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PART 1

Diagnosis





CHAPTER 1

Epidemiology
Mala Pande & Marsha L. Frazier
The University of Texas MD Anderson Cancer Center, Houston, TX, USA

KEY POINTS

Descriptive epidemiology: assessment of the distribution of colorectal cancer
� Ecological studies of populations are used to determine variation in rates. Incidence,
mortality rate, time trends, and prevalence are some key measures.

� The burden of colorectal cancer varies globally: the incidence rate is 10 times higher
and the mortality rate 5 times higher in countries with the highest rates than in coun-
tries with the lowest rates.

� Worldwide, colorectal cancer is the third most common cancer in men, the second
most common cancer in women, and the fourth leading cause of cancer deaths.

� In the United States, colorectal cancer is the third most common cancer in both men
and women (9% of the estimated incident cancer cases in both men and women in
2012) and the third leading cause of cancer deaths (9% of estimated cancer deaths
in both men and women in 2012).

� There are geographic variations in incidence and mortality, with higher incidence but
lower mortality rates in developed countries than in developing countries.

� Colorectal cancer incidence rates have been declining in the United States, and have
been stable or declining in most developed countries but are rising in developing
countries.

� The increasing risk of colorectal cancer in developing countries may be attributable to
increased longevity, and adverse lifestyle changes including smoking, lack of physical
activity, and adoption of a westernized diet.

� Colorectal cancer incidence and mortality rate vary by geographic location, age, sex,
race/ethnicity, and over time.

� The prevalence of colorectal cancer is high because it has a relatively good prognosis.
As a result, there are over 1 million colorectal cancer survivors in the United States.

Analytic epidemiology: assessment of determinants of colorectal cancer:
� Cross-sectional, case-control, and cohort study designs can be used to determine the
association of suspected environmental, lifestyle, and other exposures with colorectal
cancer risk. Randomized controlled trials are the gold standard for determining cause
and effect.
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4 Colorectal cancer

� Factors that increase the risk of colorectal cancer include older age, African-American
race/ethnicity, inherited predisposition syndromes, family history of colorectal cancer
or colorectal polyps, inflammatory bowel disease, personal history of colorectal cancer
or polyps, diabetes, obesity, physical inactivity, smoking, and alcohol.

� Many other probable risk factors are under investigation.

Introduction

In the last decade, cancer has become the leading cause of death in economi-

cally developed countries and the second leading cause of death in developing

countries. Globally, colorectal cancer (CRC) is the third most common cancer

in men, the second most common cancer in women, and the fourth lead-

ing cause of cancer deaths. In 2008, an estimated 665,000 men and 570,000

women were diagnosed with CRC, and 668,000 deaths were attributable to

CRC, accounting for 8% of all cancer deaths [1].

Colorectal cancer incidence worldwide

There is almost a 10-fold variation in CRC incidence rates (proportion of newly

diagnosed cases per year) worldwide for both sexes. CRC incidence rates are

highest in Australia/New Zealand and Western Europe and lowest in Middle

Africa and South-Central Asia [1] (Figure 1.1).

Although developed countries account for almost two-thirds of CRC cases

(with the exception of a few countries in Eastern Europe, Eastern Asia, and

Spain), the rates in developed countries have mostly remained stable or

declined over time, whereas rates in developing countries are rising [1;2].

These differences may be attributable to changes in lifestyle and environmen-

tal factors as well as underlying genetic susceptibility. The rapid increase in the

cancer burden in developing countries is possibly due to population growth

and aging, and adverse lifestyle changes such as increased smoking, physical

inactivity, and westernized diets [3]. Worldwide, the age-standardized rate

(ASR) for CRC incidence is 17.3 per 100,000 population and the cumulative

risk for CRC from birth to age 74 years is 0.9% [1]. The incidence of CRC is

higher in men than in women (overall male:female ratio of age-standardized

rates is 1.4:1). Country-specific rates for CRC incidence and mortality are

available from the GLOBCAN database from the World Health Organization’s

International Agency for Research on Cancer (http://globocan.iarc.fr/).
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< 4.6
GLOBOCAN 2008 (IARC) - 27.3.2012

< 7.5 < 12.5 < 24.2 < 42.1

Figure 1.1 Estimated age-standardized incidence rate per 100,000 colorectum: both sexes,

all ages [1].

Colorectal cancer incidence, time trends, and
lifetime risk in the United States (US)

It is estimated that 143,460 men and women (73,420 men and 70,040

women) will be diagnosed with CRC in the US in 2012 [4]. Of all CRCs diag-

nosed, about 72% affect the colon and the remaining 28% affect the rectum.

Incidence rates for CRC in the US have declined roughly by 2–3% every year

over the last 15–20 years [5], largely attributable to the advent of CRC screen-

ing, which allows for early detection and removal of precancerous polyps [6].

The lifetime incidence of CRC in the US is 5%, or 1 in 20 people are predicted

to get CRC over their lifetime. The incidence of CRC is 25% higher in men

than in women, and most (>90%) cases occur in men and women older than

50 years. Rates vary significantly by race/ethnicity; the incidence of CRC in

African-American men is 20% higher than in white men [3].

Colorectal cancer mortality worldwide

CRC is the fourth most common cause of death from cancer, accounting

for 8% of all cancer deaths worldwide. Globally, mortality rates continue to

increase for deaths due to CRC (the ASR is 8.2/100,000). Cancer survival
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tends to be poorer in developing countries, possibly because cancer is diag-

nosed at later stages and patients have limited access to timely and standard

care [3]. There is less variability in mortality rates worldwide (6 times higher

in men and 5 times higher in women, in countries with the highest rates

than in countries with the lowest rates), with the highest estimated mortality

rates in both sexes in Central and Eastern Europe (20.1/100,000 for men and

12.2/100,000 for women), and the lowest in Middle Africa (3.5/100,000 for

men and 2.7/100,000 for women) [1].

The mortality rate for CRC is roughly half the incidence rate, so its prog-

nosis is relatively good. Thus, CRC has a high 5-year prevalence (number of

cases in the population at a given time), with an estimated 3.26 million peo-

ple alive with CRC diagnosed within the past 5 years [1;7]. The decrease in

mortality may be due to changes in incidence, progress in therapy, improved

early detection due to widespread screening, diagnosis at earlier stages (when

the cancer is more amenable to treatment), and many other factors [8].

Colorectal cancer mortality in the US

An estimated 51,690 people will die of CRC in 2012 [4]. CRC-related deaths

in the US have been declining steadily from 1975 to 2009, with an annual

percentage change of 0.5–4% [4]. The US mortality rate for CRC from 2005 to

2009 was 16.7 per 100,000 patients per year. However, mortality rates varied

significantly by both sex and race/ethnicity. Mortality rates are highest for

African-American men (29.8/100,000) and lowest for Asian-Pacific Islander

women (9.6/100,000). The largest proportion (29%) of CRC deaths occurred

in patients aged 75–84 years, and the median age at death was 74 years [4].

The mortality rate for CRC is roughly one-third the incidence rate, resulting

in a high prevalence of patients diagnosed with CRC. On January 1, 2009,

over 1.14 million people with a history of CRC were alive in the US [4]. The

5-year survival rate for CRC is related to the stage at diagnosis; CRC diagnosed

at the local stage has a 5-year survival rate of 90%, but the rate drops to only

12% if CRC is diagnosed after it has metastasized [9]. Overall, the US has one

of the highest 5-year survival rates for CRC in the world: 61% for patients

diagnosed at any stage.

Colorectal cancer risk factors

Epidemiologic studies have identified many factors that may increase or

decrease risk of CRC. Some of these factors, such as a personal or family
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history of CRC or a history of inflammatory bowel disease, are non-modifiable,

but many lifestyle risk factors, such as smoking, alcohol use, and lack of phys-

ical activity, are modifiable. It was recently reported that following a healthy

lifestyle that includes being physically active for at least 30 minutes per day,

following a healthy diet, controlling abdominal adiposity, not smoking, and

not drinking alcohol in excess could have prevented 23% of the CRC cases in

a cohort of more than 50,000 people aged 50–64 years, who were cancer-free

at baseline and followed up for an average of 10 years [10]. Genetic suscep-

tibility due to inherited germline mutations is the cause of CRC in about 5%

of patients; however, most cases are sporadic, not familial.

Age
Age is a major risk factor influencing CRC incidence and death rate, because

both rates increase with age. Over 90% of new CRC cases and deaths occur in

people older than 50 years. However, CRC incidence rates in that age group

have been steadily declining since the mid-1980s, whereas incidence rates

in people younger than 50 years have consistently increased since the early

1990s [11]. Researchers are not sure what is causing the increase in younger

adults, but a recent study found that young-onset CRC was more prevalent

than later-onset CRC among patients of non-white race/ethnicity, patients

who had no insurance orMedicaid insurance, and patients living in the South-

ern andWestern US [11]. Younger patients also had a more advanced stage at

diagnosis, location distal to the splenic flexure or in the rectum, a mucinous

or signet ring histologic subtype, and poor or no cell differentiation [11].

Sex
Worldwide, and in the US, men are at greater risk for CRC than women, but

the reasons for the difference in CRC incidence and mortality rates by sex

are not well understood. The sex-specific differences may be related to hor-

monal risk factors, differences in screening and access to medical care, and

sex-specific genetic and molecular interactions with environmental risk fac-

tors [12]. Sex also affects the CRC site, men having a higher incidence of rectal

cancers (31% of CRCs) than women (24%) [9].

Race/ethnicity
The burden of CRC varies significantly by race/ethnicity (Figure 1.2). African-

Americans have the highest incidence and mortality rates in the US, followed

by non-Hispanic whites. CRC incidence rates are lowest in Hispanics. CRC-

related mortality rates have declined over time for all races/ethnicities, but the
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decline has been significantly larger among US whites than among African-

Americans.

Geographic differences
CRC incidence rates vary globally and between US states. Developed nations

have higher CRC incidence rates than developing nations; the highest rates

are seen in Australia and Canada, and the lowest rates are seen in Mid-

dle Africa (Figure 1.1). Incidence rates have rapidly increased in countries

that have recently transitioned from relatively low-income to high-income

economies, such as Japan, Singapore, and some Eastern European countries

(Figure 1.3) [13;14]. Geographic variation in rates is also observed between

US states/regions; socioeconomic factors contribute to this variation by influ-

encing access to screening and treatment.

Geographic distribution of CRC in the US also varies by race/ethnicity

and sex. CRC incidence rates (per 100,000) among white men range from

44.4 in Utah to 68.7 in North Dakota, and incidence rates among African-

American men range from 46.4 in Arizona to 82.4 in Kentucky. Similar vari-

ations across states are seen among white women (ranging from 31.8 in Utah

to 48.6 in West Virginia) and African-American women (ranging from 34.8

in New Mexico to 61.5 in West Virginia) [9].

Genetic predisposition
Roughly 5% of CRC cases are attributable to a genetic predisposition. That

is, inherited mutations in certain key genes result in a greatly increased life-

time risk of CRC. Several genetic susceptibility syndromes predispose people

to CRC, the most common of which is Lynch syndrome. People with Lynch

syndrome inherit germline mutations in one of the DNA mismatch repair

genes, MLH1, MSH2, MSH6, or PMS2, and this predisposes them to cancers

of the colorectum, endometrium, ovary, stomach, small intestine, hepato-

biliary tract, urinary tract, brain, and skin. These mutations have an auto-

somal dominant pattern of inheritance, so offspring have a 50% probabil-

ity of being affected. Other characteristics of CRC associated with genetic

susceptibility include an earlier age at onset (the median age at CRC diag-

nosis is 45 years in patients with Lynch syndrome), multiple family mem-

bers may be affected, and patients are susceptible to develop other pri-

mary cancers besides CRC. Cancers are largely right-sided in patients with

Lynch syndrome as compared to left-sided in sporadic CRC, and tumors in

patients with Lynch syndrome display characteristic microsatellite instability.

Histologically, tumors in these patients exhibit poor differentiation, tumor-

infiltrating lymphocytes, and mucinous, signet ring, or cribriform histology.
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Incidence, Male

Mortality, Male

Figure 1.3 Trends in colorectal cancer incidence and mortality rate in selected countries

(aged-standardized (world) per 100,000 men) [1].
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Immunohistochemical staining of the tumors for loss of DNAmismatch repair

protein, microsatellite instability testing, and family history are the hallmarks

of screening for suspected Lynch syndrome mutation carriers prior to defini-

tive mismatch repair gene mutation testing.

Other, less common genetic susceptibility syndromes include familial ade-

nomatous polyposis, Peutz-Jeghers syndrome, and mutY homolog (MUTYH)-

associated polyposis [15].

Familial adenomatous polyposis accounts for less than 1% of CRCs and

is caused by mutations in the APC gene; its characteristic phenotype is early-

onset ofmultiple (up to thousands) adenomas, which lead to CRC if untreated.

An attenuated form of familial adenomatous polyposis with a less severe poly-

posis phenotype is due to mutations in APC at different sites. Peutz-Jeghers

syndrome is another rare syndrome, caused by mutations in the STK11 (also

called LKB1) gene. Patients with Peutz-Jeghers syndrome develop character-

istic hyperpigmentation of the lips, fingers, and toes and are at increased risk

of developing hamartomatous polyps in the digestive tract and of breast, col-

orectal, and other cancers. Patients with MUTYH-associated polyposis present

with multiple colorectal adenomas or CRC as a result of autosomal recessively

inherited biallelic mutations in the base excision repair gene MUTYH [15].

Family history
Family history is an important risk factor for CRC, even without the increased

familial risk due to genetic predisposition syndromes. Familial risk is likely to

be an interaction of genetic and environmental causes [16]. Having a first-

degree relative (parent, sibling, or child) with CRC increases CRC risk to

almost double that of the general population, and CRC risk is increased fur-

ther if two first-degree relatives are affected or if a family member is diagnosed

with CRC at younger than 60 years [17;18]. A family history of large (>1 cm)

adenoma or histologically advanced adenoma is associated with roughly the

same risk of CRC as a family history of CRC [18]. Those with a history of one

or two small (<1 cm) adenomas are not considered at substantially increased

risk [19]. However, a recent review has reported that the risk associated

with a family history of adenomas or CRC may be overestimated because

of the likelihood of looking for cancer in families who already have a his-

tory of CRC (as people with a family history of CRC are more likely to be

screened than others) and because the family history for colon polyps may be

inaccurate [20].

A possible genetic basis for familial CRC has been investigated by recent

genome-wide association studies (GWAS) examining genetic variation across

the genome for markers of CRC risk. However, the genetic polymorphisms
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identified by these studies are largely low-penetrancemarkers and account for

only a small proportion of familial aggregation of CRC [21]. A study estimated

that the contribution of 10 GWAS loci to variance in familial CRC riskwas only

9% [22]. Larger, more powerful studies, including meta-analyses, are finding

additional susceptibility loci [23] that may account for a larger proportion of

familial CRC, supporting the idea that familial CRC results from the effects of

many low-penetrance genes [24].

Personal medical history
A history of adenomas, prior CRC, and inflammatory bowel disease signifi-

cantly increases the risk of CRC. Patients with a prior history of large (>1 cm)

adenomatous polyps or villous or tubulovillous polyps, particularly a history

of multiple polyps, are considered to be at increased risk of CRC [25–27].

Among CRC patients with a history of resection of a single CRC, 1.5–3% are

likely to develop metachronous primary CRC during the first 5 years postop-

eratively [28].

Patients with a history of inflammatory bowel disease are at an increased

lifetime risk of CRC, particularly patients with ulcerative colitis. The overall

incidence of CRC in patients with inflammatory bowel disease was 95 cases

per 100,000 in a population-based study in Sweden [29]. CRC risk may differ

by sex; in a large Swedish cohort, the CRC risk for men was 60% higher than

for women, and the cumulative incidence of CRC 40 years after the diagnosis

of inflammatory bowel disease was 8.3% for men and 3.5% for women [30].

The CRC risk associated with ulcerative colitis depends on the activity and

duration of the colitis, extent of colon involvement, and involved site in the

colon [31;32] Age and extent of disease at diagnosis are also independent pre-

dictors of increased CRC risk [33]. In a population-based Swedish cohort of

patients with ulcerative colitis, pancolitis was associatedwith a 15 times higher

incidence of CRC as compared to the general population, and left-sided colitis

was associated with a 3 times higher incidence, but the CRC incidence asso-

ciated with proctitis or proctosigmoiditis was not significantly increased com-

pared with the expected CRC incidence in the general population [33]. The

likelihood of developing cancer begins 8–10 years after diagnosis of pancolitis

and 15–20 years after diagnosis of more localized colitis [33]. The cumulative

incidence of CRC is approximately 5–10% after 20 years and 12–20% after 30

years with colitis [33–36], although some studies have reported lower cumu-

lative incidence rates, possibly due to improved surveillance [37;38].

The risk of CRC is not as well documented in patients with Crohn’s disease

as in patients with ulcerative colitis. Some studies have reported an increased

CRC risk for Crohn’s disease of long duration similar to that for ulcerative
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colitis [39–42], whereas other studies have found no clear increase in CRC

risk associated with Crohn’s disease [31;43;44].

In a study comparing CRC outcomes in Crohn’s disease and ulcerative coli-

tis, the times until CRC developmentwere similar for the two diseases (median

15 and 18 years, respectively), although the median age at CRC diagnosis was

higher in Crohn’s disease patients than in those with ulcerative colitis (55 and

43 years, respectively) [45]. It is well documented that CRC in inflammatory

bowel disease is preceded by dysplasia, necessitating a regimen of increased

surveillance for these patients for early detection and possible prophylactic

colectomy to prevent CRC.

Prior abdominal radiation may also affect CRC risk. Two recent stud-

ies have reported that abdominal radiation for childhood malignancies may

increase CRC risk for adult survivors [46;47].

Obesity
Increasing rates of obesity worldwide and particularly in the US are of growing

concern, because obesity has been linked to many types of cancer, including

CRC [48]. In a large prospective cohort ofmale health professionals, increasing

bodymass index (BMI) was associated with an increasing trend in risk for CRC

[49]. Furthermore, abdominal adiposity was also associated with risk of CRC,

even after adjusting for BMI [49]. Similarly, in an analysis of obesity and CRC

risk among women in the Nurses’ Health Study prospective cohort, compared

with women of normal weight, obese women were 1.5 times more likely to

develop CRC [50]. In a meta-analysis of 29 studies, each 5 kg/m2 increase in

BMI was associated with a 24% increase in risk of colon cancer and a 9%

increase in risk of rectal cancer in men and with a 9% increase in risk of colon

cancer in women [48]. Obesity also increases the risk of dying from CRC [51].

The epidemiologic evidence for the impact of dietary and lifestyle factors on

risk of colon and rectal cancer is shown in Figure 1.4.

Diabetes mellitus
The association between diabetes mellitus and increased risk for CRC is

becoming increasingly strong [52–55]. A recent meta-analysis concluded that

there was a 38% increase in risk for colon cancer and a 20% increase in risk

for rectal cancer in patients with diabetes compared with those without dia-

betes, and the association was evident even after controlling for other risk

factors including smoking, obesity, and physical activity. It has been postu-

lated that hyperinsulinemia links diabetes to CRC. Studies have shown that

insulin is an important growth factor for colonic mucosal cells and stimu-

lates colonic tumor cells [56;57]. This is further supported by evidence of
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Figure 1.4 The impact of dietary and lifestyle risk factors on risk of colorectal cancer: A

quantitative overview of the epidemiologic evidence citation [84]. Reproduced with

permission of John Wiley & Sons Ltd.

associations between CRC risk and insulin biomarkers such as serum lev-

els of insulin-like growth factor (IGF1), IGF binding protein-3 (IGFBP-3),

and C-peptide [58;59]. Type 2 diabetes mellitus has also been linked to an

increased mortality rate in patients with CRC; patients with CRC and type 2

diabetes were found to be at a higher risk of dying than CRC patients without

diabetes [60].

Physical activity
There is strong evidence linking physical activity with decreased risk of

CRC. In a meta-analysis of 52 cohort and case-control studies, an inverse
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association between physical activity and colon cancer was found in both

men (relative risk [RR] 0.76; 95% confidence interval [CI] 0.71–0.82) and

women (RR 0.79; 95% CI 0.71–0.88) [61]. Regular leisure time and occupa-

tional physical activity are also associated with protection from CRC.

Diet
Fruits and vegetables
The relationship between consumption of fruits and vegetables and CRC

risk has been inconclusive. Some studies have found an inverse association

between fruit and vegetable intake and CRC risk, comparing highest with low-

est intakes of fruits and vegetables (RR 0.92; 95% CI 0.86–0.99) [62], whereas

other large cohort and pooled studies have shown a weak or no protective

effect [63;64]. The weak protective effect appears to be limited to distal colon

cancers. Measurement of dietary exposures that depends on dietary recall can

be challenging, and the imprecision of this measure may explain the hetero-

geneity in results.

Red meat consumption
Consumption of red meat or processed meat has been found to be associ-

ated with increased risk of CRC in many studies. A meta-analysis of prospec-

tive studies found a 22% (RR 1.22; 95% CI 1.11–1.34) increase in risk of

CRC in the highest compared with the lowest intake of red and processed

meats [65]. In addition, there was a dose-response relationship: for every

100 g/day increase in consumption, the CRC risk increased by 14%, and the

associations with CRC risk were similar for colon and rectal cancer [65]. It

has been hypothesized that the association between red meat and CRC is

related to the cooking process. High-temperature cooking of meats, includ-

ing barbecuing, has been found to increase the risk of both adenomas and

CRC, likely through the production of polycyclic aromatic hydrocarbons and

other cooking-related mutagens generated when meat is charred [66]. Other

potential factors implicated in mediating CRC risk associated with red meat

consumption include high iron and fat content in meat, and genetic variation

in carcinogen-metabolizing enzymes that may influence the mutagenicity of

the carcinogenic compounds in red meat [66–68].

Fiber
Results from studies of dietary fiber and CRC risk have been inconsistent. In

many studies, fiber was found to be associated with a decreased risk of adeno-

mas and CRC, but others found no association or only a modest association.

The World Cancer Research Fund/American Institute for Cancer Research
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reported a meta-analysis showing strong evidence that consumption of foods

containing dietary fiber, in particular fiber from cereals and whole grains, pro-

tects against CRC [13;69]. There is a biological rationale for fiber’s possible

protective role against CRC, because fiber dilutes fecal content, decreases its

transit time, and increases its bulk, but the exact mechanism is not well under-

stood [13].

Calcium and dairy
Dietary or supplemental calcium has been associated with a protective effect

in CRC risk in several large cohort studies and pooled analyses, showing a

24–35% reduction in risk in the highest compared with the lowest levels of

calcium intake [70–72]. However, in a large randomized controlled trial of

36,282 post-menopausal women who were given either a combination of

calcium and vitamin D or a placebo, no significant difference in CRC rates

between groups was observed during a mean follow-up time of 7 years [73].

Results of a longer follow-up from this study are pending. Overall, the evi-

dence indicates a probable protective role of calcium on CRC risk as well as

a plausible mechanism for this effect: calcium reduces cellular proliferation

and promotes differentiation and apoptosis in normal and tumor colorectal

cells [74].

In a meta-analysis of 19 cohort studies, higher levels of intake of milk and

other dairy products were associated with a modest reduction in risk for colon

but not rectal cancer [75].

Fish
A meta-analysis found evidence that fish consumption has a modest protec-

tive effect on CRC risk; the highest fish intake was associated with a lower

incidence of CRC than the lowest fish intake (summary odds ratio 0.88; 95%

CI 0.80–0.95) [76]. However, although suggestive, the evidence is still con-

sidered too limited to draw a conclusion [13].

Garlic
Studies investigating garlic consumption have suggested an inverse associa-

tion between higher garlic intake and risk of CRC.

Smoking
Cigarette smoking is a preventable risk factor that is linked to many types

of cancer, including CRC [77]. A large meta-analysis of more than 100 stud-

ies found an 18% increase in risk of developing CRC among smokers com-

pared with non-smokers (RR 1.18; 95%CI 1.11–1.25) [78]. Smoking was also
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associated with an increased risk of dying from CRC (RR 1.25; 95% CI 1.14–

1.37) [78]. The associations between smoking and both CRC incidence and

mortality were stronger for rectal cancer than colon cancer. Colon polyps,

which are precursors of CRC, have also been linked to smoking. The influence

of smoking on the risk of more advanced adenomatous polyps is particularly

strong; smoking has been linked to both the formation and aggressiveness of

adenomas [79]. Smoking may also modify CRC risk in patients with Lynch

syndrome [80].

Alcohol
Alcohol consumption has been associated with an increased risk of CRC. In

a meta-analysis of alcohol drinking and CRC risk across 27 cohort and 34

case-control studies, risk was increased by 21% for moderate drinkers (2–3

drinks/day) and by 52% for heavy drinkers (≥4 drinks/day) compared with

non-drinkers and occasional drinkers [81]. Furthermore, in a dose-response

analysis, RR increased with the amount of alcohol consumed, ranging from

7% in light drinkers (10 g/day) to 82% in those consuming 100 g/day [81]. It

has been proposed that the risk may be mediated through the folate-related

DNAmethylation pathway, since alcohol may interfere with folate absorption

and act as a methyl group antagonist [82;83].

Drugs and supplements
Many compounds such as aspirin and other non-steroidal anti-inflammatory

drugs (NSAIDs), COX-2 selective inhibitors, resistant starch, sulindac, hor-

mones, bisphosphonates, statins, and supplements such as calcium, vitamin

D, selenium, and folates may have a chemopreventive effect on colorectal

adenomas and CRC. Promising preliminary evidence from observational and

animal studies followed by confirmation in well-designed randomized clini-

cal trials is required to assess any cancer prevention benefits at the population

level. To date, none of the above agents is recommended for chemoprevention

of CRC in the general population.

There is strong evidence that aspirin [85] and COX-2 selective inhibitors

such as celecoxib and rofecoxib [86–88] reduce the risk of CRC. However,

the harms, such as risk of bleeding and cardiovascular toxicity, outweigh the

benefits. Therefore, the consensus statement from the US Preventive Services

Task Force advises that these agents should not be used for the prevention of

CRC in asymptomatic adults at average risk for CRC [89]. A randomized con-

trolled trial of difluoromethylornithine and sulindac (an NSAID) in patients

with a previously resected adenoma found a significant reduction in adenoma

recurrence, but the therapy was associated with drug-related ototoxicity [90].
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A recent retrospective study found that regular use of aspirin after diagno-

sis of locally advanced CRC was associated with longer survival in patients

with mutated-PIK3CA (phosphatidylinositol-4,5-bisphosphonate 3-kinase,

catalytic subunit alpha polypeptide gene) but not among patients with wild-

type PIK3CA cancer. Experimental evidence suggests that aspirin downreg-

ulates PI3K signaling through inhibition of cyclooxygenase-2 [91]. Yet the

presence of the PIK3CAmutation is infrequent and is present only in 10–20%

of all CRC patients. Therefore, adjuvant aspirin therapy may be indicated for

specific subgroups of patients such as those with PIK3CA-mutated CRC. A

prospective clinical trial to validate the beneficial role of aspirin in this specific

patient population may be worth pursuing.

A meta-analysis has shown that post-menopausal hormone therapy has a

protective effect against CRC [92]. However, use of hormone therapy for CRC

chemoprevention is not recommended because of the associated risks of side

effects with long-term use.

Certain drugs that are commonly used to treat other diseases, such as

statins for cardiovascular disease and bisphosphonates for osteoporosis, also

may protect against CRC [93–95].

Low vitamin D levels have been linked to increased CRC risk [95]. Vitamin

D and calcium are interlinked, but as noted earlier, no significant difference

in CRC rates was observed in a randomized controlled trial of vitamin D and

calcium versus placebo [73].

The exact role of folic acid and folates in CRC chemoprevention is still

unclear. A protective effect of folic acid supplementation was found for ade-

nomas and CRC, particularly with prior longer-term use [97]. In contrast, two

randomized controlled trials found that folic acid resulted in no reduction in

risk for recurrent adenomas [98;99], and one randomized controlled trial sug-

gested that folic acid increased adenoma risk [98]. However, an increased risk

of CRC due to folic acid supplementation was not supported in another large

cancer prevention cohort [100].

Conclusion

CRC is one of the common cancers with a significant global public health bur-

den. Epidemiologic studies have identified demographic, lifestyle, clinical and

genetic factors that influence CRC risk. Knowledge of these risk factors can be

applied to promote CRC prevention with the ultimate objective to reduce the

morbidity and mortality from CRC.
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TIPS AND TRICKS / KEY PITFALLS

� Variations in global, national, and regional rates provide clues for epidemiologic inves-
tigation into key genetic, environmental, and lifestyle risk factors.

� Population-based studies provide evidence for colorectal cancer prevention strategies,
for example, lifestyle modifications such as avoiding smoking and excessive alcohol
intake, engaging in regular physical activity, and maintaining optimal weight.

� Other probable risk and protective factors that may influence the development of col-
orectal cancer, such as dietary factors including consumption of fruits, vegetables, and
fish, have inconsistent or insufficient evidence and therefore cannot yet be translated
to the clinic.

CASE STUDY AND MULTIPLE-CHOICE QUESTIONS

Case 1

Colorectal cancer incidence rates in developed countries have remained stable or
decreased over the last 10 years, whereas rates in developing countries have been
rising.
1 Which of the following could contribute to a decrease in rates (there may be more

than one correct answer)?
A. Availability of colorectal cancer screening.

B. Consumption of red meat.

C. Aging population.

D. Sedentary lifestyle.
2 Which of the following could contribute to an increase in colorectal cancer incidence

rates (there may be more than one correct answer)?
A. Availability of colorectal cancer screening.

B. Consumption of red meat.

C. Aging population.

D. Sedentary lifestyle.

Case 2

An obese, diabetic patient who smokes and has a history of rectal polyps has a brother
who was recently diagnosed with colon cancer. The patient is concerned about his risk
for developing colorectal cancer.
1 What is his risk profile?

A. Low risk

B. Average risk

C. More than average risk
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2 What can he do to reduce his risk (more than 1 answer may be correct)?
A. Quit smoking

B. Exercise regularly

C. Get regular screening

D. Take folic acid supplements
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CHAPTER 2

Screening for colorectal cancer
Robert JC Steele1 & Paula McDonald2
1Medical Research Institute, Population Health Sciences, Ninewells Hospital & Medical School, Dundee, UK
2Scottish Bowel Screening Centre, King’s Cross Hospital, Dundee, UK

KEY POINTS

� Population based randomized trials of colorectal cancer screening using guaiac based
faecal occult blood testing have consistently demonstrated reductions in disease spe-
cific mortality.

� Guaiac based faecal occult blood tests are not specific for human haemoglobin.
� Faecal immunochemical testing (FIT) is specific for human haemoglobin and can be
quantified.

� FIT is likely to replace guaiac based faecal occult blood testing as the standard method
of screening using faecal testing.

� Randomized trials of flexible sigmoidoscopy have demonstrated both reductions in
disease specific mortality and disease incidence owing to removal of adenomas as
part of the screening process.

� There is evidence that colonoscopy reduces both mortality and incidence of the dis-
ease, but as yet there are no results available from population-based randomized trials
of colonoscopy as a screening modality.

� The uptake of screening is affected by gender, deprivation, and ethnic background.
� Novel approaches to screening include using DNA markers in stool and blood tests
for proteins and DNA methylation. These are not, however, currently recommended
for population screening.

CASE STUDY

A 65-year-old man is invited to participate in a population screening program. He first
received a letter in the post from the Screening Centre indicating that he would be sent
a faecal occult blood test two weeks later. An explanatory leaflet setting out the pros
and cons of screening was included with this pre-notification letter. Two weeks later the
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patient received the guaiac based faecal occult blood test in the post. He duly completed
this and sent it back to the Screening Centre. A strong positive result was obtained. Four
days later he received a letter indicating that the test was positive and a colonoscopy
was arranged. This was carried out two weeks later and detected a small cancer in the
sigmoid colon. A CT of the chest and abdomen was then performed, which showed no
evidence of metastatic disease. He proceeded to a laparoscopic sigmoid colectomy from
which he made an uneventful recovery. The pathology report on the resected specimen
indicated that the tumor was a moderately differentiated T2 N0 adenocarcinoma (Dukes’
Stage A). No further treatment was advised.

TIPS AND TRICKS/KEY PITFALLS

� The sensitivity and specificity of faecal occult blood test screening are dependent on
the analytical sensitivity of the test. By increasing the analytical sensitivity, the clinical
sensitivity will increase (i.e. more cancers will be diagnosed). However, the specificity
will fall, increasing the false/positive rate.

� Interval cancers are an inevitable consequence of a screening program, but are not
necessarily associated with a poor prognosis. Increasing the sensitivity of the screening
test will reduce the number of interval cancers.

� The clinical sensitivity of faecal occult blood testing is higher in men than in women
and this may require a differential cut-off in order to overcome gender inequality.

� Endoscopic screening is more sensitive and specific than faecal occult blood test
screening, but is generally associated with a much poorer uptake. A combination
of endoscopic and faecal occult blood test screening may be the appropriate way
forward.

Introduction

Colorectal cancer continues to be the fourthmost commonly diagnosed cancer

worldwide [1], and although survival after diagnosis has improved over the

last 4 decades [2], the overall 5-year survival remains less than 50%. Themost

important prognostic factor in colorectal cancer is stage at diagnosis [2] and it

follows that the most effective way of improving prognosis is early detection.

Unfortunately, symptomatic colorectal cancer tends to be relatively advanced

and a recent systematic review and meta-analysis indicates that individual

symptoms and symptom complexes have poor sensitivity for colorectal can-

cer [3]. In a screening population, symptoms are poor predictors of signifi-

cant neoplastic disease [4]. Screening is therefore the only reliable method of

early detection.
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Screening is the process whereby theoretically asymptomatic individuals

are tested with a view to diagnosing a disease at an early stage of its devel-

opment, with the aim of improving the outcome of treatment. In cancer, this

includes not only detecting early invasive disease but also, where possible, the

detection of premalignant disease so that the screening process may have an

effect on disease incidence as well as outcome [5]. The criteria for effective

population screening were first established by Wilson and Jungner [6], and

when these criteria are applied, colorectal cancer is undoubtedly a very suit-

able candidate for screening. It is an important health problem, especially in

the UK [2]. Treatment for colorectal cancer is now largely based on firm evi-

dence [7] and its natural history is well understood; the adenoma-carcinoma

sequence is now widely accepted [8] and there is now unequivocal evidence

that removal of adenomas can prevent colorectal cancer (q.v.). Finally, it is

well documented that the prognosis of colorectal cancer is highly stage depen-

dant [2]. However, the real evidence for colorectal cancer screening comes

from population based randomized trials, which are necessary to overcome

the inherent biases in the screening process, and these will be examined in

the following sections.

Guaiac based faecal occult blood testing (gFOBT)

For many years the technology for detecting blood in faeces relied on the indi-

rect guaiac test. Guaiac reacts with haem by means of its ability to detect per-

oxidase and is not capable of detecting the degradation products of haem [9].

In addition, when haem is introduced into the gastrointestinal tract, it is mod-

ified by microflora thus losing its peroxidase activity. Because of this, guaiac

tests rarely detect dietary haem and for the same reason they are more sensi-

tive for bleeding lesions in the colon than in the upper gastrointestinal tract.

However, guaiac can react to any peroxidase in the stool, including those of

dietary origin. For this reason dietary restriction was originally recommended

to exclude peroxidase from the diet prior to gFOBT, but a meta-analysis has

indicated that with non-rehydrated guaiac tests, where there is a delay of a

few days before testing, this becomes unnecessary [10].

Within a screening context, the sensitivity of guaiac testing for cancer is

difficult to estimate, but by using interval cancer data (q.v.), the most com-

monly used test (Haemoccult II®) seems to detect in the region of 50% of

cancers in a population that accepts screening. This low clinical sensitivity is

due partly to the relatively low analytical sensitivity of Haemoccult II for blood

and due to the fact that cancers bleed intermittently. On the other hand, the
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specificity (percentage of disease-free individuals with a negative test) is

around 98%, but although this seems high, as the majority of the popula-

tion do not have colorectal cancer, this still results in a high false positive

rate. It should also be noted that, although most studies use non-rehydrated

Haemoccult II, rehydration increases both its analytical and clinical sensitivity

by lysing red cells and exposing more haem to the guaiac reaction. However,

the increase in clinical sensitivity has an adverse effect on its specificity; this is

an issue with all methods of detecting blood in faeces as a means of detecting

colorectal neoplasia.

With the advent of immunological means of detecting blood in faeces (see

next section), it can be argued that gFOBT has become obsolete Neverthe-

less, the original population-based trials of colorectal cancer screening utilized

gFOBT and, as the results of these trials proved unequivocally that screening

for colorectal cancer is effective, it is worth examining them in detail. They

were carried out in the United States, England, Denmark, France and Sweden

and all employed the Haemoccult II test.

The study from the United States, which took place in Minnesota, ran-

domized volunteers into three groups: a group offered annual screening with

rehydrated Haemoccult II, a group offered biennial screening, and an observa-

tion group. A positive test was followed by colonoscopy and colorectal cancer

mortality was reduced by 21% in the biennial group and by 33% in the annual

group [11]. It should be noted that, uniquely, amongst the randomized stud-

ies, the Haemoccult II was rehydrated resulting in a 10% positivity rate and,

as a result, in the group offered annual screening, 38% had a colonoscopy on

at least one occasion. Importantly, the incidence of colorectal cancer in both

groups offered screening fell significantly compared with the control group

after 18 years of follow-up [12]. This phenomenon has not been observed in

any of the other trials of gFOBT screening and is probably the result of the

high colonoscopy rate leading to a high rate of polypectomy.

The study carried out in UK took place in Nottingham and 150,000 sub-

jects were randomized by household [13]. The group offered screening were

aged between 50 and 74 and were offered biennial non-rehydrated Haemoc-

cult II. Colonoscopy was offered after a positive test result and in the first

(prevalence) round, the investigation rate was 2% and in the subsequent

(incidence) rounds, it fell to 1.2%. In the course of five screening rounds,

60% of the group that was offered screening completed at least one screening

test. The screen-detected cancers were diagnosed at a favorable stage, with

57% at Dukes Stage A, but it should be noted that there were a large num-

ber of interval cancers and 50% of the cancers diagnosed in those who had

accepted at least one screening test were not screen-detected.
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Thus, in this study, gFOBT was associated with a relatively low uptake and

relatively poor sensitivity. Nevertheless, the colorectal cancer specific mor-

tality in the group offered screening was statistically significantly reduced

by 15% when compared to the control group after a median of 7.8 years

of follow-up. At a median of 19.5 years of follow-up, the reduction in col-

orectal cancer mortality was maintained at 13% and when adjusted for non-

compliance, the reductionwas found to be 18% [14]. It should be noted, how-

ever, that despite the fact that 615 adenomas greater than 10 mm in diameter

were removed from individuals in the intervention arm, no significant differ-

ence in colorectal cancer incidence could be detected.

Screening programs may have a ‘halo’ effect and the Nottingham study

illustrates this. In the control group, the percentage of patients presenting with

rectal cancer at Dukes Stage A increased from9% in the first half of the recruit-

ment period to 28% in the second [15]. Thus, it seems that the very presence

of the screening programhad an effect on individuals whowere not invited for

screening and this may be related to increased awareness of the significance

of rectal bleeding. On the same theme, significantly fewer emergency admis-

sions for colorectal cancer were seen in the group offered screening when

compared to the control group [16], indicating that screening also had the

effect of reducing the number of patients presenting as emergencies.

In the Danish study, 61,933 subjects were randomized into a group that

was offered screening by means of biennial Haemoccult II testing or into a

control group [17;18]. The uptake in the first round was 67% and more

than 90% accepted repeated screening invitations, presumably owing to the

fact that those who did not accept the first invitation were excluded. As

in the Nottingham study, screen detected cancers were detected at a favor-

able stage with 48% at Dukes Stage A and interval cancers accounted for

30% of all cancers diagnosed in those offered screening at least once. Thus,

screening in the Danish study performed in a very similar way to that of the

Nottingham study and the disease specific mortality reduction after 5 years

was 18%.

In the French study, a randomized approach was not adopted [19]. Rather,

small geographical areas were allocated either to be offered screening or to

act as controls. Again, the non-rehydrated Haemoccult II test was used on

a biennial basis and offered to individuals between the ages of 50 and 74. A

total of 91,199 were offered screening, the positivity rate was 1.2% in the first

round but increased slightly in further rounds, and uptake in the first round

was 52.8% and remained fairly constant thereafter. Reflecting the results of

the Nottingham and Danish studies, the mortality reduction seen in those

offered screening was 16%.
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In Gothenburg, Sweden, 68,308 citizens aged 60 to 64 years were ran-

domized into either a control group or a group that was offered biennial

Haemoccult II [20]. Uptake was 70% and those with a positive test result

were investigated by means of flexible sigmoidoscopy and a double contrast

barium enema. After a mean follow-up period of 9 years from the last screen-

ing episode, a statistically significant reduction in colorectal cancer mortality

of 16% was seen.

These five studies are of the utmost importance as they are the only con-

trolled studies of population screening compared to no intervention; the con-

sistent reduction in colorectal cancer specific mortality indicates that early

detection of colorectal cancer is truly beneficial. In a recent systematic review

and meta-analysis, population screening by gFOBT was estimated to reduce

colorectal cancer mortality by 16%, going up to 23% when adjusted for

uptake [21]. Thus, the principle of screening for colorectal cancer is sound

and, although gFOBT may be considered as a sub-optimal test, these results

can be used as benchmarks for newer tests.

In the UK, the National Screening Committee advised a demonstration

pilot of biennial gFOBT screening to determine whether or not the results of

the randomized trials could be reproduced within the UK National Health Ser-

vice [22]. This pilot was successfully carried out in two areas of the UK, one in

Scotland and one in England [23] and as a result, the UK Health Departments

have now rolled out screening programs and the initial outcomes indicate that

the national programs should produce the expected results [24;25].

Faecal immunochemical testing

As outlined above, gFOBT has significant disadvantages; in particular the fact

that it relies on a peroxidase reaction makes it susceptible to false positive

results. The solution to this problemhas been the introduction of tests employ-

ing antibodies raised against human haemoglobin: faecal immunochemical

testing (FIT). Not only are these tests specific for human haemoglobin but

there are now several manufacturers who produce quantitative FIT that pro-

vide a measure of the concentration of haemoglobin in faeces. However,

such quantization is not currently accurate nor is it transferrable between

different tests. As haemoglobin concentration is usually expressed as ng

Hb/ml of the buffer into which the faecal sample is placed, the concen-

tration will, of course, vary according to the ratio of buffer to faeces and

the concentration of haemoglobin may be dependent on the composition of

the faeces.
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Qualitative FIT have been available formany years but their high analytical

sensitivity for blood results in poor clinical specificity and a consequently high

false positive rate. Despite this, qualitative FIT may be used in concert with

gFOBT in order to reduce the false positive rate created by the non-specific

nature of the guaiac test. In a study of screening patients awaiting colonoscopy

for a positive gFOBT, it was shown that those with a negative high sensitivity

FIT (detecting 50 μg Hb/g faeces) had a negligible risk of significant neoplastic

disease (cancer or adenoma) [26]. This led to the two-tier reflex approach for

faecal occult blood testing where a gFOBT (detecting ∼600 μg Hb/g of faeces)

is used as the first line test and refined by a second line high sensitivity FIT.

This approach has been introduced into the Scottish Bowel Screening Pro-

gramme [27], but although it reduces the numbers of unnecessary colono-

scopies, it does not address the issue of the poor clinical sensitivity of gFOBT.

For this reason, there has been major interest in using FIT as the first line

screening test.

In two recent studies, a quantitative FIT was compared with the Haemoc-

cult II gFOBT. In the first study, from France, 10,677 individuals undergo-

ing screening were offered both gFOBT and FIT [28]. Using a cut-off of 20

ng Hb/ml, the gain in sensitivity produced by the FIT was 50% for cancer

and 256% for high risk adenoma. This was offset by a decrease in speci-

ficity, such that the number of extra false positive results needed to detect

one extra advanced neoplasm (cancer or high risk adenoma) was 2.17. In the

second study, from the Netherlands, 20,623 individuals between 50 and 75

years of age were randomized to either a Haemoccult II gFOBT or a quan-

titative FIT [29]. For the FIT, a cut-off of 100 ng Hb/ml was used to trigger

colonoscopy. The positivity rate of the FIT was 5.5% compared with 2.4% for

the gFOBT. However, the number needed to scope to find one cancer was the

same between the two tests and the detection rates for advanced adenomas

and cancer were significantly higher for FIT than gFOBT. A further study com-

paring gFOBT with FIT at a cut-off level of 50 ng/ml also examined the effect

of varying the cut-off level between 50 and 200 ng/ml (30). The positivity

rate of FIT ranged between 8.1% and 3.5%, the detection rate of advanced

neoplasia between 3.2% and 2.1%, and the specificity between 95.5% and

98.9%. A cut-off value of 75 ng/ml gave a detection rate two times higher

than that with gFOBT and the number needed to scope to find one case of

advanced neoplasia was similar. The authors concluded that FIT at a cut-off

value of 75 ng per ml provided an acceptable trade-off between detection of

advance neoplasia and the number needed to scope.

These comparisons between gFOBT and FIT seem to indicate that FIT is a

preferable screening tool. However, all the comparative studies have used FIT
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at a cut-off level that is much lower than that achieved by the Haemoccult II

gFOBT, which equates to around 400 ngHb/ml, so it is not clear whether the

enhanced performance is merely a consequence of increased sensitivity for

blood or whether the specific nature of the immunological test also enhances

its performance.

There are a number of studies in which people undergoing colono-

scopic screening have performed a quantitative FIT prior to investigation and

these studies provide a measure of the sensitivity and specificity of different

haemoglobin concentration cut-off levels. In a study from Israel, 1000 consec-

utive patients undergoing colonoscopy for screening or symptoms provided

three samples for quantitative FIT (31). There were 17 patients with cancer

and the sensitivity at a cut-off of 50 ng Hb/ml was 100%. At lower thresholds

it did not perform so well; at a cut-off of 150 ng per ml, sensitivity dropped

to 82.4%. It should be noted, however, that the specificity operated in the

opposite direction and at a cut-off of 50 ng per ml, it was 84.4%, whereas at

150 ng per ml, it was 91.9%. This equated to false positive rates for cancer of

90% and 85% respectively.

In another study carried out as part of the German Colonoscopy Screen-

ing Programme, quantitative FIT was carried out in 2324 subjects [32]. Here,

the lowest cut-off was described as 2 μg Hb/g and indicted a sensitivity for

all adenomas and cancers of 41.6%. Unfortunately, in this study adenomas

were not separated from carcinomas. In a further study from Japan, of 1085

asymptomatic individuals undergoing screening colonoscopy, a quantitative

FIT offered a sensitivity for cancer of 75%, both at the 25 n/ml and at the 50

ng/ml cut-off levels [33]. Specificity at these two levels was 76% and 86%

respectively, suggesting that 50 ng Hb/ml performed better.

From the relatively limited amount of information available from these

studies of sensitivity and specificity, it would appear that a low cut-off for

quantitative FIT in the region of 50 ng Hb/ml will detect most although not

all cancers but will miss a substantial number of adenomas, particularly those

of small size. Thus the price for detecting a higher proportion of cancers and

adenomas is a higher colonoscopy rate and a higher false positive rate.

Another method of estimating sensitivity is to examine the interval cancer

rate after negative tests. In a study from Italy, using a quantitative FIT with a

cut-off of 100 ng/ml, the sensitivity for cancer was estimated at 78% [34]. It is

also interesting to note that, in studies of quantitative FIT used as a screening

test, the faecal haemoglobin concentration below the threshold used to trigger

colonoscopy predicts the subsequent risk of interval cancer [35].

Colonoscopy is a precious resource, and the great advantage of quanti-

tative FIT is that a threshold for colonoscopy can be set at any positivity
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rate that can be accommodated within a health system. There is, however,

another fundamental question to be addressed. For all forms of FOBT screen-

ing, biennial screening has, by default, become the gold standard. However,

there is evidence that, using a quantitative FIT at a cut-off of 50 ng Hb/ml,

the total number of advanced neoplastic lesions found at repeat screening is

not influenced by interval length within a range of 1 to 3 years [36]. It is

therefore possible that using a high sensitivity FIT as a one-off screening test

or with an interval much greater of two years may perform as well or better

than a low sensitivity test such as Haemoccult II gFOBT carried out every two

years without an appreciable increase in colonoscopy rates. This is a complex

area to study as it offers an endless permutation of cut-off levels and screen-

ing intervals but, in order to move to an optimal screening strategy based

on the detection of blood in faeces, it is important that this is addressed in

future studies.

Flexible sigmoidoscopy

As 75% of all colorectal cancers and adenomas arise in the rectum or sig-

moid colon, the use of flexible sigmoidoscopy (FS) as a primary screening

modality would seem reasonable. It was, therefore, proposed that a single FS

at around the age of 60 years, with removal of all adenomas would provide

effective screening that would reduce the mortality and incidence of colorec-

tal cancer [37]. This approach was studied by two multi-center randomized

controlled trials, one in Italy (SCORE) [38] and the other in the UK (Flexis-

cope) [39]. In the UK study, potential participants aged between 60 and 64

from 14 centers were sent a questionnaire to ask if they would be interested

in attending for FS screening. Of 354,262 people receiving this questionnaire,

55% responded positively. Of these, 170,432 were randomized using a 2:1

ratio of controls to subjects. FS was performed with removal of all polyps and

going onto colonoscopy in those who had high risk adenomas (defined as 3

or more adenomas a villous or more severely dysplastic adenoma or an ade-

noma greater than 1 cm). Of 57,254 people who were invited 71% attended,

and extrapolating from these figures, the population uptake would have been

around 30%.

Of those undergoing FS, 12% were found to have adenomas and 0.3%

cancer. Subsequent colonoscopy in the high risk groups revealed proximal

adenomas in 18.8% and cancer in 0.4%. Long-term follow-up (median 11.2

years) demonstrated a significant reduction in colorectal cancer mortality in

the group offered flexible sigmoidoscopy and after a period of four years a
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significant reduction in colorectal cancer incidence was observed, presum-

ably as a result of the removal of adenomas. Interestingly, the reduction

in incidence was restricted to left-sided cancers, despite the fact that total

colonoscopy was carried out in all those with significant index lesion found

at FS (5% of the screened population).

In the SCORE Trial [38], which was similar in design and length of follow-

up to the UK study, the rate of colorectal cancer incidence was statistically sig-

nificantly reduced in the group offered FS screening and the colorectal cancer

mortality rate was non-statistically significantly reduced. It should be noted,

however, that the uptake was only 58.3% compared with the 71% seen in

the UK study, despite the use of a similar pre-randomization strategy. The

importance of these two studies is that they demonstrate beyond doubt that

endoscopy and polypectomy can reduce the incidence of colorectal cancer

and that FS is a credible candidate as a first line screening test. Indeed, in Eng-

land, a commitment has been made to roll-out ‘once only’ FS as a screening

modality between the ages of 55 and 60 prior to the commencement of FOBT

screening.

There remains a significant question around uptake of FS screening.

Because the UK Flexiscope and the SCORE trials were performed in volun-

teers, the population uptake of FS is unknown. In Norway, a population-based

randomized trial of FS achieved a participation rate of 67% [40], although it

did not demonstrate any mortality or incidence reductions, probably because

the analysis had been carried out too early. However, a randomized study from

the Netherlands, comparing gFOBT, FIT, and FS, achieved an uptake of 32.4%

for FS compared with 49.5% and 61.5% for gFOBT and FIT respectively [41].

