पर सर्जरी का सिद्धांत है

Không có con đường thật sự để đưa đến cuộc phẫu thuật tốt, 
chỉ có nguyên tắc duy nhất là dựa vào giải phẫu cơ thể con 
người hiện tại



vii

In the past, colorectal cancer was the most prevalent digestive tract cancer in 
western countries, and there have been abundant studies conducted regarding 
the epidemiology, early detection, and treatment of the disease. In the past 
decade, along with the economic growth in the Eastern countries, eating hab-
its of people and their lifestyle have shifted toward westernization, and the 
proportion of obese population has dramatically increased. As a result, 
colorectal cancer has been threatening the Asian population as the most fre-
quently occurring digestive tract cancer. Colorectal cancer is already the most 
prevalent digestive tract cancer in Hong Kong, Taiwan, Singapore, part of 
China, Philippines, and Thailand, and although stomach cancer is the most 
common digestive tract cancer in Korea, Japan, and most of China, it is pre-
dicted that the prevalence of colorectal cancer will exceed in the near future.

The experience and studies of colorectal cancer and the epidemiology, 
cause, early detection, and treatment of the disease have been mainly depen-
dent on the clinical and basic research conducted in the United States and 
Europe. However, the treatment status, results, and the problems faced by the 
Asian population cannot be mutual to that of Western countries. In order to 
properly reciprocate to the growing population of colorectal cancer patients 
in Asia, a pivotal conference was held in Bangkok, Thailand, in 2011, with 
colorectal cancer surgeons playing the key role. In May 2012, professors of 
major university hospitals in Korea, Japan, Taiwan, Singapore, Hong Kong, 
China, Malaysia, Thailand, Philippines, India, and Saudi Arabia gathered in 
Seoul, Korea, for the first joint conference. The object of the conference was 
to share the experience and knowledge encountered during the treatment of 
colorectal patients in the Asia-Pacific area. In order to achieve the proposed 
goals, mutual exchange of information and cooperation on the prevention, 
diagnosis, and treatment of colorectal cancer and general problems that fol-
low are needed. Through interchange of needed education, we aimed to 
improve the quality of the treatment in the Asia-Pacific area. This book 
describes extensively the fundamental surgical principles of colorectal can-
cer, the current status on minimally invasive surgery, and the multidisci-
plinary approach in cases of cancer metastases or recurrence. The title and 
contents in each chapter are composed of themes that were discussed and 
deliberated at the meetings. We hope that the readers will not only master the 
very specialized techniques but also learn about the current treatment status 
in the Asia-Pacific area. This book is intended to be the cornerstone of treat-
ment for the increasing colorectal cancer patients in Asia and act to  standardize 

Preface



viii

the future treatment protocol and to optimize the treatment results. This book 
is a treasure house of knowledge and experience of the founding members, 
who are willing to provide their wisdom to the younger generation of 
surgeons.

Furthermore, we wish to spread our will to the Middle East, India, 
Pakistan, Vietnam, Mongolia, Bangladesh, Sri Lanka, and Myanmar and 
hope that the patients there will receive optimal treatment in the future.

Seoul, South Korea Nam Kyu Kim 
Tokyo, Japan  Kenichi Sugihara 
Taipei City, Taiwan  Jin-Tung Liang 
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Epidemiology of Colorectal Cancer 
in Asia-Pacific Region

Sohee Park and Sun Ha Jee

Abstract

Colorectal cancer is the third most common 
cancer with about 1.36 million new cases and 
694,000 deaths worldwide. Over the past two 
decades, colorectal cancer incidence has been 
drastically increasing in countries of the Asia- 
Pacific region, such as the Republic of Korea, 
Singapore, the Philippines, Thailand, and 
China. There is large geographic variation in 
colorectal cancer incidence and mortality 
throughout the world. The Republic of Korea 
has the highest colorectal cancer incidence (45 
per 100,000). While the incidence of colorec-
tal cancer has been stabilizing in parts of 
Northern and Western Europe and the USA, 
the rates have rapidly increased in economi-
cally developed Asia-Pacific countries such as 
Australia, New Zealand, Japan, Korea, and 
Singapore. The 5-year survival was estimated 
to be ranging from 28.1% to 66.0% for colon 
cancer patients and 39.7–65.9% for rectal can-
cer patients diagnosed during 2005–2009 in 
Asian countries.

A sharp increase in the incidence of colorectal 
cancer in Asian developed countries may be 
attributable to economic growth and environ-

mental factors such as a Western lifestyle. 
Lifestyle-related risk factors of colorectal cancer 
include smoking, alcohol drinking in men, high 
consumption of red meat and processed meat, 
body fatness, abdominal fatness, and physical 
inactivity. Colorectal cancer has clearly become 
an emerging health threat in Asia-Pacific regions 
and is dramatically increasing in its incidence. 
Prevention and treatment programs for colorec-
tal cancer control should be actively implemented 
and evaluated in this region.

Keywords

Colorectal cancer incidence · Epidemiology · 
Geographic variation · Risk factor · Lifestyle

1.1  Trends of Colorectal Cancer 
Incidence and Mortality

Colorectal cancer is the third most common can-
cer with about 1.36 million new cases and 
694,000 deaths worldwide. Colorectal cancer 
ranks the third in cancer incidence of men 
(746,000 cases, 10.0% of the total cancer inci-
dent cases) and the second in women (614,000 
cases, 9.2% of the total cancer incident cases) 
[1]. Approximately 55% of the newly diagnosed 
colorectal cancer cases occur in more developed 
regions. Colorectal cancer is the fourth leading 
cause of cancer deaths (8.5% of the total) in the 
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world. Unlike incident cases, more colorectal 
cancer deaths occur in less developed regions of 
the world (52%) which implies a worse survival 
in these regions [1].

The Republic of Korea has the highest colorec-
tal cancer incidence in the world according to the 
GLOBOCAN 2012 estimates, with an age- 
standardized incidence rate of 45.0 per 100,000 
person-years, followed by Slovakia (42.7 per 
100,000), Hungary (42.3 per 100,000), Denmark 
(40.5 per 100,000), and the Netherlands (40.2 per 
100,000). Most of the countries listed in the top 
20 highest colorectal cancer incidence rates are 
in Northern Europe, but it is notable that Asia- 
Pacific countries such as the Republic of Korea, 
Singapore, Japan, Australia, and New Zealand 
are also included (Table 1.1). The colorectal cancer 

incidence rate in the Republic of Korea is remark-
ably high compared with that of other Asian 
countries (13.7 per 100,000) and the USA (25.0 
per 100,000). Despite its rapid increase of inci-
dence rate (20.4 in 1999 and 36.2 in 2009, aver-
age percent change of 6.2%), the 5-year survival 
improved dramatically from 58.0% to 76.3% 
over the last two decades in Korea [2, 3]. Both 
early detection through nationwide cancer 
screening and advancement of cancer treatment 
may have contributed to the improved survival in 
colorectal cancer patients in the Republic of 
Korea. However, most recent statistics of Korea 
show that the colorectal cancer incidence began 
to decrease after year 2010 with annual percent 
change of −4.6% [3].

1.1.1  Temporal Trends

Over the past two decades, colorectal cancer inci-
dence has been drastically increasing in countries 
of the Asia-Pacific region, such as Singapore, the 
Philippines, Thailand, the Republic of Korea, and 
China (Fig. 1.1). While colorectal cancer inci-
dence of Japanese men appeared to decrease 
since 1993, most countries in Fig. 1.1 shows sig-
nificantly increasing trend in Asia. Similarly 
increasing trends are observed in Western and 
Northern European countries such as Denmark, 
England, Finland, and Slovakia, while decreasing 
trend has been observed in the USA, Australia, 
and France [4].

1.1.2  Geographic Variations

While colorectal cancer affects men and women 
almost equally, there is large geographic varia-
tion in colorectal cancer incidence and mortality 
throughout the world [5]. Colorectal cancer is 
known to be common in developed countries and 
be associated with Western lifestyle [6]. There is 
a large variation in colorectal cancer incidence 
rates (Fig. 1.2). The age-standardized colorectal 
incidence rate in more developed regions is 29.2 
per 100,000 in contrast to 11.7 per 100,000 in 
less developed regions, and there is 37-fold dif-

Table 1.1 Top 20 countries with highest colorectal cancer 
incidence rates in the world

Population

Number  
of incident 
cases

Crude 
incidence 
rates

Age- 
standardized 
incidence ratesa

Republic of 
Korea

33,773 69.5 45.0

Slovakia 3963 72.3 42.7
Hungary 8442 84.8 42.3
Denmark 4832 86.4 40.5
The 
Netherlands

13,918 83.3 40.2

Czech 
Republic

8336 78.9 38.9

Norway 3913 78.9 38.9
Australia 15,869 69.2 38.4
New 
Zealand

3018 67.6 37.3

Slovenia 1621 79.5 37.0
Belgium 8683 80.5 36.7
Israel 4033 52.4 35.9
Canada 23,769 68.5 35.2
Ireland 2560 55.9 34.9
Italy 48,110 78.9 33.9
Singapore 2662 50.6 33.7
Spain 32,240 68.9 33.1
Croatia 3209 73.1 32.9
Serbia 5513 56.0 32.6
Japan 112,675 89.1 32.2

Data were generated from GLOBOCAN 2012 estimates [1]
aAge-standardized rates were based on the world popula-
tion (per 100,000 person-years)
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ference in the rate of the Republic of Korea (high-
est, 45.0 per 100,000) and Mozambique (lowest, 
1.2 per 100,000) [4].

In contrast to a large discrepancy in colorectal 
cancer incidence across regions, there is less dif-
ference in colorectal cancer mortality. The age- 
standardized colorectal cancer mortality rate in 
more developed regions is 11.6 per 100,000 com-
pared with 6.6 per 100,000 in less developed 

regions. Hungary has the highest colorectal can-
cer mortality (20.8 per 100,000) and Mozambique 
has the lowest (0.9 per 100,000) [4].

While the incidence of colorectal cancer has 
been stabilizing in parts of Northern and Western 
Europe and the USA, the rates have rapidly 
increased in economically developed  Asia- Pacific 
countries including Australia, New Zealand, Japan, 
Korea, and Singapore.
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Fig. 1.1 Trend of colorectal cancer incidence in selected Asian countries. (a) Men. (b) Women. Source: GLOBOCAN 2012, 
http://globocan.iarc.fr/old/FactSheets/cancers/colorectal-new.asp

≥ 26.3
14.4–26.3
8.5–14.4
4.9–8.5
< 4.9
No data
Not applicable

Fig. 1.2 Estimated colorectal cancer incidence rates in the world, age-standardized rates per 100,000 person-years. 
Source: GLOBOCAN 2012, http://globocan.iarc.fr
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Through investigating the trends of colorectal 
cancer by subsite, substantial variation in subsite 
distribution of colorectal cancer in Asian coun-
tries was observed, and it was suggested that 
increase in overall colorectal cancer incidence 
may be mainly due to the increase in colon can-
cer, but not rectal cancer [7].

1.1.3  Survival of Colorectal Cancer 
Patients

According to the recent global study (CON-
CORD-2), the 5-year survival in Asia was esti-
mated ranging from 28.1% to 66.0% for colon 
cancer patients and 39.7–65.9% for rectal can-
cer patients diagnosed during 2005–2009 [8]. 
Table 1.2 summarizes the age-standardized 
incidence rates and 5-year survival for colorec-
tal cancer in selected countries. In particular, 
5-year survival estimates of the Republic of 
Korea and Japan appear to be similar to those 
of Australia and the USA.

It was also shown that the 5-year survival has 
risen for both colon and rectal cancers in most 
developed countries and regions, such as North 

America, Europe, and Oceania, and parts of East 
Asia including the Republic of Korea and urban 
region of China [8].

1.2  Risk Factors

A sharp increase in the incidence of colorectal 
cancer in Asian developed countries may be 
attributable to economic growth and environ-
mental factors such as a Western lifestyle. 
Lifestyle- related risk factors of colorectal can-
cer include smoking, alcohol drinking in men, 
high consumption of red meat and processed 
meat, body fatness, abdominal fatness, and 
physical inactivity. These factors were mostly 
classified as having a convincing evidence for 
their association with significantly increased 
risk of colorectal cancer after being evaluated 
by expert groups of the World Cancer Research 
Foundation (WCRF) and American Institute for 
Cancer Research [9]. The WCRF report showed 
that foods containing dietary fiber, garlic, non-
starchy vegetables, fruits, foods containing 
folate and selenium, soy products, and green 
tea may have a protective effect against colorec-
tal cancer risk, but the level of evidence was 
weaker (Table 1.3).

An update of the WCRF report was recently 
published from a comprehensive search on 
foods and beverages and their association with 
colorectal cancer during the period of January 
1, 2010, to May 31, 2015. This reevaluation 
confirmed that red and processed meat con-
sumption and alcohol drinking are still signifi-
cant risk factors for colorectal cancer [10]. 
There was insufficient evidence for the associ-
ation with colorectal cancer risk for the con-
sumption of fruits, legumes, poultry, coffee, 
and tea.

1.2.1  Smoking

While many studies have reported a 20–60% 
increase in risk of colorectal cancer associated 
with active smoking, neither the International 

Table 1.2 Age-standardized incidence rates and 5-year 
survival for colorectal cancer in selected countries

Population

Age-standardized 
incidence rates  
(per 100,000)

5-year survival

Colon 
cancer

Rectal 
cancer

Republic of 
Korea

45.0 66.0 65.9

Japan 32.2 64.4 60.3

China 14.2 54.6 53.2

Malaysia 18.3 53.3 42.5

Indonesia 12.8 28.1 58.0

Thailand 12.4 50.4 39.7

Australia 38.4 64.2 64.2

New 
Zealand

37.3 61.6 60.8

USA 25.0 64.7 64.0

UK 30.2 53.8 56.6

Age-standardized rates of colorectal cancer are from 
GLOBOCAN 2012 [4], and 5-year survival estimates 
for cancer patients diagnosed in 2005–2009 are from 
CONCORD-2 [8]

S. Park and S. H. Jee
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Agency for Research on Cancer nor the US 
Surgeon General has classified smoking as a con-
vincing risk factor for colorectal cancer because of 
concern about residual confounding [11]. A large 
prospective cohort study of over 180,000 subjects 
showed that the incidence of colorectal cancer was 
significantly higher among current smokers (haz-
ard ratios (HR) = 1.27, 95% CI: 1.06–1.52) and 
among former smokers (HR = 1.23, 95% CI: 1.11–
1.36) compared with nonsmokers, even in the 
analysis after controlling for 13 potential con-
founding factors including screening [11]. Studies 

in Korea and Japan also showed elevated risk of 
colorectal cancer among smokers compared to 
nonsmokers [12, 13].

1.2.2  Alcohol Drinking

Alcohol drinking is a known risk factor for 
colorectal cancer with convincing evidence. 
There was a significant dose-response relation-
ship (RR = 1.07, 95% CI: 1.05–1.09, per 10 g/day 
increment) [10]. In a pooled analysis of Korean 
data, there was an elevated risk of colorectal can-
cer (RR = 1.12 in men and RR = 1.19 in women 
for average alcohol consumption of 28.53 g/day 
in men and 6.38 g/day in women, respectively). 
Even light drinking (≤1 drink/day) was shown to 
be associated with the increased incidence of 
male colorectal cancer in a meta-analysis [14].

1.2.3  Meat Consumption

High consumption of red meat and processed 
meat possibly increases risk of colorectal cancer 
or colon cancer in both Japanese and Korean pop-
ulations [15, 16]. An updated WCRF report rein-
forced the evidence that high intake of red and 
processed meat and alcohol increases the risk of 
colorectal cancer [10]. In particular, red and pro-
cessed meat consumption showed a significant 
dose-response relationship with colorectal cancer 
risk (RR = 1.12, 95% CI: 1.04–1.21, per 100 g/
day increment).

However, dietary fat and its association with 
colorectal cancer may be still controversial. A 
meta-analysis of 13 prospective cohort studies 
showed that dietary fat may not be associated 
with increased risk of colorectal cancer [17].

1.2.4  Obesity and Physical Inactivity

Obesity and physical inactivity were found to 
increase the colorectal cancer risk. Both body fat-
ness and abdominal fatness were shown to have con-
vincing evidence to increase the colorectal cancer. 

Table 1.3 List of factors associated with colorectal cancer

Level of 
evidence Increase RISK

Decrease 
RISK

Evidence 
source

Convincing Smoking Physical 
activity 
(colon)

WCRF

Alcohol 
drinking (men)

WCRF

Red meat WCRF

Processed meat WCRF

Body fatness WCRF

Abdominal 
fatness

WCRF

Probable Alcohol 
drinking 
(women)

Foods 
containing 
dietary 
fiber

WCRF

Garlic WCRF

Non-
starchy 
vegetables

Fruits WCRF

Foods 
containing 
folate

Selenium

Soy 
products

Green tea

Milk WCRF- 
updateWhole 

grain

Fish

Less 
convincing

Vegetables WCRF- 
update

Not 
associated

Coffee Fruits WCRF- 
updateTea

WCRF World Cancer Research Fund [9]; WCRF-update 
[10]

1 Epidemiology of Colorectal Cancer in Asia-Pacific Region
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According to the WCRF evaluation, most of the 
cohort studies out of 60 studies showed that body 
fatness increased the risk of colorectal cancer. 
Meta-analysis showed that summary effect esti-
mate of 1.03 (85% CI: 1.02–1.04) per 1 kg/m2 
increment of body mass index [9]. Abundant and 
consistent epidemiological evidence exists that 
greater body fatness is a cause of colorectal 
cancer.

1.2.5  Fruits and Vegetables

Based on the update of WCRF report, vegetables 
(RR = 0.98, 95% CI: 0.96–0.99, 100 g/day incre-
ment) were inversely associated with the risk of 
colorectal cancer [10]. However, there does not 
seem to be sufficient evidence for the protective 
effect of fruits on colorectal cancer. The studies 
conducted in Japanese and Korean population 
showed inconsistent results. A recent study on 
Japanese population showed that there was insuf-
ficient evidence to support an association between 
vegetable intake and colorectal cancer risk [18]. 
Furthermore, a meta-analysis on Korean popula-
tion showed that vegetables and soybeans were 
not significantly associated with colorectal can-
cer risk [16].

1.2.6  Soy Product and Green Tea 
Consumption

Soy intake and green tea consumption represent a 
protective Asian diet that has drawn much attention 
recently. Soy product consumption was inversely 
associated with the incidence of overall GI cancer 
(0.857; 95% CI: 0.766, 0.959) and the gastric cancer 
subgroup (0.847; 95% CI: 0.722, 0.994) but not the 
colorectal cancer subgroup [19]. Green tea con-
sumption is not associated with colorectal cancer 
prevention [20]. Furthermore, with an increment of 
1 cup/day of green tea consumption, there was a pro-
tective effect on colorectal cancer risk (OR = 0.98, 
95% CI = 0.96–1.01, in men; OR = 0.68, 95% 
CI = 0.56–0.81, in women) [21].

Regarding coffee consumption, compared to non-
drinkers, ORs of less than 1 cup/day, 1–2 cups/day, 

and 3 or more cups/day for colorectal cancer were 
0.88 (95% CI: 0.77–1.00), 0.90 (95% CI: 0.80–1.01), 
and 0.78 (95% CI: 0.65–0.92), respectively (p for 
trend = 0.009) [22].

1.2.7  Dairy Product and Whole 
Grains

Milk and whole grains may have a protective role 
against colorectal cancer. High consumption of 
dairy product (RR = 0.87, 95% CI: 0.83 = 0.90, per 
400 g/day increment) and total milk (RR = 0.94, 
95% CI: 0.92–0.96, per 200 g/day increment) 
were associated with lowering colorectal cancer 
risk [10].

1.2.8  Migrant Studies

Migrant studies implied that patterns of cancer 
among migrant groups often change faster than they 
do among people that remain in their home country. 
For instance, one migrant study revealed that 
colorectal cancer incidence in US-born Japanese 
men and women had 40–50% higher colorectal 
incidence rates than foreign-born Japanese men and 
women [23]. Such findings may suggest that chang-
ing into a Western lifestyle increases the risk of 
colorectal cancer.

Table 1.4 summarizes the PAF estimates of 
each risk factor for colorectal cancer incidence 
in Korea, Japan, and China. When comparing 
these three countries, PAF estimates for smok-
ing and alcohol drinking seem to be quite high 
in Japanese population. According to the esti-
mated population attributable fraction (PAF) 
in Korea, approximately 17% of colorectal 
cancer incidence was attributable to risk fac-
tors including smoking, alcohol drinking, 
overweight and obesity, and physical inactiv-
ity [24].

Colorectal cancer has clearly become an 
emerging health threat in the Asia-Pacific region 
and is dramatically increasing in its incidence. 
Prevention and treatment programs for colorectal 
cancer control should be actively implemented 
and evaluated in this region.

S. Park and S. H. Jee
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A Multidisciplinary Approach 
for Advanced Colorectal Cancer

Nam Kyu Kim and Youn Young Park

Abstract

As the incidence of colorectal cancer and dif-
ficult cases demanding complex clinical 
decisions have increased and multimodal 
treatment strategies have been much devel-
oped, the need for a multidisciplinary team 
(MDT) approach is increasing for treating 
colorectal cancer patients in that MDT 
approach would allow more tailored treat-
ment for complex or advanced colorectal 
cancer patients. In this chapter, the back-
ground of increasing need of MDT and its 
impacts on various aspects are dealt with, 
and the factors affecting the efficacy of MDT 
clinics are reviewed. This chapter will help 
you to establish the basic concept of MDT 
and to review evidences advocating its posi-
tive impacts as well as some debate issues.

Keywords

Multidisciplinary team (MDT) · Colorectal 
cancer

Colorectal cancer is the fourth leading cause of 
cancer mortality and the second most common 
malignancy worldwide [1]. In Korea, the inci-
dence rate of colorectal cancer has increased 
rapidly and was predicted to be the most com-
mon cancer among men for the first time in 2016 
[2]. Although early detection rates of colorectal 
cancer are increasing since a mass screening sys-
tem has been established, around 70% of newly 
diagnosed colorectal cancer patients still dem-
onstrate advanced tumors that are not primarily 
resectable, and synchronous liver metastases are 
present in approximately 30% of them [3, 4]. As 
surgical techniques such as the introduction of 
total mesorectal excision (TME), complete meso-
colic excision (CME) with central vessel ligation 
(CVL), and the use of minimally invasive sur-
gery (MIS) have advanced and various chemo-
therapeutic agents and radiation techniques have 
developed, the era of multimodal treatments has 
been established in colorectal cancer. With the 
use of multimodal treatments, available treatment 
regimens with various therapeutic orders have 
been more complicated in an effort to achieve 
higher R0 resection rates in advanced colorectal 
cancer. Owing to these attempts to convert ini-
tially unresectable tumors to resectable tumors, 
a fine boundary of operability no longer exists. 
In this context, a multidisciplinary team (MDT) 
approach is integral to achieve a highly tailored 
therapy for better oncological and clinical out-
comes. MDT care has increasingly been imple-
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mented throughout Asian countries including 
South Korea, where the colorectal cancer inci-
dence is rapidly increasing; thereby, the number 
of difficult cases that need more complex clinical 
decisions is increasing simultaneously.

2.1  Definition and Team 
Composition

Before we discuss the necessity of MDT, a review 
of the terms of a multidisciplinary team (MDT) 
approach must precede. The MDT approach is a 
form of teamwork; therefore, it is easier for us to 
understand the term teamwork in healthcare first. 
In a concept analysis, Andreas et al. proposed it 
as a dynamic process involving two or more 
healthcare professionals with complementary 
backgrounds and skills, sharing common health 
goals and exercising concerted physical and men-
tal efforts in assessing, planning, or evaluating 
patient care [5]. The term multidisciplinary is 
often used interchangeably with interdisciplin-
ary, interprofessional, and multiprofessional in 
reports on MDT [6]. These generally refer to any 
healthcare teams including a range of health ser-
vice workers with the majority being from pro-
fessional groups. Therefore, when focusing on 
cancer care treatment, MDTs include a surgical 
oncologist, a medical oncologist, a radiation 
oncologist, physicians, nurses, pharmacists, 
social workers, and other groups with specialty 
training such as primary care, palliative care, and 
hospice care [7]. In colorectal cancer care, MDTs 
mainly include a surgical oncologist, a medical 
oncologist, a radiation oncologist, a radiologist, a 
gastroenterologist, hepatobiliary surgeons, coor-
dinators, and nurses.

The MDT approach can be understood as an 
evolved and more structural form of a tumor board, 
which brings together any professionals in charge 
of the planned treatments for cancer patients in a 
complicated situation. Fennell et al. pointed out that 
differentiating elements between the tumor board 
and MDT are the use of team structure and involve-
ment of the patients [8]. Therefore, within the team 
structure, collaboration and communication with 
each team member and a patient-oriented approach 
are essential for MDT.

2.2  Increasing Need for Clinical 
MDTs and a Brief Introduction 
to Our Experience of a MDT

One of the main reasons why the MDT approach 
is growing is that the increasing specialization 
and complexity of skills and knowledge from a 
single physician is not enough to deal with the 
complex needs of some patients [9]. An increas-
ing number of elderly patients with more com-
plex comorbidities and the recent move toward 
the continuous improvement of the patients’ 
quality of life throughout the treatment pathway 
are also the key reasons [9].

In our institution, the tumor board for very com-
plicated colorectal cancer cases started 15 years 
ago. It evolved to form a structured team and has 
been running as a face-to-face MDT clinic since 
2013. Since the Korean government began to reim-
burse the costs of MDT clinics from 2014 and with 
the motivation of Korean Cancer Association and 
Korean Society of Surgical Oncology members, 
more referral hospitals have started MDT clinics 
(Fig. 2.1). According to reimbursement coverage 
in Korea, at least four specialists should attend a 
MDT clinic, which are mainly surgeons, medical 
oncologists, radiation oncologists, and radiolo-
gists. An additional gastroenterologist and patholo-
gist can also attend. A total of 531 MDT clinics 
within all departments were held in 2014, with 
the number of cases continuing to increase after 
starting insurance coverage, reaching 1098 cases. 
Among them, colorectal MDT clinics were held 
most frequently and consisted of over 30% of the 
total cases (Fig. 2.2). This rapid increase indicates 
that many clinical practitioners actually want to 
discuss complicated cases with interdisciplinary 
professionals in order to obtain better treatment 
plans and outcomes. MDT clinics have fulfilled 
not only the physician’s but also the patient sat-
isfaction; the survey on patient satisfaction in our 
institution in 2014 showed that 97% of the patients 
were  satisfied with the explanation of their treat-
ment plan after MDT clinics and 99.3% of them 
fully trusted the decisions made by the MDT clinic 
(Fig. 2.3). As human resources are of great impor-
tance for successful MDT meetings, a coordinator 
has had a role in arranging an appropriate time for 
the meeting, making sure the clinic runs smoothly. 

N. K. Kim and Y. Y. Park
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Category Insurance fee General fee
fee for

international
patients

MDT fees(4 person) 113,210 114,210 175,000

Cost code

AI101

AI102 MDT fees(5 person) 141,510 142,510 215,000

(Unit : won)

Fig. 2.1 Multidisciplinary team (MDT) fees have been assigned by the government insurance policy since 1 Aug 
2014 in South Korea
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Pediatric
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Fig. 2.2 Percentage of patient enrollment in multidisciplinary team (MDT) clinic in the Yonsei University Healthcare 
System

In addition to human resources, hardware has also 
had an important role in arranging regular MDT 
meetings and improving workflow. Hardware 
for MDT clinics includes space for regular MDT 
meetings equipped with personal computers for 
each participant to get access to electronic medical 
records (EMRs), a large screen to review imaging 

work-ups, and telemedicine for some surgeons who 
cannot physically come to the clinic due to their 
operation schedule (Fig. 2.4). Initially, the colorec-
tal MDT clinic used for stage 4 or recurrent cases; 
however, indications are getting broader to include 
locally advanced cancer cases requiring consider-
ation of various available treatment options and 
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response evaluation along their treatment pathway, 
reflecting the complexity of personalized therapy 
in colorectal cancers.

2.3  Impact of MDT

Studies on the impact of MDT on patient out-
come, including decision-making for the treat-
ment plan, perioperative outcome, and long-term 
survival outcome, have been sporadically 

reported. Results have been inconclusive due 
to the accompanying evolutions of new thera-
peutic techniques and the development of che-
motherapeutic agents for cancer patients [10]. 
Nevertheless, a majority of healthcare providers 
agree that interactive and high-quality communi-
cation and cooperation among multidisciplinary 
specialists is key to achieving the most desirable 
decision for individuals in complicated situations 
of varying degrees, resulting in a better patient 
outcome [11]. Previous researchers have shown 

0
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Hardly
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Fig. 2.3 (a) Patient satisfaction with the explanation of the treatment plan after a multidisciplinary team (MDT) meeting. 
(b) Degree of patients’ MDT meeting

Fig. 2.4 Pictures 
showing the 
multidisciplinary 
team (MDT) meeting 
in a separate room 
equipped with personal 
computers, monitors 
to redraw images, and 
telemedicine and the 
presence of a patient
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evidence of MDT as an independent favorable 
prognostic factor in some aspects, which will be 
briefly discussed.

2.3.1  Changes in Decision- 
Making and Subsequent 
Treatment Plans

Benjamin et al. reviewed articles reporting 
changes in decision-making through MDT clin-
ics. In their systematic review, six studies showed 
that MDT clinics changed the decision made in 
2–52% of cases [12]. The greatest changes result-
ing from MDTs were reported by Ganesan et al.; 
pre-MDT diagnosis of ovarian cancer was alliter-
ated in 52% of cases after involvement of the 
MDT clinic, including changes in histopathology 
or regarding histopathological grading, and the 
MDT clinic finally modified 22% of the patients’ 
treatment plans [13]. Chang et al. reported 
changes in pathological results after MDT clin-
ics, resulting in changes in treatment plans [14]. 
Snelgrove et al. also showed that MDT clinics 
lead to a change in the treatment plan in 29% of 
primary rectal cancer patients [15]. Page et al. 
introduced the example of a pancreatic cancer 
MDT clinic [16]; 25% of the patients with pan-
creatic cancer had a change in their treatment 
plan after MDT clinics. They explained that these 
changes were mainly due to reinterpretation of 
the imaging results between radiologists and sur-
geons, underscoring the importance of MDT dis-
cussion in treatment planning [16].

2.3.2  Increasing Adherence 
to Treatment Guidelines

In addition to changes in the diagnosis or patho-
logical reinterpretation, some studies showed 
that MDT clinics improved the implementation 
rates of treatment guidelines. Forrest et al. 
reported that the rate of chemotherapy adminis-
tration increased from 7% to 23%, resulting in a 
survival benefit in inoperable small cell lung can-
cer patients. Furthermore, MacDermid et al. 
found that MDT clinics increased the prescrip-
tion rate, resulting in an improved 3-year survival 

rate for advanced colorectal cancer patients [17, 
18]. Abraham et al. also reported that a tumor 
board is the most important factor for increasing 
adherence to the National Comprehensive Cancer 
Network (NCCN) guidelines for colorectal can-
cer [19]. Indeed, Freeman et al. reported that 
MDT conferences for esophageal cancer showed 
not only adherence to the guidelines but also 
enhanced care including staging work-up and a 
decrease in the mean number of days between 
diagnosis and treatment [20]. An interesting 
report from Menon et al. suggested that unde-
sired outcomes in colorectal cancer occurred in 
Europe due to unwarranted variations of treat-
ments [21]. These variations affected the patients’ 
clinical outcomes, but they cannot be understood 
just by patient-related risk factors or preference. 
Therefore, they proposed MDT clinics to improve 
the accuracy of the diagnosis and to decide a 
more adequate clinical pathway to reduce these 
unwarranted variations [21].

2.3.3  Improvement of  
Surgical Outcomes

Especially in colorectal cancer, it is preferred to 
treat patients according to a more stratified risk 
adjustment according to tumor location, associ-
ated symptoms, and clinical staging based on 
image findings to achieve curative resection.  
Some studies showed how MDT clinics could 
affect the surgical outcomes of colorectal can-
cer patients. Burtons et al. found that 26% of 
patients who underwent surgery without a MDT 
 conference had a positive circumferential margin 
(CRM) compared with 1% for patients whose 
magnetic resonance imaging results were dis-
cussed at a MDT conference [22]. Similarly, 
Richardson et al. reported that the MDT approach 
improved the completeness of a TME and the 
subsequent outcomes [23]. Kontovounisios et al. 
reported high rates of complete resection of over 
90% with low morbidity and mortality in locally 
advanced primary and recurrent colorectal can-
cer patients through MDT clinics [24], and Wille- 
Jørgensen et al. reported reduced perioperative 
mortality rates in primary rectal cancer patient 
clinics [24, 25].
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2.3.4  Impact on Patient Satisfaction 
and Quality of Life

As mentioned above, MDT clinics resulted in 
97% of the patients satisfied with the explanation 
of their treatment plan and 99.3% trusted the 
treatment decisions, as shown in a survey con-
ducted in 2014 at our institute. Frost et al. 
reported that breast cancer patients whose data 
were discussed in MDT outpatient clinics had 
higher levels of satisfaction with their health, 
physician, and nursing care than those who 
received a medical–oncology consultation in the 
hospital [26]. In an interesting study conducted 
by Mark et al., predictive factors of satisfaction 
in patients with gastrointestinal or head and neck 
cancers in a MDT clinic setting were analyzed 
[27]. They found that the level of overall satisfac-
tion was higher in females, providing greater 
attention to how patients cope with disease. 
Discussing a patients’ psychosocial status in rela-
tion to their diagnoses and bringing it to the MDT 
members’ attention were also predictive factors 
of improved patient satisfaction [27].

2.3.5  Impact on Survival

The survival benefit of the MDT clinic has been 
reported in several cancers including hepatocel-
lular carcinoma, esophageal cancer, ovarian can-
cer, lung cancer, head and neck cancer, and rectal 
cancer [18, 22, 28–32]. Yopp et al. reported a 
markedly increased median survival from 
4.8 months to 13.2 months in hepatocellular car-
cinoma patients after beginning MDT clinics 
[28]. Similarly, the survival benefit after incep-
tion of MDT for colorectal cancer patients has 
been reported in some literatures [17, 33, 34]. 
Studies on the survival benefit of the MDT clinic 
for just stage IV colorectal cancer patients are 
very limited. Lan et al. compared stage IV 
colorectal cancer patients who participated in 
MDT clinics to those who did not [34]. They ana-
lyzed a total of 1075 patients with stage IV dis-
ease between 2001 and 2010; their MDT clinics 
began in 2007 [34]. They found a significantly 
improved survival rate in patients with stage IV 
disease, and the 3-year survival rate increased 

from 25.6% to 38.2%; the MDT clinic was an 
independent prognostic factor. These results sug-
gested that the MDT clinic had increased the 
referral rate of metastasectomy through intensive 
cooperation between different specialists [34].

2.3.6  Impact on Research 
and Evidence-Making  
Process and Education

Besides improving patient outcome, MDT can 
also be a live educational resource for trainees 
not only for specific knowledge or updated treat-
ment strategies concerning a disease but also for 
attaining communication and cooperation skills 
between different specialties, understanding the 
medicolegal responsibilities, and involving the 
patients’ psychosocial aspect [35–37]. Moreover, 
MDT can provide insight into disease progres-
sion patterns in infrequent cases leading to clini-
cal trials based on establishing better treatment 
strategies; this results in an evidence-making 
process. For example, in our institution, repeti-
tive review of marginally resectable rectal cancer 
patients with resectable systemic metastasis 
enabled us to have an insight into the early failure 
of systemic control during long-course standard 
chemoradiation for local control. Thereby, it led 
us to start an observational study and clinical tri-
als to improve treatment protocols for those 
patients. As a result, three papers have been pub-
lished supporting upfront chemotherapy fol-
lowed by short-course chemoradiation and a 
consecutive delayed operation [38–40]. 
Therefore, team members could be convinced 
that past experiences and time dedicated to the 
MDT approach could be beneficial to both the 
team member and the patient and could aid in 
establishing better treatment guidelines in the 
future.

2.4  Debate on Efficacy of MDT

Much of the published data confirms the MDT 
clinic’s positive impact; however, there is also a 
study that has suggested no differences in the man-
agement of patients when a MDT clinic is held 
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[12, 18, 29, 41–46]. Riedel et al. retrospectively 
investigated the efficacy of a MDT clinic for lung 
cancer patients using both the time to diagnosis 
and time to definitive therapy as surrogates of its 
efficacy. They reported that there was no differ-
ence among patients who were and were not dis-
cussed by the MDT and concluded that the tumor 
board did not influence the quality of cancer care 
and may be an unnecessary allocation of resources 
[43]. Although the MDT approach has been 
widely adopted owing to patients’ needs and the 
start of reimbursement in many referral hospitals, 
there must be further investigations into the effi-
cacy of MDT in various aspects such as time to 
decision-making or surgery, referral sequence, 
improvement of quality of life, and survival. 
Moreover, it should be investigated how those fac-
tors are affected in terms of the structure of the 
MDT, which includes range of participants, the 
process of communication and cooperation, lead-
ership, team climate, and infrastructures such as 
place, computers, monitors, electrical recording 
system, and telemedicine system.

2.5  Factors Affecting the Efficacy 
of MDT Clinics

2.5.1  Time Pressure and Inadequate 
Information

MDTs are mostly operated in large referral hos-
pitals. Those hospitals usually load a lot of work 
onto each healthcare provider. MDT members in 
those large centers are likely to have little time to 
work up their cases to be discussed in advance. 
Macaskill et al. reported that over 50% of MDT 
meetings are held during lunchtime and 26.5% 
during breakfast time [37]. Sidhom et al. found 
that 69% of MDT members have failed to ade-
quately work up patients before a MDT meeting, 
45% of which were due to inadequate time and 
resources [35]. A high workload and consequent 
time pressure can lead to a reduction in the atten-
dance rate of MDT members, resulting in them 
receiving inadequate information about cases and 
engaging in hasty decision-making [47–49]. In 
up to 16% of cases discussed in MDT meetings, 
the decisions are not implemented because of an 

inappropriate treatment for the underlying 
disease(s) and decision-making contradictory to 
the patients’ choice [48, 50–54].

2.5.2  Leadership and Team Culture

Although MDTs are mostly led by surgeons, 
there is a report suggesting that leadership rota-
tion can reduce conflicts between the different 
disciplines, leading to improvement of teamwork 
[37, 55]. Besides leadership, good team culture is 
essential for a free and open discussion in a MDT 
meeting, and it is associated with a high level of 
interdependency and cooperation [6]. Susan et al. 
conducted a qualitative content analysis to draw 
characteristics of effective MDT teamwork and 
proposed ten competency statements required for 
a highly functional MDT [9].

Competencies of an interdisciplinary team [9]:

 1. Identifies a leader who establishes a clear 
direction and vision for the team while 
 listening and providing support and supervi-
sion to the team members.

 2. Incorporates a set of values that clearly pro-
vide direction for the team’s service provi-
sion; these values should be visible and 
consistently portrayed.

 3. Demonstrates a team culture and interdisci-
plinary atmosphere of trust where contribu-
tions are valued and consensus is fostered.

 4. Ensures appropriate processes and infra-
structures are in place to uphold the vision 
of the service (e.g., referral criteria, com-
munications infrastructure).

 5. Provides quality patient-focused services with 
documented outcomes and utilizes feedback to 
improve the quality of care.

 6. Utilizes communication strategies that pro-
mote intra-team communication, collabora-
tive decision-making, and effective team 
processes.

 7. Provides sufficient team staffing to integrate 
an appropriate mix of skills, competencies, 
and personalities to meet the needs of 
patients and enhance smooth functioning.

 8. Facilitates recruitment of staff who demon-
strates interdisciplinary competencies including 
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team functioning, collaborative leadership, 
communication, and sufficient professional 
knowledge and experience.

 9. Promotes role interdependence while respect-
ing individual roles and autonomy.

 10. Facilitates personal development through 
appropriate training, rewards, recognition, 
and opportunities for career development.

2.5.3  Infrastructures and Decision 
Support System

Infrastructures for MDT meeting include facili-
ties like meeting rooms, personal computers, a 
projecting system for image review, and an elec-
tronic medical record system (EMR). According 
to the results from a survey of 2054 cancer MDT 
members in the UK on the key features of an 
effective MDT, 78% and 96% of the respondents 
rated the physical environment such as meeting 
room equipped with a projecting system for 
image and specimen reviews and EMR with 
available picture archiving and communications 
with a real-time documentation system (PACS), 
respectively [11]. With the advancement of new 
technology beyond these basic infrastructures, 
there is an increased focus on the importance of 
telemedicine and a clinical decision supporting 
system. Approximately 30% of colorectal cancer 
MDTs have telemedicine equipment in the UK 
[56]. Some studies showed that telemedicine did 
not have a negative impact on outcomes; how-
ever, it meant that the number of cases discussed 
in one meeting was reduced [48, 57, 58]. Decision 
support systems such as a web-based program to 
support adjuvant decision-making of a MDT for 
breast cancer patients were evaluated by Epstein 
et al. [59]; the program was used to predict the 
10-year risks and benefits. Decisions concerning 
adjuvant treatment were changed in 12.7% of 
cases; therefore, they concluded that it can help 
to compare the added value of different treat-
ments and provides more balanced information 
[59]. Séroussi et al. reported that use of 
OncoDoc2, a clinical decision supporting system 
implementing a local reference guideline on 
breast cancer management, at a MDT meeting 

increased the decision compliance rate with the 
reference guideline from 79% to 93% [60].

2.5.4  Feedback on MDT 
Performance

Harris et al. and Lamb et al. suggested tools to 
assess MDT performance [61, 62]. The former 
consists of ten subdomains rated on a 10-point 
scale from very poor to very good, including MDT 
meeting attendance, leadership and chairing in 
MDT meetings, teamwork and culture, personal 
development and training, physical environment 
available for use in MDT meetings, organization 
and administration during meetings, post-meeting 
coordination services, patient- centered care, and 
the clinical decision-making process [61]. The lat-
ter consists of nine subdomains rated on a 5-point 
scale, including the adequacy of case history infor-
mation, radiological information, and pathological 
information,  ability of MDT chair, and level of 
contribution (nil, vague, or precise) of surgeons, 
oncologists, radiologists, histopathologists, and 
clinical nurse specialists [62]. They found that 
these tools could provide a feasible and reliable 
way to enhance MDT performance; however, fur-
ther validation and refinement is required for each.

2.6  Future Perspectives

A MDT clinic requires some infrastructure such 
as an adequate place and certain equipment, an 
allocated time, a coordinator, etc.; thus, it 
involves financial costs. Therefore, we need rel-
evant studies examining whether this system is 
cost-beneficial or not [63]. Additionally, we 
should evaluate proper candidates who can ben-
efit from a MDT clinic. Meanwhile, changes in 
staging, diagnosis, and treatment plans through 
MDT meetings truly lead to improved oncologic 
outcomes, quality of life, and patient satisfac-
tion. Moreover, it is time to examine the poten-
tial benefit of artificial intelligence for discussing 
and reaching an optimal decision for different 
individuals with complex situations in a MDT 
meeting.
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 Conclusion

Multimodal therapy is now used for colorectal 
cancer management owing to the evolution of 
imaging tools, sphincter-saving surgical tech-
niques, and development of chemotherapeutic 
regimens and nonsurgical treatment options. 
Due to its complexity and the diversity of treat-
ment options, MDT can provide improved 
accuracy in decision-making and more optimal 
treatment plans, resulting in better surgical and 
oncologic outcomes and increased patient satis-
faction. Moreover, MDT clinics can give educa-
tional opportunities for trainees and can provide 
a new insight into the nature of the disease, lead-
ing to clinical trials for more optimal treatment 
strategies. The efficacy of a MDT is associated 
with time pressure, leadership, and team cul-
ture; therefore, these factors should be assessed 
using the available tools for analyzing MDT 
performance or peer reviewed to enhance MDT 
performance. Further research could investigate 
the effects of team composition and patient 
involvement on the impact on the decision pro-
cess including meeting time and duration, sub-
types of leadership and team cultures, and the 
role of nursing personnel on decision-making. 
In Korea, we are only beginning to determine 
the effects of a MDT clinic. We must conduct 
basic studies on how this system affects patient 
and team satisfaction; furthermore, cost-benefit 
analysis should also be carried out in the future.
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Abstract

Colorectal cancer is a heterogeneous dis-
ease entity in terms of both molecular car-
cinogenesis and morphologic multistep 
pathways. Three molecular carcinogenesis 
pathways have been identified: (1) chromo-
somal instability (CIN), (2) microsatellite 
instability (MSI), and (3) CpG island meth-
ylator phenotype (CIMP). The two morpho-
logic multistep pathways are the classical 
pathway (the so- called adenoma–carcinoma 
sequence) and the serrated neoplasia path-
way. CRC continues to be a significant pub-
lic health problem, with a less than 10% of 
5-year prognosis for metastatic CRC. Our 
increased understanding of the molecular 
events underlying CRC carcinogenesis will 
enable the development of new targeted 
therapies and the identification of clinical 
biomarkers that will inform their effective 
usage.
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3.1  Introduction

Colorectal cancer (CRC) is now the third most com-
mon malignant disease in both men and women in 
Asia [1, 2]. While improvements in early detection 
have helped to reduce the incidence of CRC-related 
death over the past several decades, the overall fre-
quency of the disease is likely to increase steadily 
due to its connection to western style diet and to obe-
sity and chronic inflammation (i.e., inflammatory 
bowel disease). As a result, the search for new and 
effective therapies of CRC is incubated in the identi-
fication of the molecular etiology of the disease.

Over the last century, CRC genetics has 
emerged from an unrecognized field to a special-
ized one, encompassing all aspects of cancer care. 
The role of genetics in CRC has become critical to 
disease prevention, early detection, and effective 
treatment. As we enter the post-genomic era, it is 
possible that most of the genes that contribute to 
CRC in a meaningful way have been identified and 
consequently make CRC a preventable disease. 
Leveraging the extensive mutational information 
to establish new therapeutic strategies requires a 
combination of functional genomics, medical 
chemistry, and preclinical and clinical efforts.
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3.2  Three Molecular 
Carcinogenesis Pathways 
and Two Morphologic 
Multistep Pathways

Colorectal cancer is a heterogeneous disease 
entity in terms of both molecular carcinogenesis 
and morphologic multistep pathways [3]. Three 
molecular carcinogenesis pathways have been 
identified [4]: (1) chromosomal instability (CIN), 
(2) microsatellite instability (MSI), and (3) CpG 
island methylator phenotype (CIMP). The two 
morphologic multistep pathways are the classical 
pathway (the so-called adenoma–carcinoma 
sequence) and the serrated neoplasia pathway 
(see in Fig. 3.1). The CIN pathway is character-
ized by alterations in the number and structure of 
chromosomes and accompanying genetic muta-
tions of proto-oncogenes and tumor suppressor 
genes. The MSI pathway features alteration in 
the number of nucleotide repeats located in the 
exons and subsequent frame shift mutations in 
tumor suppressor genes or tumor-related genes. 
The CIMP pathway is characterized by wide-
spread hypermethylation of numerous promoter 
CpG island loci and consequent inactivation of 
tumor suppressor genes or tumor-related genes. 
The classical pathway begins with premalignant 
lesions comprising conventional adenomas, 

including tubular or tubulovillous adenomas, 
whereas the serrated neoplasia pathway begins 
with hyperplastic polyps or sessile or traditional 
serrated adenomas. These two morphologic path-
ways are driven by different molecular pathways: 
the classical pathway is driven by either CIN or 
MSI, whereas the serrated neoplasia pathway has 
epigenetic instability as its initial driving force 
and MSI as an optional secondary force. Although 
Lynch syndrome CRCs and sporadic MSI-high 
(MSI-H) CRCs both have a high level of MSI, 
their premalignant lesions are different because 
they develop through different morphologic mul-
tistep pathways: Lynch syndrome tumors follow 
the classical pathway and manifest their prema-
lignant lesions as tubular or tubulovillous ade-
noma [5, 6], whereas the premalignant lesions of 
sporadic MSI-H CRCs are sessile serrated adeno-
mas that arise through the serrated neoplasia 
pathway and undergo further hypermethylation- 
associated inactivation of MLH1 and subsequent 
acquisition of high-level MSI [7]. The Cancer 
Genome Atlas study results demonstrate that the 
CIN and MSI pathways are mutually exclusive 
[8]. Whereas the CIMP pathway overlaps with 
the MSI pathway because of the presence of spo-
radic MSI-H CRCs, which are also usually CIMP 
high (CIMP-H), the CIMP pathway does not 
appear to be in an exclusive relationship with the 
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Fig. 3.1 Two morphologic multistep pathways: traditional pathway and serrated neoplasia pathway
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CIN pathway. CIMP-H/non-MSI-H CRCs show 
some copy number variations across the genome, 
although the degree of CIN is less pronounced 
than that of CIMP-negative or CIMP-low (CIMP- 
0, CIMP-L)/non-MSI-H CRCs [9]. This finding 
suggests that the CIMP pathway itself may not be 
sufficient for the malignant transformation of ser-
rated polyps and requires collaboration with 
either the CIN or MSI pathway to promote suc-
cessful malignant transformation.

The phenotypes of serrated polyps vary con-
siderably, and the entity mixed polyp reflects the 
considerable overlap among these lesions [10]. 
Sessile serrated adenoma/polyp (SSA/P) consti-
tutes about 20% of all serrated polyps and is mor-
phologically defined by the elongation of serrated 
crypts and distortion of the proliferative zone 
[11]. Progression of SSA/P is associated with the 
occurrence of cytological dysplasia and develop-
ment of invasive adenocarcinoma. SSA/P and 
related adenocarcinomas are preferentially found 
in the right hemi-colon. Traditional serrated ade-
nomas (TSA) are morphological variants of ser-
rated adenomas and show considerable differences 
from SSA/P concerning mutation (KRAS muta-
tion in about 25%), localization (left- sided), and 
methylation status (increased methylation, but not 
methylation of MLH1) [12].

Given the malignant potential of serrated pol-
yps, two important serrated pathways of colorectal 
carcinogenesis were characterized: (1) sessile ser-
rated pathway and (2) traditional serrated pathway. 
The resulting serrated adenocarcinoma has archi-
tectural similarity to a SSA/P that may be accom-
panied by additional morphological features 
including trabecular and mucinous areas. However, 
these CRCs can have MSI-L or MSI-H, BRAF or 
KRAS mutations, and CIMP [10, 13]. Given the 
molecular heterogeneity of serrated adenocarcino-
mas, a strong genotype-to- phenotype relation is 
not well established at present.

3.3  CIN

The molecular mechanisms underlying CIN 
include chromosomal segregation defects, cen-
tromere dysfunction, telomere dysfunction, 

loss of heterozygosity, and deficiency in DNA 
damage response.

3.3.1  Defects in Chromosomal 
Segregation

Chromosomal segregation defects include chro-
mosome rearrangements, sequence changes, 
chromosomal number alterations, and chromo-
somal missegregation. The CIN phenotype can 
result from defects in pathways that regulate 
chromosomal segregation. The mitotic or spindle 
checkpoint ensures proper chromosome segrega-
tion by delaying the metaphase-to-anaphase tran-
sition until all pairs of duplicated chromatids are 
properly aligned on the spindle. Genes that 
encode proteins operating as spindle checkpoint 
regulators include mitotic arrest-deficient 
(MAD1L1 and MAD2L1), budding uninhibited 
by benzimidazoles 1 (BUB1), and kinesin family 
member 11 (KIF11). Mutations in BUB1 result in 
abnormal spindle checkpoint and CIN in chro-
mosomally table cell lines [14]. Cells from 
dominant- negative mBub1 mutant mice demon-
strate escape from apoptosis, continued cell cycle 
progression, and disrupted spindles [15]. Kinesin 
spindle protein, also known as Eg5, is a motor 
protein responsible for mitotic spindle formation 
and chromosomal separation during mitosis. 
Overexpression of Eg5 in mice leads to spindle 
defects, CIN, and solid tumor formation [16]. 
Chromosomal missegregation due to defects in 
the mitotic checkpoint may lead to aneuploidy. 
After promoting chromosomal missegregation 
and aneuploidy, aneuploidy destabilizes the 
genome, gives rise to polyclonal mutations, and 
results in heterogeneous karyotypes [16, 17].

3.3.2  Centromere Dysfunction

Another proposed cause of CIN is abnormal centro-
mere number and function. Centrosomes serve to 
anchor cytoplasmic microtubules as they are 
arranged into a mitotic spindle apparatus. Extra cen-
trosomes in cancer cell lines may lead to the forma-
tion of multiple spindle poles during  mitosis, 
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resulting in unequal distribution of chromosomes 
and CIN [18]. Polo-like kinases (Plk) are serine/
threonine kinases, which regulate centrosome dupli-
cation. Elevated expression of Plk1 has been 
observed in 73% of CRCs and correlated with tumor 
invasion, lymph node involvement, and staging [19]. 
The centrosome-associated Aurora A protein is 
amplified and positively associated with CIN in 
CRC, but metastatic CRC patients with increased 
Aurora A gene copy number have longer overall and 
progression-free survival, particularly in KRAS wild-
type tumors [20, 21]. The related Aurora B protein 
regulates chromatid segregation, and its expression 
is correlated with advanced stages of CRC [22].

3.3.3  Telomere Dysfunction

CIN may also be driven by telomere dysfunction. 
Telomeres are hexameric DNA repeats (TTAGGG 
in humans) that protect the ends of eukaryotic 
chromosomes from fusing and breaking during 
segregation. A portion of telomeric DNA is lost 
after each round of DNA replication due the 
inability of DNA polymerase to completely syn-
thesize the 3′ end of chromosomes. Cells with 
sufficiently shortened telomeres are targeted for 
senescence and apoptosis by DNA damage 
checkpoints. Cells that survive the checkpoint 
activate telomerase, which elongates telomeres.

3.3.4  Loss of Heterozygosity (LOH)

LOH is a key feature of CIN-positive tumors and 
distinguishes tumors arising from the CIN path-
way from tumors arising from the MSI pathway. 
Approximately 25–30% of alleles are lost in 
tumors [23, 24]. Mitotic nondisjunction, recom-
bination between homologous chromosomes, 
and chromosomal deletion are among the impli-
cated mechanisms. One study found that the 
majority of losses on chromosome 18 involved 
the whole chromosome and were caused by 
mitotic nondisjunction. Losses that limited to a 
part of a chromosome were thought to be due to 
interchromosomal recombinations and deletions 
associated with DNA double-strand breaks [25].

3.3.5  Deficiencies in DNA  
Damage Response

Deficiencies in DNA damage response have 
been linked to human cancer. Inactivating 
mutations in ataxia telangiectasia-mutated 
(ATM) and ataxia telangiectasia and Rad3-
related (ATR) protein kinases lead to the ataxia 
telangiectasia and Seckel syndromes, respec-
tively [26]. Other syndromes linked to impaired 
DNA damage response include Li–Fraumeni 
syndrome (TP53 mutations) and hereditary 
breast–ovarian cancer (BRCA1 and BRCA2 
mutations). Of these genes, only TP53 has been 
directly implicated in human colorectal cancer. 
Haploinsufficiency of histone H2AX, an ATM 
and ATR substrate, leads to genomic instabil-
ity and tumor susceptibility in a p53-deficient 
background, and mouse embryonic fibroblasts 
derived from ATM- and H2Ax- deficient mice 
show severe genomic instability [27–29]. 
Deficiency in Chk1, a DNA damage checkpoint 
protein, causes mitotic defects and disrupts 
Aurora B during mitosis, resulting in failure of 
cytokinesis and multinucleation [30].

3.3.6  Clinical Implications of CIN

Many of the genes identified by sequencing anal-
ysis were already well known to be somatically 
mutated in CRC (e.g., APC, KRAS, and TP53) 
(Table 3.1). Our insights into the genetic basis 
for CRC have allowed the identification of prog-
nostic molecular markers. Patients with activat-
ing KRAS and BRAF mutations may experience 
worse overall survival outcomes compared to 
wild-type patients [31–33]. Patients with tumor 
harboring KRAS and PIK3CA mutations are 
more likely to develop liver metastases com-
pared to wild-type patients [34]. TP53 mutation 
may be associated with greater mortality, but this 
risk may be limited to patients with metastatic 
disease [35, 36]. There are contradictory reports 
on whether deletion of chromosome 18q is 
 associated with poor outcomes; individual chro-
mosomal deletions are currently used as molecu-
lar markers for CRC prognosis [37–39].
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Years of research on the molecular mecha-
nisms of CRC are slowly translating into the 
clinic. Patients with KRAS mutant tumors do not 
appreciably respond to inhibition of the EGFR; 
use of agents such as cetuximab is thus limited to 

patients with KRAS wild-type cancer [40]. A 
recent phase I clinical trial examined treatment of 
BRAF CRC with vemurafenib, a specific inhibi-
tor of the BRAF protein, and demonstrated mixed 
results, which suggest the presence of primary 

Table 3.1 Somatic mutations in oncogenes and tumor suppressor genes implicated in colorectal carcinogenesis

Gene
Chromosomal 
location Type of mutation

Prevalence 
(%) Function of gene product

Oncogenes

KRAS 12q12 Point mutation (codons 12, 13 
of exon 2)

40 Cell proliferation and survival

PIK3CA 3q26 Point mutations (E545K on exon 
9, H1047R on exon 20)

15–30 Cell proliferation and survival

CDK8 13q12 Gene amplification 10–15 β-catenin activation

EGFR 7p12 Gene amplification 5–15 Cell proliferation and survival

BRAF 7q34 Point mutations activating 
kinase activity (most commonly 
V600E)

5–10 Cell proliferation and survival

CMYC 8q24 Gene amplification 5–10 Cell proliferation and survival

CCNE1 19q12 Gene amplification 5

NRAS 1p13 Point mutation <5 Cell proliferation and survival

CTNNB1 3p22 Stabilizing point mutations and 
in-frame deletions near 
N-terminus

<5 Regulation of Wnt pathway target 
genes that promote tumor growth 
and invasion

ERBB2 
(HER2)

17q21 Gene amplification <5 Cell proliferation and survival

MYB 6q22–q23 Gene amplification <5 Stimulates growth of intestinal 
stem cells

Tumor suppressor genes

APC 5q21 Frameshift, point mutation, 
deletion, allele loss leading to 
truncated protein

70–80 Inhibition of Wnt signaling

TP53 17q13 Point mutation (missense), allele 
loss

60–70 Cell cycle arrest, apoptosis, and 
autophagy induction

DCC 18q21 Point mutation 50 Cell surface receptor for netrin-1, 
triggers tumor cell apoptosis

TGFBR2 3p22 Frameshift, nonsense 25 Inhibition of cell growth

SMAD4 18q21 Nonsense, missense, allele loss 10–15 Intracellular mediator of the 
TGF-β pathway

PTEN 10q23 Nonsense, deletion 10 Inhibition of PI3K activity

ACVR2A 2q22 Frameshift 10 Cellular growth

SMAD2 18q21 Nonsense, deletion, allele loss 5–10 Intracellular mediator of the 
TGF-β pathway

FBXW7 4q31 Nonsense, missense, deletion 9 Targets oncoproteins for 
ubiquitin-mediated degradation

SMAD3 15q22 Nonsense, deletion 5 Intracellular mediator of the 
TGF-β pathway

TCF7L2 10q25 Frameshift, nonsense 5 Regulation of the Wnt signaling

BAX 19q13 Frameshift 5 Apoptotic activator

LKB1 19p13 Deletion Rare Regulation of cell polarity

Modified from Fearon ER. Molecular genetics of colorectal cancer. Annu Rev. Pathol 2011; 6:479–507
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resistance mechanisms [41]. Inhibition of the 
PI3K and downstream mTOR pathways has 
shown efficacy in a mouse model for PIK3CA 
wild-type CRC, and phase I clinical trials are 
planned [42]. Small molecule inhibitors of 
Aurora kinase, Plks, and the spindle motor pro-
tein Eg5 have shown promise in preclinical stud-
ies and have demonstrated safety and antitumor 
efficacy in phase I human trials [43–45].

CIN-related CRCs demonstrate no character-
istic histomorphological pattern. They differ in 
tumor grading, occurrence of necrosis, and accu-
mulation of extracellular mucin. The putative 
molecular founder event/mutation for the intesti-
nal phenotype of CRCs has not been character-
ized up to now.

3.4  MSI

Microsatellite instability (MSI) is the condition of 
genetic hypermutability that results from impaired 
DNA mismatch repair (MMR). The presence of 
MSI represents phenotypic evidence that MMR is 
not functioning normally.

MMR corrects errors that spontaneously occur 
during DNA replication, such as single-base mis-
matches or short insertions and deletions. The pro-
teins involved in MMR correct polymerase errors 
by forming a complex that binds to the mismatched 
section of DNA, excises the error, and inserts the 
correct sequence in its place [46]. Cells with abnor-
mally functioning MMR are unable to correct 
errors that occur during DNA replication and con-
sequently accumulate errors. This causes the cre-
ation of novel microsatellite fragments. PCR-based 
assays can reveal these novel microsatellites and 
provide evidence for the presence of MSI (Fig. 3.2).

Microsatellites are repeated sequences of 
DNA. These sequences can be made of repeating 
units of one to six base pairs in length. Although 
the length of these microsatellites is highly vari-
able from person to person and contributes to the 
individual DNA “fingerprint,” each individual 
has microsatellites of a set length. The most com-
mon microsatellite in humans is a dinucleotide 

repeat of the nucleotides C and A, which occurs 
tens of thousands of times across the genome.

MSI is found in up to 15% of sporadic CRCs 
and in almost all Lynch syndrome-associated 
CRCs due to either somatic inactivation of both 
alleles or an inherited germline mutation to one 
allele with additional somatic inactivation of the 
other [47]. A mismatch repair function usually 
corrects deletion/insertion errors during DNA 
replication. In MSI, sequence corrections result-
ing in alleles of varying lengths are not per-
formed. The differences in length are diagnostic 
in PCR-based strategies using consensus primer 
panels. In standardized panels for MSI testing, 
two mononucleotides (BAT25 and BAT26) and 
three dinucleotide microsatellites (D5S346, 
D2S123, D17S250) were used [48]. MSI CRCs 
are not usually associated with mutations in 
KRAS or TP53. However, genes containing sim-
ple repeats such as EGFR, BAX, and TGFbetaRII 
are often mutated in these tumors. The BRAF sta-
tus is another variable in MSI CRCs and a prog-
nostic factor. Disease-free survival and overall 
survival are significantly improved in patients 
with MSI and nonmutated BRAF [49]. MSI 
CRCs do not have chromosomal abnormalities.

3.4.1  Clinical Implication of MSI

MSI is well recognized by its high frequency in 
stage II colon cancer, present in 15% of cases 
overall and around 25% of right-sided tumors, in 
comparison with a frequency of 14% in stage III 
colon cancer and 4% in metastatic disease [50]. 
Mismatch repair proteins are required for sur-
veillance of the newly synthesized DNA strand 
following replication, where they serve to recog-
nize mispaired bases, small insertions, and dele-
tions incorporated by DNA polymerases [51]. 
Germline mutation of the mismatch repair genes 
MLH1, MSH2, MSH6, or PMS2 causes Lynch 
syndrome (also known as hereditary nonpol-
yposis colorectal cancer—HNPCC), associated 
with early-onset colonic and endometrial can-
cer, in addition to tumors of the ovary, stomach, 
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small bowel, pancreas, and other sites [52, 53]. 
Defective mismatch repair function in sporadic 
colonic cancer is commonly due to mutation 
of MSH6 and MSH2 or epigenetic silencing of 
MLH1 by promoter methylation [54]. In both 
hereditary and sporadic tumors, aberrant mis-
match repair function leads to failure to repair 
defects caused by slippage of DNA polymerases 
at microsatellites—short tandem DNA repeats—
and point mutations, resulting in a characteristic 
molecular phenotype of microsatellite instabil-
ity (MSI) and mutation of the tumor suppres-
sors TGFβR2, IGF2R, BAX, and PTEN and the 
oncogene BRAF [54–57]. MSI-high tumors are 
commonly proximal to the splenic flexure and 
poorly differentiated and demonstrate a promi-
nent lymphocytic infiltrate [54]. Confirmation of 
tumor microsatellite instability can be performed 
either using PCR—by the demonstration of insta-
bility of at least two of five microsatellite mark-
ers examined—or by immunohistochemistry 
(IHC) for the mismatch repair proteins, as absent 
staining demonstrates excellent concordance 
with MSI-high status [58, 59]. Testing for MSI 
in stage II colonic cancer, and particularly in T3 
tumors, is advised, as it has important prognostic 
and therapeutic implications, as discussed below.

3.5  CIMP

Unlike colorectal tumors from Lynch syndrome, 
sporadic CRC with MSI arises via a mechanism 
involving the CIMP. CIMP was originally 
grouped together with MSI tumors. The islands 
are CpG-rich regions within the genome and 
especially found in promoter sequences. DNA 
methylation of cytosines in the context of CpG 
dinucleotides is a central mechanism of epigene-
tic control, with essential roles in the mainte-
nance of genome integrity, genomic imprinting, 
transcriptional regulation, and developmental 
processes [60, 61].

Genome-wide methylome analyses have high-
lighted extensive disruption of DNA methylation 
in CRC. Tumors are typically characterized by 
global loss of methylation (hypomethylation), pre-
dominantly in repetitive sequences, and focal gain 
in methylation (hypermethylation) in CpG islands, 
the latter often occurring simultaneously within 
defined megabase regions [62–64]. Hypermeth-
ylation within CpG islands is associated with tran-
scriptional silencing of tumor suppressor genes, 
while hypomethylation within gene bodies can 
affect transcriptional elongation or alternative pro-
moter usage and cause aberrant transcription of 
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oncogenes [65–79]. Global loss of methylation 
may trigger cancer genomic instability and activa-
tion of transposons and genes within regions of 
repetitive sequence [69–71]. Both hypo- and 
hypermethylation occur early in tumorigenesis 
[72–79], and the average CRC genome carries 
thousands of methylation changes with marked 
impact on the cellular transcriptional program 
[80–82].

Genes that are frequently affected by this non- 
covalent epigenetic modification are p16, MGMT, 
and hMLH1. The presence and extent of CIMP 
have been used to classify CRC into three major 
subgroups, CIMP high (CIMP-H), CIMP low 
(CIMP-L) and non-CIMP (CIMP-0), with dis-
tinct clinical and molecular features (201, 202). 
CIMP-H is associated with proximal tumor loca-
tion, female gender, BRAF mutation, MLH1 
methylation, and MSI; CIMP-L is characterized 
by proximal tumor location and KRAS mutation, 
while CIMP-0 is associated with distal tumor 
location, TP53 mutation, and CIN [32, 83, 84].

3.5.1  Clinical Implications of CIMP

Clinically, CIMP CRCs are commonly found in a 
proximal location and often have methylation of 
the hMLH1 mismatch repair gene. However, over 
50% of the CIMP CRCs are microsatellite stable. 
In general, CIMP CRCs have a poor prognosis 
and are associated with mutations in KRAS and/
or BRAF. The histological phenotype of CIMP 
CRCs is not well characterized or defined. In 
these carcinomas, a poor degree of histomorpho-
logical differentiation is frequently found reflect-
ing some aspects of MSI. However, despite 
methylation of the hMLH1 mismatch repair gene, 
histomorphological MSI-related histological 
 features are not fully expressed in CIMP CRCs 
[85, 86].

Studies have identified a subset of CRCs that 
exhibit particularly widespread promoter hyper-
methylation, referred to as the CpG island meth-
ylator phenotype (CIMP) [85, 87]. CIMP is 
observed in ~30% of CRCs, and the presence and 
extent of CIMP have been used to classify CRC 

into three major subgroups, CIMP high 
(CIMP-H), CIMP low (CIMP-L), and non-CIMP 
(CIMP-0), with distinct clinical and molecular 
features [82, 88]. CIMP-H is associated with 
proximal tumor location, female gender, BRAF 
mutation, MLH1 methylation, and MSI; CIMP-L 
is characterized by proximal tumor location and 
KRAS mutation, while CIMP-0 is associated with 
distal tumor location, TP53 mutation, and CIN 
[32, 82–84].

Aberrant DNA methylation patterns are 
attractive tumor biomarkers because of their 
high frequency in neoplasms, and the detection 
of methylation in DNA isolated from stool and/
or blood has emerged as a promising approach 
for early diagnosis and surveillance of CRC [89, 
90]. Microarray-based studies of hypermethyl-
ated CpG sites in CRC and benign adenomas 
have revealed a large number of tumor-specific 
candidate detection markers [91–93]. Translation 
of these candidates into blood- or stool-based 
diagnostic tests is actively being pursued by the 
academia and industry, involving method devel-
opment, validation of specificity against normal 
tissues and other pathologies, and evaluation 
of performance against routine clinical assays 
(FOBT, CEA).

3.6  Consensus Molecular 
Subtypes

The CRC Subtyping Consortium (CRCSC) was 
formed to assess the presence or absence of core 
subtype patterns among existing gene expression- 
based CRC subtyping algorithms [94]. Four consen-
sus molecular subtypes (CMS) with distinguishing 
features were concluded:

CMS1 (MSI immune, 14%), hypermutated, mic-
rosatellite unstable, strong immune activation, 
right-sided tumors, older age at diagnosis, 
females, hypermutation, BRAF mutation, and 
intermediate survival

CMS2 (canonical, 37%), epithelial, chromosomally 
unstable, marked WNT and MYC signaling acti-
vation, MSS, left-sided tumors, TP53 mutation, 
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EGFR amplification/overexpression, and better 
survival

CMS3 (metabolic, 13%), epithelial, evident met-
abolic dysregulation, low CIN, moderate 
WNT/MYC pathway activation, KRAS muta-
tion, PIK3CA mutation, IGFBP2 overexpres-
sion, and intermediate survival

CMS4 (mesenchymal, 23%), prominent trans-
forming growth factor β activation, stromal 
invasion and angiogenesis, CIN/MSI hetero-
geneous, mesenchymal/TGF-β activation, 
younger age at diagnosis, NOTCH3/VEGFR2 
overexpression, and worse survival.

These molecular subtypes of CRCs resolve 
inconsistencies among the reported gene expres-
sion-based CRC classifications and facilitate clin-
ical translation.

 Conclusions

CRC continues to be a significant public 
health burden. Whereas there have been sig-
nificant advances in the development of tar-
geted therapies, the 5-year prognosis for 
metastatic CRC still continues to be less than 
10%. However, our increased understanding 
of the molecular events underlying CRC car-
cinogenesis will enable the development of 
new targeted therapies and the identification 
of clinical biomarkers that will inform their 
effective usage. This is an exciting time for 
cancer medicine, and we believe that the field 
is poised to make significant therapeutic 
breakthroughs.

The application of genomic approaches, in 
particular whole exome sequencing, presents 
issues beyond the assessment of molecular 
alterations related to the patient’s original pre-
sentation of CRC. Given the comprehensive 
nature of these tests, incidental findings on clin-
ically relevant variants in genes with no rela-
tionship to the primary diagnosis may be made. 
The revolutionary advances in genomic tech-
nologies are enabling the possibility of person-
alized medicine for CRC. Evolving platforms 
such as next generation sequencing (NGS) 
and high-density microarrays are  starting to 

bring precision genomic profiling to the clinic 
at a reasonable cost. Ongoing innovations in 
existing applications and clinical informatics 
algorithms, as well as the many emerging tech-
nologies, will continue to advance translational 
cancer genomics and ultimately contribute to 
improving patients outcomes.
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Anatomical Basis of Rectal Cancer 
Surgery Focused on Pelvic Fascia

Jin-Tung Liang

Abstract

Fascial structures are the natural embryonic 
dissection plane for the precise surgery of rectal 
cancer. This chapter characterized the fascial 
structures implicated in the rectal cancer sur-
gery, which include Toldt fascia, Denonvilliers’ 
fascia, proper fascia of the rectum, endopelvic 
fascia (parietal layer of pelvic fascia), presacral 
fascia, rectosacral fascia, and Waldeyer’s fas-
cia. Toldt fascia is the extension of Gerota fas-
cia and constitutes the natural dissection plane 
for the mobilization of left colon. The whole 
mesorectum was enclosed circumferentially by 
the thin layer of proper fascia of the rectum; the 
pelvic sacral bone was covered with the endo-
pelvic fascia (parietal layer of pelvic fascia). 
Endopelvic fascia and proper fascia of the rec-
tum fused at the level of sacral promontory, and 
the presacral space is entered after the fascial 
junction is incised.

Rectosacral fascia usually originated in the 
S4 level, and the retrorectal space is entered 
when this fascia is sharply incised. Waldeyer’s 
fascia constitutes the fascia layer covering 
levator ani muscle. Denonvilliers’ fascia is 
situated in front of proper fascia of the rectum. 
Usually, the anterior dissection for mobiliza-

tion of the rectum is in front of Denonvilliers’ 
fascia to ensure oncological efficacy; however, 
to enhance the preservation of sexual function, 
some surgeons suggest the dissection plane be 
back to the Denonvilliers’ fascia. Full respect 
of the fascia structures is the basic principle for 
the precise implementation of total mesorectal 
excision for rectal cancer.

Keywords

Toldt fascia · Denonvilliers’ fascia · Proper fascia 
of the rectum · Endopelvic fascia (parietal layer 
of pelvic fascia) · Presacral fascia · Rectosacral 
fascia · Waldeyer’s fascia · Gerota fascia

4.1  Introduction

Total mesorectal excision (TME) has become 
the technical paradigm for the surgery of rectal 
cancer. The basic tenet of surgical oncology is 
to en bloc extirpate the cancer with its spread-
ing lymphatic basin along the embryonic natu-
ral dissection plane. During the implementation 
of TME procedure, most colorectal surgeons 
adopted the following dissection sequences:

 (1) Explore the duodeno-mesenteric fossa to find 
out the inferior mesenteric artery (IMV), and 
then ligate and transect IMV in the fashion of 
no-touch isolation technique.
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 (2) Medial-to lateral mobilization of the meso-
colon belonging to the anatomic territory of 
descending-sigmoid colon along the Toldt 
fascial dissection plane.

 (3) Isolate and transect the inferior mesenteric 
artery (IMA), in consideration of adequate 
lymph node clearance.

 (4) Mobilize the rectosigmoid mesentery later-
ally and downward to the junction of endo-
pelvic and proper fascial of the rectum.

 (5) Enter the presacral space along the holy 
plane posterior to the mesorectum, sharply 
incise the rectosacral fascia, and continue 
the dissection downward to the Waldeyer’s 
fascia.

 (6) Incise the Douglas pouch and dissect the 
anterior mesorectum downward to the pelvic 
floor along the Denonvilliers’ fascia, prostate 
capsule in male, and rectovaginal septum in 
female, in consideration of the preservation 
of autonomic nerve supplies to genitourinary 
organs.

In order to ensure the quality surgery of rectal 
cancer and enhance the dissection efficiency, the 
importance of the respect for the fascial planes 
implicated in the TME procedure cannot be 
overemphasized.

4.2  Anatomic Concepts  
of Toldt Fascia

Dissection along the Toldt fascia is involved in 
the mobilization of descending colon to take 
down the colonic splenic flexure, which is an 
important procedure to facilitate a tension-free 
colorectal anastomosis following total mesorec-
tal excision for the treatment of rectal cancer. 
Based on the “rotation and fusion” theory, during 
the developmental process of the embryonic dor-
sal mesentery [1–4], the fascial layer, which 
anchors the ascending and descending colon to 
the retroperitoneum, should be sandwiched by 
two mesothelial layers belonging to the overlying 
mesocolon and the underlying retroperitoneum, 
respectively, as elegantly demonstrated by 
Culligan et al. [4]. It has been demonstrated that 

the dissection plane for the mobilization of the 
ascending, descending, and sigmoid colon is 
within the Toldt fascial layer. The upper part of 
Toldt fascial layer fused closely with the meso-
thelial layer of the overlying mesocolon; the low 
part of Toldt fascial layer fused closely with the 
mesothelial layer of the underlying retroperito-
neum, and therefore, “mesofascial interface” and 
“retrofascial interface” were frequently utilized 
to label the transitions from the fascial layer to 
the mesothelial layer attached to the overlying 
mesocolon and the underlying retroperitoneum, 
respectively. In 1879, Carl Toldt identified a mes-
entery associated with the ascending and 
descending colon and showed that, although 
these structures were flattened against the poste-
rior abdominal wall, they remained separate from 
it, i.e., between them, there exists a fascial dis-
section plane, which can be utilized to separate 
the mesocolon from the underlying retroperito-
neum [1]. Given Toldt precise description, we 
proposed that Toldt fascia be an appropriate 
eponym for this fascial layer, within which a nat-
ural embryonic dissection plane can be precisely 
developed for the mobilization of the whole col-
orectum (Fig. 4.1).

Structurally, it has been found that the Toldt 
fascia was loose and even manifested as areolar 
tissues in texture. And, during the advancement 
of surgical dissection, we found minute vessels 
were present in this fascial plane and sometimes 
caused oozing of blood. Surfaces of the perirenal 
fat of bilateral kidneys are covered by the Gerota 
fascia, which consists of dense connective tissue 
fibers. On the anatomic territory of bilateral kid-
neys, the floor of Toldt fascia fused securely with 
Gerota fascia and to separate the two layers was 
technically unfeasible. Sometimes, deliberate 
separation of Toldt and Gerota fascia might per-
forate the Gerota fascia and overexpose the peri-
renal fat.

From the kidney area, the fused Toldt and 
Gerota fascia, or the so-called retrofascial inter-
face, extended in all directions. Upward, the 
fused fascia advanced into the dorsal surface of 
the duodenum, liver, and pancreas. Downward, 
the fused Toldt and Gerota fascia became a thin-
ner layer of membrane-like structures covering 
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the gonadal vessels, bilateral ureters, and retro-
peritoneum structures. At this point we carefully 
preserved gonadal vessels and ureters and simul-
taneously kept the membrane intact. Any attempt 
to isolate the ureter might perforate this retrofas-
cial interface and impair the continuity of the 
Toldt fascial plane.

Laterally, the Toldt fascia tapered at the area 
below the reflection of visceral and parietal peri-
toneum and then became sparse and continuous 
with the loose fibrous tissues surrounding the 
subperitoneal fatty tissues. Remarkably, Carl 
Toldt originally described the peritoneal reflec-
tion in the paracolic gutter, and later this structure 
is named as “white line of Toldt” in eponym. The 
white line of Toldt is formed due to the difference 
in the density of the connective tissues between 
the visceral and parietal peritoneum.

For patients with moderate body mass index 
(more than 24 kg/m2), the Toldt fascia was looser 
and areolar in nature, and therefore the dissection 

plane was fairly easy to develop. In contrast, for 
slim patients, especially the body mass index less 
than 18 kg/m2, the Toldt fascia was nearly absent 
or invisible, and in such patients we could see 
Gerota fascia manifest as a whitish membrane 
and adhere closely to the thin mesocolon, and the 
development of a dissection plane between the 
two layers was very difficult and vulnerable to 
perforate the mesentery.

During the surgical dissection and by scru-
tiny of the surgical specimens, it has been dem-
onstrated and reproduced that Toldt fascia was a 
contiguous anatomic structure for anchoring the 
mesentery to the retroperitoneum from ileocecal 
junction to the upper rectum, where the endo-
pelvic fascia and proper fascia of the rectum 
met, as described in the previous cadaveric stud-
ies [1–4].

It needs to be further addressed that the mis-
leading term “fascia of fusion” used to describe 
the Toldt fascia was first coined by Goligher [3]. 

Kidney

D-colon

Mesofascial interface

a

Toldt fascial
Retrofascial interface

b c

Fig. 4.1 (a) The correct 
dissection plane for the 
mobilization of 
descending-sigmoid 
mesocolon is within the 
Toldt fascia (gray area). 
(b) Recognition of the 
dissection plane along 
the Toldt fascia is just 
like identification of the 
junction between sky 
and blue sea, when you 
stand at the seven-miles’ 
beach in Ishikawa 
Prefecture, Japan. Can 
you catch it? (c) 
Recognition of the 
dissection plane along 
the Toldt fascia is just 
like identification of the 
junction between gray 
sky and snowy peak, 
when you stand at the 
Hida Mountain in 
Hokuriku, Japan. Can 
you find it?
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Actually, Toldt fascia is composed of loose or 
even areolar fibrous tissues and contains lym-
phatics and minute blood vessels inside and can 
be dissected within. If Toldt fascia is a fused fas-
cial structures in nature, it cannot be dissected 
within, just as we cannot make any dissection 
within the Denonvilliers’ fascia [5], which is an 
obvious fused fascia overlying the anterior meso-
rectum. The fascia is developed from mesenchy-
mal cells, whereas the peritoneum is from 
mesothelial cells. Recently, Culligan et al. have 
made an in-depth histologic study of Toldt fascia, 
pointing out that Toldt fascia is sandwiched by 
upper mesothelium attached to overlying meso-
colon and retroperitoneal mesothelium [4]; there-
fore, it is conceivable that the mechanisms for the 
formation of Toldt fascia is through the “conden-
sation theory” rather than “fusion theory,” i.e., 
the mesenchymal cells were deposited in between 
when the visceral and parietal peritoneum of the 
dorsal mesentery began to fuse together during 
the embryonic stage [5]. Some authors suggested 
that the mobilization of the mesocolon of ascend-
ing and descending colon could be made along 
either the mesofascial interface or retrofascial 
interface; we feel that it is impractical for clinical 
surgery, and, otherwise, the best way for the 
development of correct dissection plane should 
be dissection within the Toldt fascia.

4.3  Rectosacral and Waldeyer’s 
Fascia Revisited

During the clinical practice of total mesorectal 
excision for the treatment of middle and low rec-
tal cancer, posterior mobilization of the rectum is 
along the holy plane, which consists of loose 
areolar connective tissues [6]. With further poste-
rior downward mobilization, a thick tough fascia 
will be encountered, generally known as rectosa-
cral fascia, and failure to recognize and divide 
the rectosacral fascia can perforate the mesorec-
tum or lead to severe presacral hemorrhage. 
Division of the rectosacral fascia allows mobili-
zation of the rectum as far as the anorectal junc-
tion and exposes the Waldeyer’s fascia, 
conceptually known as the endopelvic fascia 

covering the pelvic floor. However, there is sig-
nificant confusion about what Waldeyer’s fascia 
represents as the eponym has been used to 
describe the presacral fascia, the rectosacral fas-
cia, or all fascia posterior to the rectum [7, 8]. 
This is because Wilhelm Waldeyer did not men-
tion rectosacral fascia and just vaguely described 
the floor of retrorectal space as the fascia lying 
along the anococcygeal ligament [9, 10].

Based on the high-resolution images in robotic 
or laparoscopic surgery for patients with distal 
rectal cancer undergoing total mesorectal exci-
sion, the dissection of holy plane was vividly 
demonstrated and conceptualized. Briefly, the 
junction between proper rectal fascia and parietal 
layer of presacral fascia was incised, and the pre-
sacral space is easily entered and enlarged down-
ward along the loose areolar tissue planes. At the 
level of the body of the fourth sacral vertebra 
(frequently) or the third sacral vertebra(less fre-
quently), we might encounter the so-called recto-
sacral fascia, which varies in thickness from a 
thin transparent membrane to a thick, tough, 
opaque fascia, running from the periosteum over-
lying the vertebra body to insert into the proper 
fascia of the rectum about 3–5 cm above anorec-
tal junction. However, rectosacral fascia was 
visualized in only 44% of patients undergoing 
laparoscopic surgery and 48% of patients under-
going robotic surgery. We think only a half minus 
of patients whose rectosacral fascia can be visu-
alized is because the rectosacral fascia, most of 
the time, was too thin to be visualized under the 
strong sharp electrocautery during laparoscopic 
or robotic surgery or related to the quality of dis-
section, such as bleedings from bridging venules 
during dissection. After the rectosacral fascia is 
divided, a small space is entered inferior to the 
rectosacral fascia and the rectum, containing the 
rectococcygeus muscle and lying on the posterior 
attachment of levator ani to the coccyx and 
sacrum; this space maybe described as the infrar-
ectal space, also known as the retrorectal space, 
since it is below the almost horizontal part of the 
rectum, in the upright position. The floor of retro-
rectal space consists of an extension of the pari-
etal layer of presacral fascia enveloping the 
rectococcygeus muscle or its fibrous remnant, 
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which blends with the medial edge of levator ani 
to form the upper part of the strong anococcygeal 
ligament. Based on the present study and with 
reference to the original description of Wilhelm 
Waldeyer [9–11], we strongly suggest that the 
fascia covering the floor of retrorectal space 
should mean Waldeyer’s fascia. Remarkably, 
both rectosacral fascia and Waldeyer’s fascia are 
more obvious in patients after concurrent chemo-
radiation therapy.

In summary, rectosacral fascia and Waldeyer’s 
fascia are two distinct anatomical structures: The 
former traverses and separates the presacral 
space into superior compartment and inferior ret-
rorectal space; the latter forms the floor of retro-
rectal space (Fig. 4.2). Further clarification of the 
rectosacral and Waldeyer’s fascia would facili-

tate the precise and quality surgery for patients 
with distal rectal cancer. Sharp division of the 
condensed and thicker rectosacral fascia is pre-
ferred over blunt dissection in order to avoid 
inadvertent tearing of posterior mesorectal fascia 
and bleeding from presacral veins.

4.4  Dissection of Denonvilliers’ 
Fascia Implicated in Total 
Mesorectal Excision

Ample imaging and surgical practices have sug-
gested that the key to a successful anterior dissec-
tion in TME is based on the full appreciation of the 
Denonvilliers’ fascia and its relationship to the 
anterior mesorectum [12–15]. The Denonvilliers’ 

Rectal visceral fascia

Rectal visceral fascia

Rectosacral fascia
divided

Waldeyer’s
fascia

Presacral parietal fascia

Section line
Proper rectal fascia

Presacral fascia

Tumor

Denonvilliers
fascia

Retrorectal space
Rectosacral fascia

Waldeyer fascia

a

b

Fig. 4.2 (a) Retrorectal 
space after division of 
the rectosacral fascia 
(necessary to mobilize 
the rectum completely). 
Waldeyer’s fascia 
denotes the thick 
endopelvic fascia 
covering the levator ani 
muscle. At the lower end 
(floor) of the retrorectal 
space, we can see 
presacral parietal fascia 
(endopelvic fascia) fuse 
with proper fascial of 
the rectum at the level of 
the anorectal junction. 
(b) Rectosacral fascia 
frequently originated 
from endopelvic fascia 
at S4 sacral level and 
less frequently from S3 
level; Waldeyer’s fascia 
is the endopelvic fascia 
covering the levator ani 
muscle. The green line is 
suggested dissection 
plane for a TME
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fascia is generally considered macroscopically to 
be a one-layer fascia arising from the fusion of the 
two walls of the embryonic peritoneal cul-de-sac, 
and thus it histologically actually consists of two-
layer fibromuscular tissues and extends from the 
peritoneal reflection cranially to the perineal body 
caudally [13]. Heald et al. advocated that there is 
usually no surgical plane behind the Denonvilliers’ 
fascia and insisted that optimal TME for rectal 
cancer should be by dissection “in front of” this 
fascia [16, 17]. However, Lindsey et al., based on 
the histologic and embryologic evidences, pointed 
out that the fascia propria of the rectum and the 
Denonvilliers’ fascia would be separable, and thus 
the correct natural dissection plane of TME should 
be “anterior” to the fascia propria of the rectum 
and “posterior” to the Denonvilliers’ fascia [13, 
14]. Moreover, Kinugasa et al. found that at the 
level of seminal vesicles, incision in front of the 
Denonvilliers’ fascia was likely to injure superior 
parts of the pelvic nerve plexus and the left/right 
communication; and therefore to preserve all auto-
nomic nerves for a normal genitourinary function, 
optimal TME for rectal cancer, in their opinion, 
required a dissection behind the Denonvilliers’ 
fascia [15–18]. On the other hand, the concepts of 
Denonvilliers’ fascia in female patients remain 
unclear for most colorectal surgeons. Actually, 
Denonvilliers’ original description gave no 
account of the presence of such a fascia in the 
female, but gynecologists generally believe that 
the rectovaginal septum is the female counterpart 
and is a normal, constant structure [19, 20]. Heald 
et al. stated that the fascia is less obvious in 
women, but, importantly for the conduct of rectal 
dissection, it provides mobility for the rectum on 
the posterior vaginal wall [16].

For nearly all male patients (91%), the bound-
aries of Denonvilliers’ fascia could be clearly 
recognized in laparoscopy [5]. Immediately after 
the peritoneum over the rectovesical pouch was 
incised, the bluish bubble-shaped seminal vesi-
cles were exposed nakedly with little purposely 
dissection. Medially, the surface of seminal vesi-
cles was generally covered with sparse areolar 
fibrous tissues, whereas, laterally, it was contigu-
ous with some dense fibrous structures, which 
were postulated to contain the communicating 

nerve fibers from the nearby neurovascular bun-
dle of Walsh.

Posterior to the seminal vesicles, we could 
see the Denonvilliers’ fascia, varying in nature 
from a fragile translucent fibrous layer to a 
tough leathery membrane, manifesting itself 
as a trapezoidal “apron” covering the glisten-
ing fatty tissues of the anterior mesorectum 
(Fig. 4.3a). Although Lindsey et al. showed 
that the Denonvilliers’ fascia and the anterior 
part of the fascia propria of the rectum proper 
rectal fascia were two separable layers in histol-
ogy [12–14], it has been found that there was no 
natural dissection plane between the two layers 
in practice, because any attempt to dissect along 
this postulated surgical plane would have nearly 
resulted in the perforation of this fascial layer 
(Fig. 4.3b). This finding gave us the impression 
that the upper part of the Denonvilliers’ fascia 
was more adherent to, or even fused with, the 
anterior part of the fascia propria of the rectum 
than to the seminal vesicles. Moreover, in lapa-
roscopy, the Denonvilliers’ fascia usually has 
clear left and right edges, which are fenced by 
the insertion of lateral ligaments at the anterolat-
eral (2 and 10 o’clock) direction of the rectum. 
Remarkably, the Denonvilliers’ fascia was even 
more prominent in male patients after preopera-
tive concurrent chemoradiation therapy.

Technically, by pushing the seminal vesicles 
ventrally along the areolar tissue plane “in front 
of” the Denonvilliers’ fascia, the anterior dissec-
tion in TME can be efficiently continued down-
ward until the prostate is reached, where the 
Denonvilliers’ fascia fuses with the prostate cap-
sule and the natural surgical plane halts 
(Fig. 4.3c). Therefore, in order to continue the 
dissection, we had to incise the Denonvilliers’ 
fascia at this site and shift the dissection plane to 
“behind” this fascia (Fig. 4.3d), and thereafter, by 
gentle pushing the very thin fatty tissues of the 
anterior mesorectum dorsally, the rectum could 
be completely separated from the prostate and 
mobilized to the pelvic floor. However, for 
tumors located at the anterior rectal wall with 
suspected invasion into the prostate capsule, we 
deliberately kept the dissection plane in front of 
the Denonvilliers’ fascia and even into the pros-
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tate parenchyma to ensure an adequate anterior 
resection margin for cancer. However, such dis-
section always resulted in more bleeding as well 

as postoperative sexual dysfunction, which was 
due to the unavoidable injury of the peri-prostate 
autonomic nerve plexus.

Anterior
mesorectum

Bladder

Rectovesical
pouch

Anterior
rectal wall

DVF

Anal
canal

Pelvic floor

Prostate/
seminal
vesicles

a b

c d

e f

Fig. 4.3 (a) The Denonvilliers’ fascia (D) is a fibrous 
layer in between seminal vesicles anteriorly and fatty 
mesorectum posteriorly. The left edge of Denonvilliers’ 
fascia is at the insertion of the left lateral ligament. The 
left side of seminal vesicles is close to the neurovascular 
bundle of Walsh (yellow circle). (b) Attempt to dissect 
between the Denonvilliers’ fascia and the fascia propria of 
the rectum resulted in perforation of this layer (arrow). (c) 
The tented structure (arrow) was the cutting end of the 
Denonvilliers’ fascia, which was incised at the level of 
prostate so that the dissection could be continued down-
ward. (d) The band of dotted lines indicates the 

Denonvilliers’ fascia, whose lower part fuses with the 
posterior capsule of the prostate and could not be sepa-
rated (red circle), modified from Lindsey et al. Br J Surg 
2000;87:1288. (e) In some adipose females, there is still a 
scanty layer of fibrous tissue, which may be equivalent to 
Denonvilliers’ fascia (D), covering the anterior mesorec-
tum. In between the posterior vaginal wall (V) and anterior 
mesorectum, the rectovaginal septum is composed of 
intertwined fibrous tissues (arrow). (f) A laparoscopic 
view of the lower part of the rectovaginal septum (arrow), 
in which no distinct layer of the Denonvilliers’ fascia 
could be found
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In contrast, the female Denonvilliers’ fascia 
was found to be much less obvious as a distinct 
fibrous layer than in the male counterpart. 
Generally, the vagina and rectum are separated by 
a sheet of strong fibrous tissues, which have long 
been recognized by gynecologists as “rectovagi-
nal septum.” Under laparoscopy, after the perito-
neum over cul-de-sac was excised, we could 
clearly identify the intertwined fibrous tissues in 
between the vaginal vault and the rectum. In more 
adipose women (body mass index ≧ 27 kg/m2), 
posterior to this area of irregular fibrous tissues, 
we could still identify the shiny fatty tissues of the 
mesorectum, which tapered caudally (Fig. 4.3e). 
However, in thinner females, the anterior meso-
rectum is very scanty or actually not present, and 
therefore in this condition, it seems that the inter-
vening fibrous tissue plate acts as the linking sub-
stances to anchor the posterior vaginal wall to the 
anterior rectal wall all the way from the level of 
cul-de-sac down to the perineal body [21].

Based on the observation in our previous study 
[5], we feel that there is no natural surgical plane 
between the rectum and vagina, and therefore, 
during surgical practice, we usually first clearly 
identify the whitish posterior vaginal wall and 
then push it ventrally and caudally against the 
backward-pulled rectum (Fig. 4.3f). By this slid-
ing action, the vaginal wall can then be separated 
from the rectum, and simultaneously the anterior 
surface of the rectum can be kept attached by 
some fibrous tissues of the rectovaginal septum to 
ensure that the anterior resection margin was ade-
quate during the whole dissection process. On the 
other hand, it has also been noted that in females 
after preoperative concurrent chemoradiation 
therapy, the so-called female Denonvilliers’ fascia 
became more dense, unclear, and irregular and 
therefore more difficult to dissect.

4.5  In Conclusion

In assisting a resident in an operation, I fre-
quently cited the ancient Chinese article enti-
tled “Chinese Gastronomy,” which was written 
by Chuangtse in the fourth century BC and 
emphasized the use of the cleaver (Fig. 4.4). 

Much of its wording seems applicable to our 
daily practice of colorectal cancer surgery, par-
ticularly the concept of working “with the 
mind, not the eye”:

Prince Huei’s cook was cutting up a bullock. Every 
blow of his hand, every heave of his shoulders, every 
trend of his foot, every thrust of his knee, every 
whshh of rent flesh, every chhk of the chopper, was 
in perfect rhythm-like the dancer of the Mulberry 
Grove, like the harmonious chords of Ching Shou.
“Well done!” cried the Prince. “Yours is skill 
indeed!”
“Sire,” replied the cook laying down his chopper,” I 
have always devoted myself to Tao, which is higher 
than mere skill. When I first began to cut up bull-
ocks, I saw before me whole bullocks. After three 
years’ practice, I no longer saw whole  animals. And 
now I work with my mind and not with my eye. My 
mind works without control of the senses. Falling 
back on eternal principles, I glide through such 
great joints or cavities as there may be, according to 
the natural constitution of the animal. I do not even 
touch the convolution of muscle and tendon, still 
less attempt to cut through large bones.
“A good cook changes his chopper once a year 
because he cuts. An ordinary cook once a month 
because he hacks. But I have had this chopper for 
nineteen years, and although I have cut up many 
thousand bullocks, its edge is as if fresh from the 
whetstone. For at the joints there are always inter-
stices, and the edge of chopper being without 
thickness, it remains only to insert that which is 
without thickness into such an interstice. Indeed 
there is plenty of room for the blade to move about. 
It is thus that I have kept my chopper for nineteen 
years as though fresh from the whetstone.

Fig. 4.4 The ancient Chinese Taoist Chungtse advocated 
if the dissection was performed along the natural dissection 
plane, the surgeons will meet the least resistance and 
greatly enhance the work efficiency, which is the core phi-
losophy of the Chinese Taoism
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Nevertheless, where I come upon a knotty part 
which is difficult to tackle, I am all caution. Fixing 
my eye on it, I stay my hand, and gently apply my 
blade, until with a hivah the part yields like earth 
crumbling to the ground. Then I take out my chop-
per, stand up, and look around with an air of 
triumph.
“Bravo!” cried the Prince. “From the words of this 
cook I have learnt how to take care of my life.” [22]

This quotation from the ancient manuscript is 
so self-explanatory that no comment is needed. It 
is stranger, however, that in books on surgical 
technique, much space is spent on advice on the 
gentle handling of tissues and the benefits of 
sharp dissection but little or none on how to find 
the natural tissue planes and separate them by a 
gentle traction and a minimum of dissection. 
Fully respecting the Toldt, Gerota, rectosacral, 
Waldeyer, Denonvilliers fascia, and its relation to 
the neighboring proper fascia of the rectum, 
endopelvic fascia, and rectal lateral ligament 
would ensure the quality surgery of rectal cancer, 
which can extrapolate to optimal oncological 
efficacy, even without the proof from randomized 
prospective clinical trials.
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The Lymphatic Spread 
of the Rectal Cancer

In Kyu Lee

Abstract

The lymph spread of the rectal cancer is various 
according to the tumor location. Pathways of 
lymphatic drainage are dived into three groups, 
the upper two thirds of the rectum, dentate line 
up to the lower third of the rectum, and the anal 
canal up to dentate line. Lymph node metastasis 
from rectal cancer usually occurs in regional rec-
tal lymph nodes that consist of three groups: peri-
rectal, intermediate and main lymph nodes, and 
lateral pelvic lymph nodes. The concept of total 
mesorectal excision is equally accepted in the 
West and East, but the role of lateral pelvic lymph 
node dissection is accepted differently. Therefore, 
recently selective pelvic lymph node dissection 
after preoperative chemoradiotherapy was pro-
posed. Moreover, whole- mount sections or fat 
clearance techniques have been performed for the 
precise pathologic assessment after surgery. The 
lymph node metastasis of rectal cancer progresses 
differently under various conditions, so the man-
agement of rectal cancer should consider various 
aspects through multidisciplinary team approach.

Keywords

Rectal neoplasms · Lymphatic metastasis · 
Lymph node excision

5.1  Introduction

The lymph node metastasis in rectal cancer sur-
gery is more important than colon cancer for pre-
dicting prognosis. Unlike colon cancer, lymph 
node metastasis from rectal cancer occurs within 
the narrow pelvis with many nerves related to uri-
nation and sexual function and to the lateral pelvic 
lymph node outside the pelvic cavity. Therefore, 
several methods have been considered for the 
treatment of metastatic lymph nodes. Especially, 
the management of these lateral pelvic lymph 
nodes has many differences in treatment methods 
in the East and the West and will be discussed in 
this chapter.

5.2  The Pattern of the  
Lymphatic Drainage 
According to the Tumor 
Location

The lymphatic drainage begins as a network of 
intramural lymphatic plexuses under the mucosal 
layer of the rectum and flows into the lymph 
nodes along the arterial blood supply [1, 2]. 
Pathways of lymphatic drainage in the anus and 
rectum are dived into three groups, the upper two 
thirds of the rectum, dentate line up to the lower 
third of the rectum, and the anal canal up to den-
tate line [1–3]. There is a difference in the lym-
phatic spread method depending on the location 
of the tumor according to the groups (Fig. 5.1).
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 1. In the first group, lymphatics in the upper two 
thirds of the rectum drain into the perirectal 
lymph node along the superior rectal vessels 
and then toward the origin of the inferior 
mesenteric artery [1–3]. These perirectal 
lymph nodes are located in the mesorectum 
within holy plane which Heald et al. intro-
duced as the concept of total mesorectal exci-
sion [2, 4].

 2. In the second group, lymphatics in the lower 
third of the rectum primarily drain cephalad 
but laterally along the middle rectal vessels to 
the internal iliac nodes [1, 2, 5]. Rectal endo-
scopic lymphoscintigraphy study showed no 
lateral drainage to internal iliac nodes among 
healthy volunteers whose rectums had been 
injected both above and below the peritoneal 
reflection, but lateral drainage occurred in all 
control subjects whose anal canal had been 
injected above the dentate line [6, 7]. Lateral 
drainage pathways were variable and incon-
sistent, and lateral spread occurs in neoplasms 
of the anal canal or in rectal cancer when 
there is obstruction of the cranial drainage 
path [1–3, 7]. Above the dentate line, the 
drainage is primarily to the inferior mesen-
teric nodes and laterally into the internal iliac 

nodes as some secondary through the inferior 
and middle rectal lymphatics like the lower 
third rectum [1].

 3. In the third group, lymphatics between the 
dentate line and anal verge drain into inguinal 
lymph nodes which are main drainage site and 
internal iliac lymph nodes through the middle 
rectal nodes [1, 3]. The anal canal from the 
levator ani to the anal verge is composed of 
two parts, endodermal origin above the den-
tate line and ectodermal origin below the den-
tate line, which have different innervations, 
vasculature and lymphatics [1]. Therefore, 
lymphatics did not communicate across the 
dentate line and did not perforate the levator 
ani muscles in infant cadavers study [1, 2]. 
However, there is possibility of downward 
spread of cancer over mucocutaneous junc-
tion, especially when superior pathways were 
obstructed by cancer, and spread of carcinoma 
of the rectum to inguinal nodes rarely occurs 
and then usually in late cases [3, 8].

Intramural spread extension beyond 2 cm 
from visible edge of the tumor and positive 
nodes distal to the tumor are rare, but these 
cases occur in advanced and high-grade tumors 
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or proximal nodal metastasis, respectively  
[2, 9, 10]. The majority of mesorectal lymph 
nodes are located in the posterior section; a 
great proportion are within the upper mesorec-
tum, and a few are in the distal mesorectum 
[11]. Metastasis of lymph nodes was most 
likely to occur in the bowel segment affected by 
the tumor and in the segments 1 cm distal or 
proximal to the tumor [12].

5.3  Lymph Node Groups

Regional rectal lymph nodes consist of three 
groups: perirectal, intermediate (inferior mesen-
teric trunk nodes) and main lymph nodes (infe-
rior mesenteric nodes), and lateral pelvic lymph 
nodes are included as a fourth group in the rectum 
[13] (Fig. 5.2). The lateral lymph nodes include 
the common iliac lymph nodes, the proximal and 
distal internal iliac lymph nodes, the obturator 
lymph nodes, and the external iliac lymph nodes 
[13]. Nakamura et al. defined the anatomical 
location of the lateral lymph node as follows [5]. 
The common iliac lymph nodes are located in 
the region surrounded by the left and right com-
mon iliac arteries. The caudal border extends to 
the obturator foramen. The internal iliac lymph 
nodes are surrounded by the internal iliac artery, 
the superior vesical artery, and the region extend-
ing from the left and right hypogastric nerves to 
the pelvic nerve plexus. The caudal margin of 
this group of lymph nodes extends to Alcock’s 
canal. The internal iliac lymph nodes are sub-
classified into the central internal iliac nodes and 
the peripheral internal iliac nodes; the border is 
defined by the superior vesical artery. The lateral 
border of the obturator lymph nodes is defined by 
the external iliac artery and the pelvic wall. The 
dorsal border of this group of nodes is defined 
by the sciatic nerve and the piriformis muscle. 
The medial border is defined by the internal 
iliac artery and the superior vesical artery. The 
caudal border extends to the obturator foramen. 
Para- aortic nodes are proximal to the main lymph 
nodes, and other lymph nodes include lateral and 
median sacral nodes, aortic bifurcation nodes, 
and inguinal nodes [13].

5.4  Concept of  
Lymphadenectomy

Lymph node dissection other than lymph nodes 
included in total mesorectal excision has several 
views. For suspicious lymph node metastasis 
beyond the TME, removal of lymph node metas-
tasis or histologic biopsy in many guidelines was 
performed, and for lymph nodes not clinically 
suspicious, extensive lymph node dissection is not 
recommended for preventive purposes [14]. The 
incidence of lateral pelvic lymph node (LPLN) 
metastasis has been reported to be approximately 
15–20% in patients with locally advanced rectal 
cancer who underwent lateral pelvic lymph node 
dissection (LPLND) [15–19]. In Western coun-
tries, surgeons do not perform LPLN regularly 
because preoperative CRT without surgery can 
provide acceptable local control and LPLN metas-
tasis is generally considered a metastatic disease 
[16, 20]. Therefore, preoperative chemotherapy is 
the widely accepted standard treatment for 
patients with stage II, III rectal cancer.

In about 1950, LPLND was attempted and then 
Japanese considered LPLND a standard procedure 
for the surgical treatment of advanced lower rectal 
cancer [5, 21]. Therefore, the Western TME is 
described as a limited resection [22].

A standard resection of LPLN involves dissec-
tion along the parietal pelvic fascia and the inter-
nal iliac artery [2, 22]. The lateral, medical, 
cranial, caudal, and dorsal anatomical borders of 
LPLND are the external iliac artery, pelvic 
plexus, bifurcation of the common iliac artery, 
levator ani muscle, and sciatic nerve, respectively 
[16]. Whereas an extended resection also includes 
excision of the internal iliac vessels preserving 
the superior vesical artery and obturator nerve by 
Japanese surgeons [2, 22].