In addition, the participants perceived the personal burden of flexible sigmoi-

doscopy to be greater than that of either type of faecal testing [42]. On the

other hand, a study from Italy found a similar participation rate for FIT and

FS, although both were low at 32% of those invited [43]. Two small studies

conducted in the London area observed an uptake of screening FS of around

50% [44], but a similar study carried out in Tayside, Scotland achieved an

uptake of only 24% [45]. It is not clear why there should be such discrepan-

cies in the uptake of FS, but both cultural issues and differences in level of

deprivation are likely to be important [46].

The comparative study from the Netherlands [41] demonstrated that the

diagnostic yield of advanced neoplasia (cancers and significant adenomas per

100 invitees) was greater for FS than for either of the faecal tests, suggesting

that the overall performance of FS may be better than faecal testing, despite

a lower participation rate. This introduces an important ethical dimension;

namely whether or not it is acceptable to use a population screening tool that
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reaches a relatively small proportion of the population rather than a test that

is associated with a higher participation rate but has an overall poorer perfor-

mance in terms of disease detection. This is further complicated by the adverse

effect of deprivation on uptake of screening. It is known that, in Scotland,

the difference in uptake of gFOBT population screening between the most

deprived and the least deprived quintile is around 20% [47]. Less in known

about the effect of deprivation on uptake of FS, although in the UK Flexiscope

Trial, there was a 16% difference in intention to participate and a 20% dif-

ference in actual uptake in those invited between the most and least deprived

quintiles in Glasgow [46]. Thus, the role of FS in population screening has yet

to be fully defined and it may be that a combination of FS and FOBT would

be optimal. Indeed, there are studies from the Netherlands and Italy [48;49]

that indicate that between 20% and 25% of individuals who do not wish to

participate in FS screening may be prepared to undergo FIT screening.

Colonoscopy

Colonoscopy is recognized as the gold standardmethod of visualizing the large

bowel and provides a means whereby adenomas can be removed, thus con-

ferring protection against colorectal cancer. It would therefore seem to be the

ideal screening test; as false positive results for neoplasia are not possible, the

specificity is 100% and the sensitivity is very high, albeit not 100% [50]. Fur-

thermore, a study comparing colonoscopy with CT colography suggests that,

for polyps, the sensitivity of colonoscopy may only be in the region of 90%

[51]. Nevertheless, colonoscopy is widely used for opportunistic screening

and the epidemiological evidence that colonoscopy and attendant polypec-

tomy can reduce the incidence of colorectal is excellent [52]. However, the

use of colonoscopy as a population screening tool remains controversial and

although there are currently four randomized trials of colonoscopy screening

worldwide, none of these have reported and there are relatively little data

from which conclusions can be drawn.

Perhaps the most important study comes from Poland, which analysed

the results of screening colonoscopy in 50,148 participants between the ages

of 40 and 66 years of age [53]. The yield of pathology and the number of

colonoscopies required to detect neoplasia was age dependant but in the 50–

66 age group, 0.9% had cancer, 5.9% had advanced neoplasia (cancer or

significant adenoma), and 14.9% had any adenoma or cancer. Interestingly,

analysis of adenoma detection rates from different endoscopists indicated that

the risk of developing colorectal cancer after colonoscopy was significantly
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associated with the adenoma detection rate, emphasising the importance of

careful colonoscopy [54]. Unfortunately, this study did not provide any indi-

cation of uptake and it is therefore impossible to estimate how colonoscopy

would perform as a population screening tool. A study carried out in US mili-

tary veterans, between the ages of 50 and 75 years, reported similar detec-

tion rates for cancer and adenoma and was associated with an uptake of

only 20% [55]. The results of the randomized trials of population screening

using colonoscopy will be extremely informative, but the limited evidence

that is currently available suggests that colonoscopy is not associated with

an uptake that would be compatible with a population screening tool and a

study comparing biennial FIT. Once-only flexible sigmoidoscopy and once-

only colonoscopy indicated that the uptake for colonoscopy was significantly

lower than for either FIT or flexible sigmoidoscopy [56].

It is also interesting to note that the effect of colonoscopy in reducing

colorectal cancer mortality and incidence is much stronger for the left side

of the colon than for the right side of the colon [57–59]. This is presum-

ably associated with the quality of colonoscopy; bowel preparation is often

poorer in the right colon than the left colon and adenomas in the right

colon are often flat and subtle when compared with the polypoid lesions seen

more commonly on the left. This again emphasises the importance of qual-

ity in colonoscopy, and in a study from Germany examining interval cancers

occurring 1–10 years after negative colonoscopy, there was a strong associa-

tion between incompleteness of colonoscopy and the occurrence of interval

cancer [55].

Radiology

Evidence relating to the use of barium enema as a screening test is lacking,

but there is increasing interest in CT colography. A study from the United

States, in which 1,233 asymptomatic individuals around the age of 60 under-

went both CT, colography and, colonoscopy on the same day, testifies to the

accuracy of this technology [51]. Thus, CT colography would appear to be suf-

ficiently accurate to be used as a screening tool and a recent randomized trial

from the Netherlands compared colonoscopy with CT colography in a popu-

lation screening context [60]. Participation in screening with CT colography

(34%)was significantly better than with colonoscopy (22%), but colonoscopy

identified significantly more advanced neoplasia per 100 participants thanwas

found in CT colography. However, on an intention to screen basis, the diag-

nostic yield was similar for both strategies. In this study the uptake of both
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CT colography and colonoscopy were far from ideal and it has to be remem-

bered that individuals with a positive CT colography (in the region of 10%)

would have to be offered colonoscopy. As is the case with colonoscopy, there

is no randomized evidence relating to the effect of CT colography on colorectal

cancer mortality or incidence.

Uptake

Adequate uptake is an essential pre-requisite for an effective population

screening program. What constitutes adequate uptake, however, is more dif-

ficult to quantify. For gFOBT screening, the randomized trials that demon-

strated a mortality reduction achieved an uptake of between 50% and 60%

but, of course, the uptake required to produce ameasurable reduction in death

rates or incidence will depend on the sensitivity of the test. Thus, a highly

sensitive test such as colonoscopy may produce the same mortality reduc-

tion as FOBT screening, even although it may be associated with a much

lower uptake.

As demonstrated above, the type of test used has an important effect on

uptake, and the most of the evidence quoted earlier indicates that gFOBT or

FIT is more acceptable than flexible sigmoidoscopy which, in turn, is more

acceptable than colonoscopy. However, there does seem to be considerable

national variation.

Socio-demographic factors also have a profound influence on uptake.

Experience from the UK shows that uptake of gFOBT screening falls with

increasing deprivation and that a non-white ethnic background is associ-

ated with low uptake [47;61], and the same observations have been made

with flexible sigmoidoscopy screening [46]. Another factor which significantly

increases screening uptake is gender. Across the deprivation gradient, women

are more likely to accept an invitation for FOBT screening than men [47;61].

Surprisingly, however, this gender difference does not appear to be so pro-

nounced with flexible sigmoidoscopy screening [44]. There is also evidence

that being married has a positive effect on uptake [62].

Given the importance of uptake in population screening, there has been

great interest in interventions aimed at improving participation in population

screening programs. Perhaps the most obvious is to continue to invite individ-

uals for screening, even if they do not accept the first invitation and a recent

analysis of prevalence and incidence screening in Scotland demonstrated that

the cumulative uptake of the first screening invitation rose from 53% to 63%

over 3 biennial rounds [63]. This has important implications, not only for
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screening tests that are offered repeatedly on a regular basis, but also for ‘one

off’ screening procedures such as flexible sigmoidoscopy or colonoscopy; if the

first invitation is not accepted then there may be merit in repeating invitation

at regular intervals.

As indicated above, the test itself has an important influence on uptake and

different forms of faecal testing also influence uptake and there is good evi-

dence from randomized studies that sampling method has an important effect

and FIT seems to be consistently more acceptable than gFOBT [41;64]. This

is presumably due to the fact that modern quantitative FIT tests use a probe

or a brush to sample the faeces, whereas the gFOBT tests rely on participants

smearing faeces onto a card using a spatula.

Two other approaches have been used: endorsement by general practi-

tioners and pre-notification. A qualitative evaluation of strategies to increase

colorectal cancer uptake from Canada [65] has identified the importance of

receiving the invitation from a family physician, and comparisons of invi-

tations with or without endorsement from a general practitioner carried

out in Australia and England showed enhanced participation from general

practitioner involvement [66;67]. Pre-notification has also attracted some

interest and there have been two randomized studies, one from Australia

[68] and one from Scotland [69], demonstrating that an explanatory let-

ter sent prior to the dispatch of the screening test kit increases uptake by

almost 10%.

Another important issue is the uptake of colonoscopy after a positive faecal

occult blood test. Unlike the screening invitation itself, this does not appear

to be strongly associated with either gender or deprivation [47] although,

unsurprisingly, geographical remoteness does appear to have an adverse effect

[70]. In Scotland, an evaluation of telephone assessment rather than a face-

to-face meeting after a positive FOBT demonstrated a marked increase in

uptake of colonoscopy [71]. This was presumably related to the fact that

a telephone interview was more convenient than travelling to an assess-

ment clinic, and it would appear that once contact with a health profes-

sional has been made, people are much more willing to go ahead with

colonoscopy.

Adverse effects of screening

Faecal occult blood testing itself is, of course, without hazard but colonoscopy

and, to a lesser extent, flexible sigmoidoscopy have the potential to create

morbidity and even mortality. In addition to this, testing for blood in faeces is
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inevitably associated with false negative results and this leads to the develop-

ment of interval cancers, defined as cancers that are diagnosed after a negative

screening test in the interval between that test and the next test date. There

is a concern that a negative test result can falsely reassure people to such an

extent that they may choose to ignore symptoms and this in turn may lead to

diagnostic delay – the so-called ‘certificate of health effect’.

This issue has been studied by an analysis of interval cancers in the Scottish

gFOBT Programme, which found that, of all cancers diagnosed in the screened

population, interval cancers comprised 31.2% in the first round, 47.7% in the

second, and 58.9% in the third [72]. Reassuringly, in all three rounds, both

overall and cancer specific survival were significantly better for patients diag-

nosed with interval cancers when compared to an age and sex matched popu-

lation within Scotland that had not been offered screening [72]. This indicates

that interval cancers have a relatively good prognosis when compared with

cancers arising in a similar population that has not been offered screening,

but it does not detract from the observation that with gFOBT screening, high

interval cancer rates occur.

Two other observations from this study have significant implications for

gFOBT screening. Firstly, the proportion of both right-sided and rectal cancers

was significantly higher amongst those with interval cancers when compared

to those with screen-detected or non-screened cancers. Secondly, it was found

that the percentage of cancers arising in women was significantly higher in

the interval cancer group, when compared with either the screen-detected

or the non-screened groups. Thus, it would appear that gFOBT screening

tends to miss cancers in both the right side of the colon and the rectum,

and it preferentially detects cancers in men rather than women. This gen-

der effect appears to be due to the fact that faecal occult blood testing is

less sensitive for cancer in women than in men and in a recent study using

a quantitative FIT test, it has been shown that faecal haemoglobin concen-

trations are higher in men than in women [73]. This begs the question of

whether or not differential cut-offs should be employed for male and female

participants.

The issue of the effect of screening on ‘all cause’ mortality has created some

controversy recently [74] and it has been suggested that screening programs

should be assessed on the basis of their effect on this parameter rather than on

disease-specific mortality. It must be appreciated, however, that because col-

orectal cancer accounts for only 2% of all deaths, a 15% reduction in disease-

specific mortality, as demonstrated at the Nottingham study, would only be

expected to reduce overall mortality by 0.3%. To demonstrate an effect of

this size would require a randomized trial that would be prohibitively large.
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One frequently quoted analysis of the Nottingham randomized study found

‘all cause’ mortality to be increased in the group offered screening [75], but

it should be emphasised that this finding was statistically non-significant and

likely to be a chance finding.

Finally, there has been some concern over whether or not to investigate

patients with false positive FOBT results. To examine this issue, a cohort

of 238 FOBT positive cases from the Nottingham study who had a normal

colonoscopy were followed up for a median period of five years [76]. Five

percent had undergone a gastrointestinal endoscopy because of symptoms and

two were found to have gastric cancer. The asymptomatic individuals did not

present with serious disease. It would, therefore, appear that if there are no

gastrointestinal symptoms, upper gastrointestinal endoscopy is not required

after a false positive gFOBT test. This was confirmed by a study carried out

in Aberdeen, where a cohort of individuals being screened underwent upper

gastrointestinal endoscopy immediately after a negative colonoscopy. In this

study, no significant neoplastic pathology was found in the upper gastroin-

testinal tract [77].

The economics of screening

Analysis of the cost effectiveness of screening has to take into account the

sensitivity and specificity of the test, the uptake, the cost of testing and subse-

quent investigations, differential costs of treating early and late disease, and

the possibility of over-diagnosis. A recent study commissioned by the English

Bowel Cancer Screening Programme compared various strategies involving

both faecal occult blood testing and FS [78]. The conclusion was that, for will-

ingness to pay, thresholds of less than £10,000 per QALY once-only FS at age

60 resulted in the greatest expected benefit. On the other hand, for willing-

ness to pay thresholds greater than £10,000, flexible sigmoidoscopy at age 60

followed by biennial FOBT screening up until the age of 70 resulted in the

greatest benefit. The authors also stressed that, when compared with a pol-

icy of ‘no screening’, all approaches involving either flexible sigmoidoscopy

or FOBT screening could be expected to produce health gains at an accept-

able cost. This model was, however, associated with considerable uncertainty,

particularly around population uptake of FS. When FIT and gFOBT were con-

sidered, using data derived from a study in France, where 20,322 individuals

aged between 50 and 74 performed both FIT and gFOBT, it was concluded

that FIT at a cut-off of 75 ng Hb/ml would be more cost effective than gFOBT

[79]. In another study, taking into account the rising costs of chemotherapy
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for advanced colorectal cancer, it was estimated that gFOBT, FIT, and a com-

bination of FS and gFOBT would be cost saving [80], although this was less

certain for colonoscopy. These results were based on US data, but would prob-

ably be applicable worldwide.

The consensus from economic studies of colorectal cancer screening is that

all existing strategies have the potential to confer benefit at a reasonable cost

and may indeed be cost saving. This does, however, depend on adequate

uptake of screening and appropriate quality control of both the screening test

and subsequent investigations.

Novel approaches to screening

Currently, faecal testing for blood and lower gastrointestinal endoscopy are

the only credible strategies for colorectal cancer screening, but this may

change in the near future. DNA markers in stool have been investigated and

a DNA panel involving the measurement of 21 separate mutations in K-RAS

APC and P53 genes, as well as the detection of BAT26 and long DNA, has

been developed and compared with various forms of faecal occult blood test

screening [81]. Although this approach appears to perform somewhat better

than tests for faecal blood, it has not been developed into a test that is suitable

for population screening. Other approaches that look promising include the

measurement of DNA methylation specific RNAs and specific protein panels

that are associated with colorectal cancer [76]. In a relatively recent system-

atic review, it was noted that promising results were reported for assays based

on proteomics.

Techniques such as SELDI-TOF and MALDI-TOF mass spectography for

proteins including soluble C82. However, current evidence tends to be

restricted to small numbers of studies, with limited sample size and further

external validation is awaited. One exception is the Septin 9 DNA methyla-

tion assay, which has been shown in initial studies to be associated with a

sensitivity for colorectal cancer of over 70% while maintaining a specificity of

over 90% [83]. It is not clear, however, whether this approach has a viable

role in population screening. Finally, a group of Japaneseworkers have carried

out some interesting work where a Labrador retriever was trained to detect

colorectal cancer by smelling the breath and watery stool of colorectal cancer

patients and controls [84]. Impressive sensitivity (91%) and specificity (99%)

were achieved by this approach, suggesting that the detection of cancer spe-

cific volatile organic compounds may be important for the development of

new colorectal screening tests.
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Conclusions

It is clear from the original randomized trials of gFOBT screening, which

early detection of colorectal cancer is associated with, improved outcomes

and colorectal cancer screening has been embraced enthusiastically world-

wide. Although gFOBT screening is being overtaken by more sophisticated

quantitative FIT tests and, indeed by endoscopic screening, it is no longer

essential to carry out population based randomized trials with a group that

is not offered screening. The results achieved by the randomized trials can be

used as benchmarks, whereby new screening modalities can be evaluated. In

order to achieve this, it is important to standardize the key performance indi-

cators for colorectal cancer screening on an international basis and, through

the international colorectal cancer screening network, this is now being

achieved [85].

MULTIPLE-CHOICE QUESTIONS

1 Guaiac based faecal occult blood testing is:
A. Specific for human haemoglobin
B. Based on the detection of peroxidase
C. Employs immunochemical technology
D. Has a clinical sensitivity for colorectal cancer of 90%
E. In population screening is associated with an uptake of less than 20%

2 Colonoscopy screening:
A. Has been shown to be associated with a reduction in colorectal cancer incidence
B. Has been tested in population-based randomized control trials
C. Is associated with an uptake of over 70%
D. Is effective in reducing the incidence of right-sided cancer
E. Has been shown to be cost effective in a population screening context

3 Uptake of colorectal cancer screening is:
A. Higher in men than in women
B. Falls with increasing deprivation
C. Higher with endoscopic screening than with faecal occult blood test screening
D. Not affected by endorsement by General Practitioners
E. Not be modified by pre-notification
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KEY POINTS

� Assessment of colonic polyps benefits from a structured approach using the Paris
classification for overall morphology and assessment of surface structure after con-
trast dye staining using the Kudo pit patterns or electronic enhancement of capillary
vascular patterns

� Careful assessment of polyps facilitates diagnosis of depth of involvement and con-
sequent potential risk of lymph node involvement

� Depressed type lesions (Paris type IIc), Non-Granular laterally spreading polyps, and
Kudo type V pit pattern may indicate an advanced lesion

� Thick stalked pedunculated polyps have a higher risk of post-polypectomy bleeding
and benefit from pre-treatment of the stalk

� The Non-Lifting sign during attempted endoscopic mucosal resection (EMR) may indi-
cate deep submucosal invasion or submucosal fibrosis due to previous biopsy or
diathermy

� Large sessile or flat polyps may be resected piecemeal by EMR but carry a 10–15% risk
of recurrence of adenoma, which with further treatment reduces overall recurrence
to below 5%

Introduction

Adenomas account for the vast majority of polyps resected in the colon that

are thought to be precursor lesions for colorectal cancer. Appropriate man-

agement of colonic adenomas potentially reduces the incidence of colorectal

cancer [1]. This chapter will focus on the detection, accurate characterization,

and appropriate resection of colonic adenomas.
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Detection

Colonoscopy is the current gold standard test to detect colonic polyps, though

radiological modalities such as CT Colonography (CTC) have been shown to

achieve high levels of detection of colonic polyps. However, CTC continues to

have limitations in detection of polyps with a flat morphology with a size of

more than 5 mm [2], as well as being a purely diagnostic modality in over-

all management of adenomas. Chromoendoscopy or the use of contrast dye

has been demonstrated to improve the detection of colorectal adenomas as

compared to standard white light colonoscopy [3]. Recent advances in opti-

cal imaging have resulted in high definition colonoscopy that can obtain clear

views of the colon, thereby detecting subtle mucosal abnormalities. In addi-

tion, other electronic image enhancement techniques, such as Narrow Band

Imaging (NBI), Autofluorescence imaging (AFI), I-scan, and Flexible Spectral

Imaging Color Enhancement (FICE), are being evaluated to enhance adenoma

detection. However, at present there is no clear evidence of any advantage

over standardwhite light colonoscopy [4] for detection of adenomas, although

they do seem to confer some advantage in accurate characterization of polyps

[5]. Good bowel preparation has proven to be a significant factor and key to

any advanced imaging technique being successful. In addition, other inter-

ventions such as patient position change, routine retroversion in the rectum,

and adequate colonoscope withdrawal time of ≥6 minutes can also improve

adenoma detection [6].

Characterization

Accurate characterization of polyps is crucial to appropriate further manage-

ment. This is ideally performed in a systematic manner, initially with assess-

ment of morphology in a standardized description, as outlined in the Paris

classification, followed by a more detailed assessment of surface architecture

including granularity (smooth or nodular) and the Kudo pit pattern (KPP).

Chromoendoscopy (dye spray) using indigocarmine or methylene blue is used

to aid this. In addition, the vascular patterns can be assessed with some of the

newer electronic image enhancement techniques described. The aim of lesion

characterization is to differentiate neoplastic from non-neoplastic lesions, out-

line the margins of the lesion accurately in order to plan the most appropriate

method of removal, estimate the probability of deep submucosal invasion and

or lymph node involvement (based on morphological and surface architec-

tural characteristics), and assist in decision making for removal.
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Figure 3.1 The Paris classification of polyp morphology.

Lesion assessment – morphology
A. Paris classification
The Paris classification (Figure 3.1) is especially important, not only for stan-

dardization but also allows the endoscopist to predict the risk of submucosal

invasion [7].

Polyps can be divided into:

1 Protruding lesions
a) Ip (pedunculated)

b) Is (sessile) ≥2.5 mm in height from the base of the polyp (surrounding

mucosa)

2 Flat lesions
a) Type IIa: Slightly elevated (<2.5 mm in height)

b) Type IIb: True flat lesion

c) Type IIc: Mildly depressed lesion

The 2.5 mm limit is used to differentiate sessile (Is) from flat (0–IIa) lesions

and approximates the diameter of a closed biopsy forceps.

3 Excavated lesions
a) Type III: ulcerated

Flat colorectal lesions account for 56% of all colorectal polyps [8], while

depressed lesions are less frequent, occurring in up to only 1.2% of all polyps

[9]. Excavated lesions (ulcerated) are rare but almost always represent inva-

sive cancer. However, the prevalence of high grade dysplasia (HGD) or inva-

sive cancer increases as the lesion becomes more depressed. In Rembacken’s
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landmark study, up to 59% of all Paris type IIc lesions harbored HGD and

half of all flat and depressed lesions demonstrated submucosal invasion

(SMI) [10].

Relatively large colorectal lesions (measuring >20 mm in size) account

for approximately 4% of all polyps (11), although, to some extent, this does

depend on the population or cohort under study. However, size of the lesion

alone does not necessarily appear to matter when lesions are assessed for sub-

mucosal invasion. In a recent ongoing multi-center Australian study, look-

ing at large sessile lesions measuring more than 20 mm, submucosal inva-

sion was detected in 33 of 680 polyps. The mean size of these polyps was

37 mm in comparison to 35 mm when no submucosal invasion was detected

(p = 0.53) [12].

B. Granularity
Flat lesions of more than 20 mm should be further evaluated based on the

granularity of the surface. They can be divided into granular (G), non-granular

(NG), or a mixed pattern containing both morphologies (Figures 3.2A and

B). The surface of G lesions appears ragged, nodular, and almost polypoid,

whereas NG lesions are smooth. The NG lesions in combination with flat

and depressed Paris type IIc morphology compared to granular, flat non-

depressed Paris type IIa morphology, tend to have a relative risk of 54.0 for

SMI [12].

(A) (B)

Figure 3.2 (A) Smooth laterally spreading polyp; and (B) granular laterally spreading

polyp.



Management of adenomas 55

Lesions assessment – surface architecture
A. Kudo pit pattern
Shin ei Kudo introduced the Kudo pit pattern (KPP) classification in his sem-

inal paper in 1994 (13). Some of the commonly used dyes include Indigo

carmine (0.2%–0.5%), which is a surface contrast agent; Methylene blue

(2 mls in 40–50 mls of water), a dye which is absorbed actively into the

mucosa; or crystal violet (0.2%: 10 mls in 40 mls of water), which is generally

used in exceptional cases where pit pattern type V needs to be defined further.

The KPP is best visualized subsequent to washing off all debris and mucous

and application of contrast dye with aspiration of excess dye (Figure 3.3) [14].

Briefly the KPP classification can be divided into:

1 Type I: Pits appear round- normal colonic mucosa

2 Type II: Pits appear star-like or onion-skin-like – hyperplastic polyps

3 Type III: Elongated pits – adenomas

4 Type IV: Cerebriform pits – adenomas

5 a) Type VI: Irregular (I) asymmetrical pits indicating malignancy confined

to the mucosa (suitable for endoscopic resection)

b) Type VN: Pit patterns disappears, non-structured (N) or ‘structure less’ –

advanced or signifying invasive cancer (surgery)

Subramanian et al. looked at more than 27,000 polyps in 30 studies com-

paring the accuracy of standard white light endoscopy, chromoendoscopy,

Figure 3.3 The Kudo pit pattern classification of polyps.
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white light endoscopy with magnification, chromoendoscopy with magnifi-

cation, and NBI with magnification in the prediction of colorectal polyp his-

tology [15]. The authors found that using chromoendoscopy and NBI, both

with optical magnification, was the most effective method in predicting polyp

histology resulting in an area under the ROC of more than 0.90.

B. Electronic chromoendoscopy
Some of the electronic chromoendoscopy techniques widely available now

include Narrow Band Imaging (NBI, Olympus), I scan (Pentax), or the Flexi-

ble Spectral Imaging Color Enhancement (FICE, Fujinon). All these imaging

modalities can assist in defining the micro-vascular architecture in colorec-

tal polyps, although they differ in their mechanism of optical characterization

(Pre-image processing for NBI and Post Image acquisition for I-scan and FICE).

There have been numerous classifications utilized, which at times can be con-

fusing. With NBI, the modified Sano’s classification appears to be the most

‘user friendly’ (Figure 3.4) [16;17]:

1 Type I: absent cn (hyperplastic polyp),

2 Type II: regular cn present, surrounding mucosal glands (adenoma)

3 Type IIIA: high density cn with tortuosity and lack of uniformity (intramu-

cosal cancer)

4 Type IIIB: nearly avascular cn (invasive cancer)

In a preliminary feasibility study, the sensitivity (Sn), specificity (Sp), posi-

tive (PPV), and negative predictive values (NPV) in differentiating neoplastic

from non-neoplastic lesions with high confidence was 98%, 89%, 93%, and

97%, respectively, while the Sn, Sp, PPV, and NPV in predicting endoscopic

resectability (type II, IIIa vs. type I, IIIb) was 100%, 90%, 93%, and 100%,

respectively (18). The interobserver agreement between assessors (k value)

was also substantial at 0.89.

A pragmatic approach before polypectomy

The step-by-step methodological approach described above can often aid in

the characterization of colorectal polyps before a decision is made to proceed

onto endoscopic resection. This includes assessing the lesion where the gross

morphology is determined using the Paris classification and the granularity

followed by assessing the pit pattern and if possible (and available) the vas-

culature using some of the newer electronic chromoendoscopy techniques.

Consideration must also be given to the location of the polyp, the ease of

access to the lesion, and the manoeuvrability of the colonoscope, as well as
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Figure 3.4 The NBI modified Sano classification of polyps.

previous attempts at resection before resection is performed. An assessment of

potential risk of resection through an endoscopic approach versus alternative

surgical approaches, bearing in mind the above factors as well as others such

as thickness of the stalk of a pedunculated polyp and location of the polyp at

flexures or in a peri appendiceal location, is essential to plan strategy as well

as obtain informed consent from the patient.

Technique for resection of diminutive (<5 mm) and
small polyps (6–10 mm in size)

Most diminutive polyps, unless exhibiting morphological appearances of

advanced lesions as described above, may be removed with cold biopsy or

cold snare, though some prefer to use hot biopsy forceps in the left colon. We
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would not recommend the use of hot biopsy forceps in the right colon, due to

the potential risk of conduction of heat diathermy and unnoticed diathermy

injury in a relatively thin walled structure. While it is interesting to note that

cold biopsy, even when targeted precisely, may not remove all adenomatous

tissue, this has not resulted in any demonstrable difference in outcomes for

diminutive polyps [19]. For small polyps up to 1 cm in size, the preferred

modalities would seem to be hot snare polypectomy if pedunculated, and EMR

if sessile or flat, as described above, as this has the greatest chance of complete

resection.

Technique for resection of larger pedunculated
polyps

Pedunculated polyps, particularly those with a thick stalk or pedicle, need

consideration of the risk of post-polypectomy bleeding andmay thus need pre-

treatment of the stalk to reduce or avoid this risk. Pre-treatment modalities

include use of clips, loops, and/or adrenaline prior to polypectomy. Important

considerations during snare polypectomy are:
� familiarity with diathermy settings depending on location, size, and type of

polyp (some operators prefer to use greater coagulation current or effect

size in blended current during polypectomy of thick stalked polyps);
� distance from the head of the polyp or margin or adenomatous tissue, in

order to achieve complete resection balanced against the risk of resection

of the stalk too low or in proximity to a clip or loop, which can result in

greater diathermy injury;
� strategy in case of complications such as post polypectomy bleeding in an

area of difficulty, such as a narrow segment of sigmoid diverticular disease.

Technique of EMR for resection of larger sessile and
flat lesions

The technique of EMR involves injection of fluid in the submucosal layer,

in order to lift mucosal lesions away from the muscle layer in the colonic

wall. The submucosal injection solution is often saline or a mixture of saline

and a contrast dye with or without adrenaline for smaller lesions, though

more often a more viscous fluid is mixed with a contrast dye and often very

dilute adrenaline to achieve a longer lasting lift [20], particularly for larger

lesions. This technique is much safer as it enables a better grip of the snare
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onto the lesion, in effect converting flat lesions into more elevated areas as

well as moving the lesion and plane of resection away from the muscle layer –

the usual plane of resection being in the superficial submucosal layer. Larger

lesions (>20 mm) may need a piecemeal resection, as attempting to remove

these en bloc does increase the risk of complications.

The principles of large piecemeal resection of colonic polyps are to resect

starting from a margin and resect in continuity without leaving residual

islands of adenomatous tissue. Excellent results have been achieved in terms

of overall success for complete resection and relatively low complication rates

even for quite large lesions. However, the recurrence rates for EMR of lesions

larger than 20 mm in size that are removed piecemeal are usually between 10

and 15% and, though subsequent procedures and further endoscopic inter-

vention reduce this to below 5%, overall this may need consideration during

counselling and planning for such procedures. It may also be extremely diffi-

cult to achieve accurate histopathological characterization of lesions removed

piecemeal, due to the fragmented nature of the specimen, unless painstak-

ingly mapped and pieced together prior to sending to the laboratory. The

non-lifting sign, when the lesion does not appear to lift despite apparently

accurate injection within the submucosal plane, may indicate deeper invasion

and or a degree of submucosal fibrosis such as that due to previous diathermy

or biopsy, which usually makes subsequent attempts at endoscopic removal

more difficult. Due to some of the above, endoscopic submucosal dissection

(ESD) has been proposed as a modality for en bloc resection of these larger and

often more complex lesions.

Endoscopic submucosal dissection (ESD) for
colorectal lesions

As the endoscopic submucosal dissection (ESD) technique has primarily been

used widely in Japan, the best results are from Japanese centers, though care-

ful case selection and training in selected European and American centers has

resulted in slower adoption throughout theworld. The ESD technique consists

of recognition of the tumor boundary with chromoendoscopy (Figure 3.5A)

injection of a solution around the lesion (Figure 3.5B); mucosal incision out-

side the lesion with an electrosurgical knife inserted through working chan-

nel of an endoscope (Figure 3.5C); additional injection into the submucosa

underneath the lesion to achieve sufficient mucosal elevation; submucosal

dissection with the electrosurgical knife (Figures 3.5D and E); and retrieval

of the specimen (Figure 3.5F). The great advantage of ESD over EMR is
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(A) (B) (C)

(D) (E) (F)

Figure 3.5 (A) to (F) ESD of a flat polyp in the colon.

enablement of achieving high en bloc resection rate for even large sessile and

flat tumors. The Japanese large-scale data of 1111 procedures showed 88%

of en bloc resection rate with a mean (±SD) tumor size of 35 ± 18 mm [21].

It allows not only complete removal of the tumors but also full pathologi-

cal evaluation of the histological type, depth of tumor invasion, presence of

lymphatic and venous involvement, and tumor involvement to the horizon-

tal (mucosal) and vertical (submucosal) margins. Drawbacks of ESD include

requirement of high expertise, long procedure time, and relatively high com-

plication rate. However, refinement in techniques and equipment is likely to

improve outcomes [22]. ESD may offer an important alternative to surgery in

the therapy of large sessile and flat polyps [23].

Complications and follow-up

The majority of complications become apparent during or immediately post-

resection of the polyp, though it is important for patients, endoscopists, and

departments to be aware of the small but potentially significant risks of

delayed complications, sometimes up to two weeks after the procedure. The

two major complications are bleeding and perforation, with rates of these

varying widely, depending on the cohorts studied and types of lesions as well

as operator expertise. These are usually quoted as 5–10% for bleeding dur-

ing polypectomy or EMR of lesions greater than 3 cm in size and 0.5–1.0%
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for perforation [24]. Follow-up is extremely important and surveillance often

determined by histology, nature of resection (piecemeal vs. en bloc), and size

and number of polyps [25].

Characteristics and surveillance of advanced
adenomas

Most studies agree that on the basis of outcome and management, advanced

adenomas are defined as greater than 1 cm in size, having a significant villous

component on histology and high grade dysplasia on biopsy or resection spec-

imen histology. Data from the National Polyp study and other similar cohorts

also indicate that individuals with greater than three concurrent adenomas

have a relatively higher risk of further metachronous lesions and therefore

require closer follow-up.

Serrated colorectal polyps

In recent years there has been increasing recognition of polyps with ‘serrated’

histology that seem to follow an alternative pathway to colorectal cancer. The

prevalence and detection of these seems variable and possibly at least partly

dependent on the quality of colonoscopy [26]. There may be an increased

prevalence of these sessile serrated polyps in the proximal colon and they

are more commonly associated with a ‘flat’ morphology as compared to con-

ventional adenomas. Certain features, such as the presence of a mucus cap

overlying the surface of the polyp, make them difficult to detect as well as

define the surface morphology. Contrast enhancement, either digital or with

dye, is often helpful in detection. Though studies in this area have largely

been retrospective and in different settings, there is general agreement that

serrated polyps may contribute to the development of interval colorectal can-

cers post colonoscopy [27;28]. Despite there being agreement regarding the

need for their removal at colonoscopy due to the malignant potential, rec-

ommendations on surveillance are currently uncertain at best [29]. There is

also recognition of the syndrome of serrated polyposis with specific criteria for

diagnosis. Individuals with hyperplastic or serrated polyposis and their first-

degree relatives are at increased risk for colorectal cancer. The twomajorWHO

criteria for diagnosis are:

1 either greater than 20 such polyps throughout the colon; or

2 at least 5 hyperplastic or serrated polyps in the proximal colon with two

≥10 mm in size [30].
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Multiple polyps or polyposis syndrome

A pertinent issue in clinical practise is when a colonoscopist should consider

the possibility of an underlying polyposis syndrome in the absence of an obvi-

ously suggestive family history when faced with multiple colorectal polyps

(most often adenomas). There is a reasonable degree of consistency in the phe-

notype of syndromes, such as classical familial adenomatous polyposis (FAP),

with often hundreds to thousands of carpeting and easily recognizable polyps

[31]. However a fairly wide variation in the numbers of polyps associated

with other syndromes, such as Attenuated FAP (AFAP) and MutYH associ-

ated polyposis (MAP), may make the diagnosis difficult. As a broad guide,

consideration must be given to the possibility of an underlying polyposis syn-

drome in the presence of greater than 10 colorectal adenomas or the diagnosis

of synchronous or metachronous colorectal cancer, particularly if diagnosed

at a relatively young age. Due to the recessive inheritance in the case of MAP,

the classical dominant history of involved family members in every gener-

ation may not be obtained and an effort should be made to elicit a history

of multiple polyps or early onset cancer in siblings [32]. Input from Cancer

Genetics services with corroboration of detailed family history is usually of

benefit. In many such cases a discussion with the patient is required regard-

ing the need for surgery either prophylactically or in order to manage long-

term complications once the diagnosis has been clarified. Current evidence

also suggests that in specific individuals and families, a program of surveil-

lance of the upper gastrointestinal tract as well as extra-intestinal sites may be

required [33].

(A) (B)

Figure 3.6 Case study.
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CASE STUDY AND MULTIPLE-CHOICE QUESTIONS

Case

A 75-year-old gentleman undergoes colonoscopy for symptoms of altered bowel habit.
A large polyp was noted in the sigmoid colon (Figures 3.6A and B).

Question 1
With regard to the endoscopic management of a thick stalked polyp all the following
statements may be true except?

A. There is an increased risk of post-polypectomy bleeding

B. Polypectomy should be performed after pre-injection of the stalk with
adrenaline

C. The stalk may be pre-clipped prior to polypectomy to reduce incidence of com-
plications

D. The deployment of an endo-loop around the stalk often makes subsequent
polypectomy safer

E. Use of pure cutting current at high wattage is the safest technique for polypec-
tomy in this situation

Question 2
The Paris classification of this polyp is:

A. Paris 0-IIa

B. Paris 0-Ip

C. Paris 0-Is

D. Paris 0-IIb

E. Paris 0-IIc

Question 3
The histo-pathological correlation of this type of pit pattern is usually:

A. Tubular adenoma

B. Villous adenoma

C. Hyperplastic polyp

D. Carcinoma with deep invasion

E. Serrated adenoma
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KEY POINTS

� Invasion into submucosa or beyond is necessary for diagnosing invasive adenocarci-
noma in the colorectum.

� Appropriate pathological staging of colorectal carcinoma requires knowledge of
anatomical variations in different segments of the colon and rectum, meticulous
examination of specimens, and effective communication with clinicians.

� Histological sub-typing is important to select appropriate adjuvant chemotherapy and
to predict microsatellite instability status in colorectal cancer.

� Histopathological response to neoadjuvant chemotherapy in rectal cancer and hep-
atic colorectal metastases is a strong predictor of patient outcome and increasingly
becoming a valid endpoint for biomarker assessment.

CASE STUDY

An 84-year-old woman without a significant family history of cancer underwent
colonoscopy due to blood in her stool. An exophytic mass in the right colon was detected
by colonoscopy. Her metastatic work-up was negative. She underwent right hemicolec-
tomy. There was a 4 × 4 × 3 cm mass in the right colon with grossly positive lymph
nodes in pericolic soft tissue. The histopathology review showed adenocarcinoma with
variegated histology with mucinous and signet ring cell differentiation, an undifferen-
tiated carcinoma component, and increase in intraepithelial lymphocytosis. Tumor cells
extended up to the serosa and 16 of 32 regional lymph nodes were positive for metastatic
adenocarcinoma. The tumor showed lymphovascular and extensive perineural invasion.
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Criteria of malignancy

Colorectal adenocarcinoma arises from an adenomatous polyp or flat dyspla-

sia on a background of inflammatory bowel disease. High grade dysplasia in

an adenomatous polyp has higher likelihood of progression to invasive adeno-

carcinoma. Invasion of the lamina propria and muscularis mucosae is almost

never associated with regional lymph node metastases in colorectal cancer

and invasion into or beyond the submucosa is required to diagnose inva-

sive adenocarcinoma. Due to a very low likelihood of lymph node metastases

with intramucosal carcinoma, high grade dysplasia and intramucosal carci-

noma can be used interchangeably as carcinoma in situ. It can be challenging

to diagnose submucosal invasion in an endoscopic biopsy or a polypectomy

sample. Presence of desmoplasia, association of highly dysplastic glands with-

out lamina propria associated with thick walled blood vessels, and ulceration

are the findings indicative of submucosal invasion in a biopsy or polypectomy

specimens of colorectal cancer. In biopsy samples, where all these features are

not present, correlation of the pathological findings in a multidisciplinary set-

ting, with endoscopic and other clinical findings, will clarify whether a repeat

biopsy is necessary. If the lesion is an exophytic/ulcerated mass strongly suspi-

cious of adenocarcinoma by endoscopy, a repeat biopsymay not be required to

document unequivocal submucosal invasion. A repeat biopsymay be required

to document submucosal invasion if the lesion is clinically and endoscopically

indeterminate.

A polypectomy/endoscopic mucosal resection is routinely used for initial

treatment of early (T1) adenocarcinoma. Presence of poorly differentiated his-

tology, lymphovascular invasion, and distance of the deep margin of less than

1 mm are associated with a higher likelihood of regional lymph node metas-

tases in these tumors. The College of American Pathologist requires these

three parameters to be included in the pathology report on the polypectomy

specimens [1].

Pathology Staging

Staging of colorectal cancer was first described by Dr Duke in 1932. This was

based on depth of tumor infiltration into various layers of the colorectal wall,

regional lymph node involvement, and distantmetastasis. SubsequentlyMod-

ified Astler Collins and Tumor (T), Node (N), and Metastasis (M) staging sys-

tems were developed based on the principles of the Duke System. The first
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Table 4.1 Pathologic staging (pTNM) of colorectal carcinoma as per the guidelines of the

AJCC 7th edition staging system.

Primary tumor (T):
TX: Primary tumor cannot be assessed

T0: No evidence of primary tumor

Tis: Carcinoma in situ, intraepithelial, or invasion of lamina propria

T1: Tumor invades submucosa

T2: Tumor invades muscularis propria

T3: Tumor invades through the muscularis propria into pericolorectal tissues

T4a: Tumor penetrates to the surface of visceral peritoneum (applicable to peritonealized segment

of large bowel, including cecum, sigmoid colon, transverse colon, and anterolateral surface of

ascending, descending colon, and upper rectum

T4b: Tumor directly invades or is adherent to other organs or structures (presence of tumor cells

and not fibrosis or mucin in the adherent organ is required)

Regional lymph nodes (N):
NX: Regional lymph nodes cannot be assessed

N0: No regional lymph node metastasis

N1: Metastasis in 1–3 regional lymph nodes

N1a: Metastasis in one regional lymph node

N1b: Metastasis in 2–3 regional lymph nodes

N1c: Tumor deposit (s) in subserosa, mesentery, non-peritonealized pericolic, or perirectal tissues

without regional lymph node metastasis

N2: Metastasis in 4 or more regional lymph nodes

N2a: Metastasis in 4–6 regional lymph nodes

N2b: Metastasis in 7 or more regional lymph nodes

Distant metastasis (M):
M0: No distant metastasis

M1: Distant metastasis

M1a: Distant metastasis in one organ or site

M1b: Distant metastasis in more than one organ/site or peritoneum

pocketbook of Union for International Cancer Control (UICC) TNM was pub-

lished in 1968. UICC and the American Joint Committee on Cancer (AJCC)

joined together and published the 4th edition of the TNM staging book in

1987. Since then, TNM stage has been updated three times and the most

recent 7th edition was published in 2010 (Table 4.1, Figure 4.1) [2]. Themajor

changes included in the 7th edition are expansion of stage II and III categories,

primarily due to subdivision of the T4 stage, introduction of the N1c category

for satellite soft tissue tumor deposits with negative nodes, and expansion of

the sub-classification of N and M stages based on the number of lymph nodes

and sites of distant metastases involved. This expansion is supported by sur-

vival differences in these groups based on expanded outcome in SEER data
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analyses [3]. Figure 4.1 demonstrates various T, N, and M stages and their

combination at the final pathological stage.

Appropriate pathology staging of the colorectal resection specimens

requires that the pathologist or pathology assistant are familiar with anatom-

ical variations in different segments of the colorectum and are meticulous in

gross examination of the specimen, with particular focus on the extent of

the tumor in the colorectal wall, distance from the resection margins, gener-

ous sampling for the regional lymph nodes, and are aware of unique situa-

tions such as tumor associated perforation, tumor extending into the adher-

ent organ, multiple tumors, preoperative neoadjuvant therapy, and patients

with polyposis or non-polyposis syndromes. Reviewing the clinical history,

endoscopic findings, and operative notes makes it easier for the pathologist to

identify, appropriately describe, and sample the tumor.

The serosal (visceral peritoneal) cover is variable in different segments of

the colon and rectum. The cecum, transverse colon, and sigmoid colon are

entirely intraperitoneal. The ascending colon, descending colon, and upper

rectum are partly covered by the visceral peritoneum, with the posterior sur-

face being retroperitoneal. The mid-rectum is covered by the peritoneum only

anteriorly, with the lateral and posterior surfaces being retroperitoneal. The

lower rectum is entirely retroperitoneal. These variations in the serosal cover-

ing influences the T stage of the tumor. A tumor present at the deep surface of

the cecum, transverse colon, or sigmoid colon is classified as T4a. For tumors in

the ascending colon, descending colon, or upper rectum, the tumor is classified

as T3 if tumor cells are present at the deep surface (non-peritonealized sur-

face) posteriorly, and T4a if tumor cells are present at the deep surface (peri-

tonealized surface) anteriorly. The lower rectum is entirely retroperitoneal

and a tumor in the lower rectum is classified as T3 if tumor cells are present

at the deep surface anteriorly or posteriorly. It is often difficult to differentiate

peritonealized from non-peritonealized surfaces and the pathologist needs to

identify these surfaces in every colorectal resection specimen and if necessary

ask for input from the surgeon. It is critical to appropriately pT stage patients

with stage II disease because patients with stage II pT4 disease are consid-

ered to be at high risk of disease recurrence and may be offered postoperative

adjuvant therapy [4].

The pathology stage is the single most important guide in deciding on

the postoperative chemotherapy in primary colon cancer, as all node positive

(stage III) patients receive postoperative chemotherapy. Therefore it is criti-

cal to perform meticulous lymph node sampling and histopathology review.

The AJCC recommends that at least 10–14 lymph nodes should be exam-

ined for carcinoma in a colon/rectal resection specimen. Since the N stage is



74 Colorectal cancer

dependent on the number of metastatic lymph nodes, and a higher number

of negative lymph nodes predicts better survival, it is recommended to sample

as many lymph nodes as possible. In specimens with more than one tumor,

lymph nodes corresponding to each tumor should be sampled separately, with

a minimum number of 10–14 for each tumor.

Tumor deposits in pericolonic and perirectal soft tissue, away from the

leading edge of the tumor without residual lymph nodes, are classified as

tumor deposits (TD). They either represent entirely replaced lymph nodes or

large vessel or nerve invasion. They should be reported separately and in cases

of the T stage being T1 or T2, the tumor deposits with negative regional lymph

nodes are assigned to the N1c category.

An increasing number of patients with distant oligometastatic colorectal

cancer are offered resection of the metastatic tumor. This is the standard prac-

tise for colorectal metastases to liver, lung, ovary, or non-regional lymph

nodes. Due to this, the distant metastasis (M) category has been classified

as M1a and M1b in the 7th edition of AJCC staging. M1a is designated to

oligometastatic disease and M1b is designated as metastasis to more than one

viscera or to peritoneal disease.

The staging system for residual tumor after neoadjuvant therapy or recur-

rent tumor at the anastomotic site is similar to a primary tumor, except the

prefix y is applied to the former and prefix r is applied to the latter.

Resection margins

Circumferential resection margin (radial) corresponds to the surgically dis-

sected non-perotinealized surface of the specimen. This includes the posterior

surface of the ascending colon, descending colon, upper rectum, the posterior

and lateral surface of mid-rectum, and all deep surfaces of the rectum. The

distance of the tumor from the circumferential mesorectal margin is required

to be included in the pathology report. The tumor cells at or within 1 mm

of the circumferential mesorectal margin indicates this margin to be positive,

with higher likelihood of local recurrence.

The mesenteric margin is relevant, particularly in segments of the colon

that are entirely intraperitoneal. The mesenteric margin in these segments

should be reported independently of serosal involvement. In other segments

of the colon, the highest vascular pedicle, which is composed of neurovascu-

lar tissue and possibly lymph nodes, is critical. A metastatic lymph node or

vascular invasion at the transected margin of highest vascular pedicle makes

it an incomplete resection and so a higher risk of recurrence. This site should
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be marked by the surgeon with a stitch or other identifier and sampled in a

separate tissue block.

The distance of the distal margin from the tumor is critical, particularly in

lower rectal tumor resection specimens, in deciding the patient outcome and

quality of surgery. In rectal tumors, it is recommended to have 2 cm between

the tumor and the distal margin in the low anterior resection. A distance of 1

cm is acceptable in T1/T2 tumors.

In some cases of T4b colorectal cancers, there is a need for multivisceral

resection. The latter poses a significant challenge for the pathologist in demon-

strating extension of tumors in adherent organs and assessment of additional

margins. Advanced lower rectal tumors can extend into the pelvic organs such

as the prostate, urinary bladder, vaginal wall, and pelvic bone. This may be

identified on preoperative imaging or intraoperatively. The pathology sam-

pling is very much facilitated if the surgeon separately identifies the area/areas

which are clinically most relevant, including the soft tissuemargin and the site

of intraoperative radiotherapy.

Resection specimens for anastomotic recurrence and regional lymph node

recurrence are infrequent. Appropriate gross examination and sampling of

these specimens require identifying the tumor location with the help of pre-

operative imaging. In cases of nodal recurrence, the radial/mesenteric margin

can be important and should be marked and sampled for microscopy review.

Histological subtyping

The majority of colorectal adenocarcinomas are gland-forming well to mod-

erately (low grade) differentiated adenocarcinomas. They are composed of

large to intermediate size glands lined with columnar epithelium with strati-

fied columnar or rounded nuclei with or without goblet cells. Many of these

tumor show necrosis.

Most of the microsatellite instability high (MSI-H) colorectal cancers show

unique histological features [7]. These tumors have variegated histology with

a mixture of moderately differentiated adenocarcinomas, poorly differenti-

ated adenocarcinomas, mucinous adenocarcinomas, carcinomas with dom-

inant cribriform architecture, carcinomas with serrated architecture, signet

ring cell adenocarcinomas, and undifferentiated medullary carcinomas. In

some of these tumors only one of these components is seen (Figure 4.2).

Intraepithelial lymphocytosis, defined as three or more per high power fields

on Hematoxylin and eosin sections, is the most specific marker in predict-

ing microsatellite instability (MSI) status in colorectal cancer [8] (Figure 4.3).
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(A) (B)

Figure 4.2 Histological features of microsatellite instability high colon cancer: (A) well to

moderately differentiated mucinous adenocarcinoma; (B) poorly differentiated/

undifferentiated carcinoma.

Intraepithelial lymphocytosis is also present in adenomatous polyps from

patients with hereditary non-polyposis colon cancer syndrome. Other histo-

logical features seen in the MSI-H colorectum are a pushing tumor border

and an increase in peritumoral Crohn’s-like lymphoid aggregates. Patholo-

gists and clinicians should be aware of these unusual histological features

of MSI-H colorectal cancer and not mistakenly diagnose them as metastatic

carcinoma. These histological features should prompt clinicians to request

Figure 4.3 Marked intraepithelial lymphocytosis in microsatellite instability high colon

cancer.
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(A) (B)

Figure 4.4 High-grade neuroendocrine carcinoma: (A) HE; and (B) Synaptophysin

immunostaining.

immunohistochemistry and molecular testing of microsatellite instability

to confirm or exclude unsuspected hereditary non-polyposis colon can-

cer syndrome or sporadic MSI-H colorectal cancer with h-MLH1 promoter

methylation.

High grade neuroendocrine carcinomas (Figure 4.4) are classified into

small cell carcinomas and large cell neuroendocrine carcinomas. These tumors

are more frequent in the rectum followed by the cecum and other parts of

the colon. Similar to other sites, these tumors are aggressive, with 70% of

patients presenting with distant metastases and 3-year survival being 13%

[9]. In addition, due to rarity of these tumors, there is no consensus on type

of chemotherapy agents to be used. Many oncologists prefer to use cisplatin

and etoposide to treat this tumors. Data on high grade neuroendocrine carci-

nomas seen as a component of mixed adenocarcinomas and neuroendocrine

carcinomas is very limited and at present these tumors are treated no differ-

ently from conventional adenocarcinomas.

Carcinomas with more than 50% signet ring cells are classified as signet

ring cell adenocarcinomas. They are more frequently associated with MSI-H

tumors and inflammatory bowel disease. In a biopsy specimen of the colorec-

tum, signet ring cell histology should prompt the pathologist to consider these

two associations. In addition, metastatic adenocarcinoma from the appendix,

stomach, and lobular carcinoma of the breast should also show similar his-

tological features and should be excluded by reviewing medical records and

image findings, and if necessary by immunohistochemistry.

Adenocarcinomas with more than 50% mucinous component are classi-

fied as mucinous adenocarcinomas. Microsatellite stable well-differentiated

mucinous adenocarcinomas are rare in the colon. They show similarities
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to appendiceal mucinous tumors in histology and pattern of spread within

and beyond the colon wall. They are composed of abundant acellular mucin

admixed with well differentiated mucinous epithelium. The pattern of inva-

sion in the colonic wall shows abundant acellular mucin without any stromal

reaction and sometimes it is difficult to differentiate them from colitis cystica

profunda.

Other rare histological subtypes include serrated adenocarcinomas, carci-

nomas with cribriform architecture with comedo necrosis, micropapillary car-

cinomas, adenosqumaous carcinomas, and spindle cell carcinomas. Serrated

adenocarcinomas are reported to be associated with the MSI-H phenotype

with BRAF mutation and CpG island hypermethylation. Cribriform carcino-

mas with comedo necrosisare are reported to be of the microsatellite stable

CpG island hypermethylator type. Adenocarcinomas with a micropapillary

component are reported to have aggressive behavior, with high likelihood of

regional lymph node metastases.

Histopathological response to neoadjuvant therapy

Tumor regression and tumor down staging after preoperative chemoradio-

therapy are primary reasons for improvement in patient outcome and in

achieving complete surgical resection in rectal cancer. Extensive sampling of

the tumor is necessary to appropriately assess tumor regression. Table 4.2

shows the College of American Pathologists (CAP)/AJCC recommended four-

tier grading system for assessing tumor regression rectal cancer [2].

Preoperative chemotherapy followed by liver resection is the standard of

care inmany patients with colorectal livermetastases. Resected colorectal liver

metastases after preoperative chemotherapy are a relatively new addition to

the type of specimens resected for colorectal cancer. For these specimens it is

Table 4.2 Tumor regression system of response to neoadjuvant

chemoradiation in rectal cancer

TRG grade Histological features

0 (complete response) No viable cancer cells

1 (moderate response) Single cells or small groups of cancer cells

2 (minimal response) Residual cancer cells outgrown by fibrosis

3 (poor response) Minimal or no tumor kill. Extensive residual cancer
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necessary to report the number of tumor nodules, largest size of the tumor,

and status of the margin. Pathological response to preoperative chemotherapy

is one of the predictors of patient outcome in these patients and should be

included in the pathology report [6].

Other histological prognostic factors

The histological grade has shown independent prognostic significance in mul-

tivariate analyses of colorectal cancer patients and should be reported in

biopsy and resection specimens. The College of American Pathologists rec-

ommends a two-tier system of histological grading. Tumors with more than

a 50% gland forming component are classified as low grade and tumors with

less than a 50% gland forming component are classified as high grade.

Venous (large vessel) invasion is an independent predictor of patient out-

come and distant (hepatic) metastases in the colorectum. Extramural venous

invasion is particularly associated with a higher likelihood of distant metas-

tases. Similar to large vessel invasion, invasion of small thin-walled vessels

(lymphatic or post-capillary venules), and perineural invasion are indepen-

dent predictors of poor prognosis. The challenge with interpretation of small

vessel invasion is high inter-observer variations among pathologists. The rec-

ommended histological criteria in identifying lymphovascular invasion are

rounded clusters of tumor cells identified in spaces lined with endothelium

with cells adherent to the endothelium. Immunohistochemical stains of vas-

cular markers (CD34, C31) to identify lymphovascular invasion are not rec-

ommended for routine use to confirm or exclude lymphovascular invasion.

Perforations at the tumor site or proximal to the tumor are associated with

poor patient outcome. A perforated tumor is an indicator of a higher risk of

recurrence in stage II colon cancer and patients with a perforated tumor may

be considered for postoperative adjuvant chemotherapy [4]. Review of intra-

operative findings and assessing the resected specimen for perforation before

opening the specimen are the most effective ways to identify and sample the

site of perforation. Histological findings indicative of perforation are transmu-

ral inflammation and necrosis with serositis.

In rectal resection specimens, quality of the mesorectal excision is one of

major determinants of quality of surgery. The quality of mesorectal excision

is assessed by examination of the bulk of the mesorectum and presence and

depth of defects in the radial margin, and smoothness of the radial margin after

serial sectioning of the rectum. Optimal assessment of mesorectal excision is
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performed if the surgeon and pathologist are in communication at the time of

initial examination of the specimen.

Immunohistochemistry and role of histopathology
in molecular analysis

Immunohistochemistry identifies the specific DNA mismatch protein, which

is abnormally lost in MSI-H cancer (Figure 4.5), and further guides testing.

Immunohistochemistry also contributes to sub-typing of the MSI-H colorec-

tal cancer into hereditary or sporadic types. Most common mismatch repair

genes lost in hereditary non-polyposis colon cancer syndrome due to germ

line mutation are MSH-2 and MLH-1. In sporadic MSI-H cancer, MLH-1 is lost

in almost all cases (Figure 4.5). The mechanism of loss of MLH-1 in sporadic

cancer is through promoter hypermethylation. Loss of MLH-1 in sporadic col-

orectal cancer suggests additional testing for h-MLH1 hypermethylation and

BRAFmutation studies.MSH-2 is diamerizedwithMSH-6 andMLH-1 is diamer-

ized with PMS-2. This loss ofMSH-2 is associated with loss ofMSH-6. However,

MSH-6 loss is not always associated with loss ofMSH-2. Similarly, loss ofMLH-1

is associated with loss of PMS-2 but not vice versa.

Immunohistochemistry and polymerase chain reaction (PCR)-based mir-

cosatelillite, instability, have similar analytic sensitivity. However, neither

of the two methods can identify all tumors with mismatch repair genes

deficiency. In a very small percentage of cases with missense mutation,

particularly for MLH-1, immunohistochemistry shows intact expression of

(A) (B)

Figure 4.5 Immunohistochemistry staining showing loss of MLH-1 nuclear expression in

tumor cells with intact expression in inflammatory and other stromal cells and intact

nuclear staining for MSH-2 in tumor cells, inflammatory and other stromal cells.
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MLH-1 due to intact antigenicity, but withmicrosatellite instability high tumor

by PCR-based assay due to functional loss ofMLH-1. False negative results are

most likely due to technical issues with specimen fixation and staining tech-

nique. A patchy staining is common with PMS-2 andMSH-6. A small subset of

tumors with only in MSH-6 loss is shown to be microsatellite stable.

Immunohistochemistry also helps in differential diagnosis of metastasis

from primary colorectal cancer. In biopsy samples, metastasis from mullerian,

upper gastrointestinal, and breast primaries can mimic colorectal cancer and

should be excluded by clinical correlation and if necessary immunohistochem-

istry staining.

Histopathology is a critical pre-analytical step in various molecular tests

performed on extracted nucleotides from the tissue samples. The advance-

ment in molecular testing for clinical care demands that histopathology prac-

tise should be optimized for high-quality molecular testing. These require

reduction of the ischemia time before the specimen is opened and fixed,

appropriate fixation protocol, optimal quantization of tumor cells in a tissue

block, and deciding the type of specimen required for molecular test. Tests

such as microsatellite instability by PCR and loss of heterozygosity need tumor

and normal control DNA. The latter can be procured from blood if normal tis-

sue is not available.

TIPS AND TRICKS

� TNM staging as per the 7th edition of AJCC book has expanded T and N categories
and it is important to know the variations in peritoneal covering of different segments
of the colorectum.

� Microsatellite instability high colorectal cancers have unique histopathological fea-
tures.

� Age and family history are very important in guiding the tests for microsatellite insta-
bility high colorectal cancers.

MULTIPLE-CHOICE QUESTIONS (Correct answer marked with *)

1 What is the pT and pN stage of this tumor, as per the 7th edition of the AJCC staging
system?
A. pT4aN1b (IIIB)
B. pT4aN2b (IIIC)
C. pT4bN2a (IIIC)
D. pT4bN2b (IIIC)
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2 Among the features described below, which feature is most sensitive in predicting
microsatellite instability high status in colorectal cancer?
A. Signet ring cell histology
B. Mucinous histology
C. Increase in intraepithelial lymphocytosis
D. Right-sided tumor

3 The histological features described below suggest a possibility of microsatellite instabil-
ity high colon cancer. Based on the clinical history provided, which group of laboratory
findings are most likely present in this patient?
A. Immunohistochemistry for DNA mismatch repair genes shows loss ofMLH-1 with

secondary loss of PMS-2, positive promoter methylation of h-MLH1 gene, and
BRAFV600E mutation

B. Immunohistochemistry for DNA mismatch repair genes shows loss of MLH-1 with
secondary loss of PMS-2, due to germline mutation in h-MLH-1 and negative
BRAFV600E mutation

C. Immunohistochemistry for DNA mismatch repair genes shows loss of PMS-2 with
secondary loss of MLH-1 and positive BRAFV600E mutation

D. Immunohistochemistry for DNA mismatch repair genes shows loss ofMSH-2 with
secondary loss of MSH-6, positive promoter methylation of h-MSH2, and positive
BRAFV600E mutation

4 Which of the following histopathological findings is seen in microsatellite instability
high colon cancer?
A. Neuroendocrine carcinoma
B. Tumor budding
C. Peritumoral nodular lymphoid aggregates
D. Extensive perineural invasion
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KEY POINTS

� A tumor should be resected with draining of the lymphatics, lymph nodes, and blood
vessels, through which the tumor may disseminate, by dissecting along embryologic
tissue planes in an intact peritoneal and fascial lined package.

� D3 lymph nodes dissection comprises removal of epicolic nodes within 10 cm of the
tumor margin, plus removal of the intermediate and main nodes.

� Laparoscopic surgery for colorectal cancer has the advantages of less pain, lower inva-
siveness, and better cosmetic outcomes, in addition to better postoperative recovery
compared to open surgery. However, there may be no differences in survival rates
between laparoscopic and open surgery.

Introduction

In radical surgery for colon cancer, first reports were from Reybard [1] on sig-

moidectomy in 1844 andMaydl [2] on right hemicolectomy in 1885. Cheever

[3], Grinnell [4], as well as Mayo [5], emphasized the significance and neces-

sity of lymph node dissection. However, surgical resection of colon cancer

continues to lack international standardization, unlike rectal cancer, for which

total mesorectal excision (TME) is considered the optimal operation.

Anatomy for colonic resection

Arteries
The marginal artery runs along the colon, fromwhich the vasa recta are deliv-

ered towards the colon. The number of vasa recta is less than that of the small
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intestine. The trunks connecting the marginal artery with the aorta are multi-

ple colic arteries originating from the superior mesenteric and inferior mesen-

teric arteries.

The three colic branches of the superior mesenteric arteries are distin-

guished as the ileocolic, right colic, and middle colic arteries. The ileocolic

artery feeds the ileum, cecum, and ascending colon, which is divided into the

ileal, cecal, ascending, and appendicular arteries. Though the right colic artery

is the dominant artery of the ascending colon, its origin is unstable, with only

one-third originating from the superior mesenteric artery, and often forming

a common trunk with the ileocolic artery or middle colic artery. The middle

colic artery is the dominant artery of the transverse colon, its first branch orig-

inating from the right edge of the superior mesenteric artery at the lower edge

of the body of the pancreas, and sometimes forming a common trunk with the

inferior pancreaticoduodenal artery. The accessory middle colic artery origi-

nates from the left edge of the superior mesenteric artery and travels towards

the left half of the transverse colon or the left colic flexure. The anastomosis

tends to form between this artery and the left colic artery, originating from the

inferior mesenteric artery towards the inside rather than the marginal artery

(Riolan’s anastomosis).

The inferior mesenteric artery branches from the abdominal aorta 1–3 cm

caudal to the bottom edge of the third portion of the duodenum. The left colic

artery and sigmoid artery are colic branches of the inferior mesenteric artery.

The left colic artery originates 1–3 cm distal to the inferior mesenteric artery

root as the first branch of the inferior mesenteric artery, is sometimes divided

into an ascending branch and a descending branch, and is distributed to the

descending colon. In some cases the branches separated from the ascending

branch travel along the inferior mesenteric vein and form an anastomosis with

the accessorymiddle colic artery. Several sigmoid colon arteries originate from

the inferior mesenteric artery. The number and form of distribution varies

according to the length of the sigmoid colon.

Michels et al. indicated several cases in which the marginal artery is very

narrow or defective in the ileocecum, splenic flexure, and Sudeck point (crit-

ical points) [6]. In particular, there are many variations in the anastomosis

of the superior/inferior mesenteric artery in splenic flexure; this is consid-

ered to be an area requiring maintenance of blood flow and is known as the

Griffiths’s point.

Veins
The venous return from the colon generally accompanies the arterial supply.

The difference is that it does not drain to the inferior vena cava, but enters
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the liver via the portal vein. The right gastroepiploic vein also flows into the

superior mesenteric vein, often forming a common trunk with the middle

colic vein, known as the gastro-colic trunk.

Lymphatics
The lymphatic vessels of the colon fundamentally accompany the arteries.

Pericolic lymph nodes are present in the surroundings of the marginal artery

and vasa recti; these are the frontier lymph nodes.Most lymphatic vessels exit-

ing the colonic wall travel along the vasa recta and marginal artery, from the

pericolic lymph nodes to the intermediate lymph nodes, by gradually increas-

ing in thickness, and finally reaching the main lymph nodes. The lymphatic

vessels of the colon converge at three sections of the right inferior (the ori-

gin of ileocolic artery), center (the origin of the middle colic artery/right colic

artery), and left inferior (the origin of the left colic artery/sigmoid artery),

subsequently continuing to the aortic lymph nodes.

The range of bowel resection and lymph
node dissection

In Western countries, studies on colon cancer, from the late 1950s to early

1960s, showed tumor cells over a wide range inside the intestinal tract.

In 1954, Cole proposed extended bowel resection, in which the colon was

blocked at an early period of surgery and broadly resected in order to pre-

vent anastomotic recurrence due to dispersion of tumor cells in the intesti-

nal lumen [7]. However, central lymph node dissection along the feeding

vessels was not recommended. In 1950, Barnes proposed blocking the blood

flow and lymph flow initially during surgery, in order to prevent liver metas-

tasis [8]. In 1967, Turnbull et al. reported that the 5-year survival rate of

a conventional group (232 cases) was 34.8%, while that of the non-touch

isolation technique (NTIT) group (664 cases), using early clamp of both the

bowel and drainage vessels, was 50.9% from the retrospective study, and so

proposed NTIT as optimal surgery for colon cancer [9]. The randomized con-

trolled trial (RCT), comparing NTIT with the conventional method byWiggers

et al., failed to demonstrate statistically significant differences in the recur-

rence rate, liver recurrence rate, and survival rate between the two groups

[10]. It is believed that the better outcome in the NTIT group, by Turnbull

et al., was not due to the NTIT, but due to the fact that the feeding vessel

was ligated at the root; and central lymph node dissection was done in the

NTIT group.
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Figure 5.1 Distribution of positive lymph nodes of colon cancer [11–13].

In Japan, several studies of the distribution of positive lymph nodes in

colon cancer, by using the surgical specimens, were conducted in the 1980s

(Figure 5.1). Kimura et al. analyzed the distribution of 127 positive lymph

nodes of 36 stage III colon cancer cases with clearing methods [11]. Metas-

tasis to the pericplic lymph nodes adjacent to the tumor (up to 5 cm from

tumor margins) was the most common at 72%, followed by metastasis to

the intermediate lymph nodes at 15.7%, and to the main lymph nodes at

3.9%. However, metastasis was not found in the pericolic nodes more than

5 cm (proximal or distal) along the bowel from the tumor. Izumimoto et al.

also studied the distribution of positive lymph nodes: 58 positive nodes from

20 stage III right-sided colon cancers and 125 positive nodes from 40 stage

III left-sided colon cancers [12]. Forty-five percent of positive lymph nodes

were located in the pericolic nodes within 5 cm from the tumor margin in

right-sided colon cancer and 76.8% within 5 cm from the tumor margin in

left-sided colon cancer. The intermediate nodes situated along the feeding

artery of right-sided and left-sided colon cancer, were 15.5% and 13.6% of the

positive lymph nodes, respectively; 3.4% and 8% were situated in the main

node area of right-sided and left-sided colon cancer, respectively. No tumor

cells were found in pericolic nodes located more than 10 cm along the bowel

from the tumor. Koyama et al. reported that no patients had positive peri-

colic nodes more than 10 cm from the tumor margin in a clinicopathological

study of 41 stage III right-sided colon cancers and 89 stage III left-sided colon

cancers [13].

Some studies have reported flow heading towards the lymph nodes along

the gastroepiploic vein from the hepatic flexure, towards the splenic hilum

from near the splenic flexure along the inferior mesenteric vein to the pancre-

atic vein, and directly to the aortic lymph node from the superior rectal artery.

Such lymphatic pathways are probably only found in palliative resection cases
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Figure 5.2 Japanese grading of lymph node dissection. D1 means removal of the pericolic

nodes within 10 cm from tumor edges, D2 is D1 plus removal of the intermediate nodes,

and D3 is D2 plus removal of the main nodes.

with wide lymphatic spread of tumor cells and so may not be relevant in cura-

tive surgery. From these research outcomes, the Japanese guidelines for the

treatment of colorectal cancer, published by the Japanese Society for Cancer of

the Colon and Rectum (JSCCR) in 2005, classify the grade of regional lymph

nodes dissection as D1, D2, and D3. D1 dissection is removal of the epicolic

nodes within 10 cm from tumor margins, D2 dissection is D1 dissection plus

removal of the intermediate modes along the feeding artery, and D3 dissection

is D2 dissection plus removal of the main nodes, which lie along the superior

mesenteric vein in right-sided colon cancer or along the inferior mesenteric

artery in left-sided colon cancer. The guidelines recommend D3 dissection for

clinical stage II and stage III colon cancer [14] (Figure 5.2).

Recent studies on colon cancer surgery

West et al. retrospectively studied the surgical specimens in 399 cases, who

had undergone surgery for colon cancer at Leeds General Infirmary between

1997 and 2002, reporting that 98 cases (24%) were observed with the mus-

cularis propria plane (little bulk to mesocolon with disruptions extending

down to the muscularis propria) and 177 cases (44%) were observed with

the intramesocolic plane (moderate bulk to mesocolon with irregularity, but

the incisions do not reach down to the muscularis propria) [15]. It has been

shown that colon cancer resection in the mesocolic plane (intact mesocolon
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with a smooth peritoneal-lined surface) was associated with a 15% improve-

ment in the 5-year overall survival rate compared to cases with the muscularis

propria plane, with the difference rising to 27% in stage III disease.

Hohenberger et al. introduced complete mesocolic excision (CME) with

central vascular ligation (CVL), by following the same sound principles of total

mesoretal excision (TME) for rectal cancer [16]. CME with CVL attempted to

remove the tumor and the entire mesocolon by dissecting along embryologic

tissue planes in an intact peritoneal and fascial lined package. CME with CVL

surgery removed more tissue compared with conventional surgery in terms of

the distance between the tumor and the high vascular tie, the length of large

bowel and ileum removed, and the area of mesentery removed. In addition,

CME with CVL surgery was associated with more mesocolic plane resections

and a greater lymph node yield [17].

Japanese D3 dissection surgery is based on similar principles to CME with

CVL, apart from extended bowel resection, and impressive outcomes have

been reported. Both in CME with CVL, and Japanese D3 resection, an intact

mesocolic plane resection was achieved in 88% and 73% of cases, respectively

[18]. Due to the differing concept of surgical approach regarding the axial

direction of the bowel resection, Japanese D3 specimens were significantly

shorter, thus resulting in a smaller amount of mesentery resected and less

nodes harvested. However, there was no difference in central lymph node

dissection, because the distance from the bowel wall to the high vascular tie

and the number of tumors involving nodes were equivalent.

Surgery for colon cancer

The principle of surgery for colon cancer is that the tumor should be resected

with the draining lymphatics, lymph nodes, and blood vessels through which

the tumor may disseminate, using careful anatomic dissection along embry-

ologic tissue planes in an intact peritoneal and fascial lined package. Central

lymph node dissection with a high vascular tie is recommended to prevent

local recurrence. Attention to the blood supply to the segments of anastomo-

sis and the creation of anastomosis without tension are essential to prevent

anastomotic problems.

Exploration of the abdominal cavity and assessment
of resectability
On first opening the abdominal cavity, careful examination of tumor spread in

the abdominal and pelvic cavity is made and resectability is evaluated. Small
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tumor deposits on the liver surface and peritoneal surface may not be visual-

ized by preoperative CT.

Surgery for sigmoid colon cancer
Mobilization of the left colon
The peritoneal white line is incised by diathermy while retracting the sig-

moid colon to the right side, and dissection between the mesosigmoid and the

anterior layer of the renal fascia in dividing the Toldt’s fusion fascia is car-

ried out. When the dissection is along anatomic embryonic tissue planes, the

left ureter, spermatic, or ovarian vessels are automatically preserved behind

the retroperitoneum and there is little bleeding. Mobilization of the sigmoid

colon and mesosigmoid is mostly conducted to the left edge of the aorta,

to the left common iliac artery, and to the lower pole of the left kidney.

Mobilization of the splenic flexure is not necessary in Japanese D3 dissec-

tion because of the shorter bowel resection. The sigmoid colon and mesosig-

moid are retracted ventrolaterally to expose the left base of the mesosigmoid,

and the autonomic nerve fibers running longitudinally on the aorta are visi-

ble. The nerve branches from the superior hypogastric plexus to the superior

rectal vessels are cut by diathermy, resulting in preservation of the superior

hypogastric plexus.

Central lymph node dissection (D3 dissection) (Figure 5.3)
The sigmoid colon is retracted left and the base of the mesosigmoid is incised;

subsequently, this is connected to the dissected area from the left side in

front of the aorta. Isolation of the mesosigmoid from the retroperitoneum is

extended to the cranial side while preserving the superior hypogastric plexus,

and when the root of the inferior mesenteric artery is exposed, it is ligated and

divided at the root. The inferior mesenteric vein is divided at the same level.

Blood flow to the segments of anastomosis, that is the rectum or rectosigmoid

colon as the distal segment and the distal descending colon as the proximal

segment, is supplied via the marginal arteries from the internal iliac arteries

and from the middle colic artery, respectively.

A topological relationship of the tumor and the sigmoid arteries and veins

is confirmed, and the mesosigmoid between a dividing point of the bowel 10

cm from the tumor margin and the root of the inferior mesenteric artery is

divided. The distal mesosigmoid between a dividing point of the bowel 10 cm

away from the tumor margin and the superior rectal vessels is also divided.

After exposure of the bowel wall, the bowel is divided.
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Figure 5.3 D3 dissection for sigmoid colon cancer. CIA: common iliac artery; IMA: inferior

mesenteric artery.

Anastomosis
When it is confirmed that there is no ischemia or tension at the anastomotic

site, anastomosis is complete. There are several types of stapling of anastomo-

sis, including single stapling technique, double stapling technique, and func-

tional end-to-end anastomosis, or hand-sewn anastomosis, which is chosen

according to surgeon’s preference. The authors preference is for a hand-sewn

anastomosis by an interrupted, single-layer, layer-to-layer anastomosis (Gam-

bee anastomosis) for all colonic anastomosis.

Surgery for right colon cancer
Mobilization of the right colon
The small bowel is retracted into the left half of the abdominal cavity, and

mobilization of the cecum and ascending colon is started by incising the peri-

toneum along the paracolic gutter near the cecum. The right colon and ter-

minal ileum are elevated and freed from the retroperitoneum by dissecting

anatomically along the embryologic tissue planes between the mesocolon and

the retoroperitoneum, resulting in the right ureter, spermatic, or ovarian ves-

sels being automatically preserved behind the retroperitoneum. Care must

be taken to avoid injury to the duodenum or to not go behind the duode-

num. After isolation of the greater omentum from the ascending colon and

transverse colon, the hepatic flexure is freed by advancing dissection from the
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ascending colon. Most surgeons divide the gastrocolic omentum and enter

into the lesser sac, but the authors prefer to preserve the greater omen-

tum by isolating it from the colon if tumor has not invaded it. Dissection

along anatomic planes is continued medially, and after the duodenum and

pancreatic head is sufficiently exposed, the superior mesenteric vein is also

exposed.

Central lymph node dissection (D3 dissection) (Figure 5.4)
Once the colon has been fully mobilized, the mesentery and colic vessels are

divided. The ascending colon is retracted to the right side, the peritoneum at

the left edge of the distal superior mesenteric vein is incised, and the supe-

rior mesenteric vein is exposed. The ileocolic artery and veins are isolated at

the roots and divided. Exposure of the superior mesenteric vein is continued

cranially, and the right colic artery and vein (when present), as well as the

middle colic artery, are isolated at the roots and divided. In most cases, the

middle colic vein forms a common trunk with the right gastroepiploic vein

and/or the pancreaticoduodenal vein near the pancreas head, with care not

to damage any of these.

Figure 5.4 D3 dissection for right colon cancer. GCT: gastrocolic trunk; ICA and V:

ileocolic artery and vein; MCA and V: middle colic artery and vein; RCA and V: right colic

artery and vein; SMA and V: superior mesenteric artery and vein.
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Anastomosis
The colon is divided 10 cm distal to the tumor margin in Japanese D3 dis-

section, and the ileum is divided 5 cm proximal to the ileocolic junction.

An anastomosis is created using either stapled or hand-sewn techniques. The

authors prefer a hand-sewn end-to-side anastomosis using an interrupted,

single-layer, layer-to-layer anastomosis.

Laparoscopic surgery for colon cancer

Since the first report of laparoscopic colectomy by Jacobs in 1991 [19], laparo-

scopic surgery for colorectal cancer has been broadly accepted due to the

advantages of less wound pain, lower invasiveness, and better cosmesis, in

addition to better postoperative recovery compared to open surgery. Large-

scale RCTs comparing the oncological and surgical outcomes between open

and laparoscopic surgery are listed in Table 5.1 [20–23].

The Barcelona trial was a RCT conducted at a single institution, andwas the

first report on the short-term and long-term oncological outcomes comparing

laparoscopic surgery with open surgery. The Clinical Outcomes of Surgical

Therapy (COST) trial investigated 863 cases of colon cancer in 48 institutions

across the United States and Canada. There were no differences in the 3-year

and 5-year overall survival rates, as well as relapse-free survival. The Colon

Cancer Laparoscopic or Open Resection (COLOR) trial investigated 1079 cases

of colon cancer in 29 institutions across Europe. Although the non-inferiority

of laparoscopic surgery to open surgery failed to be proven, there were no sta-

tistical differences in the overall survival and disease-free survival between the

two groups. The Conventional versus Laparoscopic-Assisted Surgery in Col-

orectal Cancer (CLASICC) trial was conducted at 27 institutions across Eng-

land. In this trial, rectal cancer was included. No differences in the 3-year

relapse-free survival rate and 3-year overall survival rate between open and

laparoscopic surgery were reported.

All of these four RCTs reported no differences in survival rates between

laparoscopic and open surgery. However, these results need to be interpreted

cautiously as in these trials transverse colon cancer was not included, and

there was a high conversion rate of laparoscopic surgery to open surgery from

11% to 29%. Furthermore, radical surgery for colon cancer as CME with CVL

or Japanese D3 dissection was not employed. West et al. disclosed that central

vascular ligation was not employed in the CLASICC trial from the observation

that the median distance from the tumor to the high vascular ties was 80 mm

in laparoscopic surgery and 90 mm in open surgery, which was similar to that
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of colon specimens of Leeds General Infirmary, where high vascular tie was

not done [17].

The JCOG0404 trial is a randomized trial in Japan, investigating non-

inferiority of laparoscopic surgery to open surgery for stage II and stage III

colon cancers. In this trial, Japanese D3 dissection is prescribed in protocol as

a standard surgery both in laparoscopic and open surgery. Between 2004 and

2009, a total of 1057 patients were enrolled and the results will be available

in 2014.

Outcome

According to the CONCORD [24] and OECD Health Quality Indicators data,

which analyzed the cancer registration data of countries around the world,

the survival rate of colon cancer patients largely differs among the countries.

The 5-year survival rate of stage I, IIA, IIB, IIC, IIIA, IIIB, and IIIC colon

cancers in Surveillance Epidemiology and End Results (SEER) data, accord-

ing to TNM Classification (7th edition), were 74.0%, 66.5%, 58.6%, 37.3%,

73.1%, 46.3%, and 28.0%, respectively [25]. Both stage II and stage III con-

sisted of the subgroups with a wide variety of prognoses. The same trends are

observed in the Japanese study. The multicenter retrospective study of 3148

colon cancers in the 18 centers, who underwent curative surgery between

1997 and 2000, were prospectively followed; the 5-year survival rates were:

stage I 93.5%, IIA88.8%, IIB81.7%, IIC82.1%, IIIA91.3%, IIIB77.4%, and

IIIC 55.5% (Figure 5.5).

In adjuvant chemotherapy, this wide variety of prognoses in stage II and

stage III is considered. A RCT investigating non-inferiority of UFT (tegafur

Figure 5.5 Kaplan-Meier curves for the overall survival of colon cancer patients who

underwent radical colonic resection in Japan.
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plus uracil) + oral leucovorin to fluorouracil (5FU) + leucovorin (RPMI reg-

imen) as adjuvant chemotherapy in stage III colon cancer, was conducted in

Japan (JCOG0205 trial). A total of 1101 colon cancer patients were enrolled

from February 2003 to October 2006. In this trial, Japanese D3 dissection was

carried out in 75.5% of cases and D2 dissection in 24.5% of cases. The 3-year

disease free survival and 5-year overall survival of the UFT group and the 5FU

group were 77.8%, 87.5%, 79.3%, and 88.4%, respectively. Non-inferiority

of UFT + oral leucovorin to 5FU + leucovorin as adjuvant therapy for stage

III colon cancer after Japanese D3 dissection was confirmed.

Adjuvant chemotherapy using 5FU/leucovorin + oxaliplatin is a standard

treatment for stage III colon cancer, based on the three well designed RCTs

(MASAIC, NSABP C-07, and XEROXA trials), which reported similar results;

the oxaliplatin group showed significantly improved disease-free survival with

a hazard ratio from 0.78 to 0.80 compared with the 5FU/leucovorin group

[26–28]. However, survival benefit was observed only in the MOSAIC trial:

the difference of the 6-year survival rate in stage III colon cancer was 4.2%.

Figure 5.6 shows the 5-year survival rate of the NSABP C-07, XEROXA, and

JCOG0205 trials and the 6-year survival rate of theMOSAIC trial. The survival

rate of the JCOG0205 trial is better by around 10% than that of other trials

Figure 5.6 The 5-year overall survival rate of stage III colon cancer in XEROXA trial [28],

NSABP C-07 trial [27] and JCOG0205 trial and the 6-year overall survival rate of stage III

colon cancer in MOSAIC trial [26].
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treating with oxaliplatin, and the same tendency is observed in the 3-year

disease-free survival rate: 72.2% in the FOLOX group of the MOSAIC trial,

70.9% in the XEROX group of the XEROXA trial, and 79.3% in the 5FU group

and 77.8% in the UFT group of the JCOG0205 trial. The differences in survival

may be due to the differences in surgical treatment: 75.5% of patients in the

JCOG0205 trial underwent Japanese D3 dissection. Hohenberger et al. also

reported that use of CME with CVL decreased locoregional recurrence from

6.5% to 3.6% [16].

Conclusion

Introduction of TME in many countries has led to decreased local recurrence

and improves the survival of patients with rectal cancer; however, optimiza-

tion and standardization of surgery for colon cancer have not been achieved.

CME with CVL or Japanese D3 dissection, which follows the oncological con-

cept of TME and shows improved outcomes, may become the standard surgery

for colon cancer.

CASE STUDY

A 62-year-old male presented to your clinic because a screening test for fecal occult blood
was positive. Physical examination revealed no abnormality, and blood tests disclosed
anemia to a slight degree. He did not have any medical history. Colonoscopy revealed an
ulcerated tumor 40 mm in diameter on the sigmoid colon. You make plans for radical
colonic resection following CT for staging.

TIPS AND TRICKS/KEY PITFALLS

� In only one-third of cases, the right colic artery originates from the superior mesenteric
artery.

� The veins of the colon are not drained to the inferior vena cava, but flow into the liver
via the portal vein.

� Lymph node metastasis along the axial direction of the bowel is confined within a
limited range (<10 cm), but lymph node metastasis along the central direction is
dominant.

� Attention to blood supply to the segments of anastomosis and creation of anastomosis
without tension are essential to prevent anastomotic problems.
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MULTIPLE-CHOICE QUESTIONS

1 The first and second most common sites to be involved with colon cancer via the blood
stream are:
A. Lung-Ovary
B. Liver-Brain
C. Lung-Brain
D. Lung-Liver
E. Liver-Lung

2 Laparoscopic surgery for colon cancer is considered based on the following criteria,
except:
A. The serum creatinine level was 1.8 mg/dl.
B. Acute bowel obstruction by primary tumor
C. T3 tumor by CT
D. Enlarged lymph node near the tumor by CT
E. No previous abdominal major surgery

3 The minimum number of lymph nodes examined to confirm stage II colon cancer in
the NCCN guidelines is:
A. 8
B. 10
C. 12
D. 14
E. 16
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CHAPTER 6

ExtraLevator AbdominoPerineal
Excision (ELAPE) for advanced
low rectal cancer
Brendan J. Moran1 & Timothy J. Moore2
1Basingstoke and North Hampshire Hospital, Basingstoke, UK
2Royal Hampshire County Hospital, Winchester, UK

KEY POINTS

� Conventional APE has poorer oncological outcomes than low AR.
� ELAPE offers improved outcomes.
� There are two excision planes for low rectal cancer:
a) The TME and intersphicteric plane; or
b) The extralevator plane.

� MRI should be used for local staging and preoperative planning.
� Conventional APE leads to a ‘surgical waist’.
� In the abdominal phase of ELAPE, the mesorectum should not be dissected from the
levator ani muscles.

� Patient positioning should be based on individual surgeon preference and experience,
and include consideration of tumor position.

� The ELAPE technique should include perineal reconstruction with either myocuta-
neous flap or biological mesh.

� Quality of life is similar following either APE or low AR.
� Precision surgery alone can achieve excellent oncological outcomes.

Introduction

The description and propagation of total mesorectal excision (TME) has led

to dramatic improvements in outcome for patients with rectal cancer and

involves precise dissection in a relatively avascular anatomical defined plane

[1;2]. TME has resulted in reduced local recurrence and improved survival in
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patients undergoing anterior resection for upper and mid-rectal cancer, but

there are ongoing challenges in low rectal cancer where many patients are

not amenable to restorative resection and undergo abdominoperineal exci-

sion (APE) with a permanent stoma.

It is pertinent to be aware that for much of the 20th century the gold stan-

dard treatment for rectal cancer was APE, first popularized by Miles in 1908

[3]. Over the course of the latter part of the last century, surgical and medical

advances meant that restorative resection by colorectal anastomosis became a

feasible and acceptable option and anterior resection increased in popularity.

At the end of the 20th century, the proponents of TME surgery began to ques-

tion the validity of the APE operation, and in 1997 Heald et al. published the

results of ‘an extreme policy of sphincter conservation’ for the treatment of

low rectal cancer. In this series of 136 patients with cancer of the low rectum

(tumors <5 cm from the anal verge), 77% were treated by low anterior resec-

tion, with a 6-year local recurrence rate of 4%. The results for the remaining

23% of cancers treated by APE were far worse, with a local recurrence rate of

47% [4].

Similarly, Phil Quirke and colleagues from Leeds reported inferior out-

comes associated with conventional APE compared with anterior resection

(AR) in 2005. They reported a significantly higher local recurrence rate

(22.3% vs. 13.5%, P = 0.002) and poorer prognosis (survival 52.3% vs.

65.8%, P = 0.003) in patients who had APE compared with those who had AR

[5]. Adverse outcomes were associated with an increased incidence of circum-

ferential resection margin (CRM) involvement and intra-operative specimen

perforation. Using tissue morphometric studies, they reported that adverse

outcomes were related to the surgical removal of less tissue at the level of

the tumor in the APE specimens; the so-called ‘surgical waist’ of the con-

ventional APE specimen. Similarly worse outcomes in patients who had APE

compared with those who had AR were reported in a histopathological audit

from the Dutch TME study [6], Magnetic Resonance Imaging and Rectal Can-

cer European Equivalence (MERCURY) study [7], and Conventional versus

Laparoscopic-Assisted Surgery in Colorectal Cancer (CLASICC) study [8;9],

all having a higher proportion of incomplete APE specimens compared with

AR TME specimens.

These reports have led to renewed focus on the treatment of low rectal can-

cer, with increasing calls for a change in approach to APE surgery towards an

extended operation similar to the original Miles procedure [10]. In particular,

a number of European surgeons advocate what has been termed ‘extended’ or

‘cylindrical’ APE to reduce the ‘waisting’ effect on the surgical specimen and

have published results showing a reduction in the involved CRM rate and
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specimen perforations compared with conventional APE (49.6% to 20.3%,

P < 0.001 and 28.2% to 8.2%, P < 0.001, respectively) [11].

This chapter focuses on what was initially termed ‘cylindrical APE’ and

now best described as an ExtraLevator AbdominoPerineal Excision (ELAPE),

whereby the rectum is excised en-bloc with the levator complex [12]. With a

standardized anatomical approach, early reports suggest a reduction in local

recurrence rates and improved survival in patients with low rectal cancers

[13–15].

Historical aspects of rectal cancer surgery

The first documented rectal resection for cancer was performed by Jacques

Lisfanc in 1826 via a perineal approach [16]. Kocker and then Kraske intro-

duced some modifications to include a coccygectomy [17] and the perineal

approach was adopted as the preferred route of excision for the next 70–80

years, but with only a limited exposure of the operative field possible, radi-

cal removal of tumors was virtually impossible. Morbidity and mortality were

high with recurrence rates of 95–100% and a poor quality of life prior to death

for most.

Towards the end of the 19th century, advances in anaesthesia, including

muscle relaxants, and the development of Lister’s aseptic principles led to the

feasibility of laparotomy. Carl Gaussenbauer was the first surgeon to perform

a bowel resection through an abdominal approach in 1879. The French sur-

geon, Henri Hartmann, went on to propagate this method for high rectal can-

cers [18], with the eponymous ‘Hartmann’ procedure still in practice today.

In 1884, Vincent Czerny employed the first combined abdominal and perineal

approach to remove a rectal cancer; however, this was an emergencymanoeu-

vre carried out to resolve catastrophic bleeding encountered during a sacral

resection for a proximal tumor. The patient did not survive, and although

further attempts were made, it was more than 20 years later before the con-

cept of an abdominoperineal approach began to be accepted as a treatment for

rectal cancer.

In 1908, after 7 years of using the perineal approach whereby he noted

a 95% recurrence rate, Ernest Miles reported his initial experience with a

planned two stage approach, combining laparotomy with perineal resection

[3]. Miles felt this would facilitate resection of ‘the zone of upward spread’ as

he had recorded upward disease dissemination at post-mortem examination

of his patients with local recurrence.
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In Miles’ initial series of 12 patients, 5/12 (42%) died from perioperative

complications, but in 1912 he reported that 3 of the 7 survivors were disease

free at 4 years [19]. These survivors inspired him to persevere and in 1923

he reported a recurrence rate of 29.5% and a perioperative mortality rate

of 15% [20].

This abdominoperineal procedure became the gold standard for the resec-

tion of rectal tumors and, with advances in anaesthesia and critical care, was

refined into a one stage procedure by Lloyd-Davis et al. [21]. Miles originally

described the operation as a two stage procedure, moving the patient from the

supine to the right lateral position for the perineal part [3]. Subsequently, fur-

ther reports outlined a move towards the lithotomy position and two teams

of surgeons working simultaneously from both the perineal and abdominal

approaches, the so-called combined abdominoperineal approach [21].

Miles had suggested division of the vascular pedicle below the left colic

branch, but Moynihan initiated a higher ligation of the inferior mesenteric

artery, near its origin from the aorta, to allow for excision of the atypical high

lymph nodes that could potentially be a source of recurrence [22].

Abdominoperineal excision continued to be the method of choice until the

middle of the last century, when anterior resection began to be reported. In

1948, Claude Dixon reported results of 400 patients treated at the Mayo clinic

with anterior resection, with restoration of bowel continuity [23]. Restorative

anterior resection had been described previously by Balfour, amongst others,

in 1910 [24], but due to a high morbidity and mortality had not become pop-

ular. The development and propagation of intestinal stapling, in combination

with the description and propagation of TME in the 1980s, resulted in a shift

towards anterior resection and away from APE for rectal cancer [4]. Similarly

and simultaneously, the recognition that the CRMwas a more frequent cause

of failure and recurrence than the distal resection margins [25] meant that

surgeons began to push the limits of anterior resection and ultra-low anterior

resection became an accepted oncological approach for mobile early low rectal

cancer [26]. Thus APE rates diminished, from 90% of rectal cancer excisions

in the 1970s to 37% by the 1990s [27], and currently APE is generally only

performed for locally advanced low rectal tumors and in patients where bowel

continuity is not deemed appropriate, for example where sphincter function

is deficient. Continued improvements in outcomes from anterior resection

were not mirrored by APE results [4], refocusing a re-look at the approach to

APE. From this has emanated the concepts variously described as ‘extended

APE’, ‘cylindrical APE’ and more latterly and precisely ‘Extralevator APE’ as

outlined in a recent editorial [12].
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What is a low rectal tumor?

The distal gastrointestinal tract is composed of two parts, the rectum and anal

canal. The junction of the rectum and the ‘surgical’ anal canal is at the pelvic

floor and corresponds to the level where the puborectalis portion of the leva-

tor ani encircles the bowel and angles it forward [28]. The anal canal is about

4 cm long in men and 2.5–3 cm in women [28]. The rectum varies in length

but is normally between 12 cm [29] and 15 cm [30] in length and can be con-

veniently divided into upper, middle, and lower. A lower third, or low rec-

tal cancer is best categorized on a Magnetic Resonance Imaging (MRI)-based

anatomical definition as an adenocarcinoma with its lower edge at, or below,

the origin of the levators, at the pelvic sidewall and this usually corresponds

as a measurement within 6 cm of the anal verge [31].

Indications for ELAPE

Despite advances in reconstruction and a desire for less permanent stomas,

abdominoperineal excision remains the optimal technique in selected cases of

low rectal cancer where the tumor involves the pelvic floor or external sphinc-

ter complex and restorative procedures are technically impossible, oncologi-

cally unsound, or where a restorative technique would result in an unfavor-

able functional result.

The relationship of the sphincter complex and the pelvic floor to the tumor

defines the appropriate surgical plane needed to achieve the optimum onco-

logical outcome. Current thinking is that there are two key planes for low

rectal cancer management (Figure 6.1). One is the TME plane, which con-

tinues distally into the intersphincteric plane. This dissection can continue as

an ‘intersphincteric APE’ or be terminated and allow a colo-anal anastomosis,

usually by a hand-sewn technique. The alternative strategy is the extralevator

plane. The plane is usually determined by a combination of clinical assessment

by an experienced surgeon combined with a good-quality pelvic MRI. Some

have suggested that MRI could be used as a preoperative ‘route map’ to help

plan the surgical approach, accurately predicting the required plane of exci-

sion [32].

In themajority of low rectal cancers the TME plane, and if necessary exten-

sion into the intersphincteric plane, is oncologically safe and the acceptable

treatment is a low anterior resection. Indeed, in selected cases, tumors involv-

ing the anal canal can be treated with restorative ultra-low anterior excision
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(A) (B)

Figure 6.1 Coronal MRI (A) and modification of Miles’ drawing (B), showing the

intersphincteric/TME plane (red) and the extralevator plane (yellow) [32]. Reproduced

with permission of Elsevier.

using the intersphincteric plane. However, if the tumor encroaches to less than

1 cm from the dentate line, or a low rectal tumor is poorly differentiated, then

APE should be performed.

An intersphincteric APE may be appropriate for early stage tumors, as it

is a less complex procedure [13], but this decision or one to perform ELAPE

should be made preoperatively based on the radiological staging and an expe-

rienced clinical assessment. Intraoperative ‘trial dissection’ to the pelvic floor

along the TME plane is not recommended, as there is a risk of compromis-

ing the circumferential resection margin and also a high risk of specimen

perforation.

Preoperative preparation

Assessment and staging
The management of cancers of the low rectum presents many challenges and

preoperative preparation is essential; ‘to fail to plan is to plan to fail’. There

are anatomical complexities at the level of the low rectum, such as the narrow

confines of the bony pelvis, the tapering of the mesorectum near the pelvic

floor, and the proximity of the pelvic organs and sphincter complex that make

operating in this area challenging.
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The clinical details, radiological investigations and pre-operative histology

should be discussed at a colorectal multidisciplinary team (MDT) meeting to

optimize the management strategy and appropriately tailor the surgery to the

cancer and patient.

Every low rectal tumor should be assessed by the operating surgeon, who

should perform a digital rectal examination and rigid proctosigmoidoscopy.

The height of the lower edge of the tumor should be measured in centime-

ters from the anal verge using a rigid scope with the patient awake in the

left lateral position. The surgeon should assess the integrity of the anal canal

and, if possible, assess the mobility, or otherwise, of the tumor. The tumor

should be biopsied to confirm the diagnosis and to exclude other rare lesions

such as squamous carcinoma, infiltrating prostatic carcinoma, or lymphoma,

whose management would differ from that of adenocarcinoma. It may be

helpful to re-examine the patient ‘under sedation’ at colonoscopy and, occa-

sionally, an examination under anaesthetic (EUA) is required to fully assess

the tumor’s relationship to surrounding structures. This assessment should be

augmentedwith local radiological staging using high spatial resolutionMRI, as

discussed below.

The remainder of the colon should be assessed to identify synchronous

neoplasia (present in 3–4%) or other colonic pathology by either colonoscopy,

computed tomography (CT) colonography, or a barium enema. Colonoscopy

has the advantage of allowing biopsy or removal of synchronous lesions and

is currently the gold standard. CT colonography and barium enema are useful

in imaging the proximal bowel in patients with stenotic distal lesions or in

whom colonoscopy may not be feasible. Current best practise also incorpo-

rates staging for systemic disease by chest and abdominal CT scan.

Preoperative anaesthetic assessment should be undertaken for all patients

undergoing rectal surgery, in order to identify and optimize co-morbidities,

as well as help plan perioperative and postoperative care. Counselling by a

stoma nurse specialist and marking for stoma sites should also be mandatory

prior to ELAPE.

Radiological staging
Stage assessment is of vital importance in the preoperative planning for rec-

tal cancer, providing information to help tailor the type of operation and the

need for neo-adjuvant therapies. Three principal imaging techniques, endo-

luminal ultrasound, endorectal MRI, and pelvic phased array MRI, have been

evaluated in the local staging of rectal cancer. The purpose of local staging is

to assess the potential resection margin and select patients who might benefit

from neoadjuvant (pre-operative) therapy. In many patients with low rectal
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cancer, endoluminal probes cannot be inserted, or tolerated by the patient,

such that advances in surface coil MRI has been a major advance. There-

fore high spatial resolution MRI is optimal, as unlike endoluminal ultrasound

and endorectal MRI, surface coil MRI has been shown to consistently depict

the mesorectal fascia and anatomical structures that relate to total mesorectal

excision surgery for rectal cancer [33;34;35]. The technique enables accurate

measurement of depth of extramural spread, identification of tumor deposits

within the mesorectum, and hence the prediction of positive CRM. It is also

very helpful in the preoperative assessment of low rectal tumors in defining

the tumor relationship with the pelvic floor and sphincter complex and hence

to help plan the ideal ‘plane’ of surgery.

Definition of ELAPE; anatomical planes, when to
stop the TME, specimen waist and the CRM

There are a number of descriptions and confusion about the terminology asso-

ciated with APE and indeed references to the same procedure using the ter-

minology abdominoperineal resection (APR), as discussed [12]. Techniques

vary, for instance patient positioning prone or supine, abdominal or perineal

component first, laparoscopic versus open, etc, which will be discussed below.

However, the basis of an extralevator approach is the concept and technique

of perineal dissection on the caudal surface of the levators and removing vari-

able amounts of the levators wrapped around the specimen culminating in

the removal of a cylindrical specimen without, or with a reduced waist.

Conventional Abdominoperineal Excision
In performing a synchronous combined APE, the surgeon commonly follows

the mesorectal plane down to the pelvic floor and the top of the anal canal,

and the mesorectum is mobilized from the levator ani muscles, as described in

TME dissection. The perineal part of the operation is performed from below,

and at the same time in the terrible concept of a ‘synchronous’ approach. The

perineal dissection involves excision of the anal canal including the surround-

ing skin, ischioanal fat, and the lower portions of the levator ani/external

sphincter complex. When APE is thus performed (Figure 6.2) there is usu-

ally a ‘waist’ effect of the excised specimen, narrowing at the lower border

of the mesorectum, at the level of the levator sling, which at this point is

at one with the external sphincter. The maximum area of surgical ‘waisting’

is 35–42 mm above the anal verge at the level of the puborectalis muscle

where the abdominal and perineal phases of the APE commonly meet [36].
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(B) Speciman(A) Resection lines

E. Linnander

Resection lines
Level at which resection lines meet

Figure 6.2 Conventional APE: (A) Dissection from above and below meet above the anal

canal; (B) This creates a ‘waist’ on the surgical specimen [13]. Reproduced with permission

of John Wiley & Sons, Inc.

At this point, themesorectum tapers and disappears. A low rectal cancer at the

2–5 cm level will only have the surrounding muscle tube as the circumferen-

tial resection margin and an advanced tumor or a waist at this level will result

in an involved CRM. The extralevator concept aims to protect the CRM at

this level.

ExtraLevator Abdominoperineal Excision [13;37]
The abdominal part of the operation is performed as in the conventional APE,

with an important modification: themesorectum should not be dissected from

the levator ani muscle. Thus, after traditional mobilization of the left colon

with vascular and bowel division, the rectum and mesorectum are dissected

in the extramesorectal fascial plane. The abdominal dissection should stop

posteriorly at the sacrococcygeal junction, laterally just below the autonomic

nerves and anteriorly just below the seminal vesicles in men or the cervix

uteri in women.

The perineal phase commences with an elliptical incision around the anus

(there is no necessity to take a wide margin of skin for low rectal adenocar-

cinoma) and extended cranially to the coccyx. The anus should be closed to

reduce spillage, either with a purse string suture before the incision or an
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inverting running suture after the skin incision. The lateral dissection con-

tinues in the subcutaneous fat, just outside the subcutaneous portion of the

external anal sphincter. Following this plane, the levator ani muscle is iden-

tified on both sides and the dissection is continued along the outer surface

of the levator ani muscles proximally until the insertion of the levator on

to the pelvic sidewall. In this way, a ‘U-shaped’ incision is performed expos-

ing the pelvic floor. It is important to expose the levator ani muscles all around

the circumference before entering the pelvis. It is important to be aware of

the main pudendal blood vessels and nerves [n. pudendus] at the far lateral

sides of this dissection.

The lateral dissection is continued dorsally until the position of the coccyx

can be clearly palpated and the dissection proceeds on to the coccyx. If coc-

cygectomy is planned, the coccyx is disarticulated from the sacrum and the

pelvis is entered by dividing Waldeyer’s fascia. This should correspond to the

point where intra-abdominal dissection has stopped.

The levators are divided laterally on both sides, from posterior to anterior,

until the mesorectum becomes visible at the dorsal and lateral sides. The infe-

rior rectal nerves and vessels, derived from the pudendal nerve and vessels,

are transected.

If a ‘pull through technique’ is favored, then the prone position of the

patient for the perineal dissection and routine coccygectomy are helpful, and

the specimen can be gently brought out and dissected from the prostate or the

posterior vaginal wall in a cranial to caudal direction.