5.5  Debated About Lateral 
Pelvic Lymph Node 
Dissection (West vs. East)

As a basis for the controversy of the East and the 
West on lateral pelvic lymph node dissection, the 
West insist that a meta-analysis comparing 
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extended and non-extended lymphadenectomy of 
LPLN in patients with rectal cancer showed no 
significant difference in overall cancer-specific 
advantage [23]. Furthermore, LPLND increases 
operating time, intraoperative blood loss, and 
rates of autonomic nerve dysfunction, such as uri-
nation dysfunction and male sexual dysfunction 
in this meta-analysis [23]. However, the Japan 
Clinical Oncology Group compared TME only 
with TME with LPLND for clinical stage II or 
stage III lower rectal cancer without LPLN 
enlargement [24–26]. In this randomized con-
trolled trial, LPLND with autonomic nerve pres-
ervation may not increase the incidence of sexual 
dysfunction in men and also did not increase any 
grade 3–4 postoperative complications including 
anastomotic leakage of all grades in spite of lon-
ger operation time and greater blood loss [24, 25]. 
Moreover, TME with LPLND group had lower 
local recurrence than TME alone groups [26]. In 
other study, patients with stage T3, T4 tumors 
who underwent preoperative CRT and TME alone 
had LPLN metastasis as a major cause of local 
recurrence [27]. Therefore, the East, especially 
Japan, has advocated LPLND.

5.6  Selective Pelvic Lymph Node 
Dissection After Preoperative 
Chemoradiotherapy

With high prevalence of preoperative CRT for 
rectal cancer, some of the studies showed the 
major local recurrence was pelvic lymph node 
area. Recently, the need of selective LPLND has 
been reported for rectal cancer based on pre- or 
posttreatment imaging after preoperative CRT 
[15, 16, 28, 29].

In the studies that emphasized the importance 
of LPLN status before CRT, pathological LPLN 
metastasis was reported as 66% in advanced low 
rectal cancer and 51.6% in advanced rectal cancer 
when LPLND was performed in patients with sus-
pected LPLN metastasis based on MDCT or MRI 
before CRT [15, 16]. Moreover, none developed 
local recurrence in these patients with LPLND 
[15, 16]. The incidence of lateral pelvic lymph 
node metastasis after chemoradiotherapy was 
estimated to be 22% in low rectal cancer and 8.1% 

in rectal cancer [15, 16]. They suggested that inci-
dence of LPLN metastasis is high even after pre-
operative CRT, and LPLND might improve local 
control and survival of patients with LPLN metas-
tasis in advanced low rectal cancer treated with 
preoperative CRT [15, 16]. Moreover, there is 
increasing opinions that LPLN short-axis diame-
ter after CRT was significantly associated with 
LPLN recurrence, the 5-year overall survival and 
5-year disease-free survival rates [28, 29]. They 
recommended that the decision to perform 
LPLND should be based on the LPLN response to 
preoperative CRT [28, 29]. Therefore, if selective 
LPLND is performed on the base of pre- or post-
treatment imaging after preoperative CRT, the 
LPLN metastasis itself is not a poor prognostic 
indicator after preoperative CRT and LPLND, and 
LPLN metastasis can be a regional disease that is 
amenable to curative resection [15, 16, 28, 29].

5.7  Pathologic Assessment 
of Rectal Lymph Node

LN involvement is one of the most significant 
prognostic factors. Many guidelines recommend 
a minimum of 12 lymph nodes retrieval. However, 
harvest of 12 LNs is difficult to achieve espe-
cially in rectal cancer. One limitation of the cur-
rent N-stage system is that it cannot provide a 
precise prognosis for patients who did not have 
over 12 lymph nodes dissected. The number of 
metastatic lymph nodes, total number of lymph 
nodes examined, number of negative metastatic 
lymph nodes, lymph node ratio, and the number 
of apical lymph nodes were examined to comple-
ment the N-stage system. Lymph node ratio and 
apical lymph nodes are complementary in rectal 
cancer [30]. Most pathologists believe that LNs 
measuring ≥5 mm can be identified by routine 
methods, but LN <5 mm are difficult to recognize 
[31]. However, fat clearance techniques show LN 
harvesting including 70–92% small LNs, with 
some reporting a small lymph node ratio as high 
as 45–78% [11]. Therefore, small LN evaluation 
through fat clearance techniques increase the 
accuracy of staging, and also, whole-mount sec-
tions facilitate the precise and effective assess-
ment of rectal cancer.

5 The Lymphatic Spread of the Rectal Cancer
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 Conclusion

According to extent of disease, adequate 
lymphadenectomy is the most important 
treatment for rectal cancer. With the under-
standing of lymphatic spread of the rectal 
cancer, the lymph node metastasis of rectal 
cancer happened by various methods under 
different conditions, so there is a limit to 
only either treatment of radical resection or 
CRT. Therefore, the management of rectal 
cancer should be approached under accurate 
diagnosis and various treatment methods 
through a multidisciplinary team approach.
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Anal Sphincter Complex 
Preservation

Ji Won Park and Seung-Yong Jeong

Abstract

To save the sphincter, understanding the 
anatomy of anal sphincter complex is essen-
tial. The anal canal extends from the level 
of the levator ani muscle to the anal verge. 
The muscularis propria of the rectum is con-
sisted of the inner circular and outer longitu-
dinal smooth muscle layer. The internal and 
external sphincters together can maintain 
anal continence. Intersphincteric groove 
lies between the subcutaneous external anal 
sphincter and the internal anal sphincter. 
This is one of the landmarks for intersphinc-
teric resection. In the middle and low rectal 
cancer, total mesorectal excision should be 
performed. For distal rectal cancer, a 1-cm 
distal margin may be acceptable. To avoid 
positive circumferential resection margin, 
the surgeons should follow the principles 
of total mesorectal excision and perform en 

bloc resection of contiguous tissues when 
clinically indicated.

Keywords

Anatomy · Rectum · Anal canal · Peritoneal 
reflection · Anal sphincter complex · Resection 
margin

6.1  Introduction

Treatment of patients with low-lying rectal can-
cer requires achieving the incompatible goals. 
For oncologic outcomes, wider resection is 
needed to get safer margin. For functional out-
comes, rectal preservation is required to main-
tain bowel function. Recently, sphincter-saving 
surgery has been more frequently applied than 
abdominoperineal resection for the treatment of 
rectal cancer [1, 2].

To save the sphincter, understanding the anat-
omy of anal sphincter complex is essential. This 
anatomy includes anorectal sphincter muscle, pel-
vic nerve plexus, and perirectal vessels. In addi-
tion, colorectal surgeons should be familiar with 
tumor spreading of rectal cancer and surgical tech-
nique for sphincter saving. The purpose of this 
chapter is to provide a review of the anatomy of 
rectum and anal sphincter complex and adequate 
tumor resection margin in sphincter preservation.
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6.2  Anatomy

6.2.1  Rectum

The large intestine is consisted of the colon and 
rectum. The rectum is the distal part of the large 
bowel, not covered by the peritoneum. The defi-
nition of the rectum is varied. Anatomists defined 
the rectum as the bowel between the third sacral 
vertebra S3 and dentate line. Surgeons usually 
consider the rectum as the bowel between the 
sacral promontory and anal verge. However, 
these definitions cannot be precisely applied 
before surgery. Practically, the distance from the 
anal verge, measured by the rigid scope, has 
been widely used. Based on the results of local 
recurrence, the National Cancer Institute Rectal 
Cancer Focus Group suggested 12 cm from the 
anal verge for the definition of the rectum [3]. 
The proximal tumor above 12 cm from the anal 
verge behaves like sigmoid colon cancer in terms 
of recurrence pattern and prognosis.

6.2.2  Peritoneal Reflection

Another anatomical landmark for the rectum is the 
peritoneal reflection. The peritoneal reflection can 
be used for application of transanal endoscopic 
microsurgery. If the tumor is located above the 
peritoneal reflection, free perforation can occur 
with the opening of peritoneum during transanal 
endoscopic microsurgery. The rectum below the 
peritoneal reflection has a distinctive lateral lym-
phatic and hematogenous drainage system, com-
pared with intraperitoneal rectum. Extraperitoneal 
rectum is invested with the adjacent pelvic wall, 
which could be the foci of recurrences. Survival 
rate can be poorer in the tumor below the perito-
neal reflection than in the tumor above the perito-
neal reflection [4]. Yun et al. investigated the 
location of the peritoneal reflection in Korean live 
human [5]. The distance of the peritoneal reflec-
tion was about 8–14 cm from the anal verge. The 
taeniae coli have coalesced into outer longitudinal 
muscle below the peritoneal reflection.

The rectum contains typically left superior, 
right middle, and left inferior folds, created by 

submucosal curves called the valves of Houston. 
The folds are located at approximately 4–5 cm, 
6–8 cm, and 9–10 cm from the anal verge, respec-
tively. The peritoneal reflection is located at the 
level of the second valve of Houston.

6.2.3  Anal Sphincter Complex

The anal canal extends from the level of the leva-
tor ani muscle to the anal verge. The length of the 
anal canal is approximately 2.5–4 cm. The mus-
cularis propria of the rectum is consisted of the 
inner circular and outer longitudinal smooth 
muscle layer (Fig. 6.1). The inner circular smooth 
muscle layer of the rectum continues as the inter-
nal anal sphincter. The outer longitudinal muscle 
conjoins with fibers from the levator ani muscle. 
Surrounded by the levator ani muscle, the anal 
canal passes through the pelvic diaphragm. The 
levator ani is formed by the pubococcygeus, 
puborectalis, and iliococcygeus. The outer layer 
of anal sphincter complex is formed by the 
puborectalis muscle superiorly and the external 
anal sphincter inferiorly. The puborectalis muscle 
and the upper part of the internal sphincter form 
the anorectal ring. This ring can be palpated and 
should be identified and saved during surgery 
since injury of this ring can produce inconti-
nence. The external sphincter has three separate 
parts: subcutaneous, superficial, and deep part 
(Figs. 6.1 and 6.2). These three parts together can 
maintain anal continence. The subcutaneous 
external anal sphincter attaches to the perianal 
skin anteriorly, encircling the anus. The superfi-
cial external anal sphincter continues with the 
anococcygeal ligament and surrounds the anus 
canal. The deep external anal sphincter also sur-
rounds the anus canal without attachments. The 
internal anal sphincter is under control of the 
autonomic nervous system. However, the exter-
nal anal sphincter is under voluntary control. The 
external anal sphincter has a high resting tone, 
which can be influenced by voluntary efforts. 
Intersphincteric groove lies between the subcuta-
neous external anal sphincter and the internal 
anal sphincter. This is one of the landmarks for 
intersphincteric resection.
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Fig. 6.1 Anal sphincter muscle

6.2.4  Epithelium of the Anal Canal

The interior part of the anal canal is formed by 
three histologic regions. Outside of the anal 
verge, the cutaneous region is covered by the 
squamous epithelium of the external anoderm. 
Above the anal verge to the dentate line, the 
 transitional region is composed of columnar, 
transitional, or stratified squamous epithelium. 

Above the dentate line, the mucosal region con-
tains columnar epithelium. The columns of 
Morgagni are folds of the mucosa above the den-
tate line. These columns extend upward from the 
dentate line to the level of the puborectalis sling. 
The anal crypts are located between the columns 
of Morgagni. The dentate line marks the transi-
tion between the visceral region above and the 
somatic region below.

6.2.5  Artery Supply

The superior rectal artery, as the terminal branch 
of the inferior mesenteric artery, supplies the 
rectum and the upper anal canal. At the upper 
rectum, the superior rectal artery bifurcates into 
two vessels: the larger right branch and the 
smaller left branch [6]. These branches finally 
penetrate the muscle layer to reach the submu-
cosa. The middle rectal artery, arising from the 
internal iliac artery, supplies distal rectum and 
the middle anal canal. The middle rectal artery 
reaches the rectal wall in the lateral ligament. In 
a study with 32 cadaver dissections, the middle 
rectal artery was observed in only 28.1% as the 
component of the lateral ligament [7]. The infe-
rior rectal artery, originating from the internal 
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Puborectalis
muscle

Deep external
sphincter

Anococcygeal
ligament

Superficial
external sphincter

Subcutaneous
external sphincter

Pubis

Rectum

Levator ani
muscle

Anal verge

Fig. 6.2 Extrinsic muscles of the anal canal. (1) 
Coccyx; (2) pubis; (3) levator ani muscle; (4) puborec-
talis muscle; (5) deep external sphincter; (6) superficial 
external sphincter; (7) subcutaneous external sphincter; 
(8) anococcygeal ligament; (9) anal verge; (10) rectum 
(By permission of JE Skandalakis, SW Gray, and JR 
Rowe. Anatomical Complications in General Surgery. 
New York: McGraw-Hill, 1983)
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pudendal artery, supplies the distal anal canal 
and the sphincter muscle. The inferior rectal 
artery reaches the submucosa and subcutaneous 
tissue of the anal canal. These terminal branches 
communicate with the branches of the middle 
and superior rectal artery through intramural 
collaterals [8].

6.2.6  Venous Drainage

Blood from the rectum and anal canal drains 
into either the systemic or portal venous sys-
tem. The upper and middle portion of the rec-
tum drains into the portal venous system via 
the superior rectal vein. Blood from the lower 
portion of the rectum and the anal canal drains 
into systemic venous system via the middle 
and inferior rectal vein.

6.2.7  Lymphatic Drainage

Most lymphatic drainage of the rectum and the 
anal canal follows the pathway of the artery 
(Fig. 6.3). One lymphatic pathway is superior 
direction. Mesorectal nodes drain to nodes on the 
superior rectal artery. They subsequently drain to 
clustered nodes around the inferior mesenteric 
artery [9]. This pattern of lymphatic drainage is 
different from that suggested by Ernest Miles, 
who had the concept of the lymphatic drainage 
into nodes above and below the pelvic floor in the 
rectum. Another lymphatic pathway is lateral 
direction. The middle and low rectum drains to 
the iliac nodes along the middle and inferior rec-
tal vessels. For removal of metastatic lymph 
nodes in this area, lateral pelvic lymph node dis-
section must be applied. The anal canal below the 
dentate line drains the inguinal nodes.

Inf. mesenteric
artery nodes

Sub. rectal
nodes

Intermediate
nodes

Pericolic
nodes

Lateral pelvic
nodesMesorectal

nodes

Peritoneal
reflection

Inguinal nodesPectinate
line

Extramural
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Intramural
drainage

Fig. 6.3 Lymphatic 
drainage of the rectum 
and the anal canal. 
(By permission of 
JE Skandalakis, 
SW Gray, and JR 
Rowe. Anatomical 
Complications in 
General Surgery. 
New York: McGraw-
Hill, 1983)
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6.2.8  Innervation

The sympathetic supply of the rectum arises from 
L1, L2, and L3. The parasympathetic supply of 
the rectum and the anal canal arises from S2, S3, 
and S4 though sacral foramen. The sympathetic 
nerve via the hypogastric plexus and the para-
sympathetic nerve join and form the pelvic plexus 
at the level of the lower third of the rectum, 
around the lateral ligament. The pelvic plexus 
regulates sexual and urinary function. Injury of 
the pelvic plexus during rectal dissection can 
induce impotence, ejaculatory dysfunction, and 
bladder paresis [10, 11] (Fig. 6.4).

Lumbar sympathetic nerves (L5) that cause 
contraction and sacral parasympathetic nerves 
(S2, S3, and S4) that inhibit contraction supply 
motor innervation of the internal anal sphincter 
via the pelvic plexus ganglia. The external anal 
sphincter is innervated by the rectal branch of the 
pudendal nerve (S2 and S3) and by the perineal 
branch of S4. The puborectalis muscle is inner-
vated by the pudendal nerve. Sensation of the 
anal canal comes from the inferior rectal branch 

of the pudendal nerve. This sensation has a key 
role to maintain anal continence through detect-
ing rectal fullness and discriminating the com-
pound of rectal content. Nerve supply in the anal 
canal is extensive below the dentate line.

6.3  Tumor Margin in  
Rectal Cancer

6.3.1  Distal Resection Margin

Several histologic studies found that tumor 
spread in the distal mesorectum, as the extramu-
ral spread, was up to 5 cm beyond the lower mar-
gin of the tumor [12]. In the upper rectal cancer, 
distal resection with 5-cm margin can be onco-
logically safe instead of total resection of meso-
rectum. In the middle and low rectal cancer, total 
mesorectal excision should be performed.

Because the amount of mesorectum dimin-
ishes close to the pelvic floor, intramural spread 
should be considered than extramural spread for 
distal resection of low rectal cancer. According to 
the length of intramural spread, adequate distal 
resection can be determined in low rectal cancer. 
In non-irradiated tumor, distal intramural spread 
of tumor rarely exceeds 1.5 cm [13, 14]. A 2-cm 
distal margin may be adequate because of not 
being compromised by shorter distal margins 
[14–17]. In early stage, distal spread is rarely 
found beyond 1 cm. In patients with preoperative 
chemoradiotherapy, distal intramural spread is 
limited to less than 1 cm [18]. Currently, preop-
erative radiotherapy is recommended for locally 
advanced middle or low rectal cancer. Therefore, 
a 1-cm distal margin may be acceptable for distal 
rectal cancer [17, 19].

6.3.2  Circumferential Resection 
Margin

Circumferential resection margin (CRM) is one 
of the main prognostic factors in rectal cancer. 
CRM positivity is associated with high local 
recurrence and poor survival [20]. In well- 
performed total mesorectal excision, the rate of 
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Fig. 6.4 Innervation of the rectum and the anal canal 
(motor fibers are shown in red, parasympathetic fibers as 
interrupted lines, and sensory fibers in blue. The fibers in 
the pelvic splanchnic nerves reach the intestine by way of 
plexuses)
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CRM involvement is less than 10% [21, 22]. The 
definition of CRM involvement has an ongoing 
debate. Most studies used ≤1 mm as the CRM 
positive. On the base of local recurrence, 2 mm 
has also been used as a cutoff value [23]. In 
patients with preoperative chemoradiotherapy, 
CRM was a prognostic factor for both local 
recurrence and survival [24]. To avoid positive 
CRM, the surgeons should follow the principles 
of TME and perform en bloc resection of contig-
uous tissues when clinically indicated.
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Abstract

This chapter describes pretreatment MR imag-
ing features to enable the risk stratification for 
selecting high-risk rectal cancer patients. These 
features include mrCRM (mr- circumferential 
resection margin), extramural tumor spread, 
clinical nodal status, extramural vessel inva-
sion, low positioning of cancer, and lateral pel-
vic lymph node metastases. Tumor response 
evaluation on MR imaging after neoadjuvant 
treatment is also described in terms of MR vol-
umetry, MR tumor regression grade (mrTRG), 
and diffusion-weighted imaging.
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7.1  Introduction

The main imaging modality for local staging of rec-
tal cancer is magnetic resonance imaging (MRI), as 
it defines the tumor and relevant anatomy providing 
the most detail on the important prognostic factors 

that influence treatment choice. The preoperative 
prognostic stratification based on MR imaging 
enables patient selection according to risk of both 
local and systemic tumor recurrence. This stratifica-
tion is very important for managing rectal cancer, 
avoiding the morbidity associated potential over-
treatment and allowing aggressive treatment for 
high-risk patients. These high-risk patients should 
undergo neoadjuvant therapy before total mesorec-
tal excision. This chapter describes MR imaging 
features to enable the stratification. These features 
include mrCRM (mr-circumferential resection mar-
gin), extramural tumor spread, clinical nodal status, 
extramural vessel invasion, low positioning of can-
cer, and lateral pelvic lymph node metastases.

7.2  High-Risk Factors on  
MRI Findings

7.2.1  mrCRM

The circumferential resection margin (CRM) is 
a powerful prognostic factor for rectal cancer 
patients. Many studies have established that patho-
logic CRM (pCRM) is important not only for local 
recurrence but also for the distant metastasis and 
patient survival [1]. As the pCRM is obtained after 
surgical resection, preoperative assessment of 
CRM involvement is critical for selecting patients 
for preoperative intensive treatment and predicting 
patient prognosis.
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Among various preoperative imaging modali-
ties, magnetic resonance imaging (MRI) is the 
most widely accepted preoperative imaging in rec-
tal cancer. High-resolution MRI can accurately 
delineate the local tumor extent and its relation to 
the mesorectal fascia [2, 3]. As with pCRM, a pos-
itive CRM on MRI (mrCRM) is defined as tumor 
within 1 mm from the mesorectal fascia [4]. For 
lower-third rectal tumors, mrCRM involvement is 
regarded as tumor within 1 mm of the levator mus-
cle [5]. CRM can be positive due to tumor depos-
its, extramural vascular invasion, or suspicious 
metastatic lymph nodes as well as main tumor 
extension [4]. As the mesorectal fat in the anterior 
direction can be relatively thinner than that in 
other directions, the rectum can be close to ante-
rior CRM. To discuss anterior CRM involvement, 
the tumor should be at least a T3 tumor [4].

MRI can predict pCRM with a high degree of 
certainty [2, 6]. According to a systematic review 

and meta-analysis, the mean sensitivity and spec-
ificity of MRI for predicting CRM were 76.3% 
and 85.9%, respectively [2]. Both pCRM and 
mrCRM are significant predictors for local tumor 
recurrence [5, 7] (Fig. 7.1). According to a previ-
ous study by MERCURY study group, involve-
ment of mrCRM is also significantly associated 
with distant metastatic disease [7]. Furthermore, 
preoperative assessment of CRM on MRI is 
superior to preoperative American Joint 
Committee on Cancer (AJCC) TNM-based crite-
ria for predicting risk of local recurrence, disease- 
free survival, and overall survival [7]. Another 
study by the same group assessed MRI after 
 neoadjuvant therapy for rectal cancer [5]. In this 
study, preoperative mrCRM independently pre-
dicted local recurrence, whereas MRI-assessed 
tumor regression grade (TRG) was significant 
factor for overall survival and disease-free sur-
vival [5].

a b

c d

Fig. 7.1 Axial T2-weighted MR images of a 28-year-old 
woman with rectal cancer obtained before (a) and after 
(b) neoadjuvant chemoradiotherapy showed persistent 
mesorectal fascial involvement (arrows) at 9 o’clock by 
tumor extension. (c) A portal phase axial CT image 

obtained a year after surgery demonstrated no local tumor 
recurrence. (d) However, a portal phase axial CT image 
taken 2 years after surgery revealed enhancing soft tissue 
lesion in right pelvic wall (arrow), suggestive of local 
recurrence
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7.2.2  Extramural Tumor Spread

Tumor staging using T component of TNM sys-
tem is a traditional method for stratification of 
patient prognosis, but T staging has limitations in 
rectal cancer. The major limitation of T staging is 
that T3 tumors which account for the majority of 
rectal cancers at the time of presentation have het-
erogeneous clinical outcome according to the 
depth of extramural tumor spread [8]. In a previ-
ous histopathologic study published by a 
University of Erlangen group, T3 tumors with 
extramural spread of more than 5 mm have a can-
cer-specific 5-year survival rate of 54%. On the 

other hand, for T3 tumors with extramural tumor 
spread of 5 mm or less, the cancer-specific sur-
vival rate was greater than 85% [9]. Therefore, the 
depth of extramural spread is an essential factor in 
determining patient prognosis [4].

In this context, preoperative stratification of T3 
tumors on the radiological study is important for 
optimal selection of patients who may benefit from 
preoperative therapy. The Union for International 
Cancer Control (UICC) criteria have been widely 
used for subclassification of T3 rectal cancer (T3a, 
<1 mm; T3b, 1–5 mm; T3c, >5–15 mm; and T3d, 
>15 mm) [10] (Fig. 7.2). Other criteria by the 
Radiologic Society of North America (RSNA) 

a b

c d

Fig. 7.2 Axial (a–c) and sagittal (d) T2-weighted MR 
images of subclassification of T3 tumor extramural spread by 
the Union for International Cancer Control (UICC) criteria. 

(a) T3a (<1 mm), (b) T3b (1–5 mm), (c) T3c (>5–15 mm), 
and (d) T3d (>15 mm). Arrow = extramural tumor spread, 
dashed line = expected border of the muscularis propria

7 Risk Factors for Recurrence and Tumor Response Evaluation After Neoadjuvant Therapy-Based
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stratified extramural depth of tumor invasion into 
three groups (T3a, <5 mm; T3b, 5–10 mm; and 
T3c, >10 mm) [11]. MRI is known to be accurate 
for stratifying T3 tumors compared with histopath-
ologic extramural tumor spread [8, 12]. In addition, 
MRI assessment of extramural tumor spread using 
either UICC criteria or RSNA proposal is signifi-
cantly associated with patient survival [12, 13]. In 
particular, the cutoff extramural tumor spread of 
5 mm is radiologically reliable and clinically mean-
ingful criteria for predicting prognosis and select-
ing optimal treatment strategy.

7.2.3  Clinical Nodal Status

Nodal staging in rectal cancer is important 
because the number of lymph node metastases is 
associated with prognosis. Nodal involvement on 
MRI has traditionally determined with size crite-
ria. However, there is substantial overlap in size 
between normal, reactive, and metastatic lymph 
nodes [4, 14]. Moreover, micrometastasis is not 
rare in normal-sized lymph nodes. Therefore, 
size-based criteria do not seem to be a reliable 
method to assess lymph node metastasis in rectal 
cancer. Instead, criteria based on the shape, bor-
der, and signal intensity of lymph nodes have 
been shown to be more reliable [14, 15]. 
According to these criteria, suspicious lymph 
nodes are defined as lymph nodes with irregular, 
spiculated, or indistinct borders or mixed hetero-
geneous signal intensity [14, 15] (Fig. 7.3). By 
using these criteria, some investigators argued 
that the diagnostic accuracy of MRI to determine 
lymph node metastasis is up to 85% [14, 15]. 
Recently, the relative unimportance of nodal sta-
tus in predicting the local recurrence has been 
highlighted because lymph node status is less 
influential than other poor prognostic factors in 
total mesorectal excision era. Some investigators 
insisted that preoperative nodal status may not be 
an independent risk factor for local recurrence 
because MRI does not have sufficient diagnostic 
nodal accuracy and even pathologic N1 disease 
does not show any difference compared with 
node positive patients in term of local recurrence, 
if good quality of TME is performed [16, 17].

7.2.4  Extramural Vessel Invasion

Extramural vessel invasion (EMVI) is defined as the 
presence of tumor cells within blood vessels beyond 
the muscularis propria nearby the primary malig-
nancy and is more frequently observed in locally 
advanced lesions [18]. Histological EMVI is related 
to poor prognosis, high local recurrence, and distant 
metastasis [19]. Similarly, EMVI detected on pre-
operative MRI is known as a risk factor associated 
with a higher risk of pathological CRM involvement 

a

b

Fig. 7.3 Axial T2-weighted MR images at the level of 
upper (a) and middle (b) portion of the rectum. (a) A 
lymph node with spiculated and irregular borders (arrow) 
is noted at the right lateral aspect of mesorectum, which 
suggests metastasis. (b) Several lymph nodes in indistinct 
borders and mixed signal intensity are located in left side 
of mesorectum (arrow) and left pelvic side wall (arrow-
head), which suggest metastases
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as well as increased tumor relapse after treatment 
[20–23].

To document a positive EMVI on MRI, it is 
important to identify the presence of an intravas-
cular tumor component showing intermediate 
signal intensity [19]. The lesion may be associ-
ated with an irregular contour and/or nodular 
expansion (Fig. 7.4) in more obvious cases but 
could also merely demonstrate slight vascular 
expansion. Meanwhile, findings such as minimal 

extramural stranding or nodular extension that is 
apart from a vascular structure usually are not 
considered to represent EMVI [18]. EMVI should 
be recognized as a potential source of malignant 
embolic shower-promoting systemic metastasis, 
and it has been reported that the presence of 
EMVI revealed on preoperative MRI is an inde-
pendent risk factor for promoting distant metas-
tasis, especially when identified in larger vessels 
(≥3 mm) [18, 24].

a b

c

Fig. 7.4 (a) Pre-CCRT and (b) post-CCRT T2-weighed 
sagittal MR image of a 52-year-old woman with rectal can-
cer demonstrating the main mass (arrowhead) and adjacent 
extramural vessel invasion (arrow). (c) Microscopic exami-

nation of the surgical specimen (hematoxylin-eosin stain, X 
40) revealed a vessel (arrowhead) containing tumor cells 
(arrows) documenting the presence of extramural vessel 
invasion

7 Risk Factors for Recurrence and Tumor Response Evaluation After Neoadjuvant Therapy-Based



68

7.2.5  Low Positioning of  
Tumoral Distal Margin

Lower rectal cancer (defined as adenocarcinoma 
less than 6 cm from the anal verge) is known to 
have a significantly worse prognosis when com-
pared with those of mid and upper rectal cancers 
[25]. The mesorectal fascia tapers below the origin 
of the levator muscles at the far distal rectal area, 
and consequently there is no mesorectum which 
serves as a protective barrier to contain tumor 
spread below the level of puborectalis sling [4, 
26]. It has been reported that lower rectal cancers 
located at this level are associated with higher rate 
of pathological CRM involvement and poor onco-
logical outcome [3, 23, 27, 28]. In similar lines, 
the overall risk of pathological CRM involvement 
has been reported to increase if the lower rectal 
cancer invades the anterior quadrant, probably 
because relatively less volume is removed anteri-
orly than in other quadrants even if extra-levator 
abdominoperineal excision is conducted [23].

Conventionally low rectal cancers are treated 
by abdominoperineal resection. Because of the 
oncologic rule of a 1-cm distal resection margin, 
lower rectal cancers that are at least 1 cm apart 
from the puborectal junction are considered suit-
able for classical sphincter preservation surgery 
[29, 30]. As result, whether or not lower rectal 
cancers extend within 1 cm distance from the 
anorectal junction has substantial significance 
and in order to accomplish successful resection 
of a cancer at this area both the mesorectal fascia 
plane and the intersphincteric plane must be clear 
of tumor. The MERCURY II study has prospec-
tively validated that MRI can reliably evaluate 
the extent of lower rectal cancer invasion in 
regard with the lower rectal plane (Fig. 7.5) and 
therefore predict the risk of pathological CRM 
involvement, of which information aids to select 
the correct plane of surgery and guide the proper 
selection of preoperative therapy [23].

7.2.6  Lateral Pelvic LN Metastases

Rectal cancer patients of whom the lower margin 
extends at or below the peritoneal reflection occa-

sionally develop metastasis at the lateral pelvic 
LNs (common iliac, internal iliac, external iliac, 
and obturator nodes) which are located outside 
the surgical field of TME [31]. A retrospective 
study in Japan reported that T3 or T4 lower rectal 
cancer patients developed lateral pelvic LN 
metastasis in 18.1% [32].

Ongoing debate exists on the optimal strategy to 
treat a potential, but not obvious lateral pelvic LN 
metastasis. One study reported the incidence of local 
tumor recurrence in patients who had undergone 
TME or ME with lateral LN dissection (LLND) 
to be similar with those who had undergone TME 
or ME alone without adjuvant radiotherapy [33]. 
Meanwhile, a recent multicenter randomized con-
trolled trial combining LLND in addition to ME 
in rectal cancer patients located below the perito-
neal reflection of whom lacked clinical evidence 
of enlarged lateral pelvic LN reported a reduced 
incidence of local tumor recurrence (especially 
in the lateral pelvis): the incidence of local recur-
rence were 7% and 13% in the ME with LLND 
and ME alone groups, respectively [31]. However, 
when preoperative radiological studies demon-

Fig. 7.5 T2-weighed oblique coronal MR image of a 
63-year-old male with rectal cancer (arrowheads) extend-
ing below the imaginary line (dotted line) 1 cm above the 
puborectalis muscle (large arrow) and directly invading 
the right levator ani muscle (small arrow). The patient 
underwent CCRT and curative resection; however posi-
tive pathologic CRM was reported
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strated a lateral pelvic LN (Fig. 7.6), the size of the 
LN positively correlated with the risk for lateral  
pelvic tumor recurrence after preoperative CCRT 
and curative resection [34]. Collectively, lateral 
pelvic LN metastasis is a valid risk factor influenc-
ing the clinical outcome that should be considered 
while establishing the treatment strategies. A few 
studies have suggested that radiological assessment 

of the lateral pelvic LN is relatively reliable and that 
if lateral pelvic LN is not detected on CT or MRI, 
then lateral pelvic LN metastasis is a relatively 
uncommon event to occur [35–37]. However, in 
general, imaging studies are considered not reliable 
in predicting the absence of nodal metastasis, and 
therefore further evidence on the diagnostic perfor-
mance of radiological studies in regard with lateral 
pelvic LN assessment seems necessary.

7.3  Tumor Response Evaluation 
After Neoadjuvant Therapy

Preoperative concurrent chemotherapy and radia-
tion therapy (CRT) results in a decreased rate of 
local recurrence and in preservation of the anal 
sphincter. As a result, CCRT is widely used in the 
treatment of rectal cancer (1). Pre-CRT MR imag-
ing has undeniable role for selecting high- risk 
patients for the neoadjuvant treatment. However, 
post-CRT MR imaging has controversial role for 
a change in the surgical plan and prediction of the 
prognosis. This debate has been caused by the  
low accuracy of post-CRT MRI in diagnosing 
CRM status and pathologic TN status. The factors 
related to these issues include fibrosis, desmo-
plastic reaction, edema, inflammation, and viable 
tumor nets at a fibrotic scar from a previous tumor 
(2). In spite of such difficult situation, post-CRT 
MRI has been regarded as important tool for pre-
dicting prognosis including pathologic complete 
remission. MR volumetry, MR tumor regression 
grade (mrTRG), and diffusion-weighted imaging 
may be helpful in prediction and assessment of 
tumor response and patients’ prognosis. In this 
section, we will discuss and illustrate post-CRT 
MR imaging  findings after CRT for rectal cancer 
and the roles of MR volumetry, MR tumor regres-
sion grade (mrTRG), and diffusion-weighted 
imaging.

7.3.1  MR Volumetry

Traditionally assessment of CRT response on 
post-CRT MR imaging is performed with two- 
dimensional measurements of orthogonal tumor 

a

b

Fig. 7.6 A 73-year-old female patient with rectal cancer 
who underwent curative resection and lateral pelvic LN 
dissection. (a) The preoperative T2-weighed oblique axial 
MR image revealed an enlarged lymph node (arrow) of 
which the short diameter measured 1 cm along the right 
internal iliac chain, highly suggestive of nodal metastasis. 
(b) The occurrence of right pelvic tumor recurrence 
(arrowhead) was detected by CT 7 months after surgery
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diameters. This measurement may be inaccurate 
owing to the irregular configuration of the tumor. 
However, MR volumetry provides three dimen-
sionally reconstructed tumor volume by summing 
each of the crossly sectional volumes of the entire 
tumor lesion by using software (Fig. 7.7). It has 
been reported that higher tumor volume reduction 
ratios following CRT were significantly associated 
with a high rate of pathological complete response 
in patients with rectal cancer. Kang et al. reported 
that more than 75% of the tumor volume reduction 
ratios after CRT was completed were significantly 
associated with a high pathologic complete 
response rate [38]. Early tumor volume reduction 
during CRT (second week after CRT initiation) 
may also be a good indicator for predicting CRT 
treatment outcome [38]. However, MR volumetry 
has intrinsic limitation for predicting complete 
remission and down-staging after CRT, because it 
does not reflect the microscopic tumor status.

7.3.2  mrTRG

Dworak or Mandard tumor regression systems 
describe the varying degree of replacement of 
tumor with fibrous or fibroinflammatory tis-
sue [39, 40]. Improved disease-free survival 
in patients with complete or partial pathologic 

tumor regression grades has been known, com-
pared with minimal pathologic tumor regression. 
MERCURY group suggested an MRI-based 
tumor regression grading based on the results 
with pathologic tumor regression grade (G1, 
complete response, no evidence of treated 
tumor; G2, good response, dense fibrosis or 
mucin, no obvious residual tumor; G3, moder-
ate response, significant residual tumor signal 
but there is >50% fibrosis or mucin; G4, slight 
response, mainly tumor with small areas of low-
intensity fibrosis or mucin; G5, no response, 
tumor is unchanged from baseline) (Fig. 7.8) 
[5, 41]. In their study, there was a significant 
difference in disease-free survival and overall 
survival between mrTRG 1–3 (good responder) 
and mrTRG 4/5 (poor responder)); the 5-year 
DFS was 72% and 27%, respectively. Yu et al. 
found a similar significant difference in DFS and 
OS: mrTRG 1/2 (good responder), mrTRG 3 
(intermediate responder), and mrTRG 4/5 (poor 
responder) had a 3-year DFS of 82%, 72%, and 
61%, respectively [42]. Therefore, mrTRG is 
emerging as promising imaging biomarker for 
stratifying rectal cancer patients with regard 
to future management. Organ-saving surgery 
or deferral surgery with intensive follow-up is 
applying in good responders on mrTRG in sev-
eral clinical trials.

Volume: 52.608 cm3 Volume: 18.140 cm3

Fig. 7.7 A 56-year-old 
man with locally 
advanced rectal cancer. 
The segmentation of the 
lesion is manually drawn 
along the tumor margin 
(green arrow). The 3D 
volume of the rectal 
tumor is automatically 
calculated. The mean 
tumor volumes were 
52.6 cm3 at pre-CRT 
phase (right column). 
After CRT, the measured 
volume is prominently 
decreased (18.1 cm3) 
(left column)
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7.3.3  Diffusion-Weighted Magnetic 
Resonance Imaging

Diffusion-weighted magnetic resonance imag-
ing (DWI) has shown to be a promising modal-
ity to identify good treatment responders after 
CRT. DWI is based upon the motion of water 
molecules in intracellular and extracellular 
spaces. In case of tumors, there is an increased 
cellular environment and more restriction of 
water diffusion. Apparent diffusion coefficient 
(ADC) values are calculated to quantify the dif-
fusion restriction. Low pre-CRT ADC values 
and a large increase of ADC values after CRT 
were correlated with pathological good response 
[43–47] (Fig. 7.9). Park et al. reported that DWI 
to T2-weighted imaging could improve the 
prediction of negative CRM after CRT com-
pared with T2-weighted imaging alone [46]. 
Sun et al. reported that the mean percentage 
of tumor ADC change in the responder group 
was significantly higher than that of the non-
responder group after 1 and 2 weeks of CRT 
[47]. However, there is considerable variability 
in reported ADCs for differentiating responders 
and non-responders. It is unclear whether these 
results will be reproducible in other centers. In 
addition, manually drawing ROIs along the rec-
tal cancer margin for ADC values measurement 

Fig. 7.8 mrTRG. Post-CRT MR image shows mrTRG G1 
(right: non-visualization of the treated tumor), G2 (middle: 
dense fibrotic change only), and G3 (left: tumoral fibrotic 

low signal intensity portions exceed 50% of overall tumor 
volume) cases

a

b

Fig. 7.9 Diffusion-weighted imaging for monitoring tumor 
response. (a) Diffusion-weighted axial image obtained with 
a b value of 1000 s/mm2 before CRT shows high-signal-
intensity (diffusion restriction) tumoral lesion in the rectum. 
(b) Post-CRT diffusion-weighted image shows near disap-
pearance of the high-signal-intensity lesions in the rectum

7 Risk Factors for Recurrence and Tumor Response Evaluation After Neoadjuvant Therapy-Based



72

may cause inter- or intraobserver variations. 
Distortion due to imaging artifacts on DWI is 
not also rare findings, particularly around air-
tissue interfaces.
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Neoadjuvant Therapy for Locally 
Advanced Rectal Cancer

Jin Gu

Abstracts

Worldwide, colorectal cancer is the third most 
commonly occurring cancer. Local recurrence 
and distance metastasis, especially in patients 
with low rectal cancers, present the main prob-
lems for surgeons. Even after undergoing total 
mesorectal excision (TME), the local recurrence 
rate for stage III patients is 20–30%. The avail-
able treatments of rectal cancers are far from sat-
isfactory; the 5- and 10-year surgical rates are 
35% and 22%, respectively. To improve the local 
control and long-term survival rates, it is neces-
sary for patients with resectable stage II–III can-
cers to receive neoadjuvant therapy before 
undergoing surgery. Per the evidence, preopera-
tive chemoradiotherapy (CRT) can significantly 
reduce the local recurrence of locally advanced 
rectal cancers and increase the rates of anus pres-
ervation. Hence, most guidelines, such as those 
of the National Comprehensive Cancer Network 
(NCCN), the European Society for Medical 
Oncology (ESMO), and the American Cancer 
Society (ACS), have strongly recommended the 
implementation of presurgery CRT as standard 
neoadjuvant therapy for locally advanced rectal 
cancers.

Keywords

Neoadjuvant therapy · Rectal cancer · Locally 
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8.1  Introduction

Worldwide, rectal cancer is the third most com-
monly occurring cancer [1]. Surgery remains the 
mainstay of therapy for patients with rectal can-
cers [2]. However, local recurrence and distance 
metastasis, especially in patients with low rectal 
cancers, present the main problems for surgeons 
[3]. Even after undergoing total mesorectal exci-
sion (TME), the local recurrence rate for stage III 
patients is 20–30% [4]. The available treatments 
of rectal cancers are far from satisfactory; the 5- 
and 10-year surgical rates are 35% and 22%, 
respectively [5, 6].

To improve the local control and long-term 
survival rates, it is necessary for patients with 
resectable stage II–III cancers to receive neoadju-
vant therapy before undergoing surgery [2]. 
Therefore, surgery combined with adjuvant ther-
apy, including radiotherapy (RT) and chemora-
diotherapy (CRT), with postoperative adjuvant 
chemotherapy (CT), for locally advanced rectal 
cancers has formed the basis of several reports 
published in the early 1990s [7, 8]. Postoperative 
CRT has been established as a standard treatment 
in the United States [6, 7]. Since then, physicians 
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have compared the advantages of preoperative 
and postoperative RT, more attentively [9]. RT for 
rectal cancers, whether or not combined with CT 
based on 5-fluorouracil (5-FU) or in combination 
with oxaliplatin, presents an important concern of 
treatment [4]. Additionally, 2 schedules of treat-
ments with RT have been explored: short-term 
treatment that delivers 25 Gy of radiation in 5 
fractions during 1 week, followed immediately by 
surgery, and conventional schedules that deliver 
40–50 Gy in 20–25 fractions during 4–5 weeks, 
followed by surgery 3–6 weeks later [6]. 
Physicians have started to explore other regimens 
of RT or CRT. Clinical research has emphasized 
the use of either single-agent CT or combined CT 
[4]. Researchers have also aimed to improve the 
efficacy of RT, including the reduction of radia-
tion toxicity before surgery [4, 10]. By the end of 
the last century, many studies had reported the 
course of RT, including long- and short-term regi-
mens, and evidence-based medicine had opti-
mized the regimens of CT, using quantitative 
random samples in control studies [8].

In the twenty-first century, science and tech-
nology have greatly advanced, and the equipment 
for RT has been upgraded. The advancements in 
RT techniques, such as precise RT, the applica-
tion of three-dimensional (3D) conformal ther-
apy, and intensity-modulated RT, have further 
improved its therapeutic accuracy and effects 
[11]. Furthermore, the selection of appropriate 
indications for CRT has been standardized. 
Clinical research has shown that RT has extended 
the waiting times for surgery, which significantly 
demonstrates its therapeutic effectiveness [12].

During this period, the renewal and the devel-
opment of various ideas and surgical techniques, 
such as TME, represented milestones in the field 
of rectal cancer surgery [13]. TME significantly 
decreased local recurrence rates and improved 
survivals in patients with locally advanced rec-
tal cancers [14]. Meanwhile, standardizing sur-
gical pathological evaluation, utilizing the 
concept of circumferential resection margins 
(CRMs), and developing neoadjuvant therapy 
have enabled significant progress in the com-
bined treatments for rectal cancers [15]. Per the 
evidence, preoperative CRT can significantly 

reduce the local recurrence of locally advanced 
rectal cancers and increase the rates of anus 
preservation [16]. Hence, most guidelines, such 
as those of the National Comprehensive Cancer 
Network (NCCN), the European Society for 
Medical Oncology (ESMO), and the American 
Cancer Society (ACS), have strongly recom-
mended the implementation of presurgery CRT 
as standard neoadjuvant therapy for locally 
advanced rectal cancers.

8.2  Pretreatment Staging 
with Magnetic Resonance 
Imaging (MRI) and  
Endoscopic Ultrasound (EUS)

For patients with rectal cancers, pretreatment 
staging is vital. Treatment planning requires 
defining the depths of tumor invasions in rela-
tion to the bowel wall, the presence of metastatic 
regional lymph nodes, and the precise relation-
ship of the tumors to other pelvic structures, such 
as the mesorectal fascia (MRF), levator muscle, 
anal sphincters, and other adjacent organs [17, 
18]. Additionally, the assessments of pelvic 
nodal basins outside the MRF and retroperito-
neal nodes, liver, and lungs can provide useful 
information that may influence treatment strat-
egies [19]. The Magnetic Resonance Imaging 
and Rectal Cancer European Equivalence 
(MERCURY) study group has recently pub-
lished a prospective observational study on 
the diagnostic accuracy of MRI in predicting 
curative resections of rectal cancers [20, 21]. 
This multicenter study, comprising 11 units in 
Europe, analyzed 408 patients with rectal can-
cers who underwent MRIs before TMEs [21]. 
The MRI findings were compared to the results 
of standardized pathological examinations of 
the specimens [21]. The conclusions from the 
MERCURY study indicated that tagged MRI is 
currently the best technique for predicting CRM 
status and clinical outcomes of rectal cancers; it 
allows staging and planning of individualized 
treatments by a multidisciplinary team before 
surgery is performed [21]. Additionally, EUS 
demonstrated superior evaluations of tumor 
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invasions [22]. Therefore, MRI and EUS are 
strongly recommended by the NCCN and 
ESMO guidelines as golden standards of evalu-
ation for patients with rectal cancers.

8.3  The Indications of Pre- or 
Postoperative CRT for  
Locally Advanced Rectal 
Cancer

Evidence suggests that surgery with neoadjuvant 
therapy, including neoadjuvant CRT or RT, has 
improved local control of tumors and that some 
patients could benefit from such treatment [23]. 
However, the selection of appropriate patients is 
critical because not all patients with rectal can-
cers benefit from neoadjuvant therapy [24, 25]. 
Unfortunately, there are no relative accurate ways 
to select patients who can benefit from preopera-
tive neoadjuvant therapy [26, 27]. Therefore, the 
NCCN guidelines can only specify the indications 
for patients with rectal cancers who can undergo 
neoadjuvant therapy, based on limited clinical 
evidence [22]. In fact, it is generally recognized 
that upper rectal cancers that are 11–15 cm from 
the anal verge do not require neoadjuvant therapy 
because of their biological behavior as colon can-
cers [20, 27]. A phase III randomized study in 
the Netherlands showed that tumor location was 
a prognostic factor for treatment efficacy [24, 
25]. Middle and lower rectal cancers can benefit 
more from neoadjuvant CRT than upper rectal 
cancers [9, 26–31]. The NCCN guidelines have 
recommended that patients with rectal cancers 
that are 12 cm from the anal verge are eligible 
to accept neoadjuvant CRT before undergoing 
surgery [22]. Among these patients, the postop-
erative local recurrence rate for stage T1 rectal 
cancers is approximately 5%; hence, CRT is not 
necessary [4, 29]. For patients with low-risk rec-
tal cancers (classified as T1-T2/N1, T3/N0, per 
tumor-node-metastasis classification), their post-
operative local recurrence rates are significantly 
different from patients with mid- (T1-T2/N2, T3/
N1, T4/N0) and high-risk (T3/N2, T4/N1, T4/
N2) rectal carcinomas [28, 30]. Patients with low-
risk rectal cancers may not benefit by treatment 

with combined CRT with surgery but may experi-
ence increasing toxicities from RT and CT [25, 
31]. Thus, most patients with T1-2N0M0 rectal 
cancers can be cured by surgery [27]. In contrast, 
22% of pathological diagnoses have indicated 
the presence of positive nodal metastases in mid-
risk patients with stratified T3N0 rectal cancers, 
using EUS or MRI [4]. Therefore, the prognoses 
of stratifications among this subtype of patients 
may be underestimated. Patient groups treated 
with established preoperative neoadjuvant RT and 
CRT should include patients with rectal tumors 
that are located within 12 cm of the anus, stratifi-
cation stage (c/pT3-4b), or mesentery and pelvic 
nodal metastases (c/pN1-2), but without distant 
metastases (M0).

8.3.1  Neoadjuvant CRT: Preoperative 
CRT Versus Preoperative RT

Neoadjuvant CRT uses preoperative RT and pre-
operative CT [22]. Preoperative CRT can be fur-
ther divided into 5-FU-based CRT and RT 
combined with CT [6, 7]. RT is then divided into 
long-term RT (45.0–50.4 Gy), which is more 
popular in North America, and short-term RT, 
25.0 Gy (5 × 5 Gy), which is more popular in 
Europe [6]. An increasing number of studies 
show that the combination of CT with neoadju-
vant RT could effectively improve local remis-
sion rates and synergistic sensitization; the most 
frequently used CT agent is 5-FU; other com-
bined chemotherapeutic and molecular-targeted 
drugs are still being tested in ongoing clinical 
studies [3, 6].

8.3.1.1  Preoperative Versus 
Postoperative CRT for  
Rectal Cancer

In the early 1990s, postoperative CRT was estab-
lished as standard treatment in the United States 
[6]. A study from the Duluth Community Clinical 
Oncology Program designed a combination regi-
men to optimize the contributions of CT, decrease 
recurrences, and improve survivals, in contrast to 
treatments with adjuvant RT alone [5]. They con-
cluded that the combination of postoperative 
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local therapy, with radiation and FU, and sys-
temic therapy, with an FU-based regimen, sig-
nificantly and substantively improved the results 
of therapy for rectal carcinomas with poor prog-
noses, compared with treatments with postopera-
tive RT alone [5]. From the end of the twentieth 
century, encouraging results of treatments with 
preoperative RT have been reported. One such 
representative study from the German Rectal 
Cancer Study Group randomly assigned 401 
patients with clinical stage T3 or T4 node- 
positive disease to receive preoperative CRT and 
402 such patients to receive postoperative CRT 
[32]. The overall 5-year survival rates in these 
groups of patients were 76% and 74%, respec-
tively, and the 5-year cumulative incidences of 
local relapses were 6% and 13% [32]. They con-
cluded that preoperative CRT improved local 
control and was associated with reduced toxici-
ties, but did not improve overall survivals (OS), 
compared with postoperative CRT [32]. Based on 
this study and other evidence from literature, we 
believe that preoperative CRT showed the superi-
ority of postoperative therapy as standard therapy 
for locally advanced rectal cancers.

8.3.1.2  CT with Preoperative RT 
for Rectal Cancer

Preoperative CRT is recommended for selected 
patients with rectal cancers. Because of the rel-
atively high rates of observed side effects with 
preoperative RT, especially as part of CRT, 
some studies focused on determining whether 
adjuvant postoperative CT should be appropri-
ate for patients with rectal cancers. In 2006, 
the European Organization for Research and 
Treatment of Cancer (EORTC) Radiotherapy 
Group Trial 22921 published their study on CT 
with preoperative RT for the treatment of rectal 
cancers [33]. They randomly assigned patients 
with clinical stage T3 or T4 resectable rectal 
cancers to receive preoperative RT, preoperative 
CRT, preoperative RT and postoperative CT, or 
preoperative CRT and postoperative CT [33]. 
After a median follow-up of 5.4 years, they con-
cluded that in patients with rectal cancers who 
received preoperative RT, the addition of preop-
erative or postoperative FU-based CT had no sig-
nificant effects on survivals [34, 35]. Regardless 

of whether it is administered before or after sur-
gery, CT confers significant benefits with respect 
to local control [6, 33, 35].

8.3.1.3  TME with or Without 
Preoperative RT for  
Rectal Cancer

Local recurrence following surgery for rectal 
cancer remained a serious problem. Heald first 
reported TME in 1982, but decreasing the local 
recurrence rates and improving patient survivals, 
regional recurrences, and distant metastases, 
including liver and lung involvement, remained 
challenging for surgeons [36]. RT was adminis-
tered to improve local control and survival after 
conventional surgery [37]. Two well-known tri-
als using preoperative RT with surgery to improve 
local control have been published. In 1997, the 
Swedish Rectal Cancer Trial reported that a 
short-course regimen of high-dose preoperative 
RT reduces local recurrence rates and improves 
survivals among patients with resectable rectal 
cancers [37]. Another study from the Dutch 
Colorectal Cancer Group randomly assigned 
1861 patients with resectable rectal cancers, to 
groups treated with either preoperative RT fol-
lowed by TME, or TME alone [38]. The results 
indicated that short-term preoperative RT reduced 
the risk of local recurrence in patients with rectal 
cancers who undergo standardized TME [38]. A 
few meta-analyses concluded that the combina-
tion of preoperative RT and surgery, compared 
with surgery alone, significantly improved over-
all and cancer-specific survivals [3, 38].

8.3.1.4  Short-Course RT Versus  
Long-Course RT

Currently, preoperative CRT is widely used as 
standardized treatment for locally advanced rec-
tal cancers. There are two treatment regimens: 
one delivers 25 Gy in 5 fractions during 1 week, 
followed immediately by surgery, and the other 
conventional regimen delivers 40–50 Gy in 20–25 
fractions during 4–5 weeks, followed by surgery 
6–8 weeks later [15]. Till date, many northern 
European countries have developed a treatment 
regimen that includes short-course RT following 
surgery, which has significantly controlled local 
recurrence after surgery and prolonged survival 
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times [32]. However, because of the relatively 
high dose administered per fraction (5 Gy), the 
occurrence of adverse events, such as severe 
diarrhea, led patients to refuse adjuvant RT in 
China [39]. To reduce the incidence of these side 
effects, we investigated a modified short-course 
regimen that could potentially decrease the frac-
tional dose from 5 Gy to 3 Gy and the total dose 
to 30 Gy (10 × 3 Gy) [40]. Our results indicated 
that the modified short-course regimen of 30 Gy 
(10 × 3 Gy) can significantly reduce local recur-
rence and improve survivals in patients who 
show downstaging, and the rates of occurrence of 
complications in these cases are acceptable [40]. 
Long-course RT is usually incorporated with 
preoperative CT. The results of the CAO/ARO/
AIO-94 (Working Group of Surgical Oncology/
Working Group of Radiation Oncology/Working 
Group of Medical Oncology of the Germany 
Cancer Society) trial have indicated that this 
could increase the rates of anus preservation 
and 5-year local control and could also limit the 
occurrence of toxic reactions to 3–4° (including 
acute and late-stage reactions) and anastomotic 
stricture [32]. Comparison of the two neoadju-
vant therapies revealed that preoperative long-
course RT could improve the tumor downstaging 
rates and lower the rates of CRM positivity; how-
ever, there were no differences between the two 
with respect to the rates of anus preservation, OS, 
or local control. This difference may be related 
to the waiting times for surgeries after RT; yet 
both regimens should be considered comprehen-
sively, according to the tolerance of patients and 
the waiting times. Although preoperative CRT 
has been used as standard treatment for locally 
advanced rectal cancers, limited evidence from 
clinical trials indicates that it could also improve 
long-term survivals and the rates of anal sphinc-
ter retention.

8.3.2  Preoperative RT Versus 
Preoperative RT for  
Rectal Cancer

As previously mentioned, patients with rec-
tal cancers could benefit from preoperative 
CRT. The European Organization for Research 

and Treatment of Cancer (EORTC) 22921 trial 
has illustrated that patients with rectal cancers 
who received preoperative RT with FU-based 
CT reap significant benefits with respect to local 
control [6]. Additionally, a recent meta-anal-
ysis from China concluded that capecitabine 
was more efficient than 5-FU, in terms of tumor 
responses, during neoadjuvant treatments for 
patients with locally advanced rectal cancers, 
with favorably low toxicities, except for the 
occurrence of the hand-foot syndrome [41].

8.3.2.1  5-FU Combined 
with Oxaliplatin

Neoadjuvant CRT, including RT and single-
agent CT with 5-FU, is the standard treat-
ment for locally advanced rectal cancers. 
Many clinical studies have evaluated the 
effect of combination therapies, namely, 5-FU 
plus oxaliplatin with neoadjuvant CRT. The 
clinical trials including ACCORD 12/80405, 
STAR-01, and National Surgical Adjuvant 
Breast and Bowel Project (NSABP) R-04 
have verified that the combinations of 5-FU or 
capecitabine with oxaliplatin do not improve 
the rates of pathologic complete responses 
(pCR), operative downstaging, anus preserva-
tion, or positive lymph node harvest [42–44]. 
Aschele et al. found that adding oxaliplatin 
to FU-based preoperative CRT significantly 
increases the toxicity of treatments, without 
affecting the primary tumor responses [43]. 
The occurrence rates of adverse reactions 
(mainly diarrhea) increased correspondingly 
[43]. In contrast, the Chinese FORWARC 
study divided patients with locally advanced 
rectal cancers into different groups corre-
sponding to the administered neoadjuvant 
therapy, namely, CRT combined with 5-FU 
and mFOLFOX6 (modified folinic acid, FU, 
and oxaliplatin-6), respectively, and CT with 
mFOLFOX6 [4]. Preliminary results show 
that the pCR rates for each group were 14.3%, 
28.0%, and 6.1%, respectively [4]. This may 
also indicate the differences in oxaliplatin sen-
sitization between patients in the Eastern and 
Western countries. Thus, treatment of Eastern 
patients with the combined oxaliplatin regi-
men still requires further validation.
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8.3.3  Molecular-Targeted Agents 
in Neoadjuvant Therapy 
for Rectal Cancer

Till date, few intensive studies have been con-
ducted on molecular-targeted agents for neoadju-
vant therapy for rectal cancers. There is some 
research on the anti-epidermal growth factor 
receptors (EGFR) antibodies, e.g., cetuximab and 
panitumumab; small molecular tyrosine kinase 
inhibitors of the EGFR, such as gefitinib and 
erlotinib; and anti-angiogenesis drugs (e.g., bev-
acizumab); however, no consensus has been 
established yet.

The binding of cetuximab, an anti-EGFR 
monoclonal antibody [45], prevents the activa-
tion of signal transduction pathways and inter-
rupts downstream phosphorylation reactions 
[46], which prevents further tumor growth [47]. 
Studies have shown that the administration of 
cetuximab during neoadjuvant therapy for rectal 

cancers with wild-type V-Ki-ras2 Kirsten rat sar-
coma viral oncogene homolog (KRAS) results in 
pCR rates of 0–25% (Table 8.1).

These studies include patients who exhibit 
immunologic tolerance and in whom the patho-
logic downstaging rates have increased without 
raising the pCR rates, which may be explained by 
the following reasons: (1) molecular-targeted 
drugs are not toxic to cells. Adding cetuximab to 
CRT may not reduce tumor sizes in the short term, 
but it may shrink the tumors steadily in the long 
term. (2) The pCR rate can be used for the assess-
ment of preoperative combined therapy; however, 
it cannot replace OS times, local recurrence rates, 
or other classical standards. (3) The prospective 
reveals small sample sizes. They may be biased 
during case selection and treatment, due to the 
lack of randomized controlled trials. (4) Studies 
were conducted several years ago and thus do not 
consider the status of the KRAS or neuroblastoma 
RAS viral oncogene homolog (NRAS) genes. 

Table 8.1 Trials integrating cetuximab into neoadjuvant chemoradiotherapy for resectable rectal cancers

Study
Evaluable 
patients (n) pCR rate

Concomitant  
chemoradiotherapy regimen

Patients with 
KRAS  
mutations (%)

Grade 3 or 4 
(CTCAE v.3) 
toxicities

Machiels 
et al. [45]

38 2/38 (5%) Capecitabine 650–825 mg/m2 
b.i.d., 7 days a week
Radiotherapy 45.0 Gy

12/39 (31%) Neutropenia: 3%
Vomiting: 2.5%
Diarrhea: 15%
Rash: 0%

Bertolini 
et al. [46]

38 3/38 (8%) 5-FU 225 mg/m2/day 
continuous infusion over 
7 days a week
Radiotherapy 50–50.4 Gy

9/40 (22.5%) Febrile neutropenia: 
2.5%
Nausea/vomiting: 
0%
Diarrhea: 7.5%
Rash: 7.5%

Rodel  
et al. [47]

45 4/45 (9%) Capecitabine 500–825 mg/m2 
b.i.d., days 1–14 and 22–35
Oxaliplatin 50 mg/m2, days 1, 
8, 22, and 29

NA Leukopenia: 6%
Nausea/vomiting: 
4%
Diarrhea: 19%
Skin rash: 2%

Horisberger 
et al. [48]

50 4/50 (8%) Capecitabine 500 mg/m2 b.i.d.
Irinotecan 40 mg/m2, 5 days  
a week
Radiotherapy 50.4 Gy

NA Leukopenia: 4%
Nausea/vomiting: 
2%
Diarrhea: 30%
Skin rash: 6%

Kim [49] 39 9/39 (23%) Capecitabine 825 mg/m2 
b.i.d., 5 days a week
Irinotecan 40 mg/m2, 5 days  
a week
Radiotherapy 50.4 Gy

5/38 (13%) Neutropenia: 5.1%
Vomiting: 0%
Diarrhea: 5.1%
Skin rash: 2.6%

pCR pathologic complete response, CTCAE common terminology criteria for adverse events, NA not available, b.i.d 
twice a day, 5-FU 5-fluorouracil
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This could also be a possible reason why the pCR 
rates are low. In a more recent multicenter random 
stage II clinical trial, EXPERT-C, 165 patients 
with high-risk rectal cancers, divided into simple 
cetuximab (+) and cetuximab (−) subgroups ran-
domly, underwent a 4-week regimen, consisting 
of capecitabine combined with oxaliplatin 
(CAPOX), followed by capecitabine-based con-
current CRT after CT induction [50]. The data 
indicate that 90 patients with wild-type KRAS/v-
raf murine sarcoma viral oncogene homolog B 
(BRAF) showed similar pCR rates (11–7%, 
p = 0.71), either with or without the addition of 
capecitabine [50]. In summary, there are no sig-
nificant differences in OS or progression-free sur-
vival between the two subgroups, whereas an 

increase in adverse reactions has been reported in 
those patients who added cetuximab to their treat-
ment regimens.

8.3.3.1  Bevacizumab
The vascular endothelial growth factor (VEGF) 
plays an essential role in tumor angiogenesis. 
Inhibiting VEGF by bevacizumab can block 
oxygen supply to the tumor cells and increase 
their sensitivities to RT [51]. Other functions of 
bevacizumab have been studied, especially in 
patients with rectal cancers that harbored KRAS 
mutations. The pCR rates for locally advanced 
rectal carcinomas are 13.3–32%, with adminis-
tration of bevacizumab during neoadjuvant ther-
apy (Table 8.2).

Table 8.2 Bevacizumab with conventional chemoradiotherapy: an overview of the discussed studies

Study
Evaluable 
patients (n) pCR rate

Concomitant chemoradiotherapy 
regimen Stage Postoperative complications (n)

Willett 
et al. [51]

32 16% BV 5 or 10 mg/kg, 5-FU 
225 mg/m2 daily, RT
50.4 Gy in 28 fr

ΙΙ–ΙΙΙ Anastomotic leak with 
presacral abscess (1)
Vaginal tear with presacral 
hematoma and abscess (1)
Pelvic hematoma (1)
Delayed healing of perineal 
incision (2)
Ileus (2)
Neurogenic bladder (1)
Perforated ileostomy (1)
Pulmonary embolus (1)
Wound infection (3)

Crane 
et al. [52]

25 32% BV 5 mg/kg, CAPE 900 mg/m2 
b.i.d., RT 50.4 Gy in 28 fr

ΙΙ–ΙΙΙ Wound complications 
requiring surgical intervention 
(3) 32%
Minor complications (5)

Velenik 
et al. [53]

61 13.3% BV 5 mg/kg, CAPE 825 mg/m2 
b.i.d., RT 50.4 Gy in 28 fr

ΙΙ–ΙΙΙ Delayed wound healing (18) 
infection/abscess (12)
Anastomotic leakage (7)
Pneumothorax (1)

Salazar 
et al. [54]

90 16% vs. 
11%

Arm A: BV 5 mg/kg, CAPE 
825 mg/m2 b.i.d., RT 45 Gy in 25 fr
Arm B: CAPE 825 mg/m2 b.i.d., 
RT 45 Gy in 25 fr

ΙΙ–ΙΙΙ 16% vs. 13% (not specified)

Gasparini 
et al. [55]

43 14% BV 5 mg/kg, CAPE 825 mg/m2 
b.i.d., RT 50.4 Gy in 28 fr

ΙΙ–ΙΙΙ Bowel perforation (1) 14%
Anastomosis failure (1)
Abscess (1)

Landry 
et al. [56]

49 17% BV 5 mg /kg, CAPE 825 mg/m2 
b.i.d., RT 50 Gy in 25 fr

ΙΙ–ΙΙΙ 29 patients (53%) with worst 
grade 3 toxicities
8 patients (15%) with worst 
grade 4 toxicities

BV bevacizumab, RT radiotherapy, 5-FU 5-fluorouracil, CAPE capecitabine, fr fractions, pCR pathological complete 
response
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Nonetheless, the effects of treatment with bev-
acizumab during neoadjuvant CRT for locally 
advanced rectal cancers remain unclear. Many 
studies have demonstrated moderate increases in 
the pCR rates with bevacizumab combined with 
CRT; however, other related adverse reactions 
should be considered at the same time.

8.3.4  Total Neoadjuvant Therapy 
for Rectal Cancer

Although adjuvant CT was implemented for pT3-4 
or pT1-2N+ rectal cancers, and is recommended 
by the NCCN guidelines, its role in rectal cancers 
remains less clear, and its inclusion in treatment 
regimens is at least partially extrapolated from 
colon cancer trials [5, 22, 57, 58]. Recently, multi-
ple trials have reported promising outcomes using 
a “total neoadjuvant therapy” (TNT) approach, in 
which all RT and CT were delivered in the preop-
erative setting [57]. Compared with neoadjuvant 
treatment, the adjuvant treatment has relatively 
low compliance and tolerability. These may be the 
reasons why the distant metastasis rates and the 
local recurrences for rectal cancers remain high. 
Although preoperative RT could improve the local 
recurrence, the OS rates are rarely affected. Thus, 
whether simple adjuvant CT can control the local 
recurrence and the metastasis of tumors, while 
preventing other side effects caused by CT or RT, 
is still one of the most popular fields for research. 
In theory, on the one hand, neoadjuvant therapy 
has evident advantages. Systematic administra-
tion has more effective whole body control than 
using neoadjuvant RT or CRT, and it can kill mic-

rosatellites to lower the distal metastasis risk. On 
the other hand, primary tumor regression, result-
ing from neoadjuvant CT, can also theoretically 
lower the risks for local recurrence. The first study 
that proposed the concept of neoadjuvant CT and 
validated its effectiveness prospectively, MSKCC, 
administrated FOLFOX (6 cycles), bevacizumab 
(4 cycles), or both, to 32 patients with “low- to 
mid-risk” locally advanced rectal cancers [59]. 
The results indicate that 25% of the pathology 
in these patients was completely relieved. After 
a 4-year follow-up, no local occurrence has been 
seen. The 4-year disease-free survival rate is 84%, 
and the OS rate is 91% [59]. Comprehensively, 
neoadjuvant CT can compare favorably with the 
conventional CRT. This study has also stimulated 
a series of randomized controlled studies of neo-
adjuvant therapy for locally advanced rectal can-
cers (Table 8.3).

These results suggest that single-agent neoadjuvant 
CT could lower the local recurrence rates to some 
extent. Although it can potentially prolong patient sur-
vival times and rates, the CT regimens and the assess-
ment standards are different in the reported studies; 
therefore the conclusion needs more support of per-
suasive evidence. Additionally, the effects of neoadju-
vant therapy cannot be evaluated objectively because 
of the lack of cases, long-term follow ups, or other 
control studies. Therefore, there are other ongoing 
clinical trials, such as PROSPECT (NCT01515787, 
Preoperative Radiation or Selective Preoperative 
Radiation and Evaluation before Chemotherapy and 
TME) and BACCHUS (NCT01650428, Bevacizumab 
and Combination Chemotherapy in rectal cancer Until 
Surgery), which might change the outcomes from the 
current studies.

Table 8.3 Studies on treatment of rectal cancers with neoadjuvant chemotherapy alone

Study Year n Regimen pCR rate (%) Outcomes

Ishii et al. [60] 2010 26 CPT-11 + 5-FU + leucovorin, 
8 weeks

3.8 5-year DFS: 74%, 5-year OS: 
84%

Uehara et al. [61] 2013 32 CAPOX + Bev, 12 weeks 13.3 R0 resection rate: 90%

Hasegawa et al. [62] 2014 25 CAPOX + Bev, 12 weeks 4.3 R0 resection rate: 93%

Schrag et al. [63] 2014 32 FOLFOX + Bev, 8 weeks 25.0 4-year DFS: 84%, 5-year DFS: 
91%

pCR pathological complete response, FU fluorouracil, CAPOX capecitabine + oxaliplatin, FOLFOX fluorouracil +  
leucovorin + oxaliplatin, DFS disease-free survival, OS overall survival, Bev bevacizumab, CPT-11 Irinotecan
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8.3.5  The Necessity of Undergoing 
Neoadjuvant Therapy 
for Upper Rectal Cancers 
and MRI-Diagnosed T3a 
and T3b Carcinomas

The main goals of neoadjuvant therapy for 
locally advanced rectal cancers are reducing the 
local recurrence rates and increasing the sphinc-
ter preservation. However, the need for this ther-
apy in T3N0 locally advanced rectal carcinomas 
is still debatable. Some studies have reported 
that postoperative local recurrence rates of under 
8% can be achieved for patients with T3N0 rec-
tal cancers [14]. These patients may not need 
neoadjuvant therapy before undergoing surgery. 
Tumor location, CRM, and nerve involvements 
can determine tumor recurrence [64]. Due to the 
limitations of pretreatment evaluations, discrep-
ancies exist in the staging of locally advanced 
rectal cancers. The pathological data validates 
that 22–28% patients with cT3N0 cancers show 
lymph nodal metastasis after surgery; therefore, 
the NCCN guidelines recommend neoadju-
vant therapy for such patients [21]. The ESMO 
guidelines use MRIs to assess tumor staging, the 
extent of spread to the lymph nodes (N staging), 
and the location of the tumors to the anal verge, 
the invasion of the MRF, and extramural vascular 
invasions (EMVI) [22]. This assessment can cat-
egorize the recurrence risks for the extreme-low-
risk, the low-risk, the mid-risk, and the high-risk 
groups [65]. Within these groups, the patients 
diagnosed as extreme-low-risk and low-risk for 
tumor recurrence can directly undergo surgical 
operations without neoadjuvant therapy [65]. 
Similarly, the presence of cT3N0 carcinomas, 
invasion depths lesser than 5 mm without MRF 
invasion or EMVI, and surgical intervention 
should be considered first if the tumor is located 
above the anal sphincter [66]. The MERCURY 
study indicates that without a prognosis of high-
risk tumor recurrence by MRI assessment (tumor 
infiltrations cannot be found in the mesenteric 
space or tumor thrombi cannot be found in the 
vessels if the tumor invasions remain less than 
5 mm), the local recurrence rate after surgery 
is only 1.7% [67]. Therefore, even though neo-

adjuvant therapy is recommended as standard 
treatment, we suggest further analysis of cT3 
carcinoma staging, thus avoiding the unnecessary 
side effects of administering neoadjuvant therapy 
to those who may not benefit from it.

8.4  The Efficacy of  
Neoadjuvant Therapy

The results of worldwide randomized trials of 
adjuvant RT for rectal cancer indicated that some 
patients could benefit from neoadjuvant RT, 
obtaining downstaging or clinical complete 
responses. After CRT and surgery, 15–27% of the 
patients have no residual viable tumors during 
pathological examinations; this constitutes 
achieving pCR [68]. Recent studies have shown 
that patients with pCRs had favorable outcomes 
with regard to local control, distant recurrence, 
disease-free survival, and OS [38, 41, 68]. 
Unfortunately, objective methods to predict the 
efficacy of neoadjuvant therapy do not exist. 
Many patients demonstrated no responses to neo-
adjuvant therapy but experienced the side effects 
of RT.

A study from the Peking University Cancer 
Hospital showed that approximately 20–30% of 
the patients with rectal cancers achieved com-
plete remissions after undergoing preoperative 
CRT, irrespective of MRI scanning or clinical 
pathology [69]. Additionally, some patients expe-
rienced tumor progressions during the course of 
CRT, and a few presented with distant metastasis 
before surgery [69].

Several studies have attempted to define patients 
who may benefit from CRT, to omit further adju-
vant treatments, and to intensify treatments for 
those who show no responses.

8.4.1  Complete Clinical Remission

8.4.1.1  Defining Complete  
Clinical Remission

The tumor is deemed to be in complete clinical 
remission if the following conditions are satisfied 
[70]: (1) only fibrosis is found by MRI scanning, 
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without any clear indications of tumor residuals; 
(2) no suspicious lymph nodes are found by MRI 
scanning; (3) only scars or ulcers are found by 
endoscopic examination; (4) only scars or ulcers 
can be discovered from the pathologic tests of the 
multiple punch biopsies of the original tumor 
site; and (5) no clear tumor residues are found by 
digital rectal examination.

8.4.1.2  Patients with Restaged cCR 
(Clinical Complete Response) 
(yT0N0) Cancers Either 
Underwent Surgery or Adopted 
a “Wait-and-See” Approach

Approximately 15–27% of the patients appear to 
achieve complete clinical remission after neoad-
juvant therapy [20]. After the pathology validates 
the complete remission, clinicians need to deter-
mine whether the patient can avoid surgery, 
which can further preclude surgical complica-
tions, such as infections, hemorrhage, pelvic 
nerve injury, and anterior resection syndrome. 
Furthermore, without undergoing surgery, some 
patients can avoid ostomy and retaining their 
anal function, which can improve their quality of 
living. Accordingly, increasing research has con-
firmed that appropriately selected patients can 
manage the tumor regrowth rates in acceptable 
ranges [70].

The first study of the “wait-and-see” approach, 
which entails observational management of 
patients with rectal cancers who had cCR after 
neoadjuvant CRT, was reported by Habr-Gama 
et al. [71]. Forty-five patients with locally 
advanced rectal cancers who achieved cCRs fol-
lowing neoadjuvant therapy were enrolled in a 
study from the Peking University Cancer Hospital; 
of these, 32 were assigned to the “wait-and-see” 
group, and the remaining 13 were assigned to 
the surgery group (intent-to-treat). The median 
follow-up time was 24 months (range, 3–51). 
Of the patients who were followed up for more 
than 12 months (n = 37), eight developed tumor 
progression (seven from the wait-and-see group 
and one from the surgery group, respectively). 
In the “wait-and-see” group, the local regrowth 
was 23.1% (6/26), while the distant metastasis 

rate was 3.8% (1/26). We concluded that the 
“wait-and-see” approach has acceptable safety 
and efficiency, and it may become an alternative 
treatment for the patients who achieved cCR fol-
lowing neoadjuvant therapy. A recent publication 
has raised a debate on whether some patients 
who get to achieve cCR could undertake a “wait-
and-see” approach, to avoid mutilating surgeries, 
although it is true that the criteria of a cCR, with 
or without the excision of the residual scar, have 
not been validated yet [72]. Therefore, choos-
ing the “wait-and-see” approach cautiously can 
be one of the possible measures to achieve the 
same survival rates as with surgery. Additionally, 
patients with diagnosed distant metastasis and 
local recurrence can also undertake further treat-
ments. Habr-Gama et al. also proposed that the 
“wait-and-see” period after neoadjuvant therapy 
did not mean that surgical treatments would 
never be necessary [72]. In addition to careful 
follow-ups, the condition of individual patients 
should be considered to determine their personal 
therapy, based on their consent.

8.4.2  The Effect of Neoadjuvant 
Therapy on the  
Surgical Strategy

8.4.2.1  Timing of Surgery After 
Neoadjuvant Therapy

Research has shown that prolonged interval time 
between RT and surgery may lead to increases 
in the cCR or pCR rates within a certain period. 
Several data support the fact that the tumor 
pCR rates increase after 5 weeks of neoadju-
vant therapy but decrease after 10–11 weeks 
[73]. Current research showed that the period 
between 7 and 10 weeks (usually between 6 and 
8 weeks) after neoadjuvant therapy is optimal 
for surgery. This period can not only relieve the 
acute toxic side effects of neoadjuvant therapy, 
but it can also repress tumor growth [3, 74]. 
While there are no observed decreases in surgi-
cal difficulties or the postsurgical complications 
after this time (10 weeks), the long-term toxic 
effects may increase.
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8.4.2.2  Radical or Local Resection 
for yT1N0 Cancers

According to the preexisting guidelines, the 
suggested treatment for yT1N0 rectal cancers 
remains radical resection, to obtain more pre-
cise R0 resections [22]. Previous research indi-
cates that 42% of cases with cN+ cancers have 
positive lymph nodes in their dissected speci-
mens, after neoadjuvant therapy [75]. In some 
patients with ypT0 carcinomas, 16% show posi-
tive lymph node involvement; in contrast, cases 
with cT3-T4N0 cancers can maintain 3-year 
local non-recurrence rates of 96.9%, if neoad-
juvant therapy could reveal their downstaging 
to ypT0-1 [75]. Meanwhile, another study sug-
gested that local resections should excise at least 
1 cm of margins and the full-thickness resec-
tions. If patients experience tumor regrowth or 
distant metastasis, salvage surgery would be 
needed [76].

 Conclusion

Preoperative neoadjuvant therapy is the stan-
dard treatment for mid-to-low locally advanced 
rectal cancers. The method of treatment may 
vary, but the overall effects are undoubted. 
Numerous clinical practices and other evi-
dence suggest that preoperative CRT can 
improve the rates of local control and increase 
the opportunities for patients with low-third 
rectal cancers to preserve their anal sphincters, 
but only a few studies provide limited evidence 
that demonstrates the benefit in OS rates from 
CRT. Till date, based on the NCCN guidelines, 
standard neoadjuvant CRT uses single 5-FU-
based chemotherapy. The applications of neo-
adjuvant CT are yet being studied in clinical 
trials, whereas CRT for rectal cancers has been 
refined further. The future directions of CRT 
include achieving higher local control rates, 
more refined treatments, and smaller side 
effects. Although more clinical evidence is 
required to evaluate the effects of preoperative 
or molecular-targeted combined CT, we 
believe that with the rapid developments in 
molecular biology, the era of precise treat-
ments for rectal cancer is approaching.
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Tailored Surgical Treatment  
Based on Response 
to Neoadjuvant Therapy

In Ja Park and Chang Sik Yu

Abstract

Introduction of neoadjuvant chemoradiotherapy 
for rectal cancer results in diversity of surgical 
treatment. It is based on the variable response to 
neoadjuvant therapy. Favorable oncologic out-
comes of patients with good response to neoad-
juvant therapy have been reported, and 
organ-preserving strategies have extended its 
application for these patients. However, defini-
tion of good response to neoadjuvant therapy 
has not clearly defined, and different categoriza-
tion has been used in many researches. Usually 
pathologic regression grade is used for identifi-
cation of good responder, but the pathologic 
grading system is diverse. Recently MRI is 
increasing in use to define response to neoadju-
vant therapy because pathologic assessment is 
not available before surgical treatment. MRI is 
more useful to set plan to surgical strategies. 
But, the accuracy of MRI is not satisfactory as 
well as other imaging modalities. Therefore, we 
have to determine the definition of response 
level and standard method of assessment.

There are ongoing active studies regarding 
surgical or observational strategies for good 
responders to neoadjuvant therapy.

Functional preservation was the most attrac-
tive aspect of these strategies, but the long-term 
functional and oncological outcomes are not 
well established. In addition, the surveillance 
strategies are not yet established and have no 
consensus. Before extension of organ-preserv-
ing strategies, indication, and surveillance have 
to be preconditioned.

Although researches focused on good 
responder to neoadjuvant therapy is increasing, 
poor responders is not interested in surgical 
field. Considerate approach to poor responder 
to neoadjuvant therapy is needed in surgical as 
well as medical treatment.

Keywords

Neoadjuvant therapy · Rectal cancer · Organ- 
preserving strategy · Response level

9.1  Introduction

Neoadjuvant therapy was initiated as an attempt to 
improve oncologic outcome and provided a chance 
to introduce changes in the surgical  treatment envi-
ronment. Although there are different views on 
whether neoadjuvant therapy improves survival 
rate, numerous studies have reported a decrease 
in local recurrence in patients treated with neoadju-
vant therapy, and it has been established as a stan-
dard treatment for locally advanced rectal cancer, 
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alongside TME [1–3]. However, there is a wide 
range of tumor regression after neoadjuvant ther-
apy, and oncologic outcome differs by degree of 
regression, which led to the pursuit of diversity in 
surgical treatment [4–6]. Recently, in addition to 
interest in quality of life and realization of the need 
for individualized treatment, there has been an 
increase in the need for various surgical treatments 
according to the response to neoadjuvant therapy. In 
this chapter, we review such various types of surgi-
cal treatments, their outcomes, and problems from 
evaluation of response after neoadjuvant therapy.

9.2  Evaluation of Tumor 
Response After  
Neoadjuvant Therapy

When pursuing diversity of treatment according 
to oncologic response after neoadjuvant therapy, 
the fundamental standard criterion is needed to 

evaluate the level of response before determina-
tion of adequate treatment among diverse options. 
The evaluation of response after neoadjuvant ther-
apy follows various degrees of pathologic tumor 
regression grade (TRG), which is based on the 
percentage of fibrosis and residual tumor (Fig. 9.1) 
[7, 8]. However, as studies have been published 
showing that ypT stage better reflects prognosis 
than degree of tumor regression, whether to use 
the degree of pathological regression as an evalu-
ation standard for the level of response and to 
what extent tumors should be classified as good 
responders have not been established. Regardless, 
degree of pathological regression or ypT stage is 
determined after the primary lesion is completely 
resected and therefore cannot be used for deter-
mining surgical treatment after neoadjuvant ther-
apy. Hence, the level of response from neoadjuvant 
therapy is evaluated through various radiological 
and physical examinations prior to determining 
the direction of surgical treatment.

a b

c d

Fig. 9.1 Pathologic tumor regression grade (TRG). (a) 
Total regression. No viable tumor cells are identified. (b) 
Near total regression. Fibrosis and scattered tumor cells. 

(c) Moderate regression. Predominantly fibrosis with scat-
tered tumor cells. (d) Minimal regression. Predominantly 
tumor with significant fibrosis
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The most widely used and consistently stud-
ied evaluation method is magnetic resonance 
imaging (MRI). As the indication for neoadju-
vant therapy is determined through MRI, the 
response can be also evaluated through MRI, 
which is an advantage of this technique. However, 
the accuracy of restaging evaluation after neoad-
juvant therapy is not satisfactory. Numerous 
studies and metastasis analyses currently report 
that the accuracy of the T stage is 34–82%, and 
the accuracy of the N stage is 60–88% [9–13]. 
There have been attempts to improve the accu-
racy of MRI using various auxiliary methods. 
The addition of diffusion-weighted imaging 
improves the accuracy of assessment of complete 
responders up to 82–88% [14, 15]. However, 
evaluating the depth of tumor invasion is still 

limited, and the accuracy of predicting total 
regression also varies, according to reports.

In order to assess the response to treatment, 
Brown G group [16], who continuously studied 
the evaluation of stage based on MRI, proposed 
MRI-based tumor regression grade (mrTRG) to 
classify the degree of response, taking into 
account the percentage of fibrosis and residual 
tumor by MRI, similarly to the evaluation of 
pathological regression (Fig. 9.2). It has been 
shown that prognosis can be sufficiently pre-
dicted from tumor classification using mrTRG 
[16, 17]. Studies on the evaluation of tumor 
response after neoadjuvant therapy are focused 
on the T stage, and this is true of both pathologi-
cal and MRI evaluations. There is no consensus 
standard for the degree of pathological regression 

a

b

Fig. 9.2 Tumor regression grade by MRI imaging 
(mrTRG). (a) Good MRI tumor regression with mrTRG 
(grades 1, 2, 3): complete remission, fibrosis or more fibro-

sis than tumor in the residual lesion. (b) Poor MRI tumor 
regression with mrTRG (grades 4 and 5): more tumor than 
fibrosis in the residual lesion or unchanged/increased tumor
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for the N stage, and very few studies have been 
conducted in this area. Although there have been 
numerous studies on diagnosing lymph node 
(LN) metastasis by MRI, the standard for metas-
tasis varies between studies, and the accuracy is 
below the desired standards [11–13]. The mrTRG 
also does not take into account LN metastasis. 
However, LN metastasis is one of the most 
important factors affecting prognosis. It is gener-
ally known that the frequency of LN metastasis 
varies according to progression as assessed by T 
stage [18]. Previous studies have attempted to 
indirectly assess and predict LN metastasis 
through the T stage; however, we believe that the 
evaluation of the N stage requires more attention 
when examining LN metastasis.

In addition to MRI, there have been attempts 
to evaluate the depth of invasion using computed 
tomography (CT) and endorectal ultrasound 
(ERUS), but the results were disappointing, and 
these techniques are not usually independently 
used in the clinic. As the metabolic activity of the 
actual tumor is evaluated, there have been 
approaches examining the use of positron- 
emission tomography (PET). Based on the results 
of previous studies, PET/CT seems to be a useful 
addition to the current repertoire of imaging 
modalities in assessing rectal cancer and treat-
ment response [19]. However, availability and 
validation means are lacking for PET, and it 
appears to be a more useful tool for specific situ-
ations, when additional information is needed. It 
would provide information about systemic meta-
static or accompanying lesions. There have been 
many efforts to try various surgical treatments on 
good responders after neoadjuvant therapy and to 
differentially apply adjuvant treatment according 
to the level of response. However, there is no 
consensus on the method, evaluation standard, or 
accuracy for evaluating response. In particular, 
noninvasive diagnostic methods and prognosis 
evaluation of metastatic LNs are not sufficiently 
reflected in the evaluation of response after neo-
adjuvant therapy.

Currently, the implementation of tailored 
treatment according to the level of response after 
neoadjuvant therapy and establishing the stan-
dard of response level are ongoing. Therefore, it 

is vital that we maintain constant interest and 
make efforts for the application of tailored treat-
ment, as well as the establishment of the standard 
that will be its basis. This will be the most impor-
tant factor for the proper application of tailored 
treatment.

9.3  Organ-Preserving Strategies 
for Patients with Good 
Response After  
Neoadjuvant Therapy

Organ-preserving strategies are used to avoid 
rectal excision in patients who are likely to have 
no residual tumor, as clear tumor shrinkage was 
observed after neoadjuvant therapy. Such strate-
gies are largely divided into local excision and 
“wait and watch” strategies. Both strategies 
require proper surveillance to ensure the best 
patient outcome.

9.3.1  Local Excision

The most appealing advantage of local excision is 
that the degree of pathological regression can be 
directly evaluated. Therefore, it can be considered 
as the method that allows for final confirmation 
and complementation of the limitations of physi-
cal, radiological, and endoscopic  examinations. 
However, LNs cannot be evaluated, as only the 
primary tumor is excised. The LN metastasis rate 
increases along with the progression of the pri-
mary tumor; however, a number of reports have 
shown that local excision alone can yield favor-
able long-term prognosis in cases of total regres-
sion, in which LN metastasis is reported as below 
2–17% after neoadjuvant therapy [6, 20–22]. 
Studies have reported acceptable oncologic out-
come after local excision in patients with clini-
cally good response to neoadjuvant therapy 
(Table 9.1).

There are conflicting views on the relationship 
between the extent of progression and the range 
of local excision. Some studies reported accept-
able oncologic outcome after local excision, even 
for ypT2 lesions. However, up to 20% of ypT2 
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lesions are known to have LN metastasis, and 
patient prognosis is poor when LN metastasis is 
present, even when radical resection is per-
formed. This makes it difficult to generalize the 
application of local excision in ypT2 lesions. 
Hence, radical resection is currently recom-
mended when the lesion is ypT2 or higher after 
local excision or when there are pathological risk 
factors, such as margin involvement. However, 
less than 70% of patients in whom radical resec-
tion is recommended after local excision actually 
undergo the procedure [23–25]. Long-term fol-
low- up of these patients suggests extremely poor 
prognosis. Therefore, interest in the compliance 
of immediate salvage surgery in patients who are 
to receive radical resection after local excision, 
as well as efforts to improve compliance, is 
required.

Surgical complications that can occur after 
local excision are also an important matter. In 
the ACOSOG Z6041 trial [23], a recently pub-
lished phase II study examining local excision 
after neoadjuvant therapy reported that 23% of 
patients experienced surgery-related grade 
3–4 complications. Such local excision-related 
problems raise the interests in nonsurgical 
treatment.

9.3.2  Wait and Watch

This strategy gained attention when Habr-Gama 
et al. first published the long-term oncologic out-
come of patients who received nonsurgical treat-
ment for rectal cancer after neoadjuvant therapy 
in 2004 [20]. Their group observed excellent out-
come in terms of local recurrence and disease- 
free survival, which was of great interest in the 
field (Table 9.2). However, they faced criticism, 
as their results could not be reproduced in follow-
 up studies by other groups (Table 9.3). The Habr- 
Gama group used colonoscopy, MRI, and CT as 
standards for evaluating response, but these 
methods lacked accuracy in evaluating local 
lesions, and the group was criticized for not ade-
quately assessing patient outcome. In the wait 
and watch method, detection of tumor regrowth 
is vital for surveillance. Luminal regrowth is 
reported to occur in 6–60% of patients, and the 
timing of its occurrence and detection varies 
[26–28].

Upon early detection, salvage surgery can 
increase favorable outcome. However, detection 
is difficult under submucosal growth or when the 
lesion is accompanied, and performing salvage 
surgery on patients with tumor regrowth already 

Table 9.2 Series from Habr-Gama group regarding wait and watch strategies for rectal cancer treated with neoadjuvant 
therapy

Year No. cCR, %
Follow-up 
duration, months Local recurrence, % Disease-free survival, % Overall survival, %

2004 265 26.8 57.3 3 100 92

2005 260 27.3 57 0 – 92

2006 361 27.4 60 5 93 85

2006 360 27.5 NS 6 – NS

2011 173 38.7 65 4.6 96 72

Table 9.3 Studies regarding wait and watch strategies for rectal cancer after neoadjuvant therapy

Author Year No Follow-up duration, months Local regrowth, % Disease-free survival, %

Lim 2007 27 49 41 –

Hughes 2010 10 – 60 –

Dalton 2012 12 25.5 50 –

Maas 2011 21 25 5 2Y 89

Smith 2012 32 28 19 2Y 88

Appelt 2015 40 23.9 15.5 –

OnCoRe 2016 129 33 34 3Y 83
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in progress leads to poor prognosis and is impos-
sible in some cases. Wait and watch strategies, 
which have received criticism in the past, are 
regaining attention owing to problems that occur 
after local excision, as described above. Studies 
have been conducted on the subjects of nonsurgi-
cal treatment and their outcome, and these will 
continue to be examined. However, as no solid 
results have been presented, precaution should be 
taken in the application of wait and watch, and 
the ongoing study results must be monitored.

9.3.3  Surveillance and Indication

The method and period of surveillance are impor-
tant factors to consider when performing organ- 
preserving treatment, such as the local excision 
and wait and watch strategies. Most experts agree 
that surveillance should be conducted more fre-
quently in these cases than in radical resections, 
and surveillance is generally conducted fairly 
often. However, there is no consensus as to 
appropriate testing methods, intervals, and end-
points. Tailored surveillance must be considered 
when tailored treatment is applied, and it should 
be continuously improved.

The indication for neoadjuvant therapy is 
being extended, and patients who did not receive 
radical resection are increasing. It is increasing 
patients with early lesions who received neo-
adjuvant therapy as well as locally advanced 
rectal cancer. This is because organ-preserving 
treatment can be performed in good respond-
ers, contributing to better prognoses regardless 
of pretreatment clinical stage. Unlike the actual 
treatment, there are cases in which the indica-
tion becomes extended unintentionally, such as 
decreasing compliance for radical resection after 
local excision. Sometimes, patients are reluctant 
to surgical resection after completion of neo-
adjuvant therapy. Prognosis after neoadjuvant 
therapy is not clearly defined yet. In addition, 
oncological fate of patients who did not receive 
radical resection after neoadjuvant therapy has 
been reported in small cohorts. Indeed, in this 
case, the long- term effects of radiation therapy 
on urination and bowel functions have not been 

considered, and indications that do not include 
the consideration of treatment for recurrence can 
be extended. Hence, precaution is needed to not 
excessively extend the indication.

9.4  Treatment for Lateral Pelvic 
Node Enlargement After 
Neoadjuvant Therapy

The current radiological diagnostic method has 
low accuracy for diagnosing LN metastasis. 
Additionally, MRI, the standard method for 
determining local clinical stage, also has low 
accuracy for diagnosing LN metastasis [29–31]. 
This weakness of diagnostic methods is one of 
the limitations of lateral node treatment. Unlike 
diagnosis, the oncologic effects of the lesion 
itself can be a factor influencing the determina-
tion of the optimal treatment method. Typically, 
in Western society, lateral node metastasis is 
assessed as distant disease and treated accord-
ingly. In Eastern society, lateral node dissection 
has been strongly supported and is performed 
frequently. However, there have been conflicting 
views on its therapeutic effects [30, 32]. As 
shown in the study comparing cases with neoad-
juvant therapy and lateral node dissection, it is 
known that these two methods yield similar 
 treatment outcomes [30, 31]. Thus, treatment of 
lateral node metastasis should be different in 
patients who receive neoadjuvant therapy and 
those who do not.

If lateral node enlargement still exists after 
neoadjuvant therapy in patients who had lateral 
node enlargement prior to neoadjuvant therapy, 
there should be no disagreement from a diagnos-
tic viewpoint for performing lateral node dissec-
tion or sampling [29–34]. However, there have 
been studies showing that it is unclear whether 
the diagnostic criterion for LN metastasis is 
identical after neoadjuvant therapy and whether 
the metastasis was diagnosed, regardless of the 
size. Hence, the optimal treatment when the LN 
size decreased after neoadjuvant therapy has not 
been determined. Some researchers presented 
LN size as a standard, and others reported that 
lateral wall recurrence is the most common 
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local recurrence after neoadjuvant therapy and 
recommended lateral node component surgery. 
However, diagnostic criteria and comparison of 
treatment outcomes are still lacking. Therefore, 
additional studies for determining the optimal 
standard for radiological diagnosis, as well as 
prospective studies attempting to establish the 
need for surgery in the lateral lymph node and 
standards for the operation range, are needed. 
Furthermore, the oncological meaning of lateral 
LN metastasis in poor responders to neoadjuvant 
therapy and the proposition of treatment beyond 
surgery should also be examined.
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Abstract

After introduction of total mesorectal excision in 
rectal cancer surgery and effective neoadjuvant 
therapy, a considerable improvement of clinical 
outcome had occurred in rectal cancer patients. 
The pathologic reports of resected rectal cancers 
provide valuable information for the adequacy 
of the surgical treatment and predictive factors 
for future therapy. The evaluation of complete-
ness of resection, preparation of adequate speci-
men, and evaluation of prognostic and predictive 
factors through microscopic evaluation and 
molecular analysis should be included for the 
proper management of rectal cancer patients.
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10.1  Introduction

Pathologic evaluation of rectal cancer provides 
information regarding the adequacy of prior treat-
ment, risk stratification for follow-up, and prognostic  

and predictive factors for subsequent systemic 
treatment. Remarkable improvements in the clini-
cal outcomes of rectal cancers have resulted from 
the use of effective neoadjuvant therapies and 
improved surgical methods. Resected rectal can-
cer specimens are generally obtained using one 
of three surgery methods: total mesorectal exci-
sion (TME), tumor-specific mesorectal excision 
(TSME), and abdominoperineal resection [1, 2]. 
Following its introduction [3], the proven efficacy 
of TME has led to its worldwide designation as a 
standard surgical treatment for rectal cancer. TME 
requires a precise perpendicular and circumferen-
tial excision of the visceral mesorectal tissue down 
to the level of the levator muscles. The distinction 
between TME and TSME is based on the extent 
of mesorectal excision. Therefore, the application 
of rectal surgery depends on both the tumor loca-
tion and invasion depth. TME is recommended for 
distal rectal cancers, whereas TSME, which com-
prises a precisely perpendicular and circumferen-
tial excision of the mesorectum to an appropriate 
resection margin level, is recommended for proxi-
mal rectal tumors located more than 5 cm from the 
distal extent of the mesorectum.

The pathology reports of resected rectal cancers 
contain several unique points: first, a macroscopic 
evaluation of surgical completeness; second, a 
measurement of the distance between the deepest 
invasion point and radial resection margin; and 
third, an evaluation of the effects of neoadjuvant 
therapy. This chapter will describe the approach to 
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a surgical pathology report for a resected rectal 
cancer, together with the relevant microscopic eval-
uation and prognostic/predictive factors. Special 
requirements for a pathology report after neoadju-
vant therapy will also be described.

10.2  Completeness of TME

Although TME made a considerable contribution 
toward reducing the local recurrence, a subset of 
rectal cancer cases experience postoperative 
recurrence. These local recurrences in rectal can-
cer cases are largely attributed to isolated metas-
tases within the mesorectum, distal to the primary 
tumor [3]. The mesorectum is surrounded by a 
thin fascia, which is considered the outer layer 
during TME excision; complete separation of the 
mesorectum and fascia is a known predictor of a 
rare intrapelvic recurrence, and incomplete sepa-
ration may increase the rate of local recurrence 
[1]. Therefore, a macroscopic evaluation of the 
surgical plane reflects the completeness of TME 
excision and is an important indicator of surgical 
quality and prognostic factor for rectal cancer 
outcomes [4]. The current College of American 
Pathologists (CAP) guidelines for the macro-
scopic evaluation of excision completeness com-
prise the presence of mesorectal defects, coning, 
and the circumferential resection margin (CRM) 
status as shown in Table 10.1 [5].

10.3  Adequate Specimen 
Preparation

Optimal tissue sampling is essential for an ade-
quate microscopic analysis. For primary tumors, 
the area of deepest invasion should be identified 
before fixation. We usually sample at least five 
tissue blocks to identify the deepest layer of 
tumor invasion and measure the CRM. The rec-
ommended protocols include fixation of the 
entire specimen, marking of the radial resection 
margin with ink, and crosscutting of the entire 
encircled area. Routinely, we cut the fixed spec-
imen perpendicularly at 1-cm intervals and 
select one slice that contains the area of deepest 

invasion. Next, we divide this slice into four 
blocks according to the anatomical position. 
Subsequently, we process the other perpendicu-
lar tumor-containing slices using the same 
method. Whole-mount slide production is not 
routinely performed.

10.4  Evaluation of CRM

The statuses of the distal and lateral (i.e., radial or 
mesorectal) resection margins are well-known 
predictive factors of local recurrence [1]. In brief, 
recurrence is inevitable if residual tumor remains 
at the distal or radial margin. The CRM is defined 
as the distance in millimeters between the deepest 
invasion point of a rectal cancer and the margin of 
resection in the retroperitoneum or mesentery [1]. 
The CRM is produced by the surgical resection of 
pericolic or perirectal fibroadipose tissues or pel-
vic structures [1]. During TME, complete meso-
rectal excisions are subsequently performed in the 
planar fascia surrounding the mesorectum, and a 

Table 10.1 Guidelines for the macroscopic evaluation of 
a TME specimen

Complete Nearly complete Incomplete

Intact bulky 
mesorectum 
with a smooth 
surface

Moderate bulk to 
the mesorectum

Little bulk to 
the mesorectum

Only minor 
irregularities of 
the mesorectal 
surface

Irregularity of 
the mesorectal 
surface with 
defects greater 
than 5 mm, but 
none extending 
to the muscularis 
propria

Defects in the 
mesorectum 
down to the 
muscularis 
propria

No surface 
defects greater 
than 5 mm in 
depth
No coning 
toward the  
distal margin of 
the specimen
After transverse 
sectioning, the 
circumferential 
margin appears 
smooth

No areas where 
the muscularis 
propria is visible 
except at the 
insertion site of 
the levator ani 
muscles

After transverse 
sectioning, the 
circumferential 
margin appears 
very irregular
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large fat column separates the tumor and involved 
lymph nodes from the CRM.

A large CRM is an important prognostic fac-
tor related to a low risk of local recurrence [1]. 
The internationally accepted cutoff value for a 
positive CRM is 1 mm [1]. Tumors with a CRM 
distance of <1 mm are considered high risk for 
recurrence. By contrast, a CRM distance exceed-
ing 1 cm is associated with a significantly reduced 
risk of local recurrence and improved survival 
prognosis [6, 7]. An optimal macroscopic evalua-
tion and sufficient sampling are necessary for an 
adequate CRM evaluation. We recommend an 
analysis of the resected surgical specimen accord-
ing to the CAP guidelines. Furthermore, adequate 
fixation of the specimen and marking of the radial 
margin are essential to ensure that the distance 
between the leading edge of the tumor and the 
radial resection margin is accurately measured. 
We routinely fix the whole specimen, cut it per-
pendicularly, and mark the external surface with 
four different colors according to the anatomical 

positions (ventral, dorsal, right, and left). Either a 
paraffin block in f pieces according to anatomical 
position (Fig. 10.1) or a whole-mount block 
(Fig. 10.2) of perpendicularly cut specimens can 
be used for an adequate CRM measurement.

10.5  Evaluation of Distal 
Resection Margin

A local recurrence may arise from an incomplete 
distal mesorectal excision, although the impor-
tance of this factor is less clear than that of incom-
plete radial resection. Tumor involvement in the 
distal resection margin might result from continu-
ous intraluminal and/or intramural tumor growth 
and/or discontinuous growth [8]. The resection 
margins should be carefully evaluated for the pres-
ence of extramural vascular invasion, lymph node 
metastasis, or tumor deposits. The distance 
between the tumor and its resection margin is also 
important. The internationally accepted cutoff 

cb

d e

a

Fig. 10.1 Specimen preparation for the pathologic evalu-
ation of a rectal cancer. After a gross evaluation of the 
TME specimen, the whole sample is fixed (a) and cut per-

pendicularly (b). The cut specimen is then divided into 
four parts (c) according to the anatomical position, and the 
CRM is evaluated on each slide (d, e)
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value for a safe distal margin distance is 1 cm [6]. 
However, an increased distal resection margin will 
also contain sufficient regional lymph nodes and 
will facilitate an adequate evaluation of the lymph 
node metastasis status. To ensure an adequate 
measurement of the distal and proximal margins, 
an adequate length-preserving fixation method is 
required to avoid fixation- induced shrinkage. In 
particular, an unfixed colorectal specimen can 
shrink by up to 50% after formalin fixation.

10.6  Evaluation of Tumor 
Regression After 
Neoadjuvant Therapy

Neoadjuvant chemotherapy is applied to most 
locally advanced rectal cancers. An accurate pathol-
ogy report requires information about systematic 

earlier treatments because rectal cancers treated 
with neoadjuvant therapy might exhibit significant 
histopathological effects. The effects of neoadju-
vant therapy can be described in two ways: tumor 
down-staging and tumor regression. Tumor down-
staging can be interpreted as tumor shrinkage [9, 
10]. Down-staging and regression grades may over-
lap in some tumors. Tumor down-staging, in which 
the tumor infiltration depth is reduced because of 
tumor shrinkage, is associated with a good patient 
prognosis [11]. By contrast, the association of 
tumor regression with improved prognosis is less 
clear. This latter ambiguity is partly attributable to 
the ability of tumor regression to leave residual 
tumors in deep tissue areas, a phenomenon associ-
ated with an unfavorable prognosis. The presence of 
tumor cells in deep serial tumor sections has been 
reported in the context of complete regression [12], 
and the distinction between partial regression and 

a b

c

Fig. 10.2 Preparation of a whole-mount section from a 
surgically resected rectal cancer. After a gross evaluation 
of the TME specimen, the whole sample is fixed (a) and 

cut perpendicularly (b). The representative cut specimen 
is used to form one block (c) for CRM evaluation

H. Kim
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rare regression is impossible for low-density tumors. 
These findings will require more detailed investiga-
tions in the future.

Although the impact of a good prognostic pre-
diction remains unclear, the tumor regression grade 
(TRG) is an important factor for rectal cancers [1]. 
According to the CAP guidelines, tumor regression 
must be evaluated in the resected specimens and 
recorded. The primary tumor site, regional lymph 
nodes, peritumoral tumor satellite nodules, and/or 
tumor deposits should be subjected to a careful 
analysis, and the report should include the prefix 
“y” before pT and pN. Acellular mucin pools may 
be recognized in rectal cancers treated with neoad-
juvant therapy. This finding is considered to indi-
cate complete tumor eradication and is not used in 
the assignment of ypT and ypN categories. 
Currently, many protocols involve a tumor regres-
sion score evaluation [13–15], and the American 
Joint Committee on Cancer (AJCC) introduced 
modified Ryan scheme [15] for tumor regression 
scoring as shown in Table 10.2 and Fig. 10.3.

10.7  Pathology Reports for  
Rectal Cancer Resection

Pathology reports for resected rectal cancers pro-
vide valuable information about the adequacy of 
prior treatments and facilitate decisions regard-

ing future therapy. This information about the 
tumor stage and prognostic and predictive factors 
is essential for optimal patient care. In addition to 
the pathologic, prognostic, and/or predictive fac-
tors, some molecular characteristics of the tumors 
may be included. The specific requirements for 
rectal cancer pathology reporting include a mac-
roscopic evaluation of the surgical quality accord-
ing to different surgical approaches, the CRM, 
and tumor regression grading in response to neo-
adjuvant therapy. Additionally, a microscopic 
evaluation for tumor staging, histologic subtype, 
and molecular results may facilitate precise pre-
dictions regarding future therapies.

The system used for pathological tumor stag-
ing (pTNM) after a microscopic examination is 
identical to the system used for other colon can-
cers, except that T4a is not applicable to rectal 
cancers. Tis, T1, T2, and T3 are assigned to 
intramucosal rectal cancers, cancers involving 
the submucosa, cancers that have penetrated to 
but not through the muscularis propria, and can-
cers that have penetrated through the muscularis 
propria, respectively. Colon cancers that involve 
the visceral peritoneum are classified as T4a, 
whereas those that directly invade an adjacent 
organ or structure are classified as T4b. However, 
the distal rectum is not peritonealized, and 
therefore T4a is not applicable to distal rectal 
cancers.