In the case of an anterior tumor, a portion of the prostate, or the posterior

vaginal wall may be resected en bloc and again, positioning the patient in the

prone position facilitates this. Finally, the remaining pelvic floor muscle fibers

are divided just posterior to the transverse perineal muscles and the speci-

men is excised. The resulting specimen (Figure 6.3) is somewhat ‘cylindrical’,

ideally without a waist, owing to the fact that the levator ani muscle is still

attached to the mesorectum, forming a cuff around the rectoanal muscle tube.

Surgical technique

Patient positioning
Miles originally described APE as a two-stage procedure, with the patient

initially supine and then turned into the semi-prone, right lateral position,

for perineal dissection. Over the last century, this has been refined into a

synchronous combined perineal and abdominal procedure, facilitated by the

patient being in the lithotomy position. A recent trend has been to promote
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Figure 6.3 ExtraLevator APE (ELAPE): (a) Dissection from above and below meets at the

top of the levator muscle; (b) creating a ‘cylindrical’ surgical specimen (13). Reproduced

with permission of John Wiley & Sons, Inc.

ELAPE, with the patient in the prone jack-knife position for the perineal com-

ponent [12;13].

Outcome related to position
The improved results associated with ELAPE have led to debate regarding

whether patient positioning influences surgical and oncological outcomes.

Debate persists as to the benefits of prone versus supine, and even whether to

commence with the perineal or abdominal phase.

A European study to compare the extralevator with conventional ‘stan-

dard’ APE was published in 2010; this study reported that CRM involvement

was 49.6% with ‘standard’ APE versus 20.3% with ELAPE, and that inci-

dence of intraoperative bowel perforations was 28.2% compared with 8.2%

in those who had ELAPE [11]. West et al. also reported in a subset analysis

of the ELAPE group (n = 176), that the intraoperative bowel perforation rate

was significantly lower with the patient in the prone jack-knife position (n =
127) rather than in the lithotomy or Lloyd-Davies position (n = 30) (6% vs.

20%; P = 0.027). However, these numbers are small and in 19 patients the

position was unstated.
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Others have questioned the need for the prone position, in particular the

Cleveland clinic published data in 2011 from a 10-year period (1997–2007),

during which period 15 experienced colorectal surgeons had employed both

lithotomy (n = 87) and prone (n = 81) positioning for APE in 168 patients

[38]. This resulted in iatrogenic bowel perforation rates of 2.4% in the litho-

tomy and 4.6% in the prone position, and the proportion of patients with an

involved CRM (<1mm) was 13.8% and 8.6% respectively. This corresponded

to local recurrence rates at 5 years of 5.7% in the lithotomy and 14.4% in the

prone groups; however, this difference was not statistically significant.

A Dutch national referral center for advanced low rectal cancer published

data in the same year, also from a 10-year study period (2000–2010), high-

lighting the impact of a quality improvement program, in which the impor-

tance of the perineal dissection was emphasized, on the surgical and onco-

logical outcomes following APE. The program, introduced in 2005, involved

standardizing the procedure with emphasis on a perineal first dissection incor-

porating the extended excision planes already described. All the operations,

pre- and post-program, were performed with the patient in the supine posi-

tion with the legs in dynamic stirrups. The data showed a significant difference

in positive resection margins compared with historical controls, 6.8 to 2.2%

in T1–3 tumors and 30.2 to 5.7% in T4 tumors, following the introduction

of the program. Local recurrence rates and overall cancer survival were also

shown to improve with the enhanced perineal dissection [39].

It appears that commitment to a standardized and reproducible surgical

technique, based on a sound anatomical and oncological approach, is the key

to the improved published outcomes, rather than the patient position during

surgery. Mathis et al. add further support to this hypothesis [12] in a 2012

publication from the Mayo clinic over a 16-year period (1990–2006) for rec-

tal cancers treated by surgery alone [30]. In the 246 patients treated with an

APE, the local recurrence rate was 5.5%; they employed extended tissue exci-

sion planes similar to those described in ELAPE, but all of the patients were

operated on in the modified Lloyd-Davies position.

Choice of position and sequence for perineal dissection
The prone position may well allow better perineal access for advanced cases,

in particular to the anterior plane in the male pelvis, and may improve

visualization. This may facilitate teaching and demonstration [12]. Similarly,

coccygectomy may further enhance both access and visualization. The dis-

advantages are having to physically turn the patient intra-operatively and

once the patient is in a prone position, it is not then possible to access

the abdomen.
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The supine/lithotomy/lloyd-davies position, however, allows bimodal

(both abdominal and perineal) assessment of advanced tumors and the time

involved and potential risks of turning the patient are avoided. There is an

increase in hydrostatic venous pressure in the prone position, but that can be

somewhat counteracted by ‘Trendelenburg’ table adjustment.

The benefits of starting with the perineal dissection means that the dissec-

tion planes are easily recognized during the abdominal phase, thus reducing

the risk of inadvertently dissecting below the desired anatomical landmarks

of the upper TME dissection. However, it means the abdominal cavity cannot

be assessed for metastatic disease before the excision is commenced.

Laparoscopic versus open
Laparoscopic surgery for colonic cancer is now widely practised and has been

shown to be oncologically equivalent to open surgery with short-term ben-

efits, such as reduced postoperative pain, quicker recovery, reduced hospi-

tal stay, and less scarring [41;42]. Concerns regarding the technical difficul-

ties of laparoscopic rectal cancer surgery, and therefore the oncological effi-

cacy, meant most of the initial laparoscopic trials did not include patients with

rectal cancer.

However, the MRC CLASICC study included 381 patients with rectal can-

cer, 97 of whomwere treated by APE (34 open and 63 laparoscopically). Early

results reported a non-significant increased rate of involved CRM in patients

undergoing laparoscopic (12.4%) versus open (6.3%) anterior resection, but

in the APE group there was no difference in CRM positivity (20% vs. 26%).

There was a significant reduction in time to first bowel activity and hospital

stay but an increased operative time [9]. The 5-year follow-up results were

published in 2010 and reported no difference in local recurrence rates, or dis-

ease free survival, between the laparoscopic and open techniques in anterior

resection or APE. The report concludes that, ‘the use of laparoscopic surgery to

maximize short-term outcomes does not compromise long-term oncological

results’ [8].

A 2006meta-analysis, by Aziz et al., found 20 suitable studies (mostly non-

randomized) to compare laparoscopic versus open rectal cancer procedures.

Specific to APE, they found that there was no significant difference in onco-

logical outcomes (CRM involvement, lymph node harvest, etc.) between the

groups. For the laparoscopic approach, they found a significant reduction in

time to stoma function, time to oral feeding, and length of hospital stay. There

was also a reduction in the incidence of wound infection, but no difference in

perineal wound complications or urinary retention. The disadvantage of the

laparoscopic approach was a significantly longer operating time [43].
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One of the few randomized controlled trials directly comparing laparo-

scopic with open APE was published by Ng et al. [44] and reported faster

return of bowel function, earlier mobilization, and reduced analgesic require-

ments within the laparoscopic group; however, there was no difference in

overall morbidity, hospital stay, or blood loss. Operating time and costs were

increased in the laparoscopic group.

Despite TME and nerve sparing surgical techniques, bladder and sexual

dysfunction are still recognized complications following excision of the rec-

tum and, although limited, there is some evidence that the incidence of dys-

function is increased with a laparoscopic approach [45;46].

Laparoscopic excision of the rectum has been shown to achieve adequate

oncological tumor clearance, with long-term outcomes equivalent to that of

an open approach, and includes the potential benefits already recognized in

colonic resection. However, rectal cancer surgery is more technically challeng-

ing and most reports have been from expert centers and must be interpreted

with caution. The benefits are not substantial and experience and case selec-

tion are crucial.

Perineal wound closure
The rate of perineal wound complications, including infection and dehiscence,

after conventional APE with primary perineal closure varies between 24%

and 41% [47;48]. Factors that increase the rate of perineal complications

include obesity, diabetes, the use of preoperative radiotherapy, and the extral-

evator approach [11;48].

The increased risk in ELAPE probably results from more extensive pelvic

floor removal, with a larger defect than conventional APE. Most now recom-

mend reconstruction either by myocutaneous flaps or biological tissue grafts

after ELAPE.

Myocutaneous flaps
There are three main types of myocutaneous flap commonly described for

perineal reconstruction: rectus abdominus, gracilus, and gluteus maximus. A

vertical rectus abdominus muscle (VRAM) flap can be mobilized from the

anterior abdominal wall to give a well vascularized (via the inferior epigas-

tric artery) skin pedicle. It can be harvested at laparotomy without creat-

ing additional donor site wounds and is generally reliable with few wound

problems [49]. A VRAM flap may not be feasible, however, if the abdomi-

nal wall is scarred from previous laparotomies or stomas, or if a laparoscopic

approach is employed. A gracilus flap is generally considered less reliable

than rectus abdominus, due to its inferiorly situated vascular pedicle. A viable
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alternative is the gluteus maximus flap reconstruction, as described by Holm

et al. in conjunction with ELAPE, which offers good outcomes (4/28 wound

complications) and has the advantage over the VRAM of being a local flap

[13]. However, some concerns exist over postoperative musculoskeletal func-

tion and quality of life, and further evaluation is needed [50].

Given the rate of perineal wound problems associated with primary clo-

sure, some argue that the use of a flap should be routine in APE, particularly

in ELAPE. However, potential disadvantages of myocutaneous flaps are an

increase in operative time, risk of flap necrosis, donor site morbidity, and the

need for specialist reconstructive surgeons.

Biological mesh
The use of biological mesh is gaining popularity and is a useful alternative to

the myocutaneous flap in reconstruction of the perineal defect. The advan-

tages are no donor site morbidity, a reduced operating time, and an easily

learnt technique for mesh implantation that negates the need for a plas-

tic surgeon. Christensen et al. published a series comparing reconstruction

of the perineal defect, following ELAPE, with a fasciocutaneous gluteal flap

versus biological mesh and found that there was no significant difference in

septic complications (11% overall) but a significantly higher perineal hernia

rate in the flap group [51]. Han et al. [52] have also reported good early

results with biological mesh repair of the perineal wound and it may that

this could become the standard technique if future larger studies corroborate

these findings.

Omentoplasty
The technique of raising a pedicled omental flap, to fill the presacral ‘dead

space’ created by APE, has also been proposed. However, although there is

some evidence of improved wound healing [53], this remains controversial

as a reconstructive technique. The use of a Myocutaneous flap (VRAM) is

reported to be associated with fewer perineal wound complications and a

lower incidence of perineal hernia formation than in the use of omentoplasty

alone [54].

Morbidity and quality of life in low anterior
resection compared with ELAPE

It is a historical and commonly held belief that a permanent stoma has a neg-

ative impact on a patients quality of life (QOL), and that consequently APE

should be avoided if at all possible. However, the poor functional outcomes
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that can be associated with low anterior resection, with approximately 60%

of patients experiencing some degree of incontinence and up to a third suf-

fering from urgency and frequency, also have adverse effects on QOL. This

could particularly apply to low rectal cancer, where the eventual anastomosis

is very low and many patients have neo-adjuvant therapy. Thus a literature

review in 2005 [55] concluded, ‘no apparent differences in quality of life are

found in rectal cancer patients with a permanent stoma when compared to

non- stoma patients.’

A 2007 Meta analysis [56] confirmed these initial findings, that there was

no difference in the quality of life experienced following APE or low anterior

resection. This has been further supported by data published from the Cleve-

land clinic in 2011, which used validated QOL questionnaires to follow up

rectal cancer survivors and found that there was no difference between those

with a permanent stoma and those without [57].

For patients undergoing TME dissection, up to a third will develop urinary

or sexual dysfunction, with overall early morbidity rates of approximately

40%. Low anterior resection is associated with a substantial risk of anasto-

motic leak and most patients will have a disfunctioning stoma (up to 20%

permanent), with loop ileostomy closure associated with a 17% morbidity

[58]. Countering this, ELAPE is associated with perineal wound problems in

38% of patients [11].

Interestingly if the patients are asked to make the decision as to type of

surgery, 65% are willing to defer the decision to their surgeon and of the

patients who do choose, the majority would choose anterior resection rather

than APE. However, at longer-term follow-up, 80% of patients who had an

APE indicated they would choose it again if given the choice [59].

How et al. have recently published longitudinal QOL follow-up on a small

number of patients, all with low rectal cancer, who had either low anterior

resection or APE [60]. QOL was similar at one year except that a number of

patients who had low anterior resection had substantial impairment of conti-

nence with sleep disturbance.

The main priority in low rectal cancer should be optimal oncological out-

comes and restoration of continuity should be secondary. Optimal staging,

patient preference, a second opinion, and awareness of issues with ultra-low

reconstruction will help in decision-making.

Neo-adjuvant and adjuvant therapies

Although in selected cases it is necessary to downsize tumors prior to excision,

it is possible to achieve excellent oncological results by precision surgery alone
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for low rectal cancer. If appropriate use is made of optimal imaging to select

patients, many even with T3 and/or node positive disease can be cured by

surgery alone [61]. A recent paper by Mathis et al. [40] reported the results in

655 patients who underwent curative surgery without radiotherapy, includ-

ing 246 (37%) who had an APE, with a local recurrence rate of 5.5%. These

results confirm that complete tumor excision with negative margins will cure

the majority of patients and should add to the call for selective use of radio-

therapy. The current 1990 NIH consensus guidelines are out-dated, unfit for

purpose in the modern era, dangerous for patients and for those of us who

have to look after them, and expensive for society [62].

With the improved understanding of the extended excision planes

involved in ELAPE, and the ability of modern imaging to accurately predict

margin involvement, it should be possible to reduce the current level of radio-

therapy use for low rectal cancer and therefore reduce the significant associ-

ated morbidity.

Summary

Although indications for APE have fallen in the last half of the 20th cen-

tury, APE is still essential for many patients with low rectal cancer. The his-

torical poor results in those who had APE have focused attention on tech-

nique. ELAPE represents an exciting development in improving outcomes for

advanced low rectal cancer. As always, case selection, technical expertise, and

on-going evaluation are required.

CASE STUDY

ELAPE case history

Male 10/5/47 – Presented Jan 2008
� DRE – Anterior rectal tumor 3 cm from anal verge, tender and suspicion of tethering

to sphincter
� MRI – low rectal anterior tumor extending to internal sphincter – possible T2 and may

be right obturator node involved
� Histology – moderately differentiated adenocarcinoma
� CRT – (45-Gy in 25 fractions) with Capecitabine
� Residual ulcer/biopsy positive

Sept 08 – ELAPE

� Open abdominal/prone perineal and omentolpasty
� Adenocarcinoma/internal sphincter involved ypT2NO
Oct 08 – Buttock/perineal pain++, ?Neuropathy – gradually settled
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Jan 10 – Large perineal hernia
Feb 2010 – MRI and CT – What to do now?

MRI: Sagittal section through pelvis showing pelvic floor (red line) and prolapsing hernia
sac (yellow arrows)

TIPS AND TRICKS

� Decide on the surgical excision plane preoperatively.
� Care must be taken with the lateral dissection of the pelvic floor, near the sacrotuberal
ligament, to avoid the main pudendal nerve and artery.

� The prone position and coccygectomy enhance visualization for anteriorly placed
tumors in a narrow pelvis.

MUTIPLE-CHOICE QUESTIONS

1 Conventional Abdominoperineal Excision:
A. Gives better oncological outcomes than low anterior resection.
B. Is associated with the formation of a ‘surgical waist’ leading to higher rates of

involved CRM and intraoperative perforation.
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C. Has been increasing in popularity since the advent of the ‘TME’ plane for rectal
surgery.

D. Was first described 10 years ago.
E. Is the treatment of choice for all low rectal cancers.

2 Extralevator Abdominperineal Excision is associated with:
A. Perineal hernia rate of 60%.
B. An increasing need for neo-adjuvant radiotherapy.
C. The use of the intersphincteric plane of dissection.
D. Similar impact on a patient’s quality of life to low anterior resection.
E. An increase in local recurrence rates.

3 Good outcomes in Extralevator Abdominoperineal Excision are dependent upon:
A. Patient positioning.
B. Sequence of surgery, perineal versus abdominal component.
C. The use of precise surgical planes to incorporate a portion of the pelvic floor within

the specimen.
D. The use of Laparoscopic or Open approaches to excision.
E. Intra-operative decision-making of the preferred surgical plane.
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CHAPTER 7

Neoadjuvant therapy without
surgery for early stage
rectal cancer?
Thomas D. Pinkney & Simon P. Bach
University Hospital Birmingham, UK

KEY POINTS

� Bowel cancer screening will change how rectal cancer presents, as a high proportion
of early-stage tumors are identified.

� Due to lead-time bias, small tumors detected by screening may not show the same
propensity for biological indolence compared to equivalent staged, symptomatic
lesions.

� Early diagnosis provides an opportunity to develop minimally invasive strategies that
preserve the rectum, avoiding the considerable morbidity and mortality associated
with traditional radical surgery, to enhance the patient’s quality of life.

� Local excision with transanal endoscopic microsurgery (TEMS) cures the majority of
early-stage rectal cancer, but oncological efficacy does not match that of radical
surgery for unselected cases.

� Low rectal cancer may be a special case, where lateral tumor spread in high-risk cases
means that conventional total mesorectal excision (TME) surgery alone is not the most
rational strategy.

� Combining pre-operative radiotherapy with transanal endoscopic microsurgery
(TEMS) is appealing as:
1 radiotherapy may effectively treat microscopic nodal metastases within the

mesorectum or pelvic sidewall;
2 tumor downsizing should facilitate TEMS with clear margins;
3 tumor downstaging is measured objectively rather than relying upon clinical eval-

uation of response; and
4 histopathological non-responders may be converted to radical surgery.

� Pathological complete response (pCR), i.e. the absence of viable tumor cells within
the resected specimen, may obviate the requirement for local excision in some circum-
stances. While pCR is vital for organ conservation in the context of locally advanced
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disease, it is unlikely to be a prerequisite for successful treatment in the majority of
early stage lesions when combined with TEMS. Hence, employing toxic treatment
schedules in order to optimize pCR may not be a rational approach to the treatment
of early stage rectal cancer.

� Contact radiotherapy has been suggested as a potential treatment for early rectal
cancers, but data are limited and use of such ‘topical’ treatment in isolation does not
encompass lymph nodes of the mesorectum or pelvic sidewall that can harbor foci of
occult tumor spread.

Introduction

Symptomatic rectal cancer presents as a broad spectrum of disease with a bias

towards advanced stage at presentation and less than 10% early-stage (T1–2)

tumors. Bowel cancer screening identifies a much higher proportion of early-

stage tumors; in the order of 50% Dukes A when faecal occult blood testing

is used as a screening tool, rising to 62% for one-off flexible sigmoidoscopy

[1;2]. Radical TME evolved to treat locally advanced, symptomatic tumors, but

can also offer high rates of cure for early-stage rectal cancer with only 3−6%
of patients subsequently relapsing [3;4]. Nevertheless there are concerns that

this major surgery, with its attendant morbidity and mortality risks, may not

be the optimal treatment for early tumors. Local treatment, with radical ther-

apy salvage in the event of recurrence, could be safer and functionally far

superior without substantially compromising cancer survival.

The principal disadvantage of radical TME surgery for treatment of early-

stage rectal cancer is that for the majority of cases it is akin to using ’a

sledgehammer to crack a nut’. This is especially true for low rectal cancer.

In addition, the fact that rectal cancer predominantly affects the elderly pro-

vides a further incentive to explore less hazardous treatment options. Six-

month mortality following radical curative surgery for rectal cancer is 4.6%

for patients aged 65−74 years and 13.4% for patients aged 75−84 years,

according to the Netherlands registry and randomized controlled trial (RCT)

data which has been collated since 1990 [5]. The same study found that

mortality may reach 30% at 6 months in those aged over 85 years. TME

surgery for rectal cancer is associated with significant morbidity in the form

of sexual and urinary dysfunction, surgical site infection, wound herniation,

and anastomotic leak. The Dutch TME trial reported clinical bowel leaks in

16% of non-irradiated subjects [6] and despite the advent of nerve spar-

ing techniques, pelvic dissection may cause autonomic nerve damage lead-

ing to urinary (25−34%) and sexual dysfunction [7;8]. Over 50% of patients
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experience some form of faecal incontinence following TME, and 30−40%
suffer daily symptoms of urgency, incomplete emptying, and stool frequency

[8;9]. Three prospective cohort studies have examined health related qual-

ity of life scores following rectal cancer surgery [10–12]. Each demonstrated

persistently poor social role, body image, and defaecation scores. Permanent

colostomy is required in 10–30% of cases.

A second potential problem with radical TME surgery lies in its use low in

the rectum. It is a widely held view that radical TME surgery is the optimal

oncological approach for early-stage, low rectal tumors. This may not be true.

We know from the Japanese literature, and more recently the UK MERCURY

trial, that overt pelvic sidewall involvement is a feature of 15% of low rectal

cancer [13–15].Wemight argue that for low risk T1-2 tumors lying close to the

anus, local excision with TEMS is optimal. Meanwhile T1-2 at higher risk of

dissemination may be inadequately treated by radical TME alone if the pelvic

sidewalls are not also treated. Indeed it may not be fanciful to suggest that

a combination of radiotherapy and local excision should be strongly consid-

ered within clinical trials as part of the treatment algorithm for these cancers.

Several studies are ongoing in this area; the UK randomized controlled TREC

study compares radical surgery with short-course preoperative radiotherapy

(SCPRT) plus delayed TEMS, and also France’s GRECCAR II, the Dutch CARTS

trial, and the recently completed ACOSOG Z6041 study [16–19].

While we hope that these studies will provide the robust evidence required

to treat early rectal cancer effectively, it is worth exploring current evidence

regarding use of the modalities at our disposal; chemo-radiotherapy (CRT),

SCPRT, contact radiotherapy, and excision biopsy with TEMS. It is also inter-

esting to explore what we understand about response to radiotherapy and

indeed the phenomenon of complete pathological response.

Conventional neoadjuvant chemoradiotherapy (CRT)
and the apparent complete response

Long-course chemoradiotherapy followed by an 8–12 week gap to TME

surgery is currently the standard of care for locally advanced rectal cancer

with a threatened circumferential resection margin. The 8–12 week break is

generally sufficient time for tumor regression to occur, but can also lead to

a small chance of progression in non-responders. This timescale has largely

been arrived at through trial and error, without high-quality RCT data (see

section below on ‘Timing of tumor assessment after neoadjuvant therapy’).

Higher grades of tumor regression after neoadjuvant CRT are associated with
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improved survival [20]. A proportion of tumors will seem to completely

resolve so that they disappear from the rectal lumen after treatment leaving

only a fibrous scar – the ‘apparent complete response’.

Up until now, standard practise in most centers has been to proceed with

planned radical resection in cases where complete response is suspected.

This is viewed as a safe option, due to difficulties establishing that com-

plete response has occurred without recourse to supporting histopathological

analysis [21], anxiety that subsequent salvage surgery may not be curative,

and a general lack of outcome data to support the non-operative approach.

Nonetheless, due to the morbidity and mortality associated with performing

radical surgery, clinicians are interested to learn if a non-operative approach

can be safely adopted in apparent complete responders. Enthusiasm stems

from a series of intriguing publications by Angelita Habr-Gama of the Uni-

versity of Sao Paulo, Brazil. This research reported long-term outcomes in a

cohort of patients with radiological and clinical evidence of complete response

after neoadjuvant CRT for resectable locally advanced rectal cancer. The find-

ings represented a landmark shift in theway rectal cancer treatment is viewed.

The Brazilian experience
Habr-Gama et al. initially reported an 11-year experience of utilizing their pol-

icy of strict observation and deferred surgery in a subgroup of patients who

exhibited a complete or near-complete clinical response [22]. In their series,

265 patients with potentially resectable and non-metastatic distal rectal can-

cers (0–7 cm height from the anal verge) underwent standard neoadjuvant

CRT using 5040 cGy and concurrent 5-fluorouracil 425 mg/m2/day and leu-

covorin 20mg/m2/day. Pre-treatment staging investigation consisted of digital

rectal examination (DRE), proctoscopy, colonoscopy, abdominal and pelvic

computed tomography, chest X-ray, and serum carcinoembryonic antigen

(CEA) measurement. Some patients also underwent endorectal ultrasound

assessment.

The baseline (pre-treatment) staging of this group were as follows: 4.5%

T2, 86.5% T3, and 9% T4 disease. In addition, 27% of their cohort exhib-

ited nodal involvement at baseline. Following neoadjuvant CRT, patients

were re-evaluated by a colorectal surgeon using the same modalities as in

the pre-treatment phase. Biopsies were obtained during proctoscopy. At this

stage colonoscopy was also performed for those patients with an initially

obstructing tumor that had precluded full endoscopic examination previously.

Patients with no residual abnormality detectable on these combined clini-

cal, endoscopic, and radiological parameters were considered to have a com-

plete clinical response. This group entered a strict protocol-driven pathway of
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observation rather than undergoing immediate surgical resection. They were

followed monthly with physical and digital rectal examination, proctoscopy

with biopsy where feasible, and serum CEA assay. They underwent chest

X-ray and Computed tomography (CT) scan of the abdomen and pelvis every

6 months. If they had sustained complete tumor regression at 1 year, patients

were considered ‘complete responders’ and subsequently underwent the same

follow-up in years 2 and 3 at a frequency of every 2 and 6months respectively.

The groupwith an incomplete clinical response underwent immediate surgery

with either an anterior resection or abdomino-perineal resection (APR), both

utilizing a TME excision.

This series reported a 27% complete clinical response rate and these 71

patients followed the observation pathway as outlined above. Conversely,

22 other patients (8.3%) were deemed to have an incomplete response and

underwent resection, but were found to have no residual tumor cells on

histopathological examination of the specimen (a pCR). A comparison of

the 5-year survival rates showed the rate in the complete clinical respon-

ders (100% 5-year survival) versus the pCR group (88%) was significantly

higher (p = 0.01). There were three systemic recurrences in each group and

two endorectal recurrences in the observation group. No patient in the obser-

vation group experienced extraluminal pelvic recurrence. At overall median

follow-up of 57 months, the 5-year disease-free survival was similar at 92%

versus 83% (p = 0.09).

A subsequent paper from the same unit explored patterns of failure of this

conservative treatment strategy for an updated cohort of 361 patients with

a median follow-up of 60 months [23]. The overall rate of clinical complete

response was similar at 28%. Once again, 7% of patients judged as incomplete

responders had radical resections showing a pCR. A failure rate was reported

of 13% in the non-operative patients with 5% endorectal, 7% systemic, and

1% combined recurrence. Of note is that these local recurrences occurred late,

with a mean time to recurrence of at least 4 years. All endorectal recurrences

underwent successful salvage surgery and the overall 5-year survival rate for

these patients was 93%. No extraluminal pelvic recurrences were seen.

This adds fuel to the suggestion that initial surgical resection may not be

necessary in complete responders, as it appears that the small proportion of

patients for whom the non-operative regime fails can be successfully recov-

ered with highly reasonable success rates.

There are some notable caveats when considering the Brazilian data. First,

considering the composition of this cohort, by relying upon pelvic CT and in

some cases endorectal ultrasound to differentiate T2 from T3 disease, it is pos-

sible that a higher proportion of early stage tumors were included than had
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been appreciated. Inclusion of patients with T2 disease would favorably affect

outcomes and also lead to difficulties in replicating response rates for patients

staged using magnetic resonance imaging (MRI). Second, the timescales of

treatment failure are not yet well established and it remains possible that

some may not have been identified within the 5-year follow-up period. As

such, some believe that the long-term failure rates may be underestimated,

although this remains conjecture.

Other evidence on the efficacy of non-operative treatments
after apparent clinical complete response
The Brazilian findings have been corroborated by numerous other single cen-

ter series supporting the feasibility of a non-operative approach after appar-

ent clinical complete response [24;25]. It has been noted, however, that there

is little consistency between studies in what exactly constitutes a complete

response, and the subsequent non-operative observational follow-up strategy,

which makes comparing outcomes difficult. Glynne-Jones et al. recently per-

formed a systematic review on the topic, in which original data were extracted

and tabulated and study quality evaluated [26]. A total of 9 series, containing

650 patients were identified and included. Again, significant heterogeneity

was found with the selection of patients, imaging modalities, staging method,

cytotoxic drugs used in CRT, and the radiotherapy regime, as well as themeth-

ods of identifying complete response patients and follow-up frequency and

duration. These differences between studies precluded any meaningful meta-

analysis of results. The main conclusion of the research was that the majority

of studies reporting a ‘watch and wait’ approach had major limitations due

to their mainly small and retrospective nature, with short and insufficiently

rigorous follow-up. Functional and quality-of-life outcomes were noticeably

lacking for these patients, being reported only by one group. The authors high-

lighted the need for better quality prospective evidence on the risks versus

benefits of a non-operative approach in patients who appear to have com-

pletely responded to neoadjuvant therapy, and cautioned against the current

evidence being inappropriately extrapolated to an unselected group of rectal

cancer patients. It is hoped that the currently recruiting ‘deferral of surgery’

multicenter UK trial will provide this high-quality prospective evidence that

is desperately needed [27].

The difference between apparent complete response and
pathological complete response
It is important at this stage to ensure that the reader appreciates the differ-

ence between these two related but inherently different types of response to
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neoadjuvant therapy. pCR can be defined as the absence of any residual can-

cer cells within the resected surgical specimen – as such it can only be diag-

nosed after formal surgical resection of the tumor site and its surroundings.

pCR rates cannot therefore be quoted for patients who have undergone purely

observational treatment – these cases, such as those reported by Habr-Gama

above, report apparent complete response (aCR) rate evidenced by appear-

ance on imaging investigations, direct macroscopic visualization of the tumor

area, and sometimes biopsy samples. This is also referred to as ‘clinical com-

plete response’ by some authors.

The difference is an important one, as it is accepted that a pre-operative

aCR does not always correlate with a pCR after the operation. A study by Hio-

tis et al. from Memorial Sloan-Kettering found that despite 19% of patients

showing aCR in their retrospective series of 488 patients undergoing neo-

adjuvant therapy, only 10% were subsequently found to have pCR [21]. The

pCR rate amongst apparent complete responders was only 25%, and whilst

being a significant predictive factor for pCR, the majority (75%) actually had

persistent foci of tumor present on histological examination. The authors sug-

gested, when this paper was published in 2002, that patients displaying aCR

should routinely undergo radical surgical resection. This is unlikely to be the

final word on the subject, as this paper is weakened by its retrospective design

combined with a short standard delay between completion of radiotherapy

and surgery of only six weeks. Proponents of the watch and wait policy would

argue that this is insufficient, as tumor regression may continue beyond this

point. Histopathological evaluation at 12 weeks may have produced com-

pletely different results.

Long-term outcomes after pathological complete response
Individual studies have generally reported a trend towards an improved long-

term prognosis in patients who underwent resectional surgery andwere found

to have exhibited a pCR on examination of their resected specimen. These

findings were often not statistically significant, due to the generally small

number of patients in this situation in each series. If definite outcome ben-

efit was shown in a study, it could still sometimes be difficult to draw general

conclusions due to the heterogeneity of tumors included, different chemora-

diotherapy regimens, and the variable outcome measures including censor-

ing in survival analyses due to abridged follow-up. A review by Maas et al.

attempted to address this by pooling together the individual patient-level data

from several studies to generate a large sample size, thereby allowing multi-

variable analysis [28]. Authors of all studies reporting long-term outcome data

for patients whose resected specimens showed a pCR were contacted and raw
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data were requested. A total of 14 (of 17) authors participated and the sub-

sequent data pool available consisted of individual patient-level data for 3105

patients, of whom 484 had a pCR. The crude 5-year disease-free survival was

83.3% (95% CI 78.8–87.0) in pCR patients compared to 65.6% (63.6–68.0)

for those without a pCR. This was highly significant and confirmed by the

adjusted hazard ratio for PCR for failure of 0.54 (0.40–0.73), indicating that

patients with pCR had a significantly increased probability of disease-free sur-

vival. The authors concluded that pCR might be a marker of a prognostically

favorable tumor biological profile, which may have less propensity for local

recurrence and distant metastases and a better long-term survival profile than

for patients with less or no response to neoadjuvant therapy.

Factors affecting response to neo-adjuvant therapy

At least five factors may affect response (or the appearance of response) to

neo-adjuvant therapy; initial tumor stage, type of neoadjuvant therapy, tim-

ing of tumor assessment, the assessment method, and thoroughness of patho-

logical examination.

Initial tumor stage
Available evidence suggests that response rates are inversely associated with

stage at presentation. Small, localized T1/2 tumors appear to have a much bet-

ter chance of complete response following neoadjuvant therapy than larger,

bulkier T3 or T4 tumors. In the 385 patients within the CAO/ARO/AIO-94 trial

who received preoperative CRT, pCR occurred in 25% of T2 tumors, 10% of

T3 tumors, and 0% of T4 tumors [29]. The ACOSOG Z6041 study (n = 77)

used CAPOX to derive 51% pCR/Tis in selected T2 tumors [19].

The baseline characteristics of patients’ tumors pre-treatment must there-

fore be appreciated before reading too much into reported rates of pCR (or

aCR) – and at present many series and pooled analyses in the literature suffer

from a heterogenous or even undefined pre-therapy staging.

Type of neo-adjuvant therapy given
A randomized trial from Toronto assessed the dose response of rectal tumors

and treated 134 patients with T3/4 cancers neoadjuvantly with either 40 Gy

in 20 fractions, 46 Gy in 23 fractions, or 50 Gy in 25 fractions [30]. With rising

dose there was significant improvement in 2-year local recurrence-free sur-

vivals of 72%, 90%, and 89%, respectively (p = 0.02). Pathological complete

response was found in 15%, 23%, and 33% of patients (p = 0.07).
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In addition to radiotherapy dose, fractionation, delivery method (see con-

tact radiotherapy below), addition of chemotherapy, choice of drug(s), and

drug scheduling may also affect response. The EORTC 22921 trial confirmed

the importance of adding chemotherapy to neoadjuvant radiotherapy most

conclusively [31]. This trial used a 2 × 2 factorial design with 1011 patients

with T3 or resectable T4 tumors being randomized to either:
� preoperative radiotherapy alone;
� preoperative chemoradiotherapy (CRT);
� preoperative radiotherapy with 4 cycles of adjuvant chemotherapy; or
� preoperative CRT with an additional 4 cycles of adjuvant chemotherapy.

In all arms the chemotherapy was 5-FU and folinic acid and radiotherapy

was 45 Gy in 25 fractions. A pCR was found in 13.7% of patients who had

some form of chemotherapy, but only 5.3% in those receiving radiotherapy

alone. The 5-year cumulative incidence rates for local recurrences were 8.7%,

9.6%, and 7.6% in the groups that received chemotherapy preoperatively,

postoperatively, or both, respectively, and 17.1% in the group that did not

receive chemotherapy (P = 0.002). Despite this clear local control advantage,

of note is that 5-year overall survival was not improved by the addition of

chemotherapy.

Chemotherapy regimens based upon 5FU utilize the local radio-sensitizing

effects of the treatment without any appreciable impact upon metastatic

microscopic disease. This has led to clinicians assessing more aggressive

chemotherapy regimes to try and both improve resectability of cases with

an involved CRM (ARISTOTLE trial [32]) and increase pCR rates (ACOSOG

Z6041 [19]). While the rationale seems clear cut in locally advanced disease, if

escalation of treatment enables resection with clear margins, simply improv-

ing pCR rates may not confer substantial benefit and specifically may lead

to unacceptable side effects. This was demonstrated by early closure of the

ACOSOG study.

Timing of tumor assessment after neoadjuvant therapy
As previouslymentioned, the length of the deliberate time lag between ending

neoadjuvant therapy and performing radical surgery has been highlighted as

an important factor in rectal cancer treatment. The tumor needs to be given

time to achieve maximal post-treatment shrinkage but this is offset against

the risk of unnecessary delay in those patients whose disease fails to respond

to neoadjuvant therapy. In terms of the pCR, a direct correlation will exist

between the optimum time lag for this tumor response and the highest rates

of pCR found on histological examination. Parallels can also be drawn in aCR

identification, in terms of establishing the best time for reassessment of pre-

operative tumors to assess response to treatment.
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Only one randomized trial has been completed to date exploring this tim-

ing factor; the Lyon 90-01 trial, which randomized 201 patients with T2 or T3

rectal tumors to either an interval of 2 weeks or 6–8 weeks between therapy

completion and surgical resection [33]. A pCR was found in 10.3% of patients

with the shorter interval as compared to a rate of 26% in those with the longer

interval (p = 0.005). The radiotherapy regimen was not typical and patients

did not receive simultaneous chemotherapy, so the results may not directly

correlate with current standard practise. This said, the consensus of opinion

is that an interval of 2 weeks is definitely too short after neoadjuvant therapy

and most believe that a minimum of 6 or 8 weeks is appropriate to realize

maximum benefit.

An ongoing current UK trial aims to provide further high-quality evidence

about the optimum time interval – the National Cancer Research Institute

(NCRN) ‘6 week vs. 12 week’ trial (NCT01037049) will recruit 218 patients

and assess if greater rectal cancer downstaging and regression occurs when

surgery is delayed to 12 weeks after completion of CRT compared to 6 weeks

[33]. Results are awaited.

The current UK guidance, issued by the colorectal clinical subgroup of the

NCRI suggests that whilst earlier assessment may indicate whether a tumor

is showing signs of response, the presence or absence of an apparent com-

plete response is best judged 12 weeks after the completion of neoadjuvant

chemoradiotherapy [34].

Assessment tool(s) used to assess response
The older studies first describing aCR, and treating these patients conserva-

tively, used only digital examination, mucosal visualization with proctoscopy,

CT scanning, and occasionally endorectal ultrasound to assess response to

neoadjuvant therapy. Over the past decade, the role of MRI in the staging

rectal cancer has been established and it stands to reason that the added

sensitivity afforded by this modality would be of use in diagnosing aCR.

This has been studied prospectively by the MERCURY study group in the

UK, where 408 patients from 12 units in 4 different European countries

underwent pelvic MRI prior to surgical resection of their rectal cancer [15].

Patients were recruited with all stages of cancer and pooled results found a

sensitivity of 94% and a specificity of 92% for predicting negative circum-

ferential margins after surgery. More importantly, the study showed that

when radiologists undergo specific training and the radiological technique is

standardized, results are reproducible between centers. This has far-reaching

consequences for the planning of who should receive neoadjuvant therapy

and for the standardization of assessments of outcome. However, as yet the

predictive power of MRI scanning to correctly identify those who have had a
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complete response is not yet established. Positron-emission tomography (PET)

may in the future be an important modality for the assessment of response,

but its efficacy is still being tested. An Italian group did show that proportion-

ate decreases in the uptake of 18-fluorodeoxyglucose (FDG) on PET scanning

before and after neoadjuvant therapy correlated with the rates of pathological

complete response [35]. A follow-on prospective trial from the same group,

however, failed to establish useful predictive indicators from the modality on

multivariate analysis [36].

The UK guidelines from the NCRI group [34] recommend the following

methodology for defining an apparent complete response:
� Clinical examination under anaesthetic with palpation of the tumor site and

visualization of the area with biopsy of the residual scar; and
� MRI scan of the pelvis, which shows no evidence of tumor mass as com-

pared to the pre-treatment images, or alternatively a small amount of resid-

ual abnormal tissue which in the opinion of the multidisciplinary team

(MDT) is likely to represent scar tissue only.

Thoroughness of pathological examination
The examination of the rectal specimen can be more difficult after neoad-

juvant therapy, owing the resultant fibrosis and finding microscopic foci of

residual tumor has been likened to ‘finding the needle in a haystack’; being

dependent on exactly where the slides have been taken from the tumor area

and on how thoroughly they are assessed. Until recently there has been a

lack of standardization of the definition of pCR and a degree of operator-

dependence may be a realistic concern. The CORE II trial [37] has now led

to development of a pathological consensus, which may be taken up inter-

nationally in the future in an attempt to standardize reporting of outcomes

results:

1 Take 5 blocks from site of tumor; if no residual tumor:

2 Embed whole of suspicious area; if no residual tumor:

3 Take 3 levels through each block; if no residual tumor:

4 Accept diagnosis of pathological complete response.

Practical issues in the non-operative management
after apparent complete response (aCR)

For many years surgical resection has been the mainstay of management of

rectal cancer. As such, not performing an operation in a patient who displays

aCR is still a novel step.
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What to tell the patient after aCR
Because the long-term sequelae of non-operative management are not yet

established, a full and frank discussion of treatment options available to the

patient, including advantages and disadvantages of each course of action, is

vital. This must also be fully documented with potential failure rates quoted

clearly recorded. The patient and their family must be fully participatory in

the decision as to whether to undergo conventional treatment and continue

with resectional surgery, or to opt to defer surgery until/if there is evidence of

residual or recurrent cancer in the rectum. If they elect to undergo observation

alone, they must also understand that they are committing to a necessarily

intense follow-up regimen, which will require numerous investigations and

hospital visits.

Clinical follow-up strategy after aCR
Each of the studies exploring non-operative management of aCR patients uti-

lizes a slightly different follow-up strategy. They all agree that the reassess-

ment of the tumor must be structured, frequent, and rigorous to ensure

that patients who do regress or recur are identified and salvaged as quickly

as possible.

In the Habr-Gama studies, the observation (non-operative) group under-

went monthly digital rectal examination, proctoscopy with biopsy if indicated,

and serum CEA assay. They also had chest X-ray and CT scanning of the

abdomen and pelvis every 6 months. If they remained clear at 1 year, the

same physical examinations were undertaken in year 2 every 2 months and

in year 3 every 6 months.

The current recommended policy in the UK is that patients should undergo

3-monthly examination under anaesthetic (EUA) with endoscopic vizual-

ization and biopsy of the area, and also 3-monthly MRI scanning of the

pelvis for the first year [34]. These patients should also have pre-programmed

3-monthly MDT meeting review and discussion of these results. After

12 months of negative follow-up, they should attend outpatient clinic every

3 months for the next 2 years for clinical examination, with a formal EUA and

biopsy if any abnormality is seen or felt. MRI scanning is recommended at 12,

18, and 24 months. No recommendations are currently given for follow-up

beyond this point.

Local resection of early rectal cancer

Local excision of rectal cancer has always existed alongside radical surgery. In

the 1980s, Basil Morson reported that local excision was as effective as radical
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surgery for the treatment of Dukes A rectal cancer [38]. At that time excision

was by Parks peranal approach or alternative sphincter splitting techniques.

The peranal approach has its limitations as the surgeon only has restricted

access to the lower rectum. In 2000 the Minnesota group produced a retro-

spective cohort study outlining high rates of treatment failure following per-

anal excision of T1 and T2 tumors [39]. Soon thereafter several other US insti-

tutions followed suit.

In general local recurrence rates were 20% for pT1 tumors and approach-

ing 40% for pT2. These series all predated patient selection with pelvicMRI for

evaluation of locoregional lymph node status. There were a number of asso-

ciated publications suggesting that the results of salvage surgery for relapse

after local excision were poor, although it seemed that these patients were not

subject to intense surveillance schedules, perhaps due to frailty. Realizing that

the technique of peranal excision was suboptimal, Gerhard Buess developed

an elegant system for transanal excision of rectal tumors in the mid-1980s

[40;41]. This became known as transanal endoscopic microsurgery (TEMS).

His system was ahead of its time, providing magnified binocular vision of the

rectum with regulated intraluminal pressure. This allowed surgeons to per-

form a variety of transanal operations, including full thickness excision of the

rectal wall and associated perirectal fat to deliver rectal tumors with precise

and clear margins. The efficacy of this optimized TEMS technique was exam-

ined in a UK national dataset of 487 patients undergoing TEMS at 21 centers

[42]. This demonstrated 5-year local disease-free survival rate of 81.4% for T1

tumors and 70.7% for T2 tumors. Depth of invasion, maximal tumor diame-

ter, presence of intramural lymphovascular invasion, advanced age, and poor

differentiation were independently associated with local recurrence.

Patients staged with pT1 sm1 G1/2 LyV0 tumors less than 3 cm had recur-

rence rates below 5% (the mortality rate for radical resection in the UK).

The majority of patients had tumors with intermediate risk of recurrence

(10–25%). There are currently no means to precisely identify which cases

will recur later following R0 local excision. Patients must decide whether they

accept the possibility of under treatment in order to gain good function or

rather prefer the strategy of over treatment and potentially poor function. In

the future we hope that biomarkers will help refine these decisions [43]. The

salvage rates for patients under surveillance will also be critically important.

If surveillance detects recurrence at a suitably early stage then escalation to

radical surgery may be reserved for the minority who would actually benefit

from this approach.

An alternative strategy is to try and combat the factors responsible for

local recurrence after TEMS. Tumor implantation at surgery or microscopic
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metastasis in locoregional lymphatics are both implicated in this process.

External beam radiotherapy is known to half recurrence rates when applied

in conjunction with radical surgery and has the potential to neutralize micro-

scopic tumor deposits lying outside of the local excision field, shrink the tumor

itself to facilitate resection with clear margins, and reduce risk of implantation

at surgery.

Neoadjuvant radiotherapy and excision biopsy with
TEMS for early rectal cancer

Combining pre-operative radiotherapy with TEM surgery is appealing as:
� radiotherapy may effectively treat microscopic metastases present in

mesorectal and pelvic sidewall lymph nodes;
� tumor downsizing should facilitate local excision with clear margins;
� tumor downstaging is measured objectively, rather than relying upon clin-

ical examination; and
� histopathological non-responders may be converted to radical surgery.

There is currently very little evidence to guide the use of downstaging radio-

therapy and local excision as a curative treatment for early rectal tumors. Two

small prospective studies have been conducted, the first comparing radical

versus local excision following downstaging CRT [44], the second evaluated

efficacy of long and short course neoadjuvant radiotherapy schedules prior to

delayed local excision [45].

Another study from Lezoche et al. randomized 40 consecutive patients

with T2N0 G1-2 rectal cancer to neoadjuvant CRT followed by either laparo-

scopic TME surgery or local excision using TEM after a 6–8 week inter-

val [46]. Patients were preoperatively staged using a combination of macro-

biopsy, ERUS, and MRI. The pCR rate following CRT was 35% (14 patients).

A further 25% (10 patients) were staged as ypT1. With a median follow-up

of 56 months (range 44–67 months), one from each group recurred (both

ypT2). Salvage surgery was successful in the patient treated initially by organ

preservation.

In the study of Bujko et al., 47 patients, with mainly T1 and T2 tumors

(some early T3 allowed), received either neoadjuvant SCPRT or CRT prior

to delayed local excision [45]. Radiotherapy was usually followed by TEMS

after a planned interval of 6 weeks (range 4–15 weeks), although other local

excision techniques were allowed. Tumors were less than 4 cm in diame-

ter, staged by digital rectal examination and MRI or ERUS/ pelvic CT. Three

patients did not progress to local excision. The pCR rates were 35% (11/31)
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following SCPRT and 54% (7/13) after CRT. Histopathology indicated pCR

or completely excised ypT1 tumor in 66% (29 patients). These patients were

all then observed. The remainder (n = 15) were candidates for conversion

to radical surgery, of whom 7 were unfit or refused and one had a repeat

local excision. APE was performed in 7 patients. Residual tumor was found

within the bowel wall of 6 and 1 patient with ypT3 had mesorectal lymph

node metastases. With median follow-up of 14 months (range 0–41 months)

local recurrence was detected in 3/44 operated patients (2 × CRT, 1 × SCPRT),

all of whom underwent successful salvage surgery.

A meta-analysis of 7 studies of CRT and local excision to treat 237 cT2-T3

rectal tumors, reported pCR rates of 22% with no local recurrences seen in

this group [47]. A further 19% of tumors were staged ypT1, 36% ypT2, and

14% ypT3 with local recurrence rates of 2%, 7%, and 12%, respectively.

Recently the ACOSOG Z6031 study, a non-randomized phase II design,

evaluated an enhanced chemoradiotherapy regime (Capox), combined with

local excision for ERUS defined uT2 disease [19]. The aim was to optimize

pCR, but unfortunately this protocol had unacceptable toxicity that led to

closure of the study. Data from 77 patients were reported, with pCR rates

of 44%.

SCPRT has lower acute toxicity compared to long-course in a direct com-

parison of the two treatments [48]. Similar differences were reported in non-

comparative studies [6;49]. SCPRT can lead to high rates of pCR if surgery is

delayed in both early and advanced disease [50–52]. Further improvements

in surveillance following local treatment will potentially optimize successful

radical therapy salvage for patients who do recur.

The role of local resection in patients exhibiting a
complete response

Some have argued that a reasonable alternative to meticulous observation of a

rectal cancer site, which has shown an apparent complete response, would be

to remove the whole treatment site with local resection (TEMS) techniques.

This has the advantage of allowing full histological assessment to confirm a

pathological complete response, and removing the tumor bed which might

logically reduce the chance of local recurrence. There is limited large-scale

evidence to support this strategy, but it has been analysed retrospectively by

Kundel et al., who compared outcomes in a group of patients displaying a

complete response to treatment (diagnosed as a pCR after resection) who

either underwent local excision (n = 14) or radical surgery (n = 23) [53]. At
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a median follow-up of 48 months, 4 patients in the radical surgery group had

a recurrence and none in the local group did; one patient died in the former

group and none in the other. Disease-free survival, pelvic recurrence-free sur-

vival, and overall survival rates were similar in both groups. Another finding

in this series was that overall nodal metastases were rare in patients with pCR,

with only one patient (3%) displaying this feature on examination. Several

other groups have reported similar small series on local excision after pCR.

Eleven such series were pooled and together compiled 100 patients showing

an overall local recurrence rate of 7% and distal failure rate of 8%.

Contact radiotherapy alone in early rectal cancer

Contact radiotherapy as a curative treatment for early rectal cancer was first

described in France in 1946, but gained much wider exposure through the

work of Papillon when he reported his 36 years of experience with the tech-

nique in 1990 [54;55]. Currently around 1200 patients have been treated

worldwide with contact radiotherapy [56].

The treatment involves the direct delivery of radiation endoluminally to

the tumor using a hand-held unit. The primary advantage is the ability to

deliver high radiation doses to the tumor under direct visualization with min-

imal toxicity to the surrounding normal tissues. The radiation dose admin-

istered falls of quickly with increasing depth from the source. The Papillon

technique delivers a dose rate of 20 Gy per minute with 100% of this dose

delivered at the surface, 50% at 5 mm depth, and only 20% at 10 mm. There

is negligible scatter from the tube itself.

The treatment is typically given over 5 weeks, with 35 Gy delivered on day

1, 30 Gy on day 7, 20–25 Gy on day 21, and 10–20 Gy on day 35. A total of

80–110 Gy is therefore given in 4 to 5 fractions [57]. This compares with the

standard external-beam dose of 45–50 Gy for rectal cancer, given over 25–28

fractions over around 5 weeks.

Gerard et al. reported a summary of the international results from contact

radiotherapy in 2003 for T1 or T2 cancers, and showed a 50–70% overall

survival with 80–90% local control [58]. Contact radiotherapy is only offered

at one center in the UK at present. This unit (Clatterbridge, Wirral) reported

their treatment policy and outcomes for the 242 patients treated with their

multimodality approach (of which 124 underwent contact radiotherapy) up to

that point in 2007 [56]. The outcomes were excellent, with 93% local control

at 3 years, but the patients undergoing contact radiotherapy alone were not

reported separately in this series.
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Patients undergoing conservative treatment alone must be followed up

closely over the first 2–3 years when the risk of recurrence is the highest. At

Clatterbridge they are seen every 2–3 months, with digital rectal examination

and visualization of the tumor area with sigmoidoscopy and a low threshold

for biopsy if any suspicion of residual disease or recurrence.

Of note is that there are currently no UK guidelines for treatment with

radiotherapy alone – the Association of Coloproctology of Great Britain and

Ireland (ACPGBI) recommends local treatment for T1 tumors of less than 3 cm

in diameter, but this local treatment here refers to local surgical excision [59].