Table 10.2 Comparison of rectal cancer tumor regression grading/scoring systems

Ryan scheme [15] Mandard grade [13] Dworak et al [14]

Description

Tumor 
regression 
grade

Description Mandard 
grade

Description Tumor 
regression 
grade

No viable cancer 
cells

0 (Complete 
response)

No residual 
tumor

1 No vital tumor cells detectable 4

Single cells or 
small groups of 
cancer cells

1 (Moderate 
response)

Rare residual 
cancer cells

2 Only scattered tumor cells in 
the space of fibrosis with/
without acellular mucin

3

Residual cancer 
outgrown by 
fibrosis

2 (Minimal 
response)

Fibrosis 
outgrowing 
residual cancer

3 Predominantly fibrosis with 
scattered tumor cells (slightly 
recognizable histologically)

2

Minimal or no 
tumor death; 
extensive residual 
cancer

3 (Poor 
response)

Residual cancer 
outgrowing 
fibrosis

4 Predominantly tumor with 
significant fibrosis and/or 
vasculopathy

1

Absence of 
regressive 
changes

5 No regression 0
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The histologic subtype is usually assigned 
according to the World Health Organization 
(WHO) classification [16]; however, most cases 
are classified as adenocarcinoma not otherwise 
specified. A subset of a specific subtype, such as 
signet ring cell carcinoma, is associated with a 
poor prognosis [17].

Other microscopic findings associated with a 
poor prognosis include lymphovascular and peri-
neural invasion. Tumor deposits may result from 
the complete replacement of a lymph node metas-
tasis or from lymphovascular and/or perineural 
invasion. In the 8th edition of the AJCC manual, 
tumor deposits are defined as discrete tumor nod-
ules within the lymph node drainage area of a 
primary carcinoma, without identifiable lymph 

node tissue or an identifiable vascular or neural 
structure. The N1c category encompasses all 
colorectal cancers in which a tumor deposit is 
present without an identified lymph node metas-
tasis, and this comprises level II evidence.

10.8  Molecular Markers 
Facilitating Subsequent 
Treatment Decisions 
for Rectal Cancers

Currently, the molecular markers recommended 
to support decisions regarding future therapy 
include the microsatellite instability (MSI) test 
and K-ras, N-ras, and BRAF mutation analyses. 

Description Ryan Scheme

No viable cancer cells 0

Single cells or small groups of
cancer cells 

1

Residual cancer outgrown by
fibrosis 

2

Minimal or no tumor death;
extensive residual cancer 

3

Fig. 10.3 Representative 
images of tumor regression 
grades
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Although prognosis is based predominantly upon 
the pathological disease stage, it is difficult to 
predict the outcomes of patients with Stage II and 
III cancers because they tend to have intermedi-
ate survival rates and it is currently impossible to 
predict responses to adjuvant chemotherapy. 
Among the listed molecular markers, the MSI 
test has been recommended as a prognostic pre-
dictor for colorectal cancers [1], and K-ras and 
N-ras mutation analyses were introduced as pre-
dictive markers of cetuximab therapy outcomes 
among colorectal carcinomas in the 8th edition of 
the AJCC manual [18].

Two major molecular pathways, the chromo-
somal instability pathway and microsatellite insta-
bility pathway, are known to be involved in these 
cancers. The microsatellite instability pathway 
begins with the inactivation of one of several genes 
responsibility for DNA nucleotide mismatch 
repair, leading to extensive mutations in repetitive 
DNA sequences. Tumors with high microsatellite 
instability (MSI-H) comprise approximately 15% 
of colorectal carcinomas. Most MSI-H tumors are 
sporadic and result from MLH1 hypermethylation. 
Sporadic MSI-H tumors often harbor BRAF muta-
tions, whereas KRAS mutations are distinctly less 
frequent [19, 20]. Compared with other types of 
colorectal carcinomas, MSI-H tumors are associ-
ated with a better prognosis, reduced responsive-
ness to FOLFOX therapy, and better responsiveness 
to immunotherapy [21]. MSI-H tumors are associ-
ated with a right-side preponderance, a high pro-
portion of mucinous and signet ring cell-type 
histology, and high peritumoral lymphoid reactiv-
ity [22]. Therefore, the MSI-H test has only lim-
ited value among rectal cancers, as the incidence 
of MSI-H carcinoma in the rectum is less than 3%. 
The incidence of KRAS or NRAS mutation among 
rectal cancers is similar to that of colorectal can-
cers at other sites.

The use of markers predictive of therapeutic 
response or resistance is important for the indi-
vidualization of chemoradiation for patients with 
advanced disease or the determination of candi-
dacy for adjuvant therapy. Investigations of pre-
dictive markers, including key biomarkers for the 
identification of molecular subtypes, are ongo-
ing. Additionally, large-scale clinical evaluations 
of molecular markers are currently in progress.
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Total Mesorectal Excision: History 
and Surgical Outcomes

Wai Lun Law

Abstract

Colorectal cancer is a common malignancy 
globally, and management of rectal cancer is 
particularly challenging. Not only should the 
treatment achieve good local disease control 
and favorable survival; but the body functions 
should also be preserved. Since the introduc-
tion of abdominoperineal resection by Sir 
Ernest Miles for rectal cancer resection more 
than a century ago, the operation had been the 
gold standard treatment for rectal cancer until 
the recent 2–3 decades. However, both the 
oncologic and functional outcomes of conven-
tional abdominoperineal resection have been 
far from satisfactory.

The introduction of total mesorectal excision 
by Sir Richard Heald revolutionized the surgical 
treatment for rectal cancer. He postulated that 
most of the local recurrence was due to the 
incomplete excision of the mesorectum. He 
introduced sharp mesorectal excision along the 
embryonic plane in rectal resection. Sphincter 
preservation was achieved by close shave 
anterior resection. In addition, identification 
and preservation of the pelvic autonomic nerves 

could be facilitated with sharp dissection in the 
relatively bloodless operating field. A very 
low local recurrence rate and a favorable sur-
vival were demonstrated in Heald’s early 
reports. The technique could be learned and 
attained by training through workshops and 
live demonstrations.

Currently total mesorectal excision is 
regarded as the gold standard surgical tech-
nique for rectal cancer. The principles of the 
operation also form the basis of minimally 
invasive techniques such as laparoscopic, 
robotic, and transanal approaches.

Keywords
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11.1  History of Rectal Cancer 
Surgery to the Era of Total 
Mesorectal Excision

Colorectal cancer is the third most common can-
cer in the world, and in 2012, nearly 1.4 million 
new cases were diagnosed, and 700,000 patients 
died of the disease [1, 2]. Rectal cancer contrib-
utes 30–40% of all colorectal cancer [3, 4], and 
the management is more complex and challeng-
ing than colon cancer. The optimal management 
often involves multimodality treatment strategy, 
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sophisticated and radical surgery, and good peri-
operative care. In addition to achieving a favor-
able oncologic outcome, attention should also be 
paid to the impact of the disease and treatment on 
the quality of life.

The objectives of treatment of rectal cancer can 
be summarized by Charles Mayo’s “Evolution in 
the Treatment of Cancer of the Rectum” in which 
he stated that “Certain definite results are desired 
in operations on cancer of the rectum, namely, per-
manent cure, low operative mortality and a con-
trollable anus, or its better substitute” [5]. After 
more than a century, these objectives still apply 
nowadays to the management of rectal cancer.

Historically, rectal cancer was described in 
ancient time and was considered incurable until 
the recent two centuries. The first successful 
resection of rectal tumor was performed in 1826 
by Jacques Lisfranc, who excised a few centime-
ters of distal rectum after everting the rectum and 
dissecting below the peritoneal reflection [6, 7]. 
The exposure of this perineal approach, which 
was originally performed without anesthesia and 
hemostasis, was limited to the upper rectum and 
was associated with a high recurrence rate. In the 
latter half of the nineteenth century, with the 
introduction of anesthesia and asepsis, more radi-
cal techniques using the perineal and posterior 
approach for resection of rectal cancer devel-
oped. However, the posterior or perineal approach 
was associated with a high mortality as well as a 
high recurrence rate. Vogel reviewed 1500 cases 
from 12 prominent surgeons prior to 1900. The 
operative mortality was 20.9% and the recur-
rence rate was 80% [6].

The gold standard treatment of rectal cancer in 
most part of the twentieth century was abdomi-
noperineal resection, described by Sir Ernest 
Miles in England. He recognized the issue of 
local recurrence after perineal/posterior resection 
for rectal cancer. After postmortem dissection of 
patients with perineal resections, Miles found 
recurrences occurred in the pelvic peritoneum, 
the mesorectum, and the lymph nodes over the 
bifurcation of the left common iliac artery, and he 
realized that a more radical resection, to address 
the upward, lateral, and downward spread of the 
disease, was needed to reduce the recurrence. 

Miles developed the en bloc resection of rectal 
cancer with the combined abdominal and peri-
neal operations to allow more radical lymphade-
nectomy. Miles principles included (1) the 
necessity of an abdominal anus, (2) resection of 
the rectum and the sigmoid, (3) resection of the 
mesorectum, (4) removal of the group of lymph 
nodes situated over the bifurcation of the com-
mon iliac artery, and (5) wide perineal part of the 
operation with resection of the levator ani so that 
the lateral and downward spread could be extir-
pated. He reported his 12 procedures in in 1908 
[8]. The mortality rate was 42% and the survivors 
were disease-free for 1 year.

The abdominoperineal resection had been the 
gold standard treatment for rectal cancer for many 
decades in the last century, and in the late half of 
the century, attempt was made for sphincter pres-
ervation in proximal rectal cancer. Dukes demon-
strated that the downward and lateral spread of 
rectal cancer emphasized by Miles was overesti-
mated [9]. The downward and lateral spread was 
found to be unusual unless the tumor was advanced 
or the upward draining lymphatics were blocked 
by tumor deposit. The feasibility of sphincter pres-
ervation was demonstrated by Dixon, the then sur-
gical chair at the Mayo Clinic, who reported in 
1948 the results of anterior resection of 426 
patients with cancer from 6 to 20 cm from the anal 
verge with a low mortality rate of 5.9% [10]. 
Sphincter preservation was further facilitated with 
the development of circular stapling devices and 
surgical techniques such as pull-through proce-
dure with coloanal anastomosis, described by 
Alan Parks [11]. However, the morbidity and mor-
tality associated with anastomotic leak limited the 
wide application of sphincter- saving operation.

Despite all these advances, rectal cancer sur-
gery remained a major undertaking with signifi-
cant mortality and morbidity. The majority of 
patients with mid and distal rectal cancer required 
a permanent colostomy. The local recurrence rate 
remained high and the survival was not favorable. 
In the 1970s and 1980s, the high local recurrence 
rates were recognized, and the adjuvant therapy 
for rectal cancer was considered to reduce the 
local recurrence after surgery. In randomized 
trials comparing surgical with or without chemo-
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radiation/radiation, the local recurrence rates in 
the surgery-alone arms were in the range of 
20–30% [12, 13], and reduction of local recur-
rence could be achieved with adjuvant radiation/
chemoradiation therapy. In the National Cancer 
Institute Consensus Conference in 1990, postop-
erative chemoradiation was recommended for 
patients with stage II and stage III rectal cancer.

11.2  Development of Total 
Mesorectal Excision

Conventional pelvic dissection was performed 
with blunt presacral dissection. This was still 
described in textbook in 1998 [14]. The blunt dis-
section easily torn the fascial propria to enter the 
mesorectum and left the mesorectal disease, lead-
ing to an increased chance of positive lateral mar-
gins. Havenga et al. proposed the mechanism of 
local recurrence caused by blunt dissection [15]. 
At the level of S3, the thick rectosacral fascia 
would be encountered, and by avoiding tearing 
the presacral fascia, which would lead to severe 
hemorrhage, the surgeon’s fingers would follow 
the less resistant plane and break the fascia pro-
pria to enter the meorectum. A portion of the 
mesorectum would be sheared off, and the pres-
ence of tumor in the mesorectum would become 
the source of tumor recurrence.

Up till 1970s, the local recurrence rate for rec-
tal cancer after surgery was 20–30%. The func-
tional outcomes were also poor after conventional 
surgery using blunt dissection. The urogenital 
dysfunction was reported to occur in up to 50% 
of patients, as the damage to the pelvic auto-
nomic nerves was usually considered inevitable 
during the blunt pelvic dissection. Thus, a more 
optimal surgical technique to reduce the opera-
tive mortality and morbidity, to increase the 
sphincter-saving rate, to reduce the local recur-
rence, to improve the survival, as well as to 
improve the functional outcomes was very much 
needed.

In the 1980s the importance of the circumferen-
tial margin was recognized. In 1986, Phil Quirke 
reported that in 52 patients with rectal cancer with 
whole-mount section, a positive lateral resection 

margin was found in 27% and local recurrence 
occurred in 83% of patients with circumferential 
margin involvement [16]. In our institution, simi-
lar findings were observed, and local recurrence 
occurred in 53% of patients with a positive lateral 
margin, which was identified as an independent 
prognostic factor for tumor recurrence [17].

Richard Heald realized that better technique 
could improve the outcome of rectal cancer sur-
gery in the majority of patients with rectal cancer. 
He developed a technique of dissection based on 
the embryonic bloodless plane, which he called 
the holy plane. Sharp dissection was used for en 
bloc excision of the rectum together with the 
intact mesorectum to the level of the levator mus-
cles. He termed this technique total mesorectal 
excision. He believed that rectal cancer was a 
supralevator disease and the patient could be 
cured with preservation of the anal sphincter, 
using meticulous dissection. In 1982, he reported 
that tumor deposits were found in the mesorec-
tum distal to the primary cancer and proposed 
that in the situation of rectal cancer, which was 
considered a slow-growing disease, if the rectum 
and the mesorectum surrounded by mesorectal 
fascia could be removed en bloc, better local con-
trol of the disease could be achieved [18].

The fundamental principles of TME involve 
sharp dissection under direct vision of the rectum 
with the mesorectum under the cover of the fascia 
propria, and a clear circumferential margin could 
be achieved. The sharp dissection was performed 
down to levator muscles with the rectum and 
mesorectum excised at this level. By performing 
sharp dissection, the excessive blood loss, which 
occurred commonly with blunt dissection and 
tearing the presacral venous plexus, was avoided. 
Regarding the autonomic nerve preservation, 
sharp dissection enabled identification and preser-
vation of the hypogastric nerves as well as the 
sacral nerves in the bloodless operating field. 
Thus, the bladder and sexual functions have been 
significantly improved with this technique.

The rationale of total mesorectal excision and 
the need to completely remove the mesorectum 
for mid and distal rectum was proven by histol-
ogy studies. Reynolds et al. found that in 39% of 
44 patients with T3 cancer, non-nodal tumor foci 
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were found within the mesorectum [19]. Distal 
spread actually occurred in 70% of patients with 
mesorectal tumor foci, and spread beyond 2 cm 
was not uncommon. As the distal mesorectal 
spread is at most 3–4 cm from the distal border, it 
is now commonly accepted that total mesorectal 
excision is not necessary for proximal rectal can-
cer, provided the mesorectum is removed 4–5 cm 
distal to the cancer. In our study on patients with 
anterior resection for rectal cancer, we found that 
the application of partial mesorectal excision for 
proximal cancer with a 4–5 cm mesorectal mar-
gin could achieve similar oncologic outcome as 
total mesorectal excision with fewer complica-
tions, especially anastomotic leakage [20]. Now 
tumor-specific mesorectal excision according to 
the level of the tumor is commonly accepted.

Heald reported his original series of 115 
patients in 1986 [21] with a local recurrence rate 
of 3.7%, and the cumulative probability of sur-
vival at 5 years was 87%. The abdominoperineal 
rate was 11%.

There was significant skepticism on the origi-
nal report by Heald. The patients treated in 
Basingstoke were independently reviewed by 
Professor MacFarlane who took a sabbatical 
from Vancouver. He followed up the 13-year data 
of Basingstoke and found that after curative ante-
rior resection for rectal cancer, the actuarial local 
recurrence rate was 4% at 5 years and the overall 
recurrence rate is 18%. MacFarlane also identi-
fied a group of 135 high-risk patients with Dukes’ 
B (B2) and Dukes’ C cancer operations. When 
compared with the reports from conventional 
surgery plus radiation or combined chemoradia-
tion from the NCCTG study, results from total 
mesorectal excision alone were substantially 
superior, and the concept of total mesorectal 
excision was confirmed and validated [22]. Heald 
later popularized his technique in different coun-
tries and took part in workshops and training pro-
grams. It was shown that the technique of total 
mesorectal excision could be acquired by train-
ing program and workshops with live surgery 
[23]. The improvement in outcome with the 
adoption of total mesorectal excision was also 
demonstrated in national audit, which compared 
the outcomes before and after adoption of the 

technique [24]. Total mesorectal excision thus 
became the gold standard technique for rectal 
cancer surgery.

11.3  Outcomes of Total 
Mesorectal Excision

The application of total mesorectal excision has 
improved the outcomes of rectal cancer surgery 
in many aspects. The anal sphincter can be pre-
served in most of the patients, and the number of 
abdominoperineal resections has dropped signifi-
cantly in recent decades. With meticulous sharp 
dissection under direct vision along the embry-
onic plane, the blood loss can also be reduced, 
and the autonomic nerves can be better identified 
and preserved. This will reduce the postoperative 
sexual and bladder dysfunction. The most impor-
tant impact is the improvement in the oncologic 
outcomes. Most series showed a reduction of 
local recurrence and an improvement in survival 
with the adoption of total mesorectal excision.

11.3.1  Sphincter Preservation

Heald postulated that with total mesorectal exci-
sion, a narrow distal mural margin was oncologi-
cally acceptable and safe. The conventional 
“5-cm rule” of distal margin in rectal cancer sur-
gery was reappraised. Williams et al. examined 
the distal mural spread in patients with rectal can-
cer [25]. In the 50 patients studied, distal mural 
spread for more than 1 cm occurred in only 10% 
of the specimens, and all these patients had 
poorly differentiated Dukes’ C cancer. The 
authors also did not find any difference in the sur-
vival of patients who had distal margin more and 
less than 5 cm. The acceptance of a short distal 
margin allowed more patients to be treated with a 
sphincter-saving operation.

Heald proved that a short distal margin was 
oncologically safe provided total mesorectal 
excision was performed. In the study, which 
compared patients with distal margin of greater 
than 1 cm with those less than 1 cm, Karanjia and 
colleagues did not find any difference in the local 
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recurrence rate or the survival rate between the 
two groups [26]. With the application of close 
shave anterior resection, Heald and colleagues 
reported that abdominoperineal resection was 
only performed in 37 out of the 517 patients with 
rectal cancer up to 15 cm from the anal verge 
[27]. In a study comparing the rates of abdomino-
perineal resection before and after the adoption 
of TME, Arbman and colleagues found the reduc-
tion of abdominoperineal resections from 48% to 
14% [28].

11.3.2  Perioperative Mortality 
and Morbidity

Rectal cancer surgery was regarded as a major 
undertaking associated with significant morbidity 
and mortality. The blood loss and sepsis were the 
two most common causes leading to significant 
morbidity. Total mesorectal excision is in fact a 
complex operation with multiple steps including 
splenic flexure mobilization, high ligation of infe-
rior mesenteric vessels, meticulous pelvic dissec-
tion, and creation of a distal rectal or anal 
anastomosis. The operating time was longer than 
conventional blunt procedure, and Heald reported 
that the operation time for total mesorectal exci-
sion with sphincter preservation was about 4 h 
[29]. However, the sharp pelvic dissection in total 
mesorectal dissection allowed clear separation of 
the visceral layer of the pelvic fascia from the pre-
sacral fascia, and the chance of tearing the presa-
cral venous plexus was reduced. The troublesome 
bleeding from the presacral venous plexus is not 
common in total mesorectal excision, and the 
blood loss is usually less than conventional rectal 
excision. Murty [30] reported blood loss of one 
unit and transfusion was needed in 15% of 
patients. In our study on total mesorectal resec-
tion with low anastomosis, the median blood loss 
was 400 ml [20]. With the application of mini-
mally invasive surgery, the blood loss was further 
reduced [31]. The mortality of the operation was 
also low, ranging from 0% to 4% [27, 28, 32].

Anastomotic leak is a dreadful complication 
after colorectal surgery. An extraperitoneal anasto-
mosis after resection for mid and distal rectal can-

cer is associated with a high risk of anastomotic 
leak, likely due to tension, poor blood supply, and 
difficult access. In total mesorectal excision with 
sphincter preservation, the transection of the bowel 
is invariably at the distal rectum or the anal canal, 
and the anastomosis is usually located at or below 
the pelvic floor; thus the leakage rate is particu-
larly high. Karanjia et al. [33] reported Heald’s 
series of 219 patients with low anterior resection 
with total mesorectal excision; the clinical and 
radiological leakage rates were 11.0% and 6.4%, 
respectively. A diversion stoma was suggested in 
view of the high leakage rate. Rullier et al. showed 
similar results with the leakage rate of 12% in 
patients after total mesorectal excision [34]. They 
also showed that the leakage rate for anastomoses 
below 5 cm from the anal verge was 6.5 times 
when compared to that of anastomosis [34]. In our 
study on 196 patients who underwent low anterior 
resection with TME and all the anastomoses were 
below 5 cm from the anal verge, the anastomotic 
leakage rate was 10.5% [35]. The male gender and 
the absence of diversion stoma were risk factors 
for a high anastomotic leakage rate. Thus, in cases 
of low anterior resection with total mesorectal 
excision, a proximal diversion is suggested to 
reduce the leakage rate and the septic consequence 
of the anastomotic leak. Whether a colostomy or 
an ileostomy provides better diversion and fewer 
complications is controversial in randomized  trials 
[36, 37]. Recent meta-analysis showed that the 
ileostomy had the advantages of a lower incidence 
of prolapse and a lower wound infection rate after 
closure [38]. However, other studies did not 
showed clear advantages of either option of diver-
sion [39].

11.3.3  Bladder and Sexual Functions

Sharp dissection in total mesorectal excision also 
enables better identification and preservation of 
the pelvic autonomic nerves. Conventional rectal 
cancer surgery has been associated with a high 
incidence of autonomic nerve injury, leading to 
postoperative bladder and sexual dysfunction. 
Preservation of the autonomic nerves is an inte-
gral part of total mesorectal excision, and this is 

11 Total Mesorectal Excision: History and Surgical Outcomes



114

made possible by sharp dissection in the holy 
plane in a bloodless field. In terms of the male 
sexual function, Havenga et al. [40] reported that 
in male patients younger than 60 years, 86% 
could engage in intercourse and 87% could 
achieve orgasm after surgery. Total mesorectal 
excision has also significantly improved the 
recovery of bladder function after surgery. In 
Nesbakken et al.’s study, bladder dysfunction 
occurred in 2 patients out of the 35 patients after 
TME [41]. The identification and preservation of 
the pelvic autonomic nerves was demonstrated to 
be an important factor for good outcome after 
surgery. Junginger et al. reported that the com-
plete identification of the nerves was associated 
with a lower incidence of bladder dysfunction 
and that the experience was important in the 
identification of the pelvic nerves [42]. Despite 
the meticulous dissection and tedious identifica-
tion of the pelvic autonomic nerves, the bladder 
and sexual dysfunction still contributes to the 
morbidity after total mesorectal excision. The 
application of laparoscopy was not found to 
improve the bladder and sexual function [43]. 
However, recent reports on total mesorectal exci-
sion using surgical robotic system, which enabled 
better identification of the pelvic autonomic 
nerves, demonstrated better recovery of the blad-
der and sexual functions [44, 45].

11.3.4  Oncologic Outcomes

The technique of total mesorectal excision revo-
lutionized the rectal cancer surgery and is now 
regarded as the gold standard treatment. The 

technique began as an open approach, and in the 
recent two decades of rapid development of mini-
mally invasive surgery, using laparoscopic, 
robotic, or transanal approaches, the basic prin-
ciples of total mesorectal excision remain when 
applied to these approaches.

The impact on the oncologic outcomes is the 
most important aspect of total mesorectal exci-
sion. Local recurrence after rectal cancer surgery 
was a common occurrence in the pre-total meso-
rectal excision era, and in most cases the patients 
did not suffer from distal metastasis. The suffer-
ings inflicted by local recurrence were tremen-
dous and treatment using involves radical 
exenterative surgery, which adversely affected 
the quality of life. The reduction in the local 
recurrence is the most significant outcome 
brought by total mesorectal excision. Heald 
reported in 519 patients with total mesorectal 
excision, the local recurrence rate was 6% in 
5 years and 8% in 10 years [27]. The local control 
in sphincter-saving operation was even better, 
and the local recurrence rate was 2% at 5 years. 
Enker et al. also reported a local recurrence of 
7.3% in 246 high-risk patients, who suffered 
from Dukes’ B and Dukes’ C cancer [32]. The 
local recurrence rates and survivals in early series 
of TME are shown in Table 11.1. Most of them 
reported a local recurrence rate of less than 10%, 
and most of the patients did not undergo any 
adjuvant radiation therapy.

With the reduction in local recurrence, the sur-
vival of patients has also been improved with the 
adoption of total mesorectal excision. Heald et al. 
reported [27] a 5-year disease-free survival of 
80% in those who underwent curative anterior 

Table 11.1 Oncologic outcomes of early series of total mesorectal excision

Study (Year) N Patients’ characteristics Follow-up Local recurrence Overall survival

Enker et al. (1995) [32] 246 B and C 72 months 7% Node −: 87%

Node +: 64%

Heald el al. (1998) [27] 519 All stages 99 months 3% 80%

Zaheer et al. (1998) [62] 514 All stages 5.6 years 7% 78%

Martling et al. (2000) [23] 381 All stages 24 months 6% 79%

Nesbakken et al. (2002) [63] 134 A, B, and C 38 months 9% 66%

Wibe et al. (2002) [24] 686 A, B, and C 29 months 7%

Piso et al. (2004) [64] 337 All stages 5 years 8.6% 69.3%

W. L. Law



115

resection. Enker et al. also showed that the sur-
vival of patients with stage II and stage III dis-
ease was 74.2% [32].

The learning and the adoption of total meso-
rectal excision were demonstrated to improve the 
outcomes significantly. Martling showed that with 
program and workshops to train TME  surgeons, 
significant improvement in the outcome could be 
achieved [23]. The outcomes of the patients with 
abdominal surgery for rectal cancer after the TME 
project in Stockholm County were compared to 
those recruited in the Stockholm I and Stockholm 
II trials (pre-TME era) [23]. The local recurrence 
was significantly reduced (6% vs. 15% and 14%), 
and the cancer-related death showed similar find-
ings (9% vs. 15% and 16%). Thus the technique 
of TME could be trained and applied widely after 
training.

11.4  Evolution of Approach 
of Total Mesorectal Excision

Total mesorectal excision was regarded as a com-
plex operation and was originally performed with 
the open technique. It involved multiple steps 
including high ligation of the inferior mesentery 
vessels, full mobilization of splenic flexure, 
meticulous pelvic dissection to the pelvic floor, 
and fashion of a distal rectal or anal anastomosis. 
In the era of minimally invasive surgery, which 
began in the late 1980s, there was enthusiasm on 
applying laparoscopy in colorectal surgery. 
However, because of the complexity of the pro-
cedure and the need to deal with cancer, the 
application of laparoscopy in rectal cancer was 
considered not fast, when compared to other pro-
cedures. However, Milsom demonstrated that all 
the steps of total mesorectal excision including 
colorectal anastomosis with intracorporeal appli-
cation of stapler could be performed in a cadav-
eric model [46]. Laparoscopic total mesorectal 
excision with abdominoperineal resection was 
initially attempted, and the abdominal incision 
could be avoided [47, 48].

With improvement of techniques and instru-
ments, laparoscopic pelvic dissection can be 
performed under the direct vision with magni-

fied view. The development of laparoscopic sta-
pler devices enabled intracorporeal rectal 
transection and anastomosis. The safety and 
feasibility of laparoscopic anterior resection 
with TME for rectal cancer were reported by 
different skillful laparoscopic surgeons [49–51]. 
Randomized trials started in the late 1990s even 
when the technique was not mature [52]. Despite 
a high conversion rate [53–55], the oncologic 
outcome of the laparoscopic group in terms of 
the local recurrence and survival rates were 
comparable to open surgery. Whether the qual-
ity of the TME specimen by laparoscopic resec-
tion is equivalent to open surgery is still 
controversial. The recently published ALaCart 
and ACOSOG Z6051 trials failed to prove that 
the specimens resected by laparoscopic surgery 
were not inferior to those removed with open 
operations [56, 57].

The use of surgical robotic system can over-
come some of the limitations of conventional 
laparoscopy, and robotic surgery has been 
widely applied to other fields of pelvic surgery, 
such as prostate resection and gynecological 
operations. The surgical robot enables an ergo-
nomic and stable platform for the surgeon to 
operate with versatile instruments on a magni-
fied and 3- dimension view. This facilitates pre-
cise dissection in the pelvis under direct vision, 
which is the main concept of total mesorectal 
excision. Early results showed a lower conver-
sion rate and better recovery of the bladder and 
sexual functions [44, 58]. The quality of the 
TME specimens was  similar to those removed 
by laparoscopic or open resection. Available 
comparative data demonstrated similar long-
term oncologic outcomes as laparoscopic resec-
tion [59, 60]. However, the cost and availability 
of the robot limit its wide application, and long-
term survival data from randomized trials are 
still lacking.

Based on the concept of total mesorectal exci-
sion, the transanal approach was developed to 
perform the dissection proximally from the distal 
rectum or the anal canal. The distal margin can be 
well defined in the beginning of the procedure, 
and the difficulty of distal rectal transection with 
endoscopic staplers in laparoscopic or robotic 
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surgery can be avoided. Encouraging initial results 
have been reported [61]. However, the long-term 
results comparing with other approaches of total 
mesorectal excision are still pending.

 Conclusion

Total mesorectal excision has revolutionized 
the surgical technique in treatment of rectal 
cancer and has become the gold standard tech-
nique. The technique has significantly affected 
the outcome of surgery in terms of the periop-
erative blood loss, the incidence of sphincter 
preservation, the oncologic outcomes, as well 
as the recovery of bladder and sexual func-
tions. With the development of different mini-
mally invasive approaches, the principles of 
total mesorectal excision form the foundation 
of these developments with the objectives to 
further improve the postoperative as well as 
the functional outcome without compromising 
the oncologic results.
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Total Mesorectal Excision  
and Preservation of the Pelvic 
Autonomic Nerves: Technical Tips 
and Pitfall
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Abstract

To obtain relevant oncologic outcome and 
good functional outcome after rectal cancer 
surgery, total mesorectal excision (TME) 
with pelvic autonomic nerve (PAN) preser-
vation is essential. Adequate TME with 
intact mesorectal fascia is very important to 
achieve clearance of lymphatics; also, 
avoiding nerve injuries including superior 
and inferior hypogastric nerves and neuro-
vascular bundles in the pelvis is essential 
for good postoperative voiding and sexual 
function. In this context, this chapter is 
highlighting on fascial anatomy for TME 
and autonomic nerve structures. On the 
basis of the anatomy, technical tips for TME 
with PAN preservation are introduced by 
the author. This review of anatomy for TME 
and technical issues for preserving PAN 
will provide you an insight of  desirable 
TME.
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The incidence of colorectal cancer has increased 
rapidly during the last 20 years in Korea and now 
ranks as the third most common cancer and fourth 
most common cause of cancer mortality [1]. 
Considering the recent annual trend of cases of 
colorectal cancer in Korea, the proportion of rectal 
cancer cases has decreased, but distal colon cancer 
has shown a rapid increase [2]. In this context, it is 
important for the colorectal surgeon to determine 
how to remove these tumors with curative intent 
and without any complications. With the adoption 
of the concept of total mesorectal excision (TME), 
proposed by Dr. Heald [3], the local recurrence rates 
have decreased dramatically, and promising results 
have been shown in terms of functional preservation 
and operative safety [4, 5]. We continue to improve 
the technique to gain enhanced oncologic outcomes 
in locally advanced rectal cancer. Additionally, the 
complete mesocolic excision (CME) and central 
vessel ligation (CVL) concepts, proposed by Dr. 
Hohenberg [6], which involve planned anatomical 
dissection and apical lymph node dissection, are 
becoming more emphasized, subsequently improv-
ing oncologic outcomes. The fascial anatomy of the 
rectum and its lymphatic spread pattern should be 
understood for a successful operation.

12.1  Basic Anatomy

The rectum is located in the pelvic cavity; the 
lower third of the anterior portion is extraperito-
neally located, while the posterior part is fully 
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extraperitoneal (Fig. 12.1). The length of the rec-
tum is 12–15 cm. The rectal muscle wall is sur-
rounded by a fatty layer known as the 
mesorectum, which contains blood vessels, lym-
phatics, and lymph nodes. The rectum, including 
the mesorectum, is enveloped by the endopelvic 
fascia. This structure contacts with the adjacent 
pelvic organs such as the prostate, seminal vesi-
cles, posterior vaginal wall, and cervix of the 
uterus [7–9].

Additionally, the rectum passes through the 
pelvic floor and becomes the anus. At this 
level, a funnel-shaped muscular sheet structure 
is present, called the pelvic diaphragm. The 
pelvic floor muscles consist of three named 
muscles, the puborectalis, pubococcygeus, and 
iliococcygeus muscles. The puborectalis mus-
cle wraps around the rectum and makes a sharp 
anorectal angle, which aids in fecal continence 
[7–9].

Rectal proper fascia
= Fascia propria
= Visceral (endo)pelvic fascia

Presacral fascia
= Parietal (endo)pelvic fascia

Waldeyer’s fascia
= Rectosacral fascia

Denonvilliers’ fascia
= Rectogenital fascia

Fig. 12.1 Location of the rectum in the pelvic cavity and 
nomina of the fascia structures around the rectum. Rectal 
proper fascia, the fascia covering mesorectum, also called 
visceral endopelvic fascia; presacral fascia, the fascia cov-
ering the sacrum, also called parietal endopelvic fascia; 

Denonvilliers’ fascia, a dense membrane between the rec-
tum and the seminal vesicles, also called rectogenital fas-
cia; Waldeyer’s fascia, a dense connective tissue layer 
between the posterior part of the rectal proper fascia and 
the presacral fascia at the level of S3 and S4
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12.2  The Fascial Anatomy

It is important to understand the fascial planes 
around the rectum and the adjacent organs to 
obtain a sharp pelvic dissection along the 
 embryologic planes. If pelvic dissection proceeds 
along the correct fascial plane, the operation can 
be finished without bleeding. Bisset et al. 
described a fibrous envelope surrounding the 
perirectal fat, called the mesorectum, and named 
it the fascia propria [8]. It corresponds to the vis-
ceral pelvic fascia. Histological studies of gross 
specimens and cadavers have revealed a variable 
thickness of the fascia propria [8]. Unless the fas-
cia covering bony structures and muscles is open, 
the nerve structures cannot usually be seen 
(Fig. 12.2) [7]. At the S4 level, relatively dense 
connective tissue between the presacral fascia 
and the rectal proper fascia is encountered [7, 10, 
11]. This fascia is known as the rectosacral fas-
cia, or Waldeyer’s fascia. Crapp and Cuthbertson 
pointed out its clinical significance because fail-
ure to recognize and divide it may result in hem-
orrhage from the presacral venous plexus [12]. 
The thickness of this fascia varies between indi-
viduals. In thick case, blunt dissection by hand 

may result in avulsion injury of the presacral 
venous system [12].

Sharp division of the rectosacral fascia 
enables pelvic dissection reaching down to the 
coccyx level; the pelvic plexus can then be visu-
alized at the posterolateral side of the pelvic 
wall. In males, at the level of the seminal vesi-
cles, pelvic dissection is extended to 
Denonvilliers’ fascia, a dense connective tissue 
layer at the anterior part of the rectum. By incis-
ing this membrane, the rectum is dissected from 
the seminal vesicles (Fig. 12.3). Denonvilliers 
first described this as a membrane behind the 
seminal vesicles and in front of the rectum [13]. 
The consistency varies from a thin, transparent 
layer to a tough, thick membrane. It seems to be 
more prominent in young male patients, and it is 
composed of dense collagen fibers and coarse 
elastic fibers. The Denonvilliers’ fascia should 
be opened on the lower part of the anterior 
aspect of the rectum, and one should dissect 
down along its posterior aspect to avoid injury 
to the neurovascular bundles running to the gen-
italia [13, 14]. Detailed surgical techniques used 
to preserve pelvic autonomic nerves will be dis-
cussed further on.

Rectal proper fascia Presacral fascia

a b

Fig. 12.2 Hemipelvis specimen in a cadaveric dissection. (a) The structure being picked up is the thickened rectal 
proper fascia. (b) The structure being picked up is the presacral fascia covering the sacrum
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12.3  The Anatomy 
of the Mesorectum

The rectum is surrounded by a layer of fat tissue; 
this layer is called the mesorectum [3]. Some 
important knowledge about the mesorectum exists. 
First, the mesorectum contains blood vessels, lym-
phatics, and lymph nodes. It is enveloped by the 
thin mesorectal fascia, which has a shiny appear-
ance and consists of collagen fibers, as proven by 
histological examination. Secondly, the posterolat-
eral part of the mesorectum has the thickest 
appearance, whereas the anterior part has the thin-
nest structure [7]. Thirdly, the mesorectum is 
almost absent approximately 2 cm above the leva-
tor ani muscles [3]. At this point, only the rectal 
wall remains (Fig. 12.4). In other words, the meso-

rectum starts to taper down from the attachment of 
the rectosacral fascia. Hence, in surgery for middle 
and lower rectal cancer, removal of nearly the 
entire mesorectum has become standard.

12.4  The Anatomy of the Pelvic 
Floor

The levator ani forms the pelvic floor. It consists 
of the pubococcygeus, puborectalis, and iliococ-
cygeus muscles. These muscles actually insert 
into the pelvic sidewall, which is like a membra-
nous sheet and adheres to the rectal proper fascia. 
According to sex and body mass index (BMI), 
various types of pelvic floor can be observed 
based on the coronal axial views of rectal mag-
netic resonance imaging (MRI) (Fig. 12.5). 

Rectosacral fasciaRectosacral fascia

Denonvilliers’ fascia

Denonvilliers’ fascia

a b

c d

Fig. 12.3 Anatomy of fascia. (a) Rectosacral fascia con-
necting the presacral fascia at the level of S3 and the rectal 
proper fascia in a cadaveric hemipelvis dissection. (b) 

Rectosacral fascia encountered during robotic surgery. (c) 
Denonvilliers’ fascia in a cadaveric hemipelvic dissection. 
(d) Denonvilliers’ fascia encountered during robotic surgery

N. K. Kim



123

Rectum Mesorectum

a

c d

b

Fig. 12.4 Anatomy of the mesorectum. (a) Specimen of 
a total mesorectal excision, showing a shiny intact meso-
rectal fascia appearance. (b) The mesorectum is well 
developed around the rectal wall. (c) Mesorectum tapered 

down from the attachment of the rectosacral fascia in a 
cadaveric dissection. (d) Prominent thickness of the pos-
terolateral part of the mesorectum viewed in whole mount 
sections

Narrow pelvic floor 
Wide pelvic floor

a b

Fig. 12.5 Pelvic floor images on the coronal axial view of a magnetic resonance image (MRI). (a) Steep coning down 
of the pelvic floor with a narrow angle. (b) Gradual coning down of the pelvic floor with a wide angle
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The U-shaped puborectalis muscle can be clearly 
seen during dissection and has a role in prevent-
ing fecal incontinence by making a sharp anorec-
tal angle. This funnel-shaped structure is usually 
attached to the mesorectum and its enveloping 
fascia. If the attached mesorectum is completely 
mobilized from the pelvic floor, we can then see 
the anococcygeal raphe and anal hiatus. In opera-
tive findings, the rectal muscle layer seems to be 
intermingled with the surrounding external anal 
sphincter complex (Fig. 12.6). Around this area, 
the anorectal ring can be identified, which is usu-
ally present 4 cm from the anal verge.

12.5  Pelvic Autonomic Nerve 
Structure

The superior hypogastric nerve descends and 
forms a plexus in the vicinity of the origin of the 
inferior mesenteric artery. This plexus forms a 
dense network around the inferior mesenteric 
artery. Therefore, during dissection of the lymph 
nodes around the origin of the inferior mesen-
teric artery or ligation of the inferior mesenteric 

artery, the superior hypogastric nerve may be 
injured. If this occurs, retrograde ejaculation 
can develop. The inferior hypogastric nerve 
descends to the pelvis by crossing the left com-
mon iliac artery at the level of the first sacrum 
and descends further into the pelvic cavity along 
the pelvic sidewall. Therefore, during the sepa-
ration of the mesosigmoid colon from the 
gonadal vessels and the ureters, the superior and 
inferior hypogastric nerve plexus must be pre-
served [15, 16].

Pelvic dissection must be kept along the plane 
between the inferior hypogastric nerve fibers and 
rectal proper fascia in the pelvic cavity. 
Occasionally, fine branches to the rectal proper 
fascia are noted, which are vulnerable to cutting 
during dissection.

The inferior hypogastric nerve forms the pel-
vic nerve plexus at the lateral pelvic wall by 
encountering the parasympathetic sacral nerve 
originating from the second, third, and fourth 
sacral foramens. Numerous small neurovascular 
bundles running from the pelvic plexus to the 
genitalia cross the seminal vesicles in the 10 and 
2 o’clock directions (Fig. 12.7) [7, 13, 16].

Puborectalis Pubococcygeus

Anal hiatus

a b c

d e f

Fig. 12.6 Anatomy of the pelvic floor muscles. (a) 
Posterior aspect of the pelvis after division of the sacrum. 
(b) After removal of the sacrum, the funnel-shaped pelvic 
floor is shown with the sphincter complex. (c) Fixed 
cadaveric specimen showing the pelvic floor and puborec-

talis muscle. (d, e) With deep pelvic dissection, the pelvic 
floor muscles (puborectalis and pubococcygeus) are 
exposed. (f) Anal hiatus (triangular opening) with the ano-
coccygeal ligament formed from the pelvic floor muscles, 
through which the rectum passes
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Y-shaped pelvic autonomic nerve structures are 
clearly seen at the hemipelvis during cadaveric 
dissection [7]. The inferior hypogastric nerves 
descend along each side of the pelvic wall, and 
well mesh-like structures are densely attached to 
the lateral part of the mesorectal fascia, previously 
called the lateral ligament. The middle rectal artery 
has been reported to be present at approximately 
20% of cases and mostly unilaterally [17]. The 
mean diameter of this vessel is 1.6 mm [17]; there-
fore, meticulous dissection with cauterization by 
monopolar or bipolar devices is sufficient to dis-
sect this area. It usually pierces the pelvic plexus; 
thus, nerve preservation techniques are important 

for preserving sexual and voiding functions. To 
achieve these goals, it is important to understand 
the relation between the nerves and the pelvic fas-
cia. Dissection should be performed along the 
loose areolar tissue between the rectal proper fas-
cia and the parietal pelvic fascia.

12.6  Technical Tips for Autonomic 
Nerve Preservation

In the past open TME era, it was difficult to see 
the autonomic nerves by eye; therefore, lateral 
and anterior traction on the rectum was used to 
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Preaortic nerve
plexus
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Neurovascular
bundle
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rectal artery

Pelvic plexus

Neuromuscular bundle

Pelvic plexus

Seminal vesicle
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Fig. 12.7 Pelvic autonomic nerve structures. (a) Both 
inferior hypogastric nerves at sides of the pelvic wall, 
going down to the deep pelvis, merging with the sacral 
parasympathetic nerves from S2–4, and finally forming 
the pelvic plexus with a mesh-like structure. (b) 
Y-shaped pelvic autonomic nerve structures seen in the 
hemipelvis of a cadaveric section, showing that the infe-
rior hypogastric nerve descends along each side of the 
pelvic wall and merges with the sacral parasympathetic 
nerves to become the pelvic plexus. This is densely 

attached to the lateral part of the mesorectal fascia, and 
the neurovascular bundle extends to the genitalia. (c) 
Laparoscopic view of the pelvic plexus and neurovascu-
lar bundles. (d) It shows a robotic view of the middle 
rectal artery arising near the pelvic plexus and piercing 
pelvic plexus. Denonvilliers’ fascia continues with the 
right-side neurovascular bundles, which arise from the 
pelvic plexus. These structures can be seen after full 
mobilization of the rectum from the underlying pelvic 
floor muscles
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produce tenting of the pelvic plexus away from 
the posterolateral pelvic wall. For subsequent 
blunt dissection with excessive traction, the dense 
attachment is usually used to be clamped and 
ligated. Nowadays, as minimally invasive surgery 
has evolved, a magnified view has allowed us to 
see those structures.

One cannot emphasize enough the importance 
of the technique used for lateral mobilization of 
the rectum to preserve the autonomic nerves. 
Usually, the rectal proper fascia surrounding the 
mesorectum is adhered to the pelvic plexus. The 
pelvic plexus can be injured directly, or avulsion 
injury can ensue from excessive traction of the 
rectum in the narrow pelvic cavity. After the rec-
tosacral fascia is divided, dissection can be con-
tinued to the coccyx level. With Denonvilliers’ 
fascia divided, the anterior mesorectum then can 
be separated from the seminal vesicles. The 
anterolateral part of the mesorectal fascia is 
almost directly adhered to the neurovascular 
 bundles and sits down on the pelvic floor; there-
fore, the mesorectal fascia should be separated 
carefully to avoid damage to the nerves. Unless 
posterolateral dissection is continued, the pelvic 
plexus might not be visualized. At this area, aris-
ing sacral nerves can also be seen after the pari-
etal peritoneum is dissected off in a cadaveric 
dissection [7]. If the tumor is located close to the 
lateral part of the mesorectum, traction of the rec-
tum and dissection from the pelvic plexus might 
cause breaching of the covering rectal proper fas-
cia at the narrow true pelvic cavity. If the tumor 
seems to invade the pelvic wall, en bloc resection 
should be done including the pelvic plexus. 
Yamakoshi et al. reported interesting data show-
ing the average distance between the muscularis 
propria and the pelvic plexus for both autopsied 
and surgical specimens to be 8.3 mm and 
14.7 mm, respectively [18]. The pelvic plexus is 
located 10 mm from the outer margin of the rectal 
muscularis propria on average [18]. This obser-
vation led us to decide to resect the pelvic plexus 
concomitantly for curative resection if the middle 
and lower rectal cancers invade the rectal wall.

Cadaveric dissection with a hemisectioned 
pelvis shows that the rectal proper fascia is 

directly adhered to the mesh-like pelvic plexus; 
this adhered portion used to be regarded as a liga-
ment, the so-called lateral ligament. This liga-
mentous structure between the mesorectum and 
the inferior hypogastric nerve and pelvic plexus 
varies in thickness. This lateral adhesion may 
contain a middle rectal artery, which is found in 
approximately 20% of cases, but its incidence 
varies according to studies [17, 19].

Regarding injury of the pelvic plexus, the 
surrounding areas should be handled carefully 
during mobilization of the rectum from the pel-
vic cavity. With successive dissection of this 
area, the rectum and mesorectum are finally 
delivered from the true pelvic cavity, exposing 
the quadrangular mesh-like structures (pelvic 
plexus) attached to the rectal proper fascia. It is 
a matted rhomboid structure that is 4 cm by 
2.5 cm in size, lying almost in the sagittal plane 
lateral to the rectum. Sato reported that the pel-
vic splanchnic nerves arising more posterome-
dially from the third and fourth sacral nerves 
could be considered a component of the lateral 
ligament [17].

The neurovascular bundles, described by 
Walsh and Schlegel, run in front of the rectogeni-
tal fascia within the parametrium or in the space 
occupied by the seminal vesicles and the prostate 
gland [20, 21]. Hollabaugh et al. reported that 
most of the efferent nerves of the pelvic plexus 
ran along the prostate surface of Denonvilliers’ 
fascia [22]. Based on Walsh’s report on nerve- 
sparing radical prostatectomy, the seminal vesi-
cles can be used as an intraoperative landmark to 
identify the pelvic plexus, which is imbedded in 
the thick fascia and perforated by branches of the 
inferior vesical artery and vein. The running neu-
rovascular bundles are located at the extreme lat-
eral part of the seminal vesicles, which is a 
continuation of the pelvic plexus at the lateral 
pelvic wall [20, 21].

The importance of avoiding damage to the 
pelvic plexus and the neurovascular bundles to 
the genitalia during pelvic dissection should be 
emphasized. For successful separation of the lat-
eral part of the rectum from the pelvic plexus, it 
is important to incise the rectosacral fascia to 
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continue to dissect down to the coccyx and to 
separate the mesorectal fascia from the pelvic 
plexus with meticulous dissection. Proper trac-
tion of the rectum is important for preventing 
avulsion injury of the pelvic plexus. During dis-
section of this area, the middle rectal artery is 
sometimes encountered, and it should be ligated 
with surgical clips and divided or electrocauteri-
zed. Mass ligation and too much traction may 
cause injury to the running third sacral nerve, 
which is crucial for erectile function. Cutting the 
rectosacral fascia and opening the retrorectal 
space laterally usually reveal the nervi erigentes, 
in which the S3 competent is the largest. Although 
sharp dissection around this area is necessary, it 
is difficult to perform in a deep and narrow male 
pelvis. However, under magnified vision and 
using gentle traction with a robotic arm instru-
ment, preservation of these structures is more 
achievable compared to open surgery for rectal 
cancer.

In summary, regarding autonomic nerve pres-
ervation techniques, the superior hypogastric 
nerve or preaortic sympathetic plexus around the 
root of the inferior mesenteric artery and the area 
of the left common iliac artery should be identi-
fied, and care should be taken not to damage 
these structures. Excessive traction on the rectum 
secondary to posterior mobilization may result in 
neuropraxia or avulsion of the second, third, and 
fourth sacral roots. These injuries could result in 
temporary or permanent bladder and erectile 
dysfunction.

A high incidence of sexual and bladder dys-
function has been reported after abdominoperi-
neal resection (APR) in comparison to after low 
anterior resection (LAR). During APR, injury to 
the cavernous nerves during perineal dissection 
may result in erectile dysfunction. Division of the 
rectourethralis muscle and blunt dissection or 
excessive electrocauterization of the neurovascu-
lar bundles at the anterolateral part of the rectum 
may also contribute to sexual dysfunction. At the 
perineum, important structural landmarks include 
the superficial and deep perineal muscles in the 
anterior perineal body and the posterior anococ-
cygeal ligament [10, 11, 23].

12.7  How to Perform Successful 
Mobilization of the Rectum 
from the Pelvic Floor

For a bloodless, sharp pelvic dissection, it is 
important to understand the embryological fascia 
plane. The mesorectum and rectum are covered 
with the rectal proper fascia (visceral pelvic fas-
cia). The parietal pelvic fascia usually covers the 
bony structures. Between these fascial structures, 
termed the presacral fascia, the autonomic ner-
vous system is usually present. During posterior 
pelvic dissection, a dense pelvic fascia, called 
Waldeyer’s fascia, is noted at the S4 level. Unless 
this fascia is sharply divided, dissection cannot 
enter the deep pelvic cavity, and presacral venous 
bleeding can occur with avulsed presacral fascia. 
During anterior dissection, Denonvilliers’ fascia 
is present at the level of the seminal vesicles and 
continues to the prostate capsule [7, 12, 14].

The mesorectum is surrounded by the meso-
rectal fascia in a cylindrical manner, which sits 
just above the pelvic floor. It is necessary to fully 
understand the anatomical structures here to per-
form a complete circumferential sharp pelvic dis-
section. The mesorectum is tapered down 2 cm 
above the anorectal ring [7].

Regarding pelvic autonomic nerve preserva-
tion, there are some landmark structures that 
should be identified and preserved, which are the 
preaortic sympathetic plexus near the root of the 
inferior mesenteric artery, inferior hypogastric 
nerves, pelvic plexus, and the neurovascular bun-
dles to the genitalia. From the pelvic plexus, the 
neurovascular bundles to the genitalia run in the 
directions of 10 and 2 o’clock from the seminal 
vesicles. Dissection below the Denonvilliers’ fas-
cia is safer to preserve the neurovascular bundles, 
ensuing preservation of urogenital function [14].

I would like to emphasize that the most impor-
tant step for completeness of TME for middle 
and lower rectal cancer will be deep pelvic floor 
circumferential dissection. This procedure will 
be the crucial step for better oncologic and func-
tional outcomes. From the level of seminal vesi-
cle or vagina, the Denonvilliers’ fascia should be 
separated from the mesorectal fascia, and meso-
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rectum should be separated from the neurovascu-
lar bundle and pelvic plexus. For that, posterior 
dissection should be continued to the anococcy-
geal raphe or less, at least reaching Waldeyer’s 
fascia; and then mesorectum should be continued 
to be separated from the vagina or seminal vesi-
cles circumferentially. After then, you surely 
meet the gate of the pelvic floor and easily sepa-
rate rectal wall (in this area, no mesorectum) 
from the puborectalis muscle and other pelvic 
floor muscles. So-called deep pelvic dissection 
from the true pelvis is a very essential technique 
and concept for colorectal surgeons.

12.8  Technical Tips for Safe 
Anastomosis

As we pursue curative resection for better onco-
logic outcomes, it is also important to perform 
safe colorectal anastomosis. No tension, a good 
blood supply, and good stapled techniques are 
essential, and we must know the technical tips for 
avoiding anastomotic leakage and stenosis. For 
low ligation, vascular variations of the branches 
of the inferior mesenteric artery, bifurcation level, 
and the number of sigmoid arterial branches must 
be known. The meandering mesenteric artery near 
the origin of the inferior mesenteric vein at the 
inferior border of the pancreas is occasionally 
observed. During ligation of inferior mesenteric 
vein, it is important to avoid the damage to this 
arterial arcade, which is a crucial blood supply to 
the splenic flexure and descending colon.

 Conclusion

Sharp pelvic dissection under direct vision 
with good anatomical knowledge is essential 
in the field of rectal cancer surgery. The intro-
duction of TME has improved oncologic out-
comes in patients with rectal cancer. 
Functional outcomes should focus on the 
patients’ satisfaction and quality of life. A 
good understanding of the anatomy of the rec-
tum and of pelvic autonomic nerves and 
meticulous dissection techniques enable us to 
achieve both good oncologic and functional 

outcomes. With the increase in minimally 
invasive surgical techniques in current clinical 
practices, we need more structured education 
training programs for those skills.

A step-by-step approach with good ana-
tomical knowledge is essential for successful 
TME. The following are the proposed proce-
dures [24]:

1. Posterior pelvic dissection: Posterior dis-
section is performed along the rectal proper 
fascia, enveloping the rectum and meso-
rectum, leaving behind the hypogastric 
nerves along the pelvic wall; the bilateral 
ureter and common iliac vessels can be 
exposed and identified. Dissection is con-
tinued down to the rectosacral fascia.

2. Deep posterior pelvic dissection: For 
patients with a very narrow or bulky meso-
rectum, the sequence of dissection can be 
changed from the deep posterior dissection 
into anterior dissection. During this proce-
dure, use of a little broad nylon tape for 
hanging the rectum to make countertrac-
tion upward by an assistant is preferred. 
Successful TME along the anatomical 
plane is based on adequate traction and 
countertraction. After the rectosacral fas-
cia is divided, the attachment between the 
pelvic plexus and the mesorectal fascia can 
be dissected off the pelvic wall. Posteriorly, 
the presacral venous plexus exists.

3. Anterior pelvic dissection: After the ante-
rior surface of the peritoneum is divided, 
the seminal vesicles in males and the poste-
rior vaginal wall in females are identified. 
The Denonvilliers’ fascia is visible at the 
level of the seminal vesicles, and dissection 
should be performed behind this fascia. At 
the 10 and 2 o’clock direction (both tips of 
the seminal vesicles), neurovascular bun-
dles form the pelvic plexus that runs along 
the seminal vesicles before going to the 
genitalia. Finally, after the lower part of the 
rectum is mobilized from the pelvic floor, 
pelvic plexus, neurovascular bundles, and 
pelvic floor muscles are exposed.
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4. Posterolateral or anterolateral pelvic dis-
section: This step should be performed 
carefully before complete rectal mobiliza-
tion from the pelvic floor. The cylindrical 
mesorectum with the intact mesorectal fas-
cia should be obtained from the posterolat-
eral dissection, and there should be no 
breach of the covering mesorectal fascia on 
the anterolateral side.

5. Pelvic floor exposure: The mesorectum is 
placed on different shapes of the pelvic 
floor, and some of the pelvic floor muscles, 
including the puborectalis muscle and ano-
coccygeal raphe, can be identified after full 
mobilization of the rectum.
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Pelvic Autonomic Nerve 
Preservation and Lateral Pelvic 
Lymph Node Dissection: 
Techniques and Oncologic 
Benefits

Hiroyasu Kagawa and Yusuke Kinugasa

Abstract

The goals of surgery for rectal cancer are to 
achieve curative resection and maintain qual-
ity of life while minimizing the risk of local 
recurrence and prolonging patient survival. 
The standard treatment for locally advanced 
rectal cancer in Japan is TME with lateral 
lymph node dissection (LLD). Lateral lymph 
node metastasis was present in 15.6–20.4% of 
patients with lower rectal cancer and that the 
risk of pelvic recurrence would decrease by 
50% and the 5-year survival rate would 
improve by 8% when LLD was performed for 
T3 or T4 lower rectal cancer. The JCOG0212 
trial, which is multicenter randomized con-
trolled trial comparing mesorectal excision 
(ME) with or without LLD, reported that local 
recurrence was lower in the mesorectal exci-
sion (ME) with LLD group (7.4%) compared 
with the ME-only group (12.6%). The urinary 
complications and sexual dysfunction rates 
did not differ between the two groups.

We will describe the surgical procedures 
needed to perform nerve-sparing LLD in 
detail. Provided nerve-sparing LLD is per-
formed accurately, local control of rectal can-
cer is excellent and does not cause urogenital 
dysfunction. We conclude the procedure 
appears to be safe and effective.

Keywords

Lateral lymph node dissection · Rectal cancer  
Autonomic nerve preservation

13.1  Introduction

The goals of surgery for rectal cancer are to 
achieve curative resection and maintain quality 
of life while minimizing the risk of local recur-
rence and prolonging patient survival. Whenever 
possible, function should also be preserved. 
These have improved with the development of 
better surgical techniques and the use of adjuvant 
therapy. Total mesorectal excision (TME) has 
been reported to reduce the local recurrence rate 
[1] and is used with radiotherapy (RT) as the 
standard treatment for advanced rectal cancer in 
Western countries. A Dutch trial reported that the 
10-year cumulative incidence for local recur-
rence was lower in a group receiving surgery plus 
RT than in a group receiving surgery alone but 
that overall survival did not differ between the 
groups [2]. Furthermore, RT can be complicated 
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by bowel, sexual, or anal dysfunction [3, 4]. 
Although chemoradiotherapy (CRT) can lower 
the local recurrence rate, the available evidence 
shows that it does not improve survival [5, 6]. 
In contrast to the Western approach of preoperative 
CRT, the standard treatment for locally advanced 
rectal cancer in Japan is TME with lateral lymph 
node dissection (LLD). Moriya et al. described 
nerve-sparing rectal resection with LLD in the 
1980s [7, 8], stating that such an approach could 
improve the local control, survival, urinary compli-
cations, and sexual dysfunction rates [9, 10].

In this chapter, we describe the anatomical 
characteristics and surgical techniques of LLD 
and outline the oncological benefits.

13.2  Indications for LLD

In Japan, LLD is the standard treatment for 
locally advanced lower rectal cancer. According 
to Japanese Society for Cancer of the Colon and 
Rectum Guidelines 2016, LLD is indicated when 
the lower border of a tumor is located distal to the 
peritoneal reflection and when the tumor has 
invaded beyond the muscularis propria [11]. This 
is based on research showing that lateral lymph 
node (LLN) metastasis has an incidence of 20.1% 
in lower rectal cancer and that, preoperatively, 
7.4% of patients without metastasis on computed 
tomography or magnetic resonance imaging are 
subsequently found to have LLN metastasis [12].

13.3  Anatomic Landmarks for LLD

LLNs located between the autonomic nerves and 
blood vessels are divided into three parts: the 
common iliac lymph node, the internal iliac 
lymph node, and the obturator lymph node. They 
can be dissected en bloc with reference to four 
planes that surround the LLNs: plane A is the 
inner side and comprises the hypogastric nerve 
and pelvic plexus, plane B is the medial side with 
the visceral branches of the internal iliac artery, 
plane C is the lateral side with the visceral 
branches of the internal iliac artery, and plane D 
is the pelvic wall (Figs.13.1 and 13.2). Thus, the 
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Fig. 13.1 Schematic representation of lateral lymph nodes. 
HGN hypogastric nerve, PP pelvic plexus, CIA common 
iliac artery, IIA internal iliac artery, EIA external iliac artery, 
ON obturator nerve, SN sacral nerve, AC Alcock’s canal

A
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CILN

IILN

OLM

D
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Fig. 13.2 Schematic representation of lateral lymph 
nodes. A, B, C, D shows four planes surrounding the 
lymph nodes. CILN common iliac node, IILN internal 
iliac lymph node, OLN obturator lymph node

H. Kagawa and Y. Kinugasa



133

common and internal iliac lymph nodes are 
located between planes A and B, whereas the 
obturator lymph nodes are located between 
planes C and D (Figs. 13.3 and 13.4).

13.4  Surgical Techniques

In our hospital, we perform LLD by laparotomy, 
laparoscopy, and robotic surgery, with the approach 
chosen based on patient preference. We have previ-
ously reported that robotic surgery improves surgi-
cal accuracy, even in the narrow pelvic cavity, 
making it especially useful for LLD [13]. However, 

regardless of the approach chosen, the surgical pro-
cedure is the same.

13.4.1  Ureter and Autonomic Nerve 
Mobilization

The peritoneum is dissected at the level of the 
common iliac artery, and the entire circumference 
of the ureter is exposed. Next, the ureter is mobi-
lized and then separated from the  retroperitoneum 
before taping the ureter. An assistant holds the 
taped ureter and pulls it medially (Fig. 13.5). The 
ureter is mobilized sufficiently to the point of 
intersection with the seminal duct in males and 
round ligament of the uterus in females. When the 

Fig. 13.3 Anatomical landmark of common iliac lymph 
node dissection and internal iliac lymph node dissec-
tion. HGN hypogastric nerve, PP pelvic plexus, CIA 
common iliac artery, CIV common iliac vein, IIA inter-
nal iliac artery, SVA superior vesical artery, IVA inferior 
vesical artery

Fig. 13.4 Anatomical landmark of obturator lymph node 
dissection. EIA external iliac artery, EIV external iliac 
vein, IIA internal iliac artery, SVA superior vesical artery, 
IPA internal pudendal artery, OA obturator artery, VGF 
vesicohypogastric fascia, CO coccygeal muscle, OI inter-
nal obturator muscle, LA levator ani muscle, OF obturator 
foramen, SN sacral nerve
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peritoneum is dissected along the seminal duct 
(round ligament of the uterus) to the external iliac 
vein, a good surgical field can be obtained for 
obturator lymph node dissection. The ureter is 
then mobilized along an avascular space that can 
be located lateral to the ureter. When the ureter is 
mobilized in the pelvis, the lateral side of the pel-
vic plexus and the ureter within the pelvis can be 
dissected in one layer. The lateral surface of the 
pelvic plexus is separated so that the autonomic 
nerves, including the hypogastric nerve, the pelvic 
splanchnic nerves, and the pelvic plexus, form one 
layer. The hypogastric nerve is identified at the 
level of the aortic bifurcation, and its orientation 
becomes clear when it is lifted (Fig. 13.6). When 
the nerve is mobilized distally, it extends to the lat-
eral aspect of the already divided pelvic plexus; 
however, because this is near nerves, an electric 
scalpel should be avoided, opting for careful blunt 
dissection instead. The pelvic plexus is separated 

until the space between the pelvic splanchnic 
nerve (S4) and the inferior vesical vessels disap-
pear, or until the TME dissection plane is passed 
through.

13.4.2  Common Iliac Lymph Node 
Dissection

The assistant pulls the ureter away laterally, iden-
tifying the proximal (the aortic bifurcation), 
medial (the hypogastric nerve), and lateral (the 
ventral aspect and medial side of the common 
iliac artery and vein) borders of the common iliac 
lymph nodes. The thick lymphatic vessels lie at 
the proximal border, and dissection is performed 
after sealing is performed with bipolar forceps or 
a vessel sealer. The common iliac nodes are dis-
sected along the blood vessel wall to the bifurca-
tion of the internal and external iliac artery 
(Fig. 13.7). Thin vessels branch directly into the 
lymph nodes from the common iliac vein, so 
moderate traction and prior coagulation is 
needed.

13.4.3  Internal Iliac Lymph Node 
Dissection

Once again, the assistant pulls the pelvic plexus 
medially to expand the surgical field for dissec-
tion. The medial border of the internal iliac 
lymph nodes is identified by the lateral pelvic 

Fig. 13.5 Ureter mobilization. The ureter is identified 
and mobilized and separated from the retroperitoneum. 
EIA external iliac artery

Fig. 13.6 The hypogastric nerve is identified at the level 
of the aortic bifurcation, and its orientation becomes clear 
when it is lifted. HGN hypogastric nerve, CIA common 
iliac artery, CIV common iliac vein, PP pelvic plexus

Fig. 13.7 The common iliac nodes are dissected along 
the blood vessel wall. HGN hypogastric nerve, CILN 
common iliac lymph node, CIA common iliac artery, CIV 
common iliac vein, PP pelvic plexus
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plexus, and the lateral border, as the medial side 
of the internal iliac artery and related visceral 
branches. To connect the distal dissection of the 
common iliac lymph node, the nodes are first 
grasped, and the fatty tissue between the inter-
nal iliac artery and the autonomic nerves (the 
pelvic splanchnic nerves and the pelvic plexus) 
is dissected while exposing the ventral and 
medial aspects of the internal iliac artery and 
vein (Figs. 13.8 and 13.9). The middle rectal 
artery passes through the dissection plane, and 
the dissection plane is expanded when it is sec-
tioned. The area before the bifurcation of the 
superior vesical artery is dissected as the proxi-
mal nodes, and the area beyond is dissected as 
the distal nodes, according to the Japanese 
Classification of Colorectal Carcinoma [14]. 
When there is no metastasis to the internal iliac 
lymph nodes, the nerves and inferior vesical 

vessels are preserved to prevent postoperative 
erectile dysfunction.

13.4.4  Obturator Lymph Node 
Dissection

The superior vesical artery identified during dissec-
tion of the internal iliac lymph nodes is the land-
mark for identifying the medial border of the 
obturator lymph nodes (Fig. 13.10). The superior 
vesical artery is pulled medially, and when distal 
dissection proceeds, a dissection plane is observed 
between the surface formed lateral to the internal 
iliac artery and related visceral branch (the so-called 
vesicohypogastric fascia) and the obturator lymph 
nodes (Fig. 13.11). On the proximal side, it is diffi-
cult to identify the vesicohypogastric fascia because 
the obturator artery branches off from the internal 
iliac artery and passes through the obturator lymph 
nodes. Therefore, this dissection plane should be 
found on the bladder side whenever possible. When 
the visceral branches of the internal iliac artery and 
vein are dissected as one surface along this plane, 
the fascia of the levator ani muscle is reached inferi-
orly. This plane forms the medial border of the obtu-
rator lymph nodes, and when mobilized, the 
vesicohypogastric fascia with the superior vesical 
artery is pushed aside medially by the assistant and 
fixed to the wall of the medial border.

Dissection of the lateral border of the obturator 
lymph nodes is commenced medial to the external 
iliac vein. The surgical field will have been 
improved when the peritoneum was dissected to 

Fig. 13.8 The internal iliac nodes are dissected along the 
blood vessel wall. HGN hypogastric nerve, IILN internal 
iliac lymph node, IIA internal iliac artery, IIV internal iliac 
vein

Fig. 13.9 The internal iliac nodes are dissected along the 
blood vessel wall. HGN hypogastric nerve, IILN internal 
iliac lymph node, IIA internal iliac artery, IIV internal iliac 
vein, PP pelvic plexus

Fig. 13.10 The medial border of the obturator lymph 
nodes. SVA superior vesical artery, OLN obturator lymph 
node
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the point of intersection with the seminal duct or 
round ligament in males or females, respectively. 
When identifying the lateral border of the obtura-
tor lymph nodes, the assistant pulls the peritoneum 
of the anterior surface of the external iliac artery 
laterally and applies tension to facilitate medial 
and dorsal dissection of the external iliac vein. The 
external iliac vein is then exposed, and as dissec-
tion proceeds laterally and dorsally to the external 
iliac vein, the iliopsoas muscle is identified and 
dissected between the pelvic wall and lateral side 
of the obturator lymph nodes. Eventually, the fas-
cias of the internal obturator and levator ani mus-
cles are reached (Fig. 13.12). Several thin vessels 
flowing into the pelvic wall can be identified in 
this dissection plane, and dissection should only 
be performed after coagulating the vessels.

After the medial and lateral borders of the 
obturator lymph nodes have been dissected, the 
assistant can expose the obturator cavity. The 

obturator vessels and nerve pass through the fatty 
tissue together with the obturator lymph nodes, 
and the obturator nerve can be identified by the 
obturator foramen at the lower border of the 
pubic crest as a landmark. Lymphatic vessels 
from the femur flow into the distal side of the 
obturator lymph nodes, requiring that dissection 
be performed using a vessel sealer. The obturator 
vessels dorsal to the obturator nerve are dissected 
at the inflow site of the obturator foramen using a 
vessel sealer.

The proximal side of the obturator lymph 
nodes is at the site of bifurcation of the internal 
and external iliac artery. To expand the surgical 
field with the bifurcation site, the assistant pulls 
either the internal iliac artery medially or the 
external iliac artery laterally. The obturator nerve 
is preserved as it passes through the obturator 
lymph nodes, and the obturator vessels are 
clipped and dissected. Lymphatic vessels that 
flow into the proximal side of the obturator lymph 
nodes must be dissected using a vessel sealer.

Further dissection proceeds along the internal 
iliac artery to the base of the obturator cavity. 
Alcock’s canal is then identified, through which 
the sacral nerve, coccygeus muscle, and internal 
pudendal vessels pass. As this dissection plane 
extends caudally, it reaches the TME dissection 
plane from the levator ani muscle, and the obtura-
tor lymph nodes can be completely dissected 
(Fig. 13.13). To prevent postoperative lympho-
cysts, the obturator cavity and TME dissection 

Fig. 13.11 A dissection plane (dot line) is observed 
between the vesicohypogastric fascia and the obturator 
lymph nodes. VGF vesicohypogastric fascia, OLN obtura-
tor lymph node

Fig. 13.12 Dissection between the pelvic wall and lateral 
side of the obturator lymph nodes. OLN obturator lymph 
node, OI internal obturator muscle, LA levator ani muscle

Fig. 13.13 The obturator lymph nodes can be completely 
dissected. EIA external iliac artery, EIV external iliac vein, 
SVA superior vesical artery, IPA internal pudendal artery, 
VGF vesicohypogastric fascia, OI internal obturator mus-
cle, LA levator ani muscle, ON obturator nerve, SN sacral 
nerve, AC Alcock’s canal
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plane should communicate along the levator ani 
muscle, preventing lymph accumulation.

13.5  Oncologic Benefit

In Japan, LLD is the standard treatment for cT3 
or cT4 stage lower rectal cancer [11]. A retro-
spective multicenter analysis in Japan reported 
that LLN metastasis was present in 15.6–20.4% 
of patients with lower rectal cancer and that the 
risk of pelvic recurrence would decrease by 50% 
and the 5-year survival rate would improve by 
8% when LLNs dissection was performed for T3 
or T4 lower rectal cancer [15]. Furthermore, 
Akiyoshi et al. reported that LLN could be con-
sidered for regional lymph nodes in patients with 
low rectal cancer. This was because the prognosis 
of patients with metastasis to the internal iliac 
lymph nodes was similar to that of patients with 
N2a (i.e., metastasis to the mesorectal lymph 
nodes), and because the prognosis of patients 
with external iliac lymph node metastasis was 
similar to that for N2b, and better than that of 
patients with stage IV disease who underwent 
curative resection [16].

The colorectal cancer study group of the 
Japan Clinical Oncology Group (JCOG) has also 
conducted an important multicenter randomized 
controlled trial comparing mesorectal excision 
(ME) with or without LLD for clinical stage II or 
III lower rectal cancer without clinically sus-
pected LLN metastasis (JCOG0212). In a report, 
Fujita et al. stated that local recurrence was 
lower in the ME with LLD group (7.4%) com-
pared with the ME-only group (12.6%) 
(p = 0.024). Concerning local recurrence in the 
lateral pelvis, there were also significantly fewer 
recurrences in the ME with LLD group (1.1%) 
compared with the ME-only group (6.5%) [17]. 
In other research, Kim et al. reported that LLNs 
were a major cause of local recurrence of rectal 
cancer when performing curative resection after 
CRT. They reported a local recurrence rate of 
7.9%, with 82.7% of these having recurrence in 
the lateral pelvic [18]. Based on these results, 
LLD may be considered effective for the local 
control of rectal cancer.

13.6  Surgical Data, Complication 
Details, and Functional 
Outcomes

Fujita et al. have also reported short-term surgical 
and outcome data from the JCOG0212 trial. In 
their report, total surgical time was significantly 
longer in the ME with LLD group (median 
360 min) compared with the ME-only group 
(254 min; p < 0.0001). Also, bleeding was signifi-
cantly greater in the ME with LLD group (576 mL) 
compared with the ME-only group (337 mL; 
p < 0.0001). However, the postoperative complica-
tion rate (grades 3–4) did not differ between the 
two groups; equally, at 5% in the ME with LLD 
group and 3% in the ME-only group, urinary reten-
tion rates were not significantly different [12]. In 
addition, as measured using the International Index 
of Erectile Function, sexual dysfunction did not 
differ between the two groups [19].

 Conclusion

We have described the surgical procedures 
needed to perform nerve-sparing LLD. 
Provided lateral dissection is performed accu-
rately; local control of rectal cancer is excel-
lent and does not cause urogenital dysfunction. 
We conclude that although LLD increases the 
time needed for  surgery, the procedure appears 
to be safe and effective.
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Laparoscopic TME and Sphincter- 
Saving Procedures

William Tzu-Liang Chen 
and Amar Chand Doddama Reddy

Abstract

This chapter on laparoscopic total mesorectal 
excision (TME) and sphincter-saving proce-
dures translates hi-tech detailed information 
for the laparoscopic surgeons enabling them 
to accomplish advanced laparoscopic colorec-
tal surgery. The indications, operating room 
set-up, positioning, instruments, techniques, 
and tips to avoid troubleshooting are disclosed 
and detailed illustrated material is deciphered 
step-by-step. It also brings out the different 
types of coloanal anastomosis and various 
types of colonic reconstruction that are possi-
ble, together with the pros and cons of each 
procedure.

Keywords

Rectal cancer · Total mesorectal excision · 
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14.1  Introduction

Surgery is an art, and as an artist, a surgeon needs 
to amalgamate principles of science and technol-
ogy to make the best progress in surgical care. 

For the last two decades, there has been rapid 
advancement in the surgical techniques needed to 
treat rectal cancer, from open to laparoscopy and 
to robotics, but the concepts of surgery remain 
the same as for any open surgery. The outcome of 
any cancer surgery depends on complete onco-
logical clearance, and with rectal cancer this 
depends on the quality of total mesorectal exci-
sion (TME). The competence of the surgeon 
depends on a good-quality specimen that delivers 
the best oncological outcomes. In the field of 
developing technology, to demonstrate a good 
quality of life and functional outcomes, sphincter- 
saving procedures have recently been demon-
strated to be an alternative to many radical 
abdominoperineal resections (APR) performed 
in low rectal cancers for achieving satisfactory 
outcomes.

14.2  History of Laparoscopic TME 
and Sphincter-Saving 
Procedures

In the twentieth century, surgeons have struggled 
to design surgical procedures that gain minimal 
access to the gastrointestinal tract, and it took a 
decade to translate these to colorectal procedures. 
The first laparoscopic colorectal surgery was 
accomplished by Moises Jacobs in Miami, 
Florida, in June 1990 [1]. Since then, there has 
been growing enthusiasm for laparoscopic rectal 
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surgeries, which, over time, have shown better 
short-term and equivalent long-term oncological 
outcomes [2–10]. After the initial success of min-
imally invasive surgery (MIS) in colon surgeries, 
owing to the procedure complexity, laparoscopic 
rectal surgery proceeded at a slower pace as a 
steep learning curve was required, with deep dis-
sections in the pelvis, difficult stapling in the 
deep pelvis, and multiple quadrant access, which 
made rectal surgery complex. Local resection of 
rectal cancer was first described by Lisfranc in 
1826 [11], but as the understanding of the patho-
genesis of rectal tumours progressed in the early 
1900s, Sir Ernest Miles [12] noted a 95% recur-
rence rate after perianal resection and empha-
sised the need for upward, lateral, and downward 
lymphatic clearance. Thus, in 1908, he reported 
the first APR. TME was introduced by Heald in 
1982 [13, 14] and involved sharp dissection in the 
narrow pelvis that resulted in a significant 
decrease in the positivity of the circumferential 
resection margin (CRM). The primary goal of 
rectal surgery is to accomplish complete TME, 
and the secondary goal is to bring about a good 
quality of life; for these purposes, sphincter- 
saving surgery came into existence. Table 14.1 
displays landmark advancements in rectal cancer 
surgery [11–37].

14.3  Current Status 
of Laparoscopy in Rectal 
Cancer

Rectal surgery is difficult to approach, even 
with the traditional open approach, as the 
tumour morphology and patient and surgeon 
factors determine the technical outcome of the 
surgery. The laparoscopic technique has played 
a promising role in rectal surgery, as it provides 
precise pelvic dissection, better identification of 
the pelvic structure in a narrow pelvis, and 
improved magnification and visual angles. 
Sphincter-preserving surgery has been a recent 
trend made feasible with adequate pelvic dissec-
tion and adequate distal margins using endosta-
pling. Laparoscopic surgery has a technical 

advantage in the male pelvis, in the morbid 
obese, in patients who had undergone previous 
chemoradiotherapy, and those with bulky distal 
tumours [5]. Systematic reviews and multiple 
randomised controlled trials (RCTs; Table 14.2) 
comparing laparoscopy versus open surgery in 
rectal cancers have shown the feasibility, safety, 
better short-term  advantages, and similar overall 
survival and disease- free survival for up to 
10 years’ follow-up in laparoscopic surgery in 
rectal cancers [2–10].

Table 14.1 Landmarks in rectal cancer surgery

Rectal surgery

 1.  First local surgical resection of rectal cancer 
(perineal approach)—Jacques Lisfranc, 1826

 2.  Radical rectal resections (perineal approach)—
Kraske, Czerny, 1884

 3.  APRs with lymph node dissections—Ito, Torikata, 
1904

 4.  First transabdominal rectal resection—Carl 
Gussenbauer, 1879

 5. Combined APR—Vincent Czerny

 6. TME—Heald, 1982

 7. APR + TME—William Ernest Miles, 1908

 8. Anterior resection—Claude Dixon, 1948

 9. CRM margins—P. Quinke, 1976

10. 5 cm margin—Golinger, Dukes, Buessey

11. J-pouch—Sir Alan Parks, 1978

12. Coloplasty—Zgraggen, 1999

13. Laparoscopic colectomy—Moises Jacobs, 1990

14. Laparoscopic APR—J. Sackier, 1992

Staplers

 1. Staples—Hummer Hultl, 1908

 2. Reloadable cartridges—Friedrich, 1934

 3. L-staplers—Von Seemen

 4. E-E circular staplers—Mark Ravitch, 1977

 5.  Double stapling technique—Knight and Griffin, 1980

Sphincter-saving surgery

 1.  Pull-through technique—Maunsell, 1892, Cutait, 
Turnbull, 1960–1970

 2.  Mucosectomy and coloanal anastomosis—Parks 
and Peerey, 1980

 3. Nerve-sparing TME—Enker, Hojo, and Moriya

 4.  Intersphincteric resection—Gerald Marks 
(transabdominal transanal), Schiessel, 1994

 5.  Laparoscopic ultra-low anterior resection  
(LAR) with internal sphincter resection 
(ISR)—M. Watanabe, 2000
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14.4  Concepts of TME

Total mesorectal excision is defined as “complete 
removal of lymph node bearing mesorectum 
along with its intact enveloping fascia” [13, 14]. 
Complete TME includes:

• High ligation of the inferior mesenteric artery 
(IMA)

• Mobilisation of the splenic flexure
• Rectosigmoid mobilisation
• Sharp dissection of the avascular plane in the 

pelvis
• Division of lymphatic and middle haemor-

rhoidal vessels anterolaterally
• 2-cm distal margin

14.5  Laparoscopic TME

14.5.1  Indications

Indications for laparoscopic rectal surgery are 
similar to those for open surgery; indications 
depend on patient habitus, tumour location, depth 
of penetration, histology, surgeon experience and 
availability of advancement staplers:

• Anterior resection with partial TME upper 
rectal tumours

• LAR
• with total TME mid/low rectal tumours
• Ultra-LAR with total TME low rectal tumours
• Intersphincteric resection with coloanal anas-

tomosis (CAA) low rectal cancers with or 
without internal sphincter involvement

Contraindications for laparoscopic rectal sur-
gery are as follows:

• Poor general condition contraindicating gen-
eral anaesthesia

• Low rectal cancers with external sphincter 
complex involvement

• Poor anal tone/function
• Rectal cancer with pelvic side wall/pelvic 

floor infiltration

14.5.2  Preoperative Evaluation

Preoperative evaluation is important in the stratifi-
cation of patients into local, locally advanced, and 
systemic disease as the treatment is tailor- made 
depending on the tumour stage, patient status, and 

Table 14.2 Randomised controlled trials (RCTs) comparing open and laparoscopic rectal cancer

RCT
Patients 
(open/lap)

Follow-up 
(years)

Overall 
survival 
(open/lap)

DFS (open/
lap)

Local 
recurrence 
(open/lap)

CRM- 
positive 
(open/lap)

DRM- 
positive 
(open/lap)

Lymph 
node 
(open/lap)

CLASICC 
[2–4]

128/253 10 65.8% vs 
82.7% (ns)

67.1% vs 
70.8% (ns)

9.9% vs 
9.9% (ns)

14% vs 
16% (ns)

NA 13.5 vs 
12 (ns)

COLOR 2 
[5]

345/699 3 83.6% vs 
86.7% (ns)

70.8% vs 
74.8% (ns)

5% vs 5% 
(ns)

10% vs 
10% (ns)

NA 14 vs 13 
(ns)

COREAN 
[7]

170/170 3 90.4% vs 
91.7% (ns)

72.5% vs 
79.5% (ns)

4.9% vs 
2.3% (ns)

4 vs 3% 
(ns)

NA 18 vs 17 
(ns)

ACOSOG 
Z6051 [8]

222/240 NA NA NA NA 7.7% vs 
12.1% 
(ns)

1.8% vs 
1.7% (ns)

16.5 vs 
17.9 (ns)

ALaCaRT 
[9]

237/238 NA NA NA NA 3% vs 7% 
(ns)

1% vs 
1% (ns)

NA

Abbreviations: Lap laparoscopy, Open open surgery, DFS disease-free survival, OS overall survival, CRM circumferen-
tial resection margins, DRM distal resection margins, CLASICC conventional versus laparoscopic-assisted surgery in 
colorectal cancer, COLOR colon cancer laparoscopic or open resection, COREAN comparison of open versus laparo-
scopic surgery for mid and low rectal cancer after neoadjuvant chemoradiotherapy, ALaCaRT Australasian Laparoscopic 
Cancer of the Rectum Trial
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surgeon expertise available. Evaluation begins 
with history and digital rectal examination with 
biopsy to confirm the diagnosis; preoperative dig-
ital examination should assess the tumour loca-
tion (whether anterior, lateral or posterior), 
tumour size, and distance from the anal verge. 
Complete colonoscopy should be carried out to 
assess for synchronous tumours. Local staging is 
performed by pelvic MRI with a pelvic or 
endorectal coil or endoscopic ultrasound to assess 
the depth of penetration of the rectal wall and to 
assess the regional lymph nodes; any tumours that 
are T3 lesions and positive lymph nodes should be 
subjected to neoadjuvant chemoradiotherapy. CT 
scan of the abdomen and chest should be per-
formed to rule out metastatic disease, preopera-
tive carcinoembryonic antigen should be carried 
out for postoperative monitoring, preoperative 
sphincter evaluation should be made by digital 
examination, and anal manometry should be con-
ducted to assess sphincter tone and function, as 
poor sphincter tone warrants APR. In any locally 
advanced tumours, the patient should be warned 
of the concomitant resection of other pelvic 
organs such as the prostate, the seminal vesicle, 
ovary, and bladder. The possibility of postopera-
tive bladder and sexual dysfunction should be dis-
cussed with the patient preoperatively. Stoma 
therapist consultation should be conducted and 
preoperatively site- marked in all cases of LAR 
and ISR. In the case of locally advanced tumours 
with ureteric involvement, preoperative stenting is 
helpful in identifying ureteric injuries. 
Preoperative pulmonary and cardiac and renal 
evaluation should be performed.

14.5.3  Patient Preparation

The patient is placed on a silicone gel sheet at the 
back and is given shoulder padding for anti- 
skidding; a bean bag is placed to prevent sliding in 
a steep position required for laparoscopic surgery 
(Fig. 14.1). A sandbag is placed behind the pelvis 
for elevation, to ease insertion of the stapling 
device and the performance of perineal combined 
surgeries. Irrigation of the rectum is carried out 
preoperatively to clear any residual stool, which 

may hinder during stapling. All patients require 
general anaesthesia for pelvic surgery. Foley cath-
eterisation to decompress the bladder and intraop-
erative fluid status monitoring are implemented. 
Ryle’s tube is inserted after induction for gastric 
decompression and removed immediately post-
surgery. DVT prophylaxis with elastic stockings 
and subcutaneous heparin is performed before 
induction of anaesthesia. Preoperative antibiotics 
should be given before intubation and re-dosed 
appropriately. Mechanical bowel preparation is 
done the night before surgery.

14.5.4  Operating Room 
Configuration

A laparoscopic colorectal procedure needs com-
plex equipment and it is advisable to organise the 
operating room before facilitating the steps of the 
procedure, which increases the efficacy and short-
ens the procedure time. Depending on the avail-
able area of the operating room and the size of the 
equipment, the team should decide on the single 
set-up of the operating room for quick arrange-
ment and adaptation to common procedures for 
standardisation of the procedure (Fig. 14.2). Each 
piece of laparoscopic surgical equipment should 
be functionally tested before the procedure and 
calibrated according to the schedule of the proce-
dure. Backup instruments and an open set should 
be kept in case of problems arising during the pro-
cedure. It is advisable for the surgeon to train the 
team in the steps of the procedure and in the instru-
ments and special equipment necessary before the 
surgical procedure.

Fig. 14.1 Patient in a modified lithotomy position with 
shoulder padding, bean bag, and Yellofins stirrups
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14.5.5  Instruments

Advancements in technology have played a piv-
otal role in laparoscopic colorectal surgery, with 
high-definition monitors with superior clarity, 
small diameter and atraumatic ports, advanced 
stapling instruments, and intraoperative vascular 
and lymph node mapping, which ultimately 
translates into improved surgeon comfort and 
patient outcome. The set-up of the instruments is 
shown in Figs. 14.3 and 14.4.

Laparoscopic instruments include:

• Veress needle
• Surgical obturator and sleeve—3–5 mm, 

2–12 mm
• Endoscopic grasper small and large—4
• Endoscopic Allis clamps—1
• Endoscopic scissors—1
• Endoscopic right-angled dissector/Maryland 

dissector—1
• Endoscopic clip applicator—1
• Endoscopic retractors
• Energy device—monopolar/bipolar
• Energy device—LigaSure (Covidien, CO, 

USA), ENSEAL (Ethicon Endo-Surgery, OH, 
USA), Harmonic scalpel (Ethicon Endo- 
Surgery, OH, USA)

• Endoscopic needle holder—2
• Endoscopic anvil holder—1
• Atraumatic bowel grasper small, large—4
• Endoscopic port closure needle
• Laparoscopic scope warmer
• Endoscopic staplers and cutters
• Gastrointestinal anastomosis (GIA) and trans-

anastomotic stapling device
• Circular staplers—circular end-to-end anasto-

mosis/intraluminal stapler (ILS)

Special instruments used include:

• Colonoscopy
• 3D monitors
• 4K monitors
• Antifogging solution
• Visiport—optical trocar
• Wound protector—S, M, L, XL, XXL size
• Articulating endoscopic linear staplers 

45 mm, 60 mm—mechanical/powered
• Nylon tape
• Fluorescence imaging system (SPY/Firefly)
• Infrared fluorescence sentinel lymph node 

mapping

Perianal procedure instruments needed include:

• Lone star retractor
• End-to-end anastomosis (EEA)/procedure for 

prolapse and haemorrhoids haemorrhoidal cir-
cular staplers

Fig. 14.2 Operating room set up for laparoscopic total 
mesenteric excision (TME)

Fig. 14.3 Instrument set for laparoscopic TME

Fig. 14.4 Instruments set up for perianal surgery
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• Transanal endoscopic operation/GelPort path 
for transanal minimally invasive surgery and 
transanal endoscopic microsurgery

14.5.6  Surgical Technique

14.5.6.1  Position
The patient is placed in a modified lithotomy 
position using Allen stirrups with a 15° steep 
Trendelenburg position air planed slightly to the 
right side (hip flex 10°, abducted so that the 
thighs do not interfere with the working hand 
instruments, and the hip externally rotated 45°, 
with knees flexed 45°). Both hands are tucked 
inside and secured. The position of the operating 
surgeon depends on the step of the surgical pro-
cedure; the surgeon stands on the patient’s right 
side, whereas the assistant stands on the opposite 
side for sigmoid and rectal mobilisation; later, for 
splenic flexure and T-colon mobilisation, the sur-
geon stands in the French position. Two monitors 
are placed in the line of vision, one parallel to the 
surgeon and the other in the sight of the first 
assistant. A scrub nurse with a Mayo table is 
placed at the right foot of the patient, the table 
should be feet away as the position tilting causes 
the Mayo stand to interfere with the position. 
Suction and electrocautery are placed in a bag 
fixed to the right lateral thigh, as this facilitates 
easy handling of the instruments and prevents 
instruments falling away.

14.5.6.2  Port Placement
For anterior resection, four-port placement is 
used and for LAR, the five-port technique is used. 
Using open Hasson’s technique, a 10-mm inci-
sion is made in the umbilicus, the linea alba is 
grasped with forceps, and the wound is deepened 
with a knife up to the peritoneum and incised. By 
using the Hassons-S retractor the abdominal cav-
ity is lifted, a 10-mm trocar is placed, and a pneu-
moperitoneum of up to 15 mmHg is created; 
using an Endoflex Olympus 3D camera, careful 
inspection of the peritoneal cavity is made, 
including the liver, pelvis, ovary and omentum, 
small bowel, and mesentery to inspect for tumour 
dissemination. A 10-mm balloon port (Kii bal-

loon blunt tip system, Applied Medical) is our 
preference in the umbilicus, as it decreases port 
slippage and reduces air leakage. A second 
12-mm port is placed 2–3 cm medial and superior 
to the anterior superior iliac spine; another 5-mm 
port is placed in the right lower quadrant a hand-
breadth above the 12-mm port. In the case of low 
rectal dissection, the 12-mm port is placed medi-
ally, as it helps in the deep dissection and stapling 
made at ease in the lower pelvis. An additional 
5-mm port in the left lower quadrant is placed 
above and medial to the anterior superior iliac 
spine for LARs; an additional 50mm port is 
placed in the left upper quadrant a handbreadth 
above the left 5-mm port for deep retraction of 
the bladder and splenic flexure mobilisation 
(Fig. 14.5).

14.5.6.3  High Ligation of the Inferior 
Mesenteric Vein

The patient is positioned in a reverse 
Trendelenburg position with a right tilt and the 
surgeon on the right side, retracting the small 
bowel to the right and making the anatomical 
landmarks of the ligament of Treitz, inferior 
mesenteric vein (IMV), IMA, and transverse 
colon and mesentery clear. The surgery proceeds 
with the omentum flipped above the T-colon and 
T-colon retracted cranially by the assistant; iden-
tification of the duodenojejunal flexure is done 
and the ligament of Treitz is completely mobi-
lized. The dissection starts with the surgeon’s 
left hand lifting the mesentery of the descending 
colon close to the IMV and the mesentery tent-

Cranial

12mm

12mm
Caudal

Fig. 14.5 Picture represents the placement of the ports 
for laparoscopic TME
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ing; the surgeon’s right hand makes an incision 
along the lower edge of the IMV, as in Fig. 14.6. 
With the pneumoperitoneum and the traction 
applied, the foamy avascular embryological 
planes along the visceral fascia and Gerota’s fas-
cia are clearly appreciated, and using monopolar 
cautery scissors, the dissection planes are main-
tained on the upper margin of Toldt’s fascia and 
the parietal fascia is lowered inferiorly. 
Maintaining a bloodless field is most important 
to achieve the correct surgical planes; dissection 
is continued from medial to lateral up to the 
white line of Toldt laterally. Cranially, the dis-
section continues until the inferior border of the 
pancreatic body is identified, up to the tail of the 
pancreas laterally, and caudally until the IMA is 
identified. The IMV is skeletonised clear of 
fibro- fatty tissue all the way along up to the base 
of the inferior border of the pancreas and is 
ligated with endoclips, Hem-o-lok or energy-
based devices, and is divided.

Tips and Tricks
 1. Dissection of the mesentery is performed 

using monopolar cautery and scissors. With 
adequate traction, the line of dissection opens, 
and dissection is progressed further.

 2. Identification of the inferior border of the pan-
creas is critical for entering the lesser sac, as 
too deep a dissection posteriorly risks entry 
into the plane posterior to the pancreas. Thus, 
dissection on the upper border of the advanc-
ing edge of the loose areolar tissue helps to 
maintain the correct plane.

14.5.6.4  High Ligation of IMA
The patient is positioned in the Trendelenburg 
position, and the small bowel is retracted in the 
abdominal cavity, clearing the pelvis, and upward 
traction of the sigmoid colon is effected by the 
assistant for inspection of the inferior mesenteric 
pedicle. Anatomical landmarks such as the sacral 
promontory, iliac bifurcation, and pulsation at the 
IMA, which are well appreciated in thin patients, 
should be clearly noted to identify the plane of dis-
section. With a left-hand grasper, the sigmoid mes-
entery is grasped with traction, and the plane of 
dissection is started from the sacral promontory 
below and traced cranially to the origin of the 
IMA. The pneumoperitoneum helps in opening an 
avascular plane of dissection between the presa-
cral fascia and the mesorectum posteriorly and 
helps to visualise the hypogastric nerves clearly in 
the posterior plane; behind the IMA, preserved 
intact, the hypogastric plexus of nerves is identified 
as white cord structures at the origin of the IMA. The 
origin of the IMA is dissected 2 cm above the origin 
of the aorta to preserve the hypogastric plexus of 
nerves and is ligated using Hem-o-lok clips. 
Alternatively, the origin of the IMA can be ligated 
using an energy-based devices such as Harmonic, 
LigaSure or Thunderbeat. Alternatively, an Endo 
GIA vascular stapler can be used, depending on 
availability and on the preference of the surgeon.

Medial dissection is continued by gentle 
upward traction by the surgeon’s left-hand 
grasper, and dissection with surgeon’s right-hand 
monopolar scissors is continued along the embry-
ological avascular planes of Toldt’s fascia, which 
is a distinct plane between the mesocolon and 
underlying retroperitoneum formed by fusion of 
the visceral peritoneum and parietal peritoneum 
of the retroperitoneum, as shown in Fig. 14.7. 
Because the ureter is deep to the parietal perito-
neum and medial to the gonadal vessels, it is not 
visualised if dissection is maintained in the cor-
rect planes. In thin patients, the embryological 
planes are too thin and fused to be separated, and 
it is easy to lose the dissection planes dissecting 
deeply posterior. This injures the iliac vessels and 
ureter, which should be approached meticulously. 
Identification of the ureter is not necessary if the 
planes are maintained for dissection, but in the 

Fig. 14.6 Plane of dissection starts under the IMV. 
D duodenum, IMV inferior mesenteric vein, T colon- 
transverse colon)
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case of reoperative cases, the identification is 
facilitated by either cranial or caudal dissection 
from a medial or lateral approach. The site of 
arterial ligation high or low in rectal surgery is 
controversial and there is no conclusive evidence, 
but high ligation, as shown in Fig. 14.8, helps 
with en-bloc dissection and gives additional 
length for a low rectal anastomosis. A low liga-
tion of the IMA, as shown in Fig. 14.9, is per-
formed caudal to the origin of the left colic artery, 
with advantages of increased blood supply to the 
anastomosis and preservation of the autonomic 
nerves at the origin of the IMA.

14.5.6.5  Mobilisation 
of the Descending Colon

Lateral dissection begins with medial traction of 
the left colon with a left-hand bowel grasper and 
proceeds along the white line of Toldt in the left 

paracolic gutter. Dissection continues to release 
residual attachments with Gerota’s fascia and is 
incorporated into the medial dissection. The 
descending colon is completely mobilised, as 
shown in Fig. 14.10.

14.5.6.6  Splenic Flexure Takedown
Complete mobilisation of the splenic flexure 
takedown achieves a long length of proximal 
colon, which is tension-free for anastomosis. 
This starts with the surgeon positioning himself/
herself between the legs of the patient, with the 
assistant on the right side for retraction of the 
omentum and T-colon traction laterally. 
Dissection starts with the surgeon carrying out 
downward and medial traction of the descending 
colon and cranial retroperitoneal dissection of the 
avascular plane from Gerota’s fascia to the 
splenic hilum, and until Gerota’s fascia is visual-
ised clearly, as shown in Fig. 14.11. Attachments 

Fig. 14.7 Mobilisation of mesocolon. Blue line repre-
sents the line of dissection along the advancing margins 
of Toldt’s fascia

a b

Fig. 14.8 (a) Inferior mesenteric artery (IMA) dissection and hypogastric plexus. (b) High ligation of the IMA and 
ureter; the gonadal vein is visualised in the retroperitoneal space

Fig. 14.9 Low ligation of the IMA
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of the descending colon are freed up to the spleen 
by separating the phrenicocolic ligament, lieno-
colic ligament, and gastrocolic ligament.

The second step is entry into the lesser sac; one 
of two approaches can be used: either the medial 
to lateral or the lateral to medial approach. 
Separation of the omentum from the T-colon is 
performed by dissection from medial to lateral, 
starting from the mid T-colon up to the splenic 

flexure. The next step is cranial retraction of the 
T-colon and identification of the inferior border of 
the pancreas and the T-colon mesentery, and in the 
middle colic vessels, the dissection is started to the 
left of the middle colic vessels and the attachments 
of the transverse mesocolon to inferior border of 
the pancreas are detached up to the pancreatic tail, 
as shown in Fig. 14.12. The dissection continues 
with detachment of the gastrocolic ligament, with 

a b

Fig. 14.10 (a, b) Descending colon mobilised along the white line of Toldt’s fascia. Blue line in (a) demonstrates the 
line of Toldt’s fascia

a b

Fig. 14.11 (a) Posterior mobilised D-colon from Gerota’s fascia. (b) Splenic flexure mobilisation with the pancreatic 
tail visualised at the splenic hilum

a b

Fig. 14.12 (a, b) Retroperitoneal approach to a lesser sac with a medial to lateral detachment from the pancreas
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the surgeon’s left-hand grasper retracting verti-
cally, and using the right- hand monopolar scissors, 
the avascular plane is identified, separating close 
from the T-colon. The final step is caudal traction 
of the T-colon, and the remaining attachments of 
the colon to the pancreas are divided.

Tips and Tricks
 1. In fatty patients both the medial to lateral and 

lateral to medial approaches need to be carried 
out concurrently to achieve a complete flexure 
takedown.

 2. Avoid too much traction of the splenic flexure, 
as it may cause splenic capsule tear and may 
occasionally necessitate splenectomy.

 3. Various techniques for accessing the lesser sac 
are explained in Figs. 14.13 and 14.14.

14.5.6.7  Mobilisation of the Rectum
The surgeon repositions to the right side, with an 
atraumatic bowel grasper in the left hand and 
monopolar cautery into the right quadrant ports. 
The patient is airplaned into a reverse 
Trendelenburg position and the small bowel is 
positioned to the abdominal cavity for clear visu-
alisation of the pelvis. Dissection is started with 
traction of the sigmoid colon mesentery verti-
cally and cranially using the assistant’s left hand 
and with assistant’s right-hand grasper retracting 
the redundant sigmoid colon laterally, clearing 
the field of dissection, with the surgeon’s left- 
hand grasper gently lifting the sigmoid mesoco-
lon vertically at the level of the sacral promontory 
posterior mesorectal dissection along the avascu-
lar “holy plane” of Heald between the visceral 

a b

Fig. 14.13 (a) Supracolic approach to the lesser sac. (c) Medial to lateral dissection of the omentum from the T-colon

a

bStomach

Pancreas

T-colon

c

d

Fig. 14.14 Various 
approach to pancreas 
and lesser sac. (a) 
Supracolic approach, 
(b) supracolic approach, 
(c) transmesocolic 
approach, (d) 
retroperitoneal approach
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and the parietal pelvic fascia, visualising and pre-
serving the hypogastric nerves posteriorly and 
avoiding dissecting deep into the mesorectal fat 
superiorly. Planes of dissection are always main-
tained clear between the endopelvic fascia and 
retrosacral fascia posteriorly into the presacral 
plane and from medial to lateral dissection poste-
riorly; thus, the pelvic nerves are preserved, and 
the ureter is clearly identified in the lateral pelvic 
side wall, as shown in Fig. 14.15. Waldeyer’s fas-
cia should be cut sharp to enter into the deep pel-
vic mesorectum.

The next step is lateral dissection, which is 
started by the assistant retracting the rectum 
opposite and the surgeon’s second hand perform-
ing traction on the lateral wall, as in Fig. 14.16, 
with the jaws of the grasper slightly open, which 
helps to open the dissection planes along the are-
olar tissue, with the surgeon’s left hand 
 maintaining the traction dissection extending 
along the lateral ligament, which contains the 
middle rectal artery. the pelvic autonomic nerves 
are important in the preservation of these struc-
tures; injury to the autonomic nerves is most 

a b

Fig. 14.15 (a) Posterior mobilisation of the mesorectum from the retrosacral fascia. (b) Preserved hypogastric nerves 
highlighted in blue on the presacral fascia

a b

Fig. 14.16 Lateral mobilisation of rectum in pelvis. (a) Dissection of the left lateral ligament, (b) dissection of the 
right lateral ligament
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common if the dissection is close to the parietal 
pelvic fascia. Anterior dissection in women is 
started in the pouch of Douglas or recto-uterine 
pouch, with retraction of the uterus and a suture 
to the abdominal wall fixed on a swab, as shown 
in Fig. 14.17; in low rectal cancers on the anterior 
side per vaginal examination and the vagina 
retracted superiorly helps in identification of the 
rectovaginal fold. Anterior dissection in males is 
started by identifying the bladder fold in the 
pouch of Douglas, incising 1 cm anterior the apex 
of the pouch, extending the dissection distally, 
maintaining the plane above Denonvilliers’ fas-
cia, as in Fig. 14.18, and identifying the seminal 
vesicle and the prostrate. Dissection continues up 
to the lower end of the mesorectum ,which is 
identified by the muscular pelvic floor muscles. 

Denonvilliers’ fascia is a double-layered fascia, 
and distinguishing the layer is not easy during sur-
gery; however, if there are anteriorly placed rectal 
tumours, care is taken to maintain planes close to 
the prostate with resection of Denonvilliers’ fas-
cia along with the rectum.

Tips and Tricks

 1. In difficult anatomy opening the lateral perito-
neal fold at the level of the sacral promontory 
helps to identify the holy plane of Heald.

 2. Dissection in the deep rectum needs traction, 
and this can be achieved with nylon tape tied 
circumferentially to the upper rectum and cra-
nial traction applied medially or laterally 
depending on the plane of dissection.

a b

Fig. 14.17 Uterine fundus traction stitch for anterior dissection of the rectum

Fig. 14.18 Anterior 
dissection of the rectum 
with dissection of 
Denovilliers’ fascia
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 3. Avoid blunt dissection, as only sharp dissec-
tion helps to maintain the correct plane.

 4. During traction of the lower rectum, a cotton 
swab in the surgeon’s left-hand grasper helps 
in retraction of the rectum and preventing the 
breach of TME planes. Violating the TME 
planes/tumour rupture results in poor onco-
logical outcomes.

14.5.6.8  Rectal Occlusion 
and Washout

After the colorectal mobilisation, the distal rec-
tum transection is marked with adequate margins 
from the tumour edge, and an articulating linear 
stapler is inserted and the rectum occluded. 
Betadine with saline wash is given to clear the 
residual stool in the rectum, preventing tumour 
seeding in the rectal stump.

14.5.6.9  Rectal Transection
The distal rectal transection line is marked with 
cautery, and 1–2 cm of surrounding mesentery 
is cleared from the posterior and the lateral sur-
faces. The stapler is inserted through the right 
lower quadrant using a 12-mm trocar; the sur-
geon and the assistant need to be coordinated to 
make the stapler align with the rectum, as the 
articulating staplers can maintain a maximum 
angulation of 65°, as shown in Fig. 14.19. The 
anvil of the stapler is advanced slowly accord-
ing to the constant visual line of the camera pos-
teriorly, as there is a chance that the posterior 
cartridge fork might pierce the rectal wall. After 

the stapler is locked, re-examination is carried 
out of the staple edges posteriorly and anteriorly 
and up to the tip to prevent entanglement of the 
pelvic side wall structures or the posterior vagi-
nal wall. Most transections need an average of 
2–3 staples to complete the transection. Ideally, 
the number of staples should be minimised to 
prevent dog ears and a zigzag staple line, as 
these increase the chances of leakage due to 
ischaemia [38].

Tips and Tricks

 1. In the case of low rectal anastomosis, exami-
nation and retraction of the posterior vaginal 
wall are carried out to prevent involvement in 
the staple line.

 2. In a narrow pelvis and in the male pelvis, it is 
advisable to use a 45-mm endo-reticulating 
stapler, as this facilitates the easy articulation 
of the staples.

 3. In bulky rectal tumours, narrow pelvises, and 
low rectal tumours, a suprapubic 12-mm 
 trocar can be used as an alternative for vertical 
transection of the rectum.

14.5.6.10  Specimen Extraction
With the era of MIS, further strategies have 
evolved to minimise the extent of the incision, 
pain, wound infection, and incisional hernia. 
There is still no ideal route for extraction of a 
specimen; new surgical techniques continue to 
evolve to explore the possible methods of for 
extracting specimen, which ultimately depend on 

a b c

Fig. 14.19 Transection and anastomosis of the rectum 
with the double stapling technique. (a) Intracorporeal 
articulating staplers for rectal stapling. (b) Transanal 

circular stapler through the rectal stump with locking of 
the anvil to the cartridge. (c) Approximated and complete 
end-to-end anastomosis
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the location and size of the tumour, the bulk of 
the mesentery, the type of anastomosis per-
formed, the surgeon’s preference, and the length 
of proximal colon mobilised. All the extraction 
sites are protected with wound protectors (Alexis 
protector, Applied Medical) to prevent tumour 
spillage and also help in the retraction of the 
wound. For rectal cancers following LOR, trans-
anal specimen extraction or transabdominal 
extraction can be performed, and anastomosis is 
completed by either the single-stapling or the 
double-stapling technique as in Fig. 14.20. For 
low rectal cancers with ISR, specimens are 
extracted using transanal and coloanal anastomo-
sis, either handsewn or stapled. The three routes 
of specimen extraction are trans-umbilicus, 
suprapubic, and transanal.

14.5.6.11  Colorectal Anastomosis

Colorectal Reconstruction
Colorectal surgeons devise new techniques to 
preserve adequate length of the rectal stump to 
achieve a good quality of life; staples have been 
developed to overcome the conventional inade-
quacies of traditional rectal anastomosis. Staples 
transformed rectal surgery after the introduction 
of the double stapling technique in 1980, with the 
convenience of expeditious anastomosis, 
decreased contamination, accommodating the 
disparity of size, and accessing narrow pelvic 
anastomosis. In traditional open colorectal sur-
gery, most anastomoses consisted of end-to-end 
coloanal anastomosis; however, symptoms of 
anterior resection syndrome prompted surgeons 

a b

Fig. 14.20 Types of specimen extraction. (a) Transumbilical, (b) transanal
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to search for reservoir techniques and alternative 
anastomotic methods of preserving the organ and 
improving functional outcomes. There are four 
common types of coloanal reconstruction, as 
shown in Fig. 14.20, which can be either hand-
sewn or stapled, although the principles of recon-
struction remain the same (Fig. 14.21):

 1. End-to-end
 2. End-to-side (Baker’s technique)
 3. J-pouch
 4. Transverse coloplasty

The most common type of reconstruction for 
rectal cancers is end-to-end anastomosis using 
the double-stapling technique. After the rectal 
transection distally, the proximal bowel is 
brought out through the abdominal wound, and 
Betadine-soaked pads are placed around the 
wound retractor to prevent wound contamination; 
the proximal bowel is clamped with non- crushing 
clamps, and with a sharp knife the bowel is tran-
sected. Betadine-soaked gauze is used to clean 
out the residual stools in the proximal colon. 
Purse-string sutures are applied, either handsewn 
or automated (Autosuture, 65-mm purse string 
device; Covidien, Mansfield, MA, USA). Care 
should be taken while applying purse string 
sutures to ensure equidistant bites to produce a 
good purse string effect, snuggly fitting the anvil 

and avoiding uneven crumpling. The proximal 
bowel is dropped back into the abdominal cavity 
and a hand glove port is used on the wound pro-
tector. Then, the curved circular stapler (33-ILS 
Ethicon Endo-Surgery, USA) is passed through 
the rectal stump, the shaft is advanced to the sta-
pled end, and the conjoined trocar is advanced 
through the middle of the blind end of the lumen 
through the stapler line and positioned in the pel-
vis. With the anvil holder, the proximal bowel 
end with anvil is fixed and connected to the trocar 
with a click. Before closing and firing the stapler, 
the axis of the proximal colon is checked to pre-
vent any tension, twisting or adjacent organ 
entrapment such as the mesentery, and epiploicae 
entrapment in the anastomotic line. Tension-free 
anastomosis by adequate mobilisation and filling 
of the pelvis with the colon improves haemosta-
sis and reduces the dead space, which should be 
practised to prevent leakage.

A J-pouch is created by fashioning a 5- to 
6-cm-long pouch predetermined to reach the rec-
tal cuff, and an enterotomy is made in the apex of 
the pouch 5–6 cm proximal to the stapled end. 
Linear staplers are applied, and the pouch is cre-
ated. The anvil of the circular staplers is intro-
duced into the enterotomy and purse string 3–0 
Prolene sutures are applied and circular anasto-
mosis carried out to the anal stump using a curved 
circular stapler (33-ILS Ethicon Endo-Surgery, 

a b c d

Fig. 14.21 Types of colorectal reconstruction. (a) End-to-end, (b) transverse coloplasty, (c) side-to-end, (d) J-pouch
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USA). A transverse coloplasty (TP) is performed 
to create a smaller reservoir than the J-pouch 
with an 8- to 10-cm vertical colostomy between 
the two taenias in the antimesenteric border 
4–6 cm proximal to the cut end. The colostomy is 
closed by transverse-like Heineke–Mikulicz 
pyloroplasty and the EEA completed. End-to- 
side colorectal anastomosis is carried out, with 
the anvil of the circular stapler being introduced 
into the proximal colon 6–8 cm from the end of 
the divided bowel. From the rectal stump the 
curved circular stapler (33-ILS Ethicon endo sur-
gery, USA) is introduced and the anastomosis 
completed. The advantages of end-to-side anas-
tomosis are that it can be beneficial in the case of 
a narrow pelvis, a thick mesentery, and if there 
are difficulties in reaching the proximal limb and 
disparity in the ends.

In conclusion, for reconstructive techniques 
after rectal resection, systematic reviews and 
meta-analysis have shown that the colonic J-pouch 
(CJP) has shown better functional outcomes for 
1–2 years compared with straight coloanal anas-
tomosis (SCA) [39–41]. Side-to-end anastomosis, 
TC, and CJP have better functional outcomes for 
at least 1 year than the SCA [40, 41].

Types of Colorectal Anastomosis
With regard to colorectal anastomosis in the 
Achilles heel , every colorectal surgeon strives to 
maintain an adequate distal margin for oncologi-
cal outcomes and diminish anastomotic compli-
cations. As there are technical difficulties 
involved in colorectal anastomosis because of a 
narrow pelvis, a deep field, and a narrow range of 
mobility, the stapled anastomosis has been com-
monly used for the colorectal area. There is no 
difference in outcomes when comparing hand-
sewn versus stapled anastomosis in rectal can-
cers, but stapled anastomoses preserve more of 
the rectum [41, 42]. The advent of stapling tech-
nology in the 1980s has paved way for a decrease 
in the rates of APR and an increase in sphincter- 
saving techniques for low rectal cancer with an 
acceptable safe margin of 1–2 cm of colorectal 
anastomosis. There are no RCTs to prove which 
is the best stapling technique, and they depend on 

surgeon preference, patient factors, and tumour- 
related factors. Each technique has unique advan-
tages and disadvantages, and every colorectal 
surgeon should have an armamentarium for per-
forming colorectal anastomosis to treat low rectal 
cancer. Staplers provide the advantages of a bet-
ter blood supply, reduced tissue manipulation, 
less oedema, uniformity, ease, and rapidity in 
sutures. Three types of stapled colorectal anasto-
mosis are (Fig. 14.22):

 1. Single-stapling technique
 2. Double-stapling technique
 3. Triple-stapling technique

Single-Stapling Technique
After complete mobilisation of the colon, an ade-
quate margin of the proximal colon is transected 
using an advanced endostapler (ECHELON 
FLEX™ GST System) and a distal rectal margin 
of 5 cm is dissected. The lumen of the rectum is 
occluded with an intracorporeally free tie suture 
(silk 1–0) proximal to the proposed line of rectal 
division, to prevent contamination and tumour 
spillage into the peritoneal cavity before division. 
After copious rectal stump irrigation, the rectum 
is neatly divided with scissors. An extra-small 
Alexis wound protector (Alexis wound retractor; 
Applied Medical, Rancho Santa Margarita, CA, 
USA) is inserted into the peritoneum, and the 
specimen extracted transanally.

Extracorporeal transanal or trans-umbilical 
anvil head fixation in the proximal bowel end is 
decided after intraoperative assessment of the 
available length of proximal colon and mesen-
tery. If the proximal conduit is of adequate length, 
then the conduit is extracted transanally, the anvil 
inserted, and purse string sutures applied. A dis-
tal circular stapling device anvil was fixed extra-
corporeally with a purse string. If the colon 
length available is short, then the proximal colon 
was brought through trans-umbilical wound and 
anvil inserted with purse-string suture around 
stump edge and then pushed back into the perito-
neum. Distal rectal stump was closed with purse-
string suture intracorporeally, and single-stapling 
anastomosis was done using curved intraluminal 

W. T.-L. Chen and A. C. D. Reddy



155

stapler (29 mm, Ethicon Endo-Surgery, USA cir-
cular stapler) as in Fig. 14.23. Before the anasto-
mosis is completed, the axis of the proximal 
bowel should be checked for any twist in the axis 
and undue tension on the anastomosis. The 
advantages of the single-stapling technique 
(SST) are that it gives longer distal transection 
margins; because it also involves transanal natu-
ral orifice specimen extraction, it reduces the 
extent of the abdominal incision, thereby decreas-
ing pain, decreasing the hospital stay, reducing 
wound complications, resulting in better cosme-
sis, and thereby reducing costs [43–46]. The dis-
advantages are that SST needs technical expertise 
for intracorporeal suturing, is not suitable for 

patients with a higher BMI, and that larger T4 
tumours cannot be extracted transanally [43].

Double-Stapling Technique
After colorectal mobilisation, the rectum is tran-
sected at least 1–2 cm distal to the tumour using 
an articulating linear stapler; the mobilised 
tumour-bearing colonic segment is pulled out via 
a 3- to 5-cm umbilical incision. The colon was 
divided at least 10 cm proximal to the tumour, 
and the anvil head was placed extracorporeally. 
The bowel was repositioned back into the abdo-
men, followed by a transanal circular anastomo-
sis, as shown in Fig. 14.24. Directional staple 
technology (DST) has advantages when there is a 

a b c

Fig. 14.22 Types of colorectal anastomosis. (a) Single-stapling technique, (b) double-stapling technique, (c) triple- 
stapling technique
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discrepancy between the rectal stump and proxi-
mal bowel, providing a short operating time and 
ease of anastomosis, eliminating purse string 
suturing, and minimising faecal and tumour con-
tamination [47–49]. The disadvantages of DST 
are that it needs multiple stapler firing, crossing 

of stapler lines, dog ears, and an additional 
12-mm port for stapling [50].

Triple-Stapling Technique
After rectosigmoid mobilisation and transection 
of the distal rectum using an articulating endosta-

a

c d

e f

b

Fig. 14.23 Single-stapling technique with natural ori-
fice specimen extraction. (a) Distal stump of the rectum 
cut with scissors. (b) Transanal wound protector device 
inserted. (c) Transanal specimen extraction. (d) Transanal 

anvil insertion. (e) Intracorporeal anvil purse string 
application to the proximal colon. (f) Rectal purse string 
application
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pler (60 mm), the colon is delivered extracorpo-
really and the proximal end is cut with a cold 
knife. The shaft of the anvil is delivered through 
the antimesenteric border 5 cm above the proxi-
mal colonic end, and the end of the bowel is 
closed using a linear stapler. A circular anasto-
mosis is performed [51, 52].

14.5.6.12  Assessment of Anastomosis
The anastomosis is assessed for integrity with an 
intraoperative check colonoscopy after filling the 
pelvis with saline, the patient being placed in a 
reverse Trendelenburg position, and looking for 
an air leak. Anastomotic bleeding should also be 
noted and if present additional reinforcing sutures 
are placed over the anastomosis to stem the 
bleeding. The pelvic wash is completed and a 
Jackson–Pratt drain is inserted into the pelvis 
through the lower quadrant port site.

14.5.6.13  Diversion Ileostomy
In the case of low rectal anastomosis, a diversion 
loop ileostomy is performed by marking the 
bowel 50–60 cm proximal from the ileocecal 
junction. The loop is brought through the previ-
ously marked stoma site and the stoma is fash-
ioned. Care is taken regarding the orientation to 
prevent twisting in the exteriorised loop. All port 
sites >5 mm are closed using 2–0 Vicryl to the 
fascial and subcuticular levels.

14.5.6.14  Post-Operative 
Management

The nasogastric tube is removed post-procedure; 
no antibiotics are administered postoperatively. 
The urinary catheter is removed after the patient 
has been mobilised. Early ambulation is encour-
aged, oral liquids started 8 h after surgery, and the 
patient progresses to a normal diet as required. 
The outputs of the ileostomy are monitored and 
ileostomy diarrhoea treated.

14.5.6.15  Role of Indocyanine Green 
in Colorectal Anastomosis

Anastomotic leakage in colorectal surgery is a 
major concern in terms of mortality, morbidity, 
and long-term outcomes. Most anastomotic 
leakage occurs because of inadequate perfusion 
at anastomosis, and there is no reliable tool to 
confirm the micro-perfusion at the time of anas-
tomosis. Fluorescence angiography is a new 
tool introduced into laparoscopic MIS to assess 
perfusion as shown in Fig. 14.25 (the well- 
vascularised segment is seen in green. The 
multi-institutional PILLAR II trial of 139 
patients on the use of fluorescence angiography 
showed that the success rate of angiography is 
99%, and by performing a fluorescence angiog-
raphy study, the planned proximal margin of 
transection changed in 7.9% of patients, with 
resulting leakage rates of 0% [53]. This is a new 

a b c

Fig. 14.24 Double-stapling technique. (a) Proximal 
rectal transection and purse string application using an 
Autosuture device. (b) Purse string application on the 

anvil. (c) Locking of the anvil head with a cartridge for a 
double-stapling anastomosis
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technique, but studies have shown its safety and 
feasibility. The technique is useful mainly when 
a high-risk anastomosis is carried out, and in 
extended resections and re- resections of colorec-
tal cancer where there is a risk of a precarious 
blood supply [54].

14.6  Intersphincteric Resection

Surgical treatment provides the only chance of 
a cure for rectal cancer. It is focussed on the 
preservation of the sphincter complex in low 
rectal cancers, and the ultimate goal is to 
achieve a good quality of life. This has been 
achieved with the best pathophysiological 
knowledge, surgical techniques, advances in 
instrumentation technology, and additional 
chemoradiotherapy, thanks to which there are 
decreasing rates of APR and increasing rates of 
sphincter-preserving surgeries for low rectal 
cancer. Decision-making in cases of low rectal 
cancer depends on the tumour distance from the 
anal verge, which gradually decreased from a 
5-cm rule to 2 cm, and currently 1 cm is the 
acceptable distal margin for a good oncological 
outcome [55].

14.6.1  Patient Selection

Indications:

• Tumour 5 cm from the anal verge
• Tumour 2 cm from the dentate line
• Local spread restricted to the internal anal 

sphincter
• Adequate sphincter function and continence
• Well-differentiated tumours

Contraindications:

• Faecal incontinence
• T4 lesions
• Tumours invading the puborectalis and exter-

nal anal sphincter
• Poorly differentiated tumours in low rectum.

14.6.2  Surgical Technique

The procedure is carried out using a combined 
abdominal and perineal approach, starting with 
the abdominal approach, with complete dissec-
tion of the rectum, followed by total mesorectal 
resection down to the pelvic floor, and then the 
anal dissection starts from below. With the 

Fig. 14.25 ICG test showing well-vascularised segment of colon, as indicated by the green colour
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patient in the Lloyd–Davies position, a Lone 
Star self- retaining retractor (Lone Star Medical 
Products, Houston, TX, USA) is applied, giving 
complete exposure to the anal canal. The rectal 
mucosa is infiltrated with 1 mg of diluted epi-
nephrine with 10 ml of saline solution for hae-
mostatic dissection. The anal mucosa is marked 
by cautery distal to the tumour, and with an 
adequate margin at least 1 cm from the tumour 
distal end, a purse string suture is applied to pre-
vent tumour seeding, as in Fig. 14.26a, b. Three 
of ISR (Fig. 14.27) can be performed with 
regard to the distal margin of the tumour, with 
reference to the dentate line and the intersphinc-
teric groove:

• Partial ISR—resection at the dentate line
• Subtotal ISR—resection between the dentate 

line and the intersphincteric groove
• Total ISR—resection of the internal sphincter 

at the intersphincteric groove

After mucosal marking, the incision is deep-
ened to identify the intersphincteric plane and the 
intersphincteric plane is partially or totally pre-
served, based on the tumour status, the dissection 
planes the extent proximally to merge with the 
abdominal team. After dissection of the colon 
and the rectum from the attachments, the speci-
men is delivered transanally and the proximal 
margin is marked by using the ICG fluorescence 

d

a b c

e f

Fig. 14.26 (a, b) Steps of coloanal anastomosis. (a) 
Position of coloanal anastomosis (CAA) using a lone 
star retractor. (b) Intersphincteric dissection at the level 

of the dentate line. (c) Complete mobilisation of the dis-
tal stump. (d) Transanal specimen extraction, end-to-end 
CAA. (e) Appearance of the anal verge post-CAA
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angiography test to determine the well- 
vascularised segment for anastomosis. After the 
specimen has been removed, copious irrigation 
of the pelvic cavity is carried out and coloanal 
anastomosis with or without colonic pouch is 
performed, either with a stapler or by a single- 
layer handsewn anastomosis. Protective diver-
sion loop ileostomy is compulsory for the 
coloanal anastomosis.

 Conclusion

Surgery in rectal cancer has faced severe chal-
lenges and MIS for rectal cancer has made a 
phenomenal breakthrough in the momentum 
of progress in rectal surgery, with more evi-
dence displaying better short-term outcomes 
and equalling long-term outcomes compared 
with open surgery. The technological advance-
ment of  staplers, minimally invasive instru-
mentation, and surgeon experience have 
resulted in more rectum- preserving surgeries 
and enhancement of patients’ quality of life.
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Robotic Total Mesorectal Excision 
and Sphincter-Saving Operation

Jin Cheon Kim

Abstract

The concept of total mesorectal excision 
(TME), which is the standard technique in 
rectal cancer operations, was established by 
Heald and Ryall in 1978. Overall local 
recurrence rates vary widely from 3% to 
33% in conventional surgery, whereas TME 
has consistently achieved LR rates below or 
equal to 10%. Otherwise, neoadjuvant 
chemoradiotherapy and technical advances 
with stapling devices facilitate sphincter-
saving operation (SSO) in lower rectal can-
cer (LRC) patients with competent 
oncological and functional outcomes. The 
SSO consists of anterior resection and low 
anterior resection (LAR) including ultra-
LAR with intersphincteric resection (ISR), 
according to the level of dissection and 
anastomosis. With the advent of laparo-
scopic rectal cancer surgery, robot-assisted 
SSO appears to be a promising technique 

with its minimal invasiveness and clear 
visualization into the deep pelvic cavity. 
Robot-assisted TME and SSO have become 
recognized as being safe and feasible in 
comparison with open and laparoscopic 
approaches. The robot approach possesses 
many advantages over the latter two 
approaches, including its magnified view, 
dexterity supported by wristed instruments 
and stable traction, and ergonomic excel-
lence. Robot-assisted TME could therefore 
enable deeper dissection and lower anasto-
mosis in the pelvic region than is possible 
with a laparoscopy or open approach, with 
slightly better functional recovery. Several 
comparative studies reported robot-assisted 
ISR showing an equivalent oncological out-
come with a little improved immediate post-
operative outcome compared with open 
ISR. However, further studies including ran-
domized controlled trials are needed to 
complement and establish the evidence for 
the oncological superiority of robot-assisted 
SSO compensating its financial burden.
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15.1  Introduction

Korea has unexpectedly recorded the greatest 
incidence of colorectal cancer (CRC) in the 
world, followed by the European Union in sec-
ond place. In recent years, a trend toward an 
increasing proportion of cases occurring in the 
right colon has been found, as recorded for other 
countries, while the absolute number of rectal 
cancer patients does not appear to have reduced. 
In this regard, we should consider several items 
of practical relevance. Firstly, the universal use 
of colonoscopy enables more colonic polyps and 
cancers to be detected in the right colon. Secondly, 
considering rectal length as being only 1/10 of 
the entire colon length, the proportion of rectal 
cancer (>1/3 of colorectal cancers) still over-
whelms that of colon cancer. Thirdly, colon and 
rectal cancers present the same genomic constitu-
tion, except for 16% hypermutated cancer, as 
reported by the Cancer Genome Atlas in 2012 
[1]. With consideration of all these facts, the sub-
stantial occurrence of rectal cancer cannot be 
underestimated, even in the era of the right shift 
of CRC.

We cannot help but reminisce over the role of 
surgery, which has been consistently positioned 
as the best treatment for rectal cancer. Since the 
historical accomplishment of abdominoperineal 
resection (APR) by Dr. Miles in the year 1904, 
sphincter-saving operations (SSOs) have merely 
tried to preserve anal function 60 years thereafter. 
However, recent approaches for rectal cancer sur-
gery have diversified into open, laparoscopy- 
assisted, and robot-assisted ones. Although the 
latter two approaches take advantage of minimal 
invasiveness, the appropriate approach in terms 
of practical efficacy and long-term outcome 
remains to be determined.

The concept of total mesorectal excision 
(TME), which is the standard technique in rectal 
cancer operations, was established by Heald and 
Ryall in 1978 [2]. TME principally includes a 
sharp dissection at the mesorectal fascial enve-
lope, according to the notion that the lateral 
mesorectal spread of small tumor foci (which 

tends to be excluded in the classical anterior 
resection) can cause local recurrence (LR). As 
the procedure is inevitably accompanied by some 
technical challenges due to the restrictive opera-
tive field in the pelvis, a crucial parameter for the 
quality control of this procedure is identification 
of the complete mesorectal envelope [3]. Overall 
LR recurrence rates vary widely from 3% to 33% 
in conventional surgery, whereas TME has con-
sistently achieved LR rates below or equal to 
10% [4, 5].

SSOs are considered as a procedure of choice 
in patients with rectal cancer. A comparative 
study using a treatment trade-off method found 
that most patients preferred low anterior resec-
tion (LAR) rather than APR, even if LAR was 
accompanied by fecal incontinence [6]. 
Neoadjuvant treatments, the precise acquisition 
of surgical anatomy, technological advances, and 
stapling devices have concurrently facilitated a 
significant reduction in the rate of APR. SSOs are 
mostly confined to radical LAR operations and 
ultra-LAR, including intersphincteric resection 
(ISR). The use of ISR has recently been increas-
ing with the knowledge that the levator muscle 
and external anal sphincter (EAS) are separated 
from the internal anal sphincter (IAS) and rectal 
proper muscle by the conjoined longitudinal 
muscle [7]. Despite possible dysfunctions in 
bowel due to injuries of anal sphincter muscles 
and pelvic nerves, a meta-analysis on ISR 
revealed that most patients were satisfied with 
acceptable bowel movement [8]. One Japanese 
study achieved a 93% rate of SSO (including 
ISR) in 1033 consecutive rectal cancer patients 
[9]. However, APR still remains an indispensable 
surgical tool for the treatment of lower rectal can-
cer (LRC) when tumors are situated very low 
down in the rectum, particularly in the case of 
large tumors, sphincter invasion, poor sphincter 
function, and patients with a deep or narrow 
pelvis.

Laparoscopy-assisted (LA) approaches are 
increasingly replacing open resection in SSOs for 
rectal cancer, as in other colon operations, although 
major clinical guidelines have not yet endorsed 
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LA resection outside of a clinical trial (the 
American Society of Colon and Rectal Surgeons, 
National Comprehensive Cancer Network: www.
nccn.org). One meta-analysis showed no signifi-
cant differences in oncological outcomes between 
LA and open rectal cancer surgery [10]. Although 
the LA approach enables a magnified view within 
the pelvic cavity, the technical validity, including 
optimal retraction in the pelvis, inadequate TME 
occurring from the leverage effect, frequent con-
version, and ergonomic discomfort, remains par-
ticularly challenging. With the advent of robotic 
surgery platforms, robot-assisted (RA) SSO 
appears to be a promising technique, with its high 
dexterity and clear visualization enabling efficient 
retraction and fine dissection in the deep pelvic 
cavity, while, at the same time, minimizing inva-
siveness. Several comparative studies of case 
series have reported on RA ISR, and these have 
shown equivalent oncological outcomes with a 
little improvement in immediate postoperative 
outcome when compared with open ISR [11–13]. 
However, no haptic feedback, longer operative 
time, and higher cost than open and LA SSOs are 
the limitations.

15.2  Operative Methods

15.2.1  General Principles of TME 
and SSO

TME has been established as the standard pro-
cedure during rectal cancer surgery, obviating 
blunt dissection of the rectum along the retro-
rectal fascia. The lateral and posterior borders 
of the TME should include the fascia propria of 
the rectum along the prehypogastric nerve fas-
cia, leaving the mesorectal envelope intact 
(Fig. 15.1). Anteriorly, there is an avascular 
plane between the seminal vesicles and 
Denonvilliers’ fascia, which means the fascia 
needs to be retained on the specimen, along with 
the lateral and posterior mesorectal envelope 
[14]. If TME includes an adequate block dissec-
tion of the rectal lymphatics, efficient local con-
trol may be achieved, even in cases with lymph 
node metastasis [15]. Apart from distant metas-
tasis, several inevitable conditions escape the 
TME field, for example, extramural invasion of 
the circumferential margin (tumor budding, 
extramural venous invasion, and extranodal 

Fascia propria recti

Pre-HGN fascia

Rectosacral fascia

Parietal presacral fascia
Pre-HGN fascia

Fascia propr ia of rectum

Mesorectum

Rectum
Bladder

Seminal vesicles
Prostate

DVF
Rectourethral muscle

Urethra

Extarnal anal spincter muscle

Anococcygeal lig.
Right hypogastric nerve

ba

Fig. 15.1 (a) Layered structure of the pelvic fascia. (b) 
(Courtesy of Dr. Yusuke Kinugasa). Total mesorectal 
excision along the prehypogastric nerve fascia, preserving 

pelvic autonomic nerves. HGN hypogastric nerve, DVF 
Denonvilliers’ fascia
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extension), remnant mesorectal involvement 
during distal transaction, lateral spread of pelvic 
lymph nodes beyond the mesorectum, and pos-
sible seeding into the pelvis during dissection.

The caudal mesorectum ends at the apical 
level of the levator ani. This part of the rectum 
was previously called “the rectal no man’s land,” 
as it could not be reached from the abdomen, 
and remained as a relatively inviolate area dur-
ing surgical exploration [16]. This concept 
should be abandoned, particularly in the era of 
minimally invasive approaches using LA and 
RA, which enable fine exposure and dissection 
into the pelvic cavity. TME practically consists 
of the two types of resection in accordance with 
the resection level, namely, a resection at or 
below the mesorectal end as complete TME and 
a resection above that level leaving a part of the 
mesorectum as tumor-specific mesorectal exci-
sion (TSME). As careful evaluation of the 
mesorectal envelope has important implications 
for reducing LR, the resected specimen must be 
thoroughly evaluated, both grossly and micro-
scopically. Quirke et al. suggested different 
grades for the quality and completeness of the 
mesorectal envelope in TME, i.e., gross archi-
tecture, defects (≤5 mm), coning, and shape of 
circumferential resection margin (CRM) [3]; 
these are also recommended in the American 
Joint Committee on Cancer (AJCC) Cancer 
Staging (8th ed., 2017).

The rectum is approximately 12–16 cm in 
length, and half of this is covered by the perito-
neum. The SSO consists of anterior resection or 
LAR, according to whether the level of the anas-
tomosis is, respectively, above or below the peri-
toneal reflection. LAR can be further divided into 
LAR and ultra-LAR including ISR, according to 
whether the level of dissection and anastomosis 
is, respectively, above or below the mesorectal 
end. The extent of ISR has been conveniently 
classified into partial, subtotal, and total, accord-
ing to the position of the IAS excision, i.e., above 
the dentate line, between the dentate line and the 
intersphincteric groove, or total excision of the 
IAS (Fig. 15.2).

15.2.2  Cart Installation and Port 
Placement for RA SSO

Features of the robot platform, including magni-
fied 3-D imaging, a surgeon-controlled stable 
camera system, EndoWrist instruments, and a 
fixed third-arm retraction, are particularly benefi-
cial when performing SSO. The hybrid approach, 
composed of LA and RA approaches for the 
abdominal and pelvic procedures, respectively, 
was the first approach to be accomplished in a 
considerable number of centers. Recently, RA 
SSO has mostly adopted a totally robotic colorec-
tal mobilization, using the four-arm da Vinci S, 
Si, and Xi surgical systems (Intuitive Surgical, 
Sunnyvale, CA, USA). The latest Xi system gives 
a widened range of motion with its rotational 
(±171°) overhead Boom and Flex systems. 
Efficient port placement appears to be a crucial 
determinant for successful SSO and varies in 
accordance with the robot system, surgeons’ con-
venience, and type of operation.

For example, the author uses six ports includ-
ing two assistant’s ports, with the cart placed 

Fig. 15.2 Various types of intersphincteric resection 
classified into partial, subtotal, and total, according to the 
position of the IAS excision, i.e., above the dentate line, 
between the dentate line and the intersphincteric groove, 
and total excision of the IAS, respectively. The green 
dotted line indicates the excision line, and the red dotted 
line indicates the dentate line (upper) and intersphincteric 
groove (lower). IAS internal anal sphincter, IFL inter-
sphincteric fibromuscular layer, sc/s/d EAS subcutaneous, 
superficial, deep external anal sphincter, LA levator ani
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either obliquely at the anterosuperior iliac spine 
in the Si system or vertically at the left flank in 
the Xi system (Fig. 15.3). The initial endoscope 
port is placed adjacent to the umbilicus to visual-
ize the entire colon, maintaining 10–15 cm from 
the lesion for both the Si and Xi systems. In the 
Si system, arm 1 is equipped with dissecting 
instruments during the entire procedure, while 
arms 2 and 3 are furnished with retraction and 
grasping instruments, moving from the right 
upper port to the left upper port, and from the left 
upper to left lower port, during abdominopelvic 
and pelvic procedures, respectively (Fig. 15.3a). 
However, the movement of arms during SSO is 
generally unnecessary for the entire procedure in 
the Xi system (Fig. 15.3b). Along the horizontal 
umbilical line, the first port (arm 1) for the retrac-
tion instrument is placed 2 cm lateral to the left 
midclavicular line, and the second port (for the 
arm 2) is placed 6–8 cm from the first port. The 
fourth port (for arm 4) is placed at the oblique 
line crossing the right midclavicular line. Arms 2 
and 4 can be moved to ipsilateral lower ports in 
the case of a deep pelvic cavity or intersphinc-
teric dissection. The two ports unoccupied by 
robotic arms can alternatively substitute for the 
assistant’s ports, for suction, auxiliary supplies, 
and stapling.

15.2.3  Operative Procedures

The author’s RA SSO uses a totally robotic 
colorectal mobilization, which consists of abdom-
inopelvic and pelvic approaches using a da Vinci 
Si or Xi surgical system (Intuitive Surgical; 
Fig. 15.4). The procedure starts with an abdomi-
nopelvic procedure, in which the mesocolic fascia 
is incised from the root of the inferior mesenteric 
artery (IMA) into the right peritoneal reflection 
along the medial margin of the right common iliac 
and internal iliac arteries. The IMA is divided and 
ligated as high- or low-type, followed by the infe-
rior mesenteric vein ligation and excision, mostly 
preserving the left colic artery. A medial to lateral 
dissection for sufficient colonic mobilization is 

continued near the level of IMA up to the distal 
border of the pancreas, leaving the left gonadal 
vessels and left ureter along the retrofacial plane. 
The TME is  continued into the pelvic cavity along 
the prehypogastric nerve fascia, preserving the 
hypogastric trunk, the hypogastric nerves, and the 
right pelvic plexus. The left peritoneal excision is 
then followed from the white fusion line up to the 
splenocolic ligament and greater omentum, fur-
ther separating the left colon (sometimes includ-
ing the transverse colon) from the retroperitoneum. 
The left colonic dissection continues into the pel-
vic cavity, resecting the left lateral peritoneal bor-
der along the medial margin of the left common 
iliac and internal iliac arteries, leaving the left pel-
vic plexus intact. The pelvic procedure follows 
the abdominopelvic procedure to accomplish the 
complete TME. Using a stable robot retraction at 
the right side of the urinary bladder, a sharp dis-
section is carried out to separate the rectum from 
the seminal vesicles, and the prostate (vagina in 
females) from the Denonvilliers’ fascia, followed 
by separation of the levator muscles. After the 
right side dissection, a similar maneuver is 
repeated on the left side of the pelvis, followed by 
completion of pelvic dissection at the anococcy-
geal ligament. Otherwise, in TSME, the pelvic 
dissection is progressed up to 3–5 cm caudal to 
the scheduled anastomotic line, followed by distal 
mesorectal excision at the anastomotic site.

In the case of possible metastatic lymph nodes 
by imaging studies, the lateral pelvic lymph node 
dissection can be accompanied after completion 
of the pelvic dissection. The distal resection can 
be conveniently carried out using a robot stapler; 
otherwise, an articulating endoscopic linear sta-
pler may be used. A proximal resection is contin-
ued along the mesocolon. The Si and Xi systems 
are equipped with an indocyanine green fluores-
cence imaging (IFI) system to identify real-time 
vascular perfusion (Fig. 15.5a). As this procedure 
does not require much extra time or a high cost, it 
may be helpful to prevent anastomotic leakage 
(AL) in cases of questionable perfusion. The 
bowel continuity is mostly established by the 
double-stapling technique, without any type of 
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coloplasty. Robotic linear stapling has recently 
enabled efficient accessibility and safe grasping 
during double-stapling (Fig. 15.5b). The cross or 
weak points of the double-stapling anastomosis 
can be safely strengthened by reinforcing sutures 
to prevent AL. A diverting ileostomy is added at 

the surgeon’s discretion. After clinical and radio-
logical confirmation of freedom from leakage or 
stricture, the bowel continuity is resumed 
1 month after completion of postoperative adju-
vant treatment, or 3 months postoperatively in 
cases without adjuvant treatment.

a b c

d

IMV

IMA

GCL

Rcetum

Rcetum

Prostate

Pre-HGN fascia

Prostate

Rcetum

Rcetum

Spleen

CIA (L)
HGP

CIA (R)

e f

Fig. 15.4 Robot-assisted sphincter-saving operation. (a) 
Ligation and excision of inferior mesenteric artery and 
vein. (b) Left colon mobilization with splenic flexure 
takedown. (c, d) Pelvic dissection observing the prin-
ciples of total mesorectal excision and pelvic autonomic 
nerve preservation. (e) Mobilization of the distal rectum 

on the right side. (f) Distal mesorectal excision in a case of 
tumor-specific mesorectal excision at the scheduled anas-
tomotic site. IMA inferior mesenteric artery, IMV inferior 
mesenteric vein, GCL gastrocolic ligament, HGP hypo-
gastric plexus, CIA(R) and CIA(L) common iliac artery, 
right and left, HGN hypogastric nerve

Fig. 15.3 Cart installation and port placement for RA 
SSO. (a) Si system. (b) Xi system. Red and black circles 
indicate robot port and assistant’s port, respectively. SUL 

spinoumbilical line, CFL costo-femoral line, MCL mid-
clavicular line, AP abdominopelvic procedure, P pelvic 
procedure
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In ISR, a sharp dissection is particularly 
required at the end point of the TME where the 
mesorectal fascia merges with the distal rectum, 
the so-called Morson’s waist, and this is further 
advanced into the intersphincteric space. The 
intersphincteric plane, which is composed of lon-
gitudinal fibromuscular tissues, can be comfort-
ably entered via an RA fine dissection between the 
pubococcygeus/puborectalis and IAS. Through 
the transabdominal approach, the RA procedure 
conveniently enables intersphincteric dissection 
up to the level of the subcutaneous EAS, except for 
cases with severe anatomical restriction. The EAS 
needs to be fundamentally preserved, although 
partial excision of the deep EAS muscles can be 
combined in the case of tumor invasion. Finally, 
coloanal anastomosis is accomplished by either 
the double-stapled or hand-sewn method. Trans-
anal intersphincteric dissection is included in some 
cases of subtotal and total ISR. The current proce-
dure for RA ISR is shown in the supplementary 
material (Supplementary Video 15.1).

15.3  Operation-Associated 
Outcomes

Operative outcomes allowing comparison of 
TME by the three approaches are shown in 
Table 15.1 [11–13]. In the three studies described, 
few operative mortalities (i.e., within 1 month of 
surgery) occurred in the LA and RA groups after 

TME, except for one case using the open approach. 
The three studies exhibited a very low rate of con-
version to the open approach and were probably 
reporting from large-volume centers with abun-
dant experience. Unfortunately, the relatively 
well-designed ROLARR trial (https://clinicaltri-
als.gov/ct2/show/NCT01736072) did not suggest 
any remarkable differences between RA and LA 
rectal cancer surgery in its early report, except for 
possible benefits in the particular subgroups of 
male gender, high body mass index, and LAR; it 
did, however, note the heterogeneity in the techni-
cal skills of the participating surgeons (minimal 
requirement of ten LA and ten RA cases). One 
meta-analysis that included seven publications 
presented a significantly lower conversion rate for 
RA TME than for LA TME, with an absolute risk 
reduction of 7% (p < 0.001) [17]. Another study 
using 2868 propensity-matched patients from the 
USA National Cancer Database reported a signifi-
cantly lower conversion rate for RA LAR than for 
LA LAR, with rates of 9.5% vs. 16.4%, respec-
tively (p < 0.001) [18]. Total operative time is 
consistently longer in RA than in LA TME. This 
is primarily due to the elapsed time for docking 
and port placement, mostly included in the mea-
surement, which may be reduced with accumu-
lated experience. Additionally, the general use of 
robotic stapling may conveniently reduce the 
extra time required for RA SSO during anastomo-
sis. The RA could address an impact on learning 
curve for rectal cancer operation, requiring lesser 

a b

Fig. 15.5 The indocyanine green fluorescence imaging 
(IFI) system for real-time identification of vascular per-
fusion. (a) Well-perfused proximal margin is indicated 
(white dotted line, scheduled line of proximal resection). 

(b) The recent introduction of robotic linear stapling 
enables efficient accessibility and safe grasping during 
double-stapling

15 Robotic Total Mesorectal Excision and Sphincter-Saving Operation
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number of cases in a study using the cumulative 
sum method using seven studies [19]. The physi-
cal burden on surgeons may be reduced in the RA 
approach, because of reductions to the three com-
mon ergonomic errors in the posture of surgeons, 
namely, a forward head position, improper shoul-
der elevation, and pelvic girdle asymmetry [20].

Operative outcomes comparing TME by the 
three approaches are shown in Table 15.1 [11–
13]. The number of lymph nodes harvested only 
presented a significant difference in one study 
(Table 15.1). Lymph node yield is significantly 
less in patients with preoperative chemoradio-
therapy (CRT) than in those who have not under-
gone it [21]. Otherwise, a TME including pelvic 
lymph node dissection or the extent of bowel 
resection in the respective approach might be 
implicated in the lymph node retrieval. Most RA 
SSO investigations achieved at least 1 cm of dis-
tal resection margin. In a study including 107 
LRC patients, Mezhir et al. found viable tumors 
via intramural spread in three patients (2.7%) 
whose tumor nest was limited to less than 1 cm 
from the gross tumor edge [22]. Moreover, one 
meta-analysis reported that clinical evidence 
does not support the 1-cm rule in patients with 
LRC undergoing pre- or postoperative radiother-
apy [23]. A CRM of at least 1 mm is generally 
accepted [24]. The CRM+ rate has been recorded 
as 2.3–9.6% in RA SSO, and only a few patients 
presented with marginal benefits compared with 
open SSO. Although CRM+ is probably impli-
cated in tumor characteristics, including pT4 and 
lymphovascular or perineural invasion, it is not 
necessarily a reflection of the operative quality: 
perfect TME must be observed as a minimum 
requirement to prevent CRM+.

Two meta-analyses did not find any remark-
able differences in general complication rates 
between open and LA and RA CRC operations 
[17, 25]. However, a previous study by the author 
found that early general complications (≤1 month 
postsurgery) occurred more frequently in open 
TME than in LA and RA TME (19.3% vs. 13.0% 
vs. 12.2%; p < 0.001), with the rate of ileus and 
wound infection being particularly marked in the 
open group [13]. Some SSOs are inevitably 
accompanied by AL, with an average rate of 

9.5% of patients (range, 2.5–45.6%) showing 
AL, although no significant differences have 
been demonstrated between the three approaches 
[12, 14, 26]. AL is known to increase the LR rate 
and, according to a recent meta-analysis, a con-
currently poor disease-free survival (DFS) [26]. 
The diverse risk factors for AL have been sug-
gested to include male gender, old age, preopera-
tive CRT, the absence of protective stoma, and a 
lower tumor location or anastomosis level, 
although the quality of the evidence for these was 
mostly moderate to low [27, 28]. As concurrent 
diversion has been accepted to reduce AL (at 
least significant AL), temporary ileal diversion is 
recommended in cases with preoperative CRT, a 
complicated operation including coloanal anasto-
mosis, or inadequate perfusion. With the excep-
tion of some technical failures, poor local tissue 
oxygenation due to inadequate vascular perfu-
sion has been implicated in all of the causes of 
AL [29]. To examine the perfusion status at the 
anastomotic site, Jafari et al. used laser fluores-
cence angiography (LFA); they made changes to 
the initial surgical plans in 11% of cases, with no 
occurrences of AL [30]. LFA using IFI appears to 
be helpful to reduce AL during RA SSO. One 
study using RA IFI reported a change in the prox-
imal transection site in 16 of 40 patients with 
SSO, resulting in an AL rate of 5% [31]. The 
author experienced the AL rate to be 89% lower 
in the IFI+ group than in the IFI− group, at 0.6% 
vs. 5.2% (p < 0.001) [28].

15.4  Postoperative Functional 
Outcomes

Bowel movement generally recovers earlier in 
minimally invasive TME than in the open 
approach, although its practical value may not be 
assessable [11–13]. In a multivariate analysis, the 
author found that RA was one of the significant 
parameters determining SSO (odds ratio, 2.458; 
p < 0.001; Table 15.2) [13]. Most bowel function 
will have settled down 6–12 months after SSO, 
but some patients suffer from a disorder of defe-
cation termed anterior resection syndrome [32]. 
Long-term functional impairment of the bowel 

15 Robotic Total Mesorectal Excision and Sphincter-Saving Operation



172

occurs mostly from pelvic sepsis, AL, or anasto-
motic stricture. Additionally, risk factors for a 
permanent stoma include LR, pelvic sepsis 
including AL and anastomotic stricture, male 
gender, and perioperative CRT, with their inci-
dence ranging from 3% to 9.5% [33, 34]. It is 
hoped that RA SSO will reduce permanent stoma 
by decreasing these risk factors.

Genitourinary dysfunction appears to occur 
more frequently in open TME than in RA TME 
[13, 35, 36]. Although one meta-analysis did not 
find any detrimental effects of CRT on genitouri-
nary dysfunction [37], it may be associated with 
preoperative CRT. Kim et al. reported an earlier 
recovery (3 months postsurgery) of erectile func-
tion in patients treated with RA TME than in 
those treated with LA TME [36]. Otherwise, 
Luca et al. reported that in their 74 patients who 
underwent RA TME, both urinary and sexual 
competence increased progressively until 1 year 
postsurgery [38]. Taken together, RA TME 
enables a reduction in the damage to the pelvic 
autonomic nerves, particularly to susceptible 
cavernosal fibers at the level of the prostate, with 
the benefits probably resulting from the fine dis-
section with magnified view, efficient traction, 
and wristed instruments.

15.5  Recurrences and Survival 
Outcomes

Heald, a founder of the concept “holy plane and 
TME,” reported that in 405 rectal cancer patients 
who underwent open curative resections over the 
period 1978–1997, the 5-year LR and DFS rates 
were 3% and 4%, and the 10-year rates were 80% 
and 78%, respectively [39]. LA TME has been 
tried since the 1990s, with several randomized tri-
als having demonstrated good outcomes [40, 41]. 
For example, the CLASICC trial showed 5-year 
LR, overall survival (OS), and DFS rates of open 
TMEs vs. LA TMEs as 7.6% vs. 9.4%, 56.7% vs. 
62.8%, and 52.1% vs. 53.2%,  respectively, with-
out demonstrating any statistically significant dif-
ferences between the two groups. It also mentioned 
a previously reported difference in CRM+ rates 
(open vs. LA, 12% vs. 6%), which did not trans-
late into the 5-year LR rate [40]. The COREAN 
trial reported that LA TME for locally advanced 
rectal cancer after preoperative CRT provided 
non-inferior survival outcomes to open TME, sug-
gesting LA TME to be justified when performed 
by well-qualified colorectal surgeons [41]. To the 
contrary, the two randomized trials ACOSOG 
Z6051 and ALaCaRT report that LA TME failed 

Table 15.2 Parameters associated with achievement of a sphincter-saving operation [13]

Parametersa SSO achievement p-valueb OR 95% CI p-valuec

Tumor location, U + M vs. L 1337/1440 vs. 620/773 (99.8 vs. 
80.2)

<0.001 74.594 21.852–
254.64

<0.001

Preoperative CRT, no vs. yes 1316/1328 vs. 642/786 (99.1 vs. 
81.7)

<0.001 0.139 0.067–0.292 <0.001

Procedure, Open + LA vs. 
RA

1451/1581 vs. 507/553 (91.8 vs. 
95.1)

0.01 2.458 1.497–4.036 <0.001

pT, 1–3 vs. 4 1897/2042 vs. 61/72 (92.9 vs. 84.7) 0.018 0.108 0.032–0.366 <0.001
Tumor growth, E/I 1315/1353 vs. 623/737 (97.2 vs. 

84.5)
<0.001 1.017 0.622–1.662 0.946

LVI, no vs. yes 1501/1633 vs. 420/442 (91.9 vs. 95) 0.030 0.544 0.3–0.988 0.046
Transfusion >400 ml, no vs. 
yes

1890/2028 vs. 68/86 (93.2 vs. 79.1) <0.001 0.46 0.216–0.978 0.044

SSO sphincter-saving operation, OR odds ratio, CI confidence interval, U/M/L upper/middle/lower, CRT chemoradio-
therapy, LA laparoscopy-assisted, RA robot-assisted, pT pathologic T category, E/I expanding/infiltrative, LVI lympho-
vascular invasion
Bold font, p < 0.05
aValues in parentheses are percentages
bAll parameters were compared using Fisher’s exact test with two-sided verification
cPotential variables were verified by multivariate analysis using binary logistic regression
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to meet the criterion for non- inferiority for patho-
logic outcomes when compared with TME, but 
these studies need a longer follow-up for recur-
rence and survival outcomes [42, 43].

A few investigations have compared the recur-
rence and survival outcomes of LA and RA TME 
(Table 15.3). According to a recent case series 
study using propensity score matching, the 5-year 
OS, cancer-specific survival (CSS), and DFS rates 
for RA TME vs. LA TME were 90.5% vs. 78.0%, 
90.5% vs. 79.5%, and 72.6% vs. 68.0%, respec-
tively, with the differences between the two pro-
cedures not being statistically significant [44], 
although RA TME was a significant prognostic 
factor for OS and CSS (hazard ratio = 0.033, 
p = 0.004; hazard ratio = 0.367, p = 0.0161, 
respectively) in a multivariate analysis. Another 

study involving 288 rectal cancer patients with 
TME also found no differences in OS, DFS, and 
LR rates between RA TME and LA TME [45]. A 
previous study by the author also found no signifi-
cant differences in the group comparisons of open 
TME vs. LA TME vs. RA TME for 3-year LR 
rates, 7% vs. 3.4% vs. 2.5%; 3-year OS rates, 
91.9% vs. 94.4% vs. 94.6%; or 3-year DFS rates, 
82.2% vs. 83.1% vs. 82.2% [13].

15.6  Intersphincteric Resection

ISR categorized as ultralow LAR (uLAR) is con-
sidered the most extreme type of SSO. It involves 
partial or complete resection of the IAS to achieve 
an acceptable distal margin for tumors located at 

Table 15.3 Recurrence and survival outcomes among open vs. laparoscopy-assisted vs. robot approaches in total 
mesorectal excision and intersphincteric resection

Operations Investigator (y)

Study type Groups 5-year 
(3-year) LR, 
%

5-year 
(3-year) SR, 
%

5-year 
(3-year) OS, 
%

5-year 
(3-year)  
DFS, %

Mean 
FU ± SD, m

No. of 
patients p-value p-value p-value p-value

TMEa Kim et al. 
(2017) [44]

Case series 
(PSM)b

LA vs. RA n. a. n. a. 78 vs. 90.5 68 vs. 72.6

40.3 
(18–58)

192 vs. 196 0.323 0.641

TMEa Park et al. 
(2015) [45]

Case 
seriesb

LA vs. RA 1.2 vs. 3.3 16.7 vs. 12 93.5 vs. 
92.8

78.7 vs. 
81.9

54 ± 17 84 vs. 33 0.649 0.42 0.829 0.547

TMEa Kim et al. 
(2016) [13]

Case 
seriesb

Open vs. 
LA vs. RA

(2.7 vs. 3.4 
vs. 2.5)

(16.7 vs. 
13.6 vs. 
17.8)

(91.9 vs. 
94.4 vs. 
94.6)

(82.1 vs. 
83.1 vs. 
82.2)

42 ± 10 101 0.85 0.5 0.352 0.944

ISR Park et al. 
(2015) [47]

Case series 
(PSM)

LA vs. RA (5.7 vs. 6.7) n. a. (94.8 vs. 
93.8)

(90.5 vs. 
89.6)

52 vs. 56 106 vs. 106 8.2 vs. 8.7 88.4 vs. 
88.5

82.8 vs. 
80.6

0.935 0.899 0.298

ISR Yoo et al. 
(2015) [48]

Case series LA vs. RA n. a. n. a. 88.5 vs. 
95.2

75 vs. 76.7

34 vs. 37 26 vs. 44 0.174 0.946

LR local recurrence, SR systemic recurrence, OS overall survival, DFS disease-free survival, FU follow-up, SD standard 
deviation, TME total mesorectal excision, ISR intersphincteric resection, PSM propensity score matching, LA laparos-
copy-assisted, RA robot-assisted, n. a. not available
Bold font, p < 0.05
aIncluding abdominoperineal operation cases of 20.8% (Kim et al. 2017), 3.9% vs. 7.4% (Park et al. 2015), and 11% vs. 
2.1% vs. 4.9% (Kim et al. 2016)
bMedian values (interquartile range)
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the intersphincteric groove. Although the depth 
of invasion for ISR is preferably confined to ≤T2, 
some T3 and T4a lesions could also be amenable 
to ISR, depending on the tumor location and size, 
and in combination with partial excision of the 
EAS or preoperative CRT. Generally, the opera-
tive procedure consists of two approaches, i.e., 
transabdominal and trans-anal procedures. The 
transabdominal procedure ends with dissection at 
the mesorectal fascia down to the pelvic floor and 
is followed by the trans-anal procedure, which 
includes ISR and a hand-sewn anastomosis. The 
pioneer study recorded an LR rate of 5.3% in 113 
LRC patients, including 31% with Dukes stage C 
[46]. One meta-analysis examining 14 ISR stud-
ies involving 1289 patients presented the opera-
tive mortality rate as 0.8% and the cumulative 
morbidity rate as 25.8% [8]. This meta-analysis 
demonstrated satisfactory oncological and func-
tional outcomes, comparable with those of LAR, 
presenting the LR rate as 6.7%, the 5-year OS 
rate as 86.3% (62–97%), the 5-year DFS rate as 
78.6% (70–87%), and the mean bowel movement 
as 2.7 times/day.

With the advent of minimally invasive rectal 
cancer surgery, LA and RA ISRs appear to be 
promising techniques with clear visualization 
into the deep pelvic cavity. Laparoscopic dis-
section of the anal canal via a transabdominal 
approach has been technically challenging for 
even experienced surgeons, particularly in the 
setting of a narrow male pelvis, visceral obe-
sity, and previous irradiation. Additionally, the 
dissection into the intersphincteric space below 
the end of the mesorectal plane cannot be 
safely performed via a transabdominal route in 
open or LA methods, even with the use of mag-
nified vision. Therefore, the completion of an 
open or LA ISR is inevitably accompanied by a 
trans-anal approach. These dual approaches 
may result in an uneven contour of the resected 
specimen and may be prone to destroying the 
CRM and EAS. Contrary to the open or LA 
ISRs, the author has experienced a totally 
transabdominal ISR with double-stapled anas-

tomosis to be feasible in more than 90% of RA 
ISR groups, even if the mean level of the anas-
tomosis was 1.9 cm from the anal verge in 
cases of RA ISR [35]. In the study, the mean 
fecal incontinence score (FIS) was within the 
satisfactory anorectal function range (≤10) at 
12 months postoperation in both the open and 
RA ISR groups but was significantly higher in 
the open group up to 12 months postsurgery. 
Additionally, sexual dysfunction in male 
patients under 65 years occurred 2.7 times 
more frequently in the open group than in the 
RA group (34.1 vs. 12.5%; p = 0.023). 
However, two recent comparative studies dem-
onstrated no significant differences between 
the two groups in terms of perioperative and 
oncological outcomes (Tables 15.3 and 15.4) 
[47, 48].

 Conclusion

Through a little more than 10 years of experi-
ence, RA TME and SSO have become recog-
nized as being safe and feasible in comparison 
with open and LA approaches. The robot 
approach possesses many advantages over the 
latter two approaches, including its magnified 
view, dexterity supported by wristed instru-
ments and stable traction, and ergonomic 
excellence. In LRC, the RA approach appears 
to be an important parameter for achieving an 
SSO, thereby maximizing sphincter preserva-
tion. Current progress in robot systems allows 
the provision of embedded real- time perfusion 
imaging and stapling systems. Although the 
mechanical merits of robot systems have not 
presently been translated into satisfactory 
progress in respect to oncological outcome in 
rectal cancer surgery, RA TME could enable 
deeper dissection and lower anastomosis in 
the pelvic region than is possible with an LA 
or open approach, with slightly better func-
tional recovery. Well-designed randomized 
trials are still required to confirm or refute the 
efficiency and oncological superiority of RA 
TME and SSO.
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Extralevator APR (ELAPE)

Jin-Tung Liang

Abstract

Extralevator APR has become a popular pro-
cedure for patients with distal rectal cancer 
requiring an APR procedure. In contrast to 
conventional APR, extralevator APR is char-
acterized by that the dissection of levators is 
performed close to their attachment on the lat-
eral pelvic sidewall, thus making the resected 
anorectal specimen cylindrical rather than 
with a waist in shape. Technically, extraleva-
tor APR would seem to be probably more 
effective in reducing the positivity of circum-
ferential resection margin and intraoperative 
rectal perforation but is associated with the 
disadvantage of more extensive tissue removal 
from around the anorectum, which leaves a 
large cavity to close. To date, systematic 
reviews and meta-analyses comparing extral-
evator APR with conventional APR were 
inconclusive. In this chapter, we present the 
knack and pitfall in performing the extraleva-
tor APR. In our view, although the evidences 
for the oncologic superiority of extralevator 
APR are still weak, it does benefit for some 
carefully selected patients with locally inva-
sive diseases.

Keyword

Extralevator APR

16.1  Introduction

With the improvement of surgical technique and 
the refinement of surgical instruments, sphincter 
preservation operation (SPO) instead of abdom-
inoperineal resection (APR) has become the 
mainstay surgical modality for the treatment of 
distal rectal cancer. Currently, the percentage of 
APR for distal rectal cancer represented only 
less than 10% in “center of excellence” world-
wide. It has been reported that the oncological 
outcome is poorer in patients with distal rectal 
cancer undergoing a traditional APR procedure, 
in comparison with those treated by a standard 
total mesorectal excision (TME) followed by a 
SPO procedure. It is generally considered that 
the poorer oncological efficacy of the traditional 
APR results from the inadequate circumferen-
tial resection margin (CRM) around anal sphinc-
ter muscles, the spillage of cancer cells due to 
overexposure around the junctional area 
between internal and external anal sphincter, or 
the perforation of the rectum during surgical 
manipulation [1–3].

Remarkably, Holm and colleagues [4–6] pro-
posed a more extensive procedure, the extralevator 
abdominoperineal resection (ELAPE), with a view 
to improving local tumor control and reducing 
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local recurrence [6–8]. ELAPE results in cylin-
drical specimen without a “waist,” common after 
traditional APR, to minimize the risk of inadver-
tent tumor involvement of the circumferential 
resection margin (CRM) and to reduce the risk of 
intraoperative tumor perforation.

In our institution, we have abandoned the tra-
ditional open surgery for an APR; instead, the 
vast majority of patients with distal rectal cancer 
requiring an APR procedure were performed by 
the laparoscopic or robotic approach [1–3]. 
Because ELAPE was more complex in the pro-
cess of cancer resection and perineal reconstruc-
tion, it is specifically performed only for locally 
advanced distal rectal cancer with or without a 
preoperative concurrent chemoradiation therapy 
(CCRT). Herein, we present the standardized sur-
gical procedures of ELAPE in our institution.

16.2  Surgical Techniques

Basically, the laparoscopic and robotic 
approaches for an APR are the same in the surgi-
cal procedures but with a little difference in port 
configurations [1–3]. In laparoscopic APR, the 
camera port was set at the right periumbilicus; 
two working ports were set at the right upper and 
lower abdominal in consideration of the sur-
geons’ personal ergonomics; and two assistant 
ports were set at the left side with the designing 
of the upcoming colostoma in the port site over 
the left lower abdomen to save the wound size. 
For a robotic APR, five abdominal ports were set:

A 12-mm camera port is placed 3 cm to the right 
and 3 cm above the umbilicus.

A 12-mm port is placed to the right lower quad-
rant (midclavicular line) through which is tele-
scoped an 8-mm robotic port designated as R1 
for the right robotic working arm (the 8-mm 
port can be removed to place an endostapler).

An 8-mm port is placed to the left upper quadrant 
just to the right of the midclavicular line mid-
way between the umbilicus and left subcostal 

region designated as R3 for the left robotic 
working arm.

A 12-mm assistant port is placed to the right lat-
eral mid-abdomen for retracting and suction-
ing by an assistant.

An 8-mm port is set to the left lower quadrant 
which is placed at the same height and posi-
tioned as the right lower quadrant port for 
counter-traction as R2 robotic arm.

The robotic cart was placed in left hip posi-
tion. During the entire APR procedure, each 
robotic working arm and assistant instrument 
was inserted through its respective uniform abdo-
men port cited above, and the position of the 
robotic cart was remained unchanged.

The dissection sequence of abdominal phase 
of APR in robotic approach was similar to that of 
APR performed by traditional laparoscopic sur-
gery [1–3] (Fig. 16.1), comprising the following:

 1. Medial-to-lateral mesenteric dissection along 
the preaortic plane

 2. Optional ligation and transection of inferior 
mesenteric vein

 3. N3 lymph node dissection over the root of 
inferior mesenteric artery

 4. Low ligation of vascular pedicle with preser-
vation of the left colic artery and autonomic 
nerve plexus

 5. Mobilization of the sigmoid colon and some-
times the mobilization up to the descending 
colon

 6. Dissection of the presacral fascia downward 
to the anococcygeal rhaphae with preserva-
tion of paired hypogastric nerves and pelvic 
autonomic nerve plexus

 7. Incision of the peritoneal reflection laterally 
and then anteriorly

 8. Separation of the rectum and the vagina/pros-
tate circumferentially to the level of levators 
with the appreciation of Denonvilliers’ fascia

To ensure the en bloc resection of cancer in 
cylindrical style, i.e., the ELAPE (Fig. 16.2), the 
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lateral dissection is from the transection of lateral 
ligament vertically downward until the levator 
muscle is visualized, and, posteriorly, the dissec-
tion is halted when the coccygeal tip is exposed 
(Fig. 16.3). We emphasize that the junctional area 
between the internal and external sphincter 
should not be intentionally exposed.

After the completion of the robotic total meso-
rectal excision (TME), the robotic cart is 
removed, and a colostoma was shaped over the 
left low abdominal quadrant. Then, we undertook 
the perineal dissection, and finally the rectal can-
cer was extirpated in cylindrical style.

In the perineal phase of dissection, we first 
make an elliptical incision around the anal 

verge in consideration of upcoming perineal 
wound closure without tension. Thereafter, 
undermining the subcutaneous fatty tissue was 
developed within the triangular area circum-
scribed by the coccygeal tip and bilateral ischial 
tuberosity. Subsequently, we attempted to make 
an en bloc resection of the fatty tissues over the 
ischiorectal fossa until the levator ani muscle 
was exposed. Finally, the pelvic floor over the 
coccygeal tip is opened, and the rectosigmoid 
colon was everted outside the pelvic cavity. 
After resection of the levator ani muscle 
attached to the anorectum with adequate mar-
gin, the perineal phase for the ELAPE is com-
pleted (Fig. 16.3).

a

b

Fig. 16.1 (a) 
Traditional 
abdominoperineal 
resection (APR). APR is 
indicated for tumor 
located around dentated 
line (D). (b) Surgical 
specimen of traditional 
APR, in which a “waist” 
can be seen. Traditional 
APR seems to be still 
appropriate for this 
patient, whose tumor did 
not penetrate the muscle 
layer

16 Extralevator APR (ELAPR)
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a

b

Fig. 16.2 (a) 
Extralevator APR 
(ELAPE). (b) ELAPE is 
the cylindrical anorectal 
excision. ELAPE is 
mandatory for this distal 
rectal cancer with 
perineal fistula 
formation, which is 
opened in the right 
figure

Fig. 16.3 (a) For a ELAPE, the lateral perirectal fatty tissues are incise vertically and halted when the levator ani 
muscle is exposed (arrow, L). (b) Posteriorly, the dissection is halted when the coccygeal bone (C) is exposed lest it 
should overexpose the internal and external anal sphincters, and the fatty tissues over the bilateral ischiorectal (I) fossa 
are removed. (c) A shrunken ulcer crater (blue arrow) of rectal cancer was at 0.5 cm above dentate line. (d) Laparoscopic 
view of the perineum after the completion of perineal phase of APR. The CRM was created outside the levators (blue 
arrow) to give wider clearance. The prostate (p) and indwelled pelvic rubber drain tube were also seen. (e) When ano-
coccygeal ligament (ano) was reached, the dissection was stopped in time to obviate overexposure of the internal anal 
sphincter. The planned resection margin was shown as a white dotted line at the tip of coccygeal bone (c). (f) The wide 
dissection over levators (blue arrow) to ensure an adequate perineal resection margin. Anteriorly, the vaginal (v) and 
retroverted uterus (ut) were seen. (g) The posterior mesorectal fascia was kept intact, and the levator ani muscle was 
severed just at its insertion to the coccygeal bone (c) to ensure an adequate cylindrical resection margin. (h) An ulcer-
ative tumor was within 0.5 cm above dentate line
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16.3  Comments on the ELAPE

Previous reports on ELAPE have been varying; 
West et al. [4, 5] described lower perforation rates 
and fewer cases with involved CRM using ELAPE 
in a comparison with historical controls with high 
rates of both perforations and involved margins. 
Stelzner et al. [9] suggested from a systematic 
review of 14 nonrandomized studies in the time 
frame of 1997–2011 on “extended APE” and 50 
studies on traditional APE from 1991 to 2011 that 
“extended APE” had a reduced risk of intraopera-
tive perforation. It was not possible to analyze the 
effects on local recurrence and survival rates in 
their review. Other reports of case series with his-
torical controls have been unable to confirm these 
findings [10, 11]. More recently, Ortiz and col-
leagues [12] present propensity score-matched 
data on 914 patients from 2008 to 2013 with no 
advantage for ELAPE on intraoperative perfora-
tions, involved CRM, local recurrence, or mortal-
ity. Their study is a prospectively registered, large, 
multicenter study. The fact that not all Spanish 
centers took part may represent a possible selec-
tion bias. In addition, a recently presented study 
from Denmark [13] on all Danish patients oper-
ated with standard APE or ELAPE from 2009 to 
August 2012 shows no benefit for ELAPE regard-
ing short-term oncological outcomes (involved 
CRM). One randomized controlled trial by Han 
et al. [14] reported reduced recurrence rates after 
ELAPE, suggesting that there is an oncological 
advantage with ELAPE in comparison with tradi-
tional APE in patients with T3 and T4 tumors. 
However, their study was small (n ¼ 67) and 
lacked details of external and internal validity. 
Because of these methodological weaknesses, 
their findings may be regarded as interesting but 
not conclusive. Zhou et al. [15] have published a 
meta-analysis recently and did not indicate a sta-
tistically significant superiority of ELAPE over 
conventional APE in terms of CRM positivity and 
intraoperative bowel  perforation. Remarkably, 
Prytz et al. [16] made a registry- based, observa-
tional national cohort study in Sweden and showed 
that ELAPE results in a significantly increased 
3-year local recurrence rate as compared with 
standard APE. Intraoperative perforation seems to 

be an important risk factor for local recurrence. 
In addition to significantly increased 3-year local 
recurrence rates, the significantly increased inci-
dence of wound complications leads to the con-
clusion that ELAPE should only be considered 
in selected patients at risk of intraoperative 
perforation.

It has been generally accepted that ELAPE 
leaves a huge perineal defect which cannot be 
closed. However, although the patients undergo-
ing ELAPE frequently complained of a bulging 
out over the perineum, especially when weight- 
bearing or doing Valsalva maneuver, incarcerated 
bowel herniation or painful sensation infre-
quently occurred, because the bowel was not 
redundant enough to descend to the perineum. 
However, some surgeons still cooperated with 
plastic surgeons to use rotational myocutaneous 
flaps or autologous aponeurosis graft from fascia 
tensor lata to reconstruct the pelvic floor.

16.4  In Conclusions

The oncological efficacy of ELAPE remains 
inconclusive. However, to achieve adequate 
CRM and R0 resection for the treatment of 
locally advanced distal rectal cancer, the ELAPE 
still plays some roles in the context of personal-
ized precision surgery.
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Abstract

Radical resection for low rectal cancer is the 
mainstay among the treatment modalities. 
Intersphincteric resection (ISR) is considered 
a relatively new but effective surgical treat-
ment for low-lying rectal tumor. With the 
advance of treatment modality, patients who 
have undergone abdominoperineal resection 
in the past can be treated with ISR. Furthermore, 
preoperative chemoradiation induces tumor 
downstaging and facilitates anal sphincter- 
preserving surgery. To achieve good oncologic 
outcomes, appropriate patient selection based 
on magnetic resonance imaging (MRI) is also 
important because MRI provides accurate 
information on the extent of tumor invasion 
and the anal canal structures. On top of all, 
meticulous surgical technique based on ana-
tomical dissection is essential. Future investi-
gations should be directed in improving 
functional outcomes after ISR.
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Abbreviations

3-D Three-dimensional
APR Abdominoperineal resection
CAA Coloanal anastomosis
CRM Circumferential resection margin
CRT Chemoradiation therapy
ISR Intersphincteric resection
MRI Magnetic resonance imaging
TME Total mesorectal excision
TRUS Transrectal ultrasonography
uLAR Ultralow anterior resection

17.1  Introduction

The primary goal for the surgical treatment of 
rectal cancer is to achieve an oncologic cure 
while preserving function. Total mesorectal exci-
sion (TME) is the standard surgical procedure for 
rectal cancer. The concept of TME is the elimina-
tion of potential sources of local recurrence by 
completely excising the mesorectum through 
sharp pelvic dissection [1]. TME has evolved to 
include the tailored removal of the mesorectum 
with adequate mucosal margins that are deter-
mined according to the distance of the tumor 
from the anal verge [2]. However, surgical treat-
ment for low rectal cancer remains challenging, 
particularly with regard to the preservation of the 
anal sphincter. Anatomically, the mesorectum 
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disappears at a distance of 1–2 cm above the ano-
rectal sling, and only the rectal wall remains to 
the anal hiatus. Thus, there are greater risks of 
direct tumor invasion of the adjacent structures 
and of a positive circumferential resection mar-
gin (CRM) in low rectal lesions.

In 1977, Lyttle and Parks [3] used the term 
“intersphincteric excision” in the context of sur-
gical treatment for inflammatory bowel disease, 
and the authors described the dissection of the 
anal canal and rectum via the intersphincteric 
plane. In 1981, Shafix [4] also described a tech-
nique for anorectal mobilization through the 
intersphincteric plane for the treatment of benign 
and malignant rectal diseases. In 1982, Parks and 
Percy [5] described an ultralow anterior resection 
(uLAR) with a coloanal anastomosis (CAA) for 
low rectal cancers. This technique involves dis-
secting away the mucosa from just above the den-
tate line, followed by a hand-sewn anastomosis 
within the anal canal. With improvements in 
technique, double-stapled CAA can also be per-
formed within a wide pelvis using a circular 
stapler.

In 1994, Schiessel et al. [6] described ISR for 
low rectal cancers. The underlying concept is a 
proctectomy based on the TME technique and 
the extension of the dissection through the inter-
sphincteric plane. This technique involves a peri-
anal approach through the intersphincteric plane, 
the partial or complete removal of the internal 
anal sphincter, and the restoration of intestinal 
continuity by a hand-sewn anastomosis.

Traditionally, a distal resection margin of at 
least 5 cm has been recommended for anal 
sphincter-preserving surgery [7]. However, 
numerous reports have established that rectal 
tumors rarely spread more than 1–2 cm distally 
and that oncologic outcomes are not compro-
mised with a 2-cm distal margin in rectal cancer 
patients who are undergoing surgery alone [8–
11]. Moreover, findings from recent studies sup-
port the oncologic safety of a shorter distal 
margin of only 1 cm when it is combined with 
multimodality treatment [12].

Recent advances in surgical techniques and 
multimodal treatments would have led to the pos-
sibility of sphincter preservation in patients who 

have undergone abdominoperineal resection 
(APR) in the past. In this regard, intersphincteric 
resection (ISR) has been described by Schiessel 
et al. [6] as the definitive surgical technique for 
anal sphincter preservation, and now, ISR in 
combination with preoperative chemoradiation 
therapy (CRT) is increasingly being performed in 
patients with low rectal cancers. In this chapter, 
we will discuss ISR and coloanal reconstruction 
in terms of its surgical indications, the operative 
techniques, and its oncologic and functional 
outcomes.

Several surgical options can be considered for 
low rectal cancer. The uLAR and CAA without 
ISR include a total proctectomy to the level of the 
anorectal ring just above the level of the puborec-
talis muscle and the restoration of bowel continu-
ity using either a double-stapled or a hand-sewn 
anastomosis [13]. ISR can be considered for low 
rectal cancers that are close to the dentate line 
unless the tumor involves the external sphincter. 
The ISR procedure includes the partial or com-
plete removal of the internal sphincter by dissect-
ing within the intersphincteric plane [14–17]. 
After resection, coloanal reconstruction is per-
formed using an end-to-end CAA, a J-pouch, 
coloplasty, or an end-to-side CAA, using either a 
hand-sewn or a stapled anastomosis. Because of 
technical advances and greater surgical experi-
ence, a combined resection of the external 
sphincter or levator ani muscle can be performed 
in highly selected patients in whom the tumor has 
invaded the external sphincter or the levator ani 
muscle [18–22].

17.2  Normal Anatomy of the Anal 
Canal and Indication of ISR

The anal canal is the last part of the digestive 
tract, and the anatomical anal canal refers to a 
zone between the dentate line and the anal verge, 
and it is approximately 2–3 cm long. The surgical 
anal canal refers to the zone between the anorec-
tal ring and the anal verge. It is about 4–5 cm 
long and is shorter in women. The anorectal ring 
refers the site where the rectum goes into the pel-
vic floor. The levator ani muscle forms the pelvic 
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floor and it is attached to the pelvic sidewall. The 
levator ani muscle is composed of the pubococ-
cygeus, puborectalis, and iliococcygeus muscles. 
During rectal dissections, the U-shaped puborec-
talis muscle and the surrounding levator ani mus-
cles are easily seen in the form of a membranous 
sheet and they sometimes adhere to the proper 
rectal fascia [23]. The anorectal ring is angled by 
the puborectalis muscle and is pulled anteriorly 
by the contraction of the puborectalis muscle 
[24]. The levator ani muscle is innervated by 
branches of the pudendal, inferior rectal, peri-
neal, and sacral nerves [25, 26]. The anal canal is 
surrounded by the internal sphincter and the lon-
gitudinal rectal muscle layer, and the external 
sphincter [27] and the coccyx are located posteri-
orly, the ischiorectal fossa is located laterally, and 
the urethra is located anteriorly in men and the 
lower part of the vagina is located anteriorly in 
women.

The internal sphincter is connected from the 
inner circular smooth muscle of the rectum sup-
plied by autonomic nerve. The length of the inter-
nal sphincter muscle is about 2 cm and 3 cm on 
the anterior and posterior sides, respectively [28]. 
The mean thickness is 4.5–5.9 mm [29], and the 
internal sphincter muscle ends with a thickened 
edge that is 1–1.5 cm from the anal verge and 
constitutes the intersphincteric or Hilton’s 
groove. The intersphincteric groove is an impor-
tant surgical landmark for proctology procedures 
that is well palpated during digital rectal exami-
nation. The outer longitudinal muscle of the rec-
tum gets thinner in the distal rectum and meets 
the fibers from the puborectalis muscle and forms 
a thin band. This band runs between the internal 
and external sphincters, and it spreads radially 
and penetrates the subcutaneous portion of the 
external sphincter and, finally, ends as a support-
ing structure for the hemorrhoidal plexus. The 
external sphincter muscle is a striated muscle that 
forms a cylinder around the internal sphincter. 
While it acts in concert with the puborectalis 
muscle, its innervation is different. The anal 
canal receives both sympathetic and parasympa-
thetic innervation that controls the action of the 
internal anal sphincter. The external sphincter is 
innervated by the perineal branch of the sacral 

nerve and the inferior rectal branch of the internal 
pudendal nerve [30].

During operations for low rectal cancer, the 
anterior dissection is the most difficult part, and 
sometimes, surgeons may miss the proper dissec-
tion plane. Uchimoto et al. [31] emphasized the 
importance of the rectourethralis muscle based 
on a histologic study. They demonstrated that 
Denonvilliers’ fascia is absent at the level of the 
rectourethralis muscle and that the rectal wall is 
directly attached to the rectourethralis muscle. 
The anorectal veins and cavernous nerve are 
present around the rectourethralis muscle; thus, 
deeper dissection to the anterior surface of 
Denonvilliers’ fascia may cause unwanted bleed-
ing or nerve injury. Neurovascular bundles cross 
the seminal vesicles in the 10 o’clock and 2 
o’clock directions; therefore, unless the tumor is 
located anteriorly, the correct dissection plane is 
between the posterior side of Denonvilliers’ fas-
cia and the proper rectal fascia [32–35]. Kinugasa 
et al. [36] highlighted that surgeons may over-
look the correct surgical plane that lies between 
the ventral and dorsal layers of the anococcygeal 
ligament during perianal dissections (Fig. 17.1).

17.2.1  Definitions of ISR Procedure

The ISR procedure should be differentiated from 
uLAR and CAA based on whether the internal 
sphincter is removed. The ISR procedure is clas-
sified according to the amount of the internal 
sphincter that is removed. Schiessel et al. [6] 
described two types of ISR that involved either 
the complete or partial excision of the internal 
sphincter. Rullier et al. [14] proposed three types 
of ISR, namely, the total, subtotal, and partial 
ISR (Fig. 17.2). In Japan, three subtypes of ISR 
are defined. A total ISR occurs at the level of the 
intersphincteric groove, a subtotal ISR occurs 
between the dentate line and the intersphincteric 
groove, and a partial ISR occurs at the level of the 
dentate line [37]. These classifications are sup-
ported by the histological observations of Akagi 
et al. [38] who measured the lengths of the 
resected internal sphincters in specimens from 
CAA, ISR, and APR procedures. The mean 
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lengths of the internal sphincters were 1.3 mm in 
the CAA, 11.5 mm in the partial ISR, 17.1 mm in 
the subtotal ISR, 21.3 mm in the total ISR, and 
28.4 mm in the APR specimens. In recent years, 
ISR in combination with resection of the deep or 
superficial external anal sphincter is described in 
selected cases [18–20, 22].

17.2.2  Indications

The ISR procedure is primarily indicated for 
patients with low rectal tumors within the surgi-
cal anal canal and where the tumor involves the 
internal sphincter [16, 38–55]. If the tumor is 

located at the level of the puborectalis muscle and 
involves the external anal sphincter or levator ani 
muscle, APR remains the gold standard for surgi-
cal treatment. However, in some specific cases, 
more extensive resection techniques, including 
levator muscle excision and external sphincter 
excision, have been explored to preserve the anal 
sphincter [18–20, 22].

Good surgical outcomes can be anticipated when 
the tumor is staged at T1–T3, mobile, confined to 
less than 50% of the rectal circumference, and a 
well-to-moderately differentiated adenocarcinoma 
and when the patient has a good performance status, 
with an Eastern Cooperative Oncology Group score 
of 0–2, and good anal function.

a b

c d

Fig. 17.1 Essential surgical anatomy for intersphincteric 
resection. Operative pelvic anatomy by robotic three- 
dimensional vision. (a) Posterior dissection through the 
intersphincteric plane (arrow) between the rectum (arrow-
head) and the puborectalis muscle (asterisk). (b) Anterior 
surgical plane (arrow) behind the Denonvilliers’ fascia 

(asterisk). Seminal vesicle (arrowhead). (c, d) Left and 
right lateral dissection around the anal hiatus. 
Intersphincteric plane (arrow) is identified between the 
rectum (arrowhead) and the medial side of the puborecta-
lis muscle (asterisk)
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a b

c d

Fig. 17.2 Types of intersphincteric resection (ISR). (a) Partial ISR. (b) Subtotal ISR. (c) Total ISR. (d) ISR in combi-
nation with resection of deep or superficial external anal sphincter in selected cases [18–20, 22]

Standard management of locally advanced 
rectal cancer now comprises preoperative CRT 
followed by radical resection [56, 57]. 
Preoperative CRT reduces tumor bulk and 
increases the probability of sphincter-preserving 
surgery. Indeed, sphincter-preserving surgery can 
be achieved in a large proportion of patients who 
undergo CRT [58]. Preoperative CRT is associ-
ated with a pathologic complete response rate of 
4–31%, which is a good oncologic outcome in 

terms of both recurrence and survival [59] 
(Fig. 17.3).

17.2.3  Baseline Image Study

The preoperative staging workup includes digital 
rectal examinations, transrectal ultrasonography 
(TRUS), colonoscopy, abdominopelvic com-
puted tomography scanning, pelvic magnetic 
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resonance imaging (MRI), and positron emission 
tomography scanning. Preoperative CRT is con-
sidered for patients with bulky and/or tethered 
tumors that TRUS and pelvic MRI determine to 
be at clinical stages T3–T4 or if clinically posi-
tive lymph node metastases are detected.

17.2.3.1  Transrectal Ultrasonography 
(TRUS)

TRUS is useful when determining T1 or T2 dis-
ease because the higher-frequency sonoprobe has 
a higher resolution [60]. Katsura et al. [61] 
reported that the positive predictive values were 
96.2% and 85.7% for T1 and T2 disease, respec-
tively. Three-dimensional (3-D) ultrasound has 
become popular in recent years [62]. The 360° 
rotating ultrasound transducers have higher fre-
quencies (6–16 MHz), and the system has an 
automated image reconstruction function. 
Multiplanar images can be obtained with 3-D 
TRUS, and it provides more comprehensive 
information with respect to the depth of tumor 

invasion and the relationships among the adja-
cent structures [63].

17.2.3.2  Pelvic MRI
Pelvic MRI is widely used for preoperative 
regional staging of rectal cancer to determine the 
depth of rectal wall invasion, the presence of 
nodal metastases, and CRM involvement. The 
coronal and axial MRI planes reveal whether the 
anal sphincter or the levator muscle is involved in 
low rectal cancer that is very close to the anorec-
tal ring around the level of the levator ani muscle 
[64, 65]. It is important to assess the depth of 
tumor invasion in low rectal cancer using 
MRI. T1 is defined as a tumor that is confined to 
the mucosa and submucosa, T2 is defined as a 
tumor that is confined to the muscularis propria, 
and T3 is defined as a tumor that has penetrated 
the rectal wall and involves the mesorectal fat. T4 
is defined as a tumor that involves the visceral 
peritoneum (T4a) or the adjacent tissues (T4b), 
including those of the prostate, vagina, sacrum, 

a b c

Fig. 17.3 Preoperative chemoradiation therapy (CRT) and 
intersphincteric resection (ISR) in a 64-year-old female 
patient with low rectal cancer. (a) Before preoperative CRT, 
the rectal tumor was located 3 cm from the anal verge and 
pretreatment magnetic resonance imaging (MRI) shows sus-
pected tumor invasion to the internal anal sphincter muscle on 
T2-weighted coronal image. (b) After preoperative CRT, the 

depth of main tumor invasion was downstaged based on post-
treatment colonoscopy and MRI. T2-weighted coronal image 
shows posttreatment fibrosis with decreased signal intensity. 
(c) Surgical specimen after ISR. Suspicious invasion on pre-
operative MRI was replaced with fibrosis. Final pathology 
report confirmed 4-mm tumor-free circumferential margin
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and pelvic sidewall. Caution should be exercised 
when interpreting the depth of tumor invasion 
located at or below the levator muscles. Tumor 
invasion of the external anal sphincter is inter-
preted as stage T3, and tumor invasion of the 
levator muscles is interpreted as stage T4 [66–
68]. To standardize MRI reporting, the 
MERCURY group suggested that low rectal can-
cer is defined when the lowest margin of the 
tumor is located at or below the upper border of 
the puborectalis muscle [68, 69].

17.3  Coloanal Reconstruction 
Techniques

To date, several methods for coloanal reconstruc-
tion after proctectomy have been described 
(Table 17.1). In terms of the shape of the proxi-
mal colon, the current options for coloanal recon-
struction include straight CAA (end-to-end), 
J-pouch reconstruction, coloplasty, and side-to- 
end anastomoses, and either hand-sewn or sta-
pled anastomoses are performed. When 
performing a stapled anastomosis, 10–15 mm of 
distal remnant anoderm is incorporated into the 
circular stapler. In addition, the external anal 
sphincter may become entrapped within the sta-
pler and the pelvic cavity should be wide enough 
for the creation of a stapled anastomosis. 
Accordingly, the hand-sewn anastomosis is the 
gold standard following subtotal or total ISR. A 

hand-sewn anastomosis has the advantages of 
being easy, simple, and familiar to surgeons. In 
addition, it can be performed conveniently in a 
narrow and deep pelvis.

Since its first description by Parks and Percy 
[5], the straight (end-to-end) anastomosis has 
been the most commonly used method for 
CAA. In their study, 69 of the 70 patients were 
either fully continent (n = 39) or they had only 
minor bowel dysfunction (n = 30), and only one 
patient was incontinent. The main symptoms of 
bowel dysfunction were frequency and irregular 
bowel movements. Anterior resection syndrome 
refers to a broad spectrum of bowel habit changes 
that range from irregular bowel movements to 
fecal incontinence or defecation difficulty follow-
ing low anterior resection. The incidence of ante-
rior resection syndrome has been reported to be 
about 30% among patients who have undergone 
low anterior resection, and the quality of life is 
likely to be impaired in affected individuals [70, 
71]. A reduction in the reservoir capacity is 
thought to be one reason for anterior resection 
syndrome; therefore, a colonic pouch is devised to 
increase the neorectal reservoir capacity [72, 73].

A colonic pouch is a surgically constructed 
neorectal reservoir. A J-shaped pouch is com-
monly used because it is simple and easy to con-
struct. Lazorthes et al. [72] observed that a 
colonic J-pouch increased the maximum toler-
ated volume and reduced the frequency of bowel 
movements. In their study, 60% of the patients 

Table 17.1 Methods of coloanal reconstruction

Colon configuration Anastomosis
Fecal diversion 
(%) Type of stoma

Schiessel et al. [6] End-to-end Hand-sewn 100 Colostomy

Braun et al. [55] End-to-end Hand-sewn, 
stapled

NS Colostomy, 
ileostomy

Rullier et al. [14] End-to-end, J-pouch Hand-sewn, 
stapled

100 Colostomy, 
ileostomy

Teramoto et al. 
[109]

End-to-end Hand-sewn 100 Colostomy

Watanabe et al. 
[110]

End-to-end Hand-sewn 100 Ileostomy

Akasu et al. [111] End-to-end, J-pouch, 
coloplasty

Hand-sewn 87 NS

Kim et al. [107] End-to-end, J-pouch Hand-sewn 100 Ileostomy

NS not specified
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with pouches and 33% of the patients without 
pouches produced one or two stools per day dur-
ing the first year. After 1 year, 86% of the patients 
with pouches and 33% of the patients without 
pouches had one or two bowel movements per 
day. Parc et al. [73] evaluated the functional 
results from 31 patients who had J-pouches, and 
they found that there was no incontinence and 
that the mean number of bowel movements was 
1.1 per day; however, 25% of the patients eventu-
ally required enemas to defecate.

Some controversies remain regarding the use 
of J-pouches in relation to the optimal length of 
the pouch, the use of the sigmoid colon, and 
long-term functional outcomes. The length of the 
J-pouch has varied from 5 cm [74], 6 cm [72], 
7 cm [75], 8 cm [73], 9 cm [76], 10 cm [74], to 
12 cm [72]. However, lengthy pouches develop 
defecation dysfunction, including the inability to 
evacuate bulky stools, tenesmus, or the need for 
regular enemas [72, 73, 75–80]; hence, the length 
has been reduced to 5–6 cm. Indeed, Ho et al. 
[81] demonstrated that small J-pouches that are 
5-cm-long retain liquid stools well, and 6–8-cm- 
long pouches are now recommended.

The use of the sigmoid colon for the creation 
of J-pouches is another issue. Traditionally, both 
the sigmoid and descending colon have been 
used; however, disadvantages associated with the 
use of the sigmoid colon have been suggested, 
and these include diverticular disease, bulky mes-
entery, and motility problems. Seow-Choen [82] 
suggested that the sigmoid colon contributes to 
evacuatory dysfunction because defecation diffi-
culties were observed in 25% of patients who had 
pouches created using the sigmoid colon [83], 
but these difficulties were not seen in patients 
who had pouches created using the descending 
colon [79, 84].

It is unclear whether the beneficial effects of 
J-pouches on bowel function are maintained in 
the long term [85, 86]. Defecatory function 
improves with time, even after straight CAA, 
because of an increase in the neorectal reservoir 
volume, the improvement in sphincter function, 
the recovery of the rectoanal inhibitory reflex, 
and improvements in neorectal sensations [87, 
88]. Ho et al. [89] observed that stool frequency 
and the incidence of incontinence were lower at 

6 months in patients with pouches, but that the 
benefit was not sustained 2 years after surgery. 
Meanwhile, Harris et al. [90] demonstrated that 
5–9 years after surgery, patients with J-pouches 
had better long-term outcomes with respect to 
their Kirwan continence scores, their evacuation 
difficulties, and urgency associated with defeca-
tion compared with patients with straight CAA.

The colonic J-pouch is created as described 
next. The two loops of the descending colon are 
anastomosed in a “J” configuration using a linear 
stapler. The appropriate pouch length is 5–8 cm, 
and the linear stapler may be inserted through the 
uppermost or lowermost parts of the J-pouch. 
The enteroenterostomy site is carefully inspected 
for any bleeding along the staple line, and hemo-
static sutures are applied at the site of any bleed-
ing. Then, hand-sewn or stapled anastomoses are 
performed.

Coloplasty refers to a colonic reservoir that is 
created by a longitudinal incision with a transverse 
closure using a method that is analogous to that of 
the Heineke-Mikulicz pyloroplasty. Z’graggen 
et al. [91, 92] originally described this technique in 
a pig model, and Fazio et al. [93, 94] applied it to 
low colorectal or coloanal anastomoses. A reser-
voir for the coloplasty is made by a longitudinal 
incision, which is 8–10 cm long, along the teniae 
coli on the antimesenteric side. The colonic inci-
sion is stopped 4–6 cm proximal to the distal end 
of the colon, the colostomy is closed transversely 
using absorbable sutures, and then a stapled or 
hand-sewn anastomosis is performed with a pre-
pared reservoir. Remzi et al. [95] demonstrated 
that the coloplasty group had fewer night bowel 
movements, fewer bowel movements per day, less 
clustering, and less antidiarrheal agent use than the 
straight anastomosis group. Coloplasty is now 
considered a good alternative technique when a 
colonic J-pouch is technically difficult.

The side-to-end anastomosis was described for 
colorectal anastomoses in 1950, and its theoretical 
advantages include technical ease, a blood supply, 
and a larger anastomosis lumen [96]. Huber et al. 
[97] compared colonic pouches with side-to-end 
anastomoses after low anterior resections. The def-
ecation frequencies were 2.2 and 5.4 per day at 
3 months and 2.3 and 3.1 per day at 6 months in the 
pouch and side-to-end anastomosis groups, respec-
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tively. The investigators pointed out that the side-to-
end anastomoses showed satisfactory long-term 
function and that the major benefit associated with 
the colonic pouches was seen during the immediate 
postoperative period. Machado et al. [98] observed 
that the colonic J-pouch and side-to-end anastomo-
sis had comparable functional outcomes 2 years 
after low anterior resections.

When considering coloanal reconstruction, a 
straight (end-to-end) CAA is an easy, simple, and 
convenient reconstruction method, which is pre-
ferred after ISR. While J-pouch construction is 
performed to improve defecation function, it is 
not always possible, particularly in patients who 
have a narrow pelvis or bulky mesentery. 
Accordingly, surgeons should be cautious about 
the selection of the optimal coloanal reconstruc-
tion technique. While the J-pouch may be the 
first choice as opposed to the end-to-end CAA, 
coloplasty or side-to-end CAA can be also con-
sidered as second options.

Some additional techniques deserve to be 
mentioned. The use of irradiated sigmoid colons 
may cause anastomotic strictures or leakages 
[99]. Kim et al. [100] suggested that hand-sewn 
sutures between the levator muscles and the dis-
tal anorectal stumps may improve postoperative 
defecatory function. Yamada et al. [41] reported 
that 4 out of 20 patients who underwent total ISR 
experienced postoperative mucosal prolapses of 
the neorectum, and mucosal excisions were later 

performed in all 4 patients. In my opinion, a 
redundant proximal colon may be a source of a 
prolapse, and the appropriate length of the proxi-
mal colon is just beyond the symphysis pubis 
(Fig. 17.4). Furthermore, anchoring sutures 
between the proximal colon and the levator mus-
cles may prevent prolapses.

17.4  Combined Excision 
of the External Sphincter  
or Levator Ani Muscles

More extensive resections in addition to ISR have 
been described in the literature (Fig. 17.5). In 
2002, Fucini et al. [22] described the excision of 
the levator muscles and the preservation of the 
part of internal sphincter and the external sphinc-
ter and its innervation for low T4 rectal cancers. 
Shirouzu et al. [18] described the excision of the 
puborectalis muscle, deep and superficial exter-
nal sphincter, and the internal sphincter muscles 
while preserving the subcutaneous external 
sphincter muscle. Cong et al. [20] described the 
partial longitudinal resection of the anorectal and 
sphincter muscles. This technique involves the 
unilateral removal of the sphincter complex as 
occurs in APR. Alasari et al. [19] described a 
hemi-levator excision through the intersphinc-
teric plane by removing the levator ani and the 
deep external sphincter muscles. All of these new 
techniques need to be scrutinized with respect to 
oncologic safety and functional outcomes. A 
diverting stoma is created by either a loop trans-
verse colostomy or an ileostomy after ISR with 
CAA for rectal cancer. Although a diverting 
stoma does not prevent anastomotic leakages, the 
use of a diverting loop stoma does reduce symp-
tomatic anastomotic leakages [2, 101]; thus, fecal 
diversion is cautiously considered after ISR.

17.5  Details of Essential 
Operative Technique

The operative procedures comprise three essen-
tial steps, namely, the first abdominal procedure, 
the second perianal procedure, and the third sec-
ond abdominal procedure.

Fig. 17.4 Postoperative mucosal prolapse after inter-
sphincteric resection
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17.5.1  Abdominal Procedure

 1. Patient position and skin incision
The patient is placed in the lithotomy- 

Trendelenburg position with the legs sup-
ported by Lloyd-Davies stirrups. The 
laparotomy for the ISR procedure begins 
with a midline abdominal skin incision. 
After abdominal exposure, the small bowel 

is protected by a bowel bag, and a mechani-
cal self- retaining retractor is placed in 
position.

 2. Ligation of the inferior mesenteric artery
An incision is made at the level of the sacral 

promontory. A peritoneal incision extends 
along the right side of the rectal mesentery and 
the avascular plane is exposed. The pedicle of 
the inferior mesenteric vessel is visualized, 

a b

c d

Fig. 17.5 External anal sphincter resection and levator 
muscle excision. (a) Excision of the levator, internal, and 
external anal sphincter muscles while preserving distal 
parts of the internal and external sphincters and its innerva-
tion for low T4 rectal cancers described by Fucini et al. 
[22]. (b) Excision of the puborectalis muscle, deep and 
superficial external sphincter as well as internal sphincter 
muscles while preserving subcutaneous external sphincter 

muscle described by Shirouzu et al. [18]. (c) Partial longi-
tudinal resection of the anorectum and sphincter muscles 
described by Cong et al. [20]. This technique involves 
removal of all sphincter complex unilaterally such as 
abdominoperineal resection. (d) Hemi-levator excision 
through the intersphincteric plane by removal of the levator 
ani and deep external sphincter muscles described by 
Alasari et al. [19]
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and the colonic mesentery is separated from 
the underlying fascia propria of the rectum and 
the inferior hypogastric nerves. The superior 
hypogastric plexus is carefully preserved 
around the aortic bifurcation, the inferior mes-
enteric artery is ligated at the root of its origin 
from the abdominal aorta, and the lymph nodes 
along the inferior mesenteric artery are cleared 
from just above the superior hypogastric 
nerves overlying the aorta. The inferior mesen-
teric vein is divided immediately beneath the 
pancreas. Older patients or patients with ques-
tionable blood supplies may be candidates for 
low ties of the inferior mesenteric artery.

 3. Descending and sigmoid colon mobilization 
via the medial to lateral or lateral to medial 
approaches

During mobilization of the descending 
colon and the sigmoid colon, the locations of 
the ureter and the gonadal vessels are assessed 
and preserved.

 4. Splenic flexure mobilization
The splenic flexure of the colon is routinely 

mobilized to gain a sufficient length for coloanal 
anastomosis. After ligation of the inferior mes-
enteric vein just below the inferior border of the 
pancreas, an avascular retroperitoneal space 
between the mesentery and Gerota’s fascia, 
including the perirenal fat, is developed. The 
loose attachment of the transverse mesocolon is 
separated from the lower border of the pancreas, 
and the lesser sac is entered. The left paracolic 
gutter is dissected, and the previously dissected 
retroperitoneal plane of Toldt’s fascia is identi-
fied. The greater omentum overlying the trans-
verse colon is divided to enter the lesser sac, and 
the previous surgical plane is met at this point. 
Finally, any loose connective tissue is freed to 
complete the colonic mobilization, and the 
medial part of colonic mesentery is divided care-
fully, avoiding any injury to the marginal artery.

 5. Total mesorectal excision
The pelvic dissection is continued along the 

parietal pelvic fascia, leaving the hypogastric 
nerve intact over the aorta. The proper rectal 
fascia enveloping the mesorectum should 
remain intact during the pelvic dissection. The 
autonomic pelvic plexus is also preserved. The 

rectum is sharply dissected to the anal hiatus of 
the pelvic diaphragm. The posterior rectal dis-
section is performed in the retrorectal avascular 
space along the visceral pelvic fascia plane. 
The rectosacral fascia or Waldeyer’s fascia is 
encountered at the S4 level between the presa-
cral fascia and the proper rectal fascia. Division 
of the rectosacral fascia enables the surgeon to 
reach down to the level of the coccyx. The ante-
rior rectal dissection involves the identification 
of Denonvilliers’ fascia in males.

Techniques to preserve the autonomic 
nerves are performed to preserve postopera-
tive sexual and voiding functions. It is impor-
tant to perform a U-shaped incision during the 
excision of Denonvilliers’ fascia in the ante-
rior part of the rectum to avoid injury of the 
genitourinary neurovascular bundles. In 
females, the rectum and the vaginal wall 
should be dissected carefully. The lateral part 
of the rectum is mobilized after the anterior 
and posterior dissections while avoiding 
excessive traction of the rectum. The pelvic 
plexus and the arising sacral nerves are 
assessed and preserved [24]. The three com-
mon sites of nerve injury are the superior 
hypogastric plexus, the inferior hypogastric 
plexus, and the pelvic plexus.

 6. Dissection to the anal canal through the inter-
sphincteric plane

The puborectalis muscle sling is exposed 
laterally, and the anococcygeal ligament is 
divided at the posterior side of the anal canal. 
The intersphincteric space is identified 
between the puborectalis muscle and the rec-
tal wall. The dissection continues through the 
puborectalis muscle and in the deep part of the 
external anal sphincter at the intra-anal canal.

17.5.2  Transanal Procedures

 1. Assessment of the lower margin of the tumor 
and the distal resection margin.

A Lone Star retractor (Lone Star Medical 
Products, Inc., Houston, TX, USA) is applied 
to the anus, and a profuse rectal washout is 
performed using a solution of betadine and 
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saline. Then, 0.25% bupivacaine mixed with 
epinephrine is injected below the dentate line. 
The lower tumor margin is assessed, and a dis-
tal resection margin that is at least 1–2 cm 
long is obtained whenever possible.

 2. Determine which type of ISR (partial, subtotal, 
or total) is appropriate and circumferential inci-
sion around the distal margin. A digital rectal 
examination is performed to identify the inter-
sphincteric groove, and the circumferential inci-
sion is made (Fig. 17.6). The incised distal 
rectum is closed with absorbable sutures to pre-
vent contamination of the intraluminal contents.

 3. Full mobilization of the rectum to the level of 
the levator ani muscle.

The posterior dissection begins at the level 
of the dentate line for partial ISR cases, 
between the dentate line and the intersphinc-
teric groove for subtotal ISR cases, or at the 
intersphincteric groove for total ISR cases. 
The lateral and anterior dissections continue 
through the intersphincteric plane. Before fur-
ther circumferential resection, the distal rec-

tum is closed with sutures to prevent fecal 
contamination. Further posterior and lateral 
dissections continue, and the anterior attach-
ment of the prostate or the vagina is eventu-
ally dissected. The rectal wall and the internal 
sphincter are sharply dissected just above the 
puborectalis sling along the surgical plane 
developed via the abdominal approach. The 
muscular rectal wall is freed using cautery at 
the level of the anorectal ring, and full mobili-
zation is confirmed using the index finger.

 4. Specimen is delivered via transanal pull- 
through or the abdominal route.

The specimen can be delivered either 
through the anus or through the abdominal 
wound. For patients with bulky mesorectums 
or narrow pelvises, it is difficult to deliver the 
specimen via the anus. The specimen is then 
transected with an adequate proximal margin.

 5. Coloanal reconstruction.
The reconstruction type (J-pouch, end-to-

end, side-to-end, or coloplasty) and method 
(hand- sewn or stapled) are selected. Splenic 

a b

Fig. 17.6 Perianal procedure for intersphincteric resec-
tion (ISR). (a) Lower margin of the tumor is assessed, and 
proper type of ISR (partial, subtotal, or total) is selected. 
Digital rectal examination is performed to identify inter-

sphincteric groove, and 0.25% bupivacaine mixed with 
epinephrine is injected below the dentate line. (b) 
Circumferential incision is made along the intersphinc-
teric groove
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flexure mobilization is beneficial to ensure the 
acquisition of a sufficient colonic length. 
Anastomotic tension should be avoided. The 
mesocolon should not be twisted when the 
pouch is delivered into the pelvic cavity. The 
prepared proximal colon is pulled down through 
the anus. Unnecessary colonic appendages, 
namely, the appendices epiploicae, are trimmed 
for the anastomosis. For hand-sewn anastomo-
ses, a CAA is performed using absorbable 3-0 
sutures placed in an interrupted fashion. 
Anastomosis is positioned at the level of inter-
sphincteric groove, not at the dentate line. Each 
suture should incorporate either external or 
internal sphincter muscles to provide anasto-
motic strength (Fig. 17.7). The proximal colon 
is then anastomosed to the anal mucosa or the 
external sphincter. For the double-stapling tech-
nique, a manual purse-string suture is made 
around the anoderm to facilitate the use of the 
circular stapler. The stapling technique is quick 
and technically convenient compared with 
hand- sewn anastomoses. However, as men-
tioned previously, stapled anastomoses are dif-
ficult to perform in subtotal or total ISR cases.

17.5.3  Abdominal Procedure

 1. Placement of pelvic and colonic drains before 
closure of the abdominal wall.

 2. A temporary protective stoma is made in the 
right lower quadrant area using the terminal 
ileum. A diverting ileostomy is closed 
2 months later or when the planned adjuvant 
chemotherapy is completed.

17.5.4  Minimally Invasive Surgery

17.5.4.1  Laparoscopic Approach
The operative principles underlying the laparo-
scopic approach are the same as ISR through 
laparotomy. The patient is placed in the 
lithotomy- Trendelenburg position, and five tro-
cars are positioned after a carbon dioxide pneu-
moperitoneum has been established at 12-mm 
Hg. One camera port with an 11-mm trocar is 
placed in the umbilicus using the open tech-
nique, one 12-mm port is placed in the left lower 
quadrant area, one 12-mm port is placed in the 
right lower quadrant area, and two 5-mm ports 
are placed in the left and right upper quadrant 
areas. High or low ligation of the inferior mes-
enteric artery, splenic flexure mobilization, total 
mesorectal excision, and intersphincteric dis-
section are then performed sequentially. After 
the perianal procedures, the specimen is brought 
out through the anus or through a minilaparot-
omy wound. Coloanal reconstruction is under-
taken in the same manner as that used for ISR 
through laparotomy.

a b

Fig. 17.7 Hand-sewn coloanal anastomosis. (a) Lone Star 
retractor (Lone Star Medical Products, Inc., Houston, TX, 
USA) is applied to the anus. End-to-end coloanal reconstruc-
tion with hand-sewn anastomosis is performed by absorbable 

3-0 sutures in an interrupted fashion. (b) Anastomosis is 
positioned at the level of intersphincteric groove, not at the 
dentate line. Each suture should incorporate either external or 
internal sphincter muscles to provide anastomotic strength
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17.5.4.2  Robotic Approach
There is growing interest in the da Vinci Surgical 
System (Intuitive Surgical, Sunnyvale, CA, 
USA), and robotic systems have been adopted in 
a variety of surgical fields, including urology, 
gynecology, and gastrointestinal surgery. The 
robotic surgical system provides a 3-D view of 
the surgical site, tremor-filtering, and more ergo-
nomic instrumentation compared with conven-
tional laparoscopic surgical systems [102]. Pelvic 
surgery can benefit from the advantages of 
robotic systems, and indeed, robotic prostate sur-
gery has quickly become a standard minimally 
invasive approach.

We evaluated outcomes after robotic (n = 47) 
and laparoscopic (n = 37) uLAR with CAA [103]. 
The demographic and operative data did not dif-
fer significantly between the two patient groups, 
but the rate of conversion to open surgery was 
lower in the robotic surgery group (2.1%) com-
pared with the laparoscopic surgery group 
(16.2%, p = 0.02). In addition, the mean duration 
of the hospital stay was shorter in the robotic sur-
gery group (9 days) than in the laparoscopic sur-
gery group (11 days). No postoperative mortality 
occurred.

For robotically assisted ISR with CAA, the 
perianal approach is performed first before 
docking the robotic system [13]. The perianal 
dissection is performed at the beginning of the 
operation. After an injection of bupivacaine, the 
dissection begins at the intersphincteric groove. 
A meticulous dissection is performed from the 
intersphincteric groove to the lower rectum. 
After suturing the dissected rectum, the gauze is 
packed into the anal canal to maintain the pneu-
moperitoneum during the robotic procedure.

The robotic procedure then begins, and the 
surgical principles include high or low ties of 
the inferior mesenteric vessels and routine 
splenic flexure mobilization. Next, a total meso-
rectal excision is performed. The robotic arms 
provide solid and stable anterior and lateral trac-
tion. Rectal retraction is performed using cotton 
tape with an endosuture device. The anatomical 
pelvic dissection is performed using the robotic 

EndoWrist® Instruments. It is important not to 
injure the neurovascular bundles. After com-
pleting the total mesorectal excision, further 
dissection continues to the pelvic floor. The pel-
vic dissection is completed when the previously 
packed gauze is seen at the puborectalis sling. 
The muscular wall of the rectum is divided at 
the level of the puborectalis muscle, which is 
facilitated by the robotic arms. While perform-
ing ISR with CAA, a secure and meticulous dis-
section through to the pelvic floor is critical for 
oncological safety, and this can easily be 
achieved with the aid of the robotic ergonomic 
instruments and the magnified 3-D view, even in 
a narrow pelvic cavity. Specimen is delivered 
through the anus or through an additional mini-
laparotomy wound. Caution should be exercised 
when patients have bulky mesocolons or meso-
rectums because it is difficult to pull specimens 
through the anal route. After undocking the 
robotic arms, the coloanal reconstruction is 
performed.

Recently, Kim et al. [104] described ISR 
technique with a complete abdominal approach. 
They pointed that a robotic approach facilitates 
visualization of the embryonic intersphincteric 
plane between the rectum and the surrounding 
pelvic floor musculatures in the abdominal 
side.