There remains a paucity of randomized controlled trial evidence around the

efficacy of contact radiotherapy as a stand-alone treatment for rectal cancer.

As such it is not yet accepted as an alternative option to the ‘gold standard’ of

surgical resection. Until further evidence is available from large-scale collabo-

rations – which need to be international owing to the relatively small numbers

of suitable patients and centers offering the treatment – the true role of contact

radiotherapy in isolation is unclear.

Combining EBRT and contact radiotherapy

The concept that contact radiotherapy could be used to boost the radiother-

apy dose delivered to the tumor and also treat the peri-rectal tissues whilst

ameliorating complication rates relating to higher external beam radiother-

apy (EBRT) doses damaging normal surrounding tissues is attractive. It draws

upon the body of evidence showing that the radiosensitivity of rectal cancer is

often highly dose-dependent and represents a potential further use for contact

radiotherapy.

Gerard described his policy of giving initial contact radiotherapy of 60–80

Gy, followed by a course of EBRT giving a further 39 Gy in 13 fractions using

a small distribution volume to irradiate both the primary tumor and any local

lymph nodes [60]. A total of 116 patients with T1/T2 tumors were treated

with a local control rate of 88% and an 83% 5-year survival.

The Lyon R96-02 trial was a randomized trial in which EBRT alone was

compared with EBRT plus a contact boost of 60–80 Gy [61]. The same EBRT

dose of 39 Gy in 13 fractions was given in both arms. Over a 5-year period,

a total of 88 patients with T2 or T3 rectal tumors (lower than 6 cm from the

anal verge and of less than two-thirds of the circumference) were randomized

and improved rates of complete pathological response were seen in the con-

tact therapy arm (23% vs. 15%; p = 0.027) along with a significant increase

in sphincter preservation surgery (76% vs. 44%; p = 0.04). No increase in



Neoadjuvant therapy without surgery? 143

surgical complications was seen and anorectal function analysis was similar

in both arms. Of note is that no concurrent radiosensitizing chemotherapy

was given in this trial, which would be standard practise today and would

be expected to improve pelvic control rates further. There have been no tri-

als comparing combined EBRT/contact radiotherapy with no operation at all

versus standard EBRT and surgical resection.

Future trials in contact radiotherapy

One of the main barriers to wider application and research into contact radio-

therapy has been the obsolescence of the Philips RT50 machine, which is no

longer commercially available. However, a new contact 50 KVmachine (Papil-

lon 50©, Ariane Medical Systems, Nottinghamshire, UK) has recently been

introduced. This machine will reproduce the characteristics of the Philips unit

with the added advantages of full computerization and a fiberoptic camera

within the head of the applicator to allow real-time visualization of the tumor

to improve treatment accuracy. This has facilitated the CONTEM (Contact and

Transanal Endoscope Microsurgery) trials, which are currently in set-up [62].

The three linked trials are as follows:

1 CONTEM 1 will evaluate contact radiotherapy alone for T1–T2 N0 rectal

cancers following margin-positive local excision;

2 CONTEM 2 will assess contact radiotherapy followed by EBRT plus

capecitabine and oxaliplatin in patients with larger T1-2 N0 disease fol-

lowed by local excision 6 weeks later; and

3 CONTEM 3 will assess contact radiotherapy plus EBRT in elderly patients

with inoperable T2-3 N0-1 disease.

In the CONTEM 1 and CONTEM 2 trials, a total of 150 patients will

be enrolled to demonstrate an estimated risk of local recurrence of less

than 8%.

The future of non-operative treatment after
neoadjuvant therapy in rectal cancer

In anal cancer, a traditionally highly destructive surgical treatment has been

nearly fully subsumed over the past few decades by an organ preservation

approach, which utilizes chemoradiotherapy as the mainstay of treatment.

Whilst the majority of advanced rectal cancers are likely to still warrant exen-

terative surgery for the foreseeable future, it is interesting to contemplate
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if smaller, lower, or more radiosensitive rectal tumors may follow the same

pathway in the future.

At present the vast majority of the evidence advocating a non-operative

approach in rectal cancer is of low quality, generally retrospective in nature,

and from single center case series or at best non-randomized trials. Most

include patients with a range of tumor stages, different chemoradiotherapy

regimens, variable diagnostic methodologies, and eclectic follow-up sched-

ules. As such the true results can be difficult to unpick. A further concern

is that because the idea is relatively new, long-term outcomes data is highly

limited – it could be that all patients with apparent complete response do expe-

rience recurrence of local disease or development of distant disease, just at a

later time than in the normal rectal cancer populations.

Increasing implementation of novel radiosensitizing systemic agents in

neoadjuvant setting may mean that response rates (including complete

response) will increase in the future. The advances in imaging, such as

improved MRI images or interpretation techniques, and/or the use of FDG-

PET, means that there is also the potential for more patients with complete

response to be identified with a greater level of certainty. Similarly microar-

ray gene expression may be proved to be a valuable tool in the prediction of

complete responders.

Prospective and rigidly controlled data is urgently needed to best advise

patients and clinicians about the safest treatment course. Consensus is

required on the ideal definition, diagnostic tools, and timing of assessment for

identifying complete response in a reproducible and scientific manner. Until

this point, we believe that the proven efficacy of TEMS to completely remove

early rectal tumors for a minimal morbidity profile outweighs the potential

benefits of the non-operative approach which, at present, we do not know

enough about. If a patient does undergo neoadjuvant therapy and be found to

have an apparent complete response, there is probably good enough evidence

to justify local resection of the tumor site with TEMS to minimize future risks.

TIPS AND TRICKS/KEY PITFALLS

� The majority of evidence on non-operative management of patients exhibiting appar-
ent complete response comes from small and retrospective studies; as such their find-
ings should be interpreted with a degree of caution.

� Pathological complete response (pCR) can only be diagnosed after surgical resection
of the entire tumor area – until this point the diagnosis can only be an apparent (or
clinical) complete response.
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� The timing of tumor assessment after neoadjuvant therapy will significantly affect
apparent complete response rates, as will the initial tumor stage and type of neoadju-
vant therapy given.

� Primary TEMS resection of early low rectal tumors may provide a more reliable alter-
native to neoadjuvant CRT and non-operative treatment for responders in terms of
long-term disease-free survival.

CASE STUDY AND MULTIPLE CHOICE QUESTIONS

A 64-year-old man is diagnosed with a low rectal cancer 5 cm above the dentate line.
Initial radiological staging suggests a T2 tumor and he undergoes long-course neoad-
juvant chemoradiotherapy (CRT) with a view to downstaging the tumor prior to radical
resection with an ultra-low anterior resection.

On his post-treatment MRI scan performed 8 weeks after completion of CRT, there is
no obvious remaining tumor tissue visible.
1 Regarding the current diagnosis in this patient: (select one correct answer)

A. He can now be said to exhibit a pathological complete response (pCR)
B. He can now be said to exhibit an apparent complete response (aCR)
C. A computed tomography (CT) scan must be performed before any conclusion can

be made about a complete response
D. An examination under anaesthetic with palpation of the tumor site, visualization

of the area, and biopsy of the tumor scar must be performed before he can be
deemed as showing apparent complete response (aCR)

2 Assuming a diagnosis of apparent complete response (aCR) is subsequently made,
which of the following statements are true regarding suitable subsequent manage-
ment? (multiple answers may be correct)
A. Transanal endoscopic microsurgery (TEMS) resection of the scar tissue may offer

lower surgical morbidity, with no known detriment in long-term survival compared
to continuing with traditional resectional surgery of the rectum

B. Contact radiotherapy to the scar area has been proven to improve long-term
survival

C. If he continues with the predetermined management plan and undergoes ultra-
low anterior resection, there is at least a 30–40% chance that he will experience
daily symptoms of stool frequency, urgency, and incomplete emptying

D. An advantage of continuing with radical surgery would be that any pelvic sidewall
disease would be effectively dealt with at the operation

3 The patient decides to undergo a non-operative treatment policy for his apparent
complete response. All of the following are correct, except:
A. He should undergo 6-monthly examination under anaesthetic (EUA) with endo-

scopic visualization and biopsy of the area and also 3-monthly MRI scanning of
the pelvis for the first year

B. The failure rate of this non-operative treatment policy is around 10–20% at 5 years
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C. If the tumor recurs and he subsequently undergoes salvage resectional surgery, it
is likely that the long-term outcome will not be inferior to if he had undergone
primary resection

D. If the tumor is going to recur, evidence suggests that this will happen within the
first 24–48 months

References

1 UK Flexible Sigmoidoscopy Screening Trial Investigators. Single flexible sigmoidoscopy

screening to prevent colorectal cancer: baseline findings of a UKmulticentre randomised

trial. Lancet 2002; 359(9314): 1291–300.

2 UK Colorectal Cancer Screening Pilot Group. Results of the first round of a demon-

stration pilot of screening for colorectal cancer in the United Kingdom. BMJ 2004;

329(7458): 133.

3 Endreseth BH, Myrvold HE, Romundstad P, Hestvik UE, Bjerkeset T, Wibe A. Transanal

excision vs. major surgery for T1 rectal cancer. Dis Colon Rectum 2005; 48(7): 1380−8.
4 Peeters KC, Marijnen CA, Nagtegaal ID, et al. The TME trial after a median follow-up of 6

years: increased local control but no survival benefit in irradiated patients with resectable

rectal carcinoma. Ann Surg 2007; 246(5): 693–701.

5 Rutten HJ, den Dulk M, Lemmens VE, van de Velde CJ, Marijnen CA. Controversies

of total mesorectal excision for rectal cancer in elderly patients. Lancet Oncol 2008; 9(5):

494–501.

6 Marijnen CAM, Kapiteijn E, van de Velde CJH, et al. Cooperative Investigators of the

Dutch Colorectal Cancer Group. Acute side effects and complications after short-term

preoperative radiotherapy combined with total mesorectal excision in primary rectal

cancer: report of a multicenter randomized trial. J Clin Oncol 2002; 20(3): 817–25.

7 Hendren SK, O’Connor BI, Liu M, et al. Prevalence of male and female sexual dysfunc-

tion is high following surgery for rectal cancer. Ann Surg 2005; 242(2): 212−23.
8 Wallner C, Lange MM, Bonsing BA, et al. Causes of fecal and urinary incontinence after

total mesorectal excision for rectal cancer based on cadaveric surgery: A study from the

cooperative clinical investigators of the Dutch Total Mesorectal Excision trial. J Clin Oncol

2008; 26(27): 4466−72.
9 Temple LK, Bacik J, Savatta SG, et al. The development of a validated instrument to

evaluate bowel function after sphincter preserving surgery for rectal cancer. Dis Colon

Rectum 2005; 48(7): 1353−65.
10 Engel J, Kerr J, Schlesinger-Raab A, Eckel R, Sauer H, Holzel D. Quality of life in rectal

cancer patients: a four-year prospective study. Ann Surg 2003; 238(2): 203−13.
11 Grumann MM, Noack EM, Hoffmann IA, Schlag PM. Comparison of quality of life in

patients undergoing abdominoperineal extirpation or anterior resection for rectal cancer.

Ann Surg 2001; 233(2): 149−56.
12 Wilson TR, Alexander DJ. Clinical and non-clinical factors influencing postoperative

health-related quality of life in patients with colorectal cancer. Br J Surg 2008; 95(11):

1408−15.
13 Kobayashi H, Ueno H, Hashiguchi Y,Mochizuki H. Distribution of lymph nodemetastasis

is a prognostic index in patients with stage III colon cancer. Surgery 2006; 139(4): 516–22.



Neoadjuvant therapy without surgery? 147

14 Kobayashi H, Mochizuki H, Kato T, et al. Outcomes of surgery alone for lower rectal

cancer with and without pelvic sidewall dissection. Dis Colon Rectum 2009; 52(4): 567–

76.

15 MERCURY Study Group. Relevance of Magnetic Resonance Imaging-detected pelvic

sidewall lymph node involvement in rectal cancer. Br J Surg 2011; 98(12): 1798–

804.

16 http://www.controlled-trials.com/isrctn14422743

17 http://clinicaltrials.gov/ct2/show/NCT00427375

18 Bökkerink GMJ, de Graaf EJR, Punt CJA, et al. Study Protocol – The CARTS study:

Chemoradiation therapy for rectal cancer in the distal rectum followed by organ-sparing

transanal endoscopic microsurgery. BMC Surg 2011; 11: 34.

19 Garcia-Aguilar J, Shi Q, Thomas CR, et al. A Phase II Trial of neoadjuvant chemoradiation

and local excision for T2N0 rectal cancer: preliminary results of the ACOSOG Z6041 trial.

Ann Surg Oncol 2012; 9(2): 384–91.

20 Janjan NA, Crane C, Feig BW, et al. Improved overall survival among responders to pre-

operative chemoradiation for locally advanced rectal cancer. Am J Clin Onc 2001; 24(2):

107–12.

21 Hiotis SP,Weber SM, Cohen AM, et al. Assessing the predictive value of clinical complete

response to neoadjuvant therapy for rectal cancer: an analysis of 488 patients. J Am Coll

Surg 2002; 194: 131–36.

22 Habr-Gama AP, Perez RO, Nadalin W. Operative versus non-operative treatment for

stage 0 distal rectal cancer following chemoradiation therapy. Ann Surg 2004; 240:

711–8.

23 Habr-Gama A. Assessment and management of the complete clinical response of rectal

cancer to chemoradiotherapy. Colorectal Dis 2006; 8(supp.l 3): 21–4.

24 Dalton R, Velineni R, OsborneM, et al. A single-centre experience of chemoradiotherapy

for rectal cancer: is there potential for non-operative management? Colorectal Dis 2012;

14: 567–71.

25 Maas M, Beets-Tan RG, Lambregts DM, et al. Wait-and-see policy for clinical complete

responders after chemoradiation for rectal cancer. J Clin Oncol 2011; 29: 4633–40.

26 Glynne-Jones R, Hughes R. Critical appraisal of the ‘wait and see’ approach in rectal

cancer for clinical complete responders after chemoradiation. Br J Surg 2012; 99: 897–

909.

27 [Online]: http://public.ukcrn.org.uk/Search/StudyDetail.aspx?StudyID=8565

28 Maas M, Nelemans PJ, Valentini V, et al. Long-term outcome in patients with a patho-

logical complete response after chemoradiation for rectal cancer. Lancet Oncol 2010; 11:

835–44.

29 Rodel C, Martus P, Papadoupolos T, et al. Prognostic significance of tumor regression

after preoperative chemoradiotherapy for rectal cancer. J Clin Oncol 2005; 23: 8688–96.

30 Wiltshire KL, Ward IG, Swallow C, et al. Preoperative radiation with concurrent

chemotherapy for resectable rectal cancer: effect of dose escalation on pathologic com-

plete response, local recurrence-free survival, disease-free survival, and overall survival.

Int J Radiat Oncol Biol Phys 2006; 64(3): 709–16.

31 Bosset JF, Collette L, Calais G, et al. Chemotherapy with preoperative radiotherapy in

rectal cancer. N Engl J Med 2006; 355: 1114–23.

32 [Online]: http://www.controlled-trials.com/ISRCTN09351447/

33 [Online]: http://clinicaltrials.gov/ct2/show/NCT01037049



148 Colorectal cancer

34 Gollins S, Renehan A, Saunders M, Scott N, Susnerwala S, Sun Myint A. Rectal Can-

cer – apparent complete response (aCR). Colorectal Clinical Subgroup, National Can-

cer Research Institute. Available from: http://www.gmccn.nhs.uk/hp/portal_repository/files/

RectalCancerApparentCompleteResponseafterChemoradiotherapy.pdf

35 Di Fabio F, Pinto C, Fanti S, et al. Correlation between FDG-PET and pathologic response

in patients with rectal cancer treated with neoadjuvant chemo-radiotherapy: First results

of the Bologna Project. Proc Am Soc Clin Oncol 2005; 23: (abstr 3623).

36 Martoni AA, Di Fabio F, Pinto C, et al. Prospective study on the FDG-PET/CT predictive

and prognostic values in patients treated with neoadjuvant chemoradiation therapy and

radical surgery for locally advanced rectal cancer. Ann Oncol 2011; 22(3): 650–6.

37 Rutten H, Sebag-Montefiore D, Glynne-Jones R, et al. Capecitabine, oxaliplatin, radio-

therapy, and excision (CORE) in patients with MRI-defined locally advanced rectal ade-

nocarcinoma: Results of an international multicenter phase II study. Proc Am Soc Clin

Oncol 2006; 24: (abstr 3528).

38 Whiteway J, Nicholls RJ, Morson BC. The role of surgical local excision in the treatment

of rectal cancer. Br J Surg 1985 Sep; 72(9): 694–7.

39 Garcia-Aguilar J, Mellgren A, Sirivongs P, et al. Local excision of rectal cancer without

adjuvant therapy – a word of caution. Ann Surg 2000; 231(3): 345–51.

40 Buess G, Hutterer F, Theiss J, Bobel M, Isselhard W, Pichlmaier H. A system for a

transanal endoscopic rectum operation. Chirurg 1984; 55: 677–80.

41 Buess G, Theiss R, Hutterer F, et al. Transanal endoscopic surgery of the rectum – testing

a new method in animal experiments. Leber Magen Darm 1983; 13: 73–7.

42 Bach SP, Hill J, Monson JR, et al. A predictive model for local recurrence after transanal

endoscopic microsurgery for rectal cancer. Br J Surg 2009; 96(3): 280–90.

43 Leong KJ, Wei W, Tannahill LA, et al. Methylation profiling of rectal cancer identifies

novel markers of early-stage disease. Br J Surg 2011; 98: 724–34.

44 Lezoche E, Guerrieri M, Paganini AM, et al. Long-term results in patients with T2-3 N0

distal rectal cancer undergoing radiotherapy before transanal endoscopic microsurgery.

Br J Surg 2005; 92(12): 1546–52.

45 Bujko K, Richter P, Kolodziejczyk M, et al. Preoperative radiotherapy and local excision

of rectal cancer with immediate radical re-operation for poor responders. Radiother Oncol

2009; 92(2): 195–201.

46 Lezoche E, Guerrieri M, Paganini AM, et al. Transanal endoscopic versus total mesorec-

tal laparoscopic resections of T2-N0 low rectal cancers after neoadjuvant treatment: a

prospective randomized trial with a 3-years minimum follow-up period. Surg Endosc

2005; 19(6): 751–6.
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CHAPTER 8

Minimally invasive surgery for
rectal cancer and robotics
David Jayne & Gregory Taylor
St James’s University Hospital, Leeds, UK

KEY POINTS

� Laparoscopic rectal cancer surgery is gaining in popularity due to the documented
short-term benefits as compared to open surgery.

� Short-term benefits include less postoperative pain, earlier recovery, shorter hospital
stay, fewer wound complications, quicker return to normal function, and improved
cosmesis.

� The long-term oncological outcomes of laparoscopic rectal cancer surgery, as docu-
mented in large randomized controlled trials, are comparable to open surgery.

� Robotic-assisted surgery offers several technological advantages over laparoscopic
surgery, including a stable camera platform, 3-dimensional operative field, and artic-
ulating instruments.

� Whether the technological advances inherent in the robotic system translate into clin-
ical benefits remains to be clarified.

� Preliminary evidence suggests that robotic-assistance may provide benefit in terms of
reduced conversion rate to open surgery and perhaps lower circumferential resection
margin positivity.

� Controversy continues as to the cost-effectiveness of robotic-assisted surgery.
� A rigorous random comparison of robotic versus laparoscopic surgery for rectal cancer
is required.

Introduction

Laparoscopic techniques were introduced into general surgical practise in the

1980s and the benefits for patients’ with benign disease were quickly real-

ized in terms of shorter hospital stay, quicker recovery and return to normal
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function, and improved cosmesis. The application of laparoscopic techniques

into colorectal practise soon followed, at first for benign disease and then

for malignancy. However, the challenge in colorectal disease, as compared

to other general surgical applications, was substantial. The laparoscopic col-

orectal surgeon was required to undertake the same multi-quadrant oper-

ations as open surgery, but with limited tactile feedback, poorly designed

instruments, and under 2-dimensional operating vision. Concerns were also

expressed regarding laparoscopic cancer surgery and the adequacy of oncolog-

ical safety, with the reporting of unusual port-site recurrences. The guidance

from national bodies at that time was therefore reserved, with the National

Institute for Clinical Excellence (NICE) in the UK advising: ‘For colorectal can-

cer, open rather than laparoscopic resection should be the preferred surgical

procedure’, and ‘Laparoscopic surgery should only be undertaken for colorec-

tal cancer as part of a randomized controlled clinical trial’ [1].

In response, several large, multicenter, randomized controlled trials were

set up to evaluate the safety and efficacy of laparoscopic colorectal cancer

surgery. The first to report was the Clinical Outcomes of Surgical Therapy

(COST) study group, who published the results of a US multicenter random-

ized controlled trial (RCT), comparing laparoscopic and open surgery for colon

cancer in 2004 [2]. In their study of 872 patients recruited from 48 centers and

followed up for a median of 4.4 years, they showed benefits for laparoscopic-

assisted surgery, including less analgesic requirement and shorter hospital

stay, with similar morbidity, mortality, and re-admission rates. There was

no difference in survival outcomes, with local recurrence rates of 16% and

18% and overall 3-year survival rates of 86% and 85% for the laparoscopic-

assisted and open groups respectively. Importantly, disease recurrence in sur-

gical woundswas 1% for both the laparoscopic-assisted and open groups, indi-

cating that abdominal wound metastasis was not peculiar to the laparoscopic

approach.

The first randomized control trial to address the issue of rectal cancer

was the UK MRC-CLASICC (Conventional vs. Laparoscopic-Assisted Surgery

for Colorectal Cancer) trial [3]. Between 1996 and 2002, a total of 794

patients from 32 surgeons across the UK were recruited, of which 381

had rectal cancer. The early results from CLASICC were reported in 2005

and showed no significant difference in the short-term end-points, which

included morbidity, mortality, and pathological surrogate markers for onco-

logical outcome. The surgery, as judged by central pathological review of

resection specimens, was generally of high quality in both laparoscopic-

assisted and open arms, with similar longitudinal resectionmargins and lymph

node yields.
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However, two important concerns were raised. In patients undergoing

laparoscopic-assisted anterior resection, there was a higher rate of circumfer-

ential resection margin (CRM) involvement (CRM positivity: 12% lap vs. 6%

open, 95%CI:−2.1%, 14.4%, p= 0.19), although this was not statistically sig-

nificant. In addition, there was a high conversion rate of 34% for laparoscopic-

assisted rectal cancer surgery. This was a reflection of both a learning curve

effect, as demonstrated by a fall in conversion rates throughout the study

period, but also the increased technical difficulty associated with laparoscopic

rectal cancer surgery. The main reasons for conversion were excessive tumor

fixity or uncertainty of tumor clearance (41% of conversions), obesity (26%),

anatomical uncertainty (21%), and inaccessibility of tumor (20%). Impor-

tantly, conversion appeared to have a negative influence on early postopera-

tive morbidity and mortality, with significantly worse outcomes seen in those

patients who were converted. Three factors were subsequently found to be

independent predictors for conversion to open surgery; namely body mass

index, male sex, and extent of tumor spread from the muscularis mucosa [4].

Thus, the obese male patient with a locally advanced rectal cancer is much

less likely to complete a laparoscopic operation.

In addition to concerns regarding the oncological aspects of laparoscopic

rectal cancer surgery, therewere also issues relating to functional outcomes, in

particular the preservation of bladder and sexual function [5]. Although this

is a recognized complication following open surgery, with reported rates of

bladder and sexual dysfunction between 0%–15% and 10%–5% respectively,

the incidence of sexual dysfunction following laparoscopic surgery in male

patients in particular seems to be increased (overall sexual function: difference

lap vs. open −11.18; 95% CI: −10.94, −0.74; p = 0.063).

In 2006, NICE updated its guidance for laparoscopic colorectal cancer

surgery stating: ‘Laparoscopic (including laparoscopically assisted) resection

is recommended as an alternative to open resection for individuals with

colorectal cancer in whom both laparoscopic and open surgery are considered

suitable’ [6]. This statement was qualified by the caveat that: ‘Laparoscopic

colorectal surgery should be performed only by surgeons who have completed

appropriate training in the technique and who perform this procedure often

enough to maintain competence’. The NICE statement failed to distinguish

between laparoscopic surgery for colon and rectal cancer and was generally

taken as a ‘green light’ for widespread implementation. Subsequently, a UK

Department of Health initiative, LAPCO, was launched in 2006 to promote

the training and encourage uptake of the laparoscopic approach for colorectal

cancer [7].
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The current status of laparoscopic rectal
cancer surgery

There has been a slow but progressive uptake of laparoscopic colorectal cancer

surgery over the past 5 years. In 2011, the penetration rate in the UK was

approximately 30% (8), which is still far below the ceiling for uptake, but

more than most other European countries and the USA. This is undoubtedly

a reflection of the long learning curve associated with laparoscopic surgery.

Current estimates of the learning curve vary greatly, depending on the case-

mix studied and the criteria used to assess proficiency, but are most often

reported in the region of 50–60 cases for anterior resection [9;10].

The evidence base for laparoscopic colon cancer is now well established,

and that for laparoscopic rectal cancer surgery is quite compelling. Over 50

studies have reported outcomes following laparoscopic rectal cancer surgery,

a selection of which are shown in Table 8.1 comparing laparoscopic and open

surgery. The conversion rates range from 0% to 33%, with few studies report-

ing rates greater than 20%. The majority of studies have reported no differ-

ence in morbidity following laparoscopic surgery. The duration of surgery is

consistently longer with the laparoscopic approach, but with no obvious dif-

ferences in short-term survival measures.

Two meta-analyses specifically addressing laparoscopic rectal cancer

surgery have attempted to collate the available evidence. In 2006, Aziz et al.

reported a meta-analysis, including 20 studies and 2071 patients with 44%

undergoing laparoscopic and 56% open surgery for rectal cancer [11]. Sig-

nificant benefits in favor of the laparoscopic approach were found for time

to stoma function, first bowel movement, feeding solids, and length of hos-

pital stay. Additional benefit was found for those undergoing laparoscopic

abdominoperineal resection in terms of decreased postoperative analgesic

requirement and less wound infections. No difference was found between

the laparoscopic and open groups in extent of oncological clearance. In 2008,

Anderson et al. reported ameta-analysis focusing on the oncological outcomes

following laparoscopic rectal cancer resection [12]. Over 3000 patients from

24 studies were compared for differences in oncological outcome between

laparoscopic and open surgery. At 3 years, no significant difference was seen

between the two treatment groups: radial margin positivity was 5% (lap) ver-

sus 8% (open); overall survival was 76% (lap) versus 69% (open); and local

recurrence was 7% (lap) versus 8% (open). The authors concluded that there

was no oncological difference between laparoscopic and open resections for

primary rectal cancer. This conclusion accords with the long-term results from
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the CLASICC trial [13]. Initial concerns regarding the higher rate of circumfer-

ential margin involvement following laparoscopic anterior resection failed to

translate into a difference in local recurrence, overall survival, or disease-free

survival.

The most recent evidence to emerge on laparoscopic rectal cancer surgery

is from the COLOR II study. This multicenter study, involving 30 centers

across the world and recruiting 1103 rectal cancer patients between 2004

to 2010, has recently presented its initial results at the European Society of

Surgical Oncology (ESSO) conference in Stockholm in 2011 (unpublished).

Patients undergoing laparoscopic rectal cancer resection had less blood loss

but longer operations than those undergoing open surgery. Conversion to

open operation was still observed in 16.4% of cases. There was no difference

in the circumferential or longitudinal resection margins or the number of

retrieved lymph nodes. However, laparoscopic surgery had the advantage of

earlier recovery of bowel function, less analgesic requirement, and shorter

hospital stay.

Two other trials of laparoscopic rectal cancer surgery are currently in

progress: a US trial of laparoscopic-assisted versus open resection for rectal

cancer (Clinical Trials.gov Identifier: NCT00726622) and the Australasian A

La Cart trial (www.australiancancertrials.gov.au). The results of these trials are

eagerly awaited.

TIPS AND TRICKS AND KEY PITFALLS

Laparoscopic rectal cancer surgery
� Patient selection is the key to a successful laparoscopic rectal cancer operation. Patients
most likely to be converted to open operation include males, the obese, and those with
advanced cancers.

� The patient should be correctly positioned on the operating table in a modified Lloyd-
Davies position and adequately supported on a bean-bag to allow for extremes of
table tilt.

� A combination of 5 mm and 10 mm ports should be placed to allow adequate retrac-
tion and triangulation, and a 12 mm port in the right iliac fossa to enable use of a
laparoscopic stapler.

� The operation begins with laparoscopic assessment of the abdomen and the tumor
site. For ease of identification, it is preferable to mark the distal tumor margin pre-
operatively by colonoscopic tattooing. The patient is placed in a steep head-down
position with right-sided tilt, and the small bowel is deflected out of the pelvis and
to the patient’s right, away from the root of the inferior mesenteric vessels and duo-
denojejunal flexure. If necessary, the uterus can be retracted ventrally, out of the rec-
tal operating field, by either stapling of the round ligaments to the anterior abdom-
inal wall or by a trans-abdominal supra-pubic suture passed through the uterine
fundus.
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� The dissection should follow a pre-determined sequence. This usually involves:
i) medial-to-lateral dissection with high division of the inferior mesenteric vessels;
ii) retroperitoneal dissection of the left colon;
iii) release of the lateral peritoneal attachments and taken-down of the splenic flexure;
iv) rectal mobilization in the TME planes with autonomic nerve visualization and preser-

vation;
v) division of the distal rectum with a laparoscopic stapler;
vi) specimen retrieval and insertion of stapler head through a Pfannenstiel incision with

wound protection; and
vii) intra-corporeal colo-rectal anastomosis.
� The autonomic nerves are at risk during:
i) high vessel division as they run along the anterior surface of the aorta;
ii) the pelvic brim as the sympathetic nerves form the two pelvic nerve bundles;
iii) the lateral pelvic side walls where the sympathetic nerves intermingle with the

parasympathetic afferents to form the pelvic plexi; and
iv) the antero-lateral aspect of the rectum at the peritoneal reflection where they pass

to the external genitalia and bladder.
Particular care should be taken at all these points of dissection with prudent use of

diathermy.
� The left ureter is at risk during:
i) division of the inferior mesenteric vessels – the left ureter should be visualized and

deflected posteriorly prior to vessel division; and
ii) the pelvic brim, where it crosses the left iliac vessels and has a tendency to be tented

upwards during the retroperitoneal dissection.
� The splenic flexure may or may not need to be taken down, depending on the redun-
dancy of the sigmoid colon and the level of the colo-rectal anastomosis; much of the
required colonic length is obtained by high ligation of the inferior mesenteric vessels.
If splenic flexure mobilization is required, this may be aided by:
i) insertion of a swab to mark the flexure during retroperitoneal dissection of the left

colon;
ii) slight head-up and right-side down tilt on the operating table; and
iii) the operator assuming a position between the patient’s legs.
� Rectal dissection in a tight pelvis may be aided by:
i) the assistant providing retraction on the recto-sigmoid junction to lift the rectum

out of the pelvis;
ii) a sling placed around the upper rectum to facilitate assistant retraction;
iii) an expandable retracting device placed through a supra-pubic port to facilitate

anterior dissection.
� Any difficulty in accurately identifying the distal tumor margin can be resolved with
the use of a rigid sigmoidoscope to provide transillumination of the transection level,
which can be marked with a laparoscopic clip.

� Laparoscopic division of the distal rectum can be difficult in a tight pelvis and may
be accomplished through either a right iliac fossa or supra-pubic port. Multiple sta-
pler firings to transect the distal rectum should be avoided as it increases the risk of
anastomotic failure. If necessary, stapling and transection of the distal rectum can be
performed through the Pfannenstiel incision.
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Robotic rectal cancer surgery

Robotic-assistance, in the form of the da VinciTM Surgical System (Intuitive

Surgical, Sunnyvale, Ca, USA), was introduced into surgical practise in the

1990s, with the potential to extend the boundaries of laparoscopic surgery.

It consists of a surgical cart carrying 3 or 4 robotic arms to which the effec-

tors (instruments) are attached, a digital integration/insufflation stack, and

the surgeon’s operating console. The robotic system offers several technolog-

ical advantages that may overcome many of the difficulties of laparoscopic

surgery. It provides the surgeonwith a pseudo 3-dimensional immersive oper-

ating environment, intuitive operating without a fulcrum effect, a stable cam-

era platform, and articulating instruments with 7-degrees freedom of motion.

Originally developed for cardiac surgery, it soon found a niche in operations

that demanded surgical precision within a confined operating environment.

The first reported use of the da Vinci system for segmental colectomy per-

formed for diverticular disease was reported in 2001 by Weber et al. [14].

Since then, the da Vinci has been used inmany colorectal applications, includ-

ing right hemicolectomy [15], rectopexy [16], and transanal surgery [17],

although by far themost popular application has been in rectal cancer surgery.

The feasibility of robotics for rectal cancer resection was established by

Pigazzi et al. in a series of 6 low rectal cancers [18]. A subsequent follow-

up study, by the same authors, of 39 rectal cancers treated prospectively by

robotic-assisted resection, reported a zero rate of conversion with a mortality

of 0% and morbidity of 12.8% [19]. Table 8.2 documents the reported studies

of robotic-assisted rectal cancer surgery up to 2011. Themajority are small per-

sonal series with limited follow-up, but combined, they give the impression of

potential benefits in terms of low rates of conversion, and more importantly,

low rates of circumferential margin positivity. The only randomized trial

compared 18 patients assigned to robotic-assisted resection with 18 patients

assigned to standard laparoscopic resection [20]. No difference was observed

in the operative times, the conversion rates (2 laparoscopic, 0 robotic), or the

quality of mesorectal resection. The only difference was the length of hospi-

tal stay, whichwas significantly shorter following robotic-assisted laparoscopic

surgery (robotic-assisted: 6.9 ± 1.3 days; standard laparoscopic: 8.7 ± 1.3 days,

p < 0.001) and attributed to a reduction in surgical trauma. Whilst it is

accepted that these studies are very preliminary and may include a degree of

selection bias, they have also been performed on the learning curve for robotic

surgery. In addition to original reports, there has been one systematic review

of robotic-assisted rectal cancer surgery [21]. This included 7 studies and a

total of 353 robotic-assisted and 401 conventional laparoscopic rectal cancer
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Table 8.2 Published series of robotic-assisted rectal cancer surgery. Complication rates and

lengths of hospital stay are comparable to conventional laparoscopic surgery. Conversion

rates and rates of CRM involvement are lower than conventional laparoscopic surgery.

Operative time is increased.

Author (year) No.
Complication
rate (%)

Conversion
rate

Length
of stay
(days)

Operative
time
(mins)

CRM
positivity
(%)

Baik SH (2009) 56 5.4 0.0 5.7 190 7.1

Bianchi (2010) 25 16.0 0.0 6.5 240 0.0

Park (2010) 52 19.2 0.0 10.4 232 1.9

Patriti (2009) 29 30.6 0.0 11.9 202 0.0

Pigazzi (2010) 41 22.0 7.3 6.5 296 2.4

Choi GS (2010) 41 29.3 0.0 9.9 231 4.9

Pigazzi (2007) 39 12.8 2.6 4.0 285 0.0

Pigazzi, Luca (2010) 143 24.0 4.9 8.3 297 0.7

Kim SH (2009) 50 18.0 0.0 9.2 304 2.0

Prasad (2010) 51 22.0 3.9 6.5 350 0.0

Da Vinci 527 20.2 2.5 7.9 271 1.9

resections. Robotic surgery was associated with a significantly lower conver-

sion rate, but no difference was seen in complications, circumferential margin

involvement, distal resection margin, lymph node yield, or hospital stay.

The lack of good evidence to support robotic-assisted rectal cancer

surgery prompted the design and implementation of the MRC/EME/NIHR

ROLARR (Robotic versus Laparoscopic Rectal Cancer Resection) trial [22].

This pan-World randomized controlled trial aims to evaluate the technical

and oncological safety and efficacy, and cost-effectiveness of robotic-assisted

rectal cancer resection. Recruitment commenced in 2011 and short-term

outcomes are eagerly awaited in 2013.

TIPS AND TRICKS AND KEY PITFALLS

Robotic rectal cancer surgery
� Patient selection is the key to a successful robotic-assisted rectal cancer operation. If the
patient is suitable for laparoscopic rectal cancer resection, he/she will be suitable for a
robotic-assisted operation. Male patients, the obese, and those with locally advanced
cancers will be more likely to require conversion to open operation, although prelimi-
nary data suggests that this is less often the case than when similar patients undergo
conventional laparoscopic procedures.

� The patient should be correctly positioned on the operating table in a modified Lloyd-
Davies position and adequately supported on a bean-bag to allow for extremes of
table tilt.
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� Particular care is required in the positioning of ports, with consideration given to the
range of dissection required within the abdomen as well as the potential for external
collisions of the robotic arms. A combination of robotic and conventional laparoscopic
ports will be required. A minimum distance of ‘one-hand’s breadth’ is required to avoid
external collisions of the robotic arms.

� The operation begins with laparoscopic assessment of the abdomen and the tumor
site. For ease of identification, it is preferable to mark the distal tumor margin pre-
operatively by colonoscopic tattooing. The patient is placed in a head-down position
with right-sided tilt, and the small bowel deflected out of the pelvis and to the patient’s
right, away from the root of the inferior mesenteric vessels and the duodenojejunal
flexure.

� The operation can either be performed as either a hybrid or totally robotic procedure.
In the hybrid operation, the left colon, splenic flexure, and inferior mesenteric vessels
are dissected using standard laparoscopic technique, and then the robot is docked
between the patient’s legs for the rectal dissection. The totally robotic operation is
performed either with a single docking, or with docking/re-docking to facilitate the
colonic and rectal phases of the operation. It is the author’s preference to perform a
re-docking manoeuvre for the majority of cases, particularly in the larger patient. In
this scenario, the left colonic dissection and splenic flexure mobilization is performed
with the robotic cart approaching the patient from the left side and the robotic arms
docked to ports on the patient’s right-side (Figure 8.1A). For the rectal dissection, the
robot is de-docked and the operating table and patient rotated such that the robotic
cart approaches the patient from the left knee; the robotic cart remains in the same
position (Figure 8.1B). The robot is re-docked with the arms orientated for the pelvic
approach. To facilitate movement of the robotic arms, a ‘port-within-port’ technique
is used.

� Robotic-assisted rectal resection should follow the same pre-determined steps to those
described above for laparoscopic anterior resection.

� Identification and preservation of the left ureter and autonomic nerves is the same as
for conventional laparoscopic surgery.

� The technological advances of the robotic system enable novel techniques to be under-
taken that would otherwise be very difficult in conventional laparoscopy. Natural orifice
specimen extraction (NOSE) [23] has been advocated for mid- and low-rectal cancers,
whereby the distal rectum is transected with the EndowristTM robotic scissors below
the distal cancer margin to enable extraction of the specimen through a wound pro-
tector placed through the anus. The specimen is resected at the perineum end and
the stapler head secured in the colon with a proximal purse-string suture before being
returned to the abdominal cavity. The wound retractor is removed from the anal canal
and a distal purse-string suture placed with the use of the robot. A transanal dou-
ble purse-string, single stapled colo-rectal anastomosis is performed. The need for an
abdominal wound to retrieve the specimen is avoided, with potential benefits in terms
of postoperative discomfort. Alternatively, for low rectal cancers requiring abdomino-
perineal excision, division of the lateral and posterior pelvic floor can be performed
from the abdominal robotic approach, facilitating an easy completion of the extra-
levator excision from the perineum [24].
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(A) (B)

Figure 8.1 (A) Left colonic mobilization and taken-down of the splenic flexure is first

undertaken with the robot approaching the patient from the left side, with slight patient

head-down and right-sided tilt. (B) For the rectal dissection, the robot is de-docked and the

operating table and patient rotated such that the robotic cart approaches the patient’s left

knee. The robot is re-docked with the arms arranged in a pelvic orientation.

CASE STUDY

A 65-year-old male presents with a 6-week history of fresh rectal bleeding and increase
in bowel frequency, with a tendency to loose motions. Colonoscopy reveals a posteriorly
located tumor at 8 cm from the anal verge, which on biopsy turns out to be an adeno-
carcinoma. A CT scan shows no evidence of metastatic disease and an MRI scan stages
the cancer as a T3, N0 lesion with clear circumferential resection margins. The patient has
a history of controlled hypertension, but is otherwise fit and well. He has a Body Mass
Index of 35 kg/m2 and a right iliac fossa scar from a previous appendicectomy.

MULTIPLE-CHOICE QUESTIONS

1 When counselling the above patient for anterior resection, which of the following
statements are false?
A. The patient is suitable for anterior resection by either laparoscopic or robotic-

assisted approach.
B. The patient’s BMI of 35 kg/m2 does not increase the chance of conversion to an

open operation.
C. The fact that the patient is male increases his risk of conversion to open operation.
D. Previous appendicectomy will not increase the patient’s risk of conversion to open

operation.
E. A robotic-assisted operation is more likely to result in conversion to open

operation.
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2 The proven benefits of laparoscopic as compared to open rectal cancer surgery include:
A. A quicker resolution of postoperative ileus with return of bowel function.
B. Improved pelvic autonomic nerve visualization with better preservation of bladder

and sexual function.
C. A quicker recovery with shorter hospital stay.
D. Better oncological outcomes with improved disease-free and overall survival.
E. Increased cost-effectiveness due to shorter operating times.

3 When undertaking a robotic-assisted rectal cancer operation, one should always:
A. Place the patient in a steep head-down position with left-sided tilt.
B. Allow 3 fingers-breaths between robotic ports to minimize external collisions of

the robotic arms.
C. De-dock the robot if any change in patient position is planned.
D. Mobilize the splenic flexure using conventional laparoscopy.
E. Allow for more operating time as compared to conventional laparoscopy.
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CHAPTER 9

Surgery for anal cancer
John H. Scholefield
University Hospital, Nottingham, UK

KEY POINTS

� HPV is an aetiological factor in anal squamous cell carcinomas (SCC). Women with
previous gynaecological lesions on the cervix and vulva and the immunosuppressed
(transplant recipients and HIV patients) are at risk for AIN. These premalignant lesions
may be rapidly progressive in immunocompromised patients. (pen nib)

� The management of anal squamous carcinoma has changed dramatically in the last
few years. Chemradiation is the treatment of first choice for most lesions. (scalpel)

� Surgery may be the primary treatment modality for small perianal lesions that can be
locally excised. (pen nib)

� Melanoma of the anus is very rare and has a dismal prognosis, radical surgery,
chemotherapy, and radiotherapy are of little benefit. Local excision may provide useful
palliation. (pen nib)

Introduction

Anal cancer is rare, accounting for approximately 4% of large bowel malig-

nancies; however, there is some evidence that its incidence is increasing. Most

anal cancers arise from the squamous epithelium of the anal margin or anal

canal, although a few arise from anal glands and ducts.

The surgical literature on surgical treatment for anal cancer makes a dis-

tinction between the anal canal and perianal area, but these distinctions are

not precise. This distinction between anal verge and anal canal has become

less important as surgery plays a lesser role in treatment, but reports of surgi-

cal results from past decades are confused by this variation in definition.

Although anatomists see the anal canal as lying between the dentate line

and the anal verge, surgically it is defined as lying between the anorectal ring
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and the anal verge. For pathologists, the canal has been defined as correspond-

ing to the longitudinal extent of the internal anal sphincter. The canal above

the dentate line is lined by rectal mucosa, except for a small zone immediately

above the line called the transitional or junctional zone. Inferiorly, the canal

is covered by stratified squamous epithelium. Further confusion relates to the

definition of the anal canal and anal margin as sites for cancer. The anal mar-

gin is variously described as the visible area external to the anal verge, or as

the area below the dentate line.

Over 80% of anal cancers are of squamous origin, arising from the squa-

mous epithelium of the anal canal and perianal area; 10% are adenocar-

cinomas arising from the glandular mucosa of the upper anal canal, the

anal glands, and ducts. A very rare and particularly malignant tumor is anal

melanoma. Lymphomas and sarcomas of the anus are even less common but

have increased in incidence in recent years, particularly among patients with

human immunodeficiency virus (HIV) infection. There has also been a rise in

the incidence of other anal epidermoid tumors among patients with HIV.

Most of what follows relates to the treatment of anal squamous cancers,

which comprise the largest part of the surgical treatment of this condition.

Aetiology and pathogenesis

Anal squamous cell carcinomas are relatively uncommon tumors; there are

between 300 and 400 new cases per year in England and Wales. Based on

these figures, each consultant general surgeon might expect to see one anal

carcinoma every 2–3 years. Anal cancers are probably under-reported, since

some anal canal tumors are misclassified as rectal tumors and some perianal

tumors as squamous carcinomas of skin.

The increasing incidence of HIV infection has resulted in a rise in the inci-

dence of anal cancer, particularly in areas such as San Francisco, with a large

homosexual population, seeing a dramatic increase. A recent study from Den-

mark has reported a doubling in the incidence of anal cancer over the last 10

years, particularly in women [1]. No other countries have reported similar

increases to date, but the Cancer Registry data in Denmark are renowned for

their remarkable accuracy and completeness.

Epidemiological and molecular biological data have shown an associa-

tion between a sexually transmissible agent and female genital cancer [2].

Human papillomavirus (HPV) type 16 and less commonly types 18, 31, and

33 DNA have been identified in approximately 80% anal squamous cell

carcinomas [3].
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HPVs, which are DNA viruses, comprise more than 60 types capable of

causing a wide variety of lesions on squamous epithelium. Commonwarts can

be found on the hands and feet of children and young adults, and are caused

by the relatively infectious HPV types 1 and 2. Anogenital papillomaviruses

are less infective than types 1 and 2 and are exclusively sexually transmissible.

The epidemiology of genital papillomavirus infection is poorly understood,

largely due to the social and moral taboos surrounding sexually transmissible

infections. Anogenital papillomavirus-associated lesions range from condylo-

mas through intraepithelial neoplasia to invasive carcinoma. Although HPV

is probably important in the pathogenesis of anal cancer, other carcinogens

probably play a role too – there is evidence that other co-carcinogens may

be metabolites from cigarette smoke, and other sexually transmissible agents

such as Herpes Simplex and Chlamydia. The host response to these agents

is also important in the pathogenesis of the disease – such that immuno-

suppressed individuals such as transplant recipients and those on systemic

immunosuppressive such as steroids azothiaprine are at increased risk of

anal cancer.

Once one area of the anogenital epithelium is infected, spread of papillo-

mavirus infection throughout the rest of the anogenital area probably follows,

but remains occult in the majority of individuals. Therefore the commonly

held belief that anal cancer occurs only in individuals who practise anal inter-

course is unfounded. This myth is often a source of great anxiety to hetero-

sexual patients who develop anal cancer.

Premalignant lesions

Anal and genital papillomavirus-associated lesions may be identified clinically

either by naked eye inspection or more usually with an operating micro-

scope (colposcope) and the application of acetic acid to the epithelium, result-

ing in an ‘aceto-white’ lesion. Colposcopy of the anus (sometimes referred

to as ‘anoscopy’) may suggest the degree of dysplasia and permits targeted

biopsy of a lesion, but histological examination remains the diagnostic stan-

dard. Although the natural history of cervical papillomavirus infection and

intraepithelial neoplasia is reasonably well understood, the same is not true

for anal lesions, probably because they have been diagnosed only over the

last 15–20 years. Consequently, the natural history and malignant potential

of anal intraepithelial neoplasia are both uncertain.

Anogenital intraepithelial neoplasia of the cervix (CIN), vulva (VIN),

vagina (VAIN), and anus (AIN) is graded from I to III, according to the



166 Colorectal cancer

number of thirds of epithelial depth that appear dysplastic on histological sec-

tion. Thus in grade III the cells of the whole thickness of the epithelium appear

dysplastic, being synonymous with carcinoma in situ.

High-grade anal intraepithelial lesions may be characterized by hyperk-

eratosis or changes in the pigmentation of the epithelium. Thus carcinoma

in situ may appear white, red, or brown, the pigmentation commonly being

irregular. The lesions may be flat or raised; but ulceration is suggestive of inva-

sive disease. It is important that any suspicious area is biopsied and examined

histologically. The terms ‘Bowen’s disease of the anus’ and ‘leukoplakia’ are

best avoided as they are confusing and convey no specific information, the

malignant potential of both being uncertain.

At present, multifocal genital intraepithelial neoplasia represents a diffi-

cult clinical problem, which may be further complicated by the occurrence of

synchronous or metachronous AIN [4]. The management of these patients is

uncertain, as the natural history of these lesions remains poorly understood.

Histological types

Included within the category of epidermoid tumors are squamous cell, basa-

loid (or cloacogenic) carcinomas, andmuco-epidermoid cancers. The different

morphological types of anal cancer do not appear to have different prognoses.

Tumors arising at the anal margin tend to be well differentiated and keratiniz-

ing, whereas those arising in the canal are more commonly poorly differen-

tiated. Basaloid tumors arise in the transitional zone around the dentate line

and form 30–50% of all anal canal tumors.

Patterns of spread

Anal canal cancer spreads locally, mainly in a cephalad direction, so that the

tumor may appear to have arisen in the rectum. The tumor also spreads

outwards into the anal sphincters and into the rectovaginal septum, per-

ineal body, scrotum, or vagina in more advanced cases (Figure 9.1). Lymph

node metastases occur frequently, especially in tumors of the anal canal.

Spread occurs initially to the perirectal group of nodes and thereafter to

inguinal, haemorrhoidal, and lateral pelvic lymph nodes. The frequency of

nodal involvement is related to the size of the primary tumor together with

its depth of penetration. Approximately 14% of patients will present with

inguinal lymph node involvement, but this rises to approximately 30% when
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Figure 9.1 Locally advanced anal cancer involving the anal canal, perianal skin, perineal

skin, and base of scrotum. Treatment with chemoradiation failed to control the disease and

the patient underwent a salvage abdominoperineal excision.

the primary tumor is greater than 5 cm in diameter. Only 50% of patients with

enlarged nodes at presentation will subsequently be shown to contain tumor.

Synchronously involved nodes carry a particularly poor prognosis, whereas

when metachronous spread develops the salvage rate is much higher.

Haematogenous spread tends to occur late and is usually associated with

advanced local disease. The principal sites of metastases are the liver, lung,

and bones. However, metastases have been described in the kidneys, adrenals,

and brain.

Clinical presentation

The predominant symptoms of epidermoid anal cancer are pain and bleeding,

which are present in about 50% of cases. The presence of a mass is noted by

a minority of patients, around 25%. Pruritus and discharge occur in a similar

proportion. Advanced tumors may involve the sphincter mechanism, causing

faecal incontinence. Invasion of the posterior vaginal wall may cause a fistula.

Cancer of the anal margin usually has the appearance of a malignant ulcer,

with a raised, everted, indurated edge. Lesions within the canal may not be
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visible, though extensive lesions spread to the anal verge, or can extend via

the ischiorectal fossa to the skin of the buttock. Digital examination of the

anal canal is usually painful, and may reveal the distortion produced by the

tumor. Since anal cancer tends to spread upwards, there may be involve-

ment of the distal rectum, perhaps giving the impression that the lesion has

arisen there. Involvement of the perirectal lymph nodes may be palpable

on digital examination, rather more than may be apparent in disseminat-

ing rectal cancer. If the tumor has extended into the sphincter muscles, the

characteristic induration of a spreading malignancy may be felt around the

anal canal.

Although up to one-third of patients will have inguinal lymph nodes that

are enlarged, biopsy will confirm metastatic spread in only 50% of these; the

rest are due to secondary infection. Biopsy or fine needle aspiration is rec-

ommended by many to confirm involvement of the groin nodes if radical

block dissection is contemplated. Distant spread is unusual in anal cancer, so

hepatomegaly, though it must be looked for, is very uncommon. Frequently,

other benign perianal conditions will exist in association with anal cancer,

such as fistulas, condylomas, or leukoplakia.