17.6  Short-Term and Long-Term 
Outcomes

17.6.1  Morbidity and Mortality

TME for rectal cancer is associated with signifi-
cant postoperative morbidity and mortality. It 
has been reported that the wound infection rate 
is 7%, the anastomotic leak rate is 11%, and the 
postoperative mortality rate is 2% [105]. The 
overall morbidity rate associated with ISR is 
reportedly 4.8–65%, while the anastomotic leak 
rate is 5.1–25.8%, the anastomotic stricture rate 
is 3–15.8%, and the mortality rate is 0–5% 
[106].
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17.6.2  Oncologic Outcomes

Schiessel et al. [6] reported a local recurrence 
rate of 10% and a disease-free survival rate of 
83.2%. Rullier et al. [16] reported a local recur-
rence rate of 2% and a disease-free survival rate 
of 70%. Saito et al. [49] analyzed data from sev-
eral Japanese institutions and reported that the 
local recurrence rate was 5.8% and that the over-
all and disease-free survival rates were 91.9% 
and 83.2%, respectively.

Portier et al. [47] compared outcomes between 
CAA without ISR (n = 105) and CAA with ISR 
(n = 173) over a mean follow-up period of 
66.8 months. The 5-year local recurrence rate did 
not differ between the CAA without ISR (6.7%) 
and the CAA with ISR (10.6%) groups. 
Furthermore, the 5-year overall survival rate did 
not differ between the CAA without ISR (80%) 
and the CAA with ISR (86.1%) groups.

Weiser et al. [42] compared outcomes from 
three surgical techniques, namely, CAA, ISR, and 
APR, for low rectal cancer, and they determined 
that the local recurrence rates were 2% (2/28), 0% 

(0/44), and 9% (6/63) in the CAA, ISR, and APR 
groups, respectively. The 5-year recurrence-free 
survival rates for the CAA, ISR, and APR groups 
were 85%, 83%, and 47%, respectively, and the 
5-year disease-specific survival rates for the CAA, 
ISR, and APR groups were 97%, 96%, and 59%, 
respectively. They concluded that sphincter pres-
ervation in combination with preoperative CRT 
for low rectal cancer did not compromise the 
oncologic outcomes. In addition, Saito et al. [43] 
compared the oncologic outcomes between ISR 
and APR. They found that the local recurrence 
rates were 10.6% (14/132) and 15.7% (11/70) in 
the ISR and APR groups, respectively; the 5-year 
local relapse-free survival rates were 83% and 
80% in the ISR and APR groups, respectively; 
and the 5-year disease- free survival rates were 
69% and 63% in the ISR and APR groups, respec-
tively. They also found that the 5-year overall sur-
vival rates were 80% and 61.5% in the ISR and 
APR groups, respectively. Saito et al. [43] sug-
gested that ISR is an oncologically acceptable 
surgical approach compared with APR for very 
low rectal cancers (Table 17.2).

Table 17.2 Oncologic outcomes

Year N FU (month) R0 (%) LR (%) CSS or OS (%) DFS (%)

Braun et al. [55] 1992 63 80 100 11 62 –

Bannon et al. [54] 1995 109 40 NR 11 87 –

Kohler et al. [53] 2000 31 82 100 10 79 –

Rullier et al. [16] 2005 92 40 89 2 81 70

Schiessel et al. [17] 2005 121 94 96.7 5.3 88 NR

Saito et al. [49] 2006 228 41 98.7 5.3 92 83

Hohenberger et al. [50] 2006 65 70 92 23 – –

Chamlou et al. [48] 2007 90 56 94 7 82 75

Akasu et al. [46] 2008 120 42 96.7 6.7 91 77

Krand et al. [44] 2009 47 68 98 2 85 82

Han et al. [45] 2009 40 43 100 11 62 NR

Weiser et al. [42] 2009 44 47 92 0 96 83

Yamada et al. [41] 2009 107 41 100 2.5 92 87

Baek et al. [103] 2013 84a 32 100 6 87–91 81

Akagi et al. [38] 2013 83 60 100 11 87 74

Saito et al. [108] 2014 199 78 100 14 78 67

FU follow-up, LR local recurrence, CSS cancer-specific survival, OS overall survival, DFS disease-free survival, NR not 
reported
aIncluding ultralow anterior resection with coloanal anastomosis
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17.6.3  Functional Outcomes

Functional outcomes, for example, defecation, 
are important clinical outcome measures follow-
ing ISR for low rectal cancer. We reviewed the 
literature and found that the mean stool frequency 
varies from 2.2 to 5.1 times per day and that 
urgency was noted in 2–50% of patients. Perfect 
continence was achieved in 30–80%, fecal soil-
ing was observed in 11–63%, and incontinence 
of flatus was observed in 9–88% of patients [6, 
38, 41, 44, 45, 48, 51, 53, 55, 107, 108]. Saito 
et al. [49] evaluated functional outcomes in 110 
patients using the Wexner score, and the mean 
score was 7.8 after a 24-month follow-up period. 
Using the Kirwan classification, perfect conti-
nence was observed in 36 patients, incontinence 
of flatus was observed in 32 patients, occasional 
minor soiling was observed in 25 patients, and 
frequent major soiling was observed in 7 patients. 
None of the patients needed a colostomy for fecal 
incontinence. In a recent study by the same group 
[108], the median Wexner score at 5 years was 8 
and 10 in the surgery alone and in the surgery 

plus preoperative CRT groups, respectively. Risk 
factors for poor postoperative functional out-
comes were being a man and the use of preopera-
tive CRT (Table 17.3).

 Conclusions

ISR is a safe and effective surgical technique 
for low rectal cancer. Now, patients who have 
 undergone APR in the past can be treated with 
ISR. In addition, preoperative CRT induces 
tumor downstaging and facilitates anal sphinc-
ter-preserving surgery. To achieve good onco-
logic outcomes, appropriate patient selection 
based on MRI is important, because MRI pro-
vides accurate information about the extent of 
tumor invasion and the anal canal structures. 
On top of all, a meticulous surgical technique 
based on anatomical dissections is essential. 
Recent developments in robotic technology 
provide an enhanced surgical view and ergo-
nomic instrumentation; hence, fine dissections 
with effective traction are possible. Future 
investigations should be directed to improve 
functional outcomes after ISR.

Table 17.3 Functional outcomes

Year N
Stool  
frequency/day

Urgency 
(%)

Perfect  
continence (%)

Soiling 
(%)

Incontinence  
of flatus (%)

Braun et al. 
[55]

1992 63 2.2 22 75 15 17

Kohler et al. 
[53]

2000 31 3.3 – 30 63 11

Schiessel et al. 
[17]

2005 121 2.2 – 86 14 –

Chin et al. [51] 2006 10 a 50 30 20 20

Chamlou et al. 
[48]

2007 90 2.3 19 41 59 25

Krand et al. 
[44]

2009 47 2.3 2 80 11 9

Han et al. [45] 2009 40 2.2 31 43 29 29

Yamada et al. 
[41]

2009 107 3.7 – 42 28 –

Kim et al. [107] 2009 21 b 0 50 25 25

Akagi et al. 
[38]

2013 83 5.1 33 60 16–22 88

Saito et al. 
[108]

2014 104 4 32 – 26–30 55

a50% had less than three times per day
b75% had less than two times per day
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Transanal Total Mesorectal 
Excision

Masaaki Ito

Abstract

 1. Transanal total mesorectal excision 
(taTME)—a down-to-up surgery in which 
traditional TME that was performed from 
the abdominal cavity side is endoscopically 
performed from the perineum side—was 
proposed, and its safety and efficacy were 
shown.

 2. taTME could offer a unique anatomi-
cal recognition different from traditional 
TME. Especially when dissecting the 
anterior wall, recognition of rectourethral 
muscle and Denonvilliers’ fascia is charac-
teristic of this technique.

 3. Though there are some issues with taTME 
that need to be solved, it is expected to be 
effective in patients with severe obesity or a 
huge uterine fibroid that makes expansion 
of the visual field and dissecting with stan-
dard laparoscopic surgery difficult.

Keywords

TME · Trans-anal TME · Rectal cancer · ISR

18.1  Introduction

Treatment of low rectal cancer has made rapid 
progress in the last 20 years. Anus-preserving 
surgery with intersphincteric resection (ISR) 
and minimally invasive laparoscopic surgery are 
good examples of rapid progress in this field. The 
essence of these advancements is based on the 
expansion of the visual field and real-time shar-
ing of surgical information.

Rectal cancer surgeries that were previously 
visible only to the surgeon became open to every 
surgeon as if a play in a theater with the arrival of 
endoscopic surgery so that people can see every 
move the surgeon makes.

Especially, laparoscopic ISR symbolizes the 
progress in the last 10 years. Near the beginning 
of the year 2000, this surgical method was initi-
ated with laparotomy and became recognized in 
providing a delicate dissection technique in the 
pelvic floor under an expanded visual field in 
endoscopic surgery. As a result, the surgical anat-
omy near the anal canal that was vague before the 
use of this technique had become clear, leading to 
the development of a new surgical method.

With the development of transanal total meso-
rectal resection (taTME) that we have introduced 
here, history will be repeated. In other words, the 
present method that utilizes the reduced-port sur-
gery (RPS) technique from the anus using an 
endoscope has the potential to expand even fur-
ther as a modern surgical method. Rectal cancer 
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surgery that has been developed with various 
restrictions was considered “the furthest surgery 
from the abdomen,” but looking at it from another 
perspective, it is “the closest surgery to the anus.”

18.2  Transanal Minimally Invasive 
Surgery (TAMIS)

TAMIS is an acronym for transanal minimally 
invasive surgery. Previously, transanal endo-
scopic microsurgery (TEM) was used as an endo-
scopic surgery from the anus. This surgery was 
developed by Buess et al. and is widely acknowl-
edged worldwide. It had a major impact on local 
resections from the anus, rectum, and sigmoid 
colon. However, this surgical method had some 
restrictions: (1) devices are expensive, (2) there 
are restrictions on optical equipment, and (3) 
there are restrictions on energy devices used by 
the surgeon.

Subsequently, as the time changed, endo-
scopic surgeries became further developed, 
wherein the number and diameter of ports were 
reduced gradually. In other words, it led to 
RPS. A representative single-port surgery is a 
unique surgical technique that is applied effec-
tively to TAMIS.

TAMIS that was first reported in 2009 was 
used to resect polyp in a transanal manner instead 
of TEM. However, this surgical technique was 
later applied and developed toward a surgical 
method that fully removes rectal cancer or a 
down-to-up surgical method of performing TME 
from the anus.

In 2013, a review of TAMIS in its dawn was 
presented [1]. It discussed the initial status of 
TAMIS between 2010 and 2013.

According to this 2013 paper, this surgical 
method is being implemented in 16 countries and 
was mostly applied to local resections with 390 
cases reported worldwide. On the other hand, 
down-to-up TME has been performed in 78 
cases.

Presently, in regard to transanal endoscopic 
surgeries, TAMIS is used for intestinal surgeries, 
while taTME is used to perform down-to-up TME 
after leaving the intestinal tract.

18.3  taTME

With the application of TAMIS, traditional TME 
could be performed in a retrograde manner.

According to a report on 20 cases from Spain 
in 2013 [2], the surgical method was proposed as 
“down-to-up TME.” The clinical background was 
as follows: 11 males and 9 female patients, with 
the mean distance from the anus to the lower edge 
of the tumor being 6.5 cm, 3/10/7 cases of upper/
middle/lower rectal lesions, respectively, and pre-
operative chemoradiotherapy for 14 patients.

The mean duration of surgery was 234 min, 
with the volume of bleeding being 45 mL. The 
reconstruction method was manual sewing for 13 
patients (65%) and stapling for 7 (35%). This 
report concluded that this surgical method is safe 
for a well-educated team.

A similar report was presented from the USA 
in 2014 [3]. In this paper, the same surgical tech-
nique was proposed as TAMIS-TME, and the clin-
ical course of 20 cases was reported. This report 
especially discussed about subjects for whom this 
surgical method was advantageous and concluded 
that it is an effective surgical method for obese 
patients with body mass index (BMI) >30.

18.4  Surgical Technique of taTME 
and Anatomical Recognition

18.4.1  Preparation

Let us discuss the specific preparation for this 
surgical method.

The surgery is started with patient in a lithot-
omy position and under general anesthetic. In the 
lithotomy position, the lower limbs are a little 
elevated. If the limbs are elevated more, the moni-
tor from the anus side becomes difficult to view; 
thus, the elevation of the lower limbs is slightly 
different from the typical anal operation 
(Fig. 18.1a). Upon thoroughly disinfecting the 
area around the anus, a cover cloth is placed 
around the anus to prepare for the anal operation.

With the use of the Lone Star retractor, the dis-
tances from the anal verge, pectinate line, and 
anorectal line to the tumor are confirmed.
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18.4.2  Applying GelPOINT (Fig. 18.1b)

There are two points of applying GelPOINT 
depending on the position of the rectal tumor: (1) 
after intersphincteric dissection from the anal 
side and closure of the anal-side stump and (2) 
before starting the taTME technique. The former 
is the same as the anal operation of ISR and is 
used when the tumor is near the anus, specifically 

within 5 cm from the anal verge. If the tumor is 
positioned in more oral side, first, GelPOINT is 
applied, and then, endoscopic surgery is per-
formed. In other words, depending on the posi-
tion of the tumor, the timing of GelPOINT 
application differs (Table 18.1).

GelPOINT is applied perfectly to the anal 
canal so that the pneumoperitoneum will not 
leak. It also allows for the use of three ports. 

a b

Fig. 18.1 Preparation for anal operation. (a) Anal opera-
tion. The area around the anus is cleaned, and with the use 
of a Lone Star retractor, a platform for taTME is applied. 

(b) GelPOINT path. This is a platform for taTME. It 
allows the use of three ports. The surgical technique is 
similar to a single-port surgery

Table 18.1 Two types of taTME procedure

taTME1

1. taTME

– Purse-string suture

– Initially GelPOINT placement

–  Down-to-up TME under pneumo-rectum or 
pneumo-pelvis

–  Resectable rectal adenocarcinoma with a tumor 
edge more than 5 cm from the anal verge (AV)

taTME

Enter
intersphincteric plane

Intersphincteic
dissection

1

2

3
2.  Transanal intersphincteric dissection followed by 

taTME

– Transanal intersphincteric dissection in anal canal

– Closure of distal stump

– GelPOINT placement

– Down-to-up TME under pneumo-pelvis

–  Resectable rectal adenocarcinoma with a tumor 
edge less than 5 cm from the anal verge (AV)

18 Transanal Total Mesorectal Excision
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Thus, it is a surgical method similar to the single-
port method, but compared to the single-port 
method, the surgical field is limited, and since the 
rectum is fixed with the surrounding tissues, it is 
easy to build traction. As such, this is a relatively 
easy surgical operation.

In this paper, we will explain taTME wherein 
GelPOINT was applied from the start.

18.4.3  Rectal Wall Dissection Across 
the Whole Perimeter 
and Closure of the Distal 
Stump (Fig. 18.2a)

Securing sufficient distal margin from the tumor, 
the rectal wall is dissected across the whole perim-
eter with a monopolar cautery. The white layer of 
the rectal muscularis propria is recognized as the 
brown-colored burned trace (Fig. 18.2c).

The anal-side stump should be closed as early 
as possible, and the anal canal is cleaned with 
saline if possible. Careful attention should be 
paid to preventing the spread of the tumor.

18.4.4  Dissection of the Anterior Wall 
of the Rectum

In a rectal cancer surgery, dissection of the ante-
rior wall is very difficult. Especially with the nar-
row pelvis of male patients, the dissecting 
procedure is anatomically often restricted. The 
most advantageous surgical aspect of taTME is 
indeed the dissection of the anterior wall.

 1. Identification of rectourethral muscle

First, an important landmark is the “rectoure-
thral muscle,” as an accurate dissecting proce-

It clearly shows the rectal muscularis
propria burned with an electric knife.

a b

c

Fig. 18.2 Beginning of the taTME technique. (a) 
GelPOINT use in taTME. A rectal tumor was located 
about 3 cm from the upper end of the anal canal; thus, 
without dissecting the anal canal, GelPOINT is applied 
first, and taTME is planned. (b) Dissection of the rectal 
mucosa. While maintaining a 2-cm distal margin from the 
tumor, the rectal mucosa is dissected across the whole 

perimeter. (c) Full thickness of the rectal wall is dissected 
across the whole perimeter. The rectal wall is dissected 
across the whole perimeter. It clearly shows the rectal 
muscularis propria burned with an electric knife. After 
making an incision across the whole perimeter, the ano-
rectal stump is closed. It not only prevents spread of 
tumor cells but also cleans the anal canal
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dure is not possible without this recognition. We 
felt that in the past perineal manipulation in the 
Miles operation, this “rectourethral muscle” was 
not recognized. In taTME, identification of this 
anatomy is performed with high reproducibility.

When the rectum is dissected across the 
whole perimeter, small amounts of the longitu-
dinal fibers are found at 11 and 1 o’clock posi-
tions on the anterior side. If we apply blunt 
dissecting in these areas, the lower part of the 
prostate gland covered in membrane is recognized 
(Fig. 18.3a).

Then, white smooth muscle fibers become 
clearly visible on the just anterior wall. This is 
the smooth muscle fiber that connects the rectum 
and urethra, in other words, the rectourethral 
muscle. The area called the perineal body may 
also be closed from here. It is unlikely that intra-
peritoneal operation can clearly recognize the 
rectourethral muscle (Fig. 18.3b).

The rectourethral muscle is a structure that 
needs to be resected so that the prostate gland is 
clearly recognized on the anterior wall of the 
rectum.

 2. Dissecting of the posterior aspect of the prostate 
gland and dissection of Denonvilliers’ fascia

When the rectourethral muscle is resected, the 
prostate gland becomes exposed (Fig. 18.4a). 
When dissecting is along the posterior side of the 
prostate gland, Denonvilliers’ fascia adhered to 
the prostate gland becomes fixed (Fig. 18.4b). 
Since this fascia strongly adheres to the prostate 
gland, incision in this fascia becomes a necessary 
surgical procedure (Fig. 18.4c). When 
Denonvilliers’ fascia is resected, part of the pros-
tate gland and the whole seminal vesicle can be 
seen (Fig. 18.4d).

After Denonvilliers’ fascia resection, counter-
traction is applied in the inferior direction, which 
allows for separation between the seminal vesicle 
and Denonvilliers’ fascia, leading to the perito-
neal reflection (Fig. 18.5).

When summarizing dissecting points of the 
anterior wall of the rectum (Fig. 18.6), there are 
two large landmarks, the rectourethral muscle 
and Denonvilliers’ fascia, and by resecting these, 
we reach the peritoneal reflection.

Rectourethral muscle

After dissection of the rectum across the whole perimeter,
most likely locations for the correct dissecting layer are 11
and 1 o’clock on the anterior side of the rectum. 

Rectourethral muscle

Cutting the rectourethral muscle located at the 0 o’clock
position of the rectum allows for wide access to the
prostate gland.

a

b

Fig. 18.3 Dissecting points of the anterior wall—identifi-
cation and dissection of the rectourethral muscle. (a) Find 
a space on the left and right anterior wall where it is easy 
to enter the prostate gland. After dissection of the rectum 
across the whole perimeter, most likely locations for the 
correct dissecting layer are 11 and 1 o’clock on the ante-
rior side of the rectum. This space allows an easy access to 

the prostate gland through blunt dissecting. “Rectourethral 
muscle,” a smooth muscle fiber, is identified on the imme-
diate anterior wall. (b) Cutting the rectourethral muscle. 
Cutting the rectourethral muscle located at the 0 o’clock 
position of the rectum allows for wide access to the pros-
tate gland
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Prostate adhesion sites on
Denonvilliers’ fasciaProstate

a b

c d

Fig. 18.4 Dissecting points of the anterior wall—identi-
fication and dissection of Denonvilliers’ fascia. (a) 
Anterior wall dissecting after rectourethral muscle dissec-
tion. If the rectourethral muscle is removed, the poste-
rior side of the prostate gland is exposed. (b) 
Identification of prostate gland adhesion sites on 
Denonvilliers’ fascia. If the posterior side of the pros-
tate gland is peeled, the area where Denonvilliers’ fas-

cia adheres to the prostate gland becomes clear. (c) 
Beginning the dissection of Denonvilliers’ fascia. If 
Denonvilliers’ fascia is not removed, the level of the semi-
nal vesicle cannot be achieved. (d) Identification of the 
seminal vesicle after Denonvilliers’ fascia dissection. By 
removing Denonvilliers’ fascia, the upper end of the pros-
tate gland and seminal vesicle become visible

Seminal vesicle

Cutting edge of the Denonvilliers’ fascia 

Cutting edge of the Denonvilliers’ fascia 

prostateprostate

Cutting edge of the Denonvilliers’ fascia 

Cutting edge of the Denonvilliers’ fascia 

a b

Fig. 18.5 Anatomical recognition after Denonvilliers’ 
fascia dissection on the anterior wall of the rectum. (a) 
Denonvilliers’ fascia adhesion position. By removing 
Denonvilliers’ fascia, the position at which it adheres 
with the prostate gland is recognized. It shows that 
Denonvilliers’ fascia adheres to the upper part of pros-

tate gland. (b) Dissecting between the seminal vesicle and 
Denonvilliers’ fascia. Once the seminal vesicle is recog-
nized, it is peeled between Denonvilliers’ fascia, reaching 
the peritoneal reflection. This dissecting layer is recog-
nized in a similar manner as the dissecting layer from the 
abdominal side in laparoscopic surgery

M. Ito



215

18.4.5  Dissecting Procedure 
of the Posterior Wall 
of the Rectum

The landmark for the dissecting procedure of the 
posterior wall is the rectococcygeal muscle which 

might be some part of the pelvic hiatal ligament, 
and it is a white muscle fiber that appears directly 
behind the resected rectum wall on the posterior 
side (Fig. 18.7a). It is a smooth muscle fiber his-
tologically and needs to be resected (Fig. 18.7b). 
The posterior side of the rectum allows for a good 

UrethraProstate

Rectum

Seminal
vesicle

Rectourethral muscle

Denonvilliers’ fascia

Peritoneal reflex 

Cutting the rectourethral
muscle

Cutting the Denonvilliers’ fascia

1

2

12

Fig. 18.6 Important anatomical landmarks on the ante-
rior wall in taTME. There are two anatomical landmarks 
in the anterior wall of the rectum in taTME. One is the rec-
tourethral muscle, and the other is Denonvilliers’ fascia. 

These are structures that need to be dissected. Roughly, 
when the rectourethral muscle is dissected, the prostate 
gland and seminal vesicle become visible

rectococcygeal muscle

levator ani
muscle

mesorectum

a b

c d

Fig. 18.7 Dissecting the posterior wall of the rectum in 
taTME. (a) Identification of the rectococcygeal muscle. The 
structure that needs to be identified immediately in the pos-
terior wall of the rectum is the hiatal ligament. (b) Dissection 
of the rectococcygeal muscle. On the posterior wall of the 
rectum, it is easier to find the dissecting layer at 5 and 7 
o’clock of the posterior wall than in the true posterior wall 
where the hiatal ligament is. The hiatal ligament is a smooth 
muscle fiber histologically and needs to be dissected. (c) 

Identification of the levator ani muscle and endopelvic fas-
cia. When the rectococcygeal muscle is dissected, the poste-
rior wall of the rectum is widely expanded, but it is easier to 
identify the levator ani muscle, the external structure, first 
instead of the mesorectum. (d) Identification of the mesorec-
tum. Recognizing the endopelvic fascia that covers the sur-
face layer of the levator ani muscle, each layer is carefully 
dissected as if dissecting inside over each layer, in order to 
identify the yellow-colored fascia of the mesorectum
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visual field, and dissecting is relatively easy; 
however, it is often difficult to select the correct 
layer to dissect in the early stage of surgery. This 
is probably because it is an area where fascias 
such as the endopelvic fascia and fascia propria 
of the rectum are closely adhered. The dissecting 
layer is easier to find at 5 and 7 o’clock of the 
posterior wall instead of directly posterior to it. 
In some cases, it often gets included in the dis-
secting layer outside of the endopelvic fascia.

When an incision is made to the rectococcy-
geal muscle, the posterior wall of the rectum is 
widely exposed, but instead of immediately iden-
tifying the mesorectum, an exterior structure, the 
levator ani muscle, is identified first (Fig. 18.7c), 
and the endopelvic fascia covering the anterior 
side is recognized. It is dissected carefully as if 
dissecting inside over each layer. It may lead to 
few errors if the yellow-colored fascia of meso-
rectum is identified (Fig. 18.7d).

In any case, even if it enters a deeper layer 
near the upper edge of the anal canal, the meso-
rectum needs to be identified while making the 
dissecting layer shallow.

If dissection continues at the deeper layer, 
venous injury on the anterior side of the sacrum 
and the nerve injury in the lateral side could hap-
pen. Therefore, to achieve good nerve conserva-
tion, it needs to return to the correct layer 
immediately (Fig. 18.8).

In a posterior wall procedure, once the correct 
dissection plane along the mesorectum is identi-
fied, the dissecting procedure becomes relatively 

easy. Once dissection reaches the S2–S3 level 
through good upward traction of the rectum, dis-
secting is completed.

18.4.6  Dissection on the Anterior 
and Lateral Sides

 1. Identification of the neurovascular bundle 
(NVB) on the anterior side (Fig. 18.9)

The anterior wall is dissected to the level of 
the seminal vesicle, and through strong traction 
of the rectum to inside, the NVB is identified, 
also recognizing the resection site while preserv-
ing the nerves.

 2. Identification of the pelvic plexus and dissec-
tion of the lateral ligament (Fig. 18.10)

A more common pitfall of taTME is straying 
the lateral cavity due to dissecting the layer too 
deep.

To prevent this, the most important aspect is to 
identify the mesorectum on the posterior wall, 
and without straying the identified the mesorec-
tum, the lateral side is also dissected. It was nota-
ble that traction of the rectum must be performed 
well during separation of the lateral ligament dur-
ing the procedure from abdominal side, but it is 
the same with taTME. With strong traction of the 

Mesorectum

Endopelvic
fascia

levator ani
muscle

rectococcygeal
muscle

Rectum Anal canal

Fig. 18.8 Important anatomical landmark on the poste-
rior wall in taTME. After the rectococcygeal muscle is 
dissected near the upper edge of the anal canal, even if it 
enters a deeper layer once, the mesorectum needs to be 
identified while making the dissecting layer shallow. If 
the dissection continues in the deep layer, venous injury 
around the anterior side of sacrum and straying the lateral 
cavity may occur

Left rectal branch of NVB

Fig. 18.9 Identifying the NVB. By dissecting the anterior 
wall to the level of seminal vesicle and applying strong 
tension to the rectum, the NVB and dissection site that pre-
serves nerves are identified
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rectum, planes of the mesorectum and pelvic 
plexus are revealed and dissected.

18.4.7  Opening of the Peritoneal 
Reflection

On the anterior wall of the rectum, if dissection 
goes beyond the seminal vesicle, a relatively 
thick peritoneum is recognized (Fig. 18.11a). 
Through opening, it connects with the abdominal 
cavity (Fig. 18.11b). The release of pneumoperi-
toneum pressure that was maintained on the peri-
neal side confirms the connection.

When taTME is performed, a laparoscope is 
used to create a quick visual confirmation of the 
peritoneal incision of the peritoneal reflection on 
the anterior side of the rectum. Based on this, 
when connections are made from the dissecting 
layer of the perineum through the whole perime-
ter, dissecting is completed.

In many cases, since a temporary colostomy is 
used, specimens can be collected from the stoma 
sites.

18.5  Present Issues with TME 
and Those Solved by taTME

In normal rectal cancer surgeries, performing 
TME in patients with a narrow pelvis is consid-
ered difficult. This mainly applies to male 
patients. Furthermore, in patients with high vis-
ceral fat accumulation and high BMI, quality of 
the surgery is difficult to secure, and curability 
could be affected.

In such difficult cases, the dissecting opera-
tion of the anterior wall is always difficult, poten-
tially causing erroneous identification of layers 
and unexpected bleeding.

On the other hand, massive uterine fibroids in 
women become a major obstacle in the normal 

Left pelvic plexus Tenting shape of the left pelvic
plexus

Left pelvic plexus

a b

c

Fig. 18.10 Identification of pelvic plexus and lateral dis-
section. When dissecting the lateral ligament from abdom-
inal side, thorough traction of the rectum is important. It is 

exactly the same in taTME. By applying strong traction to 
the rectum toward the median side, layers of the mesorec-
tum and pelvic plexus are revealed and dissected
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TME operation, and good visual field expansion 
cannot be achieved. In patients with a history of 
pelvic surgery and localized recurrences in the 
pelvis, identification of the dissecting layer in the 
normal TME operation is difficult.

As such, with rectal cancer surgery, there are 
inherent variations in the degree of difficulties in 
surgery due to diverse pelvic shapes. Furthermore, 
history of surgery and presence of uterine fibroid 
that inhibits expansion of good visual field make 
surgery difficult.

In these cases, taTME is an extremely effec-
tive method. taTME will come up with an answer 
for a simple truth that sites that are even further 
from the abdominal cavity are very close to the 
anus.

taTME may lead to the following possibilities:

 1. Useful in rectum cancer cases in which expan-
sion of the visual field with a normal laparo-
scope and dissecting are difficult

 2. Useful in the surgical procedure of the ante-
rior wall where anatomical recognition and 
dissecting are difficult

 3. Shorter operation time
 4. Recognition of a new surgical anatomy

18.6  Problems with taTME

Though there are many clinical advantages of 
taTME, there remain problems that need to be 
solved:

 1. Concern of spreading tumor cells by opening 
the rectum

 2. Erroneous confirmation of the dissecting 
plane, especially in the lateral cavity

 3. Difficult identification of the NVB
 4. Difficulty in maintenance of pneumoperitoneum 

pressure after connection with the abdominal 
cavity

a

c

b

Fig. 18.11 Opening of the peritoneal reflection in the 
anterior wall. (a) Identification of the peritoneal reflec-
tion. If dissected beyond the seminal vesicle on the ante-
rior wall of the rectum, the relatively thick peritoneum 
near the peritoneal reflection is recognized. (b) Opening 
of the peritoneal reflection. Through peritoneotomy of the 
peritoneal reflection, a connection is made with the 

abdominal cavity. The release of pneumoperitoneum pres-
sure that was maintained in the perineal side confirms the 
connection. (c) Identification of the dissection site of the 
peritoneal reflection from the abdominal cavity. When 
taTME is performed, a laparoscope can visually confirm 
the peritoneal incision of the peritoneal reflection on the 
anterior side of the rectum
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 5. Understanding of anatomy specific to taTME
 6. Learning is needed before performing taTME

 Conclusions

taTME is a technique that is an extension of 
the perineal operation that was previously per-
formed with the naked eye in ISR and Miles 
operation. However, as the number of taTME 
cases increases, this surgery performed endo-
scopically from the anus begins to feel like a 
new surgical technique.

With the appearance of laparoscopic surgery, 
rectal surgeons such as us were shocked with 
this surgical method that made “invisible” visi-
ble; taTME is said to be a surgery that stands on 
the extension of a similar history. In other words, 
taTME is a revolutionary surgery that makes 
“invisible” with laparoscopic surgery “visible.”

TAMIS still has various issues that need to 
be addressed. We hope to solve each of these 
issues and lead to a breakthrough in the new 

rectal cancer surgery to effectively treat many 
patients with rectal cancer.
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Functional Outcomes in Rectal 
Cancer Patients After Surgical 
Treatment

Sung-Bum Kang and Sung Il Kang

Abstract

Functional outcomes are clinically important 
in the treatment of rectal cancer patients as 
they provide clinicians with important infor-
mation to judge the patient’s status. Quality of 
life is based on the patient’s functional status; 
these two terms are often synonymous in 
healthcare. The function or quality of life is 
affected by rectal cancer itself and by its treat-
ment. Clinicians must manage the patient’s 
quality of life and the patient’s concerns about 
disease symptoms and adverse effects. 
Because statistically significant differences in 
quality of life subscales may not be clinically 
important, it is critical to define what differ-
ences are clinically relevant. In addition, 
response shift phenomenon should be consid-
ered when interpreting quality of life in longi-
tudinal studies. Although preoperative 
chemoradiotherapy has shifted the treatment 
paradigm toward organ preservation, its 
impact on quality of life is somewhat contro-
versial when compared with no radiotherapy. 
Minimally invasive surgery may have clinical 
benefits on quality of life compared with open 
surgery, but no randomized controlled trials 

have demonstrated whether laparoscopic, 
robot-assisted, or transanal total mesorectal 
excision provides superior effects on quality 
of life. Sphincter-preserving surgery does not 
appear to be superior to a permanent stoma. 
Rectal cancer patients usually suffer from 
postoperative bowel dysfunction and sexual- 
urinary dysfunction, but we lack effective 
tools to preventive these dysfunctions. 
Therefore, patients should receive information 
about postoperative dysfunction before under-
going surgery. More work is needed to develop 
tools to prevent postoperative dysfunction 
related to rectal cancer treatment and to man-
age the quality of life of rectal cancer patients.

Keywords

Rectal cancer · Functional outcomes · Quality 
of life · Bowel dysfunction · Sexual-urinary 
dysfunction · Chemoradiotherapy · Minimally 
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19.1  Introduction

Multimodal treatment of rectal cancer has 
improved its local control and long-term onco-
logic outcomes over the last three decades. The 
anal sphincter is preserved in about 84% of patients 
with rectal cancer [1] owing to the surgeon’s craft-
manship and to preoperative chemoradiotherapy. 
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However, up to 90% of patients who undergo 
sphincter-preserving surgery (SPS) experience 
changes in bowel habits that range from changes 
in bowel frequency to fecal incontinence, urgency, 
or evacuatory dysfunction; this is known as low 
anterior resection syndrome (LARS) [2, 3]. 
Although there has been a shift in the treatment 
paradigm toward organ preservation and cancer 
control, which have been trialed in selected 
patients for advanced rectal cancer, quality of life 
(QoL) remains a controversial issue [2, 3]. 
Preoperative chemoradiotherapy is also associated 
with adverse effects and negative effects on the 
patient’s QoL, as well as bowel and sexual-urinary 
functions [4]. Patient-reported outcomes, such as 
QoL, are now regarded as key outcomes when 
assessing interventions for rectal cancer [5].

The previous studies of QoL in rectal cancer 
patients had many limitations. The results of 
these studies are difficult to interpret for several 
reasons [6], including a lack of prospective cohort 
studies, heterogeneity of tumor location, differ-
ent instruments used to evaluate QoL, and poten-
tial artifacts caused by multiple testing. 
Furthermore, the previous studies did not report 
baseline data, especially QoL, age, tumor stage, 
and preoperative anal function. There are still no 
definitive strategies for managing functional 
problems like fecal incontinence and sexual- 
urinary dysfunction [7], even though they are 
major problems after rectal cancer surgery [8–
10]. Clinicians must manage the patient’s QoL 
and concerns about disease symptoms and 
adverse effects after rectal cancer treatment [11].

This review focuses on the functional outcomes, 
bowel dysfunction after SPS, sexual- urinary dys-
function, the effects of chemoradiotherapy and 
minimally invasive surgery on QoL, and differ-
ences between SPS and abdominoperineal resec-
tion (APR).

19.2  Measurement 
and Considerations 
of Functional Outcomes

Functional outcomes refer to a person’s ability to 
perform tasks. QoL is mostly evaluated in terms 
of physical, social/role, emotional/psychological, 

and cognitive functions [5]. QoL, as discussed in 
this chapter, is based on functional status, and the 
two terms are synonymous in healthcare. QoL 
can be measured during and any time after treat-
ment. QoL is clinically relevant to the treatment 
of cancer patients as it provides clinicians with 
important information used to judge patient man-
agement [12]. Owing to the inaccuracies of 
physician- based assessment of QoL, patient- 
reported outcomes are now accepted in clinical 
practice [13]. Therefore, validated and reliable 
tools are needed to ascertain QoL. Measurements 
are obtained by asking patients to rate their 
impression of QoL using either a generic or a 
disease-specific instrument [5]. Generic instru-
ments are designed to evaluate the generalized 
effects of health problems felt by the patient, 
whereas disease-specific instruments examine 
the effects of a specific condition [5]. The type of 
instrument used depends on the purpose and con-
text of QoL being measured. QoL instruments 
allow standardized quantification of QoL that can 
readily support treatment decision-making, eval-
uation, and follow-up in clinical research and 
routine practice [5].

The European Organization for Research and 
Treatment of Cancer (EORTC) QoL Group cre-
ated a combined system to assess QoL that com-
prises a generic core questionnaire such as the 
EORTC QLQ-C30 to evaluate issues common to 
different cancer sites and treatments [14] and 
modules specific to different cancers. The 
EORTC QLQ-CR38 module, for example, was 
developed to assess QoL questions in patients 
with colorectal cancer and has been translated 
and validated for use in several languages. 
However, the QLQ-CR38 questionnaire may not 
cover the symptomatic side effects and/or func-
tional advantages of current treatments because 
of changes in the treatment of colorectal cancer 
and the questionnaire’s limited specificity [15, 
16]. Accordingly, work to revise the QLQ-CR38 
began several years ago and resulted in the devel-
opment of a shorter questionnaire, the QLQ-CR29 
[17]. Korean versions of the QLQ-C30 and 
QLQ-CR29 are now available [18, 19].

Because a statistically significant difference 
does not necessarily indicate clinical importance, 
it is critical to determine what differences are 
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clinically relevant. In clinical trials, this should 
be done a priori [5]. Although some investigators 
have examined this issue by measuring the 
patient’s perceived extent using arbitrary values, 
some guidelines were recently published to help 
researchers interpret the results of the QLQ-C30 
instrument [20]. In addition, on a review of 152 
relevant articles [21], guidelines for the size of 
effects were provided for the QLQ-C30 subscales 
and can be used to calculate the sample sizes of 
clinical trials and facilitate the interpretation of 
differences in QLQ-C30 scores [21].

Most of the studies found limited differences 
in the QoL subscales between rectal cancer 
patients and the general population [5]. In some 
studies, the QoL subscales were better after sur-
gery than before surgery. For example, in the 
COREAN trial [22], sexual function had 
improved at 3 months after open surgery or lapa-
roscopic surgery compared with baseline. This 
improvement might be associated with a ten-
dency toward a shift in patient responses. This 
phenomenon is explained by patient’s psycho-
logical state and methodological aspects [4]. 
First, the relatively high QoL might be caused by 
the feeling of rejoice [23]. The diagnosis of a life- 
threatening disease and successful treatment may 
positively influence the patient’s perception of 
life, resulting in higher patient-reported QoL val-
ues [24]. Another explanation involves the 
patient’s adaptation to the disease and a conse-
quent shift in the patient’s reference point. In 
fact, disease adaptation might cause a change in 
internal standard values, resulting in underesti-
mation of QoL before treatment and/or in overes-
timation of previous symptoms [25, 26]. Patients 
may reconceptualize QoL during the disease 
course to accommodate their illness.

19.3  Bowel Dysfunction After 
Sphincter-Preserving 
Surgery

Rectal cancer patients may experience a spec-
trum of bowel dysfunction symptoms after rectal 
cancer surgery that includes fecal incontinence, 
urgency, frequent bowel movement, bowel frag-
mentation, and rectal evacuatory dysfunction. 

This wide spectrum of symptoms is known as 
LARS [3] and affects 25–80% of patients [27]. 
The latest follow-up of patients in the Dutch total 
mesorectal excision trial revealed that 46% of 
surviving patients experienced “major LARS,” as 
long as 14 years after treatment [28], depending 
on tumor location and anastomosis height [28–
30]. In a prospective study of 266 patients, Ihn 
et al. used a validated bowel function scoring sys-
tem, the Memorial Sloan Kettering Cancer Center 
questionnaire, and reported that only tumor loca-
tion was independently associated with impaired 
bowel function after SPS [30]. They suggest that 
preoperative counseling should be implemented 
to inform patients of the risk of bowel dysfunc-
tion, especially in patients with lower rectal 
cancer.

The mechanism of LARS is multifactorial and 
involves sphincter injury, alterations in anorectal 
physiology, the onset of pudendal neuropathy, 
denervation of the autonomic nerve, lumbar 
plexopathy with anastomotic sepsis, or the use of 
neoadjuvant chemoradiotherapies [27, 28]. 
Neurological or structural damage to the internal 
anal sphincter leads to unconscious leakage of 
rectal contents, whereas injury to the external 
anal sphincter usually results in fecal urgency 
and conscious awareness of impending leakage 
beyond voluntary control. Rectal evacuatory dis-
order is associated with loss of rectoanal coordi-
nation, manifesting as impaired rectal contraction 
and paradoxical anal contraction [31, 32]. Anal 
sensation at the anal transitional zone changes 
after surgery and is important for maintaining 
continence, preserving anorectal sampling, and 
controlling the urge to defecate [33]. The speed at 
which stool moves through the large bowel 
reflects contractile activity. Of note, hindgut 
denervation significantly increases colonic motil-
ity in rats [34].

Although there are no specific treatments for 
LARS, preventive measures should be consid-
ered, including nerve-sparing surgery, patient 
education, the dose/duration of pelvic irradiation 
[3], and reconstruction after rectal transection. 
Reconstructive techniques include constructing a 
side-to-end anastomosis, colonic pouch, and 
transverse coloplasty. The effects of neorectal 
volume on function remain unclear, and there are 
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no obvious long-term benefits of any of these 
techniques [35]. In a meta-analysis of 21 trials 
comprising data from 1636 patients, colonic 
J-pouch and side-to-end colo-anal anastomosis or 
transverse coloplasty were associated with better 
functional outcomes than straight colo-anal anas-
tomosis, in the first year after surgery [36, 37].

19.4  Sexual-Urinary Dysfunction 
After Rectal Cancer Surgery

Although sexual problems are common, the 
impact of rectal cancer treatment on sexual func-
tion is poorly understood because the majority of 
earlier studies were limited by their low response 
rates. Injury to the autonomic pelvic nerves is one 
of the most important causes of sexual dysfunc-
tion. The incidence of sexual dysfunction after 
rectal cancer surgery varies widely in prior stud-
ies, from 5% to 90%. In female patients, the inci-
dence of sexual dysfunction ranged from 65% to 
80%, which is more than expected [38]. Patients 
feel that sexual function is relevant and needs to 
be discussed before and after surgery [39–41]. 
However, more than half of patients perceive that 
they do not receive satisfactory preoperative 
information [42, 43], and <10% of patients with 
postoperative sexual dysfunction were referred to 
a specialist [44]. Therefore, preoperative consul-
tations should provide patients with information 
about the risk of sexual dysfunction [45].

Approaches to prevent or treat urinary dys-
function have not been established, even though 
urinary dysfunction is common and persists for a 
long time after rectal cancer surgery. Urinary dys-
function is mainly related to autonomic nerve 
damage during surgery or preoperative radiother-
apy. Lee et al. showed that in the study of 352 rec-
tal cancer patients with mild preoperative urinary 
symptoms, 13.6% experienced acute urinary 
retention after surgery [46]. This study suggests 
that it is important to keep a urinary catheter in 
place for >2 days and consider intraoperative fluid 
restriction to prevent acute urinary retention after 
rectal cancer surgery. A randomized clinical trial 
investigated the efficacy of the selective 
α1-adrenoceptor antagonist tamsulosin to prevent 

acute voiding difficulty after rectal cancer surgery 
[47]. However, administration of tamsulosin at a 
dose of 0.2 mg/day, as recommended for studies 
in Asian populations, did not prevent acute void-
ing difficulty after rectal cancer surgery.

19.5  Impact 
of Chemoradiotherapy

Multimodal treatment of rectal cancer is based on 
advances in surgical pathology, refinements in 
surgical techniques and instrumentation, new 
imaging modalities, and the widespread use of 
neoadjuvant therapy [2]. However, preoperative 
chemoradiotherapy of rectal cancer is associated 
with adverse effects, which have negative effects 
on the patient’s QoL, bowel function, and sexual- 
urinary function [4]. Wiltink et al. reported some 
statistical differences in functioning and symp-
toms at 14 years after surgery in patients who 
underwent surgery only and patients who under-
went neoadjuvant therapy [48]. In a randomized 
controlled study of 102 men with stage II–III rec-
tal cancer, erectile and urinary functions were 
significantly worsened by neoadjuvant chemora-
diotherapy compared with chemotherapy alone 
[49]. A Cochrane review published in 2013 con-
cluded that the effects of preoperative chemora-
diotherapy on function outcome and QoL are 
incompletely understood and should be addressed 
in future trials [50].

19.6  Impact of Minimally Invasive 
Surgery

Following the advent of laparoscopic surgery, 
postoperative QoL has become a controversial 
issue. In the COREAN trial, which compared open 
and laparoscopic surgery after chemoradiotherapy 
in patients with mid- or low rectal cancer [22], the 
laparoscopic group had better physical functioning 
scores, less fatigue, and fewer micturition, gastro-
intestinal, and defecation problems than the open 
group at 3 months after proctectomy or ileostomy 
takedown. Although QoL data were not reported 
in the ACOSOG Z6051 trial and the ALaCaRT 
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trial [51, 52], subgroup analyses of the COLOR II 
trial [53] revealed that the QoL after rectal cancer 
surgery was not affected by the surgical approach 
(i.e., open or laparoscopic surgery). A systematic 
review [54] showed that neither laparoscopy nor 
open surgery was superior in terms of preserving 
sexual and bladder function. In meta-analyses 
comparing the outcomes of robot-assisted surgery 
and laparoscopic surgery for rectal cancer, robot-
assisted surgery was associated with earlier recov-
ery of urogenital function in men [55]. However, 
there are no randomized controlled trials showing 
whether robot-assisted surgery is associated with 
better urogenital function than laparoscopic sur-
gery [56]. In addition, although the transanal 
approach for low rectal cancer did not adversely 
affect bowel or urologic functions compared with 
conventional laparoscopy, larger well-designed 
studies are required to investigate these issues fur-
ther [57].

19.7  Quality of Life with or 
Without Permanent Stoma

To date, no large-scale prospective studies have 
compared QoL between APR and SPS for lower 
rectal cancer, even though a permanent stoma 
following rectal cancer excision is believed to 
have detrimental effects on QoL [15, 58]. There 
is still no evidence supporting routine use of SPS 
for low rectal cancer, while it is increasingly 
being used instead of APR for low rectal cancer 
[59–61]. Previous studies suggested that the rate 
of SPS for rectal cancer might be a marker for 
surgical quality [60, 62] and that SPS provided 
better QoL and sexual or urinary function com-
pared with APR. [15, 58] Nevertheless, many 
controversies remain, and these studies are lim-
ited by selection bias and measurement bias [6].

Some prospective studies have compared QoL 
between APR and SPS for rectal cancer. The 
National Surgical Adjuvant Breast and Bowel 
Project (NSABP) R-04 trial was a randomized 
controlled trial of neoadjuvant chemoradiother-
apy in patients with resectable stage II–III rectal 
cancer located <12 cm from anal verge that eval-
uated QoL at 1 year after surgery [63]. Patients 

who underwent APR reported worse body image 
at 1 year than patients who underwent SPS, but 
the latter group reported worse gastrointestinal 
tract symptoms [63], similar to other studies in 
rectal cancer [64, 65]. In a prospective study of 
100 rectal cancer patients, SPS is a chance for 
better quality of life than APR, although at 
6 months after surgery, the QoL of patients 
improved regardless of the surgical approach 
[64]. However, these studies were not specific to 
low rectal cancer [63–65]. A recent prospective 
study of patients with low rectal cancer showed 
that overall QoL was comparable between APR 
and SPS and that APR was associated with better 
cognitive and social function, and fewer adverse 
symptoms compared with SPS [66], as reported 
in another study [67]. However, those studies 
involved a small number of patients and did not 
consider the differences in preoperative QoL 
between the APR and SPS groups [66, 67]. 
Unfortunately, a Cochrane review could not pro-
vide definitive conclusions on this topic because 
of the paucity of high-quality studies, and the 
authors highlighted the need for further prospec-
tive studies [68]. Considering these findings, the 
superiority of SPS may be less clear than com-
monly believed. The formation of a stoma should 
not be deemed a failure of surgical treatment, and 
APR does not reflect suboptimal surgical treat-
ment or quality. A randomized controlled trial 
comparing the outcomes of APR and SPS may 
provide strong support for either these approaches 
in patients with low rectal cancer, but such  studies 
are not feasible because most patients prefer SPS 
rather than other methods. For this reason, a 
large-scale prospective cohort study is ongoing, 
the abdominoperineal resection versus sphincter- 
preserving surgery for lower rectal cancer 
(ASPIRE) study, which is comparing QoL and 
patient outcomes between APR and SPS among 
Korean patients with low rectal cancer 
(ClinicalTrials.gov ID: NCT01461525).

 Conclusion

The patient’s function or QoL is affected by 
rectal cancer itself and its treatment. Clinicians 
must manage the patient’s QoL and concerns 
about disease symptoms and adverse effects. 
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The effect size and a shift in responses should 
be considered when designing and interpret-
ing studies focusing on QoL. The impact of 
preoperative chemoradiotherapy, minimally 
invasive surgery, and permanent stoma on 
QoL remains controversial. Although rectal 
cancer patients suffer from bowel dysfunction 
and sexual-urinary dysfunction after surgery, 
we do not have tools to prevent or treat such 
disorders. Therefore, before surgery, patients 
should be informed about the risk of postop-
erative bowel and sexual-urinary dysfunction. 
More studies are required to develop tools to 
prevent postoperative dysfunction related to 
rectal cancer treatment and to manage the 
QoL issues in rectal cancer patients.
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Anatomic Basis Based 
on Embryologic Plane 
and Vascular Variation

Yojiro Hashiguchi

Abstract

One of the main technical difficulties in the per-
formance of colon cancer surgery derives from 
the fusion of the mesocolon with the duodenum, 
the pancreas, and the greater omentum during 
embryological development. Another difficulty 
is due to the innate variation of feeding arteries 
and drainage veins. From the technical aspect, 
understanding the embryologic plane helps 
achieve successful complete mesocolic excision 
(CME), and knowledge of vascular variation 
contributes to safe and appropriate central vas-
cular ligation (CVL). For CME, a dissection 
plane between the fusion fascia of Toldt and the 
subperitoneal fascia is recommended in order to 
ensure the preservation of the integrity of the 
entire mesocolon. For CVL in a right-side colon 
cancer surgery, the superior mesenteric vein and 
its branches such as the gastrocolic trunk of 
Henle and the middle colic vein should be care-
fully treated due to their anatomic complexity 
and vascular variations.

Keywords

CME · CVL · Fusion fascia · Subperitoneal 
fascia · Gastrocolic trunk

20.1  Background

Total mesorectal excision (TME) for rectal can-
cer has been established as an optimal procedure 
to reduce local recurrence [1]. Similarly, it has 
been advocated that complete mesocolic excision 
(CME) with central vascular ligation (CVL) be 
performed as a standard procedure for colon can-
cer surgery [2, 3]. The concept of CME is the en 
bloc removal of the tumor along with a sufficient 
length of the colon, regional lymph nodes, lymph 
vessels, and fat tissue within the mesocolon. To 
accomplish a CME, sharp dissection following 
embryological anatomic planes [4] is required for 
the mobilization of the colon and mesocolon. The 
feeding artery of the tumor should be ligated and 
cut at the root for complete removal of the 
regional vessels. This concept has been well rec-
ognized among Asian surgeons as a D3 dissec-
tion [5], which is described in the Japanese 
Classification of Colorectal Carcinoma [6] and is 
recommended in the Japanese Society for Cancer 
of the Colon and Rectum (JSCCR) guidelines 
2016 for the treatment of colorectal cancer [7].

A comparison of D3 specimens with CME 
specimens indicated that both methods provide 
sufficiently high rates of successful mesocolic 
plane surgery and long distances from the high 
vascular tie to the bowel wall [8]. To achieve effec-
tive colon cancer surgery, it is essential to under-
stand the anatomy based on embryology. One of 
the main technical difficulties in the performance 
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of colon cancer surgery derives from the fusion of 
the mesocolon with the duodenum, the pancreas, 
and the greater omentum during embryological 
development. Another difficulty is due to the 
innate variation of feeding arteries and drainage 
veins. From the technical aspect, understanding 
the embryologic plane helps achieve successful 
CMEs, and knowledge of vascular variation con-
tributes to safe and appropriate CVLs.

20.2  Embryologic Plane

There are many publications concerning fascial 
composition, and the names used for the fasciae 
are not consistent among these publications, with 
variations in accord with the authors’ specialties. 
For example, publications concerning urology 
usually call the subperitoneal fascia “renal fascia.” 
Herein I have used the names of fasciae according 
to Mike and Kano [9], who proposed clear defini-
tions and explanations of the fascial composition 
for laparoscopic colorectal surgery.

20.3  Embryological Development

The primitive gut forms during the fourth week of 
gestation. Ventral folding of lateral sides forms the 
midgut, and the cranial and caudal ends form the 

foregut and the hindgut. In the subsequent week of 
gestation, the foregut, the midgut, and the hindgut 
are suspended from the abdominal wall by the dor-
sal mesentery [10]. Over the following weeks, the 
midgut becomes the primary intestinal loop and 
rotates 270°counterclockwise around the superior 
mesenteric artery (SMA) and the superior mesen-
teric vein (SMV), until the third month [9]. Some 
portions of the gastrointestinal tract develop adja-
cent to the body wall during development, and the 
dorsal mesentery becomes incorporated into the 
body wall, making the organ secondarily retroperi-
toneal. These secondarily peritoneal organs such 
as the duodenum, pancreas, ascending colon, and 
descending colon are especially important in sur-
gical procedures used for colon cancer.

The right fusion fascia of Toldt is formed by 
the fusion of the ascending colon and its mes-
entery with the retroperitoneum, while the left 
fusion fascia of Toldt is formed by the fusion of 
the descending colon and its mesentery with the 
retroperitoneum. The embryologic rotation of 
the bowel and the formation of the fusion fascia 
are illustrated in Fig. 20.1. The inside of fusion 
fascia cannot be dissected in surgical 
procedures.

The central area (pancreaticoduodenal por-
tion) is much more complicated. First, the mes-
entery of the second portion of the duodenum is 
attached to the parietal peritoneum and thus 

Transverse mesocolon

Sigmoid mesocolon
Mesentery of small intestine

Descending mesocolon
(Lt. fusion fascia of Toldt)Ascending mesocolon

(Rt. fusion fascia of Toldt)

Fig. 20.1 Embryologic 
rotation and formation 
of the fascia of Toldt
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forms the posterior pancreatic fascia of Treitz. 
The ascending colon and its mesentery then 
cover the head of the pancreaticoduodenal region 
and form the right fusion fascia of Toldt and the 
anterior pancreatic fascia. Thus, the ventral side 
of the second portion of the duodenum and the 
pancreas head are covered by the anterior pan-
creatic fascia, while their dorsal side is covered 
by the posterior pancreatic fascia [9]. As the 
right fusion fascia of Toldt separates into these 
two planes in the pancreaticoduodenal portion, it 
is not easy to identify the appropriate planes of 
dissection to perform a CME. The basic concept 
of surgery for colorectal cancer is to strictly sep-
arate the entire mesocolon off the retroperitoneal 
plane, preserving its integrity. The recognition of 
the fascia during surgery leads to the correct dis-
section along the right plane.

20.4  Selection of Dissection Plane

To avoid unnecessary bleeding and tumor expo-
sure, surgical procedures for colon cancer should 
be performed in accordance with the embryonic 
fascial anatomy. West et al. [4] proposed a grad-
ing system of colon surgery on the basis of the 
presence and extent of any identifiable mesocolic 
defects. The grading includes dissection in the 
mesocolic plane (when an intact mesocolon is 
present), the intramesocolic plane (when there 
are significant mesocolic defects that do not 
expose the muscularis propria), or the muscularis 
propria plane (when significant and extensive 
defects that expose areas of muscularis propria 
are observed). The final grading is based on the 
poorest area, regardless of its relationship to the 
area of the tumor [4]. Throughout the embryo-
logical development, there are fusions of fascia 
and complicated layers surrounding the colon. If 
the dissection plane develops close to the colon 
and mesocolon, there is a greater chance that sig-
nificant mesocolic defects will develop and/or 
that the muscularis propria of the colon will be 
observed. The appropriate dissection plane 
should thus be selected.

20.5  The Fascial Composition 
of the Right Side 
of the Colon with Respect 
to the Dissection Plane

The fascial composition of the right side of the 
colon is described in Fig. 20.2a–c. The caudal 
side is simple, and the cranial pancreaticoduode-
nal portion is more complexed due to the embry-
ologic rotation of the bowel.

For CME, a dissection plane between the right 
fusion fascia of Toldt and the subperitoneal fascia 
is recommended in order to ensure the preserva-
tion of the integrity of the entire mesocolon. In 
this case, the procedure begins with the incision 
of the peritoneum at the base of the mesentery of 
the terminal ileum and then proceeds cranially to 
the lower portion of the right colon, dissecting 
between the Toldt’s fusion fascia and the subperi-
toneal fascia. The dissection should proceed 
medially to the second portion of the duodenum.

When this dissection plane is taken, the plane 
should be intentionally shifted ventrally by 
incising the Toldt’s fusion fascia or the posterior 
pancreatic fascia when the dissection reaches 
the second or third portion of the duodenum, 
because the right fusion fascia of Toldt divides 
into two planes and the dorsal side becomes the 
posterior pancreatic fascia of the Treitz 
(Fig. 20.1b). If the original dissection plane 
(between the Toldt’s fusion fascia and the sub-
peritoneal fascia) is continued cranially, the dis-
section can proceed toward the dorsal side of the 
duodenum and pancreas. The dissection should 
be continued cranially along the ventral and 
medial sides of the second portion of the duode-
num. The transverse mesocolon is separated 
from the pancreas and gastroepiploic veins by 
dividing the greater omentum. By taking this 
plane, the dissection is performed along the 
 ventral side of the subperitoneal fascia and the 
surface of the duodenum and pancreas. This is 
considered the ideal plane for the en bloc resec-
tion of colon cancer. The ideal dissection plane 
for the right side of the colon is demonstrated 
in the Fig. 20.2a–c. The pancreaticoduodenal 
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Fig. 20.2 (a) Dissection plane for the caudal portion of 
the right-side colon. Dissection plane should be between 
the right fusion fascia of Toldt and the subperitoneal fas-
cia (red dotted line). (b) The dissection plane for the cra-
nial portion of the right side of the colon. The ideal 
dissection plane is between the right fusion fascia of 
Toldt and the subperitoneal fascia and then ventrally 
shifted between the anterior pancreatic fascia and the 
duodenum (red dotted line). In the median approach 
used for a laparoscopic right hemicolectomy, the shal-
lower dissection plane is usually selected (brown dotted 

line). (c) Sagittal view of the dissection plane for the 
right side of the colon. The ideal dissection plane is 
started at the base of the terminal ileum between the 
right fusion fascia of Toldt and the subperitoneal fascia 
and then ventrally shifted between the anterior pancre-
atic fascia and the duodenum (red dotted line). In the 
median approach used for the laparoscopic right hemico-
lectomy, the dissection is usually started bellow the ileo-
colic vessels and continues dissecting the ventral plane 
of the fusion fascia of Toldt cranially, following the shal-
lower dissection plane (brown dotted line)

Ascending colon

Rt. gonadal vessels

Superior mesenteric arteryRt. ureter

Rt. iliopsoas muscle
Rt. kidney

Subperitoneal fascia

Dissection plane

Rt. fusion fasica of Toldt

a

Terminal ileum

Ileocolic vessels

Duodenum Pancreas

Anterior pancreatic fascia

Posterior pancreatic fascia of Treitz

Rt. fusion fasica of Toldt

Dissection plane

Subperitoneal fascia

c

Ascending colon
Ileocolic vessels

Duodenum Pancreas

Anterior pancreatic fascia

Posterior pancreatic fascia of Treitz

Rt. fusion fascia of Toldt

Dissection plane

Subperitoneal fascia

Rt. kidney

Rt. gonadal vessels
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b

 portion and surgical trunk after a CME and CVL 
are shown in Fig. 20.3a.

There is a trend for the selection of a shal-
lower dissection plane in the medial approach in 

laparoscopic surgery. In this case, the dissection 
is begun by lifting the ileocolic vessels and then 
continued by dissecting the ventral plane of the 
Toldt’s fusion fascia. The plane of this dissection 
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is performed within the mesentery, leaving the 
fusion fascia with the retroperitoneum. With the 
use of this plane, the duodenum and pancreas are 
automatically left on the dorsal side of the dissec-
tion layer. However, when the dissection 
approaches the ascending colon or transverse 
colon, it becomes difficult to separate the fusion 
fascia and colon. Thus, the dissection plane is 
eventually shifted to the plane between the fusion 
fascia and the subperitoneal fascia. This plane of 
dissection may not be appropriate for maintain-
ing the integrity of the entire mesocolon. The 
laparoscopic view of the subperitoneal fascia, the 
right fusion fascia of Toldt, and the mesocolon 
are shown in Fig. 20.3b.

20.6  The Fascial Composition 
of the Left-Side Colon 
with Respect 
to the Dissection Plane

Although the descending colon loses its mobility 
due to the formation of the left fusion fascia of 
Toldt, the sigmoid colon maintains a degree of 
mobility that varies among individuals. When a 
sigmoidectomy is performed, a lateral approach 
is common for open surgery, and a medial 
approach is common for laparoscopic surgery. 

Either way, the dissection should be performed 
between the left fusion fascia of Toldt and the 
subperitoneal fascia to sufficiently mobilize the 
left side of the colon. The dissection plane 
between the fusion fascia and the subperitoneal 
fascia is shown in Fig. 20.4.

As the subperitoneal fascia continues to the 
fascia propria of the rectum, this “fascia propria” 
should be identified at the level of promontorium 
in the medial approach. The incision of the retro-
peritoneum and the dissection between the fusion 
fascia and the subperitoneal fascia should be 
extended cranially and then toward the left, leav-
ing the left ureter and gonadal vessels under the 
subperitoneal fascia. After the sufficient dissec-
tion from the medial side, the lateral approach 
should be started by incising the white line of 
Toldt. The integrity is maintained by the resection 
of the fusion fascia with the mesocolon (Fig. 20.5).

In the case of a patient with cancer at the 
splenic flexure, left hemicolectomy is selected as 
the standard surgery. In this case, the dissection 
between the fusion fascia and subperitoneal fas-
cia is extended cranially to the pancreas. As the 
subperitoneal fascia continues to the dorsal side 
of the pancreas, the dissection plane should be 
shifted ventrally at the lower border of the pan-
creas. This shift is relatively difficult in fatty 
patients.

a b

Fig. 20.3 (a) The view of the pancreaticoduodenal por-
tion after CME and CVL by open right hemicolectomy. 
The duodenum and pancreas head are exposed without the 

fascia. (b) The relationship among the subperitoneal fas-
cia, right fusion fascia of Toldt, and mesocolon in the cra-
nial portion of right-side colon observed by laparoscopy
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20.7  Vascular Variation

There are a large number of vascular variations 
in the colon as compared to the rectum. As the 
proximal two-thirds of the transverse colon 
originate from the midgut and the distal third of 
the transverse colon to rectum from the hindgut, 
there is a clear separation of the blood-supply-
ing and blood-draining routes between these 
two parts of the colon. The connection between 
the right-side colon and the left-side colon is 
sometimes loose and becomes the cause of 

anastomotic leakage after a CVL of the inferior 
mesenteric artery (IMA) or middle colic artery 
(MCA). Knowing the potential vascular varia-
tions is essential for the safe and effective liga-
tion of feeding arteries and draining veins. It is 
also important when considering the optimal 
margins for bowel resection and the blood sup-
ply for anastomotic reconstruction.

20.8  Right-Side Colon

The inferior mesenteric vein (IMV), which is 
called “surgical trunk” in cases of colon cancer 
surgery, should be exposed to perform a CVL and 
to remove the regional lymph nodes at the root of 
feeding arteries. The typical appearance of the 
surgical trunk is shown in Fig. 20.6. However, 
there are many variations in the right-side colon.

20.8.1  Arteries

The right-side colon is supplied by the 
SMA. There are three major branches of SMA: 
the ileocolic artery (ICA), the right colic artery 
(RCA), and the MCA. The ICA always directly 
arises from the SMA and is constantly present. In 
contrast, the RCA much less frequently arises 
from the SMA and may arise from the ICA or the 
MCA. This variation of the RCA should be taken 
into consideration while dissection is performed 
along the surgical trunk. The MCA usually arises 

Fig. 20.5 Dissection plane for the caudal portion of the 
sigmoid colon during a median approach by laparoscopic 
sigmoidectomy. The dissection was performed between 
the left fusion fascia of Toldt and the subperitoneal fascia

Sigmoid colon
Lt. gonadal vessels

Lt. ureter
Inferior mesenteric artery

A
B
C Dissection plane

Lt. fusion fascia of Toldt

Subperitoneal fascia

Lt. kidneyLt. iliopsoas muscle

Fig. 20.4 Dissection 
plane for the caudal 
portion of the left-side 
colon. Dissection plane 
should be between the 
left fusion fascia of 
Toldt and the 
subperitoneal fascia (red 
dotted line)
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directly from the SMA and is divided into two 
(right and left) branches or three branches (right, 
left, and accessory). In some cases, the right 
MCA and the left MCA separately and directly 
arise from the SMA, resulting in the absence of 
the MCA. Anatomic variations of the RCA and 
MCA with the incidences are shown in Fig. 20.7 
[11].The incidences are largely in accordance 
with the recent data from cadavers [12, 13].

20.8.2  Veins

Performing a CVL has the potential to injure a 
vein. Vein injury during a laparoscopic surgery 
for right-sided colon cancer may result in mas-
sive bleeding and is one of the leading causes of 
conversion to open surgery. The risk of inadver-
tent vascular injury is particularly increased 
when vessels for CVL are exposed. The SMV 

MCAMCA

SMA

RCA

ICAICV

RCV

GTH

SMV (Surgical Trunk)

Fig. 20.6 The typical 
appearance of the 
vessels around surgical 
trunk. SMA superior 
mesenteric artery, MCA 
middle colic artery, RCA 
right colic artery, ICA 
ileocolic artery, SMV 
superior mesenteric 
vein, MCV middle colic 
vein, RCV right colic 
vein, ICV ileocolic vein, 
GTH gastrocolic trunk 
of Henle

Aorta Aorta Aorta Aorta Aorta

MCA SMA SMA SMA SMA SMA

RCA

ICA

Type I Type II Type III Type IV Type V

30% 8% 52% 8% 2%

aMCA

MCA
MCA

MCA MCA

RCA
RCA

RCA

ICA ICA ICA ICA

Fig. 20.7 Variation of the right colic and middle colic 
arteries. Type I, RCA and MCA from SMA (30%). Type 
II, RCA, MCA, and accessory (a)MCA from SMA (8%). 

Type III, RCA from MCA (52%). Type IV, RCA from 
ICA (8%). Type V, no RCA (2%) [11]
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and its branches such as the gastrocolic trunk of 
Henle (GTH) and the middle colic vein (MCV) 
should be carefully treated due to their anatomic 
complexity and vascular variations.

The unexpected variation of the GTH is one of 
the factors contributing to the incidence of seri-
ous bleeding during colon cancer surgery [14]. 
Alsabilah et al. [15] reported their intraoperative 
charting of right colonic arteriovenous anatomy. 
They suggested five types of GTH based on 
venous tributaries from the right colon: type I, no 
venous tributaries (58.1%); type II, RCV only 
(16.1%); type III, RCV and accessory (a)MCV 
(8.1%); type IV, RCV and MCV (3.2%); and type 
V, MCV only (3.2%) (Fig. 20.8) [15].

The relationship of the ICA and the SMV is 
important for the central vascular ligation of an 
ICA. Several studies noted that the ICA passes 
the SMV anteriorly or posteriorly at similar inci-
dences [16]. When the ICA passes the SMV pos-
teriorly, ligation of the ICA at the root from the 
SMA is much more difficult for laparoscopic sur-
gery, and the ligation is performed at the left side 

of the SMV. The required level of D3 lymph node 
dissection for patients whose ICA passes the 
SMV posteriorly is an unsettled matter.

20.9  Left-Side Colon

For left-sided colon cancer, the central vessels 
are the IMA and the IMV. However, the IMA is 
often preserved for descending colon cancer sur-
gery, whereas the left colic artery (LCA) is often 
preserved for sigmoid colon or rectal cancer sur-
gery. In such cases, the variation of the feeding 
arteries is more important.

20.9.1  Arteries

The IMA arises from the abdominal aorta. The 
main branches are the LCA and the superior rectal 
artery (SRA). Two or more sigmoid branches orig-
inate from the LCA or SRA. The pattern of IMA 
variation is shown in Fig. 20.9 [11]. The distance 

GTH
MCV

GTH

MCVRCV

GTH GTH GTH

MCVRCV
MCV MCV

RCV
aMCV

SMV SMV SMV SMV SMV

Type I
58.1%

Type II
16.1%

Type III
8.1%

Type IV
3.2%

Type V
3.2%

Fig. 20.8 Variation of gastrocolic trunk of Henle (GTH). Type I, no venous tributaries (58.1%). Type II, RCV only 
(16.1%). Type III, RCV and aMCV (8.1%). Type IV, RCV and MCV (3.2%). Type V, MCV only (3.2%) [15]

LCA
LCA

LCA

SRASRA SRAS1
S1 S1

Type I
56%

Type II
38%

Type III
6%

Fig. 20.9 Variation of 
left colic artery. Type I, 
isolated divergence from 
IMA (56%). Type II, 
common divergence 
with S1 from IMA 
(38%). Type III, 
formation of small arch 
(6%) [11]
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from the origin of the IMA to the branch of the 
LCA or the first sigmoid branch (S1) also varies 
considerably among individuals. These variations 
are particularly important when a CVL is not per-
formed and the LCA or S1 is intentionally pre-
served for patients with early-stage  cancer or for 
patients with a high risk of complications.

20.9.2  Veins

The left-side colon has also shown variations of 
drainage vein, but these variations are not usually 
the cause of serious hemorrhage and are thus 
clinically less important.

20.10  Riolan’s Arch

The connection of the SMA and IMA is impor-
tant when the IMA is ligated and cut at the root 
as the CVL procedure. The term “Riolan’s arch” 
is often used as the name of the artery connect-
ing the SMA and the IMA, but Riolan’s arch 
may be identical to the marginal artery connect-
ing the SMA and the IMA. Otherwise, Riolan’s 
arch may represent a rare artery connecting the 
MCA to the ascending LCA. It is suggested that 
the marginal artery is usually sufficient for left 
colic circulation after ligation of the 
IMA. However, the connection of the marginal 

artery with the ascending LCA at the level of the 
left transverse colon might be important in 
chronic atherosclerotic obstructive disease of 
the SMA, IMA, and/or celiac trunk [17]. 
Therefore, it is recommended that ligation of 
the IMA should be avoided if a hypertrophic 
ascending LCA is identified. Riolan’s arch is 
described in Fig. 20.10.
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The Lymphatic Spread of Colon 
Cancer

Ji Yeon Kim

Abstract

It is essential to have good knowledge of the 
lymphatic system for the operative treatment 
of colon cancer, because the lymphatic drain-
age of the colon is a core subject of colonic 
oncologic pathology.

This chapter covers the latest progress in 
our understanding of the anatomy and biology 
of colonic lymphatics. The anatomy part 
describes the vascular anatomy, classification 
and definition of regional lymph nodes, and 
nodal staging system of the American Joint 
Committee on Cancer. The lymphatic flow, 
role of lymphatic system, and mechanism in 
cancer progression are dealt with over in the 
field of biology. In addition, some of the ongo-
ing debates such as extramesocolic lymph 
nodes, skip metastasis, and sentinel lymph 
nodes are covered along within the biology.

This thorough review of colonic lymphatic 
system will serve as the basis for effective sur-
gical treatments, which will be discussed else-
where in this book.

Keywords

Lymphatics · Lymph node · Metastasis

21.1  Anatomy of Colon 
Lymphatics

Having good knowledge of the lymphatic drain-
age is essential in planning operative treatment 
for colon cancer. The lymphatic drainage of the 
colon follows its vascular supply. Therefore, a 
brief review of the anatomy of the vascular sup-
ply and lymphatic drainage of the colon can 
provide a framework for the discussion of 
colonic oncologic pathology. Because the colon 
derives from the midgut and hindgut, its three 
main arteries include the ileocolic artery and 
the middle colic artery, both of which arise 
from the superior mesenteric artery, and the 
inferior mesenteric artery from the aorta. The 
branches of these three main arteries create the 
marginal arcades, which ultimately supply the 
colon [1].

The superior mesenteric artery supplies the 
portion of the colon derived from the midgut 
(cecum, appendix, ascending colon, right two- 
thirds of the transverse colon), while the inferior 
mesenteric artery supplies the segments derived 
from the hindgut (left third of the transverse 
colon, descending colon, sigmoid, rectum, and 
upper anal canal). The unnamed branches of 
these arteries are ramified between the muscle 
layers of the portion of the colon which they 
supply and continue to subdivide before ulti-
mately terminating in the circular smooth mus-
cle layers of the bowel wall as branches of the 

J. Y. Kim  
Department of Surgery, Division of Colorectal 
Surgery, Chungnam National University School 
of Medicine, Daejeon, South Korea
e-mail: jykim@cnuh.co.kr

21

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-5143-2_21&domain=pdf
mailto:jykim@cnuh.co.kr


242

appendices epiploicae. The majority of the 
venous drainage of the colon occurs through the 
hepatic portal vein via the superior and inferior 
mesenteric veins, although a small portion of 
the rectum is drained into the internal iliac vein 
and the pudendal vein via the middle rectal 
veins and the inferior rectal veins, respectively 
[1]. The lymphatic drainage route of the colon 
largely mirrors that of the arterial circulation, in 
contrast to most of the anatomy where the lym-
phatic drainage mirrors the venous circulation. 
The lymphatic vessels of the cecum as well as 
those of the ascending and proximal transverse 
colon drain into the lymph nodes associated 
with the superior mesenteric artery, while the 
vessels of the distal transverse and sigmoid 
colon, along with those from the rectum, drain 
into the nodes associated with the inferior mes-
enteric artery [1].

21.1.1  Classification of Colonic 
Lymph Nodes

The colonic lymph nodes have been conveniently 
classified into four groups by Jamieson and 
Dobson [2]: the epicolic, paracolic, intermediate, 
and main (principal) nodes (Fig. 21.1). Epicolic 
nodes are minute nodules on the serosal surface 
of the colon under the peritoneum and in the 
appendices epiploicae. The epicolic glands are 
very numerous in young subjects but decrease in 
number in older patients. They are especially 
abundant in the sigmoid colon, although they can 
be found on any part of the large intestine. 
Paracolic nodes are located on the arcade of 
medial borders of the ascending and descending 
colon as well as the mesenteric borders of the 
transverse and sigmoid colon along the marginal 
artery. The paracolic nodes are believed to be the 

Fig. 21.1 Classification 
of the lymph node of the 
colon and rectum (From 
Sabiston Textbook of 
Surgery. Ed20. p1322)
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most important colonic nodes and considered to 
have the highest number of filters. Hashiguchi 
et al. [3] reported that in about 23% of the 
patients, the epicolic and paracolic lymph node 
involvement is observed in between 5 and 10 cm 
from the tumor, while others reported that the 
epicolic and paracolic lymph node involvement 
in more than 10 cm from the tumor occurs in only 
1–2% of the patients [4, 5]. Intermediate nodes 
are located along the ileocolic, right colic, middle 
colic, left colic, sigmoid, and superior rectal 
arteries [1]. Finally, the main (principal) nodes 
are populated along the main trunks of the supe-
rior and inferior mesenteric arteries and drain 
into the para-aortic nodes at the origin of these 
vessels. The lymph then drains to the cisterna 
chyli via the para-aortic chain of nodes. Colorectal 
carcinoma staging systems are based on the neo-
plastic involvement of these various lymph node 
groups.

The Japanese Society for Cancer of the Colon 
and Rectum (JSCCR) [6] classified the lymph 
nodes as shown in Fig. 21.2 and Table 21.1.

21.1.2  N Stage of Colon Cancer

The American Joint Committee on Cancer 
(AJCC) tumor/node/metastasis (TNM) classifi-
cation and staging system for colon cancer is the 
present worldwide staging system. N stage is 
decided according to the number of regional 
lymph node metastasis.

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in 1–3 regional lymph nodes

N1a Metastasis in 1 regional lymph node

N1b Metastasis in 2–3 regional lymph nodes

N1c Tumor deposit(s) in the subserosa, mesentery, 
or nonperitonealized pericolic or perirectal 
tissues without regional nodal metastasis

N2 Metastasis in 4 or more lymph nodes

N2a Metastasis in 4–6 regional lymph nodes

N2b Metastasis in 7 or more regional lymph nodes

Implementation of AJCC 8th Edition Cancer Staging 
System. American Joint Committee on Cancer. 
Available at https://cancerstaging.org/About/news/Pages/
Implementation-of-AJCC-8th-Edition-Cancer-Staging-
System.aspx. Accessed: January 4, 2017

Fig. 21.2 Japanese classification of the 
lymph node stations. D1–D4 defined by 
colors: D1 = red; D2 = blue; D3 = green; 
and D4 = black (Disease of the Colon and 
Rectum. 2016;59:1209–21, Wolters 
Kluwer)
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21.1.3  Definition of Regional Lymph 
Node

A specific definition of regional lymph nodes 
changes according to the subsite of the primary 
cancer.

Definitions of regional lymph node groups in ana-
tomic subsites of the colorectum [7]

Cecum: anterior cecal, posterior cecal, ileocolic, right 
colic

Ascending colon: ileocolic, right colic, middle colic

Hepatic flexure: middle colic, right colic

Transverse colon: middle colic

Splenic flexure: middle colic, left colic, inferior 
mesenteric

Descending colon: left colic, inferior mesenteric, 
sigmoid

Sigmoid colon: inferior mesenteric, superior rectal 
sigmoidal, sigmoid mesenteric

Rectosigmoid colon: perirectal, left colic, sigmoid 
mesenteric, sigmoidal, inferior mesenteric, superior 
rectal, middle rectal

Tumor deposits are discrete nodules of adeno-
carcinoma deposited in pericolonic and perirectal 
fat. Its presence has been reported as an important 
prognostic factor [8–12] . Although tumor deposit 
is founded as various forms associated with sur-
rounding structure including veins, lymphatic 
vessels, and nerves or it can appear as nodular or 
scattered in aggregates in pericolic fat [13], it is 
included in N stage and counts as positive lymph 
node as abovementioned AJCC system.

21.2  Biology of Lymphatic Spread 
of Colon Cancer

21.2.1  Lymphatic Spread of Colon 
Cancer

Lymphatic flow of the colon starts with a network 
of lymphatic vessels and lymph follicles in the 
lower part of the lamina propria along the muscu-
laris mucosa but becomes more abundant in the 

Table 21.1 Definitions of locations and dissection of mesocolic lymph nodes

The extent of lymph node dissection (JSCCR, Fig. 21.1)

D1 Complete dissection of epicolic lymph nodes attached to the colon and paracolic lymph nodes along the 
marginal artery in the relevant colon segments and no or incomplete dissection along the tumor-supplying 
arteries

D2 Complete dissection of D1 and intermediate lymph nodes along the tumor-supplying arteries (ileocolic, 
right colic, middle colic, left colic, sigmoid, or inferior mesenteric arteries from the origin of last sigmoid 
artery to the origin of the left colic artery)

D3 Complete dissection of D1 to D2 and central lymph nodes, for left-sided tumors along the inferior 
mesenteric artery between the aorta and the left colic artery, and for right-sided including 
midtransverse tumors, lymph nodes along the superior mesenteric vein and lateral to the superior 
mesenteric artery

D4 Complete D1 to D3 and along the aorta and inferior vena cava or superior mesenteric artery/superior 
mesenteric vein central to the origin of the middle colic artery

Alternative definition of location of lymph node metastases (JSCCR)

n[1](+) Lymph node metastases in D1 area, but within 5 cm proximal or distal from the tumor edges

n[2](+) Lymph node metastases in D1 area >5 cm proximal or distal from the tumor edges or in D2 area

n[3](+) Lymph node metastases in D3 area

n[4](+) Lymph node metastases in D4 area (considered distant metastases)

Suffixes + and – added to the D-area designation refer to the status of lymph node metastases reported by the patholo-
gist. Suffixes (p) and (c) added to D2 refer to peripheral and central part of D2, where D2p in some studies is included 
in the specimen in conventional resections
JSCCR Japanese Society for Cancer of the Colon and Rectum
Disease of the Colon and Rectum. 2016;59:1209–21, Wolters Kluwer

J. Y. Kim



245

submucosa and the muscle wall [14]. The submu-
cous and subserous layers of the colon have a rich 
network of lymphatic plexus, which drains into an 
extramural system of lymph channels and nodes 
[14]. Any retrograde flow is retarded by the numer-
ous semilunar valves. Although some lymphatic 
channels exist in the lamina propria above the 
muscularis mucosa, carcinomas that are confined 
to the lamina propria are known to be not metasta-
sized. On this basis, the term “invasive carcinoma” 
is used only when the malignant cells have invaded 
through the muscularis mucosae [14].

During the infiltration of the superficial part of 
the submucosa, the lymphogenic spreading is 
very infrequent, happening in less than 5% of the 
cases. During the infiltration of the deeper parts 
of the submucosa and the muscularis propria, the 
lymphogenic spreading appears in 15–20% of the 
times and gets even more frequent when the peri-
colic fat is infiltrated by the tumor [14].

21.2.2  Role of Lymphatic System 
for Cancer Progression

Lymphatic vasculature and the lymph node have 
been considered as only a pathway and space for 
cancer cells to pass and settle traditionally; how-
ever, it has been now clear that lymphatics per-
form many functions for cancer spreading [15]. 
After Kari et al. reported lymphangiogenesis is 
used by cancer cells to disseminate [16], many 
studies have reported that induction of lymphan-
giogenesis by the tumor facilitates metastatic 
spread [17–19]. Especially, work from many 
laboratories has reported that vascular endothe-
lial growth factor-C (VEGF-C) is the main regu-
lator of lymphangiogenesis, and its levels 
correlate with lymph node metastases [20–24]. 
Sufficient newly generated lymphatics create 
more opportunity for tumor cell exit and make 
more tumor cells to respond lymphatic endothe-
lial cell-derived chemokines and migrate into 
lymphatics [15]. Recent discoveries reported that 
lymphatic endothelial cells can also modulate 
adaptive immune responses and mediate immu-

nosuppression and consequently participate in 
cancer immunosuppression [25–27].

21.2.3  Mechanism of Lymphatic 
Metastasis

The mechanisms of lymph node metastasis 
remain unclear to date. It is considered that pref-
erence of tumor cells to enter into the lymphatic 
system exists; however, it is not known that what 
kind of specific preference decide tumor cells 
enter into the lymphatics or blood vessels and 
survive. VEFG-C-mediated signaling is known 
to be important for remodeling the microenviron-
ment of the lymph node prior to metastatic cell 
arrival by stimulating proliferation of lymphatic 
endothelial cell [28].

The theories on lymphatic spread of epithelial 
cancer have been explained in two different mod-
els, namely, the stepwise model and the parallel 
spread model. The stepwise model pioneered by 
Halsted postulates that a nodal metastasis tempo-
rally precedes a distant metastasis and the meta-
static lymph nodes are regarded as temporary 
“barriers” or “incubators” for the distant metasta-
sis. Thus, the metastatic lymph nodes will seed 
cancer cells through lymphatic channels and/or 
into the systemic circulation [29]. This model is 
felt somewhat real in the practice. Any efforts to 
remove a maximum number of involved lymph 
nodes may prevent further tumor spread and can 
result in relatively better oncologic outcomes. 
The concept of complete excision of the mesen-
teric envelope, so-called complete mesocolic 
excision (CME),, is based on this model. 
Proponents of this theory expect that standard 
adoption of CME will result in improved survival 
in colon cancer. Hohenberger et al. [30] 
 demonstrated that routine application of CME 
could result in good oncologic results with 5-year 
cancer- specific survival rates of 91.4% in stage II 
and 70.2% in stage III colon cancer. However, 
the survival benefit of CME approach has not 
been validated in comparative prospective trials, 
and therefore it still remains a controversy.
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The parallel spread model proposed by 
Fisher explains that distant metastases occur 
very early in the natural history of cancer [31]. 
In the parallel spread model, lymphatic spread 
is seen as a marker of the biological behavior 
and its malignant potential. In this perspective, 
any efforts to remove the lymph nodes as much 
as possible may not influence the survival out-
comes. There are some lines of evidence that 
support the concept of parallel spread model 
in colon cancer. Circulating tumor cells in the 
peripheral blood of colon cancer patients have 
been found in every stage of the colon cancer 
[32]. In a recent meta- analysis, molecular detec-
tion of tumor cells in regional nodes was found 
to predict tumor recurrence and worse survival 
in colon cancer patients with negative lymph 
node involvement [33]. Genetic analysis also 
showed a striking disparity between primary 
colon cancer cells, disseminated tumor cells, 
and cells populating established metastases, 
suggesting early dissemination of genetically 
early stage of clones [34]. In addition, several 
investigators have shown that metastatic lymph 
nodes at the root of the mesentery are associ-
ated with systemic recurrence and the surgical 
removal of these nodes is unlikely to affect the 
survival [35].

Taken together, lymphatic spread of colon 
cancer is a stochastic rather than a stepwise phe-
nomenon and may occur in the early stage of 
colon cancer.

21.2.4  Gastrocolic and Splenocolic 
Ligament Lymph Node 
Metastases

Lymphatic routes connecting the transverse colon 
and mesocolon to both the greater omentum and 
the pancreas have been identified [36]. Several 
studies [37–40] have reported metastases in the 
infrapyloric and gastroepiploic lymph nodes. 
These findings suggest that it is possible to 
involve lymph nodes along the gastroduodenal 
artery for tumors located from the distal part of 
the ascending colon to the proximal part of the 
splenic flexure. Podesta et al. [41] also reported 

the involvement in splenic lymph nodes, in 
lymph nodes along the pancreatic tail, and in the 
splenocolic/gastrocolic ligament from tumors in 
the splenic flexure. This is a result of the embry-
onic fusion between these structures, and the gas-
trocolic ligament lymph nodes (infrapyloric and 
gastroepiploic lymph nodes) are the potential 
locations for what usually is considered to be 
extramesocolic lymph nodes, and the tumor tis-
sues in these areas are considered as distant 
metastases.

Watanabe et al. evaluated lymph flow pat-
terns in splenic flexural colon cancers using 
laparoscopic real-time indocyanine green fluo-
rescence imaging and suggested that lymph 
node dissection at the root of the inferior mesen-
teric vein area is important, and it may be not 
necessary to ligate both the left branch of the 
middle colic artery and left colic artery, at least 
in cases without widespread lymph node metas-
tases [42].

21.2.5  Skip Metastases

A significant proportion of lymph node metasta-
ses occur as metastases to central or apical nodes 
without metastases discovered in the intervening 
paracolic or intermediate nodes, so-called skip 
lesions [43–45]. The existence of skip metastases 
theoretically supports the concept of D3 dissec-
tion of complete mesocolic excision to minimize 
the lymphatic invasion after surgery. However, 
its true incidence has not been established. The 
risk of skip metastases in D3 is reported as 18% 
but seems to be dependent on the methodology of 
positive lymph nodes detection [39]. Pusztaszeri 
et al. [46] reported positive lymph nodes between 
5 and 10 cm from the tumor edges in 7.8% of 345 
patients, and 2% of these were negative lymph 
nodes in D1 less than 5 cm from the tumor, which 
shows the occurrence of skip metastases inside 
D1 (lateral direction). Complete mesocolic 
 excision and extended lymphadenectomy should 
include these skip lesions, and the advocates of 
these techniques hypothesize that this is similar 
to hepatic or other distant metastasectomy in 
terms of oncological benefit.
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21.2.6  Sentinel Lymph Nodes

Although sentinel lymph node biopsy is a standard 
procedure for treatment of some malignancies as 
breast cancer or melanoma, its clinical role is con-
troversial in colon cancer. Because undetected met-
astatic lymph nodes can result in understaging and 
consequently exclusion from the possible benefit of 
adjuvant chemotherapy, many research are trying to 
improve surgical and pathologic technic for more 
precise diagnosis, including sentinel lymph node 
mapping. It can have a possibility to detect and 
resect more malignant lymph node or avoid unnec-
essary extensive resection [47]. Currently, endo-
scopic tattooing with near-infrared fluorescence 
imaging using indocyanine green improved its vis-
ibility during laparoscopic resections [48]. Segura 
et al. reported 14% of upstaging with ex vivo senti-
nel lymph node mapping with methylene blue stain-
ing in the patients staged as N0 by conventional 
technique [49]. Pouw et al. demonstrate that ex vivo 
magnetic sentinel lymph node mapping is a feasible 
technique for use in routine clinical practice, 
improving nodal staging accuracy of colorectal can-

cer patients [50]. Weixler et al. performed sentinel 
lymph node mapping with isosulfan blue and indo-
cyanine green and demonstrated a high diagnostic 
accuracy to detect isolated tumor cells and micro-
metastases of lymph node for both techniques 
(Fig. 21.3) [51]. 
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Complete Mesocolic Excision 
and Central Vascular Ligation: 
History and Outcome

Seok-Byung Lim and Jin Cheon Kim

Abstract

Surgical excision with the en-bloc removal 
of regional lymph nodes is currently the 
most promising treatment for colon cancer. 
Complete mesocolic excision (CME) with 
central vascular ligation (CVL) has recently 
been introduced in colon cancer surgery as 
a concept similar to total mesorectal exci-
sion (TME) for rectal cancer. This surgical 
technique involves oncologic resection with 
careful dissection of the mesocolon along the 
embryological tissue planes, which results in a 
colon and mesocolon specimen lined by intact 
fascial coverage of the tumor and containing 
all blood vessels, lymphatic vessels, lymph 
nodes, and surrounding soft tissue that may 
contain disseminated cancer cells. Subsequent 
studies have proved the feasibility and safety 
of the CME with CVL technique in open, lap-
aroscopic, and even robotic surgery for colon 
cancer. Although the long-term survival ben-
efit of the CME with CVL procedure has not 
been proven, it should be considered a stan-
dard surgical procedure in colon cancer sur-
gery based on the anatomical and oncological 
backgrounds.

Keywords

Complete mesocolic excision (CME) · Central 
vascular ligation (CVL) · Outcome

22.1  History of CME and CVL

The complete excision of a colorectal tumor 
along with the appropriate vascular pedicle and 
accompanying lymphatic drainage is the corner-
stone of the technique for obtaining local control 
[1]. In fact, TME is a gold standard treatment for 
rectal cancer. The TME technique is based on the 
principle that dissection along the mesorectal 
plane achieves an intact fascial-lined specimen, 
which possibly contains tumor cells in the blood 
and lymphatic vessels, lymph nodes, and fascia 
including the surrounding soft tissues. Several 
pioneering studies reported total mesocolic exci-
sion as a potential determinant of survival follow-
ing oncological resection. Bokey et al. [2] 
emphasized that the mobilization of the colon 
along the anatomic plane is an important princi-
ple that influences the outcome; the researcher 
used a standardized technique for colon cancer 
resection based on mobilization along the ana-
tomic plane in 1980, and found that survival was 
improved, after adjusting for other known prog-
nostic factors (shorter overall survival before the 
introduction of the standardized technique [haz-
ard ratio, 1.5; 95% confidence interval, 1.2–1.8] 
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and significantly shorter colon-cancer-specific 
survival [hazard ratio, 1.7; 95% confidence inter-
val, 1.3–2.2]).

In 2008, West and Quirke et al. [3] reported 
the results of a retrospective observational study 
on the association between pathology grading for 
colon cancer surgical resection and survival. In that 
study, 399 resected colon cancer specimens were 
photographed and graded retrospectively accord-
ing to the plane of mesocolic dissection: muscularis 
propria plane (n = 95, 24%), intramesocolic plane 
(n = 177, 44%), and mesocolic plane (n = 127, 
32%). The mean cross-sectional tissue area beyond 
the muscularis propria was significantly greater 
with mesocolic plane surgery (mean ± standard 
deviation, 2181 ± 895 mm2) as compared to that 
with intramesocolic (2109 ± 1273 mm2) and mus-
cularis propria plane (1447 ± 913 mm2) surgery 
(p = 0.0003). There was also a significant increase 
in the distance from the muscularis propria to the 
mesocolic resection margin with mesocolic plane 
surgery (44 ± 21 mm) as compared to that with 
intramesocolic (30 ± 16 mm) and muscularis pro-
pria plane (21 ± 12 mm) surgery. The researchers 
also noted an oncologic advantage of mesocolic 
plane surgery in patients with stage III cancer 
(hazard ratio, 0.45; 95% confidence interval 0.24–
0.85; p = 0.014); however, in that study, they did 
not consider the category of mesocolic plane sur-
gery with a high vascular tie adjacent to the aorta 
as this type of surgery is not routinely performed 
in Western countries.

Moreover, Hohenberger et al. [4] proposed the 
concept of CME in conjunction with CVL in 
2009. He stated that the mesocolon is covered by 
visceral and parietal envelopes corresponding to 
the mesorectum that extend from the mesorectum 
to the mesocolon. CME involves consequent sur-
gical separation of the visceral fascia layer from 
the parietal one via sharp dissection. This maneu-
ver enables the complete mobilization of the 
entire mesocolon, and thus includes the intact 
visceral fascial layer in the specimen with safe 
exposure and facilitates the ligation of the sup-
plying vessels at their origin. In that report, the 
patients with CME had lower 5-year local recur-
rence rates and better cancer-related 5-year sur-
vival rates than those with conventional 
colectomy (6.5% vs. 3.5% and 82.1% vs. 89.1%, 

respectively). Although many authors have 
reported the outcomes of colon cancer patients 
undergoing CME with CVL, the CME technique 
is not commonly implemented due to the ana-
tomical complexity and confusion regarding the 
fascial structure. Several investigators have 
recently attempted to determine the actual com-
position of the multi-layered fascial structure and 
standardized nomenclature for CME [5].

22.2  Components of CME and CVL

22.2.1  CME

Analogous to the concept of TME in rectal can-
cer, the concept of CME in colon cancer is based 
on the presence of a common embryological plane 
between the mesocolic and mesorectal layers. The 
embryological plane surrounds the sigmoid and 
descending colon on the left side up to the pancreas 
and spleen, and contiguously surrounds the right 
colon up to the duodenum and pancreatic head. 
During the embryonal stage, the colon develops 
within the dorsal mesentery. After a 270-degree 
counterclockwise rotation of the primitive mid-gut 
along the axis of the superior mesenteric artery, fold-
ing of the dorsal mesentery and contact between the 
dorsal mesocolon and posterior parietal peritoneum 
occur. The mesentery of the colon can be separated 
from the posterior parietal peritoneum at the loose 
connective plane, termed the Toldt’s fascia. Thus, 
meso- fascial separation or retrofascial separation 
(Fig. 22.1a, b) [5] offers an integral plane based on 
which CME can be used to remove lymphatics, vas-
cular tissue, and neural tissue, constituting a com-
plete mesocolic envelope with intact mesentery.

22.2.2  CVL

Lymph node metastasis in colon cancer is known 
to follow the supplying vessels. CVL, which is 
similar to D3 extended lymphadenectomy in 
Eastern countries, may be crucial in removing 
micrometastatic foci that could possibly be hidden 
in the central or apical nodes (Fig. 22.2). Although 
the lymph node yield might not necessarily reflect 
surgical quality, sufficient removal of the draining 
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Fig. 22.1 Schematic 
diagram depicting (a) 
meso-fascial separation 
and (b) retrofascial 
separation [5] 
(Published with kind 
permission of Elsevier 
and Copyright Clearance 
Center)

Fig. 22.2 Surgical view after central vascular ligation in a right hemicolectomy. SMV superior mesenteric vein, SMA 
superior mesenteric artery
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lymph node has demonstrated a survival benefit. 
The ratio of lymph node metastasis to the total 
number of harvested lymph nodes has also been 
reported as a prognostic indicator. As CVL [6] or 
D3 dissection can obtain greater lymph node 
yields as compared to conventional surgery, these 
techniques might be helpful for reducing local or 
systemic recurrence in a subset of patients with 
skipped or micrometastatic lymph nodes.

22.3  Adequate Length 
of the Bowel

Longitudinal spread greater than 10 cm beyond the 
colon tumor rarely occurs (1–4% in cases with 
right-sided colon cancer and 0% in case with left-
sided colon cancer) [7, 8]. Based on this finding, the 
general CME technique would favor the 10-cm rule 
for the proximal and distal bowel margins. The use 
of adequate proximal and distal margins also 
ensures that sufficient mesocolon, containing meta-
static epicolic and paracolic nodes, is removed. The 
specific surgical procedure is chosen based on the 
location of the colon cancer. In the case of cecum or 
ascending colon cancer, the transverse mesocolon is 
transected with ligation of the right branch of the 
middle colic vessels, and the colon is then resected 
10 cm from the tumor along with a part of the termi-
nal ileum. For hepatic flexure or proximal trans-
verse colon cancer, the middle colic vessels and the 
right gastroepiploic vessels are ligated, and the sub-
pyloric lymph nodes are removed along with 
10–15 cm of the greater omentum [4]. Some authors 
described their experience with modifications of the 
classical CME with CVL approach to avoid possi-
ble morbidity (without kocherization) or acquire 
adequate retroperitoneal margin (clearance of the 
pre-renal soft tissue behind Gerota’s fascia for clini-
cal T3 or T4 cancer) [9].

22.4  Outcome of CME and CVL

22.4.1  Pathologic Outcome

In 2010, West, Quirke, and Hohenberger et al. [10] 
investigated the importance of CME with CVL sur-
gery for colon cancer. They collected 49 CME with 

CVL specimens from Erlangen, Germany and 40 
standard specimens from Leeds, United Kingdom. 
Tissue morphometry and grading of the plane of 
surgery were performed and the histopathologic 
variables were compared. The researchers found 
that the CME with CVL surgery in Germany 
removed more tissue, as compared with the stan-
dard surgery, in terms of the distance between the 
tumor and the high vascular tie (median, 131 mm 
vs. 90 mm; p < 0.0001), length of the large bowel 
(median, 314 mm vs. 206 mm; P < 0.0001), and 
length of the ileum removed (median, 83 mm vs. 
63 mm; p = 0.003), and area of the mesentery 
(19,657 vs. 11,829 mm2; p < 0.0001). In addition, 
CME with CVL surgery was associated with more 
frequent mesocolic plane resection (92% vs. 40%; 
p < 0.0001) and a greater lymph node yield 
(median, 30 vs. 18; p < 0.0001).

Recently, the Danish Colorectal Cancer Group 
[11] reported the results of a retrospective, 
population- based study on 364 CME patients and 
1031 non-CME patients. The number of resected 
lymph nodes in the CME group was significantly 
greater than that in the non-CME group 
(mean ± standard deviation, 36.5 ± 15.9 vs. 
20.9 ± 10; p < 0.0001). Moreover, the percentage 
of specimens with ≥12 lymph nodes was signifi-
cantly higher in the CME group than in the non- 
CME group (89% vs. 99%; p < 0.0001).

22.4.2  Oncologic Outcome

The qualified surgical specimen in cancer surgery 
could be correlated with better long-term oncologic 
outcomes. Hohenberger et al. [4] reported excellent 
local 5-year recurrence rates (3.6%) and cancer-
related 5-year survival rate (89.1%) after CME sur-
gery in colon cancer. Similarly, West et al. [3] 
showed a non-stratified 15% 5-year survival benefit 
of mesocolic plane surgery, in comparison with 
non-mesocolic resection. Although several studies 
on CME were reported consecutively in terms of 
oncological outcome, both using the open and lapa-
roscopic approaches, the results have been contro-
versial. Furthermore, a systematic review of 5246 
patients including 34 studies (12 retrospective, 9 
prospective, and 13 original articles) in 2015 [12] 
proposed that CME removes significantly more tis-
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sue around the tumor with maximal lymph node 
clearance as compared to conventional surgery; 
however, no significant long-term survival benefit 
was observed. The authors concluded that there is 
no clear practical benefit for CME, given the limited 
information on the significant factors (including 
exclusion criteria, conversion rate of laparoscopic to 
the open approach in cases of CME, use of adjuvant 
therapy, histological characteristics, postoperative 
imaging to assess residual lymph nodes along the 
superior/inferior mesenteric pedicles, and the length 
of the residual vessels left in situ) that may influence 
outcomes.

In contrast, the population-based study by the 
Danish Colorectal Cancer Group [11] reported 
that CME surgery is associated with better disease- 
free survival as compared to conventional resec-
tion in patients with stage I–III colon cancer; the 
authors showed that the 4-year disease- free sur-
vival after CME (n = 364) was significantly greater 
than that following non- CME surgery (n = 1031: 
85.8% vs. 75.9%; p = 0.001).

A meta-analysis between the open and laparo-
scopic CME approaches (1 randomized study and 
seven case-series) in 2016 [13] did not indicate any 
difference in morbidity or mortality between the 
approaches. With laparoscopic CME, there was a 
trend for longer operative time (open vs. laparos-
copy: 110–194 min vs. 133–258 min; weighted 
mean difference, −30.88; 95% confidence interval, 
−62.38 to 0.61; p = 0.05) and shorter length of hos-
pital stay (weighted mean difference, 2.29; 95% 
confidence interval, −0.39 to 4.98; p = 0.09). 
Moreover, there was no significant difference in 
overall survival (hazard ratio, 0.85; 95% confidence 
interval, 0.69–1.06; p = 0.15), disease-free survival 
(hazard ratio, 1.17; 95% confidence interval 0.95–
1.44; p = 0.14), local recurrence (odd ratio, 1.31; 
95% confidence interval, 0.72–2.38; p = 0.38), and 
distant metastases (odd ratio, 0.87; 95% confidence 
interval, 0.57–1.33; p = 0.52).

22.5  Controversies Regarding 
CME with CVL

There are controversies regarding not only the 
originality of the principles of CME [14], but 
also the technical diversity. These procedures 

were first introduced in 2008–2009 [3, 4], 
although Asian surgeons had already been per-
forming D2–3 lymphadenectomy for colon can-
cer based on the location or local invasiveness of 
the primary tumor [15]. D3 lymphadenectomy 
for right-sided colon cancer involves the dissec-
tion of the paracolic, intermediate, and central (or 
apical) lymph nodes around the superior mesen-
teric vessels, equivalent to CVL [16]. A small 
comparative study [17] attempted to quantita-
tively measure the surgical specimens obtained 
from conventional surgery (19 cases) in England, 
CME with CVL (26 cases) in Germany, and D3 
lymph node dissection (60 cases) in Japan, in 
2014. The length of the vascular tie to the bowel 
wall was similar between the CME and D3 speci-
mens (p = 0.87), which were both longer than 
that of the conventional surgery specimens. High 
rates of mesocolic plane surgery were observed 
for the CME and D3 specimens (conventional 
surgery, 47.4%; CME, 88.5%; D3, 71.7%; 
p = 0.022). Thus, it remains unclear whether 
CME is a novel procedure or whether it is simply 
a new terminology of a previously practiced tech-
nique, and further assessments can differentiate 
based on the surgical outcome.

Moreover, it is unclear whether a more radical 
excision, such as CME with CVL, is associated 
with greater morbidity and mortality. In a sys-
temic review [18], the overall morbidity and 
30-day mortality rates of CME with CVL were 
19.4% and 3.2%, respectively, similar to those of 
conventional surgery. However, in the CME 
series, certain unusual morbidities were also 
observed, such as chyle leakage, major vascular 
injury, autonomic nerve injury, and duodenal or 
ureter injury [19–21].

The lack of an efficient evaluation method for 
the completeness of CME is another concern. 
Although a three-grade system (i.e., muscularis 
propria plane, intramesocolic plane, and meso-
colic plane) was introduced in 2008 [3], it has not 
been universally accepted due to the unclear defi-
nition of the mesocolic plane, which has been 
either designated as the meso-fascial division or 
the retrofascial division including Toldt’s fascia 
[5]. Furthermore, no long-term survival benefit 
of CME with CVL for colon cancer has been 
verified [12].
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 Conclusion

Despite many controversies, CME with CVL 
for patients with colon cancer should be care-
fully considered based on the oncological per-
spective. This technique achieves a good 
oncologic outcome with an acceptable mor-
bidity, and is not inferior to conventional sur-
gery. Thus, it appears evident that CME with 
CVL can be performed without severe techni-
cal difficulty and can facilitate accurate ana-
tomical dissection that improves the quality of 
the resection specimens [22]. A future valida-
tion study involving a well-designed clinical 
trial would strengthen the basis for the sug-
gested routine application of CME with CVL 
as a standard surgery for colon cancer patients.
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Japanese D3 Dissection

Hideki Ueno and Kenichi Sugihara

Abstract

The surgical practice for colon cancer in Japan 
is characterized by stage-based lymphadenec-
tomy, which is standardized based on a long- 
established anatomical classification of the 
extent of lymphadenectomy. In the Japanese 
Classification of Colorectal Carcinoma, the ana-
tomical extent of lymphadenectomy is expressed 
with the D number. The term D3 applies to the 
type of lymphadenectomy, wherein complete 
dissection of all three regional lymph node sta-
tions (i.e., pericolic, intermediate, and main) 
is performed. Regarding the optimal extent of 
bowel resection, the 10-cm rule, or bowel resec-
tion at 10 cm from the tumor edge, has long 
been employed in routine clinical practice. D3 
dissection is the standard procedure for cT3 
and cT4 colon cancer and for all colon cancers 
with lymphadenopathy. According to a nation-
wide survey in Japan, the rate of D3 dissection 
for stage II and III colorectal cancer patients 
has increased over time from 58% in 2001 to 
75% in 2010; this increase might have been 
accelerated by the publication of the Japanese 
guidelines in 2005. Although the literature has 

often used the terminologies D3 dissection and 
complete mesocolic excision interchangeably, 
some important differences should be noted 
including the extent of bowel resection and 
treatment of extramesocolic lymph nodes. In 
2013, an international prospective cohort study 
(International Prospective Observational Cohort 
Study for Optimal Bowel Resection Extent and 
Central Radicality for Colon Cancer: T-REX 
study; ClinicalTrials.gov NCT02938481) was 
launched. Standardization of lymphadenec-
tomy to optimize colon cancer surgery is highly 
expected in the near future through international 
initiatives, including the T-REX study.

Keywords

D3 dissection · Complete mesocolic excision 
(CME) · Japanese Society for Cancer of the 
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Extent and Central Radicality for Colon 
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23.1  Introduction

The development and adoption of the concept of 
total mesorectal excision (TME) surgery for rec-
tal cancer have significantly reduced local recur-
rence rates and improved survival [1, 2]. Clinical 
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evidences on the oncologic benefit of TME have 
turned surgeons’ consciousness to the quality of sur-
gery for colon cancer, and recently, there has been 
increasing international interest on the extended 
surgery, including the Japanese D3 dissection 
and complete mesocolic excision (CME). Recent 
reports on clinical trials of adjuvant chemotherapy 
for colorectal cancer show favorable survival results 
in Japan compared to those in Western countries [3, 
4]. Surgical procedure characterized by D3 dis-
section and pathological practice to meticulously 
harvest lymph nodes adopted in Japan could be 
important reasons for this. Complete removal of 
regional lymph nodes by D3 dissection contributes 
to decrease cancer recurrence and improve survival 
by eradicating otherwise undetected tumor cells 
and by improving accuracy of lymph node evalu-
ation, which contributes to appropriate selection of 
patients who need adjuvant chemotherapy.

In Japan, it has been well recognized that not 
all colon cancers require D3 dissection and that 
the optimal extent of lymphadenectomy varies 
according to the preoperative and intraoperative 
tumor stage. The surgical practice for colon can-
cer in Japan may be characterized by stage-
based lymphadenectomy, which is standardized 
based on a long-established anatomical classifi-
cation of the extent of lymphadenectomy. Since 
1977, the Japanese Classification of Colorectal 
Carcinoma, which is issued by the Japanese 
Society for Cancer of the Colon and Rectum 
(JSCCR) and is now on its eighth edition, has 
consistently played a major role in defining the 
lymph node stations and the extent of lymphad-
enectomy to optimize the surgical management 
of colorectal cancer.

23.2  Classification of Regional 
Lymph Nodes in Colon 
Cancer

In the Japanese Classification of Colorectal 
Carcinoma, regional lymph nodes, which are 
from colonic tumors and are subject to lymphad-
enectomy, are defined as pericolic, intermediate, 
and main lymph nodes (Table 23.1, Fig. 23.1).

Table 23.2 shows the incidence of lymph node 
metastasis according to the national registration in 

Japan (2000–2004, JSCCR). In colon cancer, the 
incidence of metastasis was highest in the perico-
lic lymph nodes, followed by the intermediate 
lymph nodes and the main lymph nodes. Based on 
literature on D3 lymphadenectomy, main lymph 
node metastasis was reported to occur in approxi-
mately 1–8% [5]. In patients who underwent D3 
lymphadenectomy for right- sided colon cancer, 
the incidence of skip metastasis (i.e., positive 
main lymph node without involvement of the 
intermediate nodes) was reported to be 1.6% [6].

The optimal extent of bowel resection is closely 
associated with how we define regional pericolic 
lymph nodes, which should be resected because of 
the risk for metastasis. Currently, there are no stan-
dardized international criteria for regional lymph 
nodes in the pericolic region. As per the tumor-
node-metastasis (TNM) classification, all pericolic 
lymph nodes are treated as regional lymph node 
with no definition of the extent, on the basis of 
their clinical implications [7].

In Japan, the 10-cm rule, or bowel resection at 
10 cm from the tumor edge, has been employed in 
routine clinical practice on the assumption that this 
will ensure that no positive pericolic lymph nodes 
will remain [8, 9]. In 2006, an additional standard to 
define regional pericolic lymph nodes that are sub-
ject to lymphadenectomy has been introduced by the 

Table 23.1 Grouping system for regional lymph nodes 
in colon cancer based on the Japanese Classification of 
Colorectal Carcinoma

LN station SMA area IMA area

Pericolic 
LNs

Along the 
marginal 
arteries and 
vasa recta of 
the colon

•  Along the marginal 
arteries and vasa 
recta of the colon

•  Along the terminal 
sigmoid artery

Intermediate 
LNs

Along the colic 
arteries

•  Along the left colic 
and sigmoid arteries

•  Along the IMA 
between the origins 
of the left colic 
artery and the 
terminal sigmoid 
artery

Main LNs At the origin of 
each colic 
artery

Along the IMA 
proximal to the 
origin of the left 
colic artery

SMA superior mesenteric artery, IMA inferior mesenteric 
artery, LN lymph node
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Japanese Classification of Colorectal Carcinoma 
as the modified 10-cm rule [10]. By this definition, 
the distribution of the feeding artery was classified 
into four types (Fig. 23.2), which determine the 
regional lymph node area. More specifically, bowel 
resection at 5 cm from the primary feeding artery 
was newly employed, with exception of a single 
case, in which the entrance of the primary feeding 
artery is located at the primary tumor. If a vascu-
lar arcade next to the primary feeding artery enters 
within 10 cm of the tumor area, it is considered to 
be the primary feeding artery.

23.3  Concept of the D Number

In the Japanese Classification of Colorectal 
Carcinoma, the anatomical extent of lymphadenec-
tomy is expressed with the D number (Table 23.3, 
Fig. 23.3) [10]. The term D3 applies to the type of 

lymphadenectomy, wherein complete dissection of 
all three regional lymph node stations (i.e., perico-
lic, intermediate, and main) is performed.

For left-sided colonic cancers, the anatomical 
landmark (i.e., the left colic artery) that divides the 
intermediate and main lymph node stations allows 
surgeons to clearly distinguish between D2 and D3 
(Fig. 23.4). On the other hand, for right-sided colon 
cancers, there is no anatomical structure that serves 
as a boundary between the intermediate and main 
lymph node stations (Fig. 23.5). With regard to the 
distinction between D2 and D3 dissection for right-
sided colon cancer, it should be noted that the colic 
veins are ligated at their origin from the superior 
mesenteric vein (SMV) in both procedures. During 
a D3 procedure, the fatty tissue along the axis of the 
SMV is dissected en bloc in order to achieve com-
plete resection of the main nodes, generally, prior 
to ligation of the feeding colic artery. A part of the 
SMA wall may be exposed during a D3 procedure, 

Intermediate LN Main LN

Left–sided colon

TT

Right–sided colon

Superior mesenteric artery/vein

Inferior mesenteric artery

Left colic artery

Marginal arteryMarginal artery

Aorta

Pericolic LNFig. 23.1 Classification 
of regional lymph nodes 
of colon cancer

Table 23.2 Incidence of lymph node metastasis according to the lymph node grouping system

Pathologic T stage No. of patients

Incidence of lymph node metastasis

Overall (%)

Most distant lymph node station involved

Pericolic (%) Intermediate (%) Main (%) Non-regional (%)

T1 1957 8.6 6.8 1.8 0.0 0.0

T2 1747 20.7 16.3 3.5 0.6 0.3

T3 and T4a 10,696 49.4 30.0 14.1 3.4 2.0

T4b 960 55.4 28.6 14.7 5.5 6.6

Total 15,360 41.4 25.4 11.3 2.8 1.8

National registration in Japan (2000–2004, Japanese Society of the Colon and Rectum)
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but in general, lymphadenectomy along the SMA 
is not routine, as long as there is no gross involve-
ment of the main lymph nodes.

23.4  Surgical Indications of D3 
Dissection in Japan

Based on the incidence and distribution of positive 
lymph nodes, the optimal extent of lymphadenec-
tomy is determined according to the preoperative 

clinical findings and the intraoperative findings 
regarding the depth of tumor invasion and lymph 
node status (Fig. 23.6). In Japan, D3 dissection is 
the standard procedure for cT3 and cT4 colon can-
cer and for all colon cancers with lymphadenopa-
thy. Considering that approximately 1% of the 
population has metastasis in the main lymph nodes 
and that the preoperative diagnostic accuracy for 
lymph node metastasis is not always satisfactory, 
the Japanese guidelines allowed surgeons to per-
form either D2 or D3 dissection for patients with 
clinical T2 colon cancer [11].

Randomized controlled trials to prove the sur-
vival benefit and the clinical value of D3 dissec-
tion may be difficult to perform and are currently 
not available. Based on a prognostic analysis 
with propensity score that used a prospectively 
registered, large-scale, multicenter JSCCR data-
base of colon cancer in Japan, D3 dissection was 
shown to have a significant survival advantage in 
pT3 and pT4 colon cancer patients, with an esti-
mated hazard ratio for overall survival at 0.8 
(95% confidence interval, 0.7 to 0.9) [12]. In 

10 cm 10 cm 10 cm

10 cm

Regional LN area

5 cm

5 cm 5 cm 5 cm

T

a b

c d

T

T T

Fig. 23.2 Regional pericolic LNs in colon cancer accord-
ing to the modified 10-cm rule by the Japanese 
Classification of Colorectal Carcinoma, eighth edition 
(2012). Under the modified 10-cm rule, the proximal and 
distal levels of bowel resection are determined according 
to the distance from the tumor, as well as the location of 
the primary feeding artery which can classified into four 
types (a–d). This rule ensures resection of all pericolic 

LNs in the regional area, which is highlighted in orange. 
(a) there is a feeding artery in close proximity to the 
tumor; (b) there is only one feeding artery within 10 cm 
from the tumor; (c) there are two feeding arteries within 
10 cm from the tumor; (d) when there is no feeding artery 
within 10 cm from the tumor, the artery closest to the 
tumor is regarded as its feeding artery. LN lymph node

Table 23.3 Categories of the extent of lymphadenec-
tomy for colon cancer, defined by the Japanese Society for 
Cancer of the Colon and Rectum

RX The extent of lymphadenectomy cannot be 
assessed

D0 Incomplete dissection of the pericolic lymph 
nodes

D1 Complete dissection of the pericolic lymph 
nodes

D2 Compete dissection of the pericolic and 
intermediate lymph nodes

D3 Compete dissection of all regional lymph nodes
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addition, although the prognostic significance of 
lymphadenectomy is controversial in the setting 
of metastatic colorectal cancer, a multicenter ret-
rospective study reported that primary tumor 
resection with D3 dissection may improve sur-
vival [13]. On the other hand, a similar analysis 
using the JSCCR multicenter database failed to 
prove the prognostic value of D3 dissection in 
pT2 colon cancer patients [14].

According to a nationwide survey in Japan, 
the rate of D3 dissection for stage II and III 
colorectal cancer patients has increased over time 

from 58% in 2001 to 75% in 2010; this increase 
might have been accelerated by the publication of 
the guidelines in 2005 [15].

23.5  Differences Between 
the Japanese D3 Dissection 
and CME

The literature has often used the terminologies 
D3 dissection and CME interchangeably. 
Although both have similar concepts on the ana-

SMA/V

Aorta

Left colic
artery

IMA

Right–sided colon

D3

D3

D2

D2

D1 D1

Left–sided colon

TT

Fig. 23.3 Schema of 
categorizing the extent 
of lymphadenectomy for 
colon cancer

Left colic artery area Sigmoid artery area

D3

D3

D2

D2

D1

D1

T

T

Levels of central radicality

at the origin of the IMA

at the middle of the colic artery

Main LNs

Intermediate LNs
Pericolic LNs

at the origin of the colic artery

A

B

C

IMA

IMA

Aorta

Aorta

LCA

LCA

Fig. 23.4 D3 
lymphadenectomy for 
left-sided colon cancer

23 Japanese D3 Dissection



264

tomic approach to maximize the value of a 
 surgical procedure, some important differences 
should be noted.

First, sharp anatomic dissection along the 
embryologic planes with preservation of an intact 
visceral fascia of the mesocolon is the principal 
concept of the CME procedure. Needless to say, 
this concept was introduced based on the popular 
concept of TME, which involves clear dissection 
along the fascia propria of the mesorectum, as 
described by Heald et al. [1, 2] It should be 
emphasized that the CME procedure requires 
proximal vascular ligation, but does not specify 
dissection at the origin of the feeding vessels; 
therefore, the original article of Hohenberger 
et al. used the term central vascular ligation 

(CVL) together with CME [16]. On the other 
hand, the concept of the Japanese D3 dissection 
is removal of all regional lymph node stations 
depending on the location of the tumor, which 
includes removal of lymph nodes around the ori-
gin of feeding arteries (main nodes).

Second, the difference in the length of the 
bowel resected between these two procedures 
should be recognized. In Japan, as previously 
mentioned, the length of the bowel to be resected 
is determined based on which pericolic lymph 
nodes should be regarded as regional. In this 
regard, the CME technique is more radical 
because it includes removal of the nearby vascular 
arcade beyond the 10-cm margin. Consequently, 
the Japanese D3 specimens were clearly demon-

Ileocolic/right colic artery area Middle colic artery area

D3 D3

D2
D2

D1

D1

T

T

Levels of central radicality

at the middle of the colic artery

Main LNs
Intermediate LNs
Pericolic LNs

at the origin of the colic artery (no exposure of the SMA/SMV)

D1

D2

D3 Iymphadenectomy around the origin of the colic artery

SMV
SMA

SMV

SMA

Fig. 23.5 D3 
lymphadenectomy for 
right-sided colon cancer

cN(–) cN(+)

cTis cT1 cT2

D0, D1 D2 D3

cT3, cT4

Fig. 23.6 Extent of 
lymphadenectomy in 
cStage 0–III colon 
cancer
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strated to be significantly shorter than the CME 
specimens, resulting in a smaller amount of mes-
entery despite an equivalent distance from the 
high vascular tie to the bowel wall [17].

Note that, under the concept of Japanese D3 
dissection, only the primary feeding vessels 
entering the regional pericolic area are regarded 
to be important as the resection target. For exam-
ple, for tumors located at the middle ascending 
colon or at the hepatic flexure of the colon, the 
root of the middle colic artery (MCA) is ligated 
and dissected in a CME procedure; whereas in 
the D3 dissection procedure, removal of the main 
lymph nodes with preservation of the MCA and 
the left branch of the MCA is performed and the 
right branch of the MCA is ligated at its origin.

Third, central lymphadenectomy is more 
extended in the original CME than in the Japanese 
D3 dissection; in other words, dissection of the 
extramesenteric lymph nodes (i.e., over the head 
of the pancreas and along the gastroepiploic 
arcade) is performed during a CME procedure for 
cancer located at the hepatic flexure of the colon 
[16, 18]. Considering the potential for extralme-
socolic cancer spread via the lymphatic network 
around the gastrocolic trunk, resection of the 
infrapyloric and gastroepiploic lymph nodes used 
to be the routine practice at specialized institu-
tions in Japan. However, pathologically proven 
metastasis in this area had been rare; conse-
quently, these extramesenteric lymph nodes are 
not routinely dissected at any Japanese institution 
today. Similarly, we currently do not perform the 
Kocher maneuver of mobilizing the duodenum 
and the pancreatic head to expose the origin of the 
SMA for tumors that do not invade into the other 
organs, such as the pancreas or duodenum, as well 
as for tumors that have massive lymphatic exten-
sion beyond the main lymph node area.

23.6  An Ongoing International 
Prospective Cohort Study

In the Japanese D3 dissection and the CME plus 
CVL, which are believed to be associated with 
good surgical outcomes [6, 19], removal of the 
main nodes is employed. However, whether or 

not the resection of these main nodes should be 
included in central radical LN dissection has not 
been fully confirmed by studies. In addition, we 
currently have no robust scientific evidence on 
the appropriate choice of length for bowel resec-
tion between the Western-type wide resection 
and the 10-cm rule adopted in Japan.

In 2013, an international prospective cohort 
study (International Prospective Observational 
Cohort Study for Optimal Bowel Resection 
Extent and Central Radicality for Colon Cancer: 
T-REX study; ClinicalTrials.gov NCT02938481) 
was launched. This study aimed to clarify the 
actual status of metastatic lymph node distribution 
in colon cancer and to provide robust  evidence to 
establish consensus on the optimal extent of cen-
tral lymph node dissection and length of bowel 
resection in colon cancer surgery. Currently, 
Korea, Germany, Russia, Lithuania, the UK, 
and Japan are involved in this first international 
attempt on this field. Morphometric analysis of 
the international colon cancer specimens [20] 
was included in this study, and the clinical value 
of assessment of the quality of surgical specimen 
will also be disclosed accordingly. Establishment 
of a consensus on the definition of reginal lymph 
node and standardization of lymphadenectomy to 
optimize colon cancer surgery is highly expected 
in the near future through international initiatives, 
including the T-REX study.
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JCOG0404

Yukihide Kanemitsu

Abstract

Although benefits of laparoscopic surgery 
compared with open surgery have been sug-
gested, the long-term survival of patients 
undergoing laparoscopic surgery for colon 
cancer requiring Japanese D3 dissection 
remains unclear. A randomized controlled 
trial to establish non-inferiority of laparo-
scopic surgery to open surgery was conducted. 
Laparoscopic D3 surgery was not non-inferior 
to open D3 surgery in terms of overall survival 
for patients with stage II or III colon cancer. 
However, because overall survival in both 
groups was similar and better than expected, 
laparoscopic D3 surgery could be an accept-
able treatment option for patients with stage II 
or III colon cancer in experienced facilities, so 
long as considerations are made for patients 
concerned about the clinical inferiority of lap-
aroscopic surgery.

Keywords

D3 lymph node dissection · Colon cancer · 
Laparoscopic surgery · Open surgery

24.1  The Present Is Always 
Determined by the Past

The establishment of modern surgical medicine 
is a result of observations and experiments that 
have accumulated over centuries. The concept of 
“radical” surgery, termed by Halsted [1], contrib-
uted to the field of cancer surgery by using local 
recurrence as an indicator of incomplete surgery. 
He considered resection of tissues with recur-
rence risk without sufficient margins due to cos-
metic reasons (i.e., a woman’s appearance) to be 
a “mistaken kindness” [2].

24.2  Theory of Lymph Node 
Dissection

However, Halsted did not touch on the concept of 
lymphatic flow, and for colorectal cancer, Miles 
[3] and Moynihan [4] began the practice of radi-
cal surgery in 1908. Miles set the primary goal of 
rectal resection as lymph node dissection in three 
directions from the lesion: upward, downward, 
and laterally. In contrast, Moynihan [4] consid-
ered cancer surgery to mean excision of the lym-
phatic system itself and proposed high ligation of 
the tumor-feeding artery. As practices based on 
the understanding of lymph flow, both proce-
dures left major footprints in the history of cancer 
surgery. Even today, more than 100 years later, 
Japanese surgeons perform lymph node dissec-
tion based on the lymph flow theory.
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24.3  Standard of Surgical 
Treatment for Colorectal 
Cancer

The standard of surgical treatment for colorectal 
cancer is colorectal excision with lymph node 
dissection. In Japan, according to the “Japanese 
Classification of Colorectal Carcinoma” [5] and 
“Guidelines for the Treatment of Colorectal 
Cancer” [6] set forth by the Japanese Society for 
Cancer of the Colon and Rectum, “D3 lymph 
node dissection” has been performed as the stan-
dard treatment and has demonstrated top-level 
outcomes on the global scale [7]. This procedure 
basically involves “en bloc resection of the intes-
tinal tract with tumor and the lymph nodes around 
its lymph flow by surrounding them with the fas-
cia and separating them along the embryonic fas-
cia.” Open surgery has been a standard procedure 
that is performed for colorectal cancer [8].

24.4  Advances Toward 
Minimization

In recent years, cancer surgery has remarkably 
advanced, and surgical procedures themselves 
have advanced toward minimization, as com-
pared with Halsted’s procedure. Minimally inva-
sive treatment that reduces physical trauma to the 
patient’s body to the extent possible is widely 
advocated, and laparoscopic surgery for colorec-
tal cancer is a major example of such treatment. 
Because laparoscopic surgery enables visualiza-
tion of microdissection under an enlarged visual 
field, minimization of abdominal wall damage, 
and operation in the physiological environment 
within the body cavity, it has become widespread 
over the past 25 years as a less harmful 
procedure.

In the United States and Europe, laparoscopic 
surgery for colon cancer is accepted as a stan-
dard treatment and has some benefits over open 
surgery including decreased pain, improved 
postoperative pulmonary function, reduced post-
operative ileus, improved incidence of wound 
infection, faster recovery, and shorter hospital 
stay. In addition to these short-term outcomes, 

long-term outcomes after laparoscopic surgery 
for colon cancer are comparable to those after 
open surgery, as demonstrated by several ran-
domized controlled trials (RCTs) [9–14].

Ever since laparoscopic surgery for advanced 
cancer has been covered by insurance in Japan 
(i.e., as of 2002), more than 60% of surgeries for 
advanced colorectal cancer have been performed 
laparoscopically [15]. In terms of treatment out-
comes, several large-scale RCTs in Europe and 
the United States (COST trial [9, 10], CLASICC 
trial [11, 12], and COLOR trial [13, 14]) have 
shown no significant difference in survival and 
recurrence rates between laparoscopic surgery 
and open surgery in patients with advanced can-
cer. These results may have supported the rapid 
popularization of laparoscopic surgery in Japan. 
However, these trials were conducted prior to 
establishment of the current standard procedure 
in the United States and Europe, i.e., complete 
mesocolic excision with central vascular ligation. 
These trials also had several limitations: the pro-
portion of patients with tumors of pathological 
stage 0–I was high (21–37%); rectal cancer was 
included in some trials; and the extent of lymph 
node dissection was not specified [9–14]. In the 
CLASICC trial [11, 12], which was conducted at 
27 facilities and included 32 surgeons in the 
United Kingdom, 794 patients with colorectal 
cancer were registered and randomly assigned to 
either laparoscopic surgery or open surgery at a 
2:1 ratio. When Philip Quirke, a British clinical 
pathologist, randomly extracted 162 resected 
specimens and analyzed the degree of the previ-
ously mentioned CME and CVL using their own 
scale, 75% underwent D0–D1 surgery, 25% 
underwent D2, and there were no cases of D3 
surgery (personal communication, July 2011).

The D3 dissection technique used in Japan 
emphasizes anatomical lymph node dissection, 
defined as the dissection of lymph nodes at the 
root of the tumor-feeding artery and the longitu-
dinal length of the large intestine to be resected. 
In contrast, the complete mesocolic excision 
technique emphasizes preservation of the ana-
tomical planes of surgical resection and central 
vascular ligation. Although these two concepts 
differ, the purpose and extent of lymph node dis-
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section are similar. Theoretically, outcomes of 
the techniques should be equivalent given their 
same underlying principles [16].

The Japan Clinical Oncology Group (JCOG) 
0404 trial was an RCT that aimed to evaluate 
whether D3 dissection via a laparoscopic route is 
non-inferior to the same dissection via an open 
route in terms of overall survival [17]. To over-
come the limitations of previous trials, the study 
population was limited to patients with clinical 
stage II/III colon cancer. Moreover, a detailed 
surgical procedure was specified in the protocol. 
D3 dissection was mandatory in all patients, and 
additional extended lymph node dissection was 
allowed if necessary. The short-term outcomes of 
the trial demonstrated that laparoscopic surgery 
for colon cancer was more beneficial than open 
surgery [18].

24.4.1  Short-Term Results 
of JCOG0404

JCOG0404 began in 2004, which was 10 years 
later than Europe and the United States. Thirty 
facilities with experienced and certified surgeons 
were involved in the trial. Eligibility criteria 
included the following: patients histopathologi-
cally diagnosed with colorectal cancer; tumor 
located in the cecum, ascending colon, sigmoid 
colon, or rectosigmoid colon; T3 or T4 without 
invasion into other organs; lymph node metasta-
sis classified as N0–N2 and M0; tumor size 
≤8 cm; and age between 20 and 75 years. Patients 
were randomly assigned to either the open sur-
gery (OP) group or laparoscopic surgery (LAP) 
group prior to surgery. When pathological stage 
III cancer was confirmed by histological exami-
nation of resected specimens, adjuvant chemo-
therapy was administered as three courses of the 
Roswell Park Memorial Institute 8-week regimen 
[19] of fluorouracil (500 mg/m2 by bolus intrave-
nous infusion on days 1, 8, 15, 22, 29, and 36) 
and leucovorin (250 mg/m2 by 2 h drip intrave-
nous infusion on days 1, 8, 15, 22, 29, and 36). 
The primary outcome measure was overall sur-
vival (OS), and the number of patients required 
for the trial was 1050.

Short-term results of the trial were reported at 
ASCO2012. From October 2004 to March 2009, 
1057 patients were assigned to the OP group 
(n = 528) or the LAP group (n = 529) (Fig. 24.1; 
Table 24.1). Twenty-nine patients in the LAP 
group converted to the OP group (5.4%: technical 
reasons, 2.3%; indications for open surgery, 
2.8%; complications, 0.4%). The 5.4% rate of 
conversion from LAP to OP was approximately 
1/4 of the rates observed in foreign clinical trials 
[18]. While the amount of bleeding was less in 
the LAP group compared to the OP group 
(median, 30 mL vs 85 mL; p < 0.0001), operation 
time was 52 min longer in the LAP group 
(median, 211 min vs 159 min; p < 0.0001; Tables 
24.2, 24.3, and 24.4). There was no significant 
difference between the two groups in the degree 
of radical dissection, as evaluated by the number 
of dissected lymph nodes (p = 0.41). In the post-
operative course, the recovery of gastrointestinal 
function was faster and the length of hospital stay 
shorter in the LAP group compared to the OP 
group (p < 0.0001 in both). The incidence of 
wound-related complications was significantly 
lower in the LAP group (p = 0.007). Moreover, 
there was no significant difference in the inci-
dence of other complications and in-hospital 
mortality between the two groups. These results 
demonstrated that laparoscopic complete meso-
colic excision for stage II/III colorectal cancer 
can be performed safely, with no difference in the 
degree of radical dissection between laparoscopic 
and open surgeries. In this trial, quality control 
using photographs of the surgical field was per-
formed, and results by central evaluation showed 
that 99% of subjects underwent D3 [20]. At this 
point, LAP was to be considered a new standard 
treatment for colorectal cancer if non-inferiority 
to OS was confirmed in the primary analysis of 
JCOG0404, which was completed in 2014 [18].

24.4.2  Careful and Fair Evaluation Is 
Required for a New Procedure

After collecting data from 1057 patients, the tri-
al’s final analysis was carried out in August 2014, 
as follows:
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Preoperative randomization (n=1,057)
Adjustment factors Institution,

Tumor location
(Cecum, Ascending/Sigmoid, Rectosigmoid colon)

Assigned
to OP

(N=528)

Assigned to
LAP

(N=529)

Population
for efficacy

analysis

Treated as
assigned
(N=520)

Treated as
non-protocol

Tx(n=4)

Treated as
non-protocol

Tx(n=2)

No adjuvant
5-FU/LV
(n=324)

No adjuvant
5-FU/LV
(n=342)

5-FU/LV
(n=199)

5-FU/LV
(n=174)

Treated as
protocol

Tx(n=516)

Treated as
protocol

Tx(n=523)

Treated as
assigned
(N=520)

Population
for operative

safety analysis

Population
for adjuvant

safety
analysis

Ineligible
(n=5)

Ineligible
(n=6)

All eligible
(n=523)

Underwent
LAP
(n=8)

Underwent OP
(n=4)

All eligible
(n=523)

Fig. 24.1 Study design

Table 24.1 Patient characteristics (n = 1057)

n
OP 
(n = 528)

LAP 
(n = 529)

Total 
(n = 1057)

Sex Male 312 282 594

Female 216 247 463

Age 
(years)

Median 64 64 64

Range 33–75 28–75 28–75

Clinical 
stage

II 366 331 697

III 160 197 357

IV 2 1 3

Tumor 
location

C 55 46 101

A 100 109 209

S 236 252 488

RS 137 122 259

Table 24.2 Operative details

n (%)
OP 
(n = 528)

LAP 
(n = 529)

Total 
(n = 1057)

Type of surgery

  Ileo-cecal 
resection

54 
(10.2)

37 (7.0) 91 (8.6)

  Right 
hemicolectomy

99 
(18.8)

111 
(21.0)

210 
(19.9)

  Sigmoidectomy 214 
(40.5)

234 
(44.2)

448 
(42.4)

  Anterior 
resection

154 
(29.2)

138 
(26.1)

292 
(27.6)

  Hartmann 1 (0.2) 0 (0) 1 (0.1)

  Partial resection 4 (0.8) 7 (1.3) 11 (1.0)

  Others 2 (0.4) 2 (0.4) 4 (0.4)

Conversion – 29 (5.5)
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• If non-inferiority is not proved …
 Since the null hypothesis “the effectiveness of 

laparoscopic surgery is inferior to that of open 
surgery over the non-inferiority margin” can-
not be rejected, open surgery will remain the 
standard procedure.

• If non-inferiority is proved …
 Since the minimal invasiveness assumed with 

laparoscopic surgery in this study did not sig-
nificantly differ from expected results [18], 
laparoscopic surgery will replace open sur-
gery and become the standard procedure.

24.4.3  Primary Results of JCOG0404

Long-term outcomes of the trial were presented 
at the 2015 Gastrointestinal Cancers Symposium 
(ASCO-GI 2015) [21]. Two treatment-related 
deaths occurred in the OP group; one patient 
died 7 days after surgery (likely due to myocar-
dial infarction), and the other died from febrile 
neutropenia, pneumonia, diarrhea, and gastro-
intestinal hemorrhage during postoperative che-
motherapy. One patient died during the hospital 
stay and was therefore excluded from the adverse 
events analysis. The incidence of grade 2–4 late 
complications was 11.3% (12.5% in OP, 10.1% 
in LAP). Late complications included constipa-
tion (6.0% in OP, 4.4% in LAP), diarrhea (2.9% 
in OP, 2.7% in LAP), paralytic ileus (1.2% in 
OP, 1.7% in LAP), and small bowel obstruction 
(3.1% in OP, 2.1% in LAP).

Median follow-up for all patients following 
randomization was 72.8 months (IQR 61.1–
72.8). At the time of the last follow-up on March 
27, 2014, 128 (12%) of 1057 patients had died 
(62 (12%) of 528 patients in the OP group and 
66 (12%) of 529 patients in the LAP group). 
 Sixty- four patients (36 patients in the OP and 
28 patients in the LAP group) were lost to fol-
low-up within 5 years of enrolment. Estimated 
5-year overall survival was 90.4% (95% CI, 
87.5–92.6) in the OP group and 91.8% (89.1–
93.8) in the LAP group. The hazard ratio (HR) 
for overall survival for LAP versus OP was 
1.06 (90% CI, 0.79–1.41; one-sided p for non- 
inferiority = 0.073; Fig. 24.2); laparoscopic sur-
gery was not non- inferior to open surgery. In a 
sensitivity analysis of 1045 patients who under-
went surgery as assigned, the HR for overall 
survival for laparoscopic surgery versus open 
surgery was 1.03 (0.77–1.38, one-sided p for 
non- inferiority = 0.057). Relapse-free survival 
is shown in Fig. 24.3; 228 (22%) of the 1057 
patients had recurrence or died (111 (21%) of 528 
patients in the OP group and 117 (22%) of 529 
patients in the LAP group). Five-year relapse- 

Table 24.3 Pathological results

n
OP 
(n = 528)

LAP 
(n = 529)

Total 
(n = 1057)

Tumor size (cm)

  Median 4.5 4.3 4.5

  Range 1.2–14.0 1.5–9.8 1.2–14.0

Number of harvested lymph nodes

  Median 22 21 22

  Range 2–120 2–85 2–120

Pathological stage

  0 4 2 6

  I 59 58 117

  II 246 222 468

  III 203 232 435

  IV 15 15 30

  Missinga 1 0 1
aUnresectable disease due to diffuse dissemination

Table 24.4 Late complications (grade 2–4)

OP 
(n = 519a)

LAP 
(n = 525)

Total 
(n = 1044)

Overall 
complications 
(grade 2–4)

65 (12.5%) 53 (10.1%) 118 (11.3%)

  Constipation 31 (6.0%) 23 (4.4%) 54 (5.2%)

  Diarrhea 15 (2.9%) 14 (2.7%) 29 (2.8%)

  Paralytic ileus 6 (1.2%) 9 (1.7%) 15 (1.4%)

  Bowel 
obstruction of 
small intestine

16 (3.1%) 11 (2.1%) 27 (2.6%)

a1 pt was excluded due to death during hospital stay
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free survival was 80% (95% CI: 76.0–82.9) in 
the OP group and 79% (75.6–82.6) in the LAP 
group. The HR for relapse-free survival for lapa-
roscopic surgery versus open surgery was 1.07 
(95% CI: 0.82–1.38). Eighty-nine (17%) of 520 
patients in the OP group and 101 (19%) patients 
in the LAP group experienced recurrence after 
R0 resection. Of these patients, 39 (44%) in the 
OP group and 40 (40%) in the LAP group had 
liver metastasis, 10 (11%) in the OP group and 16 
(16%) in the LAP group had peritoneal metasta-
sis, 31 (35%) in the OP group and 33 (33%) in the 
LAP group had lung metastasis, and 12 (13%) in 
the OP group and 15 (15%) in the LAP group 
had lymph node metastasis. Subgroup analyses 
for overall survival were performed for sex (male 

vs female), age (<65 vs ≥65 years), tumor loca-
tion (cecum, ascending colon, sigmoid colon vs 
rectosigmoid colon vs upper rectum), clinical 
stage (II vs III), clinical T stage (cT3 vs cT4), 
clinical N stage (cN0 vs cN1 vs cN2), and body 
mass index (BMI; ≤20 vs >20 to 25 vs >25 kg/
m2; Fig. 24.2). Patients with tumors located in the 
rectosigmoid; who were clinical T4, clinical N2, 
or had high BMI (>25); and who underwent lapa-
roscopic surgery tended to show worse survival 
compared to patients in the OP group (Fig. 24.4).

Based on these results, non-inferiority of lapa-
roscopic surgery was not demonstrated for OS in 
stage II/III colorectal cancer [21]. Potential reasons 
why non-inferiority could not be proved include (1) 
biased background factors, (2) protocol deviation, 
(3) insufficient events, and (4) the possibility that 
laparoscopic surgery is slightly inferior to open 
surgery in effectiveness by nature. In the sensitivity 
analysis performed by the JCOG Data Center, the 
influence of (1) and (2) was too small to alter the 
conclusion, but the influence of (3) was significant. 
In terms of (4), since outcomes in both groups were 
considerably good with only a slight difference, 
laparoscopic surgery was considered an acceptable 
treatment option in experienced facilities, so long 
as considerations are made for patients concerned 
about the clinical inferiority of laparoscopic sur-
gery. The numbers of events were insufficient 
because the treatment outcomes in both groups 
were more than 10% better than expected and sur-
gery for recurrence and metastasis has advanced 
further since the trial began 10 years ago.

24.4.4  Patient Factors, Tumor 
Factors, and Facility Factors 
to Consider When Performing 
Laparoscopic Surgery

In the subgroup analysis of patterns of recurrence 
in JCOG0404, both OS and RFS were signifi-
cantly lower in the LAP group compared to the 
OP group in subgroups of patients with pT4, 
pN2, or BMI >25, after adjusting for patient char-
acteristics. With respect to laparoscopic surgery, 
manipulations with forceps and pneumoperito-
neum during surgery might affect long-term out-
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comes, especially in patients with high BMI, 
advanced clinical node metastasis, and T4 
staging [21].

Differences between facilities were evaluated 
with the mixed effect model using data from 
JCOG0404, including the facilities as a random 
effect. After adjusting for age, sex, comorbidity, 
tumor site, BMI, and clinical stage, differences 
between facilities were found only in the LAP 
group for grade 2–4 postoperative early compli-
cations. Median incidence rates of grade 2–4 
postoperative early complications were 12.7% 
(range, 12.7–12.7%) in the OP group and 8.8% 
(range, 4.7–24.0%) in the LAP group, with 69 
events and 62 events, respectively. In the effec-
tiveness analysis, there was no significant differ-
ence between facilities for 5-year OS in both 
groups. Median 5-year OS was 92.0% (range, 
92.0–92.0) in the OP group and 92.0% (range, 
87.9–95.4%) in the LAP group.

On the other hand, for 5-year RFS, there were 
differences between facilities in the LAP group. 
Median 5-year RFS was 81.9% (range, 81.9–
81.9%) in the OP group and 80.8% (range, 69.8–
89.6%) in the LAP group [22].

24.5  Will Open Surgery Survive?

It is currently the age of personalized medicine, 
and surgical cancer treatment must also be tai-
lored to individual patients. As the number of 
surgical indications has increased along with 
remarkable progress in chemotherapy, demands 
on surgeons have increased. Laparoscopic sur-
gery is an innovative procedure, and there is no 
doubt that it has brought about major changes in 
colorectal cancer surgery. Regardless of the 
results of JCOG0404, advances in laparoscopic 
surgery will not come to a halt. Since laparo-
scopic surgery and open surgery are both neces-
sary procedures, neither should be excluded. 
Rather, surgeons should find ways to integrate 
both into their treatment plans.

24.6  Future of Colon Cancer 
Surgery

Although the overall results of JCOG 0404 sug-
gest that open surgery should be the standard 
treatment for colorectal cancer, laparoscopic sur-
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gery should be considered a viable alternative 
based on the OS and RFS results. The advantages 
and disadvantages of both procedures should be 
properly explained to patients prior to surgery. 
Even if laparoscopic surgery was to replace open 
surgery and becomes the standard treatment in 
the future, this may correspond to the “mistaken 
kindness” described by Halsted [2] without actual 
clinical benefit of minimal invasiveness. Indeed, 
there was no actual clinical benefit with respect 
to minimal invasiveness (55 mL less in bleeding, 
1 day shorter length of hospital stay) over the 
non-inferiority margin (no difference in suture 
failure/bowel obstruction, approximately 1 h lon-
ger operation time, doubled intraoperative organ 
damage) [21]. After JCOG0404, development of 
strategies that prioritize patient benefits will be 
needed, as well as a recognition of the limits of 
each procedure when considering curative sur-
gery for patients with colon cancer.
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Pathologic Assessment 
and Specimen Quality of Surgery 
After CME
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and Yoshiharu Sakai

Abstract

Quality of surgery has recently become an 
important topic in the management of colon 
cancer. Both en bloc resection and resection of 
an adequate area of colon and mesocolon are 
mandatory for high-quality surgery. The qual-
ity of surgery is assessed by pathologic evalua-
tion, including morphologic assessment of the 
plane of dissection, length of colon resected, 
length of the high tie vascular ligation of the 
mesenteric artery to the colon, and the num-
ber of lymph nodes studied. Morphologic 
assessment is a qualitative measure of the 
plane of dissection, and smooth dissection 
could contribute to good prognosis. The other 
measures are quantitative and reflect the area 
of colon and mesocolon resected. Adequate 
resection area could not only lead to a good 
prognosis but also enable accurate staging in 
colon cancer. In this section, we discuss the 
relationship between quality of surgery and 
pathologic assessment, highlighting the differ-
ence between D3 dissection in Asian countries 
and complete mesocolic excision (CME) in 

Western countries. Precise estimation of tumor 
depth is also considered critical for predicting 
prognosis in colon cancer. In particular, it is 
crucial to discriminate a T4 lesion from a T3 
lesion, because the former is a potential risk 
factor for recurrence of disease. However, 
accurate diagnosis is difficult. We introduce 
our method of pathologic examination for dif-
ferentiating these lesions.

Keywords

Complete mesocolic excision · D3 dissection · 
Pathologic assessment · Specimen quality

25.1  Introduction

Quality of surgery in colon cancer is a topical 
issue [1]. In Japan, curative resection for colon 
cancer is performed according to the guideline of 
the Japanese Society for Cancer of the Colon and 
Rectum (JSCCR) [2]. The area of the colon and 
mesocolon to be resected in a horizontal direction 
is determined by the artery feeding the tumor and 
the lymphatic networks in the mesocolon. The 
root of the artery feeding the tumor is removed 
together with the lymph nodes around the root in 
a vertical direction. This is the so- called Japanese 
D3 dissection. In contrast, complete mesocolic 
excision (CME) has been considered to be impor-
tant in Western countries since the publication of 
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the results of Hohenberger et al. [3]. The concept 
of CME includes a morphologically intact meso-
colon and adequate resection of the colon and 
mesocolon. Some retrospective studies in Western 
countries have reported that the prognosis after 
CME is better than that after traditional surgery 
for colon cancer [4, 5]. It is now considered nec-
essary to standardize the surgical treatment of 
colon cancer in Western countries, and Japanese 
D3 dissection is attracting much attention in this 
regard because of its promising outcomes [6]. 
However, the concepts of CME and Japanese D3 
dissection differ in that CME entails wider mobi-
lization and resection of a longer length of colon. 
The quality of surgery is assessed by pathologic 
evaluation. In this section, we compare the patho-
logic assessment techniques used and specimen 
quality between CME and D3 dissection.

25.2  Pathologic Assessment 
of the Mesocolon

Pathologic assessment of the mesocolon is gener-
ally based on four domains: (1) morphologic assess-
ment of the plane of dissection, (2) length of colon 
resected, (3) length of high tie vascular ligation of 
the mesenteric artery to the colon, and (4) number 
of lymph nodes studied (NLNS). Morphologic 
assessment reflects the quality of the surface of the 
colon and mesocolon dissected, whereas length of 
colon resected, length of high tie to the colon, and 
NLNS reflect the area of resected colon and meso-
colon. En bloc resection of the colon together with 

the mesocolon allows for precise staging of colon 
cancer and improves prognosis.

25.2.1  Morphologic Assessment 
of Plane of Dissection

Morphologic assessment of the plane of dissec-
tion is classified according to the condition of the 
dissection surface in a surgical specimen 
(Fig. 25.1) as follows:

• Mesocolic plane: good-quality surgery, with 
an intact smooth surface of the mesocolon

• Intramesocolic plane: moderate-quality sur-
gery, with disruption that does not reach the 
muscularis propria in the mesocolon

• Muscularis propria plane: poor-quality sur-
gery, with exposure of the muscularis propria

West et al. [7] used the above classification to 
investigate the association between the plane of 
dissection and the prognosis in colon cancer 
according to the MRC CLASICC trial protocol 
[8], and this classification has since been widely 
used for assessment of the dissection surface 
after surgery for colon cancer. West et al. 
reported that intact smooth plane in the speci-
men was associated with good prognosis. A 
smooth plane of dissection is routinely main-
tained in D3 dissection, and postoperative mor-
phologic assessment is not common in Japan. 
Nevertheless, Kobayashi et al. [9] reported no 
significant difference between D3 dissection and 

Mesocolic plane

DL:dissection line, FF: fusion fascia, M: mucosa, ME: mesocolon, MP: muscularis propria,
SE: serosa

SE

DL

M
MP

ME

FF

Intramesocolic plane Muscularis propria plane

Fig. 25.1 Morphologic classification of the plane of dissection
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CME regarding the condition of the plane of dis-
section of the specimen.

We identified two interesting reports regard-
ing the efficacy of en bloc resection of the meso-
colon. Culligan et al. [10] reported abundant 
lymphatic networks in the mesocolon. However, 
Gao et al. [11] found no direct lymphatic connec-
tions between the mesocolon and the abdominal 
wall and suggested that the visceral fascia func-
tioned as a barrier to tumor cells. They injected 
nanocarbon black dye into the subserosal layer 
around the tumor, and the residue of the dye was 
found in the mesocolon but not in the abdominal 
wall that was adjacent to the mesocolon. They 
also reported that no tumor cells passed through 
the fascia during an in vitro experiment. These 
two reports suggest that CME or D3 dissection 
allows for the complete resection of cancer cells 
in the mesocolon.

Some problems have been noted in the assess-
ment of the plane of dissection after CME. One 
problem is that the classification is based on sub-
jective assessment by pathologists. Munkedal 
et al. [12] reported significant discrepancies in 
pathologists’ grading of the plane of dissection. 
Another problem is that the good prognosis of 
surgery in the mesocolic plane was deduced from 
retrospective studies that were impacted by vari-
ous confounding factors. A prospective observa-
tional study in which detailed classification 
criteria are defined is needed to determine the 
impact of morphologic classification on the 
prognosis.

25.2.2  Length of Colon Resected 
in a Horizontal Direction

To perform high-quality surgery, it is important 
that an adequate length of colon is resected so 
that cancer cells that are floating or spreading in 
the colon or mesocolon are removed. The area of 
mesocolon to be resected is estimated from the 
length of resected colon and the length of the high 
tie to the colon (Fig. 25.2). An adequate length 
of resected colon implies an adequate length of 
resected mesocolon in a horizontal direction. 
There are reported to be abundant lymphatic net-

works in the mesocolon via which tumor cells can 
spread; thus, it is mandatory to remove the meso-
colon. The “10 cm rule” had been traditionally 
employed in colon cancer surgery in Japan. This 
rule suggested that proximal and distal 10 cm of 
the colon from the tumor should be resected. In 
the seventh edition of the Japanese Classification 
of Colorectal Carcinoma, which corresponds to 
the second edition of the English version [13], 
the length of colon to be resected is determined 
by the artery feeding the tumor. The length of 
resected colon tends to be longer in CME than 
D3 dissection [9], but there seems to be no defi-
nition of the mandatory length of the colon to be 
resected in CME. Therefore, it is unclear what 
length of colon needs to be removed to improve 
survival in both Asian and Western countries. A 
prospective observational study by the JSCCR 
is underway to clarify the appropriate length of 
colon that should be resected (Clinicaltrials.gov 
identifier, NCT02938481).

25.2.3  Length of the High Tie 
to the Colon: Resection 
in a Vertical Direction

In Western countries, the length of the high tie to 
the colon is used to evaluate the area of the 
 mesocolon to be resected in a vertical direction. 
However, in D3 dissection, the top of the meso-
colon in a vertical direction corresponds to the 

Fig. 25.2 Assessment of the resected area of the mesoco-
lon. (a) Length of the high tie to the colon. (b) Length of 
resected colon
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root of the artery feeding the tumor. Therefore, 
the length of the colon to be resected is deter-
mined by the vascular anatomy and is not rou-
tinely measured in Japan. Interestingly, 
Kobayashi et al. [9] reported that the length of the 
high tie to the colon in D3 dissection was similar 
to that in CME.

D3 dissection requires removal of both the 
root of the feeding artery and the apical lymph 
nodes. This contributes to not only an accurate 
evaluation of lymph node metastasis but also a 
better prognosis. Kawada et al. [14] investigated 
the prognostic impact of apical lymph node 
metastasis on cancer-specific death. A combina-
tion of apical lymph node metastasis and their 
prognostic model based on the seventh edition of 
the TNM classification improved the discrimina-
tive ability in the prognosis of stage III colon 
cancer. Furthermore, Kotake et al. [15] reported a 
better prognosis in patients who underwent D3 
dissection than in those who underwent D2 dis-
section. Kotake et al. undertook a retrospective 
propensity-matched analysis of 3425 patients 
with pT3 or pT4 colon cancer identified in the 
JSCCR database. In that study, overall survival 
was significantly improved in patients who 
underwent D3 dissection (hazard ratio 0.814, 
95% confidence interval 0.734–0.904), so D3 
dissection is now standard treatment for cT3 or 
cT4 colon cancer in Japan. A randomized con-
trolled trial comparing the prognosis of D3 dis-
section (CME plus central vessel ligation) with 
that of D2 dissection is under way in China [16].

25.2.4  Number of Lymph Nodes 
Studied

A small NLNS is considered a risk factor for 
recurrence of colon cancer and poor prognosis. 
NLNS reflects both the area of resected mesoco-
lon and the accuracy of lymph node assessment. 
As mentioned earlier, inadequate resection of the 
colon and mesocolon increases the risk of tumor 
recurrence because tumor cells may remain in the 
unresected mesocolon.

The accuracy of lymph node evaluation has 
been debated for a long time [17]. Inadequate 

evaluation of lymph nodes can have a stage 
migration effect and deprive patients at high risk 
of the opportunity to receive adjuvant chemo-
therapy. In Japan, lymph nodes are often retrieved 
by surgeons from a raw specimen before fixation 
with formalin, which is different from the lymph 
node harvesting procedure used in Western 
countries.

In stage II colon cancer, a small NLNS is con-
sidered to be closely associated with a poor prog-
nosis. Caplin et al. [18] reported the impact of a 
small NLNS on survival in patients with colon 
cancer and identified an NLNS <6 to be a poor 
prognostic factor. Since then, various cutoff val-
ues have been reported. The American Society of 
Clinical Oncology recommends that >12 lymph 
nodes are needed for accurate staging and that 
adjuvant chemotherapy should be considered in 
patients with an NLNS <6 [19]. According to the 
European Society for Medical Oncology, an 
NLNS <12 is a risk factor for recurrence [20]. As 
in the JSCCR guideline [2], these recommenda-
tions also suggest that an NLNS <12 is a risk fac-
tor for disease recurrence.

The lymph node ratio (LNR), that is, the ratio 
of metastatic lymph nodes to NLNS, is consid-
ered a significant prognostic indicator in stage III 
colon cancer. Berger et al. [21] reported that 
5-year overall survival, disease-free survival, and 
cancer-specific survival were improved by a 
decrease in the LNR.

Many reports have highlighted an association 
between a small NLNS/high LNR and a poor 
prognosis. However, NLNS is reported to be 
influenced by many clinicopathological factors, 
including age, sex, obesity, tumor location, surgi-
cal method, depth of tumor invasion, differentia-
tion, and examination procedure. Among these 
factors, most reports have mentioned an associa-
tion between patient age and NLNS, and the 
prognostic impact of NLNS may differ between 
elderly and younger patients [22]. Several cutoff 
values for NLNS have been proposed, ranging 
from 6 to 40, and as yet there is no consensus. 
However, an NLNS <6 is a commonly reported 
adverse prognostic factor across the studies, and 
a cutoff value of 12 is representative [19, 20] in 
stage II colon cancer. Our data, which include 
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177 patients with stage II colon cancer treated 
surgically between 2001 and 2008, show a sig-
nificant difference in relapse-free survival (RFS) 
and cancer recurrence rates between an NLNS 
<12 and an NLNS ≥12 (Fig. 25.3). The 5-year 
recurrence and RFS rates were 0.34 and 0.53, 
respectively, in patients with an NLNS <12 and 
0.08 and 0.81 in those with an NLNS ≥12 (both 
P-values <0.001).

25.3  Pathologic Assessment 
of Tumor Depth

Precise evaluation of tumor depth is also impor-
tant for prediction of the prognosis, and it is par-
ticularly important to distinguish a T4a lesion 
from a T3 lesion.

According to the TNM classification, patients 
with T4a lesions have worse prognosis than those 
with T3 lesions [23]. The same pattern has also 
been found in Asian countries [24]. Our data, 
which include 302 patients with T3 or T4a colon 
cancer stages I–III treated between 2001 and 
2008, revealed a significant difference in RFS 
(P = 0.011) and cancer recurrence (P = 0.001) 
rates between patients with T3 disease and those 
with T4a disease (Fig. 25.4). Five-year RFS and 
recurrence rates in patients with T3 disease were 
0.74 and 0.17, respectively, and 0.57 and 0.38 in 
those with T4a disease.

However, it is difficult to diagnose a T3 or T4 
lesion accurately. Here we present a patient with 
T4a sigmoid colon cancer. At our institution, to 
obtain a precise diagnosis, the tumor is routinely 
cut by 5 mm, and the resected segments are 
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investigated first macroscopically and then 
microscopically (Fig. 25.5a–c). In our patient, 
the tumor can be seen to have invaded the serosa 
of the colon in the fourth specimen shown in 
Fig. 25.5b. If there are difficulties in determining 
the tumor depth, we perform double staining 
using Victoria blue and hematoxylin-eosin to 
identify the serosa of the colon. The arrow in 
Fig. 25.5d indicates stained elastic fibers in the 
serosa of the colon, confirming that tumor cells 
have invaded the serosa.
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Laparoscopic Surgery for Colon 
Cancer: Principles and Pitfalls

Jeonghyun Kang and Kang Young Lee

Abstract

Laparoscopic colon cancer resection has been a 
successful alternative of open surgery, based on 
accumulated evidence. Postoperative morbidity 
and mortality were significantly decreased with 
laparoscopic technique, and oncologic outcome 
was not inferior to open technique. In the age of 
complete mesocolic excision, feasibility of lap-
aroscopic technique has been reevaluated, and 
several technical considerations are under dis-
cussion. In Asian countries including Korea, 
Japan, and China, precise dissection along the 
embryological plane and central vessel ligation 
has been regarded as a standard procedure for 
colon cancer surgery, even in laparoscopic sur-
gery. With the accumulation of experience of 
laparoscopic complete mesocolic excision, 
penetration rate of laparoscopic colon cancer 
surgery in Asian countries is higher than west-
ern countries, and quality of colon cancer resec-
tion is getting better. In the same time, 
standardization of procedure is important to 
improve quality of laparoscopic colon cancer 
surgery and to educate trainee. In procedure 
details of laparoscopic colon cancer resection, 
there are some differences according to ana-
tomical location of colon cancer in the view-
point of preparation and procedure details.

Keywords
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26.1  Introduction

Minimally invasive surgical techniques have 
affected the treatment of colon cancer. The post-
operative morbidity and mortality were signifi-
cantly decreased after the application of the 
laparoscopic technique [1]. It has been proven 
that the oncologic outcome of laparoscopic colon 
cancer surgery was not inferior to that of open 
surgery [2–5]. The basic principle of laparo-
scopic colon cancer surgery is not different from 
open surgery, in regard to making a good surgical 
view, effective traction and countertraction, fine 
dissection along the surgical plane, etc. However, 
it is critical that the factors that differentiate lapa-
roscopic colon cancer surgery from other surgical 
methods be understood for its success.

26.2  Current Evidence Supporting 
Laparoscopic Surgery 
for Colon Cancer

Since the first laparoscopic colectomy was per-
formed in 1991 [6], the laparoscopic technique 
has often been applied to colon cancer surgeries. 
In the early period of laparoscopic colon cancer 
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surgery, extra caution for laparoscopic colon can-
cer surgery was recommended, because the 
safety of the oncologic outcome was not con-
firmed. In 2002, the oncologic safety of laparo-
scopic colon cancer surgery was demonstrated 
for the first time through a prospective random-
ized clinical trial in a single institute [7]. 
Afterwards, the results of several randomized 
clinical trials followed, which also proved the 
oncologic safety of laparoscopic colon cancer 
surgery [2–5, 8].

At the same time, the benefits of laparoscopic 
colon cancer surgery were demonstrated in short- 
term outcome. The laparoscopic technique was 
related to reducing postoperative complications, 
faster return of bowel motility, reducing postop-
erative pain, and decreasing the average hospital 
stay [1, 7, 9–11].

26.3  Specific Consideration: 
Obstructing Colon Cancer, 
Combined Resection

The management of obstructing colon cancer is 
quite challenging, especially in laparoscopic 
colon surgery. Laparoscopic management options 
for obstruction colon cancer are not different to 
open laparotomy. However, it is hard to get work-
ing space in laparoscopic surgery because of dis-
tended bowel. Limited working space could be 
resulted in poor oncologic outcome and increased 
postoperative morbidity [12]. The application of 
self-expanding stents in obstructed colon as a 
bridge to surgery could be an alternative option 
[13–15]. After relieving obstruction, laparo-
scopic surgery could be performed as like ordi-
nary colon cancer [16]. Application of 
laparoscopic technique for obstructing colon can-
cer should be careful not to make additional 
problem. Patient selection based on the result of 
treatment for obstruction, preparation, and 
patient’s condition is the key for the success of 
laparoscopic surgery.

Combined resection for T4 colon cancer is 
also challenging to apply laparoscopic technique 
[17, 18]. There are no common criteria to apply 
laparoscopic technique for combined resection. It 

depends on surgeon’s experience and ability and 
surgical team’s experience. Even in experienced 
surgical team, intensive preoperative discussion 
about detailed design for combined resection, 
reconstruction plan, and real benefit of patient 
must be needed.

26.4  Feasibility, Technical 
Consideration in the Era 
of Complete Mesocolic 
Excision

The main concept of complete mesocolic exci-
sion for colon cancer includes sharp dissection 
along embryologically developed surgical plane 
and central vessel ligation [19]. Although feasi-
bility and safety of laparoscopic surgery for colon 
cancer have already been demonstrated with sev-
eral clinical trials, technical details and quality of 
laparoscopic colon cancer surgery were not eval-
uated thoroughly. In previous studies, the main 
goal of researches was to prove the non- inferiority 
of the laparoscopic technique, compared to the 
open technique. None of the studies included the 
standardization of the surgical procedure itself. 
The only inclusion criterion for the successful 
laparoscopic colon cancer surgery trials referred 
to above was the surgeon’s number of case expe-
riences; there was no evaluation process for the 
quality of the surgeon’s lymph node dissection. 
In the era of complete mesocolic excision, a 
reevaluation of the feasibility of the laparoscopic 
technique for complete mesocolic excision has 
been raised [20, 21]. The quality of the complete 
mesocolic excision is recognized as one of the 
important prognostic factor [22, 23], so the qual-
ity of colon cancer resection must be considered 
in evaluating the effectiveness of laparoscopic 
colon cancer surgery.

26.4.1  Patients’ Position

The way in which the patient was positioned for 
open surgery was not changed for the laparo-
scopic procedure. However, in laparoscopic 
colon cancer resection, the patient should be 
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fixed securely on the table, because the patient’s 
position could be changed during the operation 
for the sake of the exposure of the target anat-
omy. The patient’s position for laparoscopic 
colon cancer surgery depends on the anatomical 
location of the tumor and the operating surgeon’s 
preference. I personally prefer the lithotomy 
position for all laparoscopic colon cancer surger-
ies, because it allows for the surgeon to place 
oneself between the patient’s legs.

26.4.2  How to Make Surgical Field

Good exposure of the target anatomy is crucial 
for a successful operation. In laparoscopic colon 
cancer surgery, the key component of making the 
surgical field is removing a small bowel from the 
surgical field. In left-sided colon cancer surgery, 
ideally, the root of colonic mesentery from the 
Treitz ligament to the sacral promontory should 
be exposed for the central lymph node dissection.

26.4.3  Plane Dissection

The essential component of complete mesocolic 
excision is a sharp dissection along embryologi-
cally developed surgical plane. It is well- 
demonstrated that a complete excision of lymph 
nodes bearing mesocolon without the disruption 
of visceral fascia is a key component to improv-
ing the oncologic outcome of colon cancer [19]. 
At the same time, the preservation of fascia over-
lying essential retroperitoneal structure is also 
important lest the ureter and gonadal vessels are 
injured and to avoid unnecessary bleeding from 
retroperitoneal structures.

In laparoscopic colon cancer surgery, the basic 
skill for a sharp plane dissection is exactly the 
same as with open surgery: effective traction and 
countertraction and point-by-point sharp dissec-
tion. The selection of an instrument for plane dis-
section is point for consideration in laparoscopic 
surgery. A monopolar device with hook, spatula, 
or scissor (hot shear) is one popular instrument 
for plane dissection. With the development of 
technology, energy-based devices are adapted for 

the plane dissection, generally an ultrasonic 
energy-based instrument. The adaptation of 
energy-based devices in laparoscopic colon can-
cer surgery could reduce chyle leakage, minimize 
bleeding on dissection plane, and facilitate com-
plete plane dissection [24].

The starting point of the plane dissection is 
one of the main discussion points in laparoscopic 
colon cancer surgery, namely, medial-to-lateral 
dissection, lateral-to-medial dissection, inferior 
approach, etc. If we keep the oncologic princi-
ples, the mode of dissection does not make a dif-
ference in the oncologic outcome. However, the 
standardization of one’s own procedure based on 
an exact understanding of the precise anatomy is 
crucial for a successful plane dissection. The 
probability of success should be also considered.

26.4.4  Central Vessel Ligation

Central vessel ligation is another crucial compo-
nent of complete mesocolic excision for the com-
plete removal of regional lymph nodes, which is 
an essential part of curative resection of colon 
cancer. According to the anatomical location of 
colon cancer, corresponding feeding vessels 
should be ligated at their origin. For the safety of 
laparoscopic central vessel ligation, the first step 
is the complete exposure of the proximal part of 
the origin of feeding vessels. It is hard to say that 
complete exposure of proximal part of feeding 
vessels could improve oncologic outcome in the 
prophylactic lymph node dissection. However, 
from a technical viewpoint, the complete expo-
sure of the proximal part and the origin of feed-
ing vessels before the ligation of feeding vessels 
is important for a safe procedure.

As is the case with the plane dissection, the 
selection of the instrument for the central vessel 
ligation could be a discussion point. Dissection 
with a monopolar hook or spatula and vessel 
ligation with surgical clips is the traditional way 
of central vessel ligation. With the development 
of technology, the application of energy-based 
devices supports the advance of laparoscopic 
colon cancer surgery. From a basic technological 
viewpoint, energy-based devices can be classified 
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into bipolar energy-based devices and ultrasonic 
energy-based devices. The current energy-based 
devices can ligate vessels up to 7 mm in diam-
eter without a mechanical clip [25]. This means 
that all vessels during colon cancer surgery could 
theoretically be ligated and divided without the 
application of a surgical clip. Some surgeons 
do not use surgical clips in their daily practice 
according to the theoretical guideline, but most 
colorectal surgeons prefer to apply a surgical clip 
to the patient’s side to minimize the potential risk 
of bleeding. We should understand the mode of 
action of advanced instruments; otherwise, unex-
pected complications may arise.

26.4.5  Keep Blood Flow with Lymph 
Node Dissection

For the complete regional lymph adenectomy, 
feeding vessels should be ligated. Feeding vessel 
ligation at its origin has been regarded as an inev-
itable procedure for a complete regional lymph 
adenectomy. However, the potential problem of 
vessel ligation at its origin is the deterioration of 
blood flow. From a technical viewpoint, a com-
plete regional lymphadenectomy could be 
accomplished with the preservation of blood 
flow. As a solution for the issue of the high liga-
tion of inferior mesenteric artery vs. low ligation, 
the left colic artery could be preserved after the 
complete removal of lymph nodes bearing fat tis-
sue around the inferior mesenteric artery. There 
still is a debate about the safety of this procedure. 
Potential problem of this technique is concerned 
about oncologic safety, because lymph nodes 
bearing tissue could be opened during the proce-
dure. This is an issue to be clarified with further 
research.

26.5  Laparoscopic Right 
Hemicolectomy

26.5.1  Position

The patient’s position, whether it be the supine or 
the modified lithotomy position, should be 

decided according to the placement of the surgi-
cal team. The modified lithotomy position offers 
several options for the surgical team’s placement. 
During laparoscopic right hemicolectomy, the 
surgeon could be on the patient’s left side or 
between the patient’s legs, as is appropriate for 
each procedure. The mild Trendelenburg position 
could help the upward shift of omentum and the 
transverse colon. Additionally left side-tilted 
position removes the small bowel to the left side 
abdominal cavity and pelvis, which is helpful for 
central lymph node dissection on superior mes-
enteric vessels.

26.5.2  Colon Mobilization

One approach regarding the sequence of colon 
cancer surgery is the lateral-to-medial approach, 
which means that colon mobilization is the first 
step before central vessel ligation. In contrast, 
in the medial-to-lateral approach, central vessel 
ligation is the first step of operation, and it 
involves continued dissection for mobilization 
of colonic mesentery and right colon. There is 
no difference in oncologic and operative 
outcomes.

The preferred way of dissection is the infe-
rior approach as a same concept of lateral-to-
medial approach, which means that dissection 
is started with the mobilization of cecum. 
Having the cecum and terminal ileum mobiliza-
tion as the first step of the operation is a rela-
tively good way to identify the surgical plane 
between the parietal fascia and the colonic mes-
entery. The appendix or cecum is used for trac-
tion by the assistant, and countertraction 
created with the surgeon’s left hand by grasping 
the parietal peritoneum offers a good surgical 
view and facilitates the identification of the cor-
rect surgical plane (Fig. 26.1). After making a 
peritoneal incision, precise dissection should 
be continued up to the duodenum with preser-
vation of the right ureter and the gonadal ves-
sels (Fig. 26.2). The advantage of the 
inferior-first approach is that the chance of 
injury to the ureter or the gonadal vessels could 
be minimized, since those structures are already 
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separated from the colonic mesentery before 
the vascular dissection. Also, it has been my 
experience that the time spent to identify the 
exact surgical place can be reduced.

26.5.3  Central Vessel Ligation

In laparoscopic right hemicolectomy, the ileoco-
lic vascular pedicle is an anatomical landmark to 
start vascular dissection. Traction to right, infe-
rior direction created by the assistant could help 
the identification of the location of the ileocolic 
and superior mesenteric vessels. If the cecum and 
its mesentery are mobilized before vascular dis-
section, the identification of the ileocolic vessels 
becomes easier. In laparoscopic surgery, having 
an anatomical landmark—not only for the identi-
fication of vascular anatomy, but also for the 

whole procedure—is important to keep track of 
the right direction of the dissection and to mini-
mize the chances of making a mistake. My per-
sonal preference for the surgeon’s location for a 
central lymph node dissection is between the 
patient’s legs, with an image to continue the dis-
section heading to the falciform ligament.

The first step of central vessel ligation is the 
complete exposure of the superior mesenteric 
vein and the origin of corresponding vessels. For 
the safety of central vessel ligation, ligation of a 
vessel surrounded by fat tissues should be 
avoided. After making a peritoneal incision along 
an imaginary line of the superior mesenteric vein, 
a layer-by-layer dissection is needed to identify 
the superior mesenteric vein. Vascular dissection 
is focused on the right side of the superior mesen-
teric vein, because there is no consensus on 
lymph node dissection on the superior mesenteric 
artery from the viewpoint of complete regional 
lymph adenectomy and its oncologic outcomes. 
The origin of the ileocolic artery and vein is iden-
tified on the right border of the superior mesen-
teric vein, and both vessels are ligated and 
divided safely (Fig. 26.3). Further dissection on 
the superior mesenteric vessels and the mid-colic 
artery is identified. In case of hepatic flexure can-
cer, lymph node dissection around the origin of 
the mid-colic artery is important from the view-
point of complete regional lymph adenectomy. 
However, we don’t have to ligate the mid-colic 
artery at its origin as a routine procedure. 
Considering the resection margin and central 
lymphatic drainage, only the right branch of mid- 
colic artery can be ligated (Fig. 26.4).

Fig. 26.1 Preparation of the inferior approach. Dissection 
is started with the mobilization of cecum. The appendix or 
cecum is used for traction by the assistant, and counter-
traction created with the surgeon’s left hand by grasping 
the parietal peritoneum

Fig. 26.2 Preservation of the right ureter and the gonadal 
vessels. The ileum is retracted to a superior direction to 
expose the mesenteric attachments to the retroperitoneum; 
the right ureter and the gonadal vessels are visualized

Fig. 26.3 Lymphadenectomy of the ileocolic pedicle. 
The ileocolic artery (ICA) is branching from the superior 
mesenteric artery (SMA)
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The division of gastrocolic ligament is a con-
troversial topic. There is ongoing debate about 
dissection along the right gastroepiploic vessels 
and their origin. So far, there is no concrete evi-
dence to support lymph node dissection along the 
right gastroepiploic vessels. However, they could 
be a good guide to dividing the gastrocolic liga-
ment (Fig. 26.5).

26.5.4  Specimen Extraction

After the completion of the dissection, the speci-
men is extracted, and anastomosis is performed. 
By the extension of supra-umbilical camera port 
wound, the specimen could be extracted, and 
extracorporeal anastomosis is performed in the 
conventional way. In case of extracorporeal anas-

tomosis, extra caution is needed to prevent rota-
tion of terminal ileum mesentery. For that reason, 
some surgeon prefers intracorporeal anastomo-
sis, but this technique could be applied after 
overcoming learning curve of procedure.

26.6  Laparoscopic Sigmoid 
Colectomy

26.6.1  Position

The steep Trendelenburg and right-sided tilt posi-
tion is the first step to remove the small bowel from 
the pelvic and surgical field. For the patient’s safety, 
a chest belt to fix the patient on the table could be 
useful. The complete exposure of the surgical field 
is crucial for ensuring the quality of the surgery. 
For the sigmoid colectomy, the exposure of the 
anatomy from the Treitz ligament to the sacral 
promontory is needed. A technical tip for making 
the surgical field is to have an image to flip over the 
small bowel over its axis, instead of focusing on the 
small bowel itself. By focusing on the small bowel 
mesentery, the whole small bowel could be moved 
to the right side of the abdominal cavity. In addi-
tion, surgical gauze could give us extra help for the 
exposure. When surgical gauze is applied for expo-
sure, it should be applied on the small bowel itself, 
not on a mesentery, for effective exposure.

26.6.2  Mobilization of Colon

Again, the sequence of operation is a traditional 
point of contention. The effectiveness of the lateral- 
to-medial approach versus the  medial-to- lateral 
approach for colon cancer resection is the debated 
issue.

The preferred way of dissection is lateral 
approach. The lateral approach is more conve-
nient, because gravity can provide natural traction 
in a right-sided position. The sigmoid colon itself 
could be used as a retractor to remove the small 
bowel in the case of obstruction or morbid obese 
patients. The mobilization of the colon was started 
with the detachment of the natural adhesion of the 
sigmoid colon from the left lateral abdominal 

Fig. 26.4 Identification of right and left branches of the 
middle colic vessels. The middle colic pedicle is lifted 
anteriorly using two points of retraction

Fig. 26.5 Identification of right gastroepiploic vessels 
for guide to dividing the gastrocolic ligament. The right 
gastroepiploic vein (RGEV) along the surface of the pan-
creas must be preserved. ASPDV anterior superior pancre-
atic duodenal vein, SMV superior mesenteric vein, MCV 
middle colic vein
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wall. The sigmoid-descending junction is the pre-
ferred site to identify the embryological plane, 
because it is a relatively easy point to develop the 
surgical plane. When the correct surgical plane is 
developed, the dissection can be continued along 
the surgical plane between Gerota’s fascia and the 
descending colon (Fig. 26.6). Splenic flexure 
mobilization is an optional procedure to undergo 
after the consideration of the bowel length for the 
anastomosis after the resection of cancer. In case 
of a splenic flexure mobilization, a precise dissec-
tion along the embryological plane is also impor-
tant to access the lesser sac (Fig. 26.7). A natural 
fusion among the colon, the omentum, and 
Gerota’s fascia occurred, but there is a lot of varia-
tion in the degree of fusion and the placement of 
the colon. The splenic flexure mobilization is a 
consecutive procedure of the mobilization of the 
descending colon from Gerota’s fascia. Through a 

precise dissection along the embryological plane, 
the omentum’s adhesion to the colon is certainly 
noticed ahead of splenic flexure. From this point, 
the omentum should be detached from the colon, 
and then we can access the lesser sac naturally. A 
complete mobilization of the splenic flexure can 
be achieved through the division of the colonic 
mesentery from the inferior border of pancreas 
and the detachment of the omentum from the dis-
tal transverse colon.

26.6.3  Central Vessel Ligation

Central vessel ligation is one of the essential 
components of a complete mesocolic excision. 
Making a peritoneal incision on the medial side 
of the sigmoid attachment on the retroperitoneal 
structure is the first step of a central vessel liga-
tion. Two preferred sites of starting a medial dis-
section are the medial part of the inferior 
mesenteric vein by the Treitz ligament and the 
sacral promontory area. After the assistant lifts 
up the inferior mesenteric vein, a peritoneal inci-
sion between the inferior mesenteric vein and the 
Treitz ligament is made, and precise dissection is 
continued along the avascular space, which is a 
dissection plane between the colonic mesentery 
and Gerota’s fascia. Further dissection eventually 
connects it to the previous dissection area.

The sacral promontory area is also a good 
place to start medical dissection. After the assis-
tant lifts up the sigmoid colon mesentery, a peri-
toneal incision is made with countertraction with 
the surgeon’s left hand. If a peritoneal incision 
was made on the right point, air insufflation under 
the peritoneum would be noticed. After that, fur-
ther dissection can continue along the developed 
space by means of air infiltration. Before the peri-
vascular dissection, a complete mobilization of 
inferior mesenteric artery pedicle is essential for 
the complete removal of lymph nodes bearing tis-
sue and for the patient’s safety. Dissection in the 
space between the interior mesenteric artery and 
the aorta is quite tricky, because it is hard to iden-
tify the exact surgical plane and lymphatic ves-
sels, and nerve fibers around the aorta are running 
up along the inferior mesenteric artery.

Fig. 26.6 Lateral dissection between Gerota’s fascia and 
the descending colon. The white line of Toldt is incised, 
and the dissection begun in the avascular plane between 
the mesocolon and retroperitoneum

Fig. 26.7 Splenic flexure mobilization. Accessing the 
lesser sac after dissection of a natural fusion among the 
colon, the omentum and Gerota’s fascia
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In sigmoid colon cancer surgery, the level of 
inferior mesenteric artery ligation is a point of 
contention regarding high ligation versus low 
ligation, as is the case with rectal cancer surgery. 
High ligation means the ligation of the inferior 
mesenteric artery at the bifurcation level from the 
aorta. The main idea of high ligation is for com-
plete regional lymphadenectomy [26]. In con-
trast, low ligation refers to ligating the artery 
after the bifurcation of the left colic artery from 
the inferior mesenteric artery. The idea of low 
ligation is based on the data which showed no 
statistically significant difference according to 
the level of artery ligation and the effort to keep 
the blood flow to left colic artery to improve the 
perfusion on the proximal bowel of anastomosis 
[27]; even the traditional concept of low ligation 
does not remove lymph nodes bearing tissue 
around the inferior mesenteric artery.

However, low ligation can be performed after 
the complete removal of lymph nodes bearing 
tissue around the inferior mesenteric artery. After 
the mobilization of the vascular pedicle of the 
inferior mesenteric artery, perivascular dissection 
is started on the bifurcation level of the left colic 
artery and continued to the origin of the inferior 
mesenteric artery. With further dissection, all 
named vessels—inferior mesenteric artery, left 
colic artery, sigmoid artery, and inferior mesen-
teric vein—are identified. Then the sigmoid 
artery and the inferior mesenteric vein are ligated 
and divided, preserving the left colic artery com-
pletely removing the regional lymph nodes bear-
ing fat tissue (Fig. 26.8). Vascular ligation after 

the complete dissection of lymph nodes bearing 
tissue also has the benefit of secure ligation of 
each vessel and the minimization of the possibil-
ity of an accident caused by a vascular anomaly 
on the left colic artery.

26.6.4  Specimen Extraction

Generally, after cutting the distal colon of cancer 
with a laparoscopic linear stapler, a specimen is 
extracted for the removal of cancer and for the 
preparation of anastomosis. The extraction site 
can be decided according to the surgeon’s prefer-
ence. The Pfannenstiel incision for specimen 
extraction has several benefits from the viewpoint 
of cosmesis and technical issues. The incidence 
of incisional hernia is low after a Pfannenstiel 
incision, compared to a midline incision. Also, 
after the removal of tumor in the sigmoid colon, 
end-to-end anastomosis can be performed under 
direct vision. Accordingly, operation time can be 
reduced, since we don’t have to make a pneumo-
peritoneum again for anastomosis.

26.7  Laparoscopic Left 
Hemicolectomy

26.7.1  Position

The Trendelenburg and right-sided tilt position is 
helpful to remove the small bowel from surgical 
field. As like sigmoid colon cancer surgery, the 
exposure of the mesentery from the Treitz liga-
ment to the sacral promontory is essential.

26.7.2  Mobilization of the Colon

For left hemicolectomy, the complete mobiliza-
tion of the splenic flexure is an essential step. 
Even in the case of splenic flexure cancer, the 
whole descending colon should be mobilized to 
procure enough length for anastomosis. The 
mobilization of descending colon is exactly the 
same procedure as in sigmoid colon cancer sur-
gery. However, on the splenic flexure, the resec-

Fig. 26.8 Blood vessels of left colon. IMA inferior mes-
enteric artery, IMV inferior mesenteric vein, SA sigmoidal 
artery
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tion margin of the omentum should be considered. 
After getting into the lesser sac, the omentum is 
divided considering the resection margin.

26.7.3  Central Vessel Ligation

It is hard to discuss the central vessel ligation of 
splenic flexure cancer, because there is no con-
sensus yet. Extent of lymph node dissection is a 
matter for further research.
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Abstract

Robotic surgical systems are developed to 
overcome the inherent limitations of tradi-
tional laparoscopic surgery, with stable cam-
era of three-dimensional imaging, improved 
ergonomics, tremor elimination, ambidextrous 
capability, motion scaling, and flexible instru-
ments. Several trials have showed that robotic 
surgery is safe and comparable, but not supe-
rior to standard laparoscopic approaches, with 
higher cost and longer time. Standard surgical 
procedures are needed for robotic colon resec-
tions. Recently several prototypes have been 
developed to address the current problems. 
And single-incision robotic surgery and natu-
ral orifice transluminal endoscopic surgery are 
under development now.
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27.1  Development of Robotic 
Colon Surgery

Minimally invasive colon surgery has developed 
over the past three decades. Jacobs et al. firstly 
reported laparoscopic colectomy in 1991 [1]. 
Since then, several large trials have been con-
ducted to compare laparoscopic colectomy with 
open colectomy. The COST, COLOR, MRC 
CLASICC, LAPKON II, and ALCCaS trials 
have demonstrated that laparoscopic resection 
results in improved short-term patient-oriented 
outcomes and equivalent oncologic outcomes 
versus the open approach [2–4]. Therefore, lapa-
roscopic colectomy is recommended on National 
Comprehensive Cancer Network (NCCN) guide-
line and Chinese Colorectal Cancer Guideline. 
However, only 55.4% of elective colon resection 
are laparoscopic operation in the USA [5]. The 
common reasons include technically demanding 
surgeons, few standard procedures, poor ergo-
nomics and inability in narrow surgical space, 
and obese abdominal cavity.

So robotic surgical systems are developed to 
overcome the inherent limitations of traditional 
laparoscopic surgery, providing assistance to the 
surgeon with improvements to perception, pro-
cessing, and action [6]. So far, the da Vinci 
robotic system (Intuitive Surgical Inc., 
Sunnyvale, CA, USA), approved by the Food 
and Drug Administration in 2000, is the most 
widely used robotic surgical model. Weber et al. 
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firstly performed robotic-assisted colectomies 
with da Vinci robotic system in 2001 [7]. And 
then several studies on robotic colon surgery 
have been published and shown that robotic 
colon resection can be performed safely and suc-
cessfully, with favorable short-term postopera-
tive and oncologic outcomes. Robotic systems 
have the potential to address some of the limita-
tions of laparoscopy by providing enhanced 
visualization and great precision, while associ-
ated with longer operative times and higher costs 
than laparoscopic colectomy [8].

27.2  Advantages of Robotic 
Surgical System

The da Vinci Si surgical system consists of three 
integrated components, an ergonomics surgeon 
console, a patient cart with four interactive 
robotic arms, and a video tower housing the dedi-
cated system processors and the high-definition 
three-dimensional (3D) vision system (https://
www.davincisurgerycommunity.com/). The 
video tower displays high-definition 3D vision 
for a true perception of depth during surgery, 
increasing the surgeon’s confidence as a result of 
the superior view of the tissue plains and the crit-
ical anatomy. The patient cart is composed of 
multiple components including one camera arm 
and three robotic arms. The robotic arms are 
designed with unique wristed architecture pro-
viding 7 degrees of freedom, a range of motion 
greater than even the human wrist. The system 
enables the surgeon to perform dextrous in very 
deliberate motion control of the instruments to 
enable very precise dissection and reconstructed 
surgical tasks. Sitting at the surgeon console, sur-
geons can control the movements of the patient 
cart precisely and seamlessly, avoiding long 
standing during surgery and reducing physiologi-
cal fatigue [9, 10]. Moreover, the master control-
lers provide tremor filtration to stabilize the 
surgical procedure.

A meta-analysis of eight studies showed that 
robotic total mesorectal excision had fewer geni-
tourinary complications, lower rates of positive 
circumferential margins, and a measurement of 

pathological success, and other outcomes were 
equal to those of traditional laparoscopic surgery, 
and so robotic technology has been maturely 
applied to rectal resection in the narrow deep pel-
vic anatomy with tight boundaries and close 
proximity to pelvic nerves [11]. Robotic colec-
tomy is still developing. Several meta-analyses 
showed that, compared with conventional laparo-
scopic right colectomy, robotic right colectomy 
was associated with reduced estimated blood 
losses, reduced postoperative complications, lon-
ger operative times, and a significantly faster 
recovery of bowel function, without a proved 
enhanced oncological accuracy to date [12, 13]. 
In terms of oncologic parameters, lymph node 
detection rate and positive surgical margin rate in 
the robotic group were similar to those in the 
laparoscopic group. To date, long-term survival 
outcomes after robotic right colectomy have not 
been reported yet. And the data of robotic left 
colectomy is few. Robotic left colectomy had 
similar perioperative and oncologic outcomes 
with increased operative times, which need fur-
ther evaluation [14]. So the Society of American 
Gastrointestinal and Endoscopic Surgeons 
(SAGES) consider that da Vinci surgical system 
is safe and comparable, but not superior to stan-
dard laparoscopic approaches, with higher cost, 
and current data are limited [15].

27.3  Indications 
and Contraindications 
for Robotic Colon Surgery

The indications of robotic colon surgery are simi-
lar to those of conventional laparoscopic surgery. 
The contraindications are as follows: general 
anesthesia intolerance, e.g., patients with severely 
insufficient heart, lung, or liver function; severe 
coagulation disorder; pregnancy; extensive 
abdominal or pelvic metastasis which is difficult 
to dissect with a robotic system; tumor obstruc-
tion with obvious distention; tumor perforation 
with acute peritonitis; difficult to puncture due to 
extensive abdominal adhesion; moribund condi-
tion, massive ascites, intra-abdominal hemor-
rhage, or shock; and severe obesity, with a body 
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mass index (BMI) >40 kg/m2 (extended puncture 
device and surgical instruments in the robotic 
surgical system are unavailable now).

27.4  Perioperative Preparation

Patient preparation includes bowel preparation 
and prophylactic administration of antibiotics 
during anesthesia induction. General anesthesia 
with endotracheal intubation is adopted during 
the operation, and a urethral catheter is indwelled; 
nasogastric tube can be placed as well when nec-
essary. Other preoperative preparations are simi-
lar to those for conventional surgery.

The robotic arms interface with its specifically 
designed supporting components, and the lapa-
roscopic instruments can also be used by assis-
tants in surgery. The robotic arms can selectively 
hold different instruments: hot shears (mono-
polar curved scissors), electrocautery, harmonic 
scalpel, fenestrated grasper, fenestrated bipo-
lar forceps, Maryland bipolar forceps, grasping 
retractor, and so on. Laparoscopic instruments 
used by the assistant include laparoscopic bowel 
forceps, scissors, suction irrigation sets, 5 mm 
Ligasure V, Hemo-lock clip applier, and linear 
cut stapler. The instruments for extracorporeal 
anastomosis are the surgical incision protector 
and circular stapler. Sterile drapes for robotic 
arms are needed.

Robotic system preparation include a system 
power-on self-test. Ensure that all robotic instru-
ments are present and the system is in good con-
ditions. In particular, check if the arm motion is 
flexible, the wrist and instrument movement is 
not restricted, and the scissors and forceps are 
normal. Install the sterile drapes for the robotic 
system. Once the light from the illuminator is 
delivered to the endoscope, set the white bal-
ance, adjust the focus, and calibrate the camera. 
After that, heat the endoscope (not beyond 
55 °C) to avoid fogging. Arrange equipment 
around and above the operating table and prop-
erly fix equipment power transmission lines to 
avoid affecting the motion of the robotic arms. If 
the robotic arms collide during the procedure, 
reposition them. The surgeon can adjust the 

height and tilt of the stereo viewer and move the 
armrest up and down by controlling the console 
screen.

27.5  Surgical Procedures 
for Robotic Colon Resections 
[16]

27.5.1  Robotic Sigmoid Resection

27.5.1.1  Surgical Position
The herringbone position or the modified lithot-
omy position is used for radical resection of sig-
moid cancer. After the patient is secured, the 
operating table is turned to the Trendelenburg 
position with the right side inclined downward. 
The patient’s left leg is placed downward to avoid 
colliding with the robotic arms.

27.5.1.2  Trocar Number and Location
Usually, four to five trocars are placed for the sur-
gery: one for the camera (Trocar C), three for the 
robotic arms (Trocars R1, R2, and R3), and one 
for the assistant (Trocar A). If splenic flexure is 
mobilized during the surgery, Trocar R4 should 
be used instead of Trocar R2 for the robotic arms. 
Details are shown in Fig. 27.1.

Trocar C: 12 mm in diameter, placed 3–4 cm 
to the upper right of the umbilicus.

Trocar R1: 8 mm in diameter, placed at the 
McBurney’s point (one-third of the distance from 
the right anterior superior iliac spine to the 
umbilicus).

Trocar R2: 8 mm in diameter, placed at the 
intersection of the left mid-clavicular line and the 
horizontal line through Trocar C.

Trocar R3: 8 mm in diameter, placed at the 
intersection of the left anterior axillary line and 
the horizontal line through Trocar C. This trocar 
is always used to help mobilize the lower 
rectum.

Trocar R4: 8 mm in diameter, placed 3–4 cm 
below the xiphoid process, in the middle of the 
anterior midline and the right mid-clavicular line. 
This trocar is used to mobilize splenic flexure.

Trocar A: 5 mm or 12 mm in diameter, placed 
at the intersection of the vertical line through the 
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McBurney’s point and the horizontal line through 
Trocar C.

The location of Trocar C is relatively fixed. 
The locations of other trocars could be adjusted 
according to the tumor site, the patient’s body 
shape, and the surgeon’s operating habits, 
although the operating center should be fixed to 
the tumor. The adjacent trocars should be 
8–10 cm from each other to avoid collisions of 
robotic arms. All measurements should be based 
on the tension after the pneumoperitoneum. 
Trocars R1, R2, and/or R3 are used to mobilize 
the rectum, and trocars R1, R4, and/or R3 are 
used to mobilize splenic flexure.

27.5.1.3  Abdominal Exploration
After establishing pneumoperitoneum at a pres-
sure of 8–15 mmHg, the camera on either the 
laparoscope or the surgical robot can be used for 
abdominal exploration. If tissue adhesions are 
found to interfere with the trocar puncture, lapa-
roscopic instruments should be used to release 
them. Before the Robotic system is connected, 
the patient’s position should be adjusted to ensure 
sufficient exposure of the operative field.

27.5.1.4  Robotic System Connections
The patient cart is placed on the left side of the 
patient, with the direction line through the left 
anterior superior iliac spine, trocar C, and the 
center column of the patient cart (Fig. 27.1). 
All robotic arms should surround the operating 
center: the camera arm is located in the middle, 

and the instrument arms on the sides, with 
joints fully extended outward to avoid colli-
sions. The digital pattern on the instrument 
arms should face straight ahead. When con-
necting robotic arms with trocars, movements 
should be gentle to avoid pulling up the tro-
cars. After the robotic arms are fixed, neither 
the patient nor the operating table should be 
moved again.

27.5.1.5  Surgical Procedure
Exposure of the operative field: The medial-to- 
lateral approach is recommended for the surgery. 
To improve the exposure of operative field, the 
uterus could be suspended in female patients, and 
the bladder could be suspended in male patients. 
With Trocar A, the assistant moves the small 
intestine and greater omentum to the right upper 
abdominal cavity. The mesenteric junction of the 
rectosigmoid and posterior peritoneum is tilted 
upward and outward to identify the abdominal 
aortic bifurcation.

Division of vessels: A mesenteric window is 
opened just at the sacral promontory plane. The 
inferior mesenteric vessels are dissected through 
the space between the visceral and parietal peri-
toneum (Toldt’s space) and ligated at their origin 
points using Hemo-locks. Lymph nodes are also 
swept clearly.

Mobilization of the side peritoneum: The sig-
moid is tilted rightward, and the Toldt’s space is 
dissected. The left ureter should be exposed and 
safeguarded during the mobilization.
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Fig. 27.1 Trocar location and operating room setup for robotic sigmoid resection
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Mobilization of splenic flexure: First, the 
robotic arms should be removed. Then, the 
patient cart should be replaced beside the left 
shoulder of the patient, with the direction line 
through Trocar C and at an angle of 15° from 
the horizontal line (Fig. 27.2). The surgical 
robotic system should also be reconnected. 
Trocars R1 and R4 are used to mobilize splenic 
flexure. For patients with short sigmoid as con-
firmed in preoperative evaluation, splenic flex-
ure can be mobilized before the rectosigmoid. 
In addition, mobilization of splenic flexure 
could also be conducted with conventional lap-
aroscopic instruments, which called hybrid 
technique.

Mobilization of the descending and sigmoid 
colon: The descending and sigmoid colon is 
mobilized along the prerenal fascia on the sur-
face of the ureter. The nerve plexus should be 
safeguarded during the mobilization. The meso-
colon is cut according to the proximal resection 
margin.

Mobilization of the rectum: The rectum is 
mobilized in a circular route, following the 
principles of total mesorectal excision. The 
mobilization starts from the posterior rectum 
wall and gradually extends to the lateral sides; 
the anterior rectum wall is dissected last. For 
patients with contracted pelvis, lateral sides can 
also be dissected after the posterior and anterior 
wall. Trocar R3 is always used to help tilt the 
rectum. The tension of the arms should be con-
trolled to avoid soft tissue avulsion. The tumor 

site will determine whether to open the perito-
neal reflection and the length of the mobilized 
rectum.

Division of the distal mural margin: The distal 
mural margin can be dissected using electric scis-
sors and hook or ultrasonic energy instruments. 
The margin should be more than 2 cm below the 
inferior edge of the tumor.

Anastomosis: Extracorporeal or intracorpo-
real anastomosis should be selected according 
to the tumor site and the patient’s body shape. 
In extracorporeal anastomosis, the incision is 
made in the left lower abdomen. The bowel with 
the tumor is pulled out for anastomosis under 
direct vision. A reinforcement suture can be 
made if necessary. In intracorporeal anastomo-
sis, the tumor is removed from a small incision 
in the left lower abdomen or an enlarged punc-
ture incision. A purse-string suture is placed in 
the proximal resection margin, and the anvil is 
tied around the margin of the colon. Then, the 
proximal colon along with the anvil is returned 
to the abdomen. The incision is closed, and the 
pneumoperitoneum is reestablished. The circu-
lar stapler is inserted through the anus, and the 
anastomosis is made under visualization of the 
surgical Robotic system. For small tumors, the 
affected bowel can be pulled out from the anus to 
remove the tumor. The anvil is tied to the proxi-
mal resection margin and is returned through 
the anus. The anastomosis is made under visu-
alization of the surgical Robotic system and is 
checked for any leaks by air or methylene blue 
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Fig. 27.2 Trocar location and operating room setup for splenic flexure mobilization in robotic sigmoid resection

27 Robotic Surgery for Colon Cancer: Principles and Pitfalls



300

perfusion. A reinforcement suture can be made 
under visualization of the surgical Robotic sys-
tem if necessary.

Incision closure: To close the pelvic perito-
neum, the pneumoperitoneum should be reestab-
lished, and the surgical Robotic system should 
also be reconnected. The abdominal cavity is 
irrigated with normal saline or distilled water 
and drained adequately. Then, all incisions are 
closed.

27.5.2  Robotic Left Hemicolectomy

27.5.2.1  Surgical Position
The herringbone position or the modified lithot-
omy position is used for the surgery. After the 
patient is secured, the operating table is turned to 
the reverse Trendelenburg position with the right 
side inclined downward. The patient’s left leg is 
placed downward to avoid collision with the 
robotic arms.

27.5.2.2  Trocar Number and Location
Usually, five trocars are placed for the surgery: 
one for the camera (Trocar C), three for the 
robotic arms (Trocars R1, R2, and R3), and one 
for the assistant (Trocar A). Details are shown in 
Fig. 27.3.

Trocar C: 12 mm in diameter, placed 3–4 cm 
to the upper right of the umbilicus.

Trocar R1: 8 mm in diameter, placed at the 
McBurney’s point (one-third of the distance from 

the right anterior superior iliac spine to the 
umbilicus).

Trocar R2: 8 mm in diameter, placed at the 
right side of the anterior midline, 3–4 cm below 
the xiphoid process. Ensure that it is placed above 
the transverse colon.

Trocar R3: 8 mm in diameter, placed on the 
anterior midline 3–4 cm above the symphysis 
pubis.

Trocar A: 5 mm or 12 mm in diameter, placed 
outside the right midclavicular line in the middle 
of Trocar C and Trocar R2.

The location of Trocar C is relatively fixed; 
the locations of other trocars could be adjusted 
according to the tumor site, the patient’s body 
shape, and the surgeon’s operating habits. The 
operating center should be fixed to the tumor. The 
adjacent trocars should be 8–10 cm from each 
other to avoid collisions of the robotic arms. All 
measurements should be based on the tension 
after the pneumoperitoneum.

27.5.2.3  Abdominal Exploration
The same procedures apply as those in Sect. 
27.5.1.3.

27.5.2.4  Robotic System Connections
The patient cart is placed beside the left shoulder 
of the patient, with the direction line through 
Trocar C and the center column of the cart at an 
angle of 15° from the horizontal line (Fig. 27.3). 
Other considerations are the same as those in 
Sect. 27.5.1.4.
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27.5.2.5  Surgical Procedure
Exposure of the operative field: The medial-to- 
lateral approach is recommended. Through 
Trocar A, an assistant moves the small intestine 
and greater omentum to the right abdominal cav-
ity. The mesenteric junction of the descending 
and sigmoid colon is tilted upward and outward, 
and the junction of the sigmoid colon and rectum 
is tilted downward and outward to identify the 
abdominal aortic bifurcation.

Division of vessels: A mesenteric window is 
opened just at the sacral promontory plane. The 
first and second branches of the sigmoid vessels 
and the left colic vessels are dissected through 
the Toldt’s space along the inferior mesenteric 
vessels. The vessels are ligated at their origin 
points from the inferior mesenteric vessels, using 
Hemo-locks. Lymph nodes are also swept clearly.

Mobilization of the descending colon: From 
the left side of the inferior mesenteric vein, the 
descending colon is mobilized through the Toldt’s 
space between the mesocolon and the left prere-
nal fascia. Mobilization is from up to down, or 
from up to down and from inner to outside, on the 
surface of the left spermatic or ovarian vessels 
and the left ureter.

Mobilization of splenic flexure: Splenic flex-
ure is mobilized through the Toldt’s space inward 
and upward. The left branch of middle colic 
artery is ligated, and the left gastrocolic and sple-
nocolic ligaments are dissected to fully mobilize 
splenic flexure.

Mobilization of the sigmoid colon and upper 
rectum: The descending and sigmoid colon are 

fully mobilized through the Toldt’s space; the 
upper rectum can also be mobilized if necessary. 
The length of resected bowel is decided, and the 
affected bowel is dissected.

Anastomosis: The affected bowel is pulled out 
through a left rectus incision to remove the tumor. 
An alternative is side-to-side or end-to-side anas-
tomosis of the transverse and sigmoid colon.

Incision closure: The abdominal cavity is 
irrigated with normal saline or distilled water 
and drained adequately. Then, all incisions are 
closed.

27.5.3  Robotic Right Hemicolectomy

27.5.3.1  Surgical Position
Supine position is used for radical resection. The 
patient should be set close to the cranial side of 
the operating table, and the anterior superior 
spine should be higher than the middle plane. 
After the patient is secured, the operating table is 
turned to the Trendelenburg position with an 
angle of 15–30° and left side downward with an 
angle of 10–15°.

27.5.3.2  Trocar Number and Location
Usually, five trocars are placed in the surgery: 
one for the camera (Trocar C), three for the 
robotic arms (Trocars R1, R2, and R3), and one 
for the assistant (Trocar A). Details are shown in 
Fig. 27.4.

Trocar C: 12 mm in diameter, placed 3–4 cm 
to the lower left of the umbilicus.
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27 Robotic Surgery for Colon Cancer: Principles and Pitfalls



302

Trocar R1: 8 mm in diameter, placed on the 
left midclavicular line, 7–8 cm below the costal 
margin.

Trocar R2: 8 mm in diameter, placed on the 
anterior midline, 6–8 cm above the symphysis 
pubis.

Trocar R3: 8 mm in diameter, placed at the 
McBurney’s point (one-third of the distance from 
the right anterior superior iliac spine to the 
umbilicus).

Trocar A: 5 mm or 12 mm in diameter, placed 
outside the left midclavicular line, 6–8 cm below 
Trocar R1, and more than 8 cm away from Trocar C.

The location of Trocar C is relatively fixed. 
The locations of other trocars could be adjusted 
according to the tumor site, the patient’s body 
shape, and the surgeon’s operating habits. The 
operating center should be fixed to the tumor. The 
adjacent trocars should be 8–10 cm away from 
each other, avoiding collisions of robotic arms. 
All measurement should be based on the tension 
after pneumoperitoneum.

27.5.3.3  Abdominal Exploration
The same as Sect. 27.5.1.3.

27.5.3.4  Robotic System Connections
The patient cart is placed beside the right shoul-
der of the patient, with the direction line through 
Trocar C and the center column of the patient 
cart, with an angle of 45° from the horizontal line 
(Fig. 27.4). There should be enough space beside 
the patient’s hip to avoid collision with robotic 
arms when mobilizing the hepatic flexure. Other 
considerations are the same as Sect. 27.5.1.4.

27.5.3.5  Surgical Procedure
Exposure of the operative field: The medial-to- 
lateral approach is recommended. With Trocar A, 
the assistant moves the small intestine to the left 
abdomen and lifts the right mesocolon to expose 
the junction of ileocolic artery and superior mes-
enteric vein.

Division of vessels: Dissection is performed 
upward along the superior mesenteric vessels to 
divide each branch and sweep the lymph nodes. 
Hemo-locks are used to ligate the ileocolic ves-
sels, right colic vessels, and the right branch of 

middle colic vessels. For tumors located at or 
near the hepatic flexure which need expanded 
surgery, the right gastroepiploic vessels are also 
ligated at the inferior edge of pancreas.

Mobilization of the ascending colon: From the 
right side of the superior mesenteric vein, the 
ascending colon is mobilized through the Toldt’s 
space between the mesocolon and right prerenal 
fascia. Mobilization is performed from downside 
to upside, from inner to outside, on the surface of 
the right spermatic or ovarian vessels, right ureter 
pancreas, and duodenum.

Mobilization of hepatic flexure: Gastrocolic 
ligament is opened to mobilize hepatic flexure 
rightward. The right gastroepiploic vessels and 
corresponding lymph nodes should be swept if 
the tumor locates at or near hepatic flexure. More 
than 10 cm length of greater omentum should be 
dissected and cut off.

Mobilization of the side peritoneum: From the 
ileocecal junction, the right-sided peritoneum is 
mobilized upward and converged with hepatic 
flexure.

Anastomosis: The mesentery of the colon and 
small intestine is mobilized till resection margin. 
The bowel is resected according to the tumor site. 
Intracorporeal anastomosis and extracorporeal 
anastomosis with assistant incision are both fea-
sible. In intracorporeal anastomosis, the terminal 
ileum is get close to the colon. Linear stapler is 
used for a side-to-side anastomosis. Then another 
linear stapler is used to cut off the specimen.

The affected bowel is pulled out through the 
left rectus incision to remove the tumor. It is alter-
native to make side-to-side or end-to-side anasto-
mosis of ileal and transverse colon. Circular stapler 
can also be used for end-to-side anastomosis.

Incision closure: The abdominal cavity is irri-
gated with normal saline or distilled water and 
drained adequately. Then, all incisions are closed.

27.6  Robotic Multiple Organ 
Resection

Local invasion and distant metastasis are com-
mon in patients with colorectal cancer, and 
thus, multiple organ resection is an important 
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measure for radical resection of colorectal can-
cer. Robotic surgery is also applicable in com-
bination resection, although it should only be 
performed by experienced surgeons after a mul-
tidisciplinary team consultation [17]. For locally 
advanced colorectal cancer with invasion of adja-
cent organs, robotic surgery can be performed 
to resect the organs without withdrawing and 
refixing the robotic arms. This type of surgery 
can also be applied in synchronous resection of 
colorectal cancer with distant metastases such as 
liver or lung metastases that need re-punching 
and re-docking after one lesion being resected. 
Additionally, during the resections of different 
lesions, the same ports should be used when pos-
sible to minimize trauma. Robotic liver resection 
has been demonstrated to be safe and effective, 
but the long-term effects of synchronous resec-
tion of colorectal cancer and liver metastasis 
lesions remain to be evaluated [18].

27.7  Perioperative Morbidity 
and Mechanical Fault

Complications of robotic surgery are mostly sim-
ilar to those of conventional laparoscopic surgery, 
while some unique. Intraoperative complications 
include puncture vascular and bowel injury, com-
plications associated with pneumoperitoneum, 
intraoperative bleeding related to vascular injury, 
injury of adjacent organs, complications related 
to anastomosis and enterostomy, failure or inflex-
ibility of the arms, tissues embedded into the con-
junction of operative devices, and rupture of hot 
shear holster, and target anatomy is unreachable. 
Postoperative complications include anastomotic 
leakage, intestinal obstruction, urinary and sexual 
dysfunction, trocar and stoma hernia, and chyle 
leakage. Robotic surgery has some risks related 
to robotic surgical systems, especially for remote 
surgeries. Accurate control depends on the con-
necting data quality between the surgeon console 
and the robot in the operation room. Instruments 
and electrical equipment are all vulnerable, and 
the robotic surgical system is also no exception.

Error handling is an important component of 
robotic surgical safety. Faults in the robotic sys-

tem during surgery can generally be categorized 
as recoverable and non-recoverable fault. With 
a recoverable fault, the indicator lighter on the 
robotic arm will glow yellow, and the system will 
trigger an alarm sound. Following instructions on 
the screen, operation room staff can resolve the 
fault and continue the procedure. When a non- 
recoverable fault occurs, the indicator lighter on the 
robotic arm will glow red, and the system will trig-
ger the alarm. Operation room staff needs to record 
the error number on the screen to share it with cus-
tomer service, and then restart the system. Some 
non-recoverable faults can be solved this way, and 
the surgical procedure can go on. However, when 
a severe fault occurs that cannot be resolved by 
restarting the system repeatedly, it is necessary to 
remove the robotic surgical system, convert to lap-
aroscopic or open surgery, and have a maintenance 
engineer come and repair the system. There is an 
emergency brake button on the main console. Do 
not touch it unless the situation is an emergency.

27.8  Postoperative Therapy

Closely observe the changes in respiration, body 
temperature, drainage volume and character, 
urine volume and color, incision recovery, and so 
on. Notice whether there is hypercapnia, bleed-
ing in the abdominal cavity, anastomotic bleed-
ing, anastomotic fistula or infection, and so on.

Give proper nutrition support, turn over 
and pat the back, help with expectoration and 
reducing phlegm, prophylactically use antibiot-
ics, and exercise urination function early. Early 
ambulation prevents deep venous thrombosis. 
Bowel movements resume significantly earlier in 
patients who undergo robotic surgery, and their 
oral intake could be resumed earlier according to 
their conditions.

27.9  Future of Robotic Surgical 
System

The da Vinci robotic system provided several 
advantages over traditional laparoscopic surgery, 
including stable camera of 3D imaging, improved 

27 Robotic Surgery for Colon Cancer: Principles and Pitfalls



304

ergonomics, tremor elimination, ambidextrous 
capability, motion scaling, and instruments with 
multiple degrees of freedom (https://www.davin-
cisurgerycommunity.com/). There are, however, 
several drawbacks of da Vinci robotic systems. 
The frequent criticism about current da Vinci sys-
tem is the absence of tactile feedback, which can 
lead to unexpected damages of tissue and organ. 
Another main concern is the high financial cost, 
which associated with initial outlay and mainte-
nance of surgical system and purchasing dispos-
able equipment. The other potential disadvantages 
include prolonged operative time, bulky with 
cumbersome robotic arms, and the relatively lim-
ited number of compatible instruments and 
equipment.

Several prototypes have been developed to 
address the current problems. The Telelap Alf-X 
system by Sofar (Milan, Italy) is the first sys-
tem to incorporate haptic feedback technology, 
which allows the surgeon to feel the instrument 
in their hands, sense the force applied, and pal-
pate the texture of the tissues [19]. Micro Hand 
S robot system (Changsha, China) also has suc-
ceeded in accomplishing the first operations of 
clinical use, which have solved some existing 
drawbacks [20].

In recent years, single-incision robotic sur-
gery and natural orifice transluminal endo-
scopic surgery (NOTES) are developed to 
further minimize incision-related complications 
and improve cosmetic outcomes [21]. By com-
bining laparo- endoscopic single-site surgery 
techniques with the da Vinci robotic platform, 
single-incision robotic colectomy is a safe and 
feasible procedure in terms of perioperative 
outcomes [22]. And Titan’s SPORT (single 
port orifice robotic technology) surgical system 
(Titan Medical Inc., Canada) is another single-
incision robotic platform, including a 3D vision 
system, articulating instruments, and a surgeon 
console, is still under development, and has 
been tested only in experimental setting so far 
[23]. In addition, several snakelike robots are 
currently under development because of flex-
ible architecture and multiple degrees of free-
dom [24]. In the near future, the combination of 
robotic surgery and real-time image guidance, 

or the additional lymph node information that 
near-infrared fluorescence provides, will gain 
more popularity.
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Abstract

The minimal invasive surgery for colorectal 
cancer is considered a safe procedure with 
evolutions of preoperative preparation, anti-
biotic prophylaxis, surgical technique, surgi-
cal devices, and postoperative management 
in the last decades. It should take notes in 
details of techniques performed, devices 
selected, and conditions of bowel where an 
anastomosis is made and new technology to 
facilitate making an anastomosis that may 
help to reduce the occurrence of anastomotic 
complications, such as bleeding, leakage and 
dehiscence, stenosis, and fistula which are 
harmful for patients and have negative 
impacts on surgical as well as oncological 
outcomes.
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28.1  Introduction

Owing to the evolutions of preoperative prepara-
tion, antibiotic prophylaxis, surgical technique, 
surgical devices, and postoperative management 
in the last decades, the surgery for colorectal can-
cer is considered a safe procedure [1]. Meanwhile, 
the laparoscopic surgery for colorectal cancer 
demonstrates better short-term outcomes, onco-
logic safety, and equivalent long-term outcomes 
of open surgery [2]. After the first report of 
robotic colorectal surgery in 2001 by Cadière 
et al. [3], who performed transanal resections for 
three patients, surgical robotics are gaining 
emerging application in managing the colorectal 
cancer. Robotic colorectal surgery provides 
favorable results with less blood loss, lower con-
version and complication rates, and satisfactory 
lymph nodes harvested, whereas operation time 
is relatively longer [4]. Nonetheless, anastomotic 
complications, like bleeding, leakage, dehis-
cence, stricture, and fistula, still occur in the 
comparable incidences of open surgery or laparo-
scopic surgery.