Investigation

The most important investigation in the management of anal cancer is exam-

ination under anaesthetic, which permits optimum assessment of the tumor

in terms of size, involvement of adjacent structures, and nodal involvement,

and also provides the best opportunity to obtain a biopsy for histological

confirmation. Sigmoidoscopic examination is probably best performed at this

examination.

Clinical staging

No one system of staging for anal tumors has been adopted universally. How-

ever, that of the UICC is the most widely used. For anal canal lesions, this

system has been criticised as it has required assessment of involvement of the

external sphincter. To overcome this, a system has been suggested by Papillon

et al. [5] as follows:
� T1 <2 cm;
� T2 2–4 cm;
� T3 >4 cm, mobile;
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� T4a invading vaginal mucosa;
� T4b extension into structures other than skin, rectal, or vaginal mucosa.

In recent years, magnetic resonance imaging (MRI) has taken over from

endo anal ultrasound in staging these lesions. MRI is better than endo anal

ultrasound, providing information on spread beyond the anal canal.

Serum tumor markers are unhelpful as they do not provide reliable infor-

mation.

Treatment

Historical
Traditionally, anal cancer has been seen as a ‘surgical’ disease. Anal canal

tumors were treated by radical abdominoperineal excision and colostomy,

whereas anal margin lesions were treated by local excision. Over the past

decade, non-surgical radical treatments, such as radiotherapy with or with-

out chemotherapy, have taken over as primary treatments of choice in

most cases.

Overall, the results of surgery for anal cancer are disappointing for what

is essentially a locoregional disease. For decades, radical abdominoperineal

excision of the rectum and anus was the preferred method of treatment at

most centers around the world.

Abdominoperineal excision for anal canal cancer differs little from the pro-

cedure used for rectal cancer, but particular care is taken to clear the space

below the pelvic floor. Around 20% of cases are incurable surgically at presen-

tation. Results published since the mid-1980s reporting series collected over

the previous several decades have varied widely in their survival outcome, but

on average the 5-year survival has been around 55–60%. Most post-surgical

relapses occur locoregionally.

Around 75% of cancers at the anal margin have been treated in the past

by local excision. The rationale for this was based on the perception that mar-

gin lesions rarely metastasise, though this has not always been confirmed by

prolonged follow-up. It may be postulated that disappointing 5-year survival

rates (∼50–70%) might have been better if radical surgery had been applied

more frequently.

Current
Chemoradiation therapy (combined modality therapy)
Combined modality therapy for anal cancer was championed by Norman

Nigro, who chose to use 5-fluorouracil (5FU) and mitomycin C empirically as
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a preoperative regimen aimed at improving the results of radical surgery [6].

It was evident to Nigro that this regime led to dramatic tumor shrinkage: in

his 1974 publication, the tumor was reported to have disappeared completely

in all three patients. No tumor was found in the surgical specimen in both

of the patients who underwent abdominoperineal excision; the third refused

surgery. As he became more confident, Nigro no longer routinely pressed his

patients to undergo radical surgery, initially confining himself to excising the

site of the primary tumor after combined modality therapy. Later, he dropped

even this relatively minor surgical step if the primary site looked and felt nor-

mal after treatment [7].

The most recent data on combined modality therapy from the UK Coordi-

nating Committee on Cancer Research compared chemoradiation with radio-

therapy alone in a randomized multicenter study [8]. This study random-

ized 585 patients, making it the largest single trial in anal cancer. This trial

showed that combined modality therapy gave superior local control of disease

compared with radiotherapy alone. Only 36% of patients receiving combined

therapy had ‘local failure’ comparedwith 59%of those receiving radiotherapy

alone. Although there was no significant overall survival advantage for either

treatment regimen, the risk of death from anal cancer was significantly less

in the group receiving combined modality therapy (Figure 9.2). As a result
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Figure 9.2 (A) Deaths from anal cancer. Number of events: radiotherapy 105, combined

modality therapy (CMT) 77 (RR = 0.71, 95% CI 0.53–0.95, P = 0.02) [8] Figure 5, with

permission. Number at risk = number alive. (B) UKCCCR Anal Cancer trial: risk of local

failure (T1–2 and N0) [10]. Reproduced with permission of Elsevier.
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of this trial, it seems that the standard treatment for anal squamous carci-

noma should be a combination of radiotherapy and intravenous 5FU with

mitomycin, which remains the gold standard [9].

Mitomycin causes much of the toxicity of chemoradiation (particularly a

problem in elderly patients) and thus trials of the use of cisplatin as an alterna-

tive to mitomycin have been performed (RTOG, 2006). This trial randomized

652 patients but showed that cisplatin had no advantage over mitomycin and

may be inferior. The search for the optimal regimen goes on.

Complications of chemoradiation for anal carcinoma include diarrhoea,

mucositis, myelosuppression, skin erythema, and desquamation. Late com-

plications include anal stenosis and fistula formation. HIV patients with anal

epidermoid cancers are probably best treated with chemoradiation, but have

increased toxicity [11].

The role of surgery today
Although surgeons no longer play the central therapeutic role, they never-

theless have important contributions to make.

Initial diagnosis
Most patients present to surgeons, who are best suited to perform examination

under anaesthesia to confirm diagnosis and assess local extent.

Lesions at the anal margin
Small lesions at the anal margin may still best be treated by local excision

alone, obviating the need for protracted courses of non-surgical therapy. There

is some evidence that the risk of regional lymph node metastasis is not related

to primary tumor size, which may explain the disappointing results some-

times reported after local excision. This conflicts with the view that tumor

size is related to stage, which explains the excellent results of local excision in

small tumors.

Treatment of complications and disease relapse
Surgeons retain an important role in the treatment of anal cancer after fail-

ure of primary non-surgical therapy, either early or late. Four situations may

require surgery after primary non-surgical treatment: residual tumor, com-

plications of treatment, incontinence, or fistula after tumor resolution, and

subsequent tumor recurrence:

1 The appearance of the primary site is often misleading after radiother-

apy. In most patients complete remission is indicated by the tumor disap-

pearing completely. In some, however, an ulcer may remain, occasionally
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looking like an unchanged primary tumor. Only generous biopsywill reveal

whether the residual ulcer contains tumor or consists merely of inflamma-

tory tissue. Histological proof of residual disease is essential before radical

surgery is recommended to the patient. For patients with proven residual

disease, a salvage abdominoperineal resection may be the only option. In

fit patients with extensive pelvic disease extending around the vagina or

bladder, pelvic exenterationmay need to be considered. This type of surgery

carries a highmorbidity with impaired wound healing due to the radiother-

apy. A primary reconstruction of the perineal area using a myocutaneous

flap is strongly recommended in these cases.

2 Complications of non-surgical treatment for anal cancer do occur in a

proportion of patients, including radionecrosis, fistula, and incontinence.

Severe anal pain due to radio-necrosis of the anal lining may necessi-

tate either a colostomy, in the hope that the lesion may heal after faecal

diversion, or radical anorectal excision with a flap used to reconstruct the

perineum.

3 Occasionally, a tumor is so locally extensive that the patient will be ren-

dered incontinent as a consequence of primary tumor shrinkage. Although

rectovaginal fistulamay be amenable to repair, sphincter damage is unlikely

to improve with local surgery, necessitating abdominoperineal excision of

the anorectum. Abdominoperineal excision of the rectum under these cir-

cumstances is usually best undertaken in conjunction with a rectus abdo-

minis myocutaneous flap to aid perineal wound healing.

4 In the case of recurrent disease developing after initial resolution, biopsy is

mandatory prior to surgical intervention. These biopsies need to be of rea-

sonable size, number, and depth, as the histological appearances following

radiotherapy can make histopathological interpretation difficult. If high-

dose radiotherapy was used for primary treatment, further non-surgical

therapy for recurrence is usually contraindicated, making radical surgical

removal necessary.

Inguinal metastases
Inguinal lymph nodes are enlarged in 10–25% of patients with anal cancers.

Although inguinal lymph node involvement may be treated by radiother-

apy, some argue in favor of surgery; however, histological confirmation is

advisable before radical groin dissection, as up to 50% of cases of inguinal

lymphadenopathy may be due to inflammation alone. Enlargement of groin

nodes some time after primary therapy is most likely due to recurrent tumor;
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radical groin dissection is indicated in this situation, with up to 50% 5-year

survival.

Treatment of intraepithelial neoplasia

HPV infection of the anogenital area is very common, and it is reported that

over 70% of sexually active adults have at some time had occult or overt

genital HPV infection. In most individuals the infection remains occult, but

in a minority the infection manifests itself as either condylomas or intraep-

ithelial neoplasia. As with other viral infections, it is impossible to erad-

icate HPV infection by surgical excision; for this reason, surgical excision

of condylomas is effectively performed more for relief of symptoms and

cosmesis.

Similarly, the natural history of low-grade AIN (I and II) is relatively

benign and therefore a policy of observation alone is adequate. This is likely

to be particularly advisable when large areas of the anogenital epithelium are

affected. However, for high-grade AIN (III), the advice is more circumspect, as

we do not know the natural history of this condition. If the area of AIN III is

small, it is probably prudent to excise it locally and then to observe the patient

at regular intervals for a number of years. If the area of AIN III is too large for

local excision without risk of anal stenosis, then a careful observational policy

with 6-monthly review may be an option.

Aggressive surgical excision of the whole perianal skin and anal canal and

resurfacing with split skin with a defunctioning colostomy has been used to

treat wide areas of AIN III. This sort of surgery necessitatesmultiple procedures

and carries significant morbidity, which for a condition of uncertainmalignant

potential may make the treatment worse than the disease.

The use of immunomodulators in AIN has been investigated as a potential

therapeutic option. While some authors report encouraging results, these are

all small studies of short duration. Photodynamic therapy using topical pho-

tosensitizers may be useful, but experience is currently very limited. All these

treatments are painful and this often limits their use.

Rarer tumors

Adenocarcinoma
Adenocarcinoma in the anal canal is usually a very low rectal cancer that has

spread downwards to involve the canal; however, true adenocarcinoma of



174 Colorectal cancer

the anal canal does occur, probably arising from the anal glands which arise

around the dentate line and pass radially outwards into the sphincter muscles.

This is a very rare tumor, quite radiosensitive, and is increasingly being treated

by chemoradiation.

Malignant melanoma
Malignant melanoma is another very rare tumor, accounting for just 1% of

anal canal malignant tumors. The lesion may mimic a thrombosed external

pile due to its color, although amelanotic tumors also occur. Anal melanomas

have a dismal prognosis, the literature suggests a median survival of around

18 months after diagnosis and only 10–20% 5 year survival. All treatment

options appear to be equally unsuccessful and liver and lung metastases

are common. As the chances of cure are minimal, radical surgery as pri-

mary treatment should be abandoned, but local excision may provide useful

palliation [12].

TIPS AND TRICKS

1 Prophylactic antibiotics given with the chemotherapy help to reduce the risk of sys-
temic sepsis caused by chemotherapy in elderly, or frail patients with anal SCC.

2 Local excision of small anal margin squamous carcinomas is an effective treatment
with low recurrence rates, provided the margins of resection are clear of tumor.

CASE STUDY

A 67-year-old lady presented with an increasingly symptomatic anal fistula on a back-
ground of Crohn’s disease for 20 years. The fistula had been present for around 10 years
and treated with a long-term loose seton. In the last 6 months, the fistula had started
to discharge more pus and blood. An MRI scan showed an area of high signal and a
complex supra lavator abscess with a trans-sphincteric tract. The fistula was treated by
further drainage on 3 occasions over the next 6 months and although some tissue was
excised, none was sent for histopathological examination. Finally, at a third examination
under anaesthesia, some of the discharge appeared to contain necrotic tissue which was
sent for histopathological examination. This showed anal SCC, a staging CT showed that
the supralevator collection had grown and was probably tumor, and there were also mul-
tiple liver and para aortic nodal metastases. Unfortunately, despite chemoradiotherapy,
the patient died 2 years later of metastatic disease.

Note: A high index of suspicion is required to diagnose anal cancer, any excised tissue
should be sent for histopathological examination.
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MULTIPLE CHOICE QUESTIONS

1 Basaloid anal cancers are a subtype of which type of anal cancer?
A. Adenocarcinoma
B. Squamous cell carcinoma
C. Melanoma
D. Bushke-Lowenstien tumor

2 Risk factors for progression of anal intra-epithelial neoplasia include:
A. Smoking
B. Genital Herpes
C. Transplant recipients
D. Prolonged steroid therapy

3 Chemoradiotherapy for anal squamous carcinomas may be associated with the fol-
lowing late complications:
A. Recto vaginal fistula
B. Fracture of the pubic rami
C. Recurrent rectal bleeding
D. Lymphoedema
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KEY POINTS

� Stage III colorectal cancer survival rates can be improved with cytotoxic chemotherapy
with 5-Flurouracil (FU)/Leucovorin (LEU) or Capecitabine (CAP) and oxaliplatin (OX);
irinotecan (IR), and addition of bevacuzimab (BEV) and cetuximab (CTX) were failures
in the adjuvant setting.

� Patients over the age of 70 require careful drug selection; benefit from addition of
OX to FU or CAP is questionable and toxicity is increased.

� Stage II patients overall have only a 4% benefit from adjuvant therapy and should be
selected for treatment based on clinical and pathological prognostic features.

� The 15% of colon cancers with DNA Mismatch Repair Defects/Microsatellite Instabil-
ity (MSI) have an improved prognosis. MSI Stage II patients should probably not be
treated; our interpretation of the data is that Stage III patients can potentially benefit
from both FU/LEU and FU/LEU/OX.

� Tumor gene expression signature testing is commercially available to aid in determin-
ing prognosis, but its inability to predict benefits from chemotherapy limits its clinical
applicability.

� Molecular profiling of tumors and rational therapies targeting predictive subtypes will
ultimately replace the all-inclusive trial.

� Enhanced understanding of the relationship between host factors and the tumor,
particularly immune parameters, will provide new therapeutic opportunities.

CASE STUDIES

Stage II – A young woman in the setting of ulcerative colitis

A 32-year-old woman with a 10-year history of well controlled ulcerative colitis was found
to have high grade dysplasia on biopsy of a high rectal/sigmoid abnormality during a
routine surveillance endoscopy. Endoscopic ultrasound staged the lesion as uT2N0. CT
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of the chest, abdomen, and pelvis showed no additional disease and the patient pro-
ceeded to colectomy with permanent ostomy. Pathology revealed a T3N0 adenocarci-
noma with 16 lymph nodes examined, microsatellite stable (MSS), KRAS, and BRAF genes
both non-mutated. Oncotype testing was performed to clarify the benefit of adjuvant
chemotherapy; the patient was ambivalent after considering risks and benefits. When the
Recurrence Score returned in the high risk category at 55, she decided to proceed with
adjuvant chemotherapy and was treated with CAP.

Stage III – An elderly woman with partial obstruction

A 72-year-old woman was admitted to the hospital after presenting to the emergency
room with constipation. A partially obstructing sigmoid colon adenocarcinoma was
stented to facilitate discharge and preoperative evaluation. Her medical history included
osteoporosis and rehabilitation for a recent hip fracture. Definitive surgery was deferred
for a course of parenteral nutrition to improve her nutrition and she required evalua-
tion and management for a persistent sinus tachycardia. She eventually underwent a
scheduled laparoscopic anterior resection of a 13 cm moderately differentiated adeno-
carcinoma. The tumor was ulcerated and necrotic with perineural invasion. It extended
through the muscularis propria into the pericolonic adipose tissue and involved 1 of 33
lymph nodes (pT3N1a). Tumor markers included MSS and KRAS mutated. The patient
was treated with 6 months of FU/LEU.

TIPS AND TRICKS / KEY PITFALLS

� Primary prognostic factors are histology (signet ring/mucinous worse), depth of
tumor penetration and invasion (T stage, obstruction, local perforation), extent of
nodal involvement (N stage) and number of nodes harvested, grade (high vs. low).
Microsatellite status (MSI better than MSS), but to date no other acquired genetic
features, has correlated with prognosis. This will certainly change as tumor genome
analysis becomes a common feature of ongoing clinical trials.

� Data supports a similar benefit of adjuvant FU/LEU for the half of all colon cancer
patients over the age of 70 as for younger patients. Individual prognostic factors,
comorbidities (and their impact on survival), and a general geriatric assessment should
govern the use of chemotherapy. The addition of OX to FU or CAP is of questionable
benefit in the elderly, but can be considered in the high risk, fit patient.

� Tumor gene expression testing can provide additional prognostic information and may
be of use in both Stage II and III colon cancer patients, where further individual assess-
ment of recurrence risk will affect the decision for treatment or not. Gene expression
data has, disappointingly, not been predictive of benefit from chemotherapy.

Adjuvant therapy proves effective

Prior to 1990, despite several decades of effort, convincing evidence for bene-

fits of adjuvant chemotherapy for colorectal cancer was lacking. Initial efforts

involved perioperative use of short courses of both intraluminal and systemic
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chemotherapy (thiotepa, flurodeoxyuridine, and FU), with the intention of

limiting spread of cancer cells occurring at the time of surgery. As early as

1971, a report comparing controls to a 5-day course of FU given 14 days

after surgery showed no benefit. With the realization that recurrence was

more related to occult metastatic disease present at the time of surgery than

spread by the surgeon, and that a prolonged treatment course was neces-

sary to eradicate disease, more rational controlled trials using FU for up to

18months were conducted but again failed to show benefit. Trials with combi-

nations (FU and the alkylataing agent 1-(2chlorethyl-3-4 mehtylcyclohexyl)-

1-nitrosourea(Me-ccnu)) proved no more efficacious, and for a while the

focus, based on animal data, switched to boosting the immune system. In

the absence of specific immunotherapy, clinical trials employed non-specific

stimulants such as Bacillus Calmette Guerin (BCG), Corynebacterium parvum,

and an antihelminthic with immunostimulatory properties, levamisole (LV).

Trials of immune stimulants, both alone and in combination with chemother-

apy, were designed in the late 1970s in the continuing search for an effec-

tive approach, although the lack of information regarding the combination of

immune and cytotoxic therapy was recognized as a concern [1].

A review article published in 1988 on adjuvant therapy of colorectal can-

cer by Buyse et al. was subtitled: ‘Why We Still Don’t Know’. The authors

attempted a meta-analysis of 27 controlled trials reported at that time exam-

ining radiation, chemotherapy, and immunotherapy in the adjuvant setting.

They concluded that although retrospective subsets showed the best bene-

fits – a 17% reduction in death and overall 3.4% higher survival at 5 years –

in those receiving at least a year of 5-FU, there was no convincing evidence

of benefit from the lumped chemotherapy trials (6791 patients, 3384 deaths)

[2]. Further data was not long in coming.

In early 1990, Moertel et al. reported on 1296 patients randomized for

observation, LV for 3 days every 2 weeks for 1 year, or LV plus FU given for

5 consecutive days monthly for 12 cycles [3]. The results were striking, with

a highly significant 33% reduction in death rate and 41% reduction in rate

of recurrence in node positive, Stage C disease. The absolute improvement in

survival was about 10%. LV, an antihelminthic drug, had been chosen for its

immunostimulatory properties [4] based on a preliminary trial [5]; alone it

showed no benefit with a survival curve matching observation. Other trials

had confirmed the lack of efficacy of single agent LV and the authors admit-

ted some welcome surprise that this study had proven so positive and strug-

gled to explain the role, if any, of LV. Tests for synergy between LV and FU at

physiological doses were negative in vitro [6], although high doses did demon-

strate an effect possibly mediated by inhibition of tyrosine phosphatases
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[7] – a mechanismwhich would impact onmany cellular functions. This com-

bination may be particularly immunogenic or there is a cryptic in vivo phar-

macodynamic synergy leading to more effective tumor cell kill by FU. A trial

of high dose versus standard dose LV in combination with FU was reported

16 years after the initial report [8]; there was no additional benefit to increas-

ing the LV dose. However, interest rapidly faded in LV, as LEU-modulated FU

regimens and combination cytotoxics entered the adjuvant arena.

In the early 1980s, attempts to improve the efficacy of FU cytotoxicity

led to the discovery that increased intracellular reduced folates improved the

binding of FUmetabolites to their ultimate target, thymidylate synthase. Clin-

ical trials in metastatic disease showed a 2–3-fold increased response rate with

a combination of FU and LEU [9]. NSABP C-04 compared FU/LEU to FU/LV

and FU/LV/LEU [10]. There was a significant 5% improvement in disease-free

survival (DFS) and a marginal improvement in overall survival (OS), favor-

ing FU/LEU versus 5FU/LV with no additional benefit to FU/LEU/LV. Similar

results were seen in Intergroup 0089, which examined 2 different doses of

LEU in combination with FU given for either 6 or 12 months [11]. A third

arm added LV to the low dose LEU arm and the control arm was FU/LV. At

10 years of follow-up, there was no significant DFS or OS difference amongst

the four arms. Based on these and other studies [12], LEU modulated FU

became the standard adjuvant approach. The various schedules of FU admin-

istration remained an area of interest, but ultimately no significant difference

in survival between daily times 5 monthly, weekly, continuous infusion [13]

(although treatment could be abbreviated to 12 weeks with results equal to

24 weeks of bolus [14]) or fortnightly bolus with 48-hour infusion (FU2/LEU)

could be demonstrated [15]; the last, as the least toxic and with an improved

response rate, was adopted in further combination trials in Europe. QUASAR,

a 5000 patient community based trial enrolling Stage II and III patients, was

reported in 2000, showing no benefit from additional LV added to two dif-

ferent FU/LEU regimens [16]. CAP, an oral fluoropyrimidine, was equivalent

to intravenous FU/LEU in a trial randomizing close to 2000 patients [17]. It

had a favorable adverse event profile and offered a convenient alternative to

infusional FU/LEU programs.

The combination OX/FU/LEU proved effective in FU/LEU-refractory

metastatic patients [18]. In 2004, the MOSAIC trial reported a comparison

of FU/LEU to OX/FU/LEU(FOLFOX), demonstrating a significant 6% (DFS

and 4% OS benefit for Stage III patients on FOLFOX [19;20]; OS for the Stage

II patients was the same in both arms. Addition of OX added to the weekly

FU/LEU schedule (FLOX) was examined in NSABP C-07, reported in 2007

[21], and updated in 2011 [22] – subset analysis showed no benefit to OX
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addition in patients over the age of 70 (themedian age at diagnosis). Although

the overall trial did not show an OS benefit to addition of oxaliplatin, this was

statistically significant in the under-70 sub-set. The benefit of adding OX is

clear, the DFS benefit is statistically significant in the largest trials, and OS

is improved (a conclusion supported by SEER data), but given the increased

toxicity and diminished benefits in the elderly, age and comorbidities should

figure in the treatment decision. Trials comparing OX added to CAP(XELOX)

demonstrated incremental benefits similar to FLOX and FOLFOX when com-

pared to FU/LEU [23], providing a third option. Although there are no head-

to-head comparisons of these regimens, the outcomes are similar; they differ

with respect to toxicity profile (more GI toxicity with FLOX) and convenience

of administration.

FOLFOX and FLOX proved effective, providing about one-third again the

benefit to survival as 5FU/LV. The same was not true for irinotecan (IR), a

drug equally effective against metastatic disease as OX. Three trials examining

addition of IR to a FU/LEU regimen with a total of close to 4000 patients were

unanimously negative. With the approval of BEV, an anti-vascular growth

factor (VEGF) antibody, and CTX, an anti-epidermal growth factor (EGFR)

antibody, in metastatic colon cancer, these drugs were quickly moved into

the adjuvant setting with great expectations.

First-generation biologics: Bevacuzimab and
Cetuximab ineffective

NSABP C-08 compared FOLFOX6 for 6 months with or without BEV, for 12

months in Stage II and III colon cancer patients. The study failed to meet

its goal of improved DFS at 3 years [24]. Interestingly, results at 15 months

favored the BEV arm, leading to the speculation that BEV may transiently

suppress cancer cells or render them less detectable, or its cessation may fig-

ure in the observed rebound of the tumor. The AVANT trial [25], adding 48

weeks of BEV to XELOX or FOLFOX4, showed similar results. A subset analy-

sis failed to demonstrate any group by age, sex, ethnicity, or nodal status that

benefited from BEV addition. The strength of the data to date has led to the

abandonment of trials of BEV in the adjuvant setting, unless biomarkers or

subsets that predict benefit can be identified.

An antibody targeting an EGFR receptor, Her2, has validated the con-

cept of targeting growth factors in the adjuvant breast cancer setting; similar

expectations for CTX in colon cancer were not realized. Despite the identifi-

cation of mutated KRAS as a predictor of no benefit from CTX, in metastatic
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Figure 10.1 Adjuvant chemotherapy benefits (author’s interpretation of published

studies).

disease [26], which allows elimination of non-responders, there is no evidence

that EGFR is a driver for colorectal cancer in the same way that Her2 amplifi-

cation drives breast cancer. Two trials were initiated in 2004/5 to examine the

addition of CTX to mFOLFOX-6, N0147 [27], or FOLFOX-4, PETACC8 [28].

With the subsequent knowledge that only patients with non-mutated KRAS

or BRAF benefited from CTX in the metastatic setting, entry was restricted

to this genotype. Consistent with the increased toxicity of CTX, only half the

patients over the age of 70 were able to complete chemotherapy plus CTX ver-

sus close to 80% in this age group on chemotherapy alone – there was also a

trend to worse outcomes in this age group.

As illustrated in Figure 10.1, the largest reduction in risk of recurrence was

achieved with the initial trials of modulated FU with a second, lesser, gain

achieved with the addition of OX. The last 10 years have seen no significant

progress in the benefits of adjuvant therapy for colorectal cancer, although

we have a better understanding of selection criteria and a bank of tumors

correlated with clinical outcomes for assessment of new knowledge to identify

more effective therapies.

Patient age, pathological features, and biomarkers
for treatment selection

The median age for patients with colorectal cancer is 70 and the ability of a

major portion of this population to tolerate and benefit from chemotherapy

has long been a concern. In 2001, a pooled analysis of over 3000 patients over
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70 from 7 randomized phase III FU-based trials was reported. Toxicity in this

age group was similar to younger patients, except for an increased risk of leu-

copenia [29]. A similar benefit from therapy was seen regardless of age. Age

was also examined as a factor in benefit in the MOSAIC [20] and NSABP C-

07 [22] trials. Approximately one-third of the patients in MOSAIC were over

the age of 65 and demonstrated equivalent OS with or without OX. It seems

unlikely that the biology of colon cancer is dramatically different in the older

patient; fewer elderly patients enrolled in trials, competing causes of death

due to co-morbidities, and abbreviated or delayed treatments due to toxicity

seemmore likely causes for the inferior outcome [30]. The data from FU trials

and SEER data would favor not excluding the elderly from the most effective

therapy; however, individual assessment and patient involvement is neces-

sary. Adjuvant! (adjuvantonline.com) is a useful online tool using pathological

criteria for graphic depiction of individualized recurrence risk and benefit of

therapy; it has been clinically validated [31] and incorporates age and comor-

bidities which can be helpful in deliberations with the elderly. Included Help

files, which review the various regimens and their toxicities in tabular form,

can also aid with individualization of treatment choice.

The benefit of adjuvant chemotherapy in Stage II disease was difficult to

document due to the overall good prognosis of this stage, requiring large num-

bers to achieve statistically significant outcomes. A trial enrolling over 3000

Stage II patients in Britain between 1994 and 2003 and reporting in 2007 esti-

mated a 3.6% survival benefit with FU/LV therapy; all-cause mortality and

DFS were both statistically significant, and benefit over the age of 70 was not

seen. A pooled analysis (IMPACT B2) of over 1000 Stage II patients drawn

from 5 randomized trials failed to show a significant benefit to therapy [32];

an update and extension of this data showed a 17% RFS and 15% OS benefit

compared with 40% and 35% respectively for Stage III disease [33].

Combined analysis of the first 4 NSABP adjuvant colon trials totaling

2255 Stage II patients showed a consistent benefit similar to that for Stage

III patients [34]; a more recent update of NSABP data again showed a simi-

lar reduction in DFS and OS between Stage II and III patients [35], and the

authors argued in favor of their data as being better controlled with strict

entry criteria versus other populations. The addition of OX in the MOSAIC

and NSABP C-07 trials did not affect OS in Stage II, although there was a

trend for DFS benefit. SEER data analysis has failed to demonstrate a benefit

for chemotherapy in Stage II, despite poor prognostic features [36], suggesting

little impact of chemotherapy in Stage II disease in the general community.

The current National Comprehensive Cancer Network (www.nccn.org) guide-

lines recommend clinical trial, observation, or FU based chemotherapy for low

risk Stage II; an OX-FU regimen is recommended for those Stage II patients
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with high risk features (T4, bowel obstruction, local perforation, question-

able margins, less than 12 nodes harvested, or lymphovascular invasion), who

have a recurrence risk similar to Stage III patients.

The hope of personalized therapy is that detailed biological analysis of the

individual patient’s tumor will offer a precise assessment of prognosis and,

most important, predict benefit from the available therapies. Over the last two

decades, a variety of biological features of colorectal cancer has been correlated

with prognosis and, where the clinical data allows, benefit from treatment

(Table 10.1).

One of the earliest studies examined levels of thymidylate synthase (TS)

expression; the 70% of patients with high levels had a worse prognosis but

benefited from chemotherapy [38]. Analysis of a larger data set confirmed

the prognostic impact of higher level TS expression but could find no inter-

action with adjuvant chemotherapy [38]. The difference in TS expression can

also be examined at the genetic level; polymorphisms in the vicinity of the

TS gene promoter correlate with levels of TS protein and have been used to

intensify therapy in high expressors [39–41], although this approach requires

prospective evaluation in a larger patient population.

Loss of heterozygosity (LOH) of chromosome 18q was one of the earliest

acquired genetic defects described in colon cancer [42]. Subsequent studies

have yielded conflicting data on the prognostic significance of this marker.

A systematic review pointed out the problems of varying assays utilized

and designs of the clinical studies examined [43]. Ultimately, there was no

definitive prognostic impact found, although a trend towards worse outcome

with LOH18q was noted.

Table 10.1 Molecular features of colorectal cancer that may have prognostic and/or

predictive significance for recommending therapy. For commonly altered path proteins, see

[37]. Only MSI and KRAS status are incorporated into a standard algorithm.

Molecular feature Frequency Prognostic significance Predictive significance

Thymidylate Synthase ∼30% low Low is better FU?

18qLOH ∼70% ? 5FU ≥ better

Hypermutated (MSI) 16% favorable (HR 0.47) ?

TP53 altered 47–67% unclear No definitive evidence

WNT path 92–97% – ?

MAPK path 59–80% – –

PI3K-AKT path 50–53% – –

TGF-β path deficient 27–87% – –

CIMP high 16% (assoc. assoc. with MSI assoc. with MSI

with MSI)
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There are several known gene alterations in colon cancer with therapeu-

tic implications. Mutation of the KRAS gene occurs early in the carcinogenic

cascade and has been found in 40% of patients – additional mutations accrue

during the course of tumor development. In a study of 2300 patients enrolled

in NSABP C-07 and C-08 (FU/LEU ± OX; FOLFOX ± BEV resp.), none of

the mutations examined impacted prognosis – KRAS-35.3%, BRAF-14.3%,

P13K-12.4%, NRAS-2.9%, and MET-3.7% prevalent were all interrogated

and affected neither outcome or benefit form OX [44]. BRAF mutations did

predict for worse outcomes at relapse, explaining the previously reported

effect on survival in CALGB 89803 (Stage III FU/LEU vs. IRI/FU/LEU [45]).

TP53 mutations were identified in 274/607 (45%) of assayable tumors from

this same trial.

Mutations can occur in different regions of the TP53 gene; these can be

divided into those involving DNA binding (ZB) or non-binding (NZB) regions.

Only amongst women in this study [46] was there a significant correlation

with DFS and OS (5-year OS HR 0.90, 0.72, and 0.59 resp.). Although limited

by subset numbers, the data suggests that ZB mutated women benefit from

IRI/FU/LEU, whereas NZBmutated patients do better with FU/LEU. This anal-

ysis points out the potential complexities of interactions between host, inter-

ventions, and detailed molecular alterations – identifying and mapping all the

relevant factors will be challenging.

DNA mismatch repair (MMR) enzyme mutations were initially identi-

fied as the cause of Lynch syndrome, which accounts for 3% of colon

cancer. About 15% of colon cancers are mismatch repair deficient, mostly

due to acquired epigenetic silencing of these genes [47;48]. This results in

MSI, which can be detected along with MMR protein deficiency to iden-

tify such patients. MSI colon cancers are characteristically proximal, poorly

differentiated, and with a marked lymphocytic infiltrate [49;50]. Unlike

Lynch syndrome patients, the sporadic MSI patients are commonly older,

female, and smokers. MSI tumors have a normal DNA content, in con-

trast to the marked chromosome alterations seen in the majority of col-

orectal cancer [51;52]. That MSI tumors have a better prognosis is a con-

sistent finding, but the benefits of FU/LEU therapy remain controversial

[52;53]. Although the retrospective clinical studies are somewhat inconsis-

tent, a recent large retrospective study suggests that sporadic cases may be

particularly resistant to FU; presumptive germline-mutated patients seemed

to retain sensitivity to FU [54], but the data is limited by the small num-

bers. Stage III presumptive germline patients had a significant benefit from

FU based therapy. The NCCN recommends testing for MSI status for Stage II

patients where FU alone would be contemplated, which seems reasonable

given the improved prognosis. Re-examination of the overall negative IRI/FU/
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LV adjuvant trial (CALGB 89803) looking at the MSI subset showed an

improved outcome in this group in comparison to FU/LV alone [55]; anal-

ysis of the PETACC3 trial showed no benefit [56]. Analysis of the MOSAIC

trial showed similar improvement in MSI and MSS patients with the addition

of OX to FU [57]; the NSABP data set favored benefit with addition of OX in

MSS, but not MSI patients [58]. The NCCN recommends testing for MSI sta-

tus for Stage II patients, since the well established improved prognosis would

minimize the absolute benefit of adjuvant chemotherapy. There have been

too few patients and events in these retrospective studies, as well as varying

assay approaches, to definitively settle the predictive value of MMR status for

either FU/LEU or FU/LEU/OX.

High throughput genomic scanning technology is providing an increas-

ingly complex portrait of colon cancer molecular alterations. Readily acces-

sible tissue, in both the premalignant and advanced stages, has allowed an

outline of tumor molecular pathogenesis. Studies initiated over two decades

ago defined the common role of upregulation of the β-catenin pathway, pri-

marily via mutation of the APC gene, the loss of heterozygosity, and gene

deletion (DCC) occurring on the long arm of chromosome 18 (18qLOH), as

well as the additional contributions of the frequently mutated KRAS, PI3K,

and TP53 genes (reviewed in [59]).

Identification of mutations present in large numbers of colon cancers con-

firmed these known drivers of malignancy, as well as adding many more

additional candidates and confirming the complexity and heterogeneity of

genetic changes amongst colorectal tumors [60;61]. A more global analysis

has recently reported on themutations, DNAmethylation patterns, DNA copy

number and rearrangements, and messenger RNA and microRNA expression

levels of 276 colorectal tumors [37]. The variety of molecular events could

be sorted into known cellular networks, which pointed to a particular effect

on MYC, a transcription factor which has been implicated in many of the

biological alterations found in cancer cells [62]. The DNA methylation stud-

ies confirmed a subset of CRCs that were heavily methylated (CIMP for CpG

island methylator phenotype); the role of epigenetics in CRC pathogenesis is

more difficult to define than the hard-wired DNA changes, but there is a clear,

poorly understood, link between MSI and CIMP high. A preliminary attempt

at clinical correlation sorted molecular alterations with classical pathological

criteria of tumor aggression, pointing towards the next generation of clinical

trials, which will necessarily need to include such extensive marker panels to

better refine prognosis.

The relevance of specific molecular changes was illustrated by recent data

on the benefits of aspirin in the prevention of colon cancer recurrence [63].
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Genotyping of tumors has shown this benefit to occur only in colon cancers

driven by mutated P13K [64;65], where the effect was dramatic, although

this has been disputed in a recent conference presentation [66]. Regardless, it

points to new opportunities to match therapies to individual tumor genotypes

in the future.

Gene expression profiling of tumors has been available for over a decade;

commercially available tests are an option in the decision tree for chemother-

apy or not for some breast cancer patients based on retrospective studies [67];

significant numbers of patients thought to be low or high risk by clinical crite-

ria are reclassified discordantly by genomic criteria. Both companies currently

offering commercial tests for breast cancer, Agendia (www.agendia.com) and

Genomic Health (oncotypedx.com), now have tests available to stratify colorec-

tal cancer patients into high and low risk categories.

The PARSC trial utilizes the Coloprint assay prospectively with the ulti-

mate goal of comparing the initially hidden molecular prognosis with current

best clinical practise and outcomes of both treated and untreated patients [68].

Genomic Health has developed the Recurrence Score (RS), a 12-gene signa-

ture for Stage II prognosis; simultaneously they attempted development of a

FU therapy score in the hope of predicting chemosensitivity. The validation

trial for the assay was performed on the QUASAR tumor specimens; there was

a positive correlation between the gene signature and recurrence, although

the risk spread was only 7–8%. Disappointingly, the gene signature for FU

based sensitivity showed no correlation with FU benefit; with a constant pro-

portional benefit of treatment, the difference in outcome would likely be in

the 1–2% range. In an analysis of specimens from CALGB 9581, a trial of inef-

fective immunotherapy in Stage II patients with T4 tumors excluded, only RS

andMMR status were prognostic – lymphovascular invasion, grade, and num-

ber of nodes examined were not useful [69]. Gene profiling for breast can-

cer has been adopted in part because it can predict benefits from chemother-

apy (although results from prospective trials will not be available for several

years); modest improvements in predicting prognosis alone may be useful for

those Stage II colon cancer patients unsure of the decision for chemotherapy

or not.

Immunotherapy – back to the future?

Frustration with the failure of active drugs for metastatic disease (IRI, BEV,

and CTX) to improve the adjuvant cure rate is reminiscent of the early adju-

vant trials, where a similar frustration and lack of effective chemotherapeutic
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agents led to the inclusion of non-specific immunotherapies, such as BCG and

LEV, in treatment arms. NSABP C01 was a 3-arm trial of MOF, BCG, and no

therapy; although early data showed a benefit for BCG, subsequent analy-

sis showed no advantage for DFS, although there was a survival advantage

to BCG in this elderly population due to a reduction in other causes of mor-

tality [70]. An autologous tumor cell vaccine was tested over the course of

more than 20 years. Technically arduous with reagents likely of varying qual-

ity at different institutions, initial reports of benefit were met with skepticism

[71;72], although a report 10 years later suggested benefit from this approach

in Stage II patients [73]. Humoral, vaccine, and cellular therapies have all been

aimed at CRC [74] without convincing evidence of efficacy.

Interest in the balance between colon cancer and the immune system has

been rekindled with advances in immunology, allowing a more precise eval-

uation of local tumor-immune interactions and opportunities for rationally

designed therapy. During the last decade, French researchers have focused

on analyzing immune infiltrates associated with colon cancer and demon-

strated the correlation between improved prognosis and the presence of effec-

tor memory T cells [75–77]; in their hands the immunoscore bests the TNM

system for predicting outcome. An international consortium is working to

refine and standardize this technology to allow its dissemination to the pathol-

ogy community. This group has recently published a more comprehensive

‘immunome’ analysis of colon cancer [78], mimicking in scope and ambition

the tumor genome project.

Just as molecular analysis has informed our cytoxic therapy, new knowl-

edge and results in the field of cancer immunotherapy offers the hope

that immune manipulation will ultimately prove effective. The increased

understanding of immune suppression by tumor cells [79;80], the interplay

between chemotherapy and the immune system [81], and the availability of

new reagents and cellular constructs to engineer an immune attack against

tumor cells [82], provides a rational approach to anticancer immunotherapy

not available to the early investigators. MSI tumors would be a particularly

attractive target, since their hypermutable phenotype is likely to generate a

large number of unique antigens, and lymphocyte infiltration is a prominent

histologic feature.

Rectal cancer

The recently published comprehensive molecular analysis of CRC

included 69 rectal cancers amongst the 277 tumors [37]. Their molecular
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characteristics were identical to those of tumors from elsewhere in the colon,

with the exception of the MSI and hypermethylated tumors most commonly

found in the proximal colon. This confirms the clinical impression that the

only distinguishing feature of rectal cancer is its anatomical location deep in

the pelvis; the rectum is arbitrarily defined as within 12 cm from the anal

verge, but anatomically it begins at the peritoneal reflection. Tumors arising

in this location are more likely to recur locally in the pelvis, metastasize to

the sacrum and vertebral bodies, and spread distantly to the lungs via venous

drainage that bypasses the liver [83]. Adjuvant radiation therapy (RT) has an

established role for limiting the risk of local recurrence, but has not consis-

tently demonstrated a survival advantage; chemotherapy improved survival

given either alone or in combination with RT [84;85]. Neoadjuvant proved

superior to adjuvant RT in preventing local recurrence with less morbidity

[86–88]; neoadjuvant chemoradiotherapy (nCRT) similarly won out over

a similar adjuvant program [89], although it raises the dilemma of patient

selection and risk of overtreatment, since patients are selected on clinical

rather than pathological criteria. The benefit of radiation is modest, but with

careful surgical technique utilizing a sleeve, or total mesorectal excision, local

recurrences are reduced by about 5%. Not surprisingly, response to nCRT

correlates with survival as well as benefit from additional systemic therapy.

Additional drugs [90] have been added to either FU/RT or CAP/RT in

an attempt to improve the pathological complete response (pCR) rate and

long-term survival of rectal cancer patients. Three large trials of several thou-

sand patients total have reported on the addition of OX – despite increased

toxicity there was limited or no additional benefit to pCR or long-term

outcome to date [91–93]. Addition of CTX to CAP produced an inferior

outcome [94].

As discussed in a recent review [95], the complexity of rectal cancer man-

agement requires close collaboration between surgeons, radiation therapists,

and medical oncologists, to ensure the best functional and survival outcomes

for the patient.

Designing the next generation of adjuvant trials

There is a need for rapid assessment of new therapies, as the genomic and

immunologic revolution will continue to provide us with an abundance of

candidates. The failure of most candidate drugs to reach market and the

depressing litany of large negative trials has led to new ‘adaptive’ models

[96;97] for drug testing, to select only themost active agents and rapidly move
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them to the clinic. The lesson from the first several decades of colon cancer

adjuvant therapy is ‘never give up’. Despite the frustration of the last decade,

we now have available new tools and knowledge that all but guarantee dra-

matic advances in the future, we require only the organization and wisdom

to achieve the next therapeutic breakthroughs to benefit our patients.

MULTIPLE-CHOICE QUESTIONS

1 Poor prognostic factors for Stage II colon cancer include which of the following?
A. Bowel obstruction at presentation
B. Perforation at the site of the tumor
C. Lymphovascular invasion
D. MSI (mismatch repair deficient)
E. High grade

2 Which of the following statements are true?
A. Patients over the age of 70 have the same consistent statistical benefit from

FU/LEU/OX chemotherapy as younger patients.
B. The only study showing a statistically significant benefit for chemotherapy for

Stage II patients is QUASAR1.
C. BEV and CTX, active biological agents in the metastatic setting, improve outcome

in the adjuvant setting.
D. The median age for patients with colon cancer is 62.
E. Infusional FU provides a statistically significant survival benefit over bolus FU and

oral CAP in the adjuvant setting.
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CHAPTER 11

Long- versus short-course
radiotherapy for rectal cancer
Manisha Palta, Christopher G. Willett & Brian G. Czito
Duke University Medical Center, Durham, NC, USA

KEY POINTS

� Short-course radiotherapy is generally defined as 25 Gy in 5 fractions without the
concurrent administration of chemotherapy and is a standard treatment approach
throughout much of northern Europe

� Long-course radiotherapy is generally defined as 45–50.4 Gy in 25–28 fractions with
the administration of concurrent 5-FU based chemotherapy and is a standard treat-
ment approach in other parts of Europe and the United States.

� Two randomized control trials, the Polish and Australian Intergroup studies, have com-
pared outcomes between patients receiving short-course RT versus long-course CRT.
Additional studies are ongoing.

� There continues to be much debate regarding the optimal neoadjuvant regimen for
resectable rectal cancer.

CASE STUDY

A 54-year-old healthy female presents with rectal bleeding. Colonoscopy reveals a poly-
poid, ulcerative, bleeding mass at 8 cm from the anal verge, and biopsy demonstrates
invasive adenocarcinoma. Endoscopic ultrasound demonstrates uT3N1 disease at 8 cm
from the anal verge and CT of the chest, abdomen, and pelvis shows no evidence of
metastatic disease. The patient is evaluated by a surgical oncologist, medical oncologist,
and radiation oncologist.

Colorectal Cancer: Diagnosis and Clinical Management, First Edition. Edited by John H. Scholefield and Cathy Eng.

© 2014 John Wiley & Sons, Ltd. Published 2014 by John Wiley & Sons, Ltd.

200



Long- versus short-course radiotherapy for rectal cancer 201

TIPS / TRICKS / KEY PITFALLS

A preoperative approach using either short-course radiation therapy alone or long-course
chemoradiotherapy in potentially resectable rectal cancer patients is supported by ran-
domized trials. Each approach has its relative advantages and disadvantages. Ongoing
studies should help further define the roles of both approaches.

Introduction

There is significant debate regarding the optimal neoadjuvant regimen for

resectable rectal cancer patients. In many Northern European countries, the

use of short-course preoperative radiotherapy (RT) alone (25 Gy in 5 frac-

tions) followed by total mesorectal excision (TME) approximately 1 week later

has become standard practice, supported by multiple randomized control tri-

als comparing TME alone to preoperative short-course RT preceding surgery.

In the United States and other parts of Europe, the use of long-course conven-

tionally fractionated radiotherapy (45–50.4 Gy in 25–28 fractions) with con-

current administration of fluoropyrimidine-based chemotherapy is favored.

At present, two randomized control trials have compared outcomes of short-

to long-course RT. This chapter presents current data and respective advan-

tages of each approach.

Short-course radiotherapy

Numerous randomized control trials have compared short-course RT followed

by surgery to surgery alone for resectable rectal cancer (Table 11.1). These tri-

als were conducted in Europe where short-course RT has become a standard

treatment approach for patients with resectable rectal cancer. Early trials con-

ducted in Sweden demonstrated superiority of preoperative short-course RT

prior to surgery over surgery alone in terms of local control [1–4].

The Swedish Rectal Cancer trial included 1168 patients with resectable,

Dukes A–C rectal cancer. Patients were randomized to receive 25 Gy in 5 frac-

tions delivered over 1 week followed by surgery 1 week later versus surgery

alone. The surgery was considered curative if margins were uninvolved. The

study was powered to detect both differences in local control and overall sur-

vival (OS). The 5-year local recurrence (LR) (11% vs. 27%) and OS (58%

vs. 48%) rates were superior with preoperative short-course RT compared to

surgery alone [5]. A statistically significant tumor downstaging effect was seen
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Table 11.1 Select randomized trials of preoperative short-course radiotherapy.

Trial LR DFS OS

Swedish (n = 1186) [6]

TME alone

RT + TME

(13 yr)

26%

9%

(13 yr)

62%

72%

(13 yr)

30%

38%

Dutch (n = 1861) [15]

TME alone

RT + TME

(10 yr)

11%

5%

(10 yr)

73%

80%

(10 yr)

49%

48%

MRC (n = 1350) [19]

TME + select postop CRT

RT + TME

(3 yr)

10.6%

4.4%

(3 yr)

71.5%

77.5%

(3 yr)

78.6%

80.3%

TME: total mesorectal excision, RT: radiotherapy, CRT: chemo-radiotherapy, LR: local recur-

rence, DFS: disease-free survival, OS: overall survival

in those patients receiving preoperative RT. The LR and OS benefit persisted

with long-term follow-up. At a median 13-year follow-up, LR (9% vs. 26%)

and OS (38% vs. 30%) rates were both in favor of preoperative radiotherapy,

with all stages benefiting [6].

Historically, the high LR of disease following standard abdominoperineal

resection (APR) or low anterior resection (LAR) (15–30%) has been judged

to be due to blunt dissection that violates the planes of the mesorectal circum-

ference [7]. Lateral spread of disease has been shown to occur not only at the

level of the tumor but distally within the mesorectum [8]. Heald et al. recom-

mended en bloc removal of the tumor within the envelope of the endopelvic

fascia to obtain adequate lateral clearance of disease and reduce the likelihood

of LR [9;10]. This requires sharp dissection along the plane that separates the

visceral from the parietal pelvic fascia with complete en bloc removal of the

rectum so that all of the rectal mesentery remains within the envelope of the

specimen, termed a total mesorectal excision (TME) [11].

A Dutch (CKVO 95–04) multicenter, phase III study of 1861 patients with

operable rectal cancer was undertaken to evaluate the role of short-course

preoperative RT with TME. Patients were randomized to TME alone versus

25 Gy in 5 fractions followed by TME. No fixed tumors were included in the

study and approximately half of enrolled patients had T1/T2 disease. Postop-

erative RT was administered in those patients who underwent surgery and

had a positive circumferential radial margin (CRM). The 2-year OS was 82%

in both arms of the study; however, the 2-year LR was 8.2% in the TME-only

arm compared to 2.4% in the preoperative RT arm. This highlighted the value
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of radiation treatment, despite the use of TME. The sphincter preservation rate

was the same in both arms, and there was no clear evidence of downstaging

effect [12]. The perineal complication rate was slightly higher in the preop-

erative RT arm of 26% versus 18% in the TME alone arm [13;14]. Ten-year

follow-up indicates persistent benefit in LR of 5% with RT versus 11% with

TME alone [15]. Updated toxicity analysis shows a higher incidence of sexual

dysfunction and slower recovery of bowel function, more fecal incontinence,

and poorer quality of life with short-course preoperative RT compared to TME

alone [16;17].

In the era of improved surgical technique (with TME), preoperative stag-

ing, and histological assessment, the MRC CR07 trial re-evaluated the role

of RT. Patients with resectable rectal cancer were randomized to preopera-

tive radiotherapy (25 Gy in 5 fractions) or upfront resection with selective

postoperative chemoradiotherapy (CRT) (45 Gy in 25 fractions with concur-

rent 5-fluorouracil (5-FU)) in patients with a≤1mm circumferential resection

margin. All 1350 patients had central pathological review [18]. At median

follow-up of 4 years, LR was significantly lower in the preoperative radio-

therapy group (4.4% vs. 10.6%). Although 3-year disease-free survival (DFS)

was improved in the preoperative RT group (77.5% vs. 71.5%), there was

no difference in OS [19]. In sum, attempts to identify patients at high risk of

recurrence after postoperative resection and administering selective CRTwere

inferior to nonselective upfront preoperative short-course radiotherapy.

Long-course radiotherapy

By the 1990s, postoperative chemoradiation had become the standard treat-

ment for resectable rectal cancer, with studies demonstrating a 10–15% sur-

vival advantage with the addition of chemotherapy to adjuvant RT [20;21].

A number of subsequent phase III trials compared preoperative with postop-

erative CRT (Table 11.2). The National Surgical Adjuvant Breast and Bowel

Project (NSABP) R-03 study was originally designed to accrue 900 patients,

but closed prematurely after only accruing 267. In this study, individuals with

operable T3/T4 and/or node positive adenocarcinoma of the rectum were

randomized (and stratified based on age and sex) to surgery followed by 1

cycle of 5-FU/leucovorin (LV) and then concurrent bolus (weeks 1 and 5) 5-

FU/leucovorin (LV) with radiation treatment versus 5-FU/LV for 1 cycle then

concurrent CRT treatment followed by surgery. All patients received adju-

vant 5-FU and LV for 4 cycles. Although the study was underpowered, 5-year

DFS was superior in the preoperative therapy group: 64.7% versus 53.4%.