28.2  Bleeding from an 
Anastomosis

Most bleeding from an anastomosis is self- 
limited that stops spontaneously within 24 hours 
and doesn’t need blood transfusion or 
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 intervention. It may present as dark blood in the 
first several bowel movements. However, bleed-
ing can occasionally result in hemodynamic 
instability that needs blood transfusion and endo-
scopic, angiographic, or even surgical interven-
tion to cease bleeding.

The reported rate of bleeding in a meta- 
analysis by Neutzling et al. is 4.2%, and there is 
no significant association between the risk of 
bleeding and the methods of stapled or hand- 
sewn anastomoses [5]. The blood supply of the 
bowel and the rectum comes from the feeding 
vessels in the mesentery, and involvement of 
mesentery in an anastomosis may lead to bleed-
ing. Therefore, mesentery should be adequately 
cleared, and any bleeding during this step should 
be stopped by suture ligation, which opposed to 
electrocauterization is more reliable, before 
hand-sewn anastomosis. While making stapled 
anastomosis, it should be noticed that each limb 
of stapler is placed at the antimesenteric sides to 
prevent mesentery involved in it. Lastly, suture 
should be tight enough, and the gap of sutures 
should be appropriate (approximate 3 mm) to 
secure the suture line. Staple height should be 
adjusted according to the thickness of the bowel 
wall where anastomosis is constructed. If staple 
height is not high enough, bleeding may occur.

28.3  Leakage and Dehiscence

The leak rates of colorectal surgery depend on 
the level of the anastomoses, which below the 
peritoneal reflection (or extraperitoneal) are 
greater than those above the peritoneal reflection 
(or intraperitoneal) (6.6% versus 1.5%; overall 
2.4%) [6]. Extraperitoneal anastomoses are lack 
of peritoneum, which has ability to absorb accu-
mulation of fluid within the dependent dead 
space of pelvis and has innervations for patients 
to present peritoneal signs that reflect anasto-
motic leakage. As the consequence, colorectal 
anastomoses, which are mostly extraperitoneal, 
are most risky and most obscure for leakage.

Although mechanical bowel preparation is 
considered an important factor in preventing 
complications after colorectal surgery, it has been 

questioned nowadays with advances in surgical 
techniques, administration of prophylactic antibi-
otics, and quality of patient care [7]. However, it 
must be cautioned that the presence of stool in 
the rectum while doing colorectal anastomosis 
with stapler may result in burst of rectal stump or 
other problems that lead to failure of 
anastomosis.

Circulation at the cutting edges, where the 
anastomosis is made, is always a crucial factor. 
Blood supply not only provides oxygen, nutri-
ents, and immune components but also cells that 
are essential for healing of an anastomosis. In the 
case of rectal cancer, in which high ligation of 
inferior mesentery artery (IMA) proximal to the 
left colic artery is a part of the procedure, circula-
tion of the proximal end of the colon depends on 
the marginal artery from the middle colic artery. 
It may be crucial when the marginal artery is ste-
notic with inadequate blood supply, especially in 
the elderly or in patients with cardiorespiratory 
comorbidity. In addition, relative ischemia of the 
rectal remnant after total mesorectal excision 
(TME) is also a factor because its blood supply 
only relies on the inferior hemorrhoidal vessels.

Tension is another factor that should be con-
sidered. Tension between a colorectal anastomo-
sis not only compromises circulation to the 
anastomosis, worsening the critical situation of 
blood supply mentioned above, but also creates a 
shearing force that may result in rupture of an 
anastomosis. Male gender and obesity with nar-
row pelvis increase the difficulty and complexity 
of rectal resection and are technically challeng-
ing that associate with significant higher rates of 
leakage of ultralow anastomoses less than 5 cm 
from the anal verge [8, 9]. In the end, the mechan-
ical strength of the anastomosis is essential to 
make a watertight and airtight anastomosis free 
from leakage, no matter by hand-sewn or by 
staplers.

28.3.1  Advanced Methods to Prevent 
Leakage

Since the circulation plays a significant role in 
anastomotic leakage, it is important to 
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optimize the perfusion of the resection margin. 
Technique of high dissection of the IMA to 
harvest pathologically satisfactory lymph 
nodes and low ligation of the IMA to preserve 
the left colic artery that feeds the proximal side 
of a colorectal anastomosis demonstrated 
favorable short-term clinical outcomes [10]. 
Although this study lacks long-term results 
with limited case number enrolled regarding 
anastomotic leakage, it needs more large-scale 
randomized clinical trial, and theoretically 
high dissection and low ligation technique may 
reduce rates of leakage of colorectal anastomo-
ses of rectal cancer, especially for rectal cancer 
patients following neoadjuvant concurrent 
chemoradiotherapy.

Fluorescence imaging along with venous 
injection of indocyanine green is a novel technol-
ogy to visualize the perfusion of the transaction 
line ready for forming an anastomosis intraopera-
tively during left-sided robotic colorectal cancer 
surgery in that hypoperfusion is a major factor of 
anastomotic leakage mentioned above. The use 
of indocyanine green fluorescence imaging 
allows surgeons to decide where is the point with 
optimal blood perfusion for transection to con-
struct an anastomosis. A retrospective case- 
control study of robotic rectal cancer surgery 
reported that revision of the proximal colon tran-
section point was made in three patients (19%), 
but no revision was done for distal rectal stump in 
all patients, and the rate of anastomotic leakage 
was significantly lower in the indocyanine green 
fluorescence imaging group (6%) than in the con-
trol group (18%) [11].

Tension between an anastomosis should be 
prevented, and adequate mobilization of colon 
during colorectal cancer surgery to release ten-
sion is a significant step that can’t be avoided to 
prevent anastomotic leakage. Watertight and air-
tight anastomosis is the basic request for a sur-
geon undergoing colorectal surgery; nonetheless, 
the gap of sutures (approximate 3 mm) and the 
staple height (that is too low) should be consid-
ered to prevent interfering in microcirculation of 
the anastomosis. Additionally, low staple height 
opposed to the tissue thickness may cause anas-
tomotic bursting.

Staple line reinforcement may have positive 
impact on the anastomotic leakage; however, it 
remains controversial and inconclusive as no 
powerful data could demonstrate it. The applica-
tion of fibrin glue over an anastomosis theoreti-
cally forms a barrier to seal the gaps of sutures or 
staples and to protect the anastomosis from leak-
age, especially the extraperitoneal anastomosis, 
where there is no coverage of the peritoneum or 
the omentum. A retrospective case-control study 
conducted by Kim et al. revealed that the use of 
fibrin glue was an independent factor of prevent-
ing anastomotic leakage in sphincter-preserving 
surgery for rectal cancer, without oncologic 
advantages [12]. Various types of buttressing 
materials, including non-, semi-, and absorbable, 
provide a neutralization plate for an anastomosis 
to release the tension between the both sides of 
the anastomosis; seal the gaps of the suture or the 
staple line of the anastomosis; increase the burst-
ing pressure, which is the internal pressure 
exerted on the anastomoses right before failure 
will occur; and thus reduce tearing of tissues, 
bleeding, and leakage [13]. Staple or suture line 
reinforcement with buttressing materials in gas-
trointestinal surgery is well known, but there is 
no promising evidence of its application in 
colorectal surgery.

28.3.2  Defensive Methods to Predict 
Leakage

Defensive methods cannot prevent but predict 
anastomotic leakage. Laser Doppler flowmetry 
is a method to assess blood flow to the colon and 
the rectum. Blood flow was measured at the 
proximal colon side, the anastomotic site, and 
the distal rectal stump before and after mobiliz-
ing, dividing, and anastomosing the colon and 
the rectum. The magnitude of reduction of perfu-
sion to the rectal stump significantly correlated 
with anastomotic leakage, of which mean rectal 
stump flow reduction was 6.2% in patients with-
out leak versus 16% in patients with anastomotic 
leak [14].

Intraoperative dye test examines watertight 
and airtight of a colorectal anastomosis that 
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provides an objective evidence of anastomotic 
leakage. This examination helps surgeons 
make decisions to reinforce the anastomosis 
with additional suture and/or to create a 
defunctioning colostomy to prevent develop-
ment of serious complications resulting from 
leakage and to decrease incidence of anasto-
motic leaks in patients undergoing resection 
for rectal cancer [15].

To drain or not to drain the extraperitoneal 
anastomoses after rectal cancer surgery is an 
issue of controversy. A large observational pro-
spective study of 978 patients demonstrated that 
anastomotic leakage with drains increased sig-
nificantly in patients receiving low anterior resec-
tion for rectal cancer [16]. On the other hand, a 
recent randomized clinical trial (GRECCAR 5) 
found that a pelvic drain for extraperitoneal anas-
tomoses after rectal cancer surgery had no sig-
nificant benefits in clinical outcomes between the 
two study groups no matter the rate of pelvic sep-
sis, surgical morbidity, the rate of reoperation, 
the rate of stoma closure, or the length of hospital 
stay [17]. Nevertheless, considering neoadjuvant 
concurrent chemoradiotherapy and TME for 
middle and lower third rectal cancer, which have 
resulted in higher rate of sphincter preservation 
but higher rate of anastomotic leakage and pelvic 
sepsis on the other hand, a pelvic drain not only 
eliminates accumulation of fluid within this dead 
space where there is no peritoneum to absorb it, 
avoids potential contamination of pelvic fluid 
after TME, but also detects anastomotic leakage, 
whereas there are no innervations after TME in 
the pelvis to present pain and peritoneal signs 
that may obscure anastomotic leakage.

Diverting, protective, or defunctioning stomas 
do not decrease the rate of anastomotic leakage 
but minimize the severity and sequelae of leakage 
and decrease the rate of reoperation as the result. 
In any situation where possibility of anastomotic 
leakage is encountered during operation, creating 
a loop colostomy or ileostomy may be beneficial. 
In addition, we recently found that early closure 
of defunctioning stoma increases complications 
related to stoma closure after concurrent chemo-
radiotherapy and low anterior resection in 
patients with rectal cancer [18].

28.4  Anastomotic Stenosis

Clinical presentation of anastomotic stenosis is 
partial or total bowel obstruction at the level of 
anastomosis. Anastomotic stenosis may be the 
sequels of anastomotic ischemia, leakage, or 
dehiscence mentioned at the former section. 
Other factors, such as inflammation, radiation 
[19], recurrence of malignancy, and stapled 
method of anastomosis constructed [20], are also 
contributory to anastomotic stenosis. Stenosis 
occurs more likely with stapled colorectal anas-
tomosis when compared to hand-sewn method 
(8% versus 2%) [5], but there is no significant 
difference between stapled and hand-sewn meth-
ods with ileocolic anastomoses [21]. This is 
because of not only relative small caliber of left- 
sided colon and relative formed fecal materials 
but also lack of peritoneum coverage within the 
pelvic cavity. The incidence of stenosis of 
colorectal anastomoses is greater in male than in 
female gender as well, and it reflects more tech-
nical difficulties of surgery in narrow pelvic 
space [22]. Sometimes the diameter of the proxi-
mal colon is too small to do an end-to-end 
colorectal anastomosis, and a side-to-end 
colorectal anastomosis is an ideal option to pre-
vent anastomotic stenosis.

28.5  Fistula

Different types of fistulas can develop between 
the anastomosis and the skin, genitourinary 
tract, presacral space, and vagina. It can be, 
similar to the anastomotic stenosis, the sequels 
of anastomotic ischemia, leakage, or dehis-
cence and can be an early complication of 
inadvertent inclusion of the posterior vaginal 
wall, even mistaken placement of staple within 
the vagina during making an anastomosis. It 
can also result from additional excision of 
adjacent organ in en bloc resection for locally 
advanced colorectal cancer, especially within 
the pelvic cavity, such as the bladder, vagina, 
uterus, fallopian tube, ovary, ureter, and ure-
thra. Because of the anatomic relationships, the 
lower in the pelvic space the cancer is, the 
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higher the rate of fistula occurs. Preoperative 
neoadjuvant radial therapy is another risk fac-
tor for fistulae [23].

 Conclusions

The safety of colorectal surgery for patients 
with colorectal cancer improves recently with 
the improvements of preoperative preparation, 
antibiotic prophylaxis, surgical technique, 
surgical devices, perioperative nutrition sup-
port, and postoperative management. A cer-
tain percentage of anastomotic complications 
remain encountered, including bleeding, leak-
age or dehiscence, stenosis, and fistula. The 
application of technology and techniques to 
optimize anastomoses is practical and clini-
cally useful in minimally invasive surgery for 
colorectal cancer to minimize anastomotic 
complications as well as to enhance short-
term and long-term outcomes of these patients.
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Future Perspectives in Robotic 
Colorectal Surgery
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Abstract

The revolution of robotic colorectal surgery 
has caused a tremendous increase in its adop-
tion, and the number of patients undergoing 
these procedures has grown quickly world-
wide, including in Asia. Since the original 
concept of “master and slave,” robotic tech-
nology has maximized capabilities far 
beyond human limits, namely extra robotic 
arms controlled by the operating surgeon, 
wrist-like articulation, magnified three 

dimensional visualization with high-defini-
tion and depth perception with the use of an 
ergonomic and stable stereo-optic camera. 
The advantage of robotic surgery is maxi-
mized in confined spaces—in colorectal sur-
gery, this is in the domain of low rectal 
cancers, for which robotic surgery can help 
to achieve good oncological and functional 
outcomes and improve the ease of surgery for 
the surgeon. New advances in technology 
integration of hardware, software, and design 
architectures, such as nanorobotic technol-
ogy, hybrid augmented virtual reality, artifi-
cial intelligence, and concepts yet to be 
realized, may synergize and enhance robotic 
colorectal surgery in the future. Robotic sur-
gical systems have the potential to optimize 
the surgical management of, and enhance 
survival and functional outcomes in, patients 
with low rectal cancer.
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29.1.1  History of Robotic Surgery

The word robot (pronounced /ˈrəʊbɒt/) origi-
nated from robota (“forced labor”) first used by 
Karel Čapek in the Czech play “Rossum’s 

Universal Robots” in 1920 (Fig. 29.1). It is 
defined by the Oxford English Dictionary as a 
machine, especially one programmable by com-
puter, that is capable of carrying out a complex 
series of actions automatically [1]. In the realm 

Fig. 29.1 “Rossum’s Universal Robots” in 1920
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of science fiction, a robot machine resembles a 
human being and is able to replicate automati-
cally certain human movements and functions. 
An external control device may be used to guide 
it, or the control may be embedded within it in 
order to take on human form. The computer sys-
tems to control their precision and movements, 
haptic and tactile sensory feedback, and informa-
tion processing in imaging (ultrahigh-dimen-
sional depth perception) are fully robotic [2].

On the other hand, robotic surgery, computer- 
assisted surgery, or robotically assisted surgery 
refers to robotic systems used to aid in surgical 
procedures. Robotically assisted surgery was 
developed with the main objective to overcome 
the limitations of preexisting minimally invasive 
surgical procedures and to enhance the capabili-
ties of surgeons performing conventional open 
surgery.

29.1.2  Timeline of Robotic Colorectal 
Surgery Worldwide

Arthrobot was developed to assist in surgery and 
was used for the first time in Vancouver in 1983; 
it was invented by team of biomedical physics 
engineers and engineering students—namely, Dr. 
James McEwen, Geof Auchinleck, and Dr. Brian 
Day [3]. It was used in more than 60 arthroscopic 
surgical procedures over a period of 12 months, 
and National Geographic featured the device in 
The Robotics Revolution in 1985. A surgical 
scrub nurse robot, which handed over operative 
instruments upon voice commands, and a medi-
cal laboratory robotic arm were also created 
around this time. In the same year, the Unimation 
Puma 200 (initial version) and 560 (its successor) 
were used to place a needle to biopsy the brain 
using computed tomography stereotactic guid-
ance, with the technology improving accurate 
positioning [4]. In 1992, PROBOT, developed at 
Imperial College London, was used by Dr. Senthil 
Nathan to perform prostatic surgery at Guy’s and 
St Thomas’ Hospital, London. This procedure 
was regarded as the first purely robotic surgical 
procedure in the world. PROBOT was specifi-
cally designed for transurethral resection of the 
prostate [5]. ROBODOC, designed by Integrated 

Surgical Systems (working closely with IBM) to 
assist in hip replacement surgeries, was the first 
surgical robot approved by the U.S. Food and 
Drug Administration (FDA) that same year [6].

This heralded the modern era of robotic sys-
tems, which was started by SRI International and 
Intuitive Surgical, with the introduction of the da 
Vinci Surgical System and Computer Motion 
with the automated endoscopic system for opti-
mal positioning and the ZEUS robotic surgical 
system [7]. Robert E. Michler performed the first 
robotic procedure with the ZEUS robotic system 
at The Ohio State University Medical Center in 
Columbus [8]. The ZEUS system was also used 
to perform the Lindbergh operation, which was a 
cholecystectomy performed remotely in 
September 2001 [9]. The FDA approved the 
automated endoscopic system for optimal posi-
tioning system for clinical use as a robotic cam-
era holder, whereas the ZEUS system was limited 
for use only as a surgical assistant in 1994.

The da Vinci robotic system (Intuitive Surgical 
Inc., Sunnyvale, CA) was the first robotic system 
approved by the FDA in 2001 for intra- abdominal 
surgery in the United States [10]. Since then, the 
da Vinci system has been widely used worldwide 
for robotic colorectal surgeries. Initial case 
reports by Weber et al. [11] reported three robotic 
right and sigmoid colectomies for benign disease 
using the da Vinci robotic system in 2002. In 
2003, Delaney et al. [12] demonstrated the feasi-
bility and safety of the da Vinci system compared 
with standard laparoscopic approaches, although 
their patient cohort was small. This was followed 
by studies by D’Annibale et al. [13] in 2004, 
reporting 53 robotic colorectal surgeries, includ-
ing 22 cases of malignant colorectal disease. 
These earlier studies of robotic colorectal surgery 
suggested operative and postoperative results 
similar to those of standard laparoscopic 
techniques.

In 2006, Pigazzi et al. [14] reported the feasi-
bility and safety of robotic total mesorectal exci-
sion for rectal cancer. The study showed similar 
results between robotic and laparoscopic low 
anterior resection with total mesorectal excision 
and autonomic nerve preservation. Rawlings 
et al. [15], reporting the outcomes of 17 robotic 
right hemicolectomies and 13 robotic anterior 
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resections, similarly showed that it was techni-
cally feasible to use the da Vinci system. In 2007, 
the same group showed similar results between 
robotic and laparoscopic colectomies [16], a find-
ing supported by Hellan et al. [17], who reported 
six robotic total mesorectal cases compared with 
conventional laparoscopic surgeries, and included 
a series of 39 consecutive unselected patients 
with primary rectal cancer in 2007. In 2008, 
Spinoglio et al. [18] reported that robotic colon 
surgery was also feasible and safe, but a longer 
operating time was required.

29.1.3  Timeline of Robotic Colorectal 
Surgery in Asia

The first report of robotic colorectal surgery in 
the literature from an Asian region was by Baik 
et al. [19], who reported robotic total mesorectal 
excision for a patient with rectal cancer in June 
2006. Again, feasibility, safety, and oncological 
outcomes similar to those of laparoscopic sur-
gery were achieved. Ng et al. [20] described the 
first case of robotic abdominoperineal resection 
in Hong Kong and China in August 2006. In 
2008, Baik et al. [21] reported simultaneous 
robotic total mesorectal excision and total 
abdominal hysterectomy for rectal cancer and 
uterine myoma.

Baik et al. [22] performed the first prospective 
randomized trial comparing robotic low anterior 
resection and laparoscopic low anterior resection. 
The objective of their study was to compare the 
short-term results between robotic and laparo-
scopic tumor-specific mesorectal excision for 
patients with rectal cancer using the da Vinci 
Surgical System and conventional laparoscopy. 
The researchers recruited 18 patients for each 
arm of the study. The study showed that tumor- 
specific mesorectal excision was safely and 
effectively performed using the da Vinci Surgical 
System, and the perioperative outcomes were 
acceptable. In 2009, Choi et al. [23] reported 50 
consecutive patients who underwent fully robotic 
single docking in lower anterior resection; this 
technique was first developed in Asia. Since then, 

many publications have emerged from Asia, 
including reports, systematic reviews, and trials 
of robotic colorectal surgery.

29.2  Current Scenario of Robotic 
Colorectal Surgery

“The more brilliant the lightning, the quicker it 
disappears . . .” Avicenna

29.2.1  West Meets East

Robotic surgery for urologic surgery, general 
laparoscopic surgery, gynecologic laparoscopic 
surgery, and general thoracoscopic and 
thoracoscopic- related cardiovascular procedures 
was approved by the FDA in 2000 [24]. Case 
selection, case planning, and technical expertise 
is important in robotic colorectal surgery. 
Preoperative planning is essential by staging 
through the use of magnetic resonance imaging, 
endoscopic ultrasound, and computed tomogra-
phy, and gaining technical expertise and over-
coming the learning curve are crucial.

Throughout the years, robotic surgery has 
brought surgeons from the West and East 
together, with experts in their fields meeting to 
discuss and share ideas and techniques. The same 
occurred for minimally invasive laparoscopic 
surgery, which reported short-term benefits such 
as reducing postoperative morbidity—including 
pain, length of stay, earlier return of bowel func-
tion, and better cosmesis for patients, without 
detrimental effects on oncological outcomes—
with many landmarks trial including CLASSIC 
[25], COLOR I [26], COLOR II [27], ROLARR 
[28], and ACOSOG-Z6051 [29].

Robotic surgery addressed the few shortcom-
ings in laparoscopic surgery—the two- 
dimensional views, limited dexterity with rigid 
instruments, fixed instrument tips with 4 degrees 
of freedom, and an inability of the surgeon to 
hold two instruments and control the camera at 
the same time. On the other hand, the da Vinci 
Robotic Surgical System offers stereo-optic 
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three-dimensional imaging with a stable, self- 
controlling camera and an operating platform 
with four articulating instruments with 7 degrees 
of freedom, motion scaling, tremor-free move-
ments, and ergonomic comfort.

The potential benefits of robotic colectomy 
compared with conventional laparoscopic colec-
tomy may include less blood loss [30, 31], 
quicker return of bowel function [30, 32], a lower 
rate of complications [30, 33, 34], and shorter 
hospital length of stay [30, 33]. In low anterior 
resection, the advantage of robotic surgery may 
be a better view in confined spaces associated 
with less bleeding [35, 36], reduced pain [35, 37], 
shorter hospital length of stay [35, 38], improved 
cancer margins [39, 40], decreased rate of con-
version to open surgery [39, 41–43], and quicker 
return to a normal diet [35, 41].

Approximately 3 million patients worldwide 
have benefited from the da Vinci robotic technol-
ogy. While technically feasible and safe, the 
oncologic and functional outcomes of robotic 
colorectal surgery over conventional laparo-
scopic surgery are still a matter of debate. 
Furthermore, a consensus on robotic technique 
has not been achieved. Technical variations 
include techniques of docking the robotic arms, 
placing ports and trocars, and ergonomics to 
avoid clashing between robotics arms.

In China in 2015, an expert consensus on 
robotic surgery for colorectal cancer designed a 
comprehensive protocol [44]. Other recommen-
dations exist, such as those by Morelli et al. 
[45] Even though equivalent results between 
robotic and laparoscopic surgery have been 
reported overall [46–48], the quality of total 
mesorectal excision, circumferential margin 
positivity, and actuarial survival data reported 
in meta-analyses and systematic reviews have 
varied between studies, and the level of evi-
dence is inconclusive.

Recent evidence of long-term oncologic sur-
vival and recurrence suggested that robotic total 
mesorectal excision for rectal cancer showed bet-
ter survival than laparoscopic total mesorectal 
excision. Robotic surgery was a good prognostic 
factor for overall survival and cancer-specific 

survival, suggesting that potential oncologic ben-
efits may be obtained by experienced robotic 
colorectal surgeons [49].

The benefit of robotic colorectal surgery for 
extensive pelvic surgery and nononcological 
cases is unclear. It has been reported that pelvic 
exenteration with the da Vinci robotic system is 
feasible for locally advanced rectal cancer [50] 
and for benign diverticular disease combined 
with natural orifice specimen extraction [51].

29.2.2  Future Challenges

Concerns have been raised regarding the revolu-
tion of robotic technology. With robotic technol-
ogy replacing human effort in various tasks and 
roles, technological unemployment (the loss of 
jobs caused by technological change) is possible. 
For centuries, experts have predicted that 
machines would make human workers obsolete 
and increase unemployment [52, 53]. A recent 
example of this involved the Taiwanese technol-
ogy company Foxconn; in July 2011, Foxconn 
announced a 3-year plan to replace workers with 
more robots. Foxconn’s plan to increase the num-
ber of robots from thousands to millions over a 
3-year period [54] may herald a new era of tech-
nological unemployment. Lawyers have specu-
lated that an increased prevalence of robots in the 
workplace could lead to the need to revise redun-
dancy laws [55].

Another major concern with robotic technol-
ogy is occupational safety and health implica-
tions. A discussion paper drawn up by the 
European Agency for Safety and Health at Work 
highlighted how the spread of robotics presents 
both opportunities and challenges for occupa-
tional safety and health [56]. Michio Kaku [57], a 
theoretical physicist and author of the Japanese 
national bestselling book Physics of the Future: 
How Science Will Shape Human Destiny and Our 
Daily Lives by the Year 2100, predicted that by 
2100 that most jobs will be replaced by robotic 
technology, particularly repetitive, production, 
and commodity-based jobs. Occupations that 
engage in intellectual capitalism, creativity, 
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imagination, leadership, analysis, humor, com-
mon sense, screen-/scriptwriting, and scientific 
endeavors will be resilient against the technologi-
cal revolution [57].

The da Vinci Surgical System is the only 
robotic system approved by the FDA that is cur-
rently being used for surgical procedures. The 
main barrier to its use at most institutions has 
been financial limitations [24]. A significant 
learning curve also is associated with its use. 
Critics of robotic surgery argue that, within the 
domain of colorectal surgery, the literature has 
not shown a significant difference in outcomes 
between robotic and traditional laparoscopic sur-
geries [58]. The literature has also demonstrated 
a lack of benefit for robotically performed 
hysterectomies.

Furthermore, the da Vinci system uses propri-
etary software that cannot be modified by physi-
cians, thereby limiting the freedom to modify the 
operating system [59]. Concerns also exist 
regarding the use of robotic technology without 
sufficient training and supervision [60]. Technical 
safety reports have indicated that stray electrical 
currents may be released from inappropriate 
parts of the surgical tips used by the system. 
However, stray currents may also occur in nonro-
botic laparoscopic procedures [61].

Timothy Lenoir claimed that in the “heroic 
age of medicine,” the view of the surgeon as a 
hero for his intuitive knowledge of human anat-
omy and his well-crafted techniques in repairing 
vital body systems will dissolve the creative free-
doms of the surgeon. Lenoir argues that the da 
Vinci’s three-dimensional console and robotic 
arms create a mediating form of action called 
medialization, in which internal knowledge of 
images and routes within the body become exter-
nal knowledge mapped into simplistic computer 
coding [62].

It is believed that, as technology improves, 
cooperation between robots and humans will 
reach completely new standards [63, 64], with 
the line between human and robot challenged by 
artificial intelligence. Human common sense, 
intellectuality, emotionality, and sensibility 
will be matched by robotic intelligence and 
precision.

29.3  The Future of Robotic 
Colorectal Surgery

“The true sign of intelligence is not knowledge but 
imagination.” Albert Einstein

29.3.1  Innovation and Technology

The future is now—either ongoing or new ideas 
that bring surgery forward to the next level. The 
best way to predict the future is to create and pos-
tulate it; as opponents of robotics say, it is difficult 
to predict the future. To rise above criticism and 
opponents’ comments, collaborations between 
manufacturers and end users, namely the robotic 
colorectal surgeon, have to grow and evolve to 
achieve a better healthcare environment in healthy 
conditions. With the benefits of robotic surgery 
still unclear, early adopters have paved the way 
forward. Innovators have shown resilience, mov-
ing forward with the technology despite criticism 
and opposition due to a lack of evidence. The 
same issues arise with most new technologies, but 
perhaps because of its cost, a higher burden of 
proof has been set for robotic surgery. Despite its 
limited availability, its cost, and the learning 
curve, the revolution of robotic technology has 
shown promise in specialized centers, but it has 
also been met with significant barriers and scru-
tiny, particularly from those not trained in robotic 
surgery. Long-term results from randomized mul-
ticenter trials (COLRAR [www.clinical trials.gov 
identifier NCT01423214) and ROLARR (identi-
fier NCT01196000) are eagerly awaited. Current 
ongoing trials or potential innovations and tech-
nologies research future thinking and planning for 
the coming era of robotics colorectal surgery that 
will enhance and bring its to next level.

Platforms that use robotic surgical systems to 
minimize surgical incisions include robotic single 
port or site surgery, Robotic NOTES, transanal 
robotics, endorobotics; these will maximize the 
benefits of minimal invasive and scarless  surgery. 
However, technology of augmented hand or multi-
channel working interchangeable hands in one sin-
gle port/arms yet minimal  manipulations and nearly 
no touch tumor bearing will be achieved. New com-
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mercial players interested under trials and research-
ers and commercial bio medical companies. And 
yet the revolution of automation concepts such as 
auto-robotic or auto-driven, autopilot robotic sur-
gery system like drone surgeon or self-driven from 
automotive and production industries’ can be col-
loborated with future robotics colorectal system.

Imaging and visualization aspects in robotic 
surgical systems also need to be modified and 
upgraded. The concepts of multimodal imaging 
and imaging-guided surgery, real-time anatomy 
identification such as Firefly™ fluorescent imag-
ing, near-infrared fluorescence, and indocyanine 
green perfusion are current available but may 
need to be more widely available and have more 
evidence on their use. Augmented vision and vir-
tual reality technology may be the next step to 
enhance these visualizations. Furthermore, Artis 
Zeego by Siemens Healthcare is nicknamed “the 
future of flexible”; this unique robotic technol-
ogy is used mainly in intervention radiology and 
applies flexibility to execute tasks, support the 
cutting edge, and use space and resources. The 
concept of augmented and automated eye from 
image digitalization such as ultra-laser vision, 
which postulates capabilities beyond those of the 
human eye in terms of identifying shades of col-
ors, matching prints, and completing missing 
pieces. Last but not least, advancements from 
artificial intelligence technology, hybrid imag-
ing, real- time virtual reality, or therapeutic 
devices may benefit those listed above.

With regard to information behind the sci-
ences of advanced intelligence and strategy, navi-
gation systems may be a new concept to be 
embarked on in robotic colorectal surgery; this 
may involve navigation camera systems in plan-
ning, simulation, and guidance before surgery 
and even during the intraoperative period. Ideas 
include topographical anatomical landmark map-
ping and marking by fusing with augmented real-
ity, such as volume and surface renderings, 
virtual modeling, adjacent borders, and segmen-
tation of organs and related adjacent organs. 
Information-integrated computer surgery also 
may give promising hope for the future.

Collaboration and integration, such as collab-
oration with endoscopy technology with endolu-

minal or transluminal endorobotic endoscopic 
mucosal resection and endoscopic submucosal 
dissection, needs more exploration in this field. 
Collaborations between multidisciplinary fields 
such as intensive medicine and interventional 
radiology, even beyond the operating theater, can 
provide better care to patients. Verb Surgical Inc. 
recently announced that the company demon-
strated its first digital surgery prototype to its col-
laboration partners at Ethicon Endo-Surgery, 
Inc., part of the Johnson & Johnson Medical 
Devices Companies, and Verily Life Sciences 
(formerly Google Life Sciences), and to senior 
leadership from Johnson & Johnson and Alphabet 
Inc. The digital surgery platform includes all ele-
ments of the company’s five technology pillars: 
robotics, visualization, advanced instrumenta-
tion, data analytics, and connectivity. A few pro-
totypes were tested and ideas sparked, such as 
“Supercirujano” Steel Hands and Scott 
Huennekens’s (president and CEO of Verb 
Surgical) vision of next-generation robotic sur-
gery under Verb Surgery 4.0. It is new concept of 
“digital surgery” includes data and imaging inte-
gration into a surgical robot and improved deci-
sion making through artificial intelligence 
technology.

Others miscellaneous future concepts and 
ideas that need to be explored include haptic and 
tactile sensations in cognitive technology used in 
robotic colorectal surgery; this demands soft- 
tissue differentiation, the careful manipulation of 
tissues, and suturing for the surgeon at the con-
sole. The TELELAP ALF X is a surgical robot 
that offers haptic feedback by exerting forces on 
the surgeon’s hands; this requires a complex sys-
tem of processors and actuators to achieve ade-
quate fidelity and is therefore inherently complex 
[65]. Furthermore, gross tactile information and 
sensation in minimal access surgery have been 
developed and tested in order to locate arteries 
and detect blood flow, and, for example, in iden-
tifying the inferior mesenteric artery, as with the 
Tact Array (Pressure Profile Systems) [66].

Originating from the idea of the landmark 
Lindbergh operation, the ideas of tele-surgery 
and tele-health are based on tele-tap technology 
that surgery across border may be benefited to 
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colloborate with robotic surgery. In this nano-
technology era, integration of ideas such as 
nanorobotics, nanoparticles, nanomaterials, 
nanogenomics, nanomolecular, and nanotechnol-
ogy are related and give promising results, with 
many loopholes and space still to explore. 
Currently, the usage of smart stapler feedback 
analysis already on the market and in practice 
that analyzes tissue perfusion and measures 
thickness and tension can provide almost none or 
zero stapler leaks. In the future, our hope is that it 
can further can measure perianastomosis perfu-
sion and determine an anastomosis leakage rate. 
Maybe auto-extending or customized length and 
thickness of a universal stapler would be avail-
able in the future. To date, the use of Endowrist 
One gives good results and shows sustainable 
performance in equivalent minimal thermal 
spread and means burst pressure can be better 
tested in three arteries, namely the splenic, mes-
entery, and renal arteries [67]. Leonard et al. [68] 
sparked the idea about smart tissue anastomosis 
robotic (STAR) as a proof of concept for a vision- 
guided robotic system featuring an actuated lapa-
roscopic suturing tool capable of executing 
running sutures from image-based commands 
and measurement of the surface contour of anas-
tomoses between bowels.

29.3.2  Ideal Robotic Surgical System: 
Robotic Intelligence

Currently available robotic surgical systems are 
extremely expensive to purchase and maintain in 
a noncompetitive market. A bulky robotic “slave” 
with four arms and many wires require a spacious 
operating room setup. The surgery is not com-
pletely robotic and not fully under autonomous 
control of the surgeon, even though all the safety, 
feasibility, and surgical outcomes, such as eco-
nomic costs, survival, complication, and results 
analysis, can, based on evidence and practical 
use, be achieved. The concept of personalized 
surgery with precision skills is good to be adapted 
rather than tools or appliances.

Ideally, a “humanoid” robot can be imagined 
as having smooth movements, being friendly to 

all humankind and nature, having a sleek appear-
ance, and performing smart interactions with its 
“master,” performing beyond human ability, sen-
sibility, and capability yet fulfilling all the criteria 
of original surgical procedures and objectives 
indefinitely. In addition to making sure robotic 
surgery is the ideal and ultimate concept, the 
operator or robotic surgeon has to ready and syn-
chronize updated surgical skills and be techni-
cally ready with new innovations and technologies, 
with cost-effectiveness that can progress and 
evolve over time. Smart collaboration and coop-
eration with other new groups, either medical 
(e.g., biomedical engineering, radiology, immu-
nology, pathology, oncology, genetics) or non-
medical (such as software engineering, artificial 
intelligence, biomedical architecture) will open 
new diversity in robotic surgery beyond the cur-
rent imagination. Here, the sky is the limit.

Hence, we can imagine that the ideal robotic 
system will be mounted from above, sleek, and 
small; have multiple stable arms; couple with 
hybrid imaging such as radiography, computed 
tomography, or magnetic resonance imaging 
without docking; and assist intraoperatively by 
offering a totally single and superpowered robotic 
colorectal approach. In addition, the surgeon’s 
console should be dynamic yet confined to a cart; 
we suggest that it be more spacious without 
engaging the head, and allow full hand-motion 
control, as if virtually doing the surgical proce-
dure in real time while receiving haptic and tac-
tile sensations. The process includes perceiving, 
analyzing, understanding, and judging informa-
tion before performing and executing actions. 
For periplanning, training, or simulated robotic 
surgery, virtual exact images exist of organs and 
all the surrounding adjacent organs involved, 
with interaction showing cautions during surgery. 
The use of next-generation energy, tools, and sta-
plers with intelligence capabilities is needed to 
complete these state-of-the-art surgeries. The 
efficacy versus invasiveness between patients and 
robotic surgeon comfort zone should become a 
common endpoint for both. We also postulate the 
idea of future surgery as information- integrated 
computerized surgery that combines robotics, 
imaging, and artificial intelligence (Fig. 29.2), 
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allowing an autonomous robotic surgeon more 
dominance and control at all times, with zero 
error; it will be highly competent and produce 
efficient teamwork to offer the best management 
to all patients. Perhaps sipping coffee and listen-
ing to a favorite playlist of songs while doing 
robotic colorectal surgery is an idea for surgeons 
to relax, and could allow them to take brief breaks 
during surgery outside the operation theater. Last, 
in whatever we achieve as the ideal concept for a 
robotic surgery system in the future, the main 
important objective of our ancient Hippocratic 
oath is “First do no harm” (Primum non nocere), 
and this needs to be a pillar in all medical 
practice.

29.4  Training in Privileging 
and Credentialing in Robotic 
Colorectal Surgery

“A journey of a thousand miles begins with a single 
step.” Laozi

First, every surgeon must be competent 
enough to master and command the robotics sys-
tem before apply to patient practices. The steep 
learning curve from simulations to the real world 
also involves from robotic surgeon to be, assis-
tant and supporting staff in order to master and 
command the robotic surgical systems. Training 
is needed to gain privileges and be credentialed 
to perform robotic colorectal surgery in order to 
certify and recognize this delicate procedure. 
The concepts of learning, unlearning, and 

relearning form a cycle to maintain, translate, 
and transfer knowledge and education from per-
son to person. Similar concepts apply to experts 
in highly specialized robotic colorectal surgery 
in order to standardize and maintain certain pro-
tocols and safety when handling this highly tech-
nical apparatus. In addition, different steep curve 
of learning has to be achieved in view of the 
number of cases and proper handling and tech-
niques of robotic colorectal surgery. Currently, 
apprenticeships, fellowships, or proctorships are 
offered by various centers in view of having no 
certified training center available. Experts on 
robotic colorectal surgical teams have to set up 
proper and standard syllabi to recognize and 
acknowledge privileging and credentialing for 
robotic colorectal surgery trainees around the 
world and particularly in Asian regions. Much 
has been said about validating the acquisition of 
practical skills through distance learning pro-
cesses, but the questions is whether any consen-
sus or best practices are available now. To answer 
this, continuing medical education, process 
audits by higher authorities, plus determining 
patient outcomes, benefits, and practices via evi-
dence-based medicine, such as publications, 
international conferences, and summit meetings 
of experts, are good starting points for these 
novel ideas and practices. Job descriptions, job 
automation, and risk assessments of robotic 
colorectal surgeons need to be considered before 
they are credited as robotic surgeons.

Pitfalls of these ideas include the possibility of 
a single commercial company in control of the 
market and the high cost to be trained and certi-
fied; we may need to think before we embark on 
these ideas. However, we believe that the advan-
tages outweigh the disadvantages for these ideas. 
In the future, we hypothesize that trainees will be 
able to do their training at their own center and, 
with the advance of robotic surgery, be monitored 
by a supervisor virtually, across continents, if 
necessary. Ideas of free trade among the robotic 
community will give opportunities to developing 
countries to have similar chances to advance in 
the era of robotic surgery. This is all only the 
beginning of the journey. Let medicine reach to 
all, beyond boundaries, as we own the future . . .

Robotics

Future surgery will be
information-integrated computerized surgery,

that is exactly ‘ROBOTIC SURGERY’.Image A.I.

Future
Surgery

Fig. 29.2 Future surgery concepts
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Abstract

In recent decades, treatment for metastatic 
colorectal cancer (mCRC) has remarkably 
progressed with the advent of biological 
agents. Under such circumstances, it becomes 
a key issue which biological agent is a pre-
ferred treatment, especially for first-line 
treatment of mCRC patients with RAS wild-
type tumor. For unresectable diseases, pre-
ferred treatment depends on the treatment 
goal; patients should be treated to seek for 
maximum shrinkage or treatment duration. If 
the former, anti-EGFR mab might be a pre-
ferred option in terms of depth of response. If 
the latter, bevacizumab might be preferred in 
terms of maintenance therapy. For potentially 
resectable diseases, such as liver-limited dis-
eases, a similar strategy for treatment can be 
recommended. There are several types of 
liver metastases (LM). If LM is bulky and 
unresectable, a tumor shrinkage is needed so 
that LM can be converted to be resectable. If 
LM is disseminated and unresectable, a path-
ological effect is needed to prevent recur-
rence after liver resection. If the former, 

anti-EGFR mab might be preferred, and if 
the latter, bevacizumab might be better, con-
sidering the characteristics of biological 
agents.

Postoperative adjuvant chemotherapy is 
performed after curative resection for colorec-
tal cancer to prevent recurrence and improve 
patients’ prognosis. Because therapeutic out-
comes for colorectal cancer are better in Japan 
than in other countries, adjuvant chemother-
apy tailored to be optimal for individual 
patients should be introduced based on not 
only evidence from overseas but also the 
results of Japanese clinical trials. Attention is 
focusing on biomarkers for identifying high- 
risk patients who require adjuvant 
chemotherapy.

Keywords

Oxaliplatin · Irinotecan · Biological agent  
Tumor shrinkage · Maintenance therapy  
Conversion therapy · Adjuvant chemotherapy  
Biomarker

30.1  Introduction

Great strides have been made in the treatment 
of cancer due to the development of novel che-
motherapeutic agents and multidrug combina-
tion therapies as well as advances in supportive 
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care, all of which have resulted in better 
response rates and improvements in survival. 
To restrict the growth and spread of cancer 
cells, the targets of traditional anticancer agents 
include DNA or RNA activity, the multicompo-
nent machineries of cancer cells, and microtu-
bules. The most rapid developments in recent 
years, however, have been molecular targeted 
therapies, which are small molecules or anti-
bodies that exert their antitumor effects by tar-
geting specific molecules in cancer cells. This 
type of therapy may cause less harm to normal 
cells and have fewer side effects than other 
types of cancer treatment. Although traditional 
cytotoxic chemotherapy remains the treatment 
of choice for many malignancies, targeted ther-
apies are now a component of treatment for 
many cancer types including breast, colorectal, 
lung, and pancreatic cancers.

The development of effective anticancer 
agents has not only prolonged survival in 
patients but has also made unresectable lesions 
treatable with surgery (“conversion chemother-
apy”), which has been suggested to improve 
patients’ prognosis. Although the therapeutic 
efficacy of chemotherapy for unresectable 
advanced or recurrent colorectal cancer is 
improving, it remains the case that patients can 
recover with chemotherapy alone. Recurrence 
occurs at a fixed rate after curative resection of 
the primary lesion, but postoperative adjuvant 
chemotherapy has been shown to reduce the 
recurrence rate. Thus, postoperative adjuvant 
chemotherapy is an important treatment that 
reportedly increases the rate of cure after sur-
gery. Combination chemotherapy regimens 
including oxaliplatin-based therapies, which are 
effective adjuvant chemotherapies in Europe 
and the United States, also cause a high inci-
dence of adverse events and should only be used 
in appropriate patient groups. Studies are now 
underway on the different uses of oral antican-
cer agents and indications for adjuvant chemo-
therapy in patients with stage II cancer, including 
personalized therapy with a biomarker-based 
approach.

30.2  Chemotherapy 
for Unresectable Advanced 
or Recurrent Colorectal 
Cancer

30.2.1  Multidrug Combination 
Therapies

The most well-known multidrug combination 
regimens are fluorouracil (5-FU)/leucovorin (LV) 
and oxaliplatin (FOLFOX) and 5-FU/LV plus iri-
notecan (FOLFIRI). Regimens in which the 
5-FU/LV component of the multidrug combina-
tion therapy has been replaced by the oral anti-
cancer agents capecitabine or S1 include 
capecitabine and oxaliplatin (CapOX), 
capecitabine and irinotecan (CapeIRI), S-1 and 
oxaliplatin (SOX), and S-1 and irinotecan (IRIS). 
CapOx has comparable efficacy to FOLFOX4 as 
first-line therapy [1], and IRIS has comparable 
efficacy to FOLFIRI as second-line therapy [2]. 
However, although multidrug combination thera-
pies are highly effective, they are also more likely 
to cause adverse events. The National 
Comprehensive Cancer Network (27 centers in 
the United States) Clinical Practice Guidelines in 
Oncology [3] states that the first step in treating 
unresectable colorectal cancer is to determine 
whether the patient could be a candidate for 
intensive therapy; if this is not the case, mono-
therapy with a regimen such as 5-FU/LV is 
recommended.

30.2.2  Therapeutic Efficacy 
of Molecular Targeted Drugs

The molecular targeted cancer drugs currently 
used for the treatment of unresectable recurrent 
colorectal cancer are bevacizumab, cetuximab, 
and panitumumab; ramucirumab and regorafenib 
are also used as second- and third-line therapies, 
respectively. Bevacizumab is a humanized 
monoclonal antibody directed against vascular 
endothelial growth factor and is thus an angio-
genesis inhibitor. Its combined use in first-line 
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therapy with irinotecan, leucovorin, plus fluoro-
uracil (IFL) [4], FOLFOX, or CapOX [1] has 
additional therapeutic effects. Cetuximab and 
panitumumab are antibodies that target the epi-
thelial growth factor receptors (EGFRs), which 
are found on the cell surface. Cetuximab is a chi-
meric monoclonal antibody, and panitumumab is 
a fully human monoclonal antibody. The results 
of clinical trials have shown that anti-EGFR 
antibodies are not effective against tumors with 
the KRAS mutation [5] and, as such, are cur-
rently only used in patients with wild-type KRAS 
[6]. Cetuximab in combination therapy was ini-
tially found to exert therapeutic effects as sec-
ond-line and subsequent therapies, but its use in 
first-line therapy was later shown to have addi-
tional effects to that of FOLFIRI in the 
CRYSTAL (Cetuximab Combined With 
Irinotecan in First-line Therapy for Metastatic 
Colorectal Cancer) study [7]. Panitumumab was 
also shown to exert additional effects when used 
in combination with FOLFOX as first-line ther-
apy [8], with FOLFIRI as second- line therapy 
[9], and as third-line monotherapy [10].

30.2.3  Different Uses of Molecular 
Targeted Drugs: Oxaliplatin- 
Based First-Line Therapies

Compared with combination therapies including 
bevacizumab, those containing anti-EGFR anti-
bodies are said to be more effective in shrinking 

tumors, but the difference between their response 
rates remains unclear [11]. However, combina-
tion therapies including anti-EGFR antibodies 
are superior in terms of depth of response (DpR) 
[12]. The DpR of combination therapies includ-
ing anti-EGFR antibodies is 48.9% or 50.9% for 
FOLFIRI plus cetuximab, 65% for FOLFOX 
plus panitumumab, and 57.9% for FOLFOX 
plus cetuximab, compared with 44.4% for 
FOLFOX plus bevacizumab, 32.3% or 37.8% 
for FOLFIRI plus bevacizumab, 43.5% for SOX 
plus bevacizumab, and 43.4% for FOLFOXIRI 
plus bevacizumab [13–15]. Bevacizumab exerts 
additional effects when used in combination 
with 5-FU monotherapy [16]. Because bevaci-
zumab exerts additional effects when used in 
combination with 5-FU monotherapy, it may 
also extend the effect of maintenance therapy 
even after the discontinuation of oxaliplatin 
in combination therapy. The response rates of 
combination therapies including bevacizumab 
and anti-EGFR agents are almost equivalent, 
and when the therapeutic goal is to reduce tumor 
size by 30% and then prolong overall survival 
with maintenance therapy, bevacizumab combi-
nation therapy is also indicated for patients with 
wild-type KRAS. For patients in whom the goal 
is to reduce tumor size by 50% or 60% rather 
than by only 30%, combination therapy with 
anti-EGFR antibodies is recommended, as they 
have superior DpR (Fig. 30.1). The European 
Society for Medical Oncology consensus guide-
lines were revised in 2016 [17]. These establish 

Front Line

Second Line

FOLFOX
CapeOX

+ Bmab FOLFIRI+Bmab

FOLFOX+Cmab
FOLFIRI+Cmab

Irinotecan+Bmab

FOLFOX

CapeOX
+ Bmab

FOLFOX+Panitumumab

Maintenance 
Power needed

Greater DpR
needed

RAS
mutant

type

RAS
wild
type

Fig. 30.1 Treatment 
strategy for advanced 
colorectal cancer
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separate therapeutic goals of cytoreduction and 
disease control and suggest different regimens 
for combination therapy including antibodies 
in patients who are able to undergo intensive 
chemotherapy. An easy way to view this clas-
sification may be to view cytoreduction as pri-
oritizing DpR and disease control as prioritizing 
maintenance capacity.

30.3  Chemotherapy for Colorectal 
Cancer Liver Metastasis

In the Japanese Classification of Colorectal 
Carcinoma, liver metastasis is classified as H1, 
H2, or 3H depending on its severity, and its grade 
is further defined in combination with the sever-
ity of lymph node and distant metastases [18]. H1 
is classified as ≤4 metastatic liver lesions of a 
maximum diameter ≤5 cm, H2 as all cases other 
than those classified as H1 or H3, and H3 is clas-
sified as ≥5 metastatic liver lesions of a maxi-
mum diameter >5 cm.

30.3.1  Post-hepatectomy Adjuvant 
Chemotherapy

The therapeutic outcomes described above make 
it clear that chemotherapeutic intervention in 
some form is required for all H stages of colorec-
tal cancer liver metastasis. Although post- 
hepatectomy adjuvant chemotherapy is effective, 
clinical trials of hepatic artery infusion (with the 
aim of suppressing residual liver recurrence, 
which is the most common outcome after hepa-
tectomy) and regimens such as 5-FU/LV have not 
led to any significant differences in survival, sug-
gesting that this therapy may be insufficiently 
intensive. It is also possible that microscopic 
liver metastases cannot be controlled at the 5-FU/
LV level or that the dose intensity of chemother-
apy may not be maintained after hepatectomy. 
The JCOG0603 Study of 12 cycles of mFOLFOX6 
as post-hepatectomy adjuvant chemotherapy is 

currently underway in Japan to investigate the 
value of adjuvant chemotherapy with a multidrug 
regimen.

30.3.2  Perioperative Chemotherapy

Because postoperative adjuvant chemotherapy in 
the resection of colorectal cancer liver metasta-
ses has not been shown to be of value, the use of 
perioperative or pre- and postoperative chemo-
therapy to control microscopic metastases is 
regarded as crucial. Sorbye et al. [19] reported 
that six preoperative and six postoperative cycles 
of FOLFOX4 therapy for patients with resect-
able colorectal cancer liver metastases prolonged 
survival compared with surgical treatment alone. 
Preoperative chemotherapy with an intensive 
regimen such as FOLFOX is highly effective in 
shrinking tumors, and when regimens with a 
high incidence of adverse events are used, it may 
be possible to maintain adequate dose intensity 
by dividing their administration between the 
 preoperative (when liver function is well main-
tained) and postoperative periods. Given that the 
main aim of preoperative chemotherapy in 
resectable cases is to prolong survival or achieve 
a cure by means of the combination of chemo-
therapy and surgery, it may be possible to sup-
press recurrence by maintaining adequate dose 
intensity with regimens similar to Sorbye’s peri-
operative chemotherapy (Fig. 30.2) [20, 21]. 
Identifying the best agents and dosing methods 
to achieve this goal is a matter for further inves-
tigation. Conversion therapy, in which unresect-
able colorectal cancer liver metastases are treated 
with chemotherapy and shrunk to the point at 
which surgery can be performed, has been the 
subject of recent attention. Adam et al. [22] 
found that a 5-year survival of 33% was achieved 
by the resection of hepatic metastases that had 
become resectable after chemotherapy, com-
pared to the 5% 5-year survival rate for patients 
who did not undergo resection. Based on these 
data, the standard treatment is currently to 
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perform hepatectomy in patients with unresect-
able colorectal cancer liver metastases that have 
become resectable as a result of chemotherapy, 
rather than aiming for conversion.

30.3.3  Cetuximab Combination 
Therapy

The CELIM Study was a phase II randomized 
trial of the response to cetuximab plus FOLFOX6 
or cetuximab plus FOLFIRI and the resection 
rate of hepatic lesions after treatment of 111 
colorectal cancer patients with unresectable liver 
metastases [23]. The response rates were 68% for 
the FOLFOX6 arm and 57% for the FOLFIRI 
arm, and good conversion rates were achieved, 
with R0 resection performed in 38% of patients 
in the FOLFOX6 arm and 30% of those in the 
FOLFIRI arm.

30.3.4  Bevacizumab Combination 
Therapy

Wong et al. [24] reported that a 40% (12/30) con-
version rate was achieved with the use of 
capecitabine, oxaliplatin, and bevacizumab com-
bination therapy. The authors reported the results 
of a multicenter joint phase II clinical trial 
(TRICC-0808) of preoperative therapy with bev-
acizumab plus mFOLFOX6 for patients with 
stage H2 or H3 colorectal cancer liver metastases 
[25]. The efficacy analysis was done in 45 
patients, in whom 26 had unresectable cancer. 
The response rate to chemotherapy was 46.2%, 
and the disease control rate was 92.4%. Six 
patients underwent hepatectomy after six cycles 
of preoperative chemotherapy (23.1% conversion 
rate during the protocol treatment). Five patients 
underwent hepatectomy after the protocol treat-
ment, including three who underwent 

CTx; Chemotherapy      Mets; Metastases

RESECTABLE
METASTASIS

CTx

Keep more remnant liver volume
Control undetectable Mets.

Resection

Relapse

Cure

CureResection

Relapse

Cure

CTx

Resection

Conversion to resectable
Control undetectable Mets.

RelapseConversion to resectable

Resection

Relapse

Cure

UNRESECTABLE
METASTASIS CTx

Fig. 30.2 Aim of preoperative chemotherapy for liver-limited metastasis. CTx chemotherapy, Mets metastases
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hepatectomy after continued treatment with bev-
acizumab plus mFOLFOX6, resulting in a total 
conversion rate after bevacizumab plus 
mFOLFOX6 therapy of 34.6% (9/26). Figure 30.3 
shows the therapeutic outcomes of preoperative 
bevacizumab plus mFOLFOX6 therapy for 
patients in our department with colorectal cancer 
liver metastases [21, 26]. Bevacizumab plus 
mFOLFOX6 therapy was used to treat 45 patients 
with H2 or H3 liver metastases, and the response 
rate was 71%; 12 of these patients had a single 
liver metastasis, of whom 11 responded to treat-
ment (92% response rate) and 4 subsequently 
underwent hepatectomy (33% conversion rate). 
Together with another four patients with resect-
able liver metastases who also underwent preop-
erative chemotherapy, hepatectomy was 
performed in eight patients. A total of 57 meta-
static lesions were present before chemotherapy 
(1–14 lesions per patient, median, 7.5 lesions). 
After chemotherapy, angiographic computed 
tomography visualized 26 lesions, with an addi-
tional 5 lesions visualized by intraoperative 
contrast- enhanced ultrasonography. Then 30 
lesions were excised, excluding 1 lesion that was 
not discovered intraoperatively; pathological 
tests did not identify cancer cells in 12 of the 
resected 30 lesions (40%).

Combination therapy including bevacizumab 
has strong pathological antitumor effects on liver 
metastatic lesions, and the pathological response 
rate is positively correlated with survival [27–
30]. The resection of liver metastatic lesions as a 

result of conversion chemotherapy improves 
prognosis for patients with unresectable 
 colorectal cancer liver metastases and is thus a 
promising treatment strategy. As described 
above, studies suggest that a good conversion 
rate may be achieved by using molecular targeted 
therapeutic drugs and by keeping in mind the 
possibility of post-chemotherapy resection when 
assessing patients. Because achieving a cure and 
prolonging survival are the important goals of 
conversion therapy, it may be necessary to take 
into consideration the results of recurrence and 
survival from clinical trials when determining the 
appropriate regimens for conversion therapy. 
Chemotherapy can be expected to not only shrink 
tumors but also to control micrometastases. It 
will be important for future clinical trials to take 
into account the different types of liver metasta-
ses when deciding how to use antibodies with the 
aim of prolonging survival, for example, by treat-
ing large nodular metastases with anti-EGFR 
antibodies, which are superior in their ability to 
shrink tumors [6], and by treating tiny scattered 
nodules with bevacizumab.

30.4  Adjuvant Chemotherapy 
for Colorectal Cancer

The prognosis for resectable colorectal cancer is 
improved, and radical resection appropriate to 
the stage of colorectal cancer offers a high cure 
rate. Once an unresectable recurrence develops, 

57 tumors
;  detected before CTx

29 tumors 
; not detected intra-operatively

30 tumors
; detected intra-operatively and resected

12 tumors
No residual cancer cell by pathological examination

5 tumors
; detected
intra-operatively

1 tumors
; not detected

intra-operatively

CTx; Chemotherapy

2 tumors
; detected
intra-operatively

31 tumors
; not detected after CTx

26 tumors
; detected after CTx

Fig. 30.3 Number of 
liver metastases detected 
before chemotherapy, 
after chemotherapy, and 
intraoperatively. CTx 
chemotherapy
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however, cure is difficult to achieve even if sev-
eral different treatment modalities are used, 
including chemotherapy. The goal of postopera-
tive adjuvant chemotherapy is to prevent recur-
rence after radical surgery and improve prognosis, 
and the drugs and regimens used in actual treat-
ment are those that have been shown to decrease 
the recurrence rate, have a positive effect on sur-
vival, and have been confirmed as safe in ran-
domized, controlled trials (RCTs) [31].

30.4.1  The Transformation 
of Postoperative Adjuvant 
Chemotherapy and Its Current 
Status

30.4.1.1  Recommended Treatments 
in Europe and North America 
(Table 30.1)

Several clinical trials of postoperative adjuvant 
chemotherapy for colon cancer were carried out 
in Europe and North America during the 1980s 
and 1990s, and these demonstrated the value of 
adjuvant chemotherapy with 5-FU over surgery 
alone [32–35]. In the 1990s, after the additional 
effect of levofolinate (LV) and the superiority of 
5-FU/LV compared with 5-FU/levamisole (LEV) 
had also been established, 5-FU/LV became 
established as the standard treatment [36]. 
Further clinical trials of the form of administra-
tion of fluoropyrimidines led to the currently rec-
ommended method of administration of 5-FU/
LV, and the oral agents tegafur-uracil (UFT)/LV 
and capecitabine were also shown to be effective 
[37, 38]. Moving into the 2000s, multiple drug 
therapies were found to be effective, and the effi-
cacy of adjuvant chemotherapy with oxaliplatin 
was demonstrated in the National Surgical 
Adjuvant Breast and Bowel Project (NSABP) 
C-07 and the Multicenter International Study of 
Oxaliplatin/5-Fluorouracil/Leucovorin in the 
Adjuvant Treatment of Colon Cancer (MOSAIC) 
trials, both of which addressed stage II and III 
colorectal cancer [39, 40]. The capecitabine plus 
oxaliplatin (XELOXA) trial also showed that 
capecitabine plus oxaliplatin (CapeOX) is effec-
tive for stage III patients [41]. However, the 
Cancer and Leukemia Group B (CALGB) 89803 

and Pan-European Trials in Adjuvant Colon 
Cancer (PETACC)-3 trials, which verified the 
additional effect of irinotecan, did not show that 
adjuvant chemotherapy was valuable [42, 43].

After the combined use of molecular targeted 
drugs in systemic chemotherapy was shown to be 
valuable in the treatment of unresectable 
advanced or recurrent colorectal cancer, the 
NSABP C-08, AVANT (bevacizumab plus 
oxaliplatin- based chemotherapy as adjuvant 
treatment for colon cancer) and North Central 
Cancer Treatment Group (NCCTG) intergroup 
N0147 clinical trials were performed in the 
expectation that these drugs would also provide 
an additional effect in adjuvant chemotherapy, 
but neither bevacizumab nor cetuximab was 
found to be effective as part of adjuvant chemo-
therapy [44–46].

The United States National Comprehensive 
Cancer Network (NCCN) guidelines (version 1, 
2017) state that the recommended postoperative 
adjuvant chemotherapy regimens for stage III 
colon cancer are (1) FOLFOX (oxaliplatin and an 
infusional regimen of 5-FU/LV) or CapeOX, (2) 
FLOX (oxaliplatin and a weekly Roswell Park 
regimen of bolus 5-FU/LV), and (3) capecitabine 
or 5-FU/LV. For stage II colon cancer, for patients 
with a low risk of recurrence, the recommended 
treatments are (1) observation and (2) capecitabine 
or 5-FU, and for those at high risk of recurrence, 
the recommended treatments are (1) capecitabine 
or 5-FU/LV; (2) FOLFOX, CapeOX, or FLOX; 
and (3) observation [3] (Fig. 30.4). Moreover, 
they state that “a survival benefit has not been 
demonstrated for addition of oxaliplatin to 5-FU/
leucovorin in stage II colon cancer. FOLFOX is 
reasonable for stage II patients with multiple 
high-risk factors and is not good- or average-risk 
patients with stage II colon cancer.” They also 
say that “A benefit for the addition of oxaliplatin 
to 5-FU/leucovorin in older has not been proven.”

The NCCN guidelines also set out recom-
mended regimens for adjuvant chemotherapy for 
rectal cancer in accordance with clinical staging 
in the same way as for colon cancer, but in Europe 
and North America, the use of preoperative adju-
vant therapy that includes radiotherapy is com-
mon, and since this proportion differs from that 
in Japanese clinical practice, treatment should be 
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determined on the basis of the results of Japanese 
RCTs, while making reference to evidence from 
Europe and North America.

30.4.1.2  Indications for Adjuvant 
Chemotherapy and 
Recommended Treatments 
in Japan (Table 30.2)

According to the guidelines for the management 
of colorectal cancer, the indications for 
 postoperative adjuvant chemotherapy comprise 
(1) stage III colorectal cancer that has undergone 
R0 resection, (2) preservation of major organ 
function, (3) performance status (PS) 0–1, (4) 
recovery from postoperative complications, (5) 
consent appropriately obtained, and (6) no seri-
ous complications [31]. Turning to evidence from 
Japan, meta-analyses have shown that postopera-
tive adjuvant chemotherapy with an oral 
5-FU-based regimen for stage III colorectal can-
cer patients significantly reduces recurrence and 
mortality rates compared with surgery alone [47, 
48]. In the NSASCC trial, oral UFT monotherapy 
was shown to be of use as adjuvant chemotherapy 
for stage III rectal cancer [49]. In the JCOG0205 
trial, which compared bolus 5-F/LV and oral 
UFT/LV, the oral regimen was found to be 

noninferior in terms of 3-year disease-free sur-
vival (DFS), the primary endpoint [50]. That trial 
differed from the NSABP C-06 trial in that it 
addressed adjuvant therapy for Japanese patients 
who had undergone surgery in a Japanese institu-
tion, and all subjects were stage III. In the NSABP 
C-06 trial, although bolus administration and oral 
administration of 5-FU were equally effective in 
preventing recurrence, 5-year overall survival 
(OS) was 69.6% in the NSABP C-06 trial, but far 
higher, at 87.5%, in the JCOG0205 trial. This 
survival rate exceeds the survival rate for stage III 
patients treated with adjuvant chemotherapy 
including oxaliplatin in Europe and North 
America [39–41]. In light of this evidence, the 
guidelines for the management of colorectal can-
cer list (1) 5-FU/LV, (2) UFT/LV, (3) capecitabine, 
(4) FOLFOX, and (5) CapeOX as the standard 
treatments for postoperative adjuvant chemother-
apy in Japan [31] (Fig. 30.2).

The ACTS-CC and JCOG0910 trials have 
been performed in Japan as comparative trials of 
oral anticancer agents for stage III colon cancer 
(including rectosigmoid (RS) cancer) [51, 52]. 
The ACTS-RC trial also addressed rectal cancer 
[23]. The ACTS-CC trial demonstrated the non-
inferiority of S-1 compared with UFT/LV as 

2017 NCCN
Guidelines

(adjuvant chemotherapy
for colon cancer)

2014 guidelines for
the management of
colorectal cancer

Stage III

• FOLFOX or CapeOX

• FLOX

• Capecitabine or 5-FU/LV

• 5-FU/LV

• UFT/LV

• Capecitabine

• FOLFOX

• CapeOX• FOLFOX or CapeOX, or FLOX

• Capecitabine or 5-FU/LV

• Observation

• Observation

• Capecitabine or 5-FU/LV

Stage II High-risk

Stage II Low-risk

Fig. 30.4 Comparison 
of recommended 
treatments according to 
Japanese and US 
guidelines
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adjuvant chemotherapy for stage III colon cancer 
(including RS cancer) (hazard ratio (HR) 0.85, 
p = 0.1003). However, the JCOG0910 trial failed 
to demonstrate the noninferiority of S-1 com-
pared with capecitabine. The ACTS-RC trial was 
an RCT that demonstrated the superiority of S-1 
compared with UFT monotherapy as adjuvant 
chemotherapy for stage II/III rectal cancer and 
showed that recurrence-free survival (RFS) was 
superior for S-1 compared with UFT (HR 0.77, 
p = 0.0165) [53]. The results are still awaited of 
the ACTS-CC02 trial, which has completed 
patient enrollment as an RCT to verify the supe-
riority of SOX therapy compared with UFT/LV 
as adjuvant chemotherapy for stage IIIb colorec-
tal cancer (excluding Rb rectal cancer) [54].

30.4.2  Postoperative Adjuvant 
Chemotherapy for Stage II 
Colorectal Cancer

Although 5-year survival for stage II colorectal 
cancer is comparatively good at 84%, recurrence 
occurs in approximately 13% of patients. 
According to the guidelines for the management 
of colorectal cancer, “The value of postoperative 
adjuvant chemotherapy for stage II colorectal 
cancer has yet to be established, and it is not rec-
ommended that adjuvant chemotherapy be per-
formed uniformly for all stage II colorectal 
cancers.” However, they also state that “The strat-
egy of targeting the subgroup of stage II cancers 
with poor prognosis to receive adjuvant chemo-
therapy can at this point be regarded as a reason-
able choice,” and demonstrating the necessity of 
adjuvant chemotherapy for patients at high risk of 
recurrence is an urgent task. The clinicopatholog-
ical high-risk factors mentioned in the NCCN and 
European Society for Medical Oncology (ESMO) 
guidelines include stage T4, perforation, intesti-
nal obstruction, vascular invasion, poorly differ-
entiated adenocarcinoma, undifferentiated 
carcinoma, and fewer than 12 lymph nodes dis-
sected. Microsatellite instability and loss of het-
erozygosity at chromosome18q have been 
reported to constitute molecular biological bio-
markers of high-risk groups, but opinions on these 

are not uniform. In Japan, the SACURA trial, an 
RCT comparing no postoperative treatment with 
postoperative adjuvant chemotherapy with UFT 
(for 1 year) for stage II colorectal cancer patients, 
enrolled 2024 patients in 270 facilities [55]. The 
results did not show the superiority of UFT (HR 
0.91, p = 0.31), and since this trial included an 
additional pathological and molecular biomarker 
study to investigate prognostic factors and factors 
predicting response to UFT by means of tests 
such as genetic screening of resected specimens, 
its results are attracting attention.

30.4.3  Adjuvant Chemotherapy After 
Distant Metastatic Resection 
(Curative B Resection)

Surgical resection is the standard treatment for 
resectable distant metastases in the liver, lungs, or 
elsewhere, but the post-resection recurrence rate 
is high, at 50–70%. Some form of chemotherapy 
after metastatic resection is therefore required, but 
the current guidelines on the management of 
colorectal cancer state that, since the safety and 
efficacy of postoperative adjuvant chemotherapy 
after resection have yet to be established, it should 
preferably be undertaken as part of a clinical trial. 
The JCOG0603 trial of 12 cycles of mFOLFOX6 
therapy as adjuvant chemotherapy after hepatec-
tomy is currently underway in Japan, investigat-
ing the value of adjuvant chemotherapy with 
combination therapy including oxaliplatin [56].

30.4.4  Postoperative Adjuvant 
Chemotherapy for Elderly 
Patients with Colorectal 
Cancer

Subgroup analyses in overseas RCTs have 
focused on the efficacy of adjuvant chemother-
apy for elderly colorectal cancer patients [57]. 
Among these analyses, the results of a subgroup 
analysis in the MOSAIC trial [40] showed that 
FOLFOX4 therapy did not provide any additional 
effect compared to 5-FU/LV therapy for stage II 
colorectal cancer patients aged 70–75 years.
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Abstract

In recent decades, the improvements in surgi-
cal techniques, imaging modalities, chemo-
therapy regimens, and radiotherapy have 
resulted in survival improvement. In the cur-
rent guideline, preoperative long-course 
chemoradiotherapy or short-course radiother-
apy is the standard treatment for locally 
advanced rectal cancer. On the other hand, 
various treatment schemes have been con-
ducted for further improvement of clinical 
outcomes for patients with stage II or III rectal 
cancer. Novel clinical trials have concept for 
more effective systemic treatments, risk- 
adapted radiotherapy, and the increased 
awareness of quality of life. The induction 
chemotherapy followed by preoperative 
chemoradiotherapy or consolidation chemo-
therapy after preoperative chemoradiotherapy 
has been conducted to investigate a reducing 
systemic metastasis. The omission of radio-
therapy has been addressed as a risk- adaptation 
concept for selected patients with response to 
neoadjuvant chemotherapy as well as low-risk 
local recurrence. In terms of quality of life, 
minimal or omitted surgery following com-

plete response to preoperative chemoradio-
therapy has been challenged. Here, the current 
status for novel multimodal approaches for 
rectal cancer is discussed.

Keywords

Short-course radiotherapy · Long-course 
chemoradiotherapy · Risk-adaptive radiother-
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management

31.1  Introduction

Currently, either preoperative long-course 
chemoradiotherapy or short-course radiotherapy 
is the standard of care for patients with stage II or 
III rectal cancer. The improved surgical tech-
nique and preoperative (chemo)radiotherapy 
achieved excellent local control less than 5–10%. 
But this improvement did not translate into 
improvement in disease-free and overall survival 
rates. Distant metastases of 30% are still predom-
inant failure patterns. So, same style neoadjuvant 
approaches in all stage II or III patients have been 
questioned. Preoperative (chemo)radiotherapy is 
overtreatment for the patient with low risk of 
local recurrence after TME alone. On the other 
hand, advanced strategies are required to improve 
control of systemic recurrence while maintaining 
local control rate. Recently, total neoadjuvant 
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therapy (TNT) approach, which is induction or 
consolidation chemotherapy before or after 
chemoradiotherapy, has been conducted increas-
ingly. In terms of quality of life, a “watch-and- 
wait” nonoperative management (NOM) 
approach has been pursued to preserve sphincter 
function in the patients achieving a pathologic 
complete response to preoperative chemoradio-
therapy. First of all, patient selection based on the 
risk stratification is the most important step to 
modify multimodal approaches. Further develop-
ments for accurate imaging techniques, genetic 
biomarkers, and clinicopathological features are 
warranted to select the patients and apply most 
appropriate treatment approaches.

31.2  Evolution of Preoperative 
Approaches

31.2.1  Preoperative Radiotherapy

Surgical techniques have evolved significantly 
for the last decades so that the likelihood of com-
plete cure is increasing. However, sizable portion 
of patients are at risk of both local recurrence and 
distant metastasis even after complete surgical 
resection, and continued efforts to improve initial 
local control have been accompanied [1–3]. 
Having colostomy permanently in some patients 
which deteriorates the patient’s quality of life 
afterward is another major issue. In this context, 
an erstwhile treatment approach has focused on 
the ability of surgery to secure plane and adjuvant 
treatment to control nearby tumor cells, while 
reducing the use of colostomy, particularly in dis-
tal tumors. Above all among various anticancer 
therapies, a number of data have emerged indi-
cating that radiation therapy is the essential com-
ponent of the treatment for rectal cancer. The first 
well-known success story of integrating radiation 
therapy with surgical resection was in the postop-
erative clinical setting and then confirmed in the 
preoperative clinical setting [4–12].

Most of these trials had shown that radiother-
apy was successfully utilized to reduce local 
recurrence rates, but this benefit did translate lit-
tle into improvements in disease-free survival or 

overall survival. Firstly, the Swedish Rectal 
Cancer Trial, which randomly assigned 1168 
patients with resectable disease either to short- 
course preoperative radiotherapy followed by 
surgery or surgery alone, demonstrated the 
improved survival in the preoperative radiother-
apy arm [13]. Unfortunately, this survival benefit 
was not replicated in other trials, and consider-
able rates of RT-related late toxicities were 
reported in this trial [13, 14]. The Dutch 
Colorectal Cancer Group trial was organized to 
reproduce the merit of preoperative short-course 
radiotherapy, which was clearly shown in the 
Swedish trial, in the era of the advanced surgical 
technique (total mesorectal excision (TME)) [15, 
16]. The validity of the statement from the 
Swedish Rectal Cancer Trial was confirmed in 
the TME era, in terms of local control but not sur-
vival aspects.

31.2.1.1  Swedish Rectal Cancer Trial
The schedule of 5 Gy × 5 fractions was first 
established as the standard short-course radio-
therapy in the preoperative setting of rectal can-
cer ever since the Swedish Rectal Cancer Trial 
was published. This short-course radiation 
schedule (25 Gy in 5 fractions in 5 consecutive 
days) was determined to have a similar biologi-
cally equivalent dose with conventional radia-
tion schedule of 45 Gy in 25 fractions in 5 weeks, 
despite the stark difference in the real physical 
dose delivered. After a median follow-up of 
5 years, the Swedish trial showed that adding 
short-course radiotherapy before surgery 
reduced the risk of local recurrence from 27% to 
11% (P < 0.001), thus leading to improved 
5-year overall survival and disease-free survival. 
This benefit was seen regardless of Dukes’ stage. 
Overall in-hospital mortality risk was not 
increased in patients with short-course radio-
therapy and surgery when compared to those 
with surgery alone but increased in patients who 
received radiotherapy with low-quality tech-
nique. Long-term result after a median follow-up 
of 13 years confirmed the value of initial find-
ings [17]. Again, local recurrence rate was 
decreased from 26% to 9% (P < 0.001), and 
overall survival was increased from 30% to 38% 
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(P < 0.001) by adding short-course regimen of 
preoperative radiotherapy. This benefit was seen 
at all tumor heights except in the patients with 
tumors located greater than 10 cm from the anal 
verge.

31.2.1.2  Dutch Rectal Cancer Trial
Total mesorectal excision (TME) has become a 
standard surgical approach as it significantly 
improved the local control ability [18]. As such, 
a concern had grown that the benefit of short- 
course radiation in the Swedish Rectal Cancer 
Trial might have been due to the higher risk of 
local failure after suboptimal excision and thus 
would not show a similar effect in the clinical set-
ting of TME. The Dutch Colorectal Cancer 
Group initiated to investigate the impact of short-
course radiotherapy followed by TME surgery 
within 1 week for resectable rectal cancer [15]. 
This Dutch TME trial failed to demonstrate an 
significant improvement in overall survival for 
irradiated group than nonirradiated group, but did 
show a significant difference in local failure, with 
10-year rate of local recurrence of 5% vs. 11% in 
the preoperative short-course arm vs. surgery 
alone arm, respectively, after 12 years of follow-
 up (P < 0.001) [16]. Unplanned subset analysis 
revealed that a significant improvement in 
10-year overall survival was observed in patients 
with the stage III disease who had negative cir-
cumferential resection margin (CRM), with 
10-year rate of overall survival of 50% vs. 40%, 
respectively. Toxicities, such as bowel frequency, 
fecal incontinence, anal blood loss, and mucus 
discharge, were reported to be higher in the pre-
operative radiotherapy group than in the surgery 
alone group [19].

31.2.1.3  MRC CR07 Trial
The short-course preoperative treatment was 
reinforced by the MRC CR07 trial [20]. A total of 
1350 patients with operable rectal cancer were 
randomized to two arms: short-course preopera-
tive radiotherapy with 25 Gy in 5 fractions or 
selective postoperative chemoradiotherapy with 
daily 1.8 Gy in 25 fractions and concomitant che-
motherapy for patients with involved 
CRM. Patients with neoadjuvant radiotherapy 

showed a decrease in the relative risk of local 
recurrence by 61%.

31.2.2  Preoperative 
Chemoradiotherapy

It is obvious that the combination of radiotherapy 
and surgery reduces the rate of local recurrence. 
However, no studies have confirmed that radio-
therapy improves the patient survival seen in the 
Swedish trial [13, 14]. Therefore, 5-FU-based 
chemotherapy was combined with radiotherapy 
through several phase III trials to improve patho-
logic and clinical outcome. According to the 
meta-analysis which included FFCD-9203 [21], 
EORTC-22921 [22], and four other studies [23–
26], reduced local recurrence rates were yielded 
by the addition of chemotherapy to neoadjuvant 
radiotherapy in the locally advanced rectal cancer 
with odds ratio of 0.56 (95% CI, 0.42–0.75)) 
[27]. Therefore, now, a standard treatment 
approach in the treatment of locally advanced 
rectal cancer is adding chemotherapy to conven-
tional fractionated radiotherapy, primarily based 
on that chemoradiotherapy enhanced the local 
control and improved the pathologic complete 
remission rates [28].

Postoperative chemoradiotherapy after rectal 
cancer resection was considered to be the stan-
dard of care for stage II/III rectal cancer, based 
mainly on evidence from trials of colon cancer. 
As evidence for the effects of preoperative 
chemoradiotherapy on pathologic complete 
remission and local tumor control increased, sev-
eral questions emerged as follows: (1) the opti-
mal sequence of adding chemoradiotherapy in 
relation to resection and (2) the best radiosensi-
tizing or systemic agent to be combined with 
radiation. Some studies had examined the preop-
erative and postoperative chemoradiotherapy in 
order to determine the optimal timing of chemo-
radiotherapy in relation to surgical resection. The 
German Rectal Cancer Study Group trial was the 
landmark study which was published in 2004 
[29]. This trial enrolled 823 patients with cT3/4 
or N+ disease to randomize into either preopera-
tive or postoperative chemoradiotherapy group. 

31 Recent Update on the Role of Radiation Therapy in Colorectal Cancer



348

At a median 46-month follow-up, a significant 
reduction of local recurrence was observed in the 
preoperative chemoradiotherapy compared to 
postoperative chemoradiotherapy (6% vs. 13%; 
P = 0.006). The difference persisted even after 
11 years of follow-up [30].

31.3  Short-Course Radiotherapy 
vs. Long-Course 
Chemoradiotherapy

Both preoperative short-course radiotherapy and 
long-course chemoradiotherapy are the standards 
of care for high-risk rectal cancer in terms of 
effective local control and low morbidity [28]. 
Preoperative short-course radiotherapy is a pre-
ferred in some European countries. However, in 
the United States, stage II or III rectal cancer is 
generally treated with preoperative long-course 
chemoradiotherapy [31]. Short-course radiother-
apy consisted of 25 Gy in 5 fractions in 1 week 
followed by surgery within 1 week. Long-course 
chemoradiotherapy consisted of 50.4 Gy in 
1.8 Gy per fraction over 5–6 weeks concurrent 
with infusional 5-FU or oral capecitabine fol-
lowed by surgery in 4–6 weeks [32]. The advan-
tage of short-course radiotherapy is simplicity, 
good compliance, patient convenience, and cost 
benefit, whereas long-course chemoradiotherapy 
has the advantage of the superior downsizing of 
the tumor thus increasing the chance of sphincter 
preservation. Also, smaller radiation fractions 
per fraction may be less late radiation toxicity 
compared with 5 Gy per fraction of short-course 
radiotherapy [32].

The Polish Colorectal Study Group conducted 
prospective randomized clinical trial to compare 
preoperative short-course radiotherapy to long- 
course chemoradiotherapy directly [24, 33]. A 
total of 316 patients with resectable T3-4 rectal 
carcinoma without tumor infiltration of the anal 
sphincter and a lesion accessible to digital rectal 
examination were randomly assigned to receive 
short-course radiotherapy or long-course chemo-
radiotherapy. Digital rectal exam is a major role 
to evaluate eligibility, whereas MRI was not 
applied. Adjuvant chemotherapy was not 

mandatory. Although significant downsizing was 
achieved in long-course chemoradiotherapy, the 
primary end point, a 15% improvement in sphinc-
ter preservation, was not obtained (short course 
61%, long course 58%; P = 0.57). Long-course 
chemoradiotherapy improved both pathologic 
complete response rates (16.1% vs. 0.7%) and 
negative CRM rates (95.6% vs. 87.1%). But these 
positive results did not translate into a significant 
difference in overall survival, relapse- free sur-
vival, or local recurrence between groups. Crude 
incidence of local recurrence was similar but rel-
atively high in long-course chemoradiotherapy 
(short course 9.0%, long course 14.2%; P = 0.17). 
No significant difference in late toxicity, quality 
of life, anorectal function, and sexual functioning 
were detected between two groups.

More recently, the Trans-Tasman Radiation 
Oncology Group (TROG) in Australia and New 
Zealand reported results of a randomized trial 
comparing short-course radiotherapy and long- 
course chemoradiotherapy for patients with only 
T3 localized rectal cancer using ultrasound or 
MRI [26]. This study showed more modernized 
evaluation program and homogeneous patient 
group. Also, adjuvant chemotherapy was deliv-
ered for 6 months in short-course group or 
4 months in long-course group. A total of 326 
patients were randomly assigned to each group. 
The 3-year local recurrence rates were 7.5% for 
short-course group and 4.4% for long-course 
group. This small difference of 3.1% was not sig-
nificant (P = 0.24) and failed to meet the primary 
end point of 10% difference between two groups 
(a difference in 3-year local recurrence rate of 
15% in short course vs. 5% in long-course). 
Noteworthy difference of local recurrence in distal 
rectal cancer was observed. In 79 patients with dis-
tal rectal cancer, 6 of 48 patients on short- course 
group and 1 of 31 patients on long-course group 
experienced local recurrence. As expected, a 
higher rate of pathologic complete remission (15% 
vs. 1%) was achieved with long-course chemora-
diotherapy, but no difference in 5-year disease-free 
survival or overall survival rate was observed. The 
late toxicity and quality of life were similar in two 
groups. Even in much higher pathologic complete 
response rate in the long- course group, the 
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abdominoperineal resection rates were similar in 
short course and long course. Possible reasons for 
failing to reduce the abdominoperineal resection 
rate were insufficient downsizing, concerns about 
residual microscopic disease even after a good 
clinical response, and the surgical practice of bas-
ing clinical decisions on the pretreatment distal 
margin rather than the perioperative clinical 
response to radiotherapy [32].

Both polish and TROG trials were underpow-
ered to detect modest but clinically significant 
differences in long-term outcomes. It therefore 
remains unclear which neoadjuvant strategy is 
superior [34]. The Berlin Rectal Cancer Trial was 
commenced in 2004 and has closed to recruit-
ment [35]. A total of 760 patients with T2N+ or 
T3 disease were randomized to receive either 
short-course radiotherapy or 5-FU-based chemo-
radiotherapy followed by total mesorectal exci-
sion surgery. Adjuvant chemotherapy was 
prespecified. Total mesorectal excision quality 
was independently documented by the surgeon 
and the pathologist. Hypothesis of the study was 
that chemoradiotherapy is superior to short- 
course radiotherapy in terms of local recurrence 
after 5 years. Its result is pending, and this may 
help answer the question regarding the optimal 
preoperative strategy. Given current evidence, 
both short-course radiotherapy and long-course 
chemoradiotherapy are safe and effective in 
terms of local control and toxicity. Preferred 
strategy has been depending on countries and 
physicians until now [34]. But long-course 
chemoradiotherapy is preferred for distal rectal 
tumors, high-risk T3 and all T4 tumors, and 
tumors that are borderline candidates for sphinc-
ter preservation [34].

31.4  Risk Stratification of Rectal 
Cancer

Both neoadjuvant short-course radiotherapy and 
long-course chemoradiotherapy reduce the risk 
of local recurrence compared with surgery alone, 
but neoadjuvant radiotherapy has not shown sur-
vival benefit [36]. Based on current evidence, 
these monolithic neoadjuvant approaches with 

5-FU- or capecitabine-based long-course chemo-
radiotherapy or short-course radiotherapy to all 
patients with TNM stage II/III rectal cancer need 
to be questioned [37]. Some surgeons are of the 
opinion that they can achieve a good local control 
rate without preoperative RT, provided that a 
high-quality surgery is performed [31]. Several 
groups have recently explored omitting radio-
therapy when MRI suggests the tumor is easily 
resectable and the mesorectal fascia is not threat-
ened regardless of nodal stage. This omission is 
associated with the local recurrence rates of <5% 
[38–42].

Outcomes of rectal cancer vary significantly 
according to the stage of disease and several 
prognostic factors. Risk stratification and indi-
vidualized treatment have been suggested for 
stage II/III rectal cancer. In a pooled analysis of 
survival and relapse rates in five North American 
phase III trials receiving postoperative therapy 
for rectal cancer, 5-year overall survival rates for 
T3N0, T3N1, and T3N2 were 75%, 60%, and 
44%, respectively [43]. In another population- 
based analysis, the 5-year overall survival rates 
were 64%, 52.4%, and 37.5% for N0, N1, and N2 
disease, respectively [44]. Patients were sepa-
rated into four risk groups by TN stage: low risk 
(T1/2N0), intermediate risk (T1/2N1, T3N0), 
moderately high risk (T1/2N2, T3N1, T4N0), 
and high risk (T3N2, T4N1/2) [28]. In addition to 
TN stage, several poor risk factors of primary 
rectal cancer have been reported including depth 
of extramural spread, the distance from the anal 
verge, the circumferential location, the distance 
of the tumors from the mesorectal fascia, and the 
involvement of extramural vessels [38]. All 
established pathological risk factors can be iden-
tified by MRI preoperatively [36]. The 
MERCURY trial evaluated the extramural depth 
of tumor spread, defined as the distance between 
muscularis propria and the tumor. This study 
found that it was feasible to determine prognosis 
with a true measurement of the distance of extra-
mural tumor spread by high-resolution MRI [31, 
45]. There are many conflicts for treatment of T3 
rectal tumor. T3 tumors are heterogeneous group 
from tumors that barely extend beyond the lam-
ina muscularis propria to those that extend to or 
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invade the mesorectal fascia [36]. Based on the 
extent of extramural spread, T3 tumors showed 
different survival rate. Tumors with extramural 
spread ≤5 mm had a 5-year survival of 83.4% 
compared with those tumors >5 mm, which had a 
5-year overall survival rate of 54.1% (p < 0.0001) 
[46]. In the MERCURY study, patients with safe 
mesorectal fascia margins and T2/T3 tumors of 
<5 mm extramural spread on high-resolution 
MRI had good prognosis; 5-year disease-free 
survival and overall survival rates were 85% and 
68% with surgery alone [39]. Patients with low- 
lying tumors requiring abdominoperineal resec-
tion have adverse outcomes. In a pooled analysis 
of five European randomized controlled trials for 
rectal cancer, local recurrence, cancer-specific 
survival, and overall survival rates were signifi-
cantly worse in those patients who underwent 
abdominoperineal resection [47]. The Second St. 
Gallen European Organisation for Research and 
Treatment of Cancer Gastrointestinal Cancer 
Conference asked “Do T3 rectal cancers always 
need radiotherapy?” Omitting radiotherapy 
would offer the benefit of improved wound heal-
ing, less frequent anastomotic leaks, avoidance of 
long-term radiation toxicity, and a smaller risk of 
secondary malignancies [38]. For easily resect-
able cancers of the mid-rectum with no detect-
able lymph node metastases (cT3 cN0), 71% of 
panelists did not feel combination treatment was 
required for all patients, but 25% did, albeit there 
was some debate as to the definition of “easily 
resectable,” which may be defined as tumors with 
<5 mm infiltration depth into the mesorectal fat 
and at least 1 mm distance from the mesorectal 
fascia. In contrast, for cT3 cN0 low rectal cancer, 
66% voted that short-course radiotherapy or 
long-course chemoradiotherapy is necessary 
[38]. The most main risk factor for a local recur-
rence after rectal cancer surgery is the surgical 
plane. In the CR07 and NCIC-CTGCO16 trials, 
both an uninvolved circumferential resection 
margin, which was defined as tumor at a mini-
mum distance of 1 mm from the circumferential 
resection margin on pathology, and a superior 
surgical plane, were associated with low local 

recurrence rates [48, 49]. In the long-term results 
from MERCURY study, only those patients with 
a predicted MRI margin of ≤1 mm between 
tumor and mesorectal fascia had significantly 
higher rates of local recurrence compared with 
those with predicted MRI margin of >5 mm [36, 
50]. In the Second St. Gallen European 
Organisation for Research and Treatment of 
Cancer Gastrointestinal Cancer Conference, a 
large majority of panelists believe chemoradio-
therapy to be required when MRI shows a “threat-
ened or breached circumferential resection 
margin,” or in cancers which require surgical 
resection beyond the conventional total mesorec-
tal excision and in clinically unresectable cancers 
[38]. Another factor influencing the risk on local 
recurrence is the extramural venous invasion. 
The extramural venous invasion has been shown 
to be associated with development of liver metas-
tases as well as local recurrence in rectal cancer 
[51, 52].

On the basis of MRI staging, Dewdney A 
et al. categorized rectal cancer into three prog-
nostic groups according to stage, the predicted 
relationship of the tumor to the circumferential 
resection margin, lymph node status, the degree 
of extramural spread, and the presence of extra-
mural venous invasion enabling patient selection 
for preoperative treatment (Table 31.1) [36].

They suggested that those patients with low- 
risk rectal cancer can undergo surgery alone with 
favorable long-term outcomes sparing them from 
radiation-induced long-term toxicities. Those 

Table 31.1 Prognostic classification of rectal cancer 
based on pretreatment staging magnetic resonance 
imaging

Risk features Low risk
Moderate 
risk

High 
risk

Extramural spread ≤5 mm >5 mm >5 mm

Nodal status N0 N1–2 N2

Circumferential 
resection margin

Not at risk Not at risk At risk

Position of tumor High Low or high Low

Extramural venous 
invasion

Absent Present Present
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patients with high-risk disease will need to be 
evaluated for intensified preoperative regimens to 
reduce distant failures and improve survival [36]. 
Future developments will be warranted to aim at 
identifying and selecting patients for their most 
appropriate treatment alternatives. Thus, clinico-
pathological and molecular features as well as 
accurate imaging and response monitoring dur-
ing treatment will take an integrative part in the 
multimodality management of rectal cancer 
patients [37].

31.5  Total Neoadjuvant Therapy 
(TNT) Approach

The improved surgical techniques and neoadju-
vant chemoradiotherapy have markedly decreased 
the rates of local recurrence for locally advanced 
rectal cancer. However, distant metastatic disease 
remains the most significant cause of death for 
these patients [53]. Therefore these patients will 
need to be evaluated for intensified treatment 
approach to reduce distant failures and improve 
survival. One could hypothesize that administer-
ing chemotherapy at an earlier point might treat 
micrometastases, thereby reducing the incidence 
of distant recurrence. This is the rationale for 
moving full systemic chemotherapy treatment 
forward to an earlier point in the rectal cancer 
treatment algorithm [28]. Although systemic ther-
apy delivery to the neoadjuvant strategy may be 
associated with its own caveats, such as selection 
of radioresistant clones, induction of accelerated 
repopulation, and possibly reduced compliance to 
chemoradiotherapy, it may have the promise to 
improve compliance rates, reduce toxicity, and 
decrease distant relapse rates resulting from 
administering systemic chemotherapy with suffi-
cient dose and intensity [37, 53]. Such a rationale 
makes the strategy called “total neoadjuvant ther-
apy (TNT) approach ” incorporating both chemo-
therapy and chemoradiotherapy in the neoadjuvant 
setting, and recently, multiple prospective trials 
have reported on the use of TNT for patients with 
locally advanced rectal cancer [37, 53].

Ludmir EB et al. clearly described several 
promising benefits of delivering chemotherapy 
in the neoadjuvant setting compared with adju-
vant chemotherapy. Whereas postoperative 
complications and treatment-related toxicities 
limited adjuvant chemotherapy compliance, 
neoadjuvant chemotherapy allows for greater 
treatment compliance and reduces overall toxic-
ity rates. Furthermore, earlier delivery of full-
dose, systemic therapy to eliminate 
micrometastatic disease has the potential to 
decrease the risk of disease progression during 
treatment and improve disease-related out-
comes. Others have noted that positioning sur-
gery as the final step in the treatment algorithm 
for locally advanced rectal cancer could allow 
for earlier reversal of a diverting stoma postop-
eratively [54]. TNT also gives rise to increasing 
rates of tumor regression and downstaging 
resulting in further increasing complete (R0) 
resection rates. Conversely, a major disadvan-
tage is that the delay in definitive surgery could 
allow for local disease progression, particularly 
in those patients who do not respond to TNT. In 
terms of surgical compliance or complication, 
TNT may decrease the performance status of 
patients who undergo planned surgical resection 
and/or potentially increase surgical complica-
tion rates [53].

31.5.1  Delayed Surgery and 
Consolidation Chemotherapy 
After Preoperative 
Chemoradiotherapy

The most commonly used time interval between 
completion of preoperative chemoradiotherapy 
and surgical resection has traditionally been 
4–6 weeks. However, the response to chemora-
diotherapy for rectal cancer is time-dependent, 
and maximal local tumor regression may well 
take longer than the standard 6 weeks to  surgery. 
During this prolonged interval between chemora-
diotherapy and surgery, adding consolidation che-
motherapy can give rise to not only allow more 
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time to regress tumor before surgery but also pro-
vide effective systemic treatment early to reduce 
the risk of developing systemic disease [37].

The Timing of Rectal Cancer Response to 
Chemoradiation Consortium in the United States 
conducted a prospective, multi-institutional 
phase II trial to test effect of adding mFOLFOX6 
after neoadjuvant chemoradiotherapy in locally 
advanced rectal cancer [55]. The patients were 
assigned to four groups to receive chemoradio-
therapy (with concurrent 5-FU) followed by 
mFOLFOX6 and then surgical resection. Patients 
in group 1 had total mesorectal excision 
6–8 weeks after chemoradiation. Patients in 
groups 2–4 received two, four, or six cycles of 
mFOLFOX6, respectively, during the waiting 
period before surgery (performed 11, 15, and 
19 weeks, respectively, after completion of 
chemoradiotherapy). Treatment compliance 
with neoadjuvant chemotherapy was tolerable 
with about 80% of patients completing all pre-
scribed neoadjuvant chemotherapy cycles. 
Furthermore, the postoperative complication 
rates did not increase in spite of adding more 
chemotherapy cycles. The pathologic complete 
remission rates increased significantly with 
increasing cycles of FOLFOX between chemo-
radiotherapy and total mesorectal excision (18% 
in group 1, 25% in group 2, 30% in group 3, and 
38% in group 4). This approach has now been 
tested in a randomized phase II study in Germany 
(CAO/ARO/AIO-12) as well as in the random-
ized phase III RAPIDO trial for short-course 
radiotherapy [37, 56].

The Polish Colorectal Study Group conducted 
a randomized phase III trial to assess the role of 
consolidation neoadjuvant chemotherapy 
between radiotherapy and surgery. The patients 
with fixed cT3 or cT4 cancer were randomized to 
receive either short-course radiotherapy (25Gy in 
5 fractions) followed by three cycles of FOLFOX 
or long-course chemoradiotherapy (50.4 Gy over 
5 weeks) with concurrent FOLFOX6. About 
12 weeks’ interval from radiotherapy to surgery 
was similar in both arms. Preoperative treatment 
acute toxicity was lower in short-course radio-
therapy with consolidation than long-course 
chemoradiotherapy. Also, compliance with 

oxaliplatin delivery favored the short-course 
radiotherapy with neoadjuvant chemotherapy 
over the long-course chemoradiotherapy (72% 
vs. 64%). There were no differences in the R0 
resection (primary end point), pathologic com-
plete response rate, local control, or disease-free 
survival rates between the treatment arms. 
Nevertheless, an improved overall survival favors 
the 5 × 5 Gy schedule with consolidation chemo-
therapy [57].

31.5.2  Induction Chemotherapy 
Followed by 
Chemoradiotherapy and then 
Surgery

The Spanish Grupo Cancer de Recto 3 (GCR-
3) phase II trial compared conventional preop-
erative chemoradiotherapy and adjuvant 
chemotherapy with induction chemotherapy 
before chemoradiotherapy. Patients with T3–
T4 and/or N+ disease were randomized to 
receive four cycles of capecitabine/oxaliplatin 
(CAPOX) either before neoadjuvant chemora-
diotherapy (induction chemotherapy) or after 
surgery (adjuvant chemotherapy). There were 
no significant differences between the two 
arms in pathologic complete remission and 
disease-free survival rates, 5-year cumulative 
incidence of local relapse, incidence of distant 
metastases, or overall survival. The induction 
chemotherapy had both markedly improved 
chemotherapy compliance and low-grade ≥3 
toxicity [58, 59].

Marechal et al. in Brussels [60] conducted a 
randomized phase II trial to compare standard 
therapy (preoperative 5-FU-based chemoradio-
therapy followed by surgery) with induction 
FOLFOX, followed by chemoradiotherapy, and 
then surgery. The primary endpoint was the rate 
of ypT0/1N0 achievement. Fifty seven patients 
were randomly assigned. On planned interim 
analysis, the ypT0/1N0 rates were no different 
between two arms. So, the study was deemed 
futile and prematurely closed.

Thus, there is no clear evidence that the imple-
mentation of induction chemotherapy prior to 
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chemoradiotherapy did improve outcomes [28]. 
Whether or not the improvement in applicability 
and dose density of induction chemotherapy will 
ultimately translate into improved disease-free 
survival will have to be tested in a larger phase III 
trial [37]. Currently there is an ongoing random-
ized phase III trial (the French PRODIGE 23 
trial) that is randomly assigning 460 patients with 
locally advanced rectal cancer to either receive 
induction chemotherapy with FOLFIRINOX 
(5-FU, leucovorin, irinotecan, and oxaliplatin), 
followed by preoperative chemoradiotherapy 
(arm 1), or to receive preoperative chemoradio-
therapy alone (arm 2) [28] (Table 31.2).

31.6  “Watch-and-Wait” 
Nonoperative Management 
(NOM) Approaches

Surgery has been the cornerstone of curative 
treatment for rectal cancer, but it is associated 
with perioperative complications, including vas-
cular injury, bleeding, infection, wound compli-
cations, and/or ureteral injury. Furthermore, 
long-term effects such as anorectal, urinary, and/
or sexual dysfunction have been associated with 
surgery [34, 61]. For some patients with distal 
rectal cancer, the psychosocial morbidity of a 
permanent colostomy has been serious problem 
for their quality of life [62, 63]. The achievement 
of pathologic complete response after neoadju-
vant chemoradiotherapy occurs in 10–38% of 
rectal cancer [64], and subsequent local recur-
rence in these patients is rare [65]. Also, patho-
logic complete response is associated with 
improved overall survival and disease-free sur-
vival in comparison to partial responders or non-
responders [66–68]. Good prognosis in this 
cohort is possibly explained as a more favorable 
tumor biologic profile [66]. Given the potential 
surgical morbidity and good prognosis of patho-
logic complete response, several investigators 
have suggested a subset of patients experiencing 
a pathologic complete response may not benefit 
from surgery [34]. The potential clinical advan-
tage of nonoperative management (NOM) is to 
avoid the complications associated with surgery. 

A NOM is reasonable for elderly patients and for 
those with significant medical comorbidities. 
Another interest is the perceived reduction in 
quality of life with a permanent stoma in the 
patient with low-lying tumor who had clinically 
had pathologic complete response after neoadju-
vant chemoradiotherapy [69].

Investigators from the University of Sao Paulo 
were the first to pioneer the selective nonopera-
tive management (NOM) approach for patients 
with potentially resectable rectal cancer who 
experience a clinically complete response to 
chemoradiotherapy [37]. In early report, Habr- 
Gama et al. reported overall long-term results of 
stage 0 rectal cancer following neoadjuvant 
chemoradiotherapy and compared long-term 
results between operative and nonoperative treat-
ment [70]. After 8 weeks from completion of 
chemoradiotherapy, patients were reevaluated by 
an experienced colorectal surgeon to assess 
tumor response using the same pretreatment clin-
ical, endoscopic, and radiologic parameters. 
During proctoscopy, biopsies were obtained for 
pathologic examination. The presence of any sig-
nificant residual ulcer or positive biopsies per-
formed during proctoscopy was considered 
incomplete clinical response. Patients without 
any abnormality during tumor response assess-
ment were considered to have complete clinical 
response. Patients deemed to have a clinical com-
plete response were referred to monthly follow-
 up visits for repeat physical and digital rectal 
examination, proctoscopy, biopsies, and serum 
CEA levels. Patients in this group were carefully 
advised that initial tumor remission could be 
temporary, and, therefore, a strict follow-up 
adherence was mandatory. Abdominal and pelvic 
CT scans and chest radiographs were repeated 
every 6 months during the first year. Patients with 
sustained complete tumor regression for at least 
12 months were considered stage 0. In an updated 
series published in 2006, they described the out-
comes of 361 patients with distal, resectable 
cT2–4 and/or cN+ rectal cancer treated with neo-
adjuvant chemoradiotherapy (50.4 Gy plus 5-FU/
leucovorin) [70, 71]. Patients with complete clin-
ical response were not immediately operated on 
and were closely followed. One hundred 
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twenty- two patients were considered to have 
complete clinical response after the first tumor 
response assessment. Of these, only 99 patients 
sustained complete clinical response for at least 
12 months and were considered stage c0 (27.4%) 
and managed nonoperatively. At a mean follow-
up of 60 months, this cohort experienced 13 
(13%) recurrences. Of these, five (5%) recur-
rences were endorectal, seven (7%) systemic, and 
one (1%) combined. All five isolated endorectal 
recurrences were salvaged. The 5-year overall 
survival and disease-free survival rates were 93% 
and 85%, respectively. A NOM after complete 
clinical response following neoadjuvant chemo-
radiotherapy may be safe and associated with 
good survival rates in a highly selected group of 
patients with sustained clinical complete response 
>12 months after chemoradiotherapy.

In a recent prospective study, this group used a 
more intense chemoradiotherapy regimen of 
54 Gy in 32 fractions with three concurrent cycles 
of 5-FU/leucovorin every 21 days, followed by 
three further cycles of consolidation chemother-
apy before response assessment 9 weeks after 
completion of chemoradiotherapy [72]. Forty- 
seven (68%) patients had initial complete clinical 
response. Of these, eight developed local 
regrowth within the first 12 months of follow-up 
(17%). Thirty-nine sustained complete clinical 
response at a median follow-up of 56 months 
(57%). An additional four patients (10%) devel-
oped late local recurrences (>12 months of fol-
low- up). Overall, 35 (50%) patients never 
underwent surgery due to sustained clinical com-
plete response.

Researchers in the Netherlands [73] initiated a 
prospective study of a “watch-and-wait” nonop-
erative management aiming to replicate the 
results from Sao Paulo with high-resolution 
MRI. At 6–8 weeks after neoadjuvant chemora-
diotherapy, reevaluation was performed using 
digital rectal examination, MRI, and endoscopy 
with biopsies. A clinical complete response was 
defined as no residual tumor on MRI, no residual 
tumor at endoscopy with negative biopsies from 
the tumor location, and no palpable tumor by 
digital rectal examination. Only 21 of the 192 
(11%) patients had evidence of clinical complete 

response. Of these one patient developed endolu-
minal recurrence, and successfully was treated 
with salvage surgery. The other 20 patients 
remained alive without disease. In the compari-
son to 20 patients with pathologic complete 
response after radical surgery, The 2-year 
disease- free survival (89% vs. 93%) and overall 
survival rates (100% vs. 91%) were similar for 
the clinical complete response and pathologic 
complete response patients. But patients treated 
with NOM had less toxicity and better bowel 
function. More comprehensive evaluation using 
MRI than Habr- Gama et al.’s study resulted in 
low rate of clinical complete response rate.

The recent Oncological Outcome after 
Clinical Complete Response in Patients with 
Rectal Cancer (OnCoRe) project in the United 
Kingdom attempted to provide the safety of the 
NOM by comparing oncological outcomes 
between patients managed by watch and wait 
who achieved a clinical complete response and 
those who had surgical resection after chemora-
diotherapy [74]. Using propensity-score match-
ing (including T stage, age, and performance 
status), 109 patients underwent the watch-and- 
wait approach, while the other 109 patients 
underwent radical surgery. No differences in 
3-year non-regrowth disease-free survival were 
noted between watch and wait and surgical resec-
tion (88% vs. 78%, p = 0.043). Similarly, no dif-
ference in 3-year overall survival was noted (96% 
vs. 87%, p = 0.024). However, patients in the 
watch-and-wait group had significantly better 
3-year colostomy-free survival than those who 
underwent surgical resection (74% vs. 47%, 
p < 0.0001).