204 Colorectal cancer

Table 11.2 Randomized trials of postoperative versus preoperative chemoradiotherapy.

Trial LR DFS OS pCR Sphincter Preservation

NSABP R-03 (n = 267) [22]

Postop CRT

Preop CRT

(5 yr)

10.7%

10.7%

(5 yr)

53.4%

64.7%

(5 yr)

65.6%

74.5% 15%

(5 yr)

24.2%

33.9%

Korea (n = 240) [23]

Postop CRT

Preop CRT

(5 yr)

6%

5%

(5 yr)

74%

73%

(5 yr)

85%

83% 17%

(<5cm from verge)

42%

68%

German(n = 823) [24]

Postop CRT

Preop CRT

(5 yr)

13%

6%

(5 yr)

65%

68%

(5 yr)

74%

76% 8%

(felt to require APR pre-tx)

19%

39%

NSABP: National Surgical Adjuvant Breast and Bowel Project, CRT: chemoradiotherapy, LR: local recur-

rence, DFS: disease free survival, OS: overall survival, pCR: pathological complete response

There was a trend, though not statistically significant, of improved 5-year OS

with preoperative therapy: 74.5% versus 65.6%. A pCR was seen in 15% of

patients undergoing preoperative therapy [22].

A Korean trial randomized 240 patients with locally advanced (cT3/T4

and/or N+) rectal cancer to preoperative or postoperative CRT. CRT consisted

of 50 Gy in 25 fractions with concurrent capecitabine (1650 mg/m2/day). The

standard surgical procedure was TME. Patients received 4 cycles of adjuvant

chemotherapy with capecitabine (2500 mg/m2/day for 14 days followed by 1

week break) or bolus 5-FU (375 mg/m2/day)/ LV (20 mg/m2/day) for 5 days

every 4 weeks. The 5-year DFS, OS, and LR rates were no different between

the two arms. Patients with low-lying rectal tumors (<5cm from anal verge)

had higher rates of sphincter preservation in the preoperative arm (68% vs.

42%) [23].

The definitive phase III study in favor of preoperative CRT was the

CAO/ARO/AIO-94 study performed by the German Rectal Cancer Group.

The results of this trial resulted in a subsequent paradigm shift to preoper-

ative CRT. Eight hundred-twenty three Clinically staged T3/T4 and/or node-

positive rectal cancers were randomized to receive preoperative CRT followed

by TME 6 weeks later or TME followed by postoperative CRT. The radiation

dose was 50.4 Gy in 28 fractions in all patients with a 5.4 Gy small volume

boost in the postoperative arm. 5-FU (1 g/m2 per day) was administered dur-

ing the 1st and 5th weeks of radiotherapy as a 120-hour continuous infusion.

Both arms received 4 additional cycles of 5-FU (500 mg/m2 per day for 5 days

every 4 weeks). All surgeons were trained in the use of TME and were asked

prior to treatment to evaluate the possibility of sphincter preservation. The
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5-year results revealed a pelvic recurrence rate of 6% versus 13% (p = 0.02)

in favor of the preoperative arm. The distant recurrence rate was 36% versus

38% (p = NSS), DFS was 68% versus 65% (p = NSS), and OS was 76% ver-

sus 74% (p = NSS) for preoperative versus postoperative radiation therapy,

respectively. There was significant tumor downstaging after preoperative CRT

with an 8% pCR. Nodal positivity was 25% in the preoperative versus 40%

in the postoperative arm. The sphincter preservation rate in 188 patients with

low-lying tumors (declared by the surgeon prior to randomization to require

an APR) revealed that 39% versus 19% had a sphincter-preserving low ante-

rior resection (p = 0.004) in the preoperative versus the postoperative arm.

There were fewer acute (27% vs. 40%) and late toxicities (14% vs. 24%)

in the preoperative-treatment group. Thus, preoperative CRT resulted in half

the LF and doubled the sphincter preservation rate compared to postoperative

therapy. In addition, compliance rates were significantly improved in the pre-

operative arm. Importantly, there was no difference in OS or DFS between the

two arms [24]. This local relapse benefit is sustained with long term follow up;

7% compared to 10% local relapse rate at 10 years with preoperative therapy.

PMID: 22529255.

Randomized control trials of long- versus
short-course radiotherapy

A number of trials have attempted or are currently assessing the question

of whether long-course CRT or short-course RT is superior (Table 11.3). The

Polish rectal trial randomized 312 patients to preoperative short-course RT

(25 Gy in 5 fractions) followed by surgery within 7 days or preoperative CRT

(50.4 Gy in 28 fractions with concurrent bolus 5-FU/LV weeks 1 and 5), with

surgery 4–6 weeks after completion. The trial included patients with T3/T4

resectable disease with no evidence of sphincter involvement but with a lower

margin of tumor accessible by DRE. The standard surgical procedure was TME

and postoperative chemotherapy was optional. Prior to study initiation, work-

shops were organized for participating surgeons, pathologists, and radiation

oncologists in an effort for standardization. The study was designed with 80%

power to detect a 15% difference in sphincter preservation rates. After median

follow-up of 48 months, there was no benefit from protracted course of CRT

for sphincter preservation (the primary endpoint – 61% short-course vs. 58%

CRT), DFS (58.4% short-course vs. 55.6% CRT), or OS (67.2% short-course

vs. 66.2% CRT). There was a non-significant lower rate of actuarial LR in the

short-course RT arm (10.6% vs. 15.6%), despite a higher rate of pCR in the
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CRT arm (1% short-course vs. 16% CRT). Acute Grade III/IV toxicity rates

were significantly higher in the CRT arm (3.2% vs. 18.2% p <0.001), with 2

toxicity related deaths in the CRT arm. There was no difference in severe late

toxicities (10.1% short-course vs. 7.1% CRT) [25].

The results of this trial have raised a number of concerns and criticisms.

With power to detect a 15% difference in sphincter preservation, smaller

differences between short- and long-course RT would not be apparent. In

addition, a prime concern of larger dose per fraction radiotherapy is the

potential manifestation of normal tissue late toxicities. With a median of 4

years of follow-up, this duration is too short for assessment of long-term late

toxicity. Although only patients with T3/T4 disease were included, nearly

40% of patients in the short-course arm had pathological T1/T2 disease.

Despite the use of TME, the LR rates in the Polish trial were higher than those

reported in other studies utilizing this surgical technique [13;19]. The authors

comment that this difference may be a function of TME being a relatively

new technique for some surgeons resulting in suboptimal quality [25]. Sim-

ilarly, no centralized review of radiotherapy or pathological assessment was

performed. Although the decision regarding sphincter preservation was to be

made at the time of surgery, surgeons may not have been as familiar with

the potential downstaging effect of CRT and hence more reluctant to proceed

with sphincter sparing procedures. Another confounding factor is that 15% of

patients randomized to the CRT did not receive the assigned intervention [25].

The Australian Intergroup Trial randomized 326 patients with cT3N 0-2

M0 rectal cancer within 12 cm of the anal verge were randomized to short-

course RT (25 Gy in 5 fractions) with surgery within 1 week or long-course

CRT (50.4 Gy in 28 fractions with continuous infusion 5-FU 225 mg/m2),

with surgery 4–6 weeks following completion of CRT. Both regimens were

followed by adjuvant 5-FU-based chemotherapy. The primary endpoint of this

study was to compare LR rates at 3 years. Over 90% of patients were clinically

staged with pelvic MRI or EUS. With median follow-up of 5.9 years, there was

no difference in 3-year LR (7.5% short-course vs. 4.4%CRT), 5-year OS (74%

short-course vs. 70% CRT), or Grade III/IV late toxicity (5.8% short-course

vs. 8.2% CRT) Despite tumor downstaging, there was no difference in rates

of sphincter sparing surgery. PMID reference 23008301. Acute toxicity results

presented at a prior meeting demonstrated higher rates of Grade III/IV acute

toxicity (1.9% short-course vs. 28% CRT, p<0.001)(27).

Two additional studies are accruing patients and awaiting mature results.

The Stockholm III study seeks to answer the question of optimal fractionation

regimen and timing of surgery. A trial of 840 patients with resectable rectal

cancer 15 cm from the anal verge is planned with randomization to 1 of 3
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arms: preoperative short-course RT (25 Gy in 5 fractions) with surgery within

1 week; preoperative short-course RT (25 Gy in 5 fractions) with surgery after

4–8 weeks of completion; or preoperative long-course RT (50 Gy in 25 frac-

tions), with surgery in 4–8 weeks following after completion. The primary

study endpoint is time to LR. Interim analysis after randomization of the ini-

tial 303 patients demonstrated no difference in rates of Grade III/IV acute

toxicity or postoperative complications. However, patients in the long-course

arm had the lowest rates of postoperative complications and re-operations.

The proportion of patients undergoing APR was lower, though not statisti-

cally significant, in the long-course arm compared to either short-course RT

groups (p = 0.070). One criticism of the trial is that hospitals could choose to

participate in randomizing to all 3 arms or 2 arms (early vs. delayed surgery

with short-course RT). This hospital directed randomization was an effort to

boost accrual but could lead to potential randomization bias. Given that LR

rates have improved, particularly with wider implementation and experience

with TME, this study is likely underpowered to meet its primary endpoint,

though continued accrual and final analysis is pending [28].

The Berlin Rectal Cancer Trial commenced in 2004. In this study, patients

with cT2N+/T3Nany rectal cancer staged by EUS or CT/MRI are randomized to

short-course RT (25 Gy in 5 fractions) or CRT (50.4 Gy in 28 fractions with CI

5-FU 225 mg/m2). Both groups are scheduled to undergo TME and 12 weeks

of additional adjuvant 5-FU-based chemotherapy. The working hypothesis

is that CRT is superior to short-course radiotherapy in terms of 5-year LR.

Secondary outcomes are OS, DFS, quality of life, R0 resection rate, sphincter

preservation, and acute and late toxicity rates [29]. At present the Polish Rec-

tal Trial and Australian Intergroup trial are the only fully published studies

addressing the question of short- versus long-course RT. The Stockholm III

and Berlin Rectal Cancer trials will add to the literature, and hopefully clarify

the optimal preoperative fractionation regimen for rectal cancer.

Advantages of short-course radiotherapy

Lower rates of acute toxicity
Both the Polish and Australian trials demonstrated higher rates of Grade III/IV

acute toxicity within the CRT arms [25;30]. Despite improved rates of local

control and significant tumor downstaging, a number of neoadjuvant trials

demonstrate that the addition of chemotherapy increases rates of severe acute

toxicity compared to radiotherapy alone [31;32]. These higher rates of toxicity

are not observed with short-course radiotherapy, particularly when surgery is
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performed within 1 week of RT completion, given that the rectum is surgically

removed prior to the manifestation of acute RT effects. In randomized trials of

short-course RT, typically only Grade I/II gastrointestinal (GI) acute toxicity

is observed [14;33]. Aside from gastrointestinal effects, transient neurologic

symptoms, such as sacral/leg pain, have been reported in 10% of patients,

possibly related to the higher dose per fraction to neurologic structures. In

only 2.5%of patients was that pain severe enough to interrupt treatment [14].

Better compliance
Lower rates of acute toxicity with short-course radiotherapy seem to be asso-

ciated with higher rates of compliance. In the Polish trial, 98% of patients

receiving short-course radiotherapy completed the assigned treatment com-

pared to 69% in the CRT arm. In the Australian trial, 100% of patients

completed short-course radiotherapy, while only 77% completed CRT per

protocol [27].

Improved costs/convenience
Short-course radiotherapy has been the standard of care in many northern

European countries, with the majority of randomized controlled trials evalu-

ating the 25 Gy in 5 fraction regimen conducted in the Netherlands, Scandi-

navia, and the United Kingdom [34]. Given a centralized healthcare system,

these more hypofractionated, shorter courses of radiotherapy allow patients

to be treated more quickly and proceed to surgery. This regimen is partic-

ular advantageous in countries with more limited resources, centers with

long waiting lists, and for patients who have to travel further distances to

undergo RT treatment. Similarly, short-course RT may be economically more

cost-effective.

Advantages of long-course radiotherapy

Sphincter preservation
A prime rationale for long-course RT is the potential for sphincter preservation

as a result of tumor downstaging. In European trials of short-course radiother-

apy, APR rates of 35–58% were reported [5;13]. Minimal tumor downstag-

ing is seen with short-course RT and patients determined to need APR prior

to treatment commencement will likely be committed to this surgical proce-

dure [12]. Recent data suggest a decline in APR rates in the United States to

approximately 20% [35;36]. APR has been associated with a slightly higher

morbidity and mortality versus LAR with a worse quality of life related to
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changes in body image and depression due to the presence of a colostomy

[35;37;38].

In the Polish trial, no difference was seen in sphincter preservation rates

(61.2% short-course vs. 58% long-course) [25]. The lack of difference may

be a function of surgeons not being as familiar with the potential downstaging

effect of CRT (as short-course RT was more common) and hence less willing to

alter planned surgical procedure. Similarly no difference was seen in sphinc-

ter preservation in the Australian Intergroup trial despite tumor downstaging.

(ref PMID 23008301Z). In trials of pre- versus postoperative CRT, higher rates

of sphincter preservation have been seen with preoperative long-course CRT.

In the German rectal cancer trial, patients were assessed prior to treatment to

determine the type of surgery (APR vs. LAR) required and patients were strat-

ified by surgeon. Of the patients deemed to require APR prior to treatment,

19% of patients receiving postoperative CRT were able to undergo a sphinc-

ter sparing procedure compared to 39% in the preoperative CRT arm [24].

The randomized Korean trial showed similar results in patients with low lying

tumors, with a significantly higher rate of sphincter preservation was seen in

patients undergoing preoperative CRT compared to postoperative CRT (68%

vs. 42% p = 0.008) (23). In the NSABP-R03, there was no difference in pre-

operative or postoperative CRT patients who maintained their sphincter and

were free of disease at 5 years (33.9% vs. 24.2% respectively), though this

may be a function of failure to meet accrual goals and subsequent lack of sta-

tistical power to detect differences [22].

Tumor downstaging/improved resectability
Tumor downstaging is commonly seen with CRT, resulting in improved

resectability (R0 resection rates) and sphincter preservation. Data from short-

course RT regimens indicates that minimal tumor downstaging occurs [12].

Long-course CRT results in pCR rates of 8–30% [22–24;31;39–41]. Patients

with pCR have improved long-term outcomes compared to non-responders

and may be able to avoid surgery in highly selected situations [42–46]. Even

if pCR is not achieved, tumor downstaging can facilitate R0 resection.

The principal reason for LR in resected rectal cancer appears to be related

to the anatomic constraints in obtaining wide radial margins, despite adequate

proximal and distal margins [47]. Quirke et al., usingwholemount specimens,

found that in 27% (14/52) of patients disease had spread to the lateral radial

margin, even though the margins appeared negative with standard patholog-

ical assessment. Eighty-six percent of those with positive margins developed

local regional recurrence of disease as compared to only 3% without lateral
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resection margin involvement [48]. In addition, pathological assessment in

the MRC-07 trial found that the plane of surgery (mesorectal, intramesorec-

tal, or muscularis propria planes) predicted for LR. Three-year LR was 4% in

patients undergoing complete mesorectal excision, compared with 7% and

13% in the intramesorectal and muscularis propria groups respectively [18].

A positive radial margin is not only a predictor of LR, but inferior survival

rates as well [49].

The R0 resection rate in the Swedish and Dutch trials was roughly 77%,

despite inclusion criteria of only patients with mobile/resectable rectal can-

cers, compared to the more than 85% R0 resection rates in trials implement-

ing CRT [5;13;23;24;31;32]. In the Korean randomized trial, all 105 patients

randomized to preoperative CRT underwent complete resection [23]. Simi-

lar pathological outcomes have been seen in the Polish rectal trial, with fewer

positive CRMs in patients receiving long-course CRT (4% vs. 13%), with con-

siderable reduction in tumor size seen of an average 1.9 cm [25].

Although minimal tumor downstaging or pCR is seen with short-course

RT, this may be a function of the timing of surgery (within 1 week of radiation

completion). Data from the Lyon R90-01 trial suggests that tumor cells may

be present but nonviable following short-course RT, as tumor regression and

necrosis takes time to occur [50]. With long-course CRT, there is sufficient

time to see evidence of this phenomenon. The Stockholm III trial will shed

further light on this, as one arm of the trial is short-course RT with delayed

surgery at 4–8 weeks [28].

Fewer postoperative complications
With short-course RT there is a concern of increased postoperative complica-

tions. An analysis of the Dutch TME trial demonstrated that irradiated patients

experienced higher rates of blood loss and perineal wound complications (in

cases of APR – TME alone 18% vs. RT + TME 29%) [14]. In the German rectal

cancer trial, roughly 10% of patients experienced delayed sacral wound heal-

ing, which was similar to the 8% rate in the postoperative arm [24]. Similarly,

in the Polish trial, the number of postoperative complications was higher in

the short-course arm, at 31% compared with 21% in the long-course CRT

group [51].

Lower late toxicity
A primary concern of short-course RT utilization (with the delivery of higher

radiation doses per fraction) is potential late effects. Basic radiobiological
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principles dictate that larger fraction size carries a higher risk of late toxicities.

Although there was no difference in late effects in the Polish and Australian

Intergroup trials at a median follow-up of roughly 6 years, this is entirely suf-

ficient to detect late toxicities [25;(ref PMID 23008301Z)]. Longer follow-up

is needed to adequately assess for differences in short- and long-course RT.

Long-term data from European randomized trials of short-course radio-

therapy highlight some concerns for late effect development. Review of hos-

pital records of patients treated in Sweden demonstrated higher small bowel

obstruction and abdominal pain admissions, chronic neuropathy, and femoral

neck/pelvic fractures in patients treated with short-course RT compared to

surgery alone [52–55]. Many of these complications may result from older

radiotherapy techniques, including larger fields with inclusion of lumbar ver-

tebral bodies, AP/PA (rather than multi-field) techniques, and no normal

tissue blocking. Evaluation of late effects in the Dutch TME trial irradiated

patients reported higher rates of fecal incontinence (62% vs. 38%), pad wear-

ing as a result of incontinence (56% vs. 33%), anal blood loss (11% vs. 3%),

and mucus loss (27% vs. 15%). Irradiated patients also reported more sexual

dysfunction and lower satisfaction of bowel function [16;17].

Addition of chemotherapy
A variety of disease sites have demonstrated the synergistic effects of sys-

temic therapies with radiotherapy, particularly radiosensitization with con-

current 5-FU based chemotherapy. Early adjuvant RT trials in rectal cancer

demonstrated the superiority of concurrent CRT, resulting in a significant sur-

vival benefit [20;56]. Although neoadjuvant trials evaluating RT alone versus

CRT have not shown a survival benefit, the addition of chemotherapy results

in higher rates of local control and pCR/tumor downstaging [31;32]. With

short-course RT, the high dose per fraction generally prohibits the concurrent

administration of radiosensitizing chemotherapy.

Conclusion

The optimal neoadjuvant approach for resectable rectal cancer is far from

clear. Both short-course RT (25 Gy in 5 fractions) and long-course CRT (50.4

Gy in 28 fractions with concurrent 5-FU based chemotherapy) represent rea-

sonable therapeutic options. As data from randomized control trials com-

paring short- with long-course RT emerge, the optimal neoadjuvant therapy

regimen will be more clearly defined.
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MULTIPLE-CHOICE QUESTIONS

1 Which of the following is not an advantage of short-course radiotherapy?
A. Lower rate of acute toxicity
B. Tumor downstaging
C. Reduced healthcare expense
D. Convenience for patient
E. Higher rate of compliance

2 Which of the following is not a potential advantage of long-course radiotherapy?
A. Higher rates of sphincter preservation
B. Lower rates of involved margins
C. Lower late toxicity rates
D. Lower acute toxicity rates
E. Tumor downstaging

3 Which of the following statements regarding randomized controlled trials of short-
versus long-course radiotherapy is false?
A. No improvement in sphincter preservation was seen in the Polish rectal trial
B. No difference in pCR was seen in the Polish rectal trial
C. No statistically significant difference in late toxicities was seen in the Polish or

Australian Intergroup trials
D. Higher rates of acute toxicity are seen with long-course RT in both the Polish and

Australian Intergroup trials
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CHAPTER 12

More treatment is not necessarily
better – limited options for
chemotherapeutic
radiosensitization
Daedong Kim
The University of Texas MD Anderson Cancer Centre, Houston, TX, USA

KEY POINTS

� The combination of RT with CT has proved to be a successful concept in rectal can-
cer treatment and provided the rationale for chemoradiotherapy (CRT) in the clinical
setting.

� The combination of capecitabine with RT in the neoadjuvant setting is tolerable and
demonstrates similar pathological complete remission (pCR) rates to that of infusional
5-FU studies.

� Irinotecan is usually administered in combination with 5-FU or capecitabine. Although
higher pCR rates were achieved, the major dose-limiting toxicity (DLT) was grade 3/4
diarrhea.

� The combination of oxaliplatin with 5-FU or capecitabine significantly increased grade
3/4 toxicities without significantly improving the pCR rate.

� Bevacizumab has demonstrated favorable pCR rates but perioperative safety concerns
have been raised.

� Cetuximab in conjunction with 5-FU and RT demonstrated disappointing pCR rate,
without synergistic or unexpected toxicities.

� The combination of erlotinib and bevacizumab with 5-FU or capecitabine is well tol-
erated with promising pCR rates and warrants further investigation.
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Introduction

The combination of radiotherapy (RT) with chemotherapy (CT) has proved to

be a successful concept in rectal cancer treatment and provides the rationale

for chemoradiotherapy (CRT) in the clinical setting. After the Gastrointestinal

Tumor Study Group demonstrated the benefits of chemoradiation, postoper-

ative adjuvant CRT has been recommended to improve outcomes and reduce

recurrence rates in locally advanced rectal cancer (LARC), when compared

with surgery alone or surgery plus RT or CT alone [1–4].

The German CAO/ARO/AIO-94 study investigated preoperative 5-FU-

based CRT versus postoperative CRT for stage II/III rectal cancer and

demonstrated that rates of compliance, local regional control, and sphincter

preservation, as well as acute/late toxicity were improved, but noted no differ-

ence in 5-year survival rates [5]. These findings have validated the advantages

of preoperative CRT and led to a new standard of care in the use of neoadju-

vant chemoradiation treatment of LARC.

Despite considerable reduction of local recurrence rates, lack of improve-

ment in overall survival (OS) and the risk of distant metastases remain signifi-

cant problems in LARC. In an attempt to improve the efficacy of downstaging,

as well as the control of the distant spread of LARC, the integration of novel

cytotoxic drugs and biological targeted agents, such as capecitabine, irinote-

can, oxaliplatin, bevacizumab, and cetuximab, in combined therapy has been

explored. The main goal of such intensive CRT is to achieve higher rates of

local control with lower rates of distant metastasis to improve patients’ out-

comes. However, novel schedules for CRT addressing which chemotherapeu-

tic drugs should be used in what combination and sequence are questions that

remain unanswered.

Integration of cytotoxic drugs

Continuous infusion 5-FU concomitant to preoperative RT is generally used,

and based on 5-FU pharmacokinetics, sensitization and pCR is more likely to

be achieved with prolonged infusions (12–18%) rather than bolus infusions

(5–10%) [6–12]. The pCR rate of 5-FU alone as a radiation sensitizer is 5–20%

and thus sets the bar for all other radiation sensitizers to surpass.

Capecitabine is a oral pro-drug of 5-FU and was believed to provide more

selective delivery to tumor tissue because of its enzymatic conversion and

increased levels of thymidine phosphorylase (TP) in tumors relative to normal

tissues. However, this preclinical finding does not seem to have a bearing in
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human subjects. Thus far, in the adjuvant andmetastatic settings, capecitabine

has been determined as non-inferior for systemic treatment. In a similar fash-

ion, the combination of capecitabine with RT versus continuous infusion 5-

FU in the neoadjuvant setting is tolerable with similar pCR rates (13–24%)

[13–15].

Irinotecan is a topoisomerase-1 inhibitor and was investigated in combi-

nation with continuous infusion 5-FU in neoadjuvant CRT for LARC. Higher

pCR rates (26–37%) were achieved in combination with 5-FU [16–19]. As

expected, the major DLT was grade 3/4 diarrhea (30%) and these results did

not translate into any additive or synergistic clinical effect compared with 5-

FU-based CRT in a larger randomized Phase II trial [17].

The combination of oxaliplatin with 5-FU or capecitabine yielded promis-

ing pCR rates (14–28%) in small-Phase I/II trials [20–22]. Unexpectedly, in

two randomized Phase III trials, STAR-01 and ACCORD 12, adding oxaliplatin

to fluorouracil-based preoperative CRT versus single agent treatment, signifi-

cantly increased grade 3/4 toxicities without significantly improving the pCR

rate (16% and 19%, respectively) [23;24].

In addition, the Radiation Oncology Group (RTOG) 0247 completed a

small randomized Phase II trial of preoperative capecitabine with irinotecan

(CAPEIRI) or oxaliplatin (CAPOX) with RT, to evaluate both the pCR rate

and the toxicity, and to determine if one regimen was superior. Although not

significant, the CAPOX regimen had a higher pCR rate (20.8% vs. 10.4%)

with a similar incidence of toxicity. Preliminary results from the NSABP R-04

trial reported similarly increased toxicities but noted no benefit to early out-

comes. Definitive analysis of tumor control will be presented in 2013 [25].

Other studies, including the Pan-European Trials in Adjuvant Colon Cancer

(PETACC)-6 study, are randomizing patients to compare neoadjuvant CRT

using fluoropyrimidine-based CT, with or without oxaliplatin. Such stud-

ies will help reveal the efficacy of intensive CRT using various neoadjuvant

regimens.

Integration of biologic targeted agents

Bevacizumab, the anti-angiogenic agent, in combination with 5-FU- or

capecitabine-based CRT regimens demonstrated a promising 16% and 32%

pCR rate, respectively. Toxicities were generally mild, although wound dehis-

cence was seen in 12% of patients [26;27]. Phase I/II trials, using preop-

erative CRT with CAPOX plus bevacizumab, have revealed pCR rates of



Limited options for chemotherapeutic radiosensitization 221

18%, but important safety concerns about perioperative toxicity have been

raised [7;28].

Cetuximab in conjunction with 5-FU and RT demonstrated mixed results,

without synergistic or unexpected toxicities, but was disappointing with

respect to the clinical end-point of pCR. According to ameta-anaysis, the addi-

tion of cetuximab to fluoropyrimidine-based CRT suggests an overall pCR of

9.1% [29]. EXPERT-C is a randomized Phase II trial in high risk rectal cancer

patients (identified as T3-4, N2, or close circumferential margins byMRI of the

rectum) investigating induction CAPOX-C, capecitabine/cetuximab, during

radiation therapy, and followed by adjuvant chemotherapy; results demon-

strated impressive radiographic response rates and noted an improvement in

OS when compared to the CAPOX arm [30]. pCR rates after neoadjuvant CT

and CRT were 18% versus 15% (11% vs. 7% in KRAS/BRAF wild-type),

respectively [31]. Although the primary end-point of improved pCR was not

met, the concept of induction CT may optimize the delivery of drugs in the

preoperative setting, similar to other studies [32;33].

The tyrosine kinase inhibitors of the epidermal growth factor (EGFR)

receptor, gefitinib and erlotinib, have also been investigated as poten-

tial radiosensitizers. Gefitinib was combined with CRT and demonstrated

enhanced cytotoxicity in humanCRC cell lines [34;35]. A Phase I trial combin-

ing gefitinib, capecitabine, and RT resulted in significant toxicities, including

medication-refractory diarrhea and arterial thrombosis [36]. However, in two

separate studies, the combinations of RT with either concurrent capecitabine

plus erlotinib and bevacizumab, or 5-FU plus erlotinib and bevacizumab,

were well tolerated with promising pCR rates (44% and 47%, respectively)

[37;38]. As such, the use of erlotinib as a radiosensitizer warrants further

investigation.

Conclusion

Although some studies suggest a higher pCR rate with the addition of new

agents compared with 5-FU or capecitabine alone, this increased pCR rate is

associated with an increase in acute toxicity. Furthermore, early end-points

in terms of efficacy may not be coupled to longer-term end-points such

as disease-free survival (DFS) and OS. More rationally designed preclinical

and translational studies with recognized predictive factors such as KRAS

mutations might help select appropriate patients, and determine the optimal

sequence of chemotherapy and biological combinations.
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CASE STUDY

The patient is a 57-year-old female with a history of rectal fullness for several months.
Diagnostic colonoscopy revealed a non-obstructing circumferential rectal mass, mea-
suring approximately 6 cm in length, extending to 2 cm from the dentate line. Biopsy
and imaging confirmed corresponding wall thickening of the involved rectum as well as
enlarged regional lymph nodes without evidence of metastatic disease. Baseline staging
confirmed T3, N1 rectal cancer via MRI. She was recommended neoadjuvant chemora-
diation therapy and completed therapy under protocol for a total dose of 50.4 Gy in
28 fractions.

TIPS AND TRICKS / KEY PITFALLS

� Although pCR rates can be used to compare the efficacy of different studies, observed
pCR is influenced by the time interval between CRT and surgery, tumor stage, and
the intensity of CRT [39;40]. Furthermore, pCR rates after preoperative CRT have not
yet been validated as a surrogate for disease recurrence or as an end-point for long-
term outcomes such as DFS or OS. Prolonged delays in radiation therapy may result
in suboptimal outcomes and the use of adjuvant CRT postoperatively will result in
reduced adherence to adjuvant chemotherapy and greater acute toxicities.

� Biomarkers to predict response to CRT are required to better discern which patients at
high risk of relapse would benefit from additional intensified treatment in addition to
standard 5-FU-based CRT. Presently, no predictive biomarkers have been established
or validated in rectal cancer. In the near future, based on the results of these analy-
ses, the individual patient will ideally be stratified into different alternative treatment
concepts.

MULTIPLE CHOICE QUESTIONS

(You may include questions with one or multiple correct answers. If applicable, you may
wish to include a feedback paragraph to explain the correct answer.)
1 Which chemotherapeutic agent is considered as a basic drug for CRT in rectal cancer

treatment?
A. Bevacizumab
B. Irinotecan
C. Oxaliplatin
D. Fluoropyrimidine
E. Cetuximab

2 If she decided to receive CRT using the basic agent described in Question 1, which
toxicity will be the most common for this patient during chemoradiation?
A. Neuropathy
B. Diarrhea
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C. Wound dehiscence
D. Thromboembolism
E. Neutropenia

3 If she wanted to add an anti-angiogenic agent into her regimen, which expected
adverse effect would be a major concern after chemoradiation?
A. Neuropathy
B. Diarrhea
C. Wound dehiscence
D. Nausea
E. Neutropenia
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CHAPTER 13

Controversies in advanced
disease – surgical approaches
for metastatic resection
Amanda B. Cooper, Thomas A. Aloia, Jean-Nicolas Vauthey &
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The University of Texas MD Anderson Cancer Center, Houston, TX, USA

KEY POINTS

� Although CT is the best overall colorectal cancer staging modality, MRI is the preferred
modality for preoperative identification and characterization of liver metastases when
available. Intraoperative ultrasound provides an important final evaluation for metas-
tases not detected by preoperative imaging.

� Portal vein embolizationmay induce hypertrophy that improves the safety of extended
liver resections in patients who would otherwise have a marginal functional liver
remnant.

� The extent of hypertrophy seen after portal vein embolization is highly predictive of
the degree of post-resection regeneration that can be expected.

� Peri-operative chemotherapy improves recurrence-free and progression-free survival
and may improve overall survival for patients with metastatic colorectal cancer involv-
ing the liver.

� The number of liver metastases and the presence of resectable extrahepatic metastatic
disease are no longer considered absolute contraindications to surgical treatment of
colorectal liver metastases.

� Radiofrequency ablation can be a useful adjunctive therapy in cases where small
liver metastases are unresectable due to location or the volume of surrounding
parenchyma that would be resected.
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CASE STUDY

A 54-year-old male presents to your office with an asymptomatic rectal adenocarcinoma
(involving <50% of the rectal lumen) and a 6 cm liver metastasis abutting the right and
middle hepatic veins near the junction with the inferior vena cava.

He is diabetic and obese, but has no history of alcohol use or viral hepatitis. He has
hypertension, but no other significant medical comorbidities. His performance status is
good.

Review of his MRI with a radiologist does not show any additional metastases, but
does show a small left liver.

TIPS AND TRICKS / KEY PITFALLS

� For patients with synchronous presentation of liver metastases and an asymptomatic
colorectal cancer, a reverse approach to treatment sequencing may be employed
whereby the liver metastases are resected with or without neoadjuvant chemother-
apy prior to treatment of the primary tumor.

� Simultaneous resection of the primary tumor and the liver metastases should only be
undertaken in patients requiring either a low-risk colon resection and/or a minor liver
resection.

� Patients previously treated with either oxaliplatin (sinusoidal obstruction syndrome)
or irinotecan (steatohepatitis) may have chemotherapy-induced liver injury. These
patients may be at increased risk of post-hepatectomy liver failure and so may require
a greater than 20% functional liver remnant.

� The risk of disappearing liver metastases can be minimized with early involvement
of a liver surgeon and careful limitation of the number of cycles of neoadjuvant
chemotherapy.

� A significant number of disappearing liver metastases that are not resected will ulti-
mately recur, so any such lesions should be resected and/or closely monitored.

Epidemiology and background

Colorectal cancer is the third most common cancer and has the third high-

est cancer-related mortality rate in both American men and women [1]. As

many as 50% of patients with colorectal cancer will either present with or

subsequently develop liver metastases. Liver metastases represent the most

common cause of death for patients affected by colorectal cancer [2–4].

Margin-negative surgical resection is a necessary component of therapy if

cure and long-term survival is to be achieved in these patients. Contemporary
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multimodality therapy allows 20–30%of patients with livermetastases to ulti-

mately undergo surgical resection, with resulting 5 year survival rates of 47–

58% [3;5;6].

Imaging and staging work-up

When available, the 2012 Americas Hepato-Pancreato-Biliary Association/

Society of Surgical Oncology/Society for Surgery of the Alimentary Tract

Consensus Statement on the Multidisciplinary Management of Colorectal

Cancer Liver Metastases recommends magnetic resonance imaging (MRI)

with gadoxetate disodium (Eovist; Bayer Healthcare Pharmaceuticals) delayed

images and diffusion-weighted images as the preferred imaging modality for

the detection and characterization of liver metastases [5]. This recommen-

dation is based primarily on the superior sensitivity of MRI for categorizing

intrahepatic lesions smaller than 1 cm and for the detection of metastases

within a steatotic liver; it should be kept in mind, however, that while MRI

has greater sensitivity for intrahepatic disease, CT provides superior detection

of extrahepatic disease [7].

PET/CT has been recommended by some authors for its ability to detect

extrahepatic metastatic disease, which may help reduce non-therapeutic

laparotomy rates in patients with liver metastases [8]. A retrospective British

study found that PET/CT was superior to contrast-enhanced CT scan for the

detection of extrahepatic metastatic disease, but had a similar sensitivity and

specificity to liver MRI for the detection of liver metastases, with MRI hav-

ing a greater accuracy for the detection of subcentimeter lesions [9]. How-

ever, a survival benefit has never been demonstrated with the use of PET/CT.

Tumors of less than 1 cm and mucinous tumors are also often not detected

by PET/CT. PET-positive lesions are nonspecific, particularly in the setting of

inflammation, and the sensitivity of PET is low in patients who have been pre-

viously treated with chemotherapy [7]. Given these limitations of PET/CT, it

is not currently recommended for routine staging or surveillance of colorectal

cancer [10].

Intra-operative ultrasound represents a key aspect of the surgical manage-

ment of patients with colorectal liver metastases. It may identify lesions not

seen on CT scan in up to 27% of patients undergoing resection of primary or

metastatic liver tumors, with even higher rates of detection of occult lesions

as the number of tumors increases [11]. Detection of additional lesions by

intra-operative ultrasound may necessitate a change in the surgical plan.
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Resectability and operability

Both resectability and operability should be evaluated prior to planning a liver

resection formetastatic colorectal cancer.Operability is the ability of the patient

to tolerate hepatic resection [12] and is based on factors such as performance

status and comorbidities. A tumor’s resectability encompasses both technical

and oncologic factors [12]. Technically resectable metastatic disease is that

which can be entirely removed with negative margins while sparing a mini-

mum of two adjacent liver segments and preserving adequate inflow, outflow,

and biliary drainage of the remnant with adequate parenchyma to support

vital liver functions (i.e. at least 20% of the estimated total liver volume in

patients with normal liver parenchyma) [7;13].

Although in the past, oncologic factors such as the presence of more than

three metastases or extrahepatic metastatic disease have been considered

at least relative contraindications to hepatectomy for colorectal metastases,

recent data has suggested that this thinking should be revised [14;15]. Two

retrospective studies have reported reasonable long-term survival in patients

with four or more metastases after complete resection [16;17]. In one of these

studies, the presence of multiple tumor nodules was an independent predictor

of lower overall survival rates, but not of lower disease-free survival rates [15].

In the second study, patients with more than three metastases had a 21.5% 5-

year actuarial disease-free survival rate with a 50.9%overall survival rate after

multimodality therapy [17]. Other studies have also recently reported favor-

able survival in patients with resectable liver metastases and limited sites of

resectable extrahepatic disease, including lung [18], limited peritoneal disease,

and portal lymph nodes [19;20]. One oncologic factor which is still considered

a contraindication to hepatectomy is progression while on chemotherapy in

the form of development of new liver metastases or new sites of extrahepatic

disease [12]. Such patients should show a response to an alternative line of

systemic therapy before surgical resection is undertaken.

Response to therapy
Recent studies suggest that approximately 5–10% of patients may have

a pathological complete response after treatment with oxaliplatin- or

irinotecan-based chemotherapy [21;22]. In these studies, pathological com-

plete response was shown to be an independent predictor of improved over-

all survival on multivariate analysis, with major pathologic response (<50%

viable tumor cells) having a higher hazard ratio than previously established

predictors of survival, such as disease-free interval, tumor size, and tumor
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multiplicity [22]. A study from theMDAnderson Cancer Center has suggested

that the morphologic response to chemotherapy may also predict overall sur-

vival, with the ‘optimal’ morphologic response consisting of an homogeneous

low attenuation lesion with a thin, sharply defined tumor-liver interface [23].

In this study, 47% of patients treated with bevacizumab had an optimal mor-

phological response versus 12% of those not treated with bevacizumab [23].

Patients with an optimal morphologic response had 3- and 5-year overall sur-

vival rates of 82% and 74%, respectively, versus 60% and 45% (p < 0.001)

for patients with a less than optimal response [23].

Synchronous metastases and treatment sequencing

For the approximately 25% of colorectal cancer patients who are diagnosed

with synchronous liver metastases, three different management strategies

may be considered [24]. The classic approach tomanagement of these patients

has involved primary tumor resection followed by resection of the liver metas-

tases. The downsides to this approach include potential progression of the liver

metastases before the patient receives any systemic therapy and possible delay

in or even omission of systemic therapy and/or liver resection due to postop-

erative complications following resection of the primary tumor. In an effort to

avoid these potential problems, two alternative management strategies have

been developed. The first alternative strategy proposed was combined resec-

tion of the primary tumor and the liver metastases as a single operation.

Several retrospective studies have described the use of this approach with

morbidity and mortality rates that are no worse than those with sequential

resections [24–27]. The patients included in these studies, however, have been

highly selected and in the majority of cases have required a colon resection

with a relatively low complication rate (e.g. right hemicolectomy) or if a more

complex colorectal resectionwas indicated, have required a limited liver resec-

tion (e.g. wedge resection). For this reason, consideration of this approach is

recommended in a limited number of patients [7].

More recently, a second alternative strategy for the management of syn-

chronous metastases has been proposed, whereby liver resection is performed

prior to colorectal resection. This strategy is commonly referred to as the

reverse approach and may involve neoadjuvant chemotherapy prior to both

surgical resections. Utilization of this strategy requires an asymptomatic (i.e.

neither obstructing nor bleeding) colorectal primary. With this approach, sys-

temic treatment of the metastatic disease is guaranteed and the likelihood

of the liver metastases progressing to an unresectable status is minimized
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[28;29]. The primary tumor rarely progresses significantly during the admin-

istration of neoadjuvant chemotherapy, but if this does occur, the treat-

ment plan must be altered, so surveillance of the colorectal tumor must be

undertaken at regular intervals during the initial phase of treatment [30;31].

Following resection of the liver metastases, the primary tumor can be

addressed with appropriate locoregional therapy (e.g. resection of a colon pri-

mary or chemoradiation and subsequent resection of a locally advanced rectal

tumor). Selection of the appropriate treatment strategy for patients with syn-

chronous colorectal liver metastases requires prioritization based on which

site, if either is symptomatic, followed by which site poses the greater onco-

logical risk. These factors can be best evaluated with amultidisciplinary assess-

ment prior to initiation of therapy.

Cautionary notes on neoadjuvant chemotherapy

Chemotherapy-induced liver injury
As use of chemotherapy prior to resection of colorectal liver metastases has

becomemore common, liver surgeons have begun to appreciate that in certain

patients the liver may sustain significant damage from the chemotherapy. The

earliest reports of such damage described the presence of sinusoidal obstruc-

tion and veno-occlusive disease, later termed the sinusoidal obstruction syn-

drome [32], in as many as 78% of patients treated with oxaliplatin-containing

regimens [33–36]. While these histological changes may be observed for

months after completion of chemotherapy, they do not seem to correlate with

the total dose of oxaliplatin [33;34]. Most studies have not found an associa-

tion between the presence of the sinusoidal obstruction syndrome and higher

rates of postoperative complications; however, one French study [34–36] has

described an associationwith increased length of hospital stay and highermor-

bidity rates [37], and another study has shown a correlation with higher rates

of transfusion [35].

Up to 20% of patients receiving irinotecan-containing chemotherapy reg-

imens may develop steatohepatitis [34;36], which has been associated with

increased postoperative mortality rates [34], and potentially increased rates

of postoperative hepatic insufficiency [38]. More recent data has shown that

steatohepatitis occurs primarily in patients with a high body mass index [39],

suggesting that irinotecanmay cause progression of steatohepatitis in suscepti-

ble patients rather than de novo induction of steatohepatitis [38]. Longer dura-

tions of preoperative chemotherapy have been associated with higher rates

of postoperative complications [35;37;40;41]. The study describing the most
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conservative breakpoint reported that receipt of fewer than 6 cycles of 5-

FU-based preoperative chemotherapy was associated with significantly lower

rates of postoperative complications (19% vs. >40%) relative to patients

receiving additional cycles of chemotherapy [41].

Disappearing liver metastases
Modern chemotherapy regimens are now so effective that radiographic com-

plete responses, also known as disappearing liver metastases, may occur in

up to 25% of patients [42]. Unfortunately, however, these radiographic com-

plete responses do not always correlate with pathological complete responses.

One retrospective study reported that nearly 60% of disappearing metastases

that were not resected eventually recurred at the same site [42]. However,

these local recurrences did not adversely affect overall survival rates. Another

retrospective study showed that persistent macroscopic disease could be iden-

tified intraoperatively in 30% of disappearing liver metastases and in 80%

of resected lesions without macroscopic residual disease, microscopic disease

could be identified [43]. In this study, 74% of lesions without macroscopic

residual disease, which were not resected, developed local recurrences within

a year of surgery. The risk of having liver metastases disappear can be min-

imized if a liver surgeon evaluates the patient early with an optimal liver

imaging study, ideally prior to initiation of chemotherapy and if neoadju-

vant chemotherapy is limited to a short duration (e.g. 4 cycles), or until the

response has been sufficient for resection to be feasible [5].

Peri-operative chemotherapy
The EORTC Intergroup Trial 40983 was a multicenter randomized trial evalu-

ating the use of peri-operative chemotherapy in patients with resectable col-

orectal liver metastases [2]. Oxaliplatin-naı̈ve patients were enrolled in this

trial and were randomized to either 6 cycles of pre-operative and 6 cycles

of postoperative FOLFOX4 or to surgery without adjuvant therapy. Patients

in the peri-operative chemotherapy arm of the trial had a 35% relative risk

reduction (and a 7% absolute risk reduction) in 3-year progression free sur-

vival [2]. These patients also had a significantly higher rate of reversible

postoperative complications (25% vs. 16% in the surgery alone arm). Forty

percent of patients achieved a partial or complete response as measured by

RECIST criteria and on average total tumor diameter decreased by an average

of 25% [2].

The use of peri-operative chemotherapy in patients with stage IV col-

orectal cancer has also been examined in a meta-analysis of randomized tri-

als. This study found no evidence for a survival benefit with hepatic arterial
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chemotherapy, but did show a survival advantage that approached signifi-

cance for patients receiving peri-operative systemic chemotherapy (HR 0.74,

p = 0.08) [44]. A significant recurrence-free survival benefit, however, was

found with both hepatic arterial chemotherapy (HR 0.78, p = 0.01) and sys-

temic peri-operative chemotherapy (HR 0.75, p = 0.003).

Functional liver remnant and portal vein embolization (PVE)
A study of liver volumes in patients without cancer showed that in 75% of

patients, segments II and III of the liver contributed less than 20% of the total

liver volume and in more than 10% of patients, segments II, III, and IV com-

prised 25% or less of the total liver volume [45]. In patients such as these,

the risk of postoperative liver failure after an extended right hepatectomy,

and possibly even after a right hepatectomy, would be dangerously high. In

1990, Makuuchi first introduced the concept of PVE as a means of induc-

ing hypertrophy of the functional liver remnant [46]. This advancement has

decreased the risk of postoperative liver insufficiency and allowed surgical

resection in many patients who would not otherwise be candidates due to a

congenitally small left liver. Since the introduction of PVE, additional stud-

ies have expanded upon the indications and techniques for the appropriate

use of PVE and have further confirmed the safety of this procedure. Its use is

typically recommended when the anticipated functional liver remnant is less

than 20–25% of estimated total liver volume [47;48]. The expected average

increase in volume of the remnant liver is 12% of the total liver volume [47].

Hypertrophy rates correlate with the increase velocity in portal blood flow

in the non-embolized segment on post-procedure day 1 [49]. Elevated por-

tal blood flow in the non-embolized segments can be measured for at least

2 weeks after embolization [49], which is the basis for the recommended

2–4 week waiting period before resection is undertaken [47].

Recently, an alternate approach to the treatment of patients with a

marginal or inadequate functional liver remnant has been described. Right

portal vein ligation with in situ splitting (also known as ALPPS-associating

liver partition and portal vein ligation staged hepatectomy) involves two

operations (50). During the initial operation, the right portal vein is ligated

and the hepatic parenchyma is completely (or nearly-completely) transected.

After a period of a few days, the resection is completed at a second opera-

tion. Those that advocate this approach believe it achieves more rapid and,

perhaps, greater hypertrophy than is seen after PVE [51;52]. Critics of the

approach, however, stress the importance of caution given the high morbid-

ity rate (68%), high in-hospital mortality rate (12%), and lack of data on

long-term oncologic outcomes following this strategy [50;53].
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Repeat hepatectomy
Recurrence eventually develops in approximately 65–85% of patients who

undergo hepatectomy for colorectal metastases, with 20–30% of these recur-

rences isolated to the liver [54]. For such patients, as long as a margin negative

resection can be obtained, repeat liver resection results in equivalent long-

term survival to patients without recurrence, without significantly higher

peri-operative morbidity or mortality rates compared to initial hepatectomy

[55–58].

Metachronous metastases – unresectable with
downstaging

In retrospective studies, contemporary chemotherapy regimens including

oxaliplatin and irinotecan have converted 12.5–38% of patients with ini-

tially unresectable liver metastases into surgical candidates [19;59]. Although

approximately 80% of such patients will recur, 33–50% will be 5-year sur-

vivors and 23% will be 10-year survivors if an aggressive approach resecting

recurrent disease is employed [19;59;60].

Second-line chemotherapy
If colorectal patients with marginally resectable or unresectable liver metas-

tases fail to respond to first-line chemotherapy, they may respond to second-

line chemotherapy. A retrospective analysis has addressed the question of

whether or not liver resection is reasonable in such patients [61]. This study

reported, 1-, 3-, and 5-year survival rates of 83%, 41%, and 22%, respec-

tively, with 1- and 3-year disease-free survival rates of 37% and 11%, respec-

tively, with reasonable postoperative morbidity and mortality rates patients

responding to second-line chemotherapy.

Biological agents
The addition of biological agents, such as vascular endothelial growth fac-

tor (VEGF) inhibitors and epidermal growth factor receptor (EGFR) inhibitors

to cytotoxic chemotherapy, often results in treatment responses in patients

with metastatic colorectal cancer. Emerging evidence from phase II and III

randomized clinical trials suggests that including include biological agents in

chemotherapy regimens may increase the chances of converting unresectable

liver metastases into resectable ones [62].

Randomized controlled trials of FOLFOX or FOLFIRI with or without

bevacizumab, a VEGF inhibitor, have shown significant improvements in
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overall survival, progression free survival, and rates of response in both

previously treated and previously untreated patients with the addition of

bevacizumab [63;64]. A retrospective study has shown that the combination

of bevacizumab and FOLFOX results in a lower percentage of viable tumor

cells in resected specimens, without higher complete pathologic response rates

[65]. This study also showed a lower frequency and severity of sinusoidal

obstruction syndrome in patients who had received bevacizumab. Another

retrospective study described similar results with a decreased severity of the

sinusoidal obstruction syndrome, without an improved rate of response by

RECIST criteria in patients treated with bevacizumab [66]. Resection rates

have never been a pre-specified endpoint in any published randomized con-

trolled trials of bevacizumab for patients with stage IV colorectal cancer.

The EGFR is frequently present on colon cancer cells and is targeted by

cetuximab [67]. A retrospective analysis of the data from a randomized phase

II trial, of cetuximab plus either FOLFOX or FOLFIRI in patients with unre-

sectable liver metastases from colorectal cancer, showed that partial or com-

plete responses were significantly more common in patients with KRAS-wide

type tumors (70%) than in those with KRAS-mutations (41%) [68]. This

study also showed that cetuximab increased baseline resectability rates from

32% to 60% (p < 0.0001). A randomized phase III trial of FOLFIRI with or

without cetuximab in patients with stage IV colorectal cancer (not limited to

patients with liver metastases) showed that patients in the cetuximab group

had higher rates of surgery for metastases (7% vs. 3.7%) and higher rates

of R0 resection (4.8% vs. 1.7%, p = 0.002); however, these were not pre-

specified endpoints of the study [69].

Radiofrequency ablation

The phase II EORTC 40004 study randomized patients with unresectable liver

metastases to systemic therapy, either with or without radiofrequency abla-

tion (RFA) [70]. Although this study reported a non-significant improvement

in 30-month overall survival for the RFA group, 3-year progression free sur-

vival rates were significantly improved in the patients treated with RFA.

A retrospective study fromMDAnderson showed that in patients with col-

orectal liver metastases, both true local and liver-only recurrence rates were

significantly higher in patients treated with RFA than in patients who under-

went resection [3]. In this study, patients treated with resection also had sig-

nificantly higher overall survival rates and those patients treated with RFA

had survival rates that were higher than patients treated with chemotherapy
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only, but not dramatically so. A second retrospective study from the same

institution, but limited only to patients with solitary liver metastases, con-

firmed that patients treated with RFA had significantly lower local recurrence,

disease-free, and overall survival rates than patients treated with resection

[71]. Subset analysis in this study showed that even for patients with tumors

3 cm or smaller, local recurrence and overall survival rates were lower with

RFA than with resection and disease-free survival rates were lower, although

this difference did not reach statistical significance. Taken together, these data

suggest that for colorectal liver metastases, resection is the preferred treatment

if it can be accomplished safely. For patients who are not candidates for resec-

tion, treatment with RFA may improve survival over chemotherapy alone,

particularly for patients with small (≤3 cm) tumors.