There are potential pitfalls for NOM. A dis-
crepancy between clinical complete response 
and pathologic complete response is problem-
atic to extrapolate the favorable results of 
patients with a pathologic complete response to 
those with a clinical complete response. 
Although local salvage therapy may be success-
ful for most of regrowing disease, regrowth 
partly was associated with systemic metastases 
[75]. In addition, there is no clear evidence to 
predict an unfavorable biology. Further study of 
radiographic and biologic predictors including 
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genetic expression profiles of clinical complete 
response and pathologic complete response may 
ultimately facilitate improved selection of 
patients eligible for NOM [69]. At present, 
NOM approach could be useful to very select 
patients with distal tumors who will have a poor 
functional outcome and psychosocial morbidity 
of a permanent stoma after surgery [31].
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Peritoneal Metastasis

Hideaki Yano

Abstract

Colorectal peritoneal metastasis (CPM) used 
to be generally considered a systemic and fatal 
condition; however, it has been growingly 
accepted that CPM can still be a local disease 
rather than a systemic disease as analogous to 
liver or lung metastasis.

Cytoreductive surgery (CRS) combined 
with hyperthermic intraperitoneal chemo-
therapy (HIPEC) is now considered an opti-
mal treatment for CPM with accumulating 
evidence. There is a good reason that 
CRS+HIPEC, widely accepted as a standard 
of care for pseudomyxoma peritonei (PMP), 
could be a viable option for CPM given a 
similarity between CPM and PMP.

Recent years have also seen that modern 
systemic chemotherapy with or without 
molecular targeted agents can be effective 
for CPM. It is possible that neoadjuvant 
or adjuvant chemotherapy combined with 
CRS+HIPEC could further improve 
outcomes.

Patient selection, utilising modern images 
and increasingly laparoscopy, is crucial. 
Particularly, diagnostic laparoscopy is likely 

to play a significant role in predicting the like-
lihood of achieving complete cytoreduction 
and assessing the peritoneal cancer index 
(PCI) score.

Keywords

Colorectal peritoneal metastasis · Cytoreductive 
surgery · Peritonectomy · HIPEC

32.1  Introduction

It is well established that in a certain number of 
patients with colorectal liver or lung metastasis 
cure can be achieved by metastasectomy. 
Likewise, some cases with colorectal peritoneal 
metastasis (CPM) may present as local spread 
rather than systemic spread and may be amenable 
to cure by surgical resection.

It can be safely said that the treatment that 
has the most evidence and is therefore believed 
to be optimal for CPM is cytoreductive surgery 
(CRS) in the form of peritonectomy combined 
with hyperthermic intraperitoneal chemotherapy 
(HIPEC) [1].

CRS+HIPEC has already been established as 
a standard of care for pseudomyxoma peritonei 
(PMP) [2] and is now considered the most reli-
able treatment for CPM considering the similar-
ity between PMP and CPM.
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32.2  Conventional Treatment 
of Synchronous Colorectal 
Peritoneal Metastasis

According to the Japanese national colorectal 
cancer registry that accumulated 25,612 cases 
between 2000 and 2004, the incidence of perito-
neal metastasis at the time of diagnosis/surgery 
(synchronous peritoneal metastasis) was 4.5%, 
second most to liver metastasis (10.9%), fol-
lowed by lung metastasis (2.4%) [3].

The majority of colorectal cancers with syn-
chronous peritoneal metastasis presents with 
symptoms, such as bleeding or obstruction. 
Therefore, resection of primary cancers is justi-
fied unless the patients are too unfit or there are 
anatomical limitations, e.g. (a) ascending or trans-
verse colon cancer where the primary tumours or 
metastatic nodes massively invade the duodenum 
or pancreas, (b) rectosigmoid or rectal cancers 
that massively invades the bladder or prostate, etc.

Possible clinical scenarios would be (a) peri-
toneal involvement was suspected on preopera-
tive CT or PET scans and extensive peritoneal 
involvement was confirmed on surgery where the 
primary tumour was removed to palliate symp-
toms (bleeding, obstruction, etc.) unless too unfit 
or extensive local spread, otherwise only bypass 
or stoma was fashioned; or (b) limited to moder-
ate peritoneal involvement was established unex-
pectedly only on surgery where both primary and 
peritoneal tumours were removed (R1) or only 
primary tumours were removed (R2). And then 
systemic chemotherapy would be given postop-
eratively (as adjuvant if R1) wherever possible.

Potential problems in those scenarios in rela-
tion to CRS+HIPEC would be (a) systemic che-
motherapy is considered to be less effective for 
peritoneal metastasis than for liver or lung metas-
tasis; (b) the rate of ‘curative’ resection, and the 
possibility of achieving cure, is extremely low 
and could be improved by CRS+HIPEC; (c) it is 
possible that the resection of primary tumours in 
the presence of macroscopic peritoneal deposits 
could induce the implantation of tumour cells 
onto the newly created raw surfaces; and (d) the 
increasing use of laparoscopic or robotic surgery 
could be detrimental to the diagnosis and treat-

ment of peritoneal metastasis because of misdi-
agnosis of small peritoneal nodules or inadequate 
dissection as a result of its limited operative 
views.

Therefore, new treatment strategies could be 
more judicious which include (a) delayed and 
scheduled CRS+HIPEC where the primary 
tumour is deliberately left in situ with either 
stenting or stoma formation and definitive 
CRS+HIPEC is performed following 3–6 months 
of systemic ± intraperitoneal chemotherapy; (b) 
upfront HIPEC where HIPEC is given at the time 
of surgery provided R1 surgery is achieved; or (c) 
second-look HIPEC where a second-look lapa-
rotomy is performed after 6–12 months of initial 
surgery where CRS+HIPEC is performed if peri-
toneal disease is found or otherwise HIPEC only.

32.3  Conventional Treatment 
of Metachronous Colorectal 
Peritoneal Metastasis

Amongst all the differences between peritoneal 
and other distant metastases/recurrences is the 
difficulty of radiological imaging studies. By 
utilising CT, MRI and PET, the diagnosis can be 
made fairly easily and, moreover, even its surgi-
cal resectability can now be predicted quite accu-
rately in liver or lung metastasis, which strikes a 
sharp contrast to peritoneal metastasis. As a 
result, metachronous CPM tend to be detected at 
a later stage.

In order to achieve early discovery and early 
intervention, the identification of high-risk 
patients who will be likely to develop peritoneal 
recurrence and the proactive use of diagnostic 
laparoscopy are crucial with a caveat that it might 
be controversial whether early discovery will 
actually lead to better survival as is the case with 
liver or lung metastasis.

32.4  Systemic Chemotherapy

Although various novel agents have been intro-
duced and have proven to be effective for the 
management of metastatic colorectal cancer, evi-
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dence is lacking in the efficacy of modern che-
motherapy regimens including FOLFOX and 
FOLFIRI in combination with molecular- targeted 
agents such as cetuximab, panitumumab and bev-
acizumab in patients with CPM. None of the 
large-scale clinical trials that evaluated modern 
systemic chemotherapy have reported response 
or survival specific to patients with CPM. It is 
likely that because such trials recruit only patients 
with evaluable lesions where reliable measure-
ments of tumour size are available on X-ray, CT 
or MRI, patients with CPM are usually excluded. 
Hence, limited evidence is available on the 
response and survival associated with systemic 
chemotherapy for patients with CPM.

CPM has generally been considered to carry 
poorer prognosis compared to liver or lung 
metastasis. Franko et al. analysed 2095 patients 
with metastatic colorectal cancer who were 
recruited in a large-scale clinical trial. They 
found the median survival time of 12.7 months in 
patients with CPM which was significantly 
shorter than 17.6 months in patients without 
CPM [4].

32.5  Surgical Treatment

A surgical approach combining CRS and HIPEC 
is gaining acceptance in the oncologic commu-
nity as a treatment option for patients with 
CPM. This treatment was first described by Spratt 
et al. in 1980 [5] before being further developed 
by Paul Sugarbaker of the Washington Cancer 
Institute in the 1900s [6].

This procedure involves stripping of the dis-
eased peritoneum (peritonectomy) with multiple 
visceral resections, performed with an aim of 
achieving macroscopic tumour removal. Then, 
prior to any intestinal anastomosis, a heated che-
motherapeutic agent is administered and per-
fused in the abdomen for a certain period of time 
to chemically sterilise all peritoneal surfaces 
(usually mitomycin C or oxaliplatin for 
30–60 min at the temperature of 41–43 °C). 
HIPEC allows a high local concentration of a 
cytotoxic drug with minimal systemic adverse 
effect thereby aiming to achieve microscopic 

tumour removal. Hyperthermia has been demon-
strated to have a synergistic effect with chemo-
therapy and thus enhance the cytotoxicity of the 
drug [7].

To reiterate, the rationale behind CRS+HIPEC 
for CPM revolves around (a) the analogy between 
CPM and PMP and (b) the higher surgical cur-
ability of colorectal cancer in general than any 
other gastrointestinal malignancies.

Factors that preclude CRS+HIPEC generally 
include gross involvement of the (a) small bowel 
and its mesentery; (b) retroperitoneum, particu-
larly ureters; and (c) hepatoduodenal ligament 
and porta hepatis.

In recent years, there has been accumulating 
evidence of the efficacy and safety of 
CRS+HIPEC for CPM. In summary, it is increas-
ingly known that (a) CRS+HIPEC can confer 
5-year survival of 30–40% in selected patients, 
(b) better survival is achieved in patients with 
less peritoneal involvement, (c) CRS+HIPEC is 
associated with 12% of morbidity and with less 
than 1% of mortality in experienced teams and 
(d) favourable outcomes continue to be reported 
globally [1].

Recent major studies reporting outcomes of 
CRS+HIPEC are summarised in Table 32.1. The 
median survival of patients undergoing 
CRS+HIPEC was 33 (range, 22–63) months. The 
median 1-, 2-, 3- and 5-year survival rates were 
85% (range, 70–94%), 65% (range, 45–81%), 
46% (range, 44–62%) and 40% (29–51%), 
respectively [8–16]. In highly selected patients 
with limited CPM, the median survival may be as 
high as 63 months and 5-year survival as high as 
51% as reported by Elias et al. [13].

Much has been learnt from these clinical tri-
als, with the development of staging systems in 
the form of preoperative/intraoperative scoring to 
aid selection in order to improve outcomes. 
Completeness of cytoreduction and the extent of 
CPM are universally the most important prognos-
tic factors. Peritoneal cancer index (PCI, range 
0–39) is the most widely spread scoring system 
(Fig. 32.1) to describe the extent of CPM, which 
not only predicts the likelihood of complete cyto-
reduction but also is a strong prognosticator in 
patients with a complete cytoreduction. The 
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5-year survival ranged from 44% in patients with 
a low PCI (<6), 22% in patients with a PCI [7–
12] to 7% in patients with a high PCI (>19) [15]. 
Currently, a PCI >20 should be considered as a 
contraindication for CRS+HIPEC.

The combination of major surgery and HIPEC 
in patients with CPM carries significant morbid-
ity (16–65%) and mortality (0–16%) [17]. 
Perioperative complications include intraabdom-
inal haemorrhage, anastomotic leak or fistula, 
respiratory failure, venous thromboembolism 
and haematological toxicity associated with 
HIPEC occurs in 8–31% [18]. A learning curve 
exists in this major operation, and according to 
the most recent reports, the mortality is less than 
1% in experienced hands.

With the accumulating evidence including a 
randomised controlled trial [8], a few multi- 
institutional registries [19] and innumerable case 
series, the efficacy of CRS+HIPEC for CPM is 
described in a number of national guidelines. The 
Netherlands, France, Germany, Spain, the UK, 
Norway, Korea and Italy have all clearly stated 
that selected patients should be treated at 

experienced centres. The National Institute of 
Care and Excellence (NICE), UK, states in its 
guidance (IPG 331) that current evidence on the 
efficacy of cytoreduction surgery (CRS) followed 
by hyperthermic intraoperative peritoneal chemo-
therapy (HIPEC) for peritoneal carcinomatosis 
shows some improvement in survival for selected 
patients with colorectal metastases, but evidence is 
limited for other types of cancer. It also states that 
the evidence on safety shows significant risks of 
morbidity and mortality which need to be bal-
anced against the perceived benefit for each patient 
and that, therefore, this procedure should only be 
used with special arrangements for clinical gover-
nance, consent and audit or research [20].

32.6  Multimodal Treatment

It is logically reasonable to try to combine the 
novel chemotherapy and the aggressive surgery, 
namely, CRS+HIPEC. In the recent COMBATAC 
trial, after the primary cancers are removed by 
laparotomy or laparoscopy, the patients are given 
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3–6 months of chemotherapy and undergo 
CRS+HIPEC followed by postoperative chemo-
therapy [21].

32.7  Second-Look HIPEC

A further emerging concept is ‘second-look’ at 
6–12 months for patients at high risk of CPM 
based on perforated primary tumours (T4), 
resected Krukenberg ovarian metastases or 
resected localised peritoneal disease at the pri-
mary operation. Forty-one high-risk patients had 
systemic chemotherapy and underwent second- 
look laparotomy at 6–12 months after primary 
surgery [22]. Low-volume resectable peritoneal 
metastases were present in 23 patients (56%), 
who subsequently underwent CRS+HIPEC; and 
no macroscopic disease was present in the 
remaining 18 patients (44%), who underwent 
HIPEC alone [22].

These promising results led to the prospective 
multicentre trial ProphyloCHIP, in which patients 
at high risk of CPM after resection of primary 
tumour and who are receiving standard 
oxaliplatin- based adjuvant chemotherapy will be 
randomised to surveillance alone or systematic 
exploratory laparotomy plus HIPEC. The pri-
mary outcome measure is the 3-year disease-free 
survival, and the secondary outcome measures 
are the 3- and 5-year overall survivals.

32.8  Prophylactic/Adjuvant/
Upfront HIPEC

Prophylactic/adjuvant/upfront HIPEC may be 
appropriate for some of the patients who are at 
high risk of CPM after initial surgery. At institu-
tions where HIPEC is available at the time of pri-
mary colorectal cancer resection, the primary 
resection is augmented intraoperatively by com-
plete cytoreductive surgery. Not only the bowel 
resection but also greater and lesser omentec-
tomy and oophorectomy in women are required. 
Prior to the intestinal reconstruction, HIPEC is 
administered. After HIPEC, the bowel anastomo-
sis is performed and the abdomen is closed. 

These patients then receive intensive adjuvant 
chemotherapy.

It is thought that the intraoperative chemother-
apy combined with a primary colon cancer resec-
tion is of very low morbidity and carries no 
mortality. Patients who might benefit from 
upfront HIPEC include those with a tumour per-
foration (T4), a positive peritoneal cytology, 
adjacent organ involvement or fistula formation 
and rupture of the primary cancer during the 
resection.

A couple of trial are ongoing in the 
Netherlands, Spain and Italy.

 Conclusion

Recent results suggest that judicious selection 
of patients (e.g. PCI <20) for CRS+HIPEC is 
crucial and CRS+HIPEC is likely to be supe-
rior to the current best systemic chemother-
apy. Integrated treatment strategy combining 
systemic chemotherapy and CRS+HIPEC 
appears to be most effective.

As we await the results of ongoing trials, 
we must continue to commit to future trials 
that will contribute to the body of evidence to 
support CRS+HIPEC. A neoadjuvant trial by 
the German group to investigate the role of 
preoperative systemic chemotherapy prior to 
CRS+HIPEC will allow us to determine if 
neoadjuvant chemotherapy may facilitate 
cytoreductive surgery by downstaging the 
peritoneal disease burden and thereby improve 
survival. In addition, the role of prophylactic 
HIPEC for patients at high risk of CPM 
requires to be elucidated.
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Hepatic Metastasis

Albert Chan

Abstract

Colorectal cancer is the third most common 
cancer in the world. About 30–50% of the 
patients with colorectal cancer would develop 
liver metastasis in the course of their illness. 
About one-third of the metastatic liver lesions 
(CRM) are considered to be resectable, and 
long-term cure is not infrequently observed. 
Advances in the surgical management of 
CRM have certainly improved the chance of 
resection in recent years. While the selection 
criteria for open resection is becoming well 
established in most centers globally, the intro-
duction of laparoscopy to liver resection has 
shown to be safe and feasible in many recent 
reported series. The controversy around the 
optimal approach for synchronous CRM 
remains unresolved, but the inception of lapa-
roscopic liver surgery has favored the approach 
with simultaneous resections, especially when 
left lateral sectionectomy or other minor liver 
resections are required. On the other hand, 
various approaches have been proposed to 
improve the resectability rate for bilobar 
CRM. A two-stage hepatectomy was associ-
ated with a 5-year overall survival rate of up to 
30–40%. Alternatively, the recently popular-

ized ALPPS procedure conferred a 2-year 
overall survival rate of over 50%. For unre-
sectable bilobar CRM, liver transplantation 
has been proposed to be an effective treatment 
under stringent selection criteria that, in turn, 
offered a 5-year overall survival rate up to 
60%. A randomized control trial to compare 
its efficacy with resection is currently under-
way, and the outcome of this study will be of 
significance to ascertain its role in the surgical 
management of CRM.

Keywords

Hepatectomy · ALPPS · Laparoscopy · Liver 
transplantation · Colorectal liver metastasis

33.1  Introduction

Colorectal cancer is the third most common 
cancer in the world. It is expected that 30–50% 
of the patients with colorectal cancer would 
develop liver metastasis in the course of their 
illness [1, 2]. Among them, 25–31% of patients 
with metastatic liver tumors were considered to 
be resectable [3], and long-term survival was 
not infrequently achievable [4, 5]. It is for this 
reason that colorectal liver metastasis, even 
though was regarded as a stage IV disease, is no 
longer  considered to be unsalvageable and every 
effort should be made to increase the chance for 
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resection in this patient. The current chapter 
will offer an update on the latest development in 
the surgical management of colorectal liver 
metastasis.

33.2  Indications for Resections

Careful preoperative planning is mandatory to 
ensure a safe outcome for major liver resection in 
colorectal liver metastasis, especially for patients 
after preoperative chemotherapy due to the poten-
tial hepatotoxicity of the chemotherapeutic 
agents. Performance of indocyanine green clear-
ance test and volumetric evaluation of the future 
liver remnant by either computed tomography or 
magnetic resonance imaging are becoming rou-
tine tests for preoperative liver function assess-
ment in many Asian centers. The objective of 
resection is to achieve complete tumor clearance 
with a negative resection margin. Margin involve-
ment has been recognized as an important factor 
to affect survival. A recent study from Johns 
Hopkins Hospital showed that the 5-year overall 
survivals after resection of liver metastasis with a 
negative margin were significantly better than 
those with positive margins (54.9% vs. 36.2%, 
p = 0.005) [6]. In another study by Jung et al., a 
positive resection margin was attributable to early 
recurrence and deaths within 6 months after sur-
gery [7].

The criteria for major liver resection, i.e., 
more than two Couinaud’s segments are as 
follows:

• Future liver remnant volume: more than 30% 
standard liver volume or more than 40% stan-
dard liver volume if preoperative chemother-
apy was given

• Serum platelet count ≥100 × 109/L
• Indocyanine green clearance rate ≤17% at 

15 min
• Normal liver function or Child’s A cirrhosis

Unlike resection for hepatocellular carcinoma 
when anatomical resection is favored due to the 
mode of tumor spread via the portal circulation, it 
remained debatable if the same principle is 
applied to colorectal liver metastasis. In a recent 

meta-analysis that involved 2505 patients in 12 
studies with colorectal liver metastasis undergo-
ing resections, no difference in survival was 
observed between parenchymal-sparing resec-
tion and anatomical resections with a 5-year 
overall survival of 44.7% and 44.6%, respectively 
(p = 0.97) [8]. From the oncological perspective, 
as far as a R0 resection is achieved either by 
parenchymal-sparing or anatomical resection, 
overall survival is not significantly affected, but 
the chance for repeated resection would be higher 
for parenchymal-sparing resection if second 
intrahepatic recurrence was developed [9].

33.3  Laparoscopic Liver Resection

With the recent advances in visualization tech-
nology (Fig. 33.1) and hemostatic devices for 
minimally invasive surgery, there has been a sub-
stantial increase in the number of laparoscopic 
liver resections performed globally [10, 11]. 
When compared with open resections, laparo-
scopic approach was associated with less blood 
loss and shorter hospital stay (Fig. 33.2), with 
similar oncological outcome with respect to mar-
gin status, disease-free as well as overall survival 
[12–14]. In the recent Morioka consensus state-
ment, minor wedge resection and left lateral sec-
tionectomy via laparoscopic approach has been 
accepted as the standard of practice [15]. In fact, 
complete laparoscopic resection for both primary 
colorectal cancer and synchronous liver metasta-
sis in one operation has been recently shown to 
be feasible with low postoperative morbidity rate 
and reduced hospital stay. Left lateral sectionec-
tomy is being reported as the most common type 
of resection (about 70% of all cases) performed 
so far [16, 17]. With cumulative experience in 
advanced laparoscopic liver resection, simultane-
ous total laparoscopic major liver resection with 
colorectal resection will very much likely become 
an area of clinical interest in the near future. 
Factors favorable for laparoscopic major hepa-
tectomy include:

• Future liver remnant ≥40% standard liver 
volume

• Single, long ipsilateral portal vein
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• Fewer than three retrohepatic vein tributaries
• Tumor size ≤5 cm
• Central-locating tumors or tumors located 

away from the paracaval region

33.4  Prognostic Factors 
for Overall Survival After 
Resection of Liver Metastasis

A resection margin free of microscopic tumor 
involvement remained the most important prog-
nostic factors for survival [6, 18]. Other factors 
which include the size of liver metastasis, num-
ber of metastasis, lymph node status of colorectal 
cancer, synchronous or metachronous liver 
metastasis, preoperative CEA levels, and 
response to chemotherapy have been identified as 
prognostic factors in different studies [19–21]. 
All these parameters have been factored into for-
mulation of different clinical scoring systems 
such as the Fong’s score [22], Nordlinger group 
[23], Nagashima’s system [24], Rees preopera-
tive and postoperative risk indices [25], etc. 

Fig. 33.1 Operating room settings for right hepatectomy by 3D laparoscopy. 3D visualization technology improves the 
depth perception which is beneficial for hepatic parenchymal transection in major hepatectomy

Fig. 33.2 Postoperative wounds after a 3D laparoscopic 
right hepatectomy. The liver specimen was retrieved via a 
Pfannenstiel incision
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Nonetheless, none of these clinical scoring sys-
tems have been showed to be accurate in the 
determination of 10-year survival, which should 
be regarded as “cure” for the disease [26]. 
Obviously a more sophisticated system with 
inclusion of biomarkers to improve its prognosis 
prediction accuracy would be an area of interest 
for future research developments.

33.5  Preoperative Chemotherapy

The anticipated benefits of preoperative chemo-
therapy are threefolds: (1) to downsize the tumor 
in order to reduce the magnitude of hepatectomy, 
(2) to treat micrometastatic disease, and (3) to 
test for tumor chemosensitivity. However, the pit-
falls of preoperative chemotherapy could increase 
the vascularity of the liver tissues, hence increas-
ing the chance of intraoperative blood transfusion 
during liver resection [27], or could induce liver 
damage such as steatohepatitis with associated 
thrombocytopenia and splenomegaly that could 
subsequently increase the risk of postoperative 
liver failure. While the use of oxaliplatin of more 
than six cycles was associated with sinusoidal 
occlusive syndrome (SOS) aka veno- occlusive 
disease, irinotecan was known to be associated 
with nonalcoholic steatohepatitis (NASH), and 
the administration of anti-VEGF (vasoactive 
endothelial growth factor) predisposes to 
impaired wound healing. Hence, timing of the 
operation is important as it determined the out-
come of surgery. The longer duration of preop-
erative chemotherapy, the more likely the liver 
would undergo irreversible histological changes. 
Previous studies have shown that the risk of post-
operative complications increased when more 
than six cycles of chemotherapy is received [27, 
28]. Prolonged liver damage in the form of NASH 
would increase the risk of postoperative liver fail-
ure after hepatectomy, especially in the form of 
major liver resection. In our center, liver resec-
tion is usually performed after the fourth or the 
fifth cycle of chemotherapy. Nonetheless, there 
was yet sufficient data to support the survival 
benefit of preoperative chemotherapy [29]. In the 

EORTC intergroup trial 40983 studying FOLFOX 
4 (folinic acid, fluorouracil, and oxaliplatin) that 
involved 364 patients with up to 4 liver metasta-
ses in Europe, Australia, and Hong Kong, there 
was a lack of survival benefit between those 
received preoperative chemotherapy and surgery 
alone, with a 5-year overall survival of 51.2% 
and 41.8%, respectively [30]. Other studies, how-
ever, showed that preoperative chemotherapy 
may be beneficial when there is more extensive 
tumor burden with more than five liver metasta-
ses or bilobar diseases [31, 32].

33.6  Simultaneous Versus Staged 
Operation for Synchronous 
Colorectal Liver Metastasis

For patients with synchronous colorectal liver 
metastasis, whether simultaneous resections (i.e., 
resection of both liver metastasis and primary 
colorectal cancer within one operation) or staged 
operation (i.e., resection of the primary cancer 
first and then interval liver resection after 
3–4 weeks) should be the standard approach 
remains controversial. There are two schools of 
thought behind both strategies: for simultaneous 
resection, patients enjoyed the benefit of com-
plete tumor clearance in one operation within one 
hospitalization; proponents for staged resection 
argued that the interval waiting period allowed 
time for any occult metastasis to become appar-
ent, and, more importantly, the waiting period in 
itself is deployed as a selection test for tumor 
biology. Recent meta-analyses in fact showed 
simultaneous resection did not confer inferior 
results to staged resections in terms of postopera-
tive morbidity and mortality, hospital stay, and 
disease-free and overall survival [33, 34]. Our 
experience, however, showed that simultaneous 
resection conferred a worsened overall survival 
than staged resection despite similar postopera-
tive morbidity and mortality, possibly due to a 
lack of selection for more favorable tumor biol-
ogy in the simultaneous resection. However, the 
overall survival between two operating strate-
gies became similar when only solitary liver 
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metastasis was present [35]. Besides, consider-
ation should also be given to the general condi-
tion, the presence of medical comorbidities, and 
types of liver resections when deciding the most 
appropriate strategies for the patients. Most of 
the studies that favored the adoption of simulta-
neous resections entailed minor liver resections 
only. In a recent meta-analysis by Yin et al., fac-
tors that favored simultaneous resection were 
resections of no more than three liver segments, 
younger than 70 years old, and no pre-existing 
medical comorbidities [34].

33.7  ALPPS vs. Two-Staged 
Hepatectomy

33.7.1  Two-Staged Hepatectomy 
(TSH) for Bilobar Liver 
Metastases

A TSH approach comprises resection of metasta-
sis in one hemi-liver during the first hepatectomy 
followed by tumor clearance in the contralateral 
hemi-liver at a later stage with a curative intent. 
For instance, if the main tumor burden is in the 
right liver (right first), right hepatectomy could 
be first performed in the first hepatectomy fol-
lowed by tumor clearance in the left remnant 
liver at a later stage. Alternatively, multiple 
wedge resection of metastasis could be first per-
formed in the left liver followed by a right portal 
vein ligation if the left liver is considered small in 
volume (left first). A right hepatectomy is then 
undertaken at a later stage when the left liver 
remnant undergoes adequate hypertrophy. The 
first-stage hepatectomy could also be undertaken 
simultaneously with the colorectal resection in 
order to reduce the number of surgical treatments 
[36], and chemotherapy could be administered 
in between the two stages to prevent concomi-
tant stimulation of tumor growth by the release 
of growth factors during liver regeneration. 
About 70% of the patients will be able to pro-
ceed to the second stage [37]. Morbidity rate 
was generally higher after the second-stage 
operation than the first stage probably due to the 

technical challenges related to reoperation and 
adhesions. Postoperative morbidity and mortality 
rate after the second-stage operation was 40% 
and 3% [37]. The 5-year disease-free and overall 
survivals after TSH were 11–13% and 32–42%, 
respectively [38, 39].

33.7.2  ALPPS for Colorectal Liver 
Metastasis

Associating liver partition and portal vein liga-
tion for staged hepatectomy (ALPPS) has been 
regarded as one of the major breakthroughs in 
the development of liver surgery in recent years 
[40, 41]. This novel procedure which was first 
discovered incidentally by Professor Hans 
Schlitt from Germany [42] during the surgical 
management of a patient with hilar cholangio-
carcinoma was later popularized by the German 
surgical community for the management of 
bilobar colorectal liver metastasis when an insuf-
ficient future liver remnant was expected after 
extensive liver resections [43]. ALPPS com-
prises a two-stage operation [44]: the first stage 
entails right portal vein ligation and an in situ 
liver split, and tumor clearance in the future liver 
remnant is also performed during stage I opera-
tion (Fig. 33.3); the future liver remnant under-
goes rapid hypertrophy thereafter, and the 
second-stage operation which usually takes 
place between 7 and 10 days after the stage I 
operation is to be performed when the future 
liver remnant hypertrophied to more than 40% of 
the standard liver volume. One of the major criti-
cisms for this novel procedure during its early 
phase of clinical inception was the high inci-
dence of sepsis due to biliary leakage and post-
operative mortality rate. With cumulative 
experience, the postoperative morbidity and 
mortality rate has been reduced to 7.7–40.0% 
[45, 46] and 6.6–8.8% [47, 48], respectively. 
According to the International ALPPS registry, 
almost 1000 cases of ALPPS have been per-
formed globally. The 2-year overall survival rate 
for ALPPS in colorectal liver metastasis was 
estimated to be 59% [49].
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33.7.3  TSH Versus ALPPS for Bilobar 
Liver Metastasis

Whether there is any difference in short-term as 
well as long-term outcome between TSH and 
ALPPS for the management of bilobar liver 
metastasis remained largely unknown. One 
study of 56 patients which compared the two 

groups based on their own experience in France 
showed that while there was no significant dif-
ference in terms of postoperative morbidity and 
mortality, overall survival tended to be worse 
after ALPPS with a higher rate of intrahepatic 
recurrence. However, reoperation for salvage 
was more frequently performed for TSH than 
ALPPS [50].

a

c d

b

Fig. 33.3 A 69-year-old patient with bilobar liver metas-
tasis. (a) S3 + S4 volumetry was 129 mL, 10.5% ESLV; 
(b) Stage I ALPPS + segment II resection; (c) CT volum-

etry S3+4 = 628 mL, 50.8% ESLV after ALPPS stage I; 
(d) right hepatectomy was completed in stage II 
operation
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33.8  Liver Transplantation 
for Unresectable Liver 
Metastasis

Liver transplantation for metastatic cancer from 
primary tumor of non-neuroendocrine origin was 
once regarded as an absolute contraindication 
due to the perceived risk of tumor recurrence as a 
result of prolonged immunosuppression. 
However, results from the Oslo group have 
attracted a lot of interests within the liver surgery 
community in recent years [51]. In this pilot 
study of 21 patients with non-resectable colorec-
tal liver metastasis who have gone through a prior 
6-week course of chemotherapy, a 3- and 5-year 
overall survival of 68% and 60% was observed. 
A follow-up study from the same group that com-
pared with another cohort of patients receiving 
first-line chemotherapy alone showed that the 
5-year overall survival rate after liver transplanta-
tion was far better than chemotherapy alone (56% 
vs. 9%) [51]. It was postulated that the pattern of 
disease recurrence attributed to the survival ben-
efit of liver transplantation: while patients devel-
oped small and slow-growing lung metastasis 
after liver transplantation, patients in the chemo-
therapy group often died from progression of the 
underlying unresectable liver metastasis. Recent 
study showed that the survival benefit of liver 
transplantation even extended to include patients 
with liver-only metastatic lesions who failed on 
last-line chemotherapy with a 5-year overall sur-
vival of 44% [51]. Nonetheless, application of 
liver transplantation to unresectable liver metas-
tasis remained an investigational procedure at the 
time of writing and should be limited to univer-
sity-affiliated hospitals under a trial setting. It 
was worthwhile to highlight that the choice of 
graft for these studies were deceased whole 
grafts. The problem of graft shortage especially 
in Asia will affect the practical applicability of 
this procedure. Living donor liver transplantation 
which flourishes in Asia will provide an alterna-
tive option for graft supply, but donor expectation 
and the ethical issues between donor risks and 
early disease recurrence will need to be addressed 
before such program becomes feasible.

33.9  Liver Transplantation 
for Resectable Liver 
Metastasis

Whether liver transplantation offers the best hope 
of cure for colorectal liver metastasis remains to 
be seen. A randomized control trial comparing 
liver transplantation and liver resection 
(ClinialTrials.gov: NCT01311453) is being 
undertaken by the same group in Oslo, and the 
results will be eagerly awaited for.

 Conclusion

Resection of colorectal liver metastasis cer-
tainly provides the only realistic hope for 
long-term cure, and every effort should be 
made to ensure a proper evaluation for resec-
tion. Different operative strategies have 
evolved over the years in attempt to improve 
the resectability of bilobar liver metastasis. 
Careful patient selection with regard to patient 
factor as well as liver and tumor factor is an 
essential element to ensure reasonable long-
term survival after surgery. The concept of 
deploying liver transplantation for unresect-
able bilobar liver metastasis is interesting, and 
its role in the surgical management of this dis-
ease entity will become clearer in the coming 
years. A multidisciplinary approach between 
colorectal surgeons, liver surgeons, radiolo-
gists, and oncologists should be regarded as 
the standard of care for all patients with 
colorectal liver metastasis in the modern era.
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Extraregional Lymph Node 
Metastasis

Jung Wook Huh and Hee Cheol Kim

Abstract

The presence of regional lymph node metas-
tases in colorectal cancer is one of the most 
important prognostic factors. However, the 
extent of lymph node dissection in colorec-
tal cancer surgery is still controversial. The 
presence of extraregional lymph node 
metastasis only is not a common metastatic 
pattern for colorectal cancer. This type of 
cancer is usually combined with distant 
metastasis or extensive regional lymph node 
metastasis and is categorized as M1 disease. 
Management of extraregional lymph node 
metastasis in colorectal cancer has been 
challenging due to lack of supportive data. 
Here, we summarize the approaches and 
managements of this category of diseases, 
focusing on the role of surgical treatment in 
colorectal cancer.

Keywords

Colorectal cancer · Stage IV · Extraregional 
lymph nodes · Dissection

34.1  Introduction

The presence or absence of lymph node metasta-
sis in colorectal cancer is one of the most impor-
tant prognostic factors. However, the extent of 
lymph node dissection in colorectal cancer sur-
gery is still controversial.

Extended lymph node dissection was first 
described by Jamieson and Dobson in the early 
1990s and is based on Halstedian principles con-
sidering mesocolic lymph node metastasis in 
patients without distant metastasis [1]. The cur-
rent guidelines from the American Joint 
Conference on Cancer (AJCC) recommend a 
minimal assessment of 12 lymph nodes for accu-
rate staging in colorectal cancer surgery; how-
ever, they do not consider the distribution of 
lymph node metastases, which is the main prog-
nostic factor in the Japanese classification stag-
ing system [2]. The Japanese Society for Cancer 
of the Colon and Rectum (JSCCR) advocates 
careful dissection along embryologic tissue 
planes; however, the radicality of lymph node 
dissection is markedly different, being deter-
mined by preoperative radiologic imaging study 
[3]. The JSCCR recommends D2 resection (stan-
dard low tie) for early-stage tumors and D3 (high 
tie) for more advanced disease [3]. Complete 
mesocolic excision and D3 dissection might be 
associated with better survival than is conven-
tional resection, in which mesocolic lymph nodes 
at the origin of the arteries are not resected [4]. 
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There have been concerns about potentially 
increased risk of perioperative morbidity and 
mortality associated with extended lymph node 
dissection [5, 6].

Extraregional lymph node metastasis only is 
not a common metastatic pattern for colorectal 
cancer. This type of cancer is usually combined 
with distant metastasis or extensive regional 
lymph node metastasis and is categorized as M1 
disease, according to the AJCC staging system. 
Recently, complete removal of all metastatic 
tumor combined with effective chemotherapy 
based on biologic agents offers a promising 
oncologic outcome in patients with metastatic 
colorectal cancer. However, the effect of surgery 
itself in this situation remains controversial, and 
there are few studies specifically addressing and 
focusing on this issue [7, 8].

Thus, in this chapter, we aimed to provide a 
comprehensive review of the literature describing 
the pattern of mesocolic lymph node metastasis 
and to review the investigations regarding extra-
regional lymph node dissection.

34.2  Regional Lymph Nodes

There are between 100 and 150 lymph nodes in 
the mesentery of the colon. Regional lymph 
nodes are those located along the colon, plus the 
nodes along the major arteries that supply blood 
to that particular colon segment. It has been gen-
erally accepted that lymphatic drainage of 
colorectal tumors tends to follow the blood- 
supplying arteries. The classification of the 
lymph nodes related to the ileocolic and inferior 
mesenteric arteries is relatively consistent, but 
that of the lymph nodes associated with the right 
colic and middle colic arteries is not straightfor-
ward due to their variations [9–11]. The right 
colic artery is usually able to be defined as a sepa-
rate artery between the ileocolic artery and trunk 
of the middle colic artery running inferior to the 
avascular mesocolic window as one of two to 
three separate middle colic arteries with a sepa-
rate origin from the superior mesenteric artery or 

the right branch of the middle colic artery [12]. It 
can often be difficult to distinguish between the 
potentially different classifications used.

The JSCCR classification staging system is 
based on the distribution rather than the absolute 
number of metastatic lymph nodes. Whether the 
distribution of lymph node metastasis is a better 
predictor than the current TNM staging system 
focusing on the number of lymph node metasta-
ses remains unclear. Some authors have sug-
gested that the N categorization including the 
distribution of lymph node metastasis can 
enhance the prognostic value of the current TNM 
classification [13–15]. However, the JSCCR clas-
sification has not been widely adopted because of 
its complexity and the controversial results as to 
oncologic outcomes [14–17].

34.3  Paraaortic Lymph Node 
Dissection

It is well known that the complete removal of 
metastatic tumors can improve survival in 
patients with stage IV colorectal cancers. An 
aggressive surgical approach combined with 
modern chemotherapy with biologic agents 
offers a promising strategy for treatment of 
colorectal cancer patients with liver metastasis 
[18, 19]. In contrast to liver or lung metastasis, 
there is no consensus on the treatment strategy 
for extraregional lymph node metastasis in 
patients with colorectal cancer [20]. It is not yet 
established whether upfront chemotherapy fol-
lowed by surgical resection or surgery before 
chemotherapy is the better treatment strategy in 
this disease entity. In cases of clinically suspi-
cious lymph nodes, NCCN guidelines recom-
mend biopsy or excision, not prophylactic 
dissection due to the possible complications, 
including urinary and sexual impairment as well 
as intraoperative morbidities.

Paraaortic lymph node metastasis has been 
frequently confused with retroperitoneal recur-
rence in the literature [7, 21]. This means that an 
ambiguous definition can include heterogeneous 
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recurrence patterns, such as a local recurrence in 
the tumor bed and paraaortic lymph node metas-
tasis. Isolated paraaortic lymph node metastasis 
is a relatively rare metastatic pattern in colorectal 
cancer patients, and it is categorized as M1 dis-
ease according to the AJCC staging classifica-
tion. The rate of isolated paraaortic lymph node 
metastasis was reported to be very low, in the 
range 1.0–1.3%, and paraaortic node metastasis 
is usually accompanied by other distant metasta-
ses, such as liver, lung, or peritoneal metastases 
[22, 23].

New biologic chemotherapeutic agents (e.g., 
irinotecan, bevacizumab) in patients with meta-
static colorectal cancer have recently been well 
recognized [24, 25]. Some authors have recom-
mended chemotherapy as an initial treatment 
option for colorectal cancer patients with para-
aortic lymph node metastasis [26, 27]. It is plau-
sible that paraaortic node dissection has not been 
widely performed as an initial treatment due to a 
high postoperative morbidity and recent advance-
ment in chemotherapeutic agents. Miyazawa 
et al. reported a complete response of paraaortic 
lymph node metastasis in rectosigmoid colon 
cancer following chemotherapy with 
capecitabine/oxaliplatin plus bevacizumab [28].

In contrary to this, evidence supporting exten-
sive paraaortic lymph node dissection has been 
recently published (Table 34.1) [7, 22, 23]. 
Although most of the studies are a retrospective 
analysis from a single center and therefore have a 
limitation of selection bias, they emphasized the 
surgical role of isolated paraaortic lymph node 
metastasis with evidence (Figs. 34.1 and 34.2). 
Min et al. [23] reviewed the clinical outcomes of 

38 patients with isolated paraaortic lymph node 
recurrence: 6 (15.8%) patients with curative sur-
gical resection, 19 (50%) with chemoradiother-
apy, and 13 (34.2%) with chemotherapy only. 
They reported that the median survival of the six 
patients who had undergone surgical resection 
after isolated paraaortic lymph node recurrence 
was 34 months, whereas it was only 14 months in 
those who did not. Choi et al. [22] analyzed 77 
patients with isolated paraaortic lymph node 
metastasis from colorectal cancer below the renal 
vein. The authors reported a 5-year survival rate 
of 53.4% in 24 patients who underwent paraaor-
tic lymph node dissection and of 12% for the 53 
patients who did not. Shibata et al. [7] also dem-
onstrated a significant survival benefit of resec-
tion of isolated retroperitoneal recurrences over 
surgical exploration alone (median survival, 
40 months vs. 3 months) The authors also sug-
gested that the presence of two or fewer paraaor-
tic lymph node metastases might be a good 
indication for resection using univariate analysis, 
although no significant prognostic factors were 
identified by multivariate analysis.

A recent retrospective analysis analyzed the 
extent of lymphadenectomy in 181 patients with 
advanced rectal cancer located below the perito-
neal reflection with extraregional lymph node 
metastasis [29]. The authors divided the patients 
into two groups: 81 patients who underwent lat-
eral pelvic lymph node dissection only and 100 
patients who underwent lateral pelvic node and 
paraaortic lymph node dissection (total lymph 
node dissection). They concluded that total 
lymph node dissection, compared with pelvic 
dissection, improved disease-free survival in 

Table 34.1 Clinical data regarding paraaortic lymph node dissection in colorectal cancer. These two studies are only 
comparative clinical trials of oncologic outcomes between paraaortic lymph node dissection and chemotherapy

Authors Study design
Study 
group

Sample size (dissection 
group vs. CTx.) Outcomes (5-year OS) Comments

Min et al. [23] Retrospective Recurrent 38 (6 vs. 24) Median survival: 34 vs. 
12 months (p = 0.034)

Choi et al. [22] Retrospective Primary 77 (24 vs. 53) 5-year overall survival: 
53.4 vs. 12.0% 
(p = 0.045)

Enrolled only 
metastasis 
below renal 
hilum
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patients with noninfiltrating type, stage III rectal 
cancer and less than two positive pelvic lymph 
node sites. Bae et al. [8] reported oncologic out-
comes of 129 colorectal cancer patients with 
paraaortic node metastasis who underwent 
tumor resection. Interestingly, they showed that 
only 45 patients (34.8%) had been revealed to 
have true positive paraaortic lymph node metas-
tasis by final histology, among the 129 patients 
suspected to have positive nodes using radio-
logic evaluation. These findings suggest that 

surgical resection in selected cases appears to be 
the optimal treatment strategy for isolated para-
aortic lymph node metastasis from colorectal 
cancer, but further well-designed studies should 
be needed to justify this surgical approach in the 
current era of modern chemotherapy. Therefore, 
the role of paraaortic lymph node dissection in 
patients with isolated paraaortic lymph node 
metastasis has not been clearly established.

The incidence of postoperative morbidities 
after colorectal cancer surgery is relatively high 

Fig. 34.1 Solitary paraaortic lymph node metastasis 
below the level left renal vein (a) in CT scan and (b) in PET 
scan. Arrow indicates the enlarged lymph node. (c) The 
metastatic lymph node was located between the aorta, left 
renal vein, and left gonadal vein. (d) Surgical removal was 

performed with preservation of the renal vein, artery, and 
inferior mesenteric vein. Ao Aorta, IVC inferior vena cava, 
RV renal vein, RA renal artery, GV gonadal vein, IMV infe-
rior mesenteric vein

IVC Ao

RV

GV

RV

Ao

RA

IMV

a b
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Fig. 34.2 Multiple paraaortic lymph node metastases at 
left side of the aorta, aortocaval space, and retrocaval area 
(a) in axial cut and (b) coronal cut of CT scan. Arrows 
indicate the multiple conglomerated lymph nodes. (c) 

Picture and (d) CT scan after meticulous paraaortic lymph 
node dissection. Ao Aorta, IVC inferior vena cava, CIA 
common iliac artery, Ve vertebra

Ve

IVC

IVC
IVC

Ao

Ao

Ao

CIA

a b

c d
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and ranges between 30% and 69% depending on 
the extent of lymph node dissection [30–32]. 
Paraaortic lymph node dissection is usually per-
formed to clear the lymphatics in the paraaortic 
and iliac areas, from the level of renal vessels 
down to the iliac bifurcation [22, 30, 33]. This 
aggressive surgery unavoidably increases the inci-
dence of postoperative complications due to the 
difficulty in identifying sympathetic  structures, 
such as small bowel obstruction and sexual/uri-
nary dysfunctions. Recently, improved surgical 
techniques with advanced operative devices and 
better understanding of anatomy enabled a 
decrease in postoperative complications after 
paraaortic lymph node dissection, ranging from 
7.8% to 27.8% in tertiary center hospitals [8, 22]. 
The surgical removal of paraaortic lymph node 
metastasis might be feasible and safe in selected 
patients with skilled surgeons.

New radiation techniques such as intensity- 
modulated radiotherapy and tomotherapy have 
made it possible to accurately deliver high-dose 
radiation to focused areas without scarifying 
adjacent normal structures [34]. However, the 
application of this approach to paraaortic lymph 
nodes metastasis with colorectal cancer is not 
usual, and its survival benefits remain unknown. 
Kim et al. [35] evaluated seven patients with 
paraaortic lymph node recurrence in rectal cancer 
after curative resection. One patient remained 
disease-free for 26 months, and another is still 
alive with recurrence after 70 months. Their ini-
tial report warranted a need of highly selection 
criteria that enable patients to potentially be sal-
vaged by radiotherapy.

34.4  Inguinal Lymph Node 
Metastasis

Inguinal lymph node metastasis from rectal can-
cer is classified as distant metastasis even though 
inguinal lymph node metastasis from anal squa-
mous cell ca is classified as regional metastasis 
(N1a) in AJCC staging system eighth edition. 
Solitary inguinal node metastasis is rare condi-
tion occurring in about less than 1% of rectal 

cancer [36, 37]. However, the patients with iso-
lated inguinal lymph node metastasis tended to 
show better oncologic outcomes.

Treatment for inguinal node metastasis in rec-
tal cancer is basically non-curative consisting of 
chemotherapy and sometimes combined radio-
therapy. Surgical treatment can be considered for 
symptom control. The role of meticulous lymph-
adenectomy of inguinal area to improved survival 
has been rarely reported. Adachi et al. [38] 
reported better survival after inguinal lymph 
node excision but it was only case series.

In the future, treatment strategy may be dis-
cussed based on the reconsideration of prognosis 
and staging of isolated inguinal lymph node 
metastasis.

 Conclusion

Extraregional lymph node metastasis or recur-
rence in patients with colorectal cancer is a 
relatively rare disease entity. A prospective 
and standardized treatment strategy for para-
aortic lymph node metastasis has not been 
tested in a well-designed trial. It is still chal-
lenging to determine whether surgical resec-
tion of paraaortic lymph node metastasis can 
improve the oncologic outcomes in colorectal 
cancer patients with paraaortic lymph node 
metastasis. Although a few reports have sup-
ported a benefit of extensive lymph node dis-
section in this condition, the approaches seem 
to have a potential to increase survival with 
acceptable morbidities in strictly selected 
patients with skilled surgical teams.
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Lung Metastasis

Dae Joon Kim

Abstract

Lung metastases from colorectal cancer occur 
in approximately 10–20% of patients. In the 
absence of extrapulmonary metastases, the 
surgical removal of lung metastases can be 
curative treatment in selected patients. The 
actuarial survival after completed resection 
was 36% at 5 years according to the 
International Registry of Lung Metastases, 
and Thomford criteria for pulmonary metasta-
sectomy have been widely accepted by tho-
racic surgeons. The standard procedure for 
peripherally located lesion is wedge resection, 
but lobectomy can be done for central lesion 
in highly selected patients. However, there 
have been controversies in the optimal timing 
of surgery, the role of mediastinal lymphade-
nectomy, and the survival benefit after 
repeated pulmonary metastasectomy. The 
nonsurgical intervention such as RFA or 
SABR can be applied to the patients who are 
not physiologically unfit for surgery.

Keywords

Colorectal cancer · Lung metastasis · Surgical 
resection

35.1  Introduction

Lung metastases from colorectal cancer occur in 
approximately 10–20% of patients [1, 2]. 
Although the liver has been regarded as the first 
site of metastases, metastases bypassing the liver 
have been reported over the years. Unlike bone or 
lymph node metastases, lung metastasis is influ-
enced by the primary site. Rectal cancers are 
more likely to present the lung metastasis than 
colon cancers, and even in rectal cancers, lung 
metastases are more common in patients with 
mid- or distal rectal cancers [3]. The isolated 
lung metastases were observed in 1–5.9% of 
colon cancer and in up to 11.7% in rectal cancer 
[1]. It is unclear why rectal cancers show more 
frequent lung metastases and anatomical factors 
as well as molecular genetics play an important 
role. Considering that lung metastases are thought 
to occur via hematogenous spread rather than via 
lymphogenous spread, vascular anatomy might 
be particularly important. The distal rectum 
drains into the inferior rectal vein which drains 
directly into the inferior vena cava and reaches 
the lung quickly. On the contrary, the colon and 
upper rectum drain into the portal venous system, 
and cancer cells arising from these areas reach 
the liver as the first site of metastases [4].

In the absence of extrapulmonary metastases, 
the surgical removal of lung metastases can be 
curative treatment in some patients. The multi-
disciplinary approach with surgical resection, 
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chemotherapy, and interventional procedures pro-
vides the best treatment option in this subset of 
patients, and it should begin with the assessment of 
resectability. Although there is no prospective, ran-
domized trial comparing the pulmonary metasta-
sectomy to control, the surgical resection of lung 
metastases from colorectal cancer has been accepted 
in selected patients since the International Registry 
of Lung Metastases reported the result of pulmo-
nary metastasectomy in 1997 [5]. This chapter will 
discuss the current surgical strategies with special 
reference to some debates in management of lung 
metastases from colorectal cancers.

35.2  Criteria for Lung 
Metastasectomy

The International Registry of Lung Metastases was 
established in 1991 by the European Society of 
Thoracic Surgeons (ESTS). This registry is a large 
prospective study of 5206 patients, and they 
reported that the actuarial survival at 5 years was 
36% after complete resection and 13% after incom-
plete resection, respectively [5]. Multivariate anal-
ysis revealed a better prognosis in patients with a 
disease-free interval of more than 36 months and a 
single lung metastasis. Although the level of evi-
dence to support the role of pulmonary metastasec-
tomy is not enough so far, it is uncertain whether 
prospective randomized controlled trials could be 
conducted in near future because of heterogeneity 
of study population and ethical issues. Currently, 
thoracic surgeons have been adopting the so-called 
Thomford criteria [6], updated by Kondo et al. [7], 
for pulmonary metastasectomy:

• The complete resection of all LM must be 
achieved with respect to the remaining lung 
tissue and an adequate pulmonary function [8].

• The primary tumor has been radically (R0) 
resected or is under therapeutic control.

• Further extrapulmonary tumor manifestations 
are not present or are resectable.

• Therapeutic alternatives are not available.
• The therapeutic strategy was set up by inter-

disciplinary consensus.

35.3  Imaging Study

The standard and accepted imaging modality for 
preoperative imaging in patients with a high 
suspicion of pulmonary metastasis is chest com-
puted tomography. Ideally, a multislice detector 
CT (CT) scan with a reconstruction thickness of 
up to 3 mm should be used for diagnosis. The 
number and size of the metastases and the infil-
tration of central structures are important 
parameters for the evaluation of the surgical 
procedure and extent of surgical resection. In 
case of solitary lung nodule in patient with 
colorectal cancer, the possibility of primary 
lung cancer or another pulmonary pathology has 
to be considered [9].

The value of positron emission tomography 
(PET) in the diagnosis of pulmonary metasta-
sis is well studied. The sensitivity, as well as 
the specificity of PET CT in the detection of 
lung nodule, is approximately 90% for nodules 
larger than 10 mm. In metastases measuring 
less than 10 mm, the accuracy of the method 
decreases to less than 50% [10, 11]. According 
to Detterbeck et al., PET should be performed 
prior to metastasectomy in order to rule out 
extrathoracic disease rather than to detect 
intrathoracic lesions [12]. Pastorino et al. ana-
lyzed 86 patients and reported the improved 
detection of extrathoracic disease in 21% of 
the patients, an advantage in identifying nodal 
metastases larger than 10 mm and an increased 
accuracy of differential diagnosis of benign 
from malignant lung lesions [11]. Magnetic 
resonance imaging is not usually indicated in 
thoracic imaging, and it has no benefits over 
chest CT [13, 14].

Another application of imaging study in 
pulmonary metastasectomy is CT-guided 
 localization. With advance of resolution of 
chest CT, the small nodule which is difficult to 
find even with palpation is sometimes docu-
mented in chest CT. If the suspicious pulmo-
nary nodule is too small and thought to be 
difficult to find and palpate during the opera-
tion, surgeon can apply the localization tech-
nique before operation.
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35.4  Surgical Resection

In general, the metastasis should be removed while 
preserving as much healthy lung parenchyma as 
possible. The standard procedure for peripherally 
located nodules is the simple wedge resection. 
Usually the metastatic lung nodule can be safely 
and completely removed with sufficient resection 
margin with the aid of a stapling device. The mini-
mum resection margin has to be at least 0.5 cm. If 
several metastatic nodules are detected in a lung 
section, either wedge resection for every single 
metastasis or a segmental resection or lobectomy 
can be applied. If the metastatic lung nodule is 
centrally located, an extended resection or even a 
pneumonectomy may be required. However, the 
need for pneumonectomy to achieve complete 
resection is considered as a contraindication for 
lung metastasectomy based on the result of survey 
among members of the ESTS [15].

The changes of pulmonary function have to be 
also considered before planning the operation. 
The spirometric changes after pulmonary metas-
tasectomy were found to be affected by total vol-
ume parenchyma resected within the first 90 
days. According to the Italian working group by 
Petrella et al., the functional loss after three or 
more nonanatomical resections is comparable 
with that recorded after lobectomy [16]. If the 
patient has no enough lung function before pul-
monary metastasectomy, the operation cannot be 
done due to pulmonary function.

Many surgeons prefer the open approach such 
as open thoracotomy or median sternotomy 
because this procedure allows for the manual 
examination of the lung parenchyma and, thus, 
detection of the smallest nodules which could not 
be detected in preoperative chest CT [15]. For the 
bilateral pulmonary metastasectomy, bilateral 
open thoracotomy, sequential unilateral open tho-
racotomy, or median sternotomy could be consid-
ered as possible surgical approaches. Because of 
recent advance in imaging modalities, minimally 
invasive surgery such as video- assisted thoraco-
scopic surgery (VATS) has been applied in metas-
tasectomy [17, 18]. The potential advantages of 
VATS procedures include smaller incisions, 

decreased surgical morbidity, reduced pleural 
adhesions, and shorter duration of hospitalization 
[19]. In spite of these advantages of VATS metas-
tasectomy, smaller metastases may easily escape 
the surgeon’s notice during the VATS metastasec-
tomy. In Cerfolio’s study with 57 patients with 
pulmonary metastasectomy, he found up to 38% 
malignant pulmonary nodules by performing 
bimanual palpation, despite the use of the newest 
generation of CT scan and integrated PET/
CT. These patients were initially candidates for 
VATS metastasectomy but were switched to open 
thoracotomy due to the radiologic findings [20]. 
Other concerns remain regarding VATS, includ-
ing the larger amount of lung parenchyma sacri-
ficed by removing wedges of the lung using 
straight staplers compared with the parenchyma-
sparing precision resection techniques. This prob-
lem becomes even more pronounced the deeper a 
lesion is lying from the surface of the lung and the 
larger its size is. Contrary to a precision resection, 
where anatomical intrapulmonary dissection 
allows complete removal of a central deposit 
while preserving normal adjacent vessels or air-
ways and hence lung function, a VATS wedge 
resection being essentially a blind technique does 
not allow for this. Finally, the presence of metal 
staple lines and the resulting distortion of the nor-
mal lung anatomy can create significant technical 
challenges, potentially limiting the ability to per-
form a repeat metastasectomy if required in the 
future [21].

Therefore, it must be stated that the use of 
VATS for the resection of metastases is not inter-
nationally standardized, and VATS could be an 
option for patients with no more than two lung 
metastases, all in superficial locations [21]. In the 
guidelines recommended by the Eastern Canadian 
Colorectal Cancer Consensus Conference, VATS 
is the method of choice, whereas the German 
Society for Thoracic Surgery Education contin-
ues to propagate the open metastasectomy [22]. 
Regarding the relationship between survival and 
surgical approach, there is no proven difference 
in survival between thoracoscopic and thoracot-
omy approaches, although this was based on non- 
randomized retrospective studies [19, 23–25].

35 Lung Metastasis
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35.5  Timing of Surgery

There are still controversies about the optimal 
timing of metastasectomy. An immediate opera-
tion has the theoretical advantages of avoiding 
later unresectability or spread of disease, whereas 
delayed surgery can potentially avoid repeated 
operations and/or invasive procedures in patients 
who progress rapidly, and delayed operation also 
can provide a window of time for the administra-
tion of neoadjuvant chemotherapy. The oncolo-
gist preferred the neoadjuvant chemotherapy in 
case of numerous pulmonary metastasis. 
However, after neoadjuvant chemotherapy for 
pulmonary metastasis, sometimes it is techni-
cally difficult to find the decreased size of meta-
static nodule, and it can be a limitation to 
complete resection. The authors usually per-
formed the open thoracotomy after neoadjuvant 
chemotherapy to palpate the decreased small 
nodules completely. Ideally, the therapeutic strat-
egy and timing of operation have to be deter-
mined by an interdisciplinary consensus and any 
therapeutic alternatives considered.

35.6  Role of Hilar and Mediastinal 
Lymphadenectomy

The metastatic pulmonary nodule from colorectal 
cancer can be drained via pulmonary lymphatics; 
therefore hilar and mediastinal lymph node 
metastasis can occur. The lymph node metastasis 
in the mediastinum has been reported as a poor 
risk factor for survival in colorectal cancer. The 
5-year OS of patients with lymph node metasta-
ses is poor (0–34%), compared to 38–79% for 
patients without mediastinal lymph node metas-
tases [26, 27]. In one study of routine mediastinal 
lymph node dissection in colorectal cancer, 
mediastinal lymph node metastasis was found in 
33% of patients [28], whereas the lymph node 
metastasis may not be apparent on preoperative 
imaging, as one study demonstrated mediastinal 
lymph node metastasis in 14% of patients with 
normal preoperative imaging [29]. Based on 
these results, several surgeons recommend the 
simultaneous radical mediastinal lymph node 

dissection in patients who underwent pulmonary 
metastasectomy for colorectal carcinoma. Loehe 
et al. performed the routine mediastinal lymph 
node dissection in patients with unremarkable 
CT findings, and they reported a trend (not statis-
tically significant) toward a longer postoperative 
survival in patients without mediastinal lymph 
node metastasis [29]. Furthermore, prospective, 
randomized studies on the necessity for lymph-
adenectomy have not yet been carried out. In 
summary, whether lymphadenectomy leads to an 
improvement in survival has not yet been proven, 
and in a survey of ESTS members, only 13% of 
respondents routinely perform complete medias-
tinal lymphadenectomy [26].

Another technical concern regarding hilar and 
mediastinal lymphadenectomy in colorectal can-
cer is that it is actually impossible to dissect the 
hilar lymph nodes after wedge resection or seg-
mentectomy. Even though mediastinal lymph 
node can be completely dissected after wedge 
resection, the hilar lymph nodes can be com-
pletely dissected only after lobectomy or above.

35.7  Repeated Lung 
Metastasectomy

The recurrence rate for patients with lung metas-
tases is high, with up to 68% of patients develop-
ing recurrence following initial pulmonary 
metastasectomy and the lung being the common-
est site of recurrence [30, 31]. If the metastases 
are operable, selected patients may benefit from 
multiple re-resections, with a 5-year overall sur-
vival of 25–58% for patients undergoing repeat 
metastasectomy and some patients having 
 surgery two to four times [32–35]. Studies by 
Welter et al. [32] and Kim et al. [36] reported a 
5-year overall survival of 54 and 29% in 39 and 
69 patients with repeated resections, respectively. 
The mortality rate in both groups was zero. The 
working group led by Riquet et al. even found an 
improved 5-year survival for recurrence interven-
tions—probably owing to positive patient selec-
tion [37]. The previous studies on repeated 
metastasectomy have the lack of a comparison 
with a prospective, controlled study, and it can be 
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criticized. However, it has been thought that reg-
ular follow-up for the early detection of recur-
rence combined with parenchyma-saving 
resection might improve results after pulmonary 
metastasectomy.

There is no clear guidance on which patients 
may benefit from re-resection; however factors to 
consider include the disease-free interval, num-
ber of metastases, the presence of extrapulmo-
nary disease, the technical challenges involved, 
the amount of residual lung tissue, and the 
patient’s lung function. The short disease-free 
survival reflects the tumor characteristics such as 
aggressiveness or responsiveness. Patients with 
fast-growing tumors may not benefit from recur-
rent thoracotomies owing to the aggressive bio-
logical behavior. Therefore, various studies 
showed that the disease-free interval is the most 
important prognostic factor in patients with 
recurrent pulmonary disease regardless of tumor 
histology. Although the histology of the primary 
tumor is important for first-line metastasectomy 
[38], its influence seems to decrease in recurrent 
metastatic disease. For the planning of the reop-
eration, the pulmonary function has to be also 
considered, and another surgical approach such 
as (trans-sternal or posterior approach) has to be 
considered due to pleural adhesion which is 
related to previous operation. The surgical sheet 
which prevents pleural adhesion can be routinely 
inserted when closing the chest wall at the first 
operation.

35.8  Combined Lung and Liver 
Resection

Patients with both liver and lung metastases may 
benefit from resection of both sites of disease and 
are usually considered for surgical resection. In 
general, the technically more challenging opera-
tion is performed first, and that is usually the liver 
resection, particularly as the liver disease may be 
more likely to progress [23, 39]. However, there 
is also an argument that the lung surgery should 
be performed first as the recovery time is shorter 
[39]. The simultaneous liver and lung metasta-
sectomy also can be tried, but it is usually avoided 

because it is too stressful for patients. It is impor-
tant to note that many patients with potentially 
resectable disease may not subsequently undergo 
the second operation due to disease progression 
or recurrence [39]; therefore surgeons should 
always keep in mind the recovery time after oper-
ation. Also deciding the first operation depends 
on the more prognostically significant lesion.

A retrospective review of 73 patients with 
both liver and lung metastases demonstrated that 
the 17 patients who had metastasectomies had a 
significantly higher OS than the 56 patients who 
did not have surgery (p < 0.01) [40]. This result is 
consistent with data from the LiverMetSurvey 
registry, which reported that patients with 
resected lung and liver metastases had a higher 
5-year OS than patients who underwent liver 
resection but not lung resection (45 vs. 14%) 
[41]. The 3-, 5-, and 10-year OS rates for patients 
having both liver and lung metastasectomies are 
approximately 77, 18–54, and 15% in retrospec-
tive series [40, 42–45]. In spite of all these 
encouraging data on survival, comparative ran-
domized studies have not been reported.

35.9  Intervention

The various interventions have been tried as an 
alternative for pulmonary metastasectomy. 
Radiofrequency ablation (RFA) is one of alterna-
tive treatment option for selected patients with 
lung metastases. RFA is a minimally invasive 
procedure which delivers a high frequency 
 electrical current through a needle electrode to 
cause tissue heating and necrosis [46]. RFA 
appears to be more effective in metastases with a 
maximum tumor diameter of ≤3 cm [47–50]. The 
possible complications of RFA include pneumo-
thorax (up to 30–67% of cases), as well as rarer 
complications such as infection, nerve damage, 
bronchopleural fistulae, pleural effusion, and 
parenchymal bleeding leading to severe hemop-
tysis [49].

The most important limitation of RFA is the 
lack of histology to confirm the diagnosis and 
difficulty in radiological assessment of the ade-
quacy of the ablation, because the lesion can 
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appear larger in size as it includes the ablated 
parenchyma around the lesion [46, 49]. Various 
retrospective case series of patients undergoing 
RFA have been reported, with OS rates of 
84–95% at 1 year and 35–56% at 5 years [46–
50]. Most of the evidences and articles support 
operation as the most effective treatment option, 
but a systematic review was unable to draw firm 
conclusions on this issue due to the lack of phase 
III trials and differences in data reporting [51].

Stereotactic ablative radiotherapy (SABR) is a 
technique that enables the delivery of high-dose 
radiotherapy in a fewer number of fractions than 
conventional radiotherapy. A prospective study 
evaluated SABR in 82 patients with colorectal 
cancer (including 60 patients with lung metasta-
ses) who had 1–3 metastases confined to 1 organ 
(liver or lung) and reported a complete response 
in 37% of patients and a partial response in 18% 
of patients [52]. Local control rates at 1, 3, and 
5 years were 85, 75, and 70%, and another study 
reported 1-, 2-, and 5-year survival rates of 84, 73, 
and 39% [52, 53]. In addition to RFA and SABR, 
a number of other interventional techniques have 
also been tried in the treatment of lung metasta-
ses, such as microwave ablation, high-intensity 
focussed ultrasound, transpulmonary chemoem-
bolization, isolated lung perfusion, magnetic tar-
geting, intravascular devices, brachytherapy, and 
cryoablation [54–56]. However, the evidence for 
these strategies is currently limited, and they are 
not routinely used in clinical practice. The critical 
limitation of all interventional technique is the 
absence of pathologic confirmation. In some 
cases, suspicious pulmonary metastasis has dif-
ferent pathology such as benign lung nodule or 
primary lung cancer. The exact pathologic cases 
in all cases are cornerstone of proper treatment. 
Therefore, these interventions are only suitable 
for patients who are not physiologically unfit for 
operation.

 Conclusion

In conclusion, the pulmonary metastasectomy 
for colorectal cancer might lead to prolonged 
survival and sometimes even cure with low 
operative morbidity and mortality, in carefully 
selected patients treated in a multidisciplinary 

setting. The PulMiCC trial which is a random-
ized controlled trial testing the effect of pul-
monary metastasectomy on survival of 
patients with colorectal cancer started in 2015, 
and its results will hopefully provide further 
clarity on the benefits of surgery for techni-
cally resectable lung metastases [57]. The use 
of nonsurgical interventions such as RFA and 
SABR has to be considered under the strict 
indications.
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Salvage Surgery

Jeremy Yip

Abstract

With increasing prevalence of colorectal can-
cer, local recurrence is becoming part of every 
colorectal surgeon’s practice. Treatment 
options has been limited in the past, and 
mainly limited to palliative intent. A recent 
advance in surgical technique has opened new 
options with curative intent. Extended resec-
tion allows for R0 resection with clear mar-
gins with acceptable morbidities.
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36.1  Introduction

Local recurrence in rectal cancer has reduced 
dramatically since the adoption of total mesorec-
tal excision and neoadjuvant chemoradiation [1, 
2]. However despite widespread adoption of 
these techniques, local recurrence still occurs in 
up to 30% of patients [3–5]. This may be due to 
technical factors associated with proctectomy. 

Du et al. demonstrated that anastomotic leak and 
low lymph node sampling are associated with 
recurrence over the posterior and lateral compart-
ments [6]. Leakage often results in a collection 
over the posterior compartment, and low lymph 
node sampling may be due to inadequate lateral 
lymph node dissection. If there is extensive unre-
sectable distant metastasis, these patients are 
unsalvageable. However up to 50% of recur-
rences occur without the presence of distant 
metastasis [7]. This poses a significant dilemma. 
Historically pelvic recurrence has been difficult 
to treat. Surgery is extensive and potentially 
mutilating. It is associated with high morbidity. 
Patients with lateral pelvic sidewall recurrence 
and sacral involvement were often deemed unre-
sectable. Yet without surgery, patients with recur-
rent disease have very limited survival with poor 
quality of life. They experience significant pain, 
intractable tenesmus, and vaginal or perineal 
malodorous discharge. Mean survival of patients 
without treatment is 7 months [3, 6]. Palliative 
treatment with chemotherapy and radiotherapy 
has limited response [4]. Survival may be 
extended to 9.3–15.1 months with radiotherapy 
alone or together with chemotherapy [8]. The 
outcome of salvage surgery is determined pri-
marily by resection margin with R0 resection 
being the most important factor [4, 6, 9–11]. In 
the past the R0 resection rate is low. However, 
with improved surgical techniques, there is 
increasing hope for this group of patients. There 
is a growing body of evidence to suggest extended 
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pelvic exenteration with en bloc partial sacrec-
tomy, en bloc lateral compartment dissection, 
and even en bloc complete pubic bone excision 
can extend patient survival with a meaningful 
quality of life. A comparison between pelvic 
exenteration and abdominoperineal resection 
showed no statistical difference in perceived 
functional status between the two groups of 
patients [12]. Quality of life scores initially were 
lower in the pelvic exenteration group, but at 3 
months after operation, the two groups were 
comparable [12]. A more recent systematic 
review on quality of life following pelvic exen-
teration showed quality of life returns to baseline 
in 2–9 months following exenteration for locally 
advanced and recurrent rectal cancers [13].

36.2  Assessment

Detection of recurrence can be difficult. This 
group of patients may have had previous irradia-
tion and distorted anatomy from previous surgery 
making interpretation of imaging difficult. 
Recurrence can be totally asymptomatic, picked 
up during a routine surveillance scan/colonos-
copy or an elevated carcinoembryonic antigen 
level. Patients can also present with a variety of 
symptoms depending on the location of the recur-
rence. This includes minor discomfort around the 
perineum, wound sinuses, fistulation, urinary 
problems, and neurological and bone pain. They 
had previous operations ranging from local exci-
sion to abdominoperineal resection (APR), which 
may make access to the pelvis difficult especially 
when bowel continuity is not restored. Obtaining 
histology is not always possible. Frequently 
recurrence after APR is a radiological diagnosis, 
and there is no histological proof prior to opera-
tion. In one series, histological confirmation was 
only possible in 75.2% of patients [6]. If there is 
no histology to confirm the recurrence, it is 
important to assess whether the MRI, PET, and 
CEA level correlates with the clinical suspicion 
of recurrence, especially when pelvic exentera-
tion is a major undertaking. Multidisplinary 
meeting with an experienced radiologist, oncolo-

gist and colorectal surgeon is extremely impor-
tant to determine whether the suspected lesion is 
a genuine recurrence or fibrotic changes from 
previous surgery or radiation. Given the extent of 
the surgery, assessment of patient’s fitness for 
surgery is of utmost  importance. A Delphi study 
conducted among a group of international 
colorectal surgery experts showed the presence 
of ascites, jaundice, portal hypertension, 
cachexia, and deep vein thrombosis as a poor 
prognostic factor to pelvic exenterative surgery 
and is considered a relative contraindication to 
surgery [14]. As with any colonic workup, a full 
colonoscopy is necessary to rule out metachro-
nous tumor. Where necessary, a cystoscopy and a 
complete urogynecological examination should 
be performed when anterior compartment 
involvement is suspected. Positron emission 
tomography helps to rule out distant metastasis 
which is a relative contraindication for salvage 
surgery [14]. Pelvic exenteration in locally recur-
rent rectal cancer is difficult because of the effects 
of previous operations and irradiation leading to 
extensive fibrosis. It is extremely difficult to dif-
ferentiate between tumor and fibrotic tissue. 
Often, to achieve R0 resection, preoperative 
imaging is the only reliable road map to success, 
making a good MRI irreplaceable in determining 
the local resectability of the tumor [14]. However 
due to prior operation and irradiation, it is often 
extremely difficult to interpret. Every patient 
should have a discussion with the expert radiolo-
gist,  oncologist and  surgeon to determine the 
operability of each patient. If the patient is 
 radiotherapy naïve, long-course chemoradiation 
should be considered prior to salvage surgery.

36.2.1  Classification

An effective classification system conveys the 
most pertinent information in a straightforward 
manner. There are a few classification systems 
developed over the years by different centers. 
Memorial Sloan Kettering proposed a system by 
anatomical location, axial/perineal, anterior, 
posterior, and lateral [15]. The Leeds Group 
proposed a similar classification based on the 
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predominant location of the tumor, central, side-
wall, sacral, or composite [5]. Axial recurrence 
includes local recurrence after local excision 
and clinical complete response after neoadju-
vant therapy and anastomotic recurrence with-
out invasion into the surrounding organs. 
Anterior recurrences invade into the genitouri-
nary system. Posterior recurrence invades into 
the presacral space and the sacrum. Lateral 
recurrence involves the lateral compartment 
including the internal iliac vessels, ureters, piri-
formis, the obturator internus muscle, ischium, 
and the sacrotuberous and sacrospinous liga-
ments. The alternative classification is from 
Mayo Clinic, which is based on the presence of 
pain and the degree of fixation (Table 36.1) [16]. 
Classification by anatomical location is more 
widely adopted because surgical resection is 
planned according to the anatomical location of 
the recurrence and the organs involved. Through 
the anatomical classification, the intended resec-
tion is conveyed. It is also important to note that 
the anatomical location of the recurrence carries 
a heavy bearing to the rate of R0 resection. 
Moore et al. reported the presence of lateral 
compartment involvement adversely affects the 
rate of R0 resection when compared with the 
other three compartments. Isolated axial com-
partment recurrence is associated with signifi-
cantly higher R0 resection rate (90%) [15].

36.2.2  Imaging

Previous studies have demonstrated both CT and 
MRI are accurate in detecting abdominal recur-
rences [4] (Fig. 36.1). MRI has an advantage over 

CT in the pelvic region providing a highly 
detailed soft tissue image which aids the resec-
tion as it may be difficult to differentiate between 
fibrosis and tumor intraoperatively. Hence MRI 
is the preferred modality to assess resectability 
[14, 17]. Because patient outcome is governed by 
the margin status, it is important to have a clear 
road map preoperatively to guide the resection. 
Without the MRI, it is difficult to have a good 
appreciation of the surgical planes, especially in 
the pelvis which has been operated on and irradi-
ated on previously. Brown et al. retrospectively 
reviewed the correlation between MRI findings 
and the final pathology result and demonstrated a 
high sensitivity (73–100%) and specificity (50–
100%) in detecting involvement of the anterior 
and posterior compartment [17]. However, there 
is some limitation in detecting lateral compart-
ment involvement with a sensitivity of 46% and 
specificity of 91% [17]. Salvage surgery is always 
a major undertaking associated with significant 
morbidity. It would be devastating for the patient 
and the surgeon to discover after an extensive sal-
vage surgery that there are distant metastases. A 
good-quality positron emission tomography 
(PET) helps to exclude distant metastasis which 
will affect the outcome of the patient. PET scan 
also compliments the MRI when it may be diffi-
cult for the MRI to differentiate fibrosis, postop-
erative changes from an actual recurrence with an 
overall accuracy of 87% [4]. Whether a contrast 
computer tomography can be a substitute if PET 
scan is not available remains a controversy. But 
given the magnitude of the surgery, it is advisable 

Table 36.1 Mayo Clinic classification

Presence of pain

S0 = asymptomatic

S1 = symptomatic without pain

S2 = symptomatic with pain

Degree of fixation

F0 = not fixed

F1 = fixed to one site

F2 = fixed at two sites

F3 = fixed at three or more sites

Fig. 36.1 MRI: isolated pelvic recurrence over the left 
piriformis (white arrow)
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to obtain a PET scan as there is currently limited 
evidence to support the role of salvage surgery in 
patients with metastatic disease. However there is 
growing interest in patients with limited visceral 
metastases amendable with limited resection 
[14]. Whether pelvic exenteration should be 
extended to this group of patient remains to be 
studied.

36.3  Surgery

Without surgery, patients with pelvic recur-
rence often have limited survival which is also 
associated with an extremely poor quality of 
life. They experience significant pain and 
wound complications which can be debilitating 
severely limiting their quality of life. 
Chemotherapy and external beam radiation 
therapy have limited efficacy in treating iso-
lated pelvic recurrence. Salvage surgery offers 
the only chance of cure in this group of patients. 
Salvage surgery is safe with a low perioperative 
mortality 0–1.6% [5, 10, 18, 19]. With surgery, 
overall 5-year survival can be as high as 
65–68.3% [6, 19]. However there is significant 
morbidity from pelvic exenterative surgery for 
recurrence disease, 21–82% [4, 9, 18, 19]. 
These include but not limited to pelvis sepsis, 
enterocutaneous fistula, wound complications, 
and urinary complications. As a result, before 
any attempt in salvage surgery, a detailed dis-
cussion with the patient and careful surgical 
planning are important. Salvage surgery often 
involves multiple specialties including radiolo-
gist, oncologist, urologist, plastic surgeons, 
orthopedic surgeons, and intensivist. These 
patients should be referred to a dedicated ter-
tiary center which has experience in operating 
on these patients. Often the operating field has 
been operated on and irradiated on prior to sal-
vage surgery making it extremely difficult to 
differentiate scar tissue from tumor tissue. 
Therefore, every patient should have a discus-
sion in a multidisciplinary meeting with an 
experienced radiologist and oncologist to deter-
mine the resection margin. Other involved sub-

specialties should also be included in the 
discussion as surgery frequently involves urolo-
gists, plastic surgeons, and orthopedic surgeons 
if a sacral transection above S3 is required. 
Once the margin is decided, the subsequent sur-
gery should follow the decision at the multidis-
ciplinary meeting as much as possible, as any 
deviation may result in a positive margin jeop-
ardizing the ultimate outcome. If there is any 
doubt as to the margin, it is often worthwhile to 
obtain further margin for frozen section.

36.3.1  Axial Compartment

Axial recurrence includes anastomotic recur-
rence, mesorectal recurrence, and more recently 
recurrence after local excision or cCR after neo-
adjuvant treatment. Fortunately, anastomotic 
recurrence and failure after local excision and 
neoadjuvant treatment are usually detected early 
when patients are surveilled according to estab-
lished guidelines. They are relatively easy to 
detect as there is still access via endoscopy. 
Surgery involves resecting the neo-rectum 
together with the surrounding soft tissue. Surgery 
is usually straightforward if the anastomosis is 
above the prostate. Difficulty arises when the pre-
vious anastomosis is at the level of the prostate in 
the male. The comparatively narrower pelvis in 
Asians, together with the dense adhesions due to 
lack of soft tissue between the prostate and anas-
tomosis, makes dissection in this anterior plane 
extremely difficult especially with the  limited 
visual field in the pelvis. This area runs the high-
est risk of positive margin. Dissection may end 
up in the bowel lumen, perforating the tumor. 
This risk needs to be balanced with the morbidity 
associated with a total exenteration with an ileal 
conduit. If this margin is threatened, it may be 
more prudent to treat it as an anterior recurrence. 
To reduce the morbidity from a total exentera-
tion, some authors advocate an en bloc prostatec-
tomy instead of total exenteration [20]. However, 
this is extremely challenging. Posteriorly, dissec-
tion follows the holy plane but can include the 
presacral fascia if necessary.
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36.3.2  Posterior Compartment

Involvement of the sacrum or the presacral space 
can be effectively dealt with by en bloc sacrec-
tomy. Preoperative imaging with MRI to plan the 
level of sacral resection is important. Brown et al. 
reported a sensitivity and specificity of S1–S2 
involvement of 100% when comparing the MRI 
findings to the pathology findings. Sensitivity and 
specificity of S3 or below is slightly lower at 83% 
and 96%, respectively [17]. Historically, posterior 
compartment recurrence necessitating a sacrec-
tomy is divided into the abdominal phase, the 
perineal phase, and the prone phase. The opera-
tion starts with an exploratory laparotomy and 
abdominal mobilization. After the abdominal and 
perineal parts are completed, the wound is closed 
and the patient is turned prone for the sacrectomy. 
During the prone phase, there is loss of proximal 
vascular control from the abdomen. In addition, 
turning the patient prone mid-operation is time- 
consuming. For low sacral (S3 or below) or coc-
cygeal involvement, sacrectomy via an abdominal 
approach is possible. This procedure was pro-
posed by Prof. Michael Solomon [21]. This is 
done with the patient in modified Lloyd-Davis 
position with the sacrum lifted off the surgical 
table with support over the lumbosacral joint. The 
first abdominal phase is completed by abdominal 
mobilization of the ureters, the neo- rectum, and 
the bladder if necessary. Preemptively dissecting 
the internal iliac vessels and controlling with ves-
sel loop is advisable. Control of the internal iliac 
may be necessary if torrential bleeding is encoun-
tered. When ligation of the internal iliac vessels is 
necessary, it is preferred to preserve the first 
branch of the internal iliac to improve perfusion to 
the skin and muscle flap [20]. The need for lateral 
dissection is dictated by the preoperatively imag-
ing. It is advisable to include the lateral compart-
ment lymph nodes in the resection if it was not 
previously excised. Posteriorly, dissection follows 
presacral fascia down to the intended level of 
sacral transection. While the abdominal surgeon 
is completing the dissection, the perineal phase 
can begin after the anus is closed with suture to 
prevent tumor cell spillage. After standard ellipti-

cal incision around the anus, the ischiorectal fat 
can be partially or completely removed depending 
on the lateral extension. Entry to the pelvic cavity 
is guided by the abdominal surgeon. Depending 
on the required lateral margin, the levator ani, 
obturator internus, and the piriformis can be 
included in the resection. The dissection contin-
ues posterior to the coccyx, disconnecting the glu-
teus maximus from the coccyx and sacrum until 
the intended transection level is reach. This is not 
possible if the sacrum is not lifted off the table 
with support at the lumbosacral joint, hence the 
importance of good positioning before the opera-
tion. An osteotome is hammered into the sacrum 
posteriorly to protect the skin from a potential 
through and through puncture when the abdomi-
nal surgeon hammers down the osteotome anteri-
orly. Once the posterior osteotome is in position, 
the abdominal surgeon hammers an osteotome 
anteriorly at the level of transection until the two 
osteotomes meet. This approach has the benefit of 
not requiring repositioning the patient mid-proce-
dure, decreasing the operative time. It also allows 
access to the abdomen for proximal vascular con-
trol if torrential bleeding is encountered during 
the sacrectomy and construction of ileal conduit, 
vertical rectus abdominis muscle flap, and colos-
tomy. For tumors that require sacrectomy above 
the S3 level, the dissection is first completed down 
to the level of intended transection, and then a 
large radiopaque pin is applied to mark the level 
of transection. The pin must be large enough to be 
easily spotted on the image intensifier. An extra-
large metallic liga-clip is usually too small to be 
visualized on the image intensified; hence, an 
orthopedic fixation pin is used instead to ensure 
clear visualization. The pelvis is packed with 
large swabs to protect the peritoneal contents 
when the patient is operated in a prone position. 
The sacrectomy is then performed in the prone 
position with the nerve root identified and pro-
tected (Fig. 36.2). In a recent systemic review 
focused on pelvic exenteration with en bloc 
sacrectomy, Sasikumar et al. reported R0 resec-
tion was achieved in 78% of patients, and disease- 
free survival of R0 patients was 55% at a median 
follow-up period of 33 months [9].
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36.3.3  Anterior Compartment

Anterior recurrence can be dealt with effectively 
with anterior exenteration. In the female, the 
vagina and uterus are the most common site of 
involvement. It is uncommon for primary rectal 
tumors to involve the pubic symphysis anteriorly 
although if involved an en bloc resection of the 
pubic symphysis is possible [22]. In one series, 
pathologies that may require an en bloc resection 
of the pubic symphysis include osteosarcoma, 
prostate carcinoma, squamous and transitional 
cell carcinoma of the bladder, anal squamous cell 
carcinoma, and cervical squamous cell carci-
noma [22]. In male, the prostate and the urethra 
just distal to the prostate can be involved. If the 
urethra is divided just distal to the prostate after 
division of the dorsal venous plexus, this may 
expose the recurrence threatening the anterior 
margin. Another option would be to perform a 
perineal urethrectomy to extend the anterior 
margin [23]. This is performed at the level of the 

symphysis pubis. This method described by 
Solomon et al. begins with dissection along the 
inferior border of the inferior pubic rami toward 
the symphysis pubis and then lifting the bulbos-
pongiosus muscle off the symphysis pubis before 
ligating and dividing the bulbospongiosus mus-
cle, the urethra, and the dorsal venous plexus 
[23]. Besides increasing the anterior margin, this 
also neglects the necessity of having to transect 
the dorsal venous plexus at the retropubic space 
which can be difficult in patients with a large 
pelvic tumor and heavily irradiated tissue where 
stitches might not hold. If required, after mobili-
zation of the bladder and perineal urethrectomy, 
the resection can include en bloc complete or 
partial pubic bone excision. This is more com-
monly required in patients with tumors from the 
anterior pelvic organs rather than from rectal 
recurrences [22].

36.3.4  Lateral Compartment

Direct invasion into the lateral compartment pre-
viously meant patient was unsalvageable. With 
the increased experience from lateral pelvic 
lymph node dissection, this is no longer an abso-
lute contraindication to surgery. However, lateral 
compartment involvement is still associated with 
the worst outcome compared with all the different 
compartments [14, 15, 18]. R0 resection is more 
difficult and often limited by the bony pelvic side-
wall. Operation in this region is often made even 
more difficult by previous radiation and surgery. 
In 2004, Moore et al. reported a R0 resection rate 
of 19% when the pelvic sidewall was involved 
radiologically [15]. This contrasts with 66.5% 
reported in a more recent publication [19]. In a 
retrospective review of one of the largest series of 
lateral pelvic compartment excision, R0 resection 
is again demonstrated as the only predictor of 
overall and disease-free survival (p = 0.030 and 
0.014, respectively) [19]. Preoperative MRI is 
imperial in determining the extent of resection; 
however, authors reported difficulty when there 
are extensive postoperative or post-radiotherapy 
changes limiting the sensitivity. Brown et al. 

Fig. 36.2 Pelvic exenteration with en bloc sacrectomy 
at S2
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reported MRI sensitivity and specificity of 46% 
and 91% in determining pelvic sidewall involve-
ment [17] (Fig. 36.3). Where MRI findings alone 
are inconclusive, PET scan may be of help in dif-
ferentiating recurrence and scar tissue. Again, this 
demonstrates the importance of a multidisci-
plinary meeting with a dedicated experienced 
radiologist. To obtain a wide margin for R0 resec-
tion, the dissection should start beyond the TME 
plane. After ureterolysis and division of the ureter 
proximal to the tumor, the common iliac and 
internal iliac vessels are dissected and slung with 
vascular loops (Fig. 36.4). The beyond total meso-
rectal excision collaborative considers encase-
ment of external or common iliac vessels a relative 
contraindication to surgery [24]. However, 
Solomon et al. reported excision of the common 
or external iliac vessels did not confer an inferior 
survival when compared to those who do not have 
common or external iliac vessel involvement [19]. 
Depending on the involvement by the tumor, the 
common and external iliac vessels may be 
resected and reconstructed by vascular surgeons 
using either autologous or synthetic graft before 
continuing with further dissection (Fig. 36.5). 
With the patient in modified Lloyd-Davies posi-
tion, the deep pelvic fascia is identified by ligating 
and dividing the internal iliac vessels preferably 
distal to the first branch. Entering this plane 
allows dissection along the lumbosacral trunk and 

the sacral nerve. Through this dissection, the piri-
formis muscle, obturator interns, and the levator 
muscles can be clearly visualized. The muscles 
can be dissected free from the pelvic sidewall 
allowing for maximal lateral margin. With this 
method described by Solomon et al., R0 resection 
rate improved from 21% to 66.5%, and a 35% 
5-year survival rate was achieved by this experi-
ence group [19]. Shaikh et al. proposed a method 
of lateral wall dissection using a transgluteal 
approach in a prone position [25]. In their series 
of six patients, R0 resection was achieved in all 

Fig. 36.3 MRI: locally advanced rectal cancer with left 
pelvic sidewall involvement

Fig. 36.4 Anatomy of lateral sidewall after the left ureter 
has been divided. IIA, Internal iliac artery (transected); 
CIV, common iliac vein; IIV, internal iliac vein

Fig. 36.5 Involvement of the left external iliac [white 
arrow]
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six patients. This approach requires patient to be 
in a prone position at the start of the procedure 
and limits access to the abdomen to assess for 
metastatic disease. Transgluteal approach may 
also be unfamiliar to many colorectal surgeons, 
and an abdominal approach is preferred.

36.3.5  Flap Reconstructions

Pelvic exenterative surgery is often associated 
with a large perineal defect in terms of soft tissue 
space and skin. This large pelvic cavity is a reser-
voir for collections which results in pelvic sepsis. 
Although the bowel will drop down to fill up this 
space, it may not be able to completely obliterate 
the space, and also the bowel may adhere to sharp 
bony edges after bone resection. This may poten-
tially lead to adhesive intestinal obstruction or 
bowel fistulation. It is the author’s practice to as 
much as possible fill up the space with vascular-
ized tissue. The most common method would be 

to perform an omentoplasty (Fig. 36.6). A large 
tongue of omentum is mobilized based on a left or 
right gastroepiploic artery and vein and rotated 
along the paracolic gutter down to the pelvis to fill 
up the void rather than leaving the bowel to drop 
into the pelvis. This omental flap provides a large 
bulk of vascular soft tissue to fill up the potential 
space which helps to reduce the incidence of pel-
vic sepsis and prevents bowel obstruction due to 
adhesion in the pelvis (Fig. 36.7). This vascular 
soft tissue is resistant to infection and allows reab-
sorption of fluid in the pelvis. Perineal skin in 
patients with recurrent cancers is often heavily 
irradiated and may have impaired perfusion after 
exenterative surgery especially if the internal iliac 
vessels have been resected. In addition to bridging 
the skin defect, using a flap helps to reduce the 
wound complications such as wound edge necro-
sis (Fig. 36.8) and dehiscence [20]. A variety of 
flaps has been described to close the perineal 

Fig. 36.7 CT image after omentoplasty with a large bulk 
of soft tissue in the pelvis

Fig. 36.8 Wound edge necrosis after ligation of the inter-
nal iliac artery at origin

Fig. 36.6 Omentoplasty
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defect. This includes anterolateral thigh flap, ver-
tical rectus abdominis muscle flap, gracilis myo-
cutaneous flap, and gluteal myocutaneous flap. 
Flap selection depends on the preference of the 
plastic surgeons. The anterolateral thigh flap has 
an advantage over vertical rectus abdominis flap 
in leaving the rectus muscle intact for stoma cre-
ation, potentially reducing the incidence of stoma 
related complication especially hernia. Another 
benefit of using an anterolateral thigh flap is that 
the plastic surgeon can work simultaneously on 
the thigh as it does not block access to the 
perineum or the abdomen and does not require 
reposition of the patient. This potentially saves 
operative time in an already long operation. The 
size of the anterolateral thigh flap can be as large 
as 10 cm by 25 cm [26]. The resulting defect in the 
anterolateral thigh can be closed primarily if the 
defect is small or with split-thickness skin graft 
from the contralateral thigh if necessary [26]. 
Before placing the flap, it is important to ensure 
the bony sacral transection surface is not causing 
excessive pressure on the wound as to cause skin 
necrosis and dehiscence. In cases where resection 
of the anterior abdominal wall is necessary, the 
anterolateral thigh flap can also be used for recon-
struction (Fig. 36.9). Since the development of 
biological mesh, there has been interest in using 
biological mesh to repair the perineal defect. To 
this day, there is no strong evidence to support the 
routine use of biological mesh to improve wound 
healing after exenteration. The BIOPEX study 
showed limited evidence that it may reduce the 
incidence of perineal hernia after extralevator 
abdominoperineal resection [27].

36.4  Complications

There is no doubt that salvage surgery is associ-
ated with a high rate of morbidity. Bhangu et al. 
reported a major complication rate of 51% in a 
meta-analysis of 22 studies representing 1460 
patients receiving surgery for recurrent rectal 
cancer [11]. Complication rate in each study 
ranges from 27% to 81%. The most common 
complications include pelvic collection and 
wound dehiscence. Other complications include 
enterocutaneous fistula, chest infection, ileal con-
duit leak, urinary sepsis, and stoma complica-
tions. Solomon et al. reported sepsis as the most 
common cause of morbidity, including urinary 
sepsis, intra-abdominal collection, and wound 
related. Pelvic collection occurs in as many as 
29.5% of patients in their series about half of 
which requires reoperation [19].

36.5  Summary

Locally recurrent rectal cancer remains a challeng-
ing problem faced by many colorectal surgeons. 
Despite advances in the management of rectal can-
cer, recurrence still occurs. Although challenging, 
it is potentially curable with a meaningful quality 
of life [12, 13]. Patients with suspected recurrence 
require a thorough assessment with MRI and PET 
and discussion in a multidisciplinary meeting to 
determine the resectability. R0 resection is the 
goal in all salvage surgery and is the major deter-
minant of outcome after operation. Because sal-
vage surgery is associated with significant 
morbidity, a careful patient selection and thorough 
discussion with the patient are warranted.
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Abstract

Over the last two decades, the concept of “pal-
liative” has changed due to the pivotal role of 
multidisciplinary approach and chemotherapy. 
Incurable CRC patients may be asymptomatic 
or present various symptoms from dyspepsia 
to life-threatening conditions such as malig-
nant obstruction, perforation, and lower gas-
trointestinal bleeding which needs emergency 
surgical intervention. The overall survival is 
still the main endpoint of palliative manage-
ment in CRC patients. But the quality of resid-
ual life affected by surgery, chemotherapy, 
and any other palliative treatment should not 
be underestimated but should be an immensely 
important issue. Multidisciplinary approach is 
needed for appropriate management to control 
the symptoms and to improve the quality of 
life of patients with disease progression and 
incurable CRC.
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37.1  Introduction

Colorectal cancer (CRC) is a common neoplasia 
in the world, and every fifth patient with CRC 
presents with metastatic disease which is not cur-
able with radical intent in roughly 80% of cases 
[1, 2]. Traditionally palliative approach to incur-
able stage IV CRC patients was surgery by resec-
tion of the primary tumor, intestinal bypass, or 
stoma. Over the last two decades, concept of 
“palliative” has changed due to the progress of 
surgery and systemic therapy of CRC and distant 
metastasis [3–5]. Especially by a pivotal role of 
multidisciplinary approach and chemotherapy, 
the management of incurable stage IV CRC 
patients has significantly changed and increased 
the oncological outcomes [6]. For unresectable 
colorectal cancers, the most important issue is 
whether the disease is symptomatic or asymp-
tomatic. Unresectable CRC patients may be 
asymptomatic or present various symptoms from 
dyspepsia to life-threatening conditions such as 
malignant obstruction, perforation, and lower 
gastrointestinal bleeding which needs emergency 
management. This may not only prolong survival 
and enable to receive palliative systemic treat-
ment but also impact patient’s quality of life [7]. 
The treatment goal for asymptomatic patients is 
to decelerate cancer progression to prolong sur-
vival and prevent cancer-related modalities. 
Recent guidelines do not recommend primary 
tumor resection in asymptomatic unresectable 
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patients [6–8]. Modern systemic chemotherapeu-
tic agents have been shown to be more effective 
and reduced the need of palliative surgery when 
compared to conventional 5-fluorouracil-based 
chemotherapy [9, 10]. The overall survival is still 
the main endpoint of palliative management in 
CRC patients. But the quality of residual life 
affected by surgery, chemotherapy, and any other 
palliative treatment should not be underestimated 
but should be an immensely important issue.

37.2  Palliative Surgery 
of the Symptomatic 
Incurable CRC

Palliative surgery for symptomatic incurable CRC 
is aimed for symptom relief and recommended on 
complications such as obstruction or significant 
bleeding by international guidelines [11]. 
Otherwise it would be better to avoid surgical 
intervention, but if needed, the extent of surgery, 
the type of surgery, and timing of surgical inter-
vention should be considered. And also surgical 
plans to effectively achieve that goal must balance 
the potential benefit of durable symptom relief 
with the inherent risk of postoperative morbidity 
and mortality, with already nutritionally replete 
patients [12]. For patients with advanced incur-
able malignancy, complications, along with their 
required additional care, are not as well tolerated. 
This morbidity diminishes the potential benefit of 
a palliative procedure by negatively impacting the 
patient’s quality of life. The appropriated applica-
tion of palliative surgery in well- selected patients 
can provide effective symptom relief [13].

37.2.1  Stomas

Loop stomas are preferred than end stomas by 
pulling the ileum or the colon through a full- 
thickness incision passing through the rectus 
muscle. Choosing an appropriate position on the 
abdominal wall for the stoma is one of the most 
important things to consider. A stoma that is lat-
eral to the rectus sheath can predispose the patient 
to a parastomal hernia and prolapse. Colostomy 

is more favorable for palliation for having the 
advantage of lower volume, solid stools, and 
lower morbidity and is easier to manage the sto-
mas than ileostomy [14]. Colostomy formation is 
a procedure particularly well suited to laparo-
scopic techniques since there is no requirement 
for specimen extraction. For most indications, a 
sigmoid colostomy is superior to a colostomy 
created from more proximal colon. The ease with 
which the transverse colon can be delivered as a 
stoma is more than offset by the difficulty of 
ostomy care experienced by patients [15, 16].

37.2.2  Internal Bypass

Internal bypasses are usually performed for colon 
cancer through laparotomy by side-to-side anas-
tomosis between the ileum/colon proximal to 
obstructing tumor and the colon distal to tumor. 
Since colonic obstruction is normally associated 
to bowel distension, performing laparoscopic 
anastomosis should be considered a very demand-
ing procedure and reserved to experienced lapa-
roscopic surgeons [17].

37.3  Tumor-Related Emergency

When surgeons are confronted with colorectal 
cancer patients who are suffering from life- 
threatening complication, the first decision point 
should be whether this complication could be 
managed surgically or not. In addition to surgery, 
non-operative approaches such as stent insertion 
and laser therapy have been applied recently. 
Surgery is the last step in solving this situation, 
but we should make a careful assessment of 
whether patients can withstand surgical stress. 
And we must determine the best way to manage 
the problem (Fig. 37.1).

37.3.1  Obstruction

Obstruction is reported in 10–26% of metastatic 
CRC, the most frequent condition requiring an 
aggressive and emergent management of patients 
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with incurable CRC [18, 19]. The management 
of obstructing CRCs varies according to the site 
of primary tumor. Mostly resection is preferred 
in proximal tumors, whereas other treatment 
options may be preferred in the case of CRCs 
located in the sigmoid or rectum including stent-
ing [20, 21].

37.3.1.1  Colonic Stent
After the first being used by Dohmoto et al. [22], 
self-expanding metallic stent (SEMS) placement 
became an alternative approach to emergency 
surgical interventions for patients with inopera-
ble malignant colonic obstruction. The colonic 
stent insertion showed clear advantages of lower 
postoperative mortality, reduced intensive and 
overall hospital stay, and earlier start of chemo-
therapy than emergency surgery in previous 
research [20, 23]. However the clinical success 
rate was higher in emergency surgery, and there 
was no difference in the postoperative complica-
tions. There are concerns about chemotherapy 
raising complication rates of stent placement, 
especially of colonic perforation especially with 
anti-angiogenic agents. Colonic stenting is not 
recommended in patients who are considered for 
treatment with anti-angiogenic agents such as 
bevacizumab, regorafenib, and aflibercept due to 
increased stent-related colonic perforation [24–
26]. Although complications associated with 
colonic stent insertion such as perforation, stent 
failure, re-obstruction, and stent migration were 
major concerns, colonic stents obviously have a 
role in the palliation. Stent-related complications 
may need reinterventions either with re-stenting 
or palliative surgery [27].

37.3.1.2  Surgical Palliation
Traditionally, resection (LAR, APR, Hartmann’s 
operation) has been advocated to prevent later 
complication such as bleeding or pelvic pain and 
ureteral obstruction. Resective surgery is usually 
preferred in proximal CRC, where colostomy is 
not an option. Internal bypass by ileo-colonic 
(transverse or sigmoid) anastomosis is per-
formed. For obstructing distal tumors, diversion 
with a proximal colostomy and loop ileostomy is 
likely still the safest and most durable option. 

Colostomy or ileostomy has the advantage that it 
can also be done by laparoscopy. Laparoscopic 
surgery is associated with less postoperative pain 
and shorter hospital stay, which enable the 
resumption of palliative [28]. A primary anasto-
mosis can be considered in select, low-risk 
patients. This should be weighed very carefully 
when performing surgical palliation, as an anas-
tomotic leakage after primary anastomosis may 
delay chemotherapy and other palliative treat-
ments [29].

37.3.2  Bleeding

37.3.2.1  Laser Ablation
The most commonly used nonsurgical treatment 
in this situation is the neodymium-doped yttrium 
aluminum garnet (Nd: YAG) laser. The energy 
delivered by the laser causes coagulative necrosis 
to stop the bleeding. It can be tried several times 
thanks to the advantage of being easy to perform 
without any anesthesia. It is also used for the 
obstruction but is said to be particularly effective 
in controlling bleeding. Coagulation was achieved 
in 80–90% of patients, with complications occur-
ring in 2–15% [30]. It is known to be relatively 
ineffective for cancer involving long- segment 
colon or circumferential tumor. Despite these lim-
itations, laser ablation is an acceptable modality 
for palliation of bleeding in high-risk patients.

37.3.2.2  Radiotherapy
Radiotherapy is a treatment that can reduce the 
pain caused by nerve involvement as well as 
bleeding, with relief in about 75% of patients 
[31]. However, the survival benefit due to radio-
therapy is unexpected and is useful for patients 
with short life expectancy because the symptoms 
recur within 6 months of approximately half of 
the patients [32].

37.3.3  Perforation

Colonic perforation is the most life-threatening 
condition requiring emergent surgery. There are 
various mechanisms that can cause perforation, 
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such as the distension of the large bowel due to 
obstruction, tumor necrosis, the complication of 
stent insertion, and laser therapy [33]. However, 
regardless of the mechanism, the most important 
part in determining the direction of surgery is the 
location of the perforation and the presence of 
diffuse peritonitis.

If the perforation causes signs of diffuse perito-
nitis or severe sepsis, emergency surgery with 
laparotomy should usually be performed. The aim 
of surgery in this case should be to focus on elimi-
nating septic focus and preventing future peritoni-
tis by resecting the perforated segment and 
cleaning contaminated intra-abdominal cavity. 
The removal of perforated colon and anastomosis 
can be performed simultaneously, but it is accom-
panied with the risk of postoperative leakage. 
Instead, creating a temporary stoma without anas-
tomosis is a safer option. Although performing 
anastomosis with protective stoma can be executed 
at the same time, this is rarely performed unless 
the patient is expected to have longer survival.

If the location of the perforated tumor is extra-
peritoneal rectum or the perforation is sealed off 
to cause localized peritonitis, it is possible to 
manage with drainage of abscess with broad- 
spectrum antibiotics.

37.4  Role of Radiotherapy

Radiotherapy is a successful, time-efficient, well- 
tolerated, and cost-effective intervention that is 
crucial for the appropriate delivery of palliative 
oncology care. Goals of palliative radiotherapy 
are symptom relief at the site of primary tumor or 
from metastatic lesions [34].

Rectal can be successfully palliated with exter-
nal beam radiotherapy (EBRT). Patients with rectal 
cancer who are unable to or unwilling to undergo 
palliative resection can be treated with aggressive 
palliative dose regimens totaling 40–60 Gy, 
although those with poor performance status or 
prognosis can gain relief with courses as short as 
30 Gy in six fractions over 3 weeks with concurrent 
fluorouracil chemotherapy [35]. Recurrent rectal 
cancers frequently cause pelvic morbidity includ-
ing pain, bleeding, and mass effect (Fig. 37.2). 
Palliative pelvic radiotherapy is also used to relieve 
these symptoms and delay local progression [36]. 
Bone metastasis from colorectal cancer is reported 
in 7–10% of cases [37]. Symptoms from bone 
metastases may commonly include pain, patho-
logic fracture, or spinal cord compression. When 
combined with the appropriate use of other mea-
sures such as a pain medicine regimen, surgical 

a b

Fig. 37.2 A 56-year-old man with rectal cancer recur-
rence. The recurrence involves the urinary bladder and 
bilateral ureter. (a) About 11 cm recurrent presacral mass 

causing severe pain. (b) Rectal cancer recurrence invad-
ing posterior wall of urinary bladder
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stabilization, systemic treatments including bone-
strengthening agents, and radiopharmaceuticals, 
external beam radiotherapy constitutes the most 
effective and well-tolerated treatment for painful 
bone metastasis [38].

37.5  Role of Chemotherapy 
and Target Therapy

Traditionally, chemotherapy was considered as a 
palliative treatment and was administered only in 
unresectable metastatic colorectal cancers. After 
years of attempts and modulation of approaches 
with chemotherapy on metastatic colorectal can-
cer patients with the development of new targeted 
drugs, the shift on decision making emerged [39–
42]. Such development of chemotherapy and tar-
geted therapy improves the oncological outcome 
of selected patients with good performance status 
and converting metastatic disease from non-oper-
able to operable [43].

 Conclusion

Diverse therapeutic options, such as open sur-
gery to minimally invasive techniques, new 
chemotherapeutic regimens, and molecular 
target agents, have increased the survival of 
incurable CRC patients. The role of surgery in 
the palliative management of asymptomatic 
patients is changing following the impressive 
results of  chemotherapy. Other than survival 
prolongation, disease control and better qual-
ity of life are gaining importance as primary 
endpoints of palliative management of incur-
able CRC. Palliative treatment for end-stage 
colorectal cancer including recurrent patients 
should be provided by a multidisciplinary 
team of surgeons, medical oncologists, pathol-
ogists, radiation oncologists, and radiologists 
not only for disease control but also for better 
quality of life.
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