MULTIPLE-CHOICE QUESTIONS

1 The most appropriate treatment approach for this patient would be:
A. Neoadjuvant chemoradiation followed by low anterior resection and then hepa-

tectomy
B. Combined hepatic resection and low anterior resection
C. Immediate hepatic resection followed by treatment of the rectal primary
D. Neoadjuvant chemotherapy followed by liver resection and then treatment of the

rectal primary

2 You counsel the patient that he may require a pre-operative portal vein embolization
to minimize his risk of which complication:
A. Chemotherapy-induced liver injury
B. Posthepatectomy liver insufficiency
C. Cirrhosis
D. Bile leak

3 Given this patient’s obesity, use of which chemotherapeutic agent puts him at greatest
risk of chemotherapy-induced liver injury and associated postoperative complications:
A. Bevacizumab
B. Cetuximab
C. Irinotecan
D. Oxaliplatin
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Controversies in chemotherapy in
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KEY POINTS

� Combination chemotherapy remains the standard for untreated mCRC; however,
sequential therapy may be considered for select patients.

� There is no data on optimal sequencing of biological agents in the treatment of KRAS
wild-type patients.

� Metastatectomy for patients with limited hepatic metastatic disease can prolong sur-
vival and potentially cure a small subset of patients.

� Conversion therapy should be limited to 3–4 months to limit potential hepatotoxicity.
� Chemotherapy-free intervals may be reasonable in select patients with mCRC.

Introduction

In the United States, colorectal cancer is the third leading cause of cancer

death [1]. Approximately 50% of patients with colorectal cancer will develop

metastatic disease (mCRC.) Availability of multiple therapies has improved

survival to more than 24 months [2–18], which has generated debate over

the most effective use of these agents. This chapter addresses some of the

controversies in the treatment of mCRC, including sequential versus combi-

nation chemotherapy, management of KRAS wild-type patients, conversion

therapy, and chemotherapy-free intervals. Unless otherwise specified, all data

pertains to first-line therapy.
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Sequential versus combination chemotherapy

The addition of either irinotecan or oxaliplatin to fluoropyrimidines improves

response and survival in mCRC [2;4] at the expense of added toxicity. Irinote-

can [19–21] and 5-FU [22–28] have activity as single agents in colorectal

cancer, while oxaliplatin is relatively inactive alone [29]. Evidence suggests

improved outcomes when patients receive all three active agents during their

disease course [29;30]. In the palliative setting, it is reasonable to question

whether an aggressive approach using up-front combination chemotherapy

is truly necessary.

The MRC FOCUS trial
The FOCUS trial evaluated the optimal sequencing of 5-FU, oxaliplatin and

irinotecan [31]. Patients received one of three treatment strategies. Strategy

A was 5-FU continued until disease progression, and second-line irinotecan

every 3 weeks. Strategy B involved first-line 5-FU until progression, with

second-line 5-FU with either oxaliplatin or irinotecan. Strategy C was first-

line 5-FU plus either irinotecan or oxaliplatin. The primary endpoint was sur-

vival, with secondary analysis for non-inferiority between strategies B and C

subsequently added.

The number of patients treated was 2135. Forty-nine percent of patients

received additional therapy following removal from study, but only 23% of

patients received all 3 agents. Grade 3–4 toxicities were more common in

Strategy C. Median survival was lower than expected for all groups. The sur-

vival difference between Strategies C and Awas statistically significant, but did

not satisfy the pre-specified requirement of p < 0.01 to confirm superiority.

However, comparison of patients on Strategy C receiving irinotecan to Strat-

egy A revealed a significant survival advantage for FOLFIRI over sequential

5-FU and irinotecan, and ORR and PFS were significantly improved for Strat-

egy C. Non-inferiority was confirmed between strategies B and C, with no dif-

ference in survival between oxaliplatin-containing regimens and irinotecan-

containing regimens. The authors concluded that a strategy of up-front

single-agent 5-FU followed by combination therapy at progression did not

compromise overall survival.

The DCCG CAIRO trial
On the CAIRO trial [32], patients received either sequential treatment with

first-line capecitabine, second-line irinotecan, and third-line capecitabine

plus oxaliplatin, or combination therapy with first-line capecitabine plus
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irinotecan, and second-line capecitabine plus oxaliplatin. The primary end-

point was survival. The number of patients treated was 803. The median time

on treatment was significantly longer for sequential versus combination treat-

ment. Grade 3–4 toxicities were increased with combination therapy. There

was no survival difference between the two arms. For first-line but not second-

line therapy, response and disease control were significantly higher for combi-

nation therapy, as was progression-free survival. The authors concluded that

combination therapy was more toxic and no more effective than sequential

therapy.

Discussion
The FOCUS and CAIRO trials failed to show survival benefit for up-front com-

bination therapy. Both trials show that combination chemotherapy is more

toxic, but also improves response and progression-free survival. These ben-

efits are important in patients with symptomatic disease or those with lim-

ited metastatic disease that may be convertible to a resectable state. A recent

retrospective analysis from the US Intergroup 9741 trial suggests achieving

a complete response with first-line therapy is an independent predictor of

survival [33], further supporting an aggressive combination approach to ini-

tial treatment. Finally, as demonstrated in FOCUS, many patients receiving

sequential therapy will not be exposed to all three agents, which may improve

survival [34].

In conclusion, the evidence suggests that the majority of patients

with untreated mCRC should receive combination chemotherapy, although

sequential therapy may be appropriate for select patients. Sequential therapy

should be avoided in symptomatic patients or patients who have potentially

curable limited metastatic disease. Patients who have pre-existing toxicities

or comorbid conditions precluding the safety of combination therapy may be

appropriate for sequential therapy.

Management of patients with KRAS
wild-type tumors

Phase III data confirm that the addition of biological therapy to combina-

tion chemotherapy improves clinical outcomes in mCRC. For patients with

KRAS wild-type tumors, multiple biological therapies are available, including

the anti-VEGF monoclonal antibody bevacizumab, and the anti-EGFR mon-

oclonal antibodies cetuximab and panitumumab; however, the best way to

sequence these agents is unknown.
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EGFR-Targeted Agents in KRAS wild-type mCRC
Several phase III studies have examined the role of adding cetuximab or pan-

itumumab to combination chemotherapy. Updated analyses from the CRYS-

TAL trial demonstrate that adding cetuximab to irinotecan-based therapy

(FOLFIRI) significantly improves overall and progression-free survival in pre-

viously untreated patients [15;17]. In contrast, two studies have failed to

demonstrate benefit from adding cetuximab to oxaliplatin-based first-line

therapy. Arm B of the 3-arm COIN study evaluated the effect on survival of

cetuximab combinedwith either 5-FU (34% of patients) or capecitabine (66%

of patients) plus oxaliplatin. Cetuximab did not improve outcome when com-

pared to FOLFOX or XELOX (Arm A) [35]. Similarly, the recently published

NORDIC VII study showed no improvement in the primary outcome measure

of PFS or survival for the addition of cetuximab to bolus 5FU plus oxaliplatin

(FLOX) [36].

On the other hand, PRIME study reached its primary endpoint (PFS), sug-

gesting a clinical benefit from adding panitumumab to FOLFOX, although no

significant improvement in overall survival was observed [9]. In the second-

line setting, panitumumab significantly improved progression-free survival

and response when combined with FOLFIRI [18].

VEGF-targeted agents
In untreated, unselected patients, bevacizumab improves survival and delays

progression in combination with 5FU and irinotecan [6;13;37], and modestly

prolongs progression-free survival when added to FOLFOX or XELOX [5]. In

the second-line setting, the E3200 study demonstrated significant overall and

progression-free survival benefit from the addition of bevacizumab to FOL-

FOX in irinotecan-refractory patients [12]. Finally, recently presented data

from the phase III VELOUR study show significant overall and progression-

free survival benefit for the addition of the VEGF-trap aflibercept to FOLFIRI

in oxaliplatin-refractory patients [38]. Additional analyses of patients treated

with bevacizumab, irinotecan, and 5FU [13] reveal that bevacizumab provides

clinical benefit regardless of KRAS mutational status [39].

Discussion
There is no clear consensus to help define the optimal sequencing of biolog-

ical agents in the treatment of KRAS wild-type patients. Both bevacizumab

and anti-EGFR agents (cetuximab and panitumumab) provide benefit in this

patient population. In the coming year, results of studies such as CALGB

80405 and AIO KRK-0306 will provide more information on how to best
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sequence these therapies. At this time, based on reasonable amount of data,

NCCN guidelines support the use of irinotecan-based therapy combinations

with EGFR inhibitors or bevacizumab, or oxaliplatin-based combinations with

either bevacizumab or panitumumab as up-front therapy. Available data sug-

gest a lack of synergy between oxaliplatin and cetuximab and these agents

should not be used in combination.

Conversion chemotherapy for patients with limited
metastatic disease

Roughly two-thirds of patients will develop liver metastases during their dis-

ease course but only 10–15% will be candidates for metastatectomy [40;41].

Although most of these patients will experience disease recurrence, a small

percentage can be cured [42]. Five-year survival after R0 resection of liver

metastases is between 30% and 35% [43], versus les than 9% for unresectable

stage IV disease.

Involvement of critical structures may limit initial resectability of liver

metastases. Chemotherapy and biological therapy are being increasingly

utilized in am effort to convert unresectable liver metastases to a com-

pletely resectable state. This approach, termed ‘conversion therapy’, can allow

between 12% and 33% of patients to undergo R0 (complete) resection

[43–50].

Combination chemotherapy
The most effective approach to conversion chemotherapy is unclear; how-

ever, strategy should attempt to achieve a high response rate. Additional fac-

tors including time from adjuvant chemotherapy, pre-existing liver injury, or

residual toxicities should also be taken into consideration.

Table 14.1 provides a summary of ORR and resection rates, when avail-

able, reported in phase III trials. Combining a fluoropyrimidine with oxali-

platin or irinotecan results in ORR of 36–59% [3;5;9;16;51–55] and 39–

56% [6;10;15;54], respectively. In studies reporting secondary surgery out-

comes, 2–24%of patients with unresectable liver disease were able to undergo

surgery following chemotherapy and up to 14% of patients achieved R0 resec-

tion with median survival up to 39 months [2;15;54;56].

A recent phase III trial compared chemotherapy with 5-FU, oxaliplatin,

and irinotecan (FOLFOXIRI) to FOLFIRI [10], with increased toxicity but sig-

nificant improvement in ORR and R0 hepatic metastatectomy rate. An anal-

ysis of pooled data from 3 trials of preoperative FOLFOXIRI observed a 19%
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Table 14.1 Summary of phase III trials of first-line chemotherapy that included patients

with unresectable liver metastases.

Study Year Treatment N ORR (%)
Resection
rate (%)

R0
resection
rate (%) mOS (m)

[2] 2000 FOLFOX

5-FU

420 50.7

22.3

6.7

3.3

—

—

16.2

14.7

[4] 2000 IFL

5-FU

Irinotecan

683 50/39∗∗

28/21∗∗

21/18∗∗

—

—

—

—

—

—

14.8

12.6

12

[8] 2000 IFL

5-FU

387 49

31

—

—

—

—

17.4

14.1

[13] 2004 IFL 411 34.8 — — 15.6

[3] 2004 FOLFOX

IFL

IROX

795 45

31

35

—

—

—

—

—

—

19.5

15

17.4

[37] 2004 FOLFOX

FOLFIRI

220 54

56

24

9

14

7

20.6

21.5

[23] 2006 FOLFOX 58.5 17.7 11.3 19.3/38.9∗

[10] 2007 FOLFOXIRI

FOLFIRI

244 66

41

36

12

15

6

22.6

16.7

[35] 2007 FOLFOX

FOLFIRI

686 57

49

—

—

—

—

16.7

15.4

[36] 2007 XELIRI 398 46 2 — 17.4

[6] 2007 FOLFIRI

IFL

XELIRI

430 47.2

43.3

38.6∗∗

—

—

—

—

—

—

23.1

17.6

18.9

[58] 2008 FOLFOX

XELOX

634 48

47

—

—

—

—

19.6

19.8

[16] 2009 FOLFOX 168 36 — 2.4 —

[15] 2009 FOLFIRI 602 38.7 3.7 1.7 18.6

[9] 2010 FOLFOX 550 48 9.4 7 19.7

[25] 2011 FOLFOX/XELOX 815 46 — — 19.6

∗Survival in all patients/patients undergoing hepatic metastatectomy
∗∗Unconfirmed/confirmed

– Not reported

R0 resection rate and 5-year survival of 42%. No severe liver injury or post-

operative mortality was observed [44].

Significantly higher incidence of liver injury has been reported in patients

who have received chemotherapy prior to surgery [57;58]. Hepatic sinusoidal

injury is reported in up to 78% of liver specimens following preoperative
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oxaliplatin [58;59] within 4 months of therapy [60]. In addition, nodular

regenerative hyperplasia preventing liver resection has been observed with

oxaliplatin [61]. Irinotecan is associated with increased incidence of steato-

hepatitis after a median of 16 weeks of therapy, which can affect the ability

to safely perform large liver resections [60;62;63]. Data regarding the effect of

chemotherapy-induced liver toxicity on perioperative morbidity and mortal-

ity are mixed [60;62–68], but suggest that more than 12–16 weeks of preop-

erative treatment and less than 4 weeks between chemotherapy and surgery

are associated with increased postsurgical complications [69;70].

Chemotherapy plus biologic therapy
The addition of targeted agents to chemotherapy has been studied in phase III

trials, with variable improvement in response. Data regarding response rates

and resection rates on phase III trials of chemotherapy plus biologics are sum-

marized in Table 14.2.

Table 14.2 Summary of phase III trials of first-line chemotherapy plus biologics.

Study Year Treatment N ORR (%)
Resection
rate (%)

R0
resection
rate (%)

mOS
(m)

[13] 2004 IFL + bevacizumab 402 44.8 — — 20.3

[14] 2005 5-FU + bevacizumab 313 40 — — 18.3

[16] 2007 FOLFOX + cetuximab 169/61∗∗ 61∗∗ — 9.8∗∗ —

[6,7] 2007 FOLFIRI +
bevacizumab

IFL+ bevacizumab

117 57.9

53.3

—

—

—

—

NR∗

19.2

[5] 2008 FOLFOX +
bevacizumab

XELOX +
bevacizumab

349

350

38∗∗∗ 8.4∗∗∗ — 21.2

21.4

[15] 2009 FOLFIRI + cetuximab 599/172∗∗ 59.3∗∗ 7 4.8 24.9∗∗

[9] 2010 FOLFOX +
panitumumab

593/325∗∗ 55∗∗ 10.5∗∗ 8.3∗∗ 23.9∗∗

[55] 2012 XELOX +
bevacizumab

239 47% 12 9.2 23.2

–Not reported
∗Not reached
∗∗KRAS WT population only
∗∗∗Patients receiving bevacizumab regardless of FOLFOX or XELOX
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Anti-EGFR monoclonal antibodies
Data suggest that patients with KRAS mutation do not benefit from these

agents [9;15;16] and their use is restricted to patients with confirmed KRAS

wild-type tumors. On the CRYSTAL trial, FOLFIRI plus cetuximab improved

ORR in KRAS wild-type patients, and increased the percentage of patients

able undergo surgery and R0 resection [15]. Based on the PRIME study, pani-

tumumab results in a trend toward improved objective response when added

to FOLFOX in KRAS wild-type patients [9]. There is no benefit to the addition

of cetuximab to FOLFOX [35;36].

Bevacizumab
Phase III studies have evaluated the addition of the anti-VEGF mono-

clonal antibody bevacizumab to combination chemotherapy. Bevacizumab

improved ORR to 45% or 58% when added to IFL [13] or FOLFIRI [6] in

phase III studies (rates of resection were not reported); however, adding beva-

cizumab to FOLFOX or XELOX did not improve response rate [5]. These

data suggest that in the setting of conversion therapy, the combination of

FOLFIRI and bevacizumab is an appropriate option, whereas the role of beva-

cizumab added to FOLFOX is unclear. Evaluation of the addition of beva-

cizumab to FOLFOXIRI versus FOLFIRI in the phase III setting is ongoing

(NCT00719797).

Several bevacizumab-related toxicities may adversely impact postsurgical

outcome. The evidence is inconsistent to clearly define a relationship between

bevacizumab and postoperative morbidity (71–74); however, data from the

observational BRiTE study demonstrate an incidence of serious wound com-

plications in only 2% in patients who discontinued bevacizumab ≥8 weeks

prior to surgery, compared to 10% in those who received bevacizumab within

2 weeks of surgery [71;75]. Based on the 21-day half-life of bevacizumab, it

is recommended to discontinue its use 6–8 weeks prior to hepatic resection,

to allow adequate clearance and reduce the risk of potential complications

[73–75].

Discussion
Recommended chemotherapy regimens for conversion therapy include

FOLFOX/XELOX with or (preferably) without bevacizumab, FOLFOX with

panitumumab (KRAS wild-type only), FOLFIRI with anti-EGFR therapy

(KRAS wild-type only), FOLFIRI with bevacizumab, or FOLFOXIRI. The role

of new biological agents, such as aflibercept and regorafenib in conversion

therapy, remains to be determined. Bevacizumab should be discontinued

6–8 weeks prior to surgery to decrease the risk of postoperative complications.
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When administering preoperative chemotherapy, cliniciansmust be cognizant

of the potential for development of chemotherapy-induced liver injury and

underlying predisposing factors such as bodymass index. Theminimum dura-

tion of chemotherapy (ideally ≤4 cycles) should be provided in the neoadju-

vant setting to achieve required tumor regression prior to surgery.

The role of chemotherapy-free intervals

Advances in therapy have transformed mCRC into a chronic disease for many

patients. In the setting of palliation of incurable disease, maintaining the bal-

ance between quality of life and disease control is an extremely relevant and

often challenging task. Chemotherapy-free intervals are therefore an impor-

tant component of the management of advanced colorectal cancer.

The MRC CR06 trial
The MRC CR06 trial evaluated the effect of chemotherapy-free interval (CFI)

on survival when compared to continuous 5-FU administered until disease

progression [76]. Patients received continuous treatment with 5-FU or treat-

ment for 3 months followed by CFI with chemotherapy reintroduction at dis-

ease progression. The trial closed early and was underpowered to assess the

primary endpoint of survival.

Patients on the CFI arm had a median CFI of 2.8 months but only roughly

one-third of patients restarted chemotherapy, mostly due to disease progres-

sion (80%). Patients not restarting original chemotherapy either received no

further therapy (42%) or an alternate chemotherapy regimen (21%). There

was no survival difference between the two arms and no delay in progres-

sion with continuous chemotherapy. Patients on continuous therapy reported

more chemotherapy-specific side effects. The authors concluded that no clear

benefit could be demonstrated for continuous chemotherapy, and that CFI

following 12 weeks of chemotherapy was safe and did not compromise

survival.

The Gercor OPTIMOX trials
In the OPTIMOX-1 trial, the investigators demonstrated that oxaliplatin could

be safely discontinued after 6 cycles of FOLFOX, with less sensory neu-

ropathy and without adverse effects on clinical outcome [53]. To compare

complete discontinuation of chemotherapy to the OPTIMOX method, the

OPTIMOX-2 study was conducted [77]. Patients were treated with 6 cycles

(3 months) of modified (m) FOLFOX7 and either maintenance therapy (Arm

1-reference) with simplified LV5FU2, or a chemotherapy-free interval (CFI,
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Arm 2-OPTIMOX-2). In both arms, mFOLFOX7 was reintroduced at tumor

regrowth to original size. The primary endpoint was duration of disease con-

trol (DDC), defined as the sum of progression-free survivals while receiv-

ing mFOLFOX7 and maintenance therapy/CFI. The planned sample size was

decreased when bevacizumab was approved for first-line therapy, resulting in

an underpowered study.

The number of patients treated was 216 and roughly 80% of eligible

patients on each arm underwent reintroduction of mFOLFOX7. Toxicities

were similar on each arm after reintroduction of mFOLFOX7. Median DDC

was and PFS were both significantly longer on arm 1 versus arm 2. Overall

survival and ORR were similar. ORR after first FOLFOX reintroduction was

20.4% in Arm 1 and 30.3% in Arm 2 and 90% of patients who experienced

partial response at FOLFOX reintroduction had experienced partial response

with initial therapy. Median PFS at FOLFOX reintroduction was not signifi-

cantly different between the arms. The authors concluded that CFI adversely

affects DDC; however, chemotherapy discontinuation may still be an appro-

priate option for select patients, such as those who experience complete or

near complete response to therapy.

The MRC COIN trial
In the MRC COIN study [78], 1630 patients were randomized to receive con-

tinuous chemotherapy with investigator choice of capecitabine or 5-FUand

oxaliplatin until progression or toxicity (Arm A), or 12 weeks of chemother-

apy followed by cessation until progressive disease, at which time chemother-

apy was reintroduced (Arm C). The primary endpoint of the study was non-

inferiority of OS between the arms.

The cumulative dose-intensity of chemotherapy was greater on Arm A;

however, the dose intensity of chemotherapy was greater in Arm C during

on-therapy periods. Grade 3–4 hand/foot syndrome and peripheral neuropa-

thy were more frequent on Arm A. 63% of patients on Arm B began a CFI,

and the median length of CFI prior to progression was 3.7 months, with 64%

of those patients restarting a second chemotherapy course. As in OPTIMOX,

best response was typically seen in the first 3 months of treatment. Seventy

percent of patients on Arm C restarting chemotherapy after progression on

CFI achieved disease control. Significantly fewer patients received second-

line therapy on Arm C compared to Arm A (52% vs. 62%). In both popula-

tions, the upper bound of the confidence interval for OS was higher than the

predefined non-inferiority boundary, so the primary endpoint was not

met. Post-hoc analyses identified patients with elevated platelet count

(≥400,000/μL) as a subpopulation for which CFI may be harmful. Quality
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of life analyses revealed significant benefit favoring CFI for multiple parame-

ters. The investigators concluded that although this was a negative study and

intermittent chemotherapy cannot be routinely recommended, patients with

normal baseline platelet count may benefit from this approach.

Discussion
Taken together, the results of published studies suggest CFI should not be rou-

tinely offered to all patients; however, there may be a population of patients

that is appropriate for intermittent chemotherapy. For example, patients who

had a partial response or prolonged disease control with initial chemother-

apy may have a similar degree of response on chemotherapy re-initiation.

Criteria for consideration of CFI can include intolerable toxicity, complete

response, or prolonged stable disease (≥12 months), achievement of best

objective response, or completion of a predefined number of chemotherapy

cycles.

TIPS AND TRICKS / KEY PITFALLS

� Combination chemotherapy with 5-FU, oxaliplatin, and irinotecan (FOLFOXIRI) causes
significant gastrointestinal and hematologic toxicity.

� Bevacizumab should be discontinued at least 6–8 weeks prior to hepatic surgery and
should not be re-initiated for at least 6 weeks post-operatively.

� Oxaliplatin-based therapy should not be combined with cetuximab in KRAS wild-type
patients.

CASE STUDY AND MULTIPLE-CHOICE QUESTIONS

Case 1

A 45-year-old man was treated for stage IIIB colon cancer with colectomy and 6 months
of adjuvant FOLFOX. After 2 years from initial diagnosis, a CT scan of the abdomen
shows a 4-cm liver lesion. Biopsy reveals metastatic adenocarcinoma with a mutation in
KRAS. His surgical oncologist felt the lesion is borderline resectable. He has no residual
chemotherapy-related toxicities.
1 Which of the following are appropriate chemotherapy regimens for this patient (more

than 1 answer may be correct)?
A. FOLFOX plus cetuximab

B. FOLFOXIRI

C. FOLFIRI plus bevacizumab

D. FOLFOX

E. Single-agent 5-FU
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Case 2

A 69-year-old woman with mCRC received mFOLFOX6 plus bevacizumab for 12 months
with a partial response for the last 10 months. She required dose-reduction of oxaliplatin
for persistent grade 2 neuropathy. She now has difficulty with self-care activities of daily
living.
2 Which of the following represent reasonable modifications to this patient’s therapy

(more than 1 answer may be correct)?
A. Continue 5-FU and oxaliplatin and bevacizumab at the current doses.

B. Discontinue oxaliplatin and continue maintenance 5-FU and bevacizumab until
disease progression or resolution of neurotoxicity, at which time oxaliplatin can be
reintroduced.

C. Completely discontinue chemotherapy and begin close surveillance with the plan
to restart chemotherapy at evidence of progression.

D. Further dose-reduce oxaliplatin to 45 mg/m2 and continue therapy.
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KEY POINTS

� The primary aim of surveillance is to detect locoregional recurrence, metastases, or
metachronous primary disease at an early, asymptomatic stage

� Several randomized controlled trials (RCTs) evaluating different follow-up strategies
showed no significant differences in survival between more intensive versus less inten-
sive surveillance programs

� The ongoing GILDA, FACS, and COLOFOL trials are more likely to reflect any advances
in modern surgical techniques and the use of adjuvant therapies.

Introduction

Approximately two-thirds of patients with colorectal cancer (CRC) will

present with potentially curable disease by radical surgery and/or adjuvant

chemotherapy. Of these, 30–50% will subsequently develop recurrent dis-

ease [1;2]. Relapse most often presents within 5 years after the resection of

primary disease, with 80% of recurrences occurring within the first 3 years

[3]. The most common sites of recurrence are the liver, the lungs, and the

original site of resection [4–6].

After definitive treatment is completed, it is common clinical practice to

monitor patients for several years with follow-up strategies designed to detect

tumor recurrence at a stage when further curative procedures can be used.

Despite this widespread practice, there is considerable controversy about the
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optimal frequency, the kinds of essential tests, and the duration of surveillance

to detect recurrence.

The primary aim of surveillance in patients with CRC treated by curative

surgery is to detect locoregional recurrence, metastases, or metachronous pri-

mary disease at an early, asymptomatic stage. Compared with those who are

symptomatic, patients identified with recurrence as a result of surveillance

programs have a higher rate of curative salvage resection and better rates of

survival than those whose recurrences present with symptoms [7;8].

Randomized controlled trials and meta-analyses

Several randomized controlled trials (RCTs) evaluating different follow-up

strategies showed no significant differences in survival between more inten-

sive versus less intensive surveillance programs, with the exception of two

trials [7;9–15]. However, even in these two trials, the improved survival is

attributed not only to curative surgery, as in the case of resectable liver metas-

tases, but also to additional (4–11%) attributions of other factors, including

increased psychosocial support, promotion of beneficial dietary and lifestyle

factors, and improved treatment of co-morbidity [16;17].

Four meta-analyses reported a 20–33% reduction in the hazard ratio and

an absolute risk reduction of 7% for 5-year mortality with intensive follow-

up, although no improvement was seen in the cancer-specific survival rate

[9;12;14;18].

It is important to note that in a meta-analysis, small sample sizes, the

inclusion of both colon and rectal cancers, and significant heterogeneity in

the surveillance programs, including combinations in types of procedures and

frequency, make it impossible to infer the best combination and frequency of

visits, blood tests, endoscopic procedures, and radiologic investigations. Fur-

thermore, the studies in meta-analyses are often performed over a broad span

of time, during which the introduction of more efficacious chemotherapy,

more sensitive CT scans, and more aggressive liver resection strategies need

to be accounted for.

Follow-up tests and procedures

Although a significant number of recurrences are detected by symptoms, it is

hard to discern early hepatic, lung, or anastomotic recurrences using solely
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history-taking and physical examination. In one meta-analysis, more follow-

up was found to be statistically insignificant, but was favored to reduce mor-

tality and incurable recurrence over no follow-up at all [19].

Carcinoembryonic antigen (CEA) forms the backbone of surveillance and

CEA titers are elevated in 60% of patients with recurrence [8;20–22]. How-

ever, CEA is most sensitive for hepatic and retroperitoneal metastases and

least sensitive for local recurrences and peritoneal or pulmonary disease [22].

Therefore, the primary intent of serial CEA measurement is to detect asymp-

tomatic hepatic metastases and it can be an optimal tool in those patients

whose CEA is elevated preoperatively [23]. Although the utility of serial CEA

testing has been questioned, it helps to detect asymptomatic and curable

recurrence and seems to have a positive effect on survival [24;25].

Chest-imaging is recommended as part of the evaluation. Furthermore, as

these metastases are located at peripheral sites they are more amenable to

resection; in fact, more than 70% of pulmonary recurrences found on chest

CT are treatable by curative resection. Annual chest CTwas therefore included

in the American Society of Clinical Oncology (ASCO) recommendations for

high-risk patients [8;18].

Ultrasonography and CT scans of the abdomen can assist in detecting

recurrences in conjunction with elevated CEA titers, because CEA monitor-

ing can detect hepatic recurrences prior to or at the same time as detection

by liver imaging [26]. Such follow-up was associated with earlier detection of

hepatic recurrences susceptible to curative surgical resection and a reduction

in cancer related mortality [24;27].

18F-fluorodeoxyglucose-positron emission tomography (FDG-PET) is lim-

ited to use as an adjunctive tool combined with CT, where it can be useful for

patients who have an elevated CEA level accompanying a normal CT scan to

determine the location and extent of an otherwise occult disease recurrence

(28). However, the use of systematic FDG-PET as a regular part of a surveil-

lance strategy is dubious because of several limitations, including the normal

physiologic uptake of FDG in certain organs, the poor uptake in mucinous

cancers, the inability to detect small lesions (<1 cm), and high cost [29].

Colonoscopy can be used to detect anastomotic recurrences or

metachronous cancers during surveillance, and the resectability of recur-

rences detected by colonoscopy was higher than in other modalities [8;9;30].

However, the incidences of such recurrences were reported to be low

(1.1–6.3%) and there was no evidence of a survival benefit with the

detection of intraluminal recurrent disease [24;25]. The optimal interval

between colonoscopies is unknown but the first postoperative examination is

recommended after 1 year and subsequent studies are recommended at 3- to
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5-yearly intervals, unless intervening events occur, such as the identification

of high risk polyps (villous adenoma, tubular adenoma >1cm, or high grade

dysplasia) [31].

The current guidelines of major health organizations

Existing data suggest a regimen of intensive surveillance, though guidelines

produced by major health organizations vary, as illustrated in Table 15.1.

Promising future trials

The Gruppo Italiano di Lavoro per la Diagnosi Anticipata (GILDA) group of

investigators is currently conducting a randomized trial of ‘intensive’ versus

‘minimal’ follow-up in patients with stage II or III colorectal cancer. Major

outcomes being investigated include OS, a better timing profile of recur-

rence diagnosis, quality of life, and financial costs. An interim analysis did

not demonstrate any improvement in OS between two groups; however, the

follow-up time was short [32].

The FACS trial from the UK has explored the effect of CEA monitoring in

primary care and intensive hospital follow-up with CT and ultrasound scan-

ning. The primary outcome is the number of recurrences treated with curative

intensive surgery, but enrollment remains slow.

In the multi-centre COLOFOL study, participants are randomized to either

a ‘low frequency’ or a ‘high frequency’ follow-up. The only difference

between regimens is the interval between follow-up test, performed at 1 and

3 years for the low frequency and at 6 month intervals in the high frequency

group. The primary outcomes are OS and disease-specific survival.

Note that these trials are more likely to reflect any advances in modern

surgical techniques and in the use of adjuvant therapies to treat CRC. Future

randomized trials need to focus on larger sample sizes, and to identify the

contribution of the specific elements of surveillance to outcomes in detail.

One of the most intriguing concepts in surveillance is adapting the inten-

sity of surveillance to the patient’s risk of recurrence. Clearly, patients who

are considered at a higher risk of recurrence experience greater benefits from

surveillance than lower risk patients. Individualized risk stratification empow-

ers patients, enhancing their ability to make meaningful choices and ulti-

mately improving outcomes.
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CASE STUDY

The patient was diagnosed with sigmoid colon cancer and underwent a laparoscopic
anterior resection in May 2010 for a T3 N2, poorly differentiated colon cancer with
7/15 lymph nodes positive for disease. The patient underwent 6 months of adjuvant
chemotherapy with FOLFOX until November 2010 and was placed on surveillance. There
were no abnormalities in physical examination and all other reviews of systems were
negative, but her CEA rose from 1.8 ng/ml to 10.7 ng/ml in a follow-up examination in
May 2011. She then had an abdominal CT scan which revealed a mass lesion measur-
ing 3.2 cm in the left lobe of the liver, and a 2.4 cm lesion in the right ovary suspicious
for malignancy. She underwent surgery in July 2011 for left lobectomy with bilateral
salpingo-oophorectomy.

TIPS AND TRICKS / KEY PITFALLS

� There is no evidence of the usefulness of complete blood cell (CBC) counts, liver func-
tion tests, or other tumor markers such as CA19-9 in surveillance, and none of these
tests are currently recommended in the published guidelines.

� Benign conditions which can elevate CEA include smoking, infections, inflammatory
bowel disease, pancreatitis, liver cirrhosis, and some benign epithelial tumors [33;34].
A temporary rise in CEA after chemotherapy and radiotherapy can be attributed to the
death of tumor cells and release of CEA into the blood stream. However, in benign
diseases, this is usually not elevated above 10 ng/ml.

� One of the RCTs reported that recurrences, which occurred in patients who received
intensive follow-up, were more likely to undergo a curative resection and have a sig-
nificant survival benefit, but this finding was limited to a subgroup analysis (stage II
colon cancer and those with rectal tumors) [9].

MULTIPLE-CHOICE QUESTIONS

(You may include questions with one or multiple correct answers. If applicable, you may
wish to include a feedback paragraph to explain the correct answer.)
1 What is not the primary aim of surveillance in patients with CRC treated by curative

intent surgery?
A. Detect locoregional recurrence
B. Detect metastases
C. Detect synchronous primary disease
D. Detect metachronous primary disease
E. None of above
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2 What is the best additional test to discern the possibility of ovarian metastasis in this
patient?
A. Repeated CEA level monitoring
B. Gynecologic physical examination
C. Pelvic ultrasonography
D. Positron Emission Tomography (PET)
E. Pelvic MRI

3 What makes it impossible to infer the best combination and frequency of surveillance
tests from the meta-analyses of the RCTs evaluating follow-up strategies of CRC?
A. Significant heterogeneity in the surveillance programs
B. They were performed over a broad span of time
C. Inclusion of both colon and rectal cancers
D. Small sample sizes
E. All of above
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Clinical Vignette #1

A 40-year-old male presents for genetic consultation. He was recently diag-

nosed with a hepatic flexure adenocarcinoma with mucinous features on

colonoscopy following episodes of hematochezia. His family history is signif-

icant for his paternal grandmother who was diagnosed with uterine cancer

in her 50s and a paternal uncle who died of colorectal cancer in his 40s. The

patient’s father died in his 50s in an accident, and the patient’s mother is liv-

ing in her 60s. The patient has one sister, age 30, and has two children, ages

5 and 10. The patient’s referring physician ordered microsatellite instability

(MSI) and immunohistochemistry (IHC) testing on the patient’s biopsy. MSI

testing reveals a MSI-high tumor with loss of staining of MSH2 and MSH6

and intact staining for MLH1 and PMS2. The patient consents to MSH2 genetic

testing, including sequencing, deletion/duplication testing, and EPCAM

deletion testing.

Discussion
While themedian age of colorectal cancer (CRC) diagnosis is 70 years, approx-

imately 17% of CRC cases are diagnosed in individuals under 50 [1]. Indi-

viduals with CRC at a young age, even without a significant family history

of CRC, are at increased risk of having an underlying genetic susceptibility,

putting them and their family members at significantly increased risk of devel-

oping cancer. Approximately 5% of CRC is hereditary, meaning that it is due
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to a single mutation in a gene that predisposes an individual to high lifetime

risks of CRC and other cancers [2]. Hereditary non-polyposis colorectal cancer

(HNPCC), also referred to as Lynch syndrome (LS), accounts for 2–3% of all

CRCs. Familial adenomatous polyposis (FAP) and MUTYH-associated polypo-

sis (MAP), inherited adenomatous polyposis conditions, account for approx-

imately 2% of CRC cases. Less than 1% of cases of CRC are attributed to

the rarer hamartomatous polyposis conditions, specifically Peutz-Jeghers syn-

drome (PJS), juvenile polyposis syndrome (JPS), and Cowden syndrome (CS)

[2]. Detailed management guidelines are proposed by the National Compre-

hensive Cancer Centers Network® (NCCN®) Guidelines for Colorectal Cancer

Screening [3].

Lynch syndrome (LS)
Lynch syndrome, an autosomal dominant condition caused by mutations in

the mismatch repair genes (MLH1, MSH2, MSH6, PMS2, and rarely, EPCAM),

is associated with tumors that demonstrate MSI. The majority of cases are

inherited from a parent; the de novo, or new mutation, rate is not known,

although expected to be low (<2%) [4]. LS is primarily characterized by an

increased risk for CRC in men and women of 20–80% by age 70, with a pre-

ponderance of right-sided tumors. The mean age of CRC diagnosis in indi-

viduals with LS is 42–61 years. CRCs associated with LS often show histo-

logical evidence of MSI and host immune response, including lymphocytic

infiltrates, Crohn’s-like lymphocytic reaction, poor differentiation with signet

ring cells, medullary (solid/cribriform) growth pattern, and/or mucinous

features [5].

Women with LS are also at increased risk of cancers of the endometrium

of 20–60% by age 70, with a mean age of diagnosis of 47–55 years [6].

Cancers of the ovary (4–11%), stomach (5–8%), small intestine (–6%), hepa-

tobiliary tract (2–18%), upper urinary tract (8% overall, up to 27% in males),

brain/central nervous system (CNS) (4%), and sebaceous neoplasms (1–9%)

are also seen at increased frequency compared to the general population [7;8].

Surveillance and management recommendations for CRC and extra-colonic

cancers are outlined in the NCCN Guidelines® for Colorectal Cancer Screen-

ing, version 2.2012 [3].

The ranges in cancer risk are due to the varying penetrance of the mis-

match repair genes. MLH1 and MSH2 mutations account for approximately

90% of mutations causing LS; MSH6 mutations for 7–10%; and PMS2 muta-

tions in more than 5% [2]. Deletions in the EPCAM gene, which result in

epigenetic silencing of MSH2, account for 1% of families [9]. LS associated
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with MLH1, MSH2, and EPCAM mutations is considered ‘classic’ LS, with the

highest penetrance of cancer risks. MSH6 and PMS2-associated LS could be

considered an attenuated phenotype, with reduced CRC risks (44% in MSH6,

20% in PMS2) [8].

Evaluation
Age of diagnosis, tumor location, pathology features, presence or absence of

polyps, and family history are important criteria to consider when evaluat-

ing a patient with CRC diagnosed at less than 50 years. MSI-high histology,

regardless of patient age, should prompt evaluation by PCR (polymerase chain

reaction) and immunohistochemistry.

CRC less than 50 with no synchronous adenomas
In patients without polyposis, the Revised Bethesda Guidelines help to deter-

mine whether a patient is appropriate for MSI analysis [5]. These include:
� CRC diagnosed in a patient <50 years.
� Presence of synchronous or metachronous LS-associated tumors,∗ regard-

less of age;
� CRC with MSI-histology∗∗ diagnosed in a patient <60 years;
� CRC diagnosed in a patient with one or more first-degree relatives with an

LS-associated cancer, with one of the cancers diagnosed <50 years;
� CRC diagnosed in a patient with two or more first-degree relatives with

LS-related cancers, regardless of age.
∗includes CRC, endometrial, gastric, ovarian, pancreas, ureter and renal

pelvis, biliary tract, brain (glioblastoma), small bowel, sebaceous adenoma/

carcinoma
∗∗presence of tumor-infiltrating lymphocytes, Crohn’s-like lymphocytic

reaction, mucinous/signet-ring cell differentiation, medullary growth

pattern

Initial tumor analysis can be performed by either IHC staining for the mis-

match repair proteins, a PCR-based MSI assay, or both. MSI and IHC are best

validated in colorectal cancer tissue for the detection of LS; however, these

tests can also be performed in endometrial tumors and other LS-associated

tumors. MSI and IHC testing performed in combination is the most specific

for LS, detecting approximately 95–99% of cases [10].

Approximately 15% of sporadic (non-hereditary) colorectal cancers have

high levels of MSI. These are most often associated with loss of MLH1

and/or PMS2 proteins in the tumor on IHC analysis. Sporadic mechanisms
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can account for the majority of these MSI high tumors, including hyperme-

thylation of theMLH1 promoter and BRAF V600E mutations. Sporadic hyper-

methylation of the MLH1 promoter occurs most often in older patients with

predominantly proximal colon tumors. Hypermethylation of the MLH1 pro-

moter accounts for approximately 80% of MSI-high tumors, meaning that

most MSI-high tumors can be attributed to sporadic methylation [10;11].

However, hypermethylation of the MLH1 promoter can also be seen rarely

in patients with Lynch syndrome, in which a germline MLH1 mutation exists

on one allele and sporadic methylation provides the ‘second hit’. In other

sporadic MSI-high tumors, the BRAF gene acquires a somatic mutation, typi-

cally V600E. This somatic mutation drives mismatch repair gene methylation,

which also results in a tumor that is MSI-high, with loss of MLH1 protein

expression [12]. The presence of a BRAF V600E mutation reduces the likeli-

hood that a young patient has Lynch syndrome, but does not exclude the pos-

sibility. Therefore, young patients with a strong family history warrant close

evaluation for Lynch syndrome, even if a BRAF mutation or MLH1 hyperme-

thylation is present in the tumor.

Ideally, MSI and IHC for the mismatch repair enzymes are performed first

on the tumor tissue to guide further genetic analysis. Figure 16.1 displays a

recommended testing strategy for patients who undergoMSI and IHC analysis

[11]. In rare cases, tumor tissue may not be available or access to pathology-

based screening tests may be limited. For patients with a personal history of

cancer, it may be reasonable to proceed with comprehensive germline genetic

testing of the four mismatch repair genes. Currently, genetic testing detects

mutations in only 50–70% of individuals with diagnostic tumor studies [11].

Therefore, approximately 30–50% of patients with a presumptive diagno-

sis of Lynch syndrome based on abnormal tumor studies (Figure 16.1) have

negative germline genetic test results. A negative result is considered non-

diagnostic, or inconclusive, and does not rule out the possibility of Lynch

syndrome in individuals whose tumors have not been analyzed.

If a mutation is identified in a family with LS, at-risk relatives are rec-

ommended to undergo predictive genetic testing at adulthood (18 years or

older). Genetic testing is not recommended in minors for several ethical rea-

sons, including that Lynch syndrome is not characterized by childhood onset

cancers; thus there are no surveillance or management recommendations for

individuals under 18 years of age who test positive for LS. For individuals with

tumor studies suggestive of LS but no detectable mutation, all at-risk relatives

are recommended to undergo LS surveillance, as predictive genetic testing is

not available (Figure 16.1).



M
S

S
/M

S
I-

L 
+

no
rm

al
 IH

C
N

o 
fu

rt
he

r
te

st
in

gA
,B

N
o 

fu
rt

he
r

te
st

in
gA

,B

N
o 

fu
rt

he
r

te
st

in
gA

,B

N
o 

fu
rt

he
r

te
st

in
gA

,B

N
o 

fu
rt

he
r

te
st

in
gC

N
o 

fu
rt

he
r

te
st

in
gC

N
o 

fu
rt

he
r

te
st

in
gA

,B

N
o 

fu
rt

he
r

te
st

in
gC

M
LH

1 
+

 M
S

H
2

te
st

in
g

M
LH

1 
+

 M
S

H
2

te
st

in
g

M
S

H
2 

te
st

in
g

E
P

C
A

M
 te

st
in

g

M
LH

1
hy

pe
rm

et
hy

la
tio

n
pr

es
en

t +
/–

 B
R

A
F

V
60

0E
 p

os
iti

ve

M
LH

1
hy

pe
rm

et
hy

la
tio

n
an

d/
or

 B
R

A
F

V
60

0E
 a

bs
en

t o
r

te
st

in
g 

no
t d

on
e

M
LH

1
m

et
hy

la
tio

n 
+

/–
B

R
A

F
 V

60
0E

 
te

st
in

gD
,E

C
on

si
de

r 
M

S
H

6
+

 P
M

S
2 

te
st

in
g

(–
)

(–
)

(–
)

(–
)

(–
)

(–
)

(–
)

(–
)

(–
)

(–
)

(–
)

(–
)

(–
)

C
on

si
de

r
P

M
S

2
te

st
in

g

C
on

si
de

r 
M

S
H

2
te

st
in

g

C
on

si
de

r 
M

LH
1

te
st

in
g

C
on

si
de

r
M

LH
6E

,P
C

A
M

+
 P

M
S

2
te

st
in

g

P
M

S
2 

te
st

in
g

M
S

H
6 

te
st

in
g

M
LH

1 
te

st
in

g

C
on

si
de

r
M

S
H

6
te

st
in

g

M
S

I-
H

 +
 n

or
m

al
IH

C

M
S

I-
H

 +
 A

bs
en

t
M

S
H

2 
+

 M
S

H
6

M
S

I-
H

 +
 A

bs
en

t
P

M
S

2 
on

ly

M
S

S
, M

S
I-

L 
or

M
S

I-
H

 +
 A

bs
en

t
M

S
H

6 
on

ly

Tu
m

or
 n

ot
av

ai
la

bl
e/

in
su

ffi
ci

en
t

sa
m

pl
e

M
S

I-
H

 +
 A

bs
en

t
M

LH
1 

+
 P

M
S

2

M
S

I a
nd

IH
C

an
al

ys
es

C
ol

or
ec

ta
l o

r
en

do
m

et
ria

l
ca

nc
er

Fi
g
u
re

1
6
.1

(a
)
If
st
ro
n
g
fa
m
il
y
h
is
to
ry

(e
.g
.
A
m
st
er
d
am

cr
it
er
ia
)
is
p
re
se
n
t,
ad

d
it
io
n
al

te
st
in
g
m
ay

be
w
ar
ra
n
te
d
in

th
e
p
ro
ba

n
d
o
r
co
n
si
d
er

tu
m
o
r
te
st
in
g
in

an
o
th
er

af
fe
ct
ed

fa
m
il
y
m
em

be
r
d
u
e
to

th
e
p
o
ss
ib
il
it
y
o
f
a
p
h
en

o
co

p
y.

(b
)
M
an

ag
em

en
t
sh
o
u
ld

be
ba

se
d
o
n
in
d
iv
id
u
al

an
d

fa
m
il
y
ri
sk

as
se
ss
m
en

t.
(c
)
A
ff
ec
te
d
in
d
iv
id
u
al

an
d
at
-r
is
k
fa
m
il
y
m
em

be
rs

sh
o
u
ld

fo
ll
o
w

L
yn

ch
sy
n
d
ro
m
e
m
an

ag
em

en
t
re
co
m
m
en

d
at
io
n
s.

(d
)
B
R
A
F
te
st
in
g
is
n
o
t
ap

p
ro
p
ri
at
e
in

en
d
o
m
et
ri
al

ca
n
ce
rs
.
(e
)
If
st
ro
n
g
fa
m
il
y
h
is
to
ry

is
p
re
se
n
t,
d
ir
ec
t
ge
rm

li
n
e
te
st
in
g
m
ay

be
in
d
ic
at
ed

in
st
ea
d
o
f
ad

d
it
io
n
al

tu
m
o
r
st
u
d
ie
s
[8
].
W

it
h
k
in
d
p
er
m
is
si
o
n
fr
o
m

S
p
ri
n
ge
r
S
ci
en

ce
+
B
u
si
n
es
s
M
ed

ia
.



280 Colorectal cancer

Clinical Vignette #2

A 32-year-old female presents for genetic consultation. She was recently diag-

nosed with a rectal adenocarcinoma on colonoscopy, which was performed to

evaluate a change in bowel habits. The colonoscopy report is also significant

for multiple polyps, confirmed to be tubular adenomas, numbering approx-

imately 20 throughout the left colon. Her family history is significant for

her mother with colorectal cancer diagnosed at age 45 and thyroid cancer at

age 50.

Discussion
The presence of multiple adenomatous polyps (10–15+) in the young patient

with CRC is typically more suggestive of attenuated familial adenomatous

polyposis (AFAP) or MutYH-associated polyposis (MAP), particularly if the

tumor is left-sided and a family history of multiple polyps is present. The

number, location, and type of polyps are important to note. Adenomatous

polyps are most highly concerning for AFAP and/or MAP. Hyperplastic, ses-

sile serrated, or inflammatory polyps do not typically occur in patients with

AFAP; however, one or two may be noted amongst a majority of adenomas.

Hyperplastic polyposis, or a combination of adenomas with a preponderance

of hyperplastic polyps, is most often seen as its own clinically distinct polyposis

syndrome, for which no gene has been identified.

Familial Adenomatous Polyposis (FAP)
FAP, an autosomal dominant condition caused by mutations in the APC gene,

is characterized by hundreds to thousands of adenomatous colon polyps,

beginning on average at age 16 years [13]. Over 90% of individuals who have

FAP will develop adenomatous (pre-cancerous) polyps in the colon. By age

35, 95% of patients have multiple adenomas. Without endoscopic interven-

tion or colectomy, the risk of CRC approaches 100% in patients with FAP,

with a preponderance of left-sided cancers. Approximately two-thirds of cases

of FAP are inherited from an affected parent; one-third, however, are due to

de novo germline mutations in the APC gene [14].

Extracolonic characteristics are also seen in FAP. Gastric fundic gland

polyps occur in approximately 50% of patients with FAP [15]. Approxi-

mately 50–90% of patients with FAP develop duodenal adenomas, typi-

cally periampullary, which are associated with an increased risk of small

bowel adenocarcinoma (4–12%). Duodenal adenocarcinomas in patients with

FAP develop at a mean age of 45–52 years; however, the range reported is
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17–81 years [16]. Additional extracolonic cancers in patients with FAP include

pancreas (∼1%), thyroid (typically papillary type; however, cribiform variant

is also seen, 1–2%), CNS (typically medulloblastoma, <1%), and liver (hepa-

toblastoma, 1.6%) [17;18;19].

A subset of FAP, attenuated FAP (AFAP), is characterized by patients with

a fewer number and more proximally located colonic polyps, a lower but

significant risk of CRC, and a later age of diagnosis than classic FAP. Individu-

als with AFAP typically have an average of 25 adenomas. The lifetime risk for

CRC in patients with attenuated FAP has not been established; the cumulative

risk of CRC by 80 years is estimated to be approximately 70% [20]. Patients

with AFAP typically have fewer of the extracolonic manifestations associated

with classic FAP.

Approximately 30% of patients with attenuated FAP have a deleterious

mutation in the APC gene. Of the remaining 60% of individuals with AFAP

who do not have an APC mutation identified, some have MUTYH-associated

polyposis (MAP) and others have non-diagnostic genetic testing [21].

MUTYH-Associated Polyposis (MAP)
MAP is caused by biallelic mutations in the mut-Y homolog gene (MUTYH

or MYH), involved in DNA base-excision repair. Patients with MAP develop

multiple colorectal adenomas, typically 20–100, usually beginning after age

40. MAP is often clinically indistinguishable from AFAP based on the number

of colon adenomas. MAP is distinguished from other CRC cancer predisposi-

tion syndromes because it is inherited in an autosomal recessive pattern. Indi-

viduals with MAP must inherit a MYH mutation from both parents, meaning

that patients with MAP often have no family history of CRC or polyposis, or

only affected siblings. The risk for extracolonic cancers is not clearly defined,

although cancers of the small bowel, thyroid, stomach, and breast have been

reported [22]. One study has found that approximately 2% of all patients

with CRC diagnosed under age 50 carry biallelic MYH mutations [23]. This

is an important consideration for the young patient who has a MSI tumor,

particularly if he or she presents with synchronous colorectal adenomas. The

risk of CRC for monoallelic MYH carriers is also unclear, although estimated

to be two times the general population risk (10–15%) [24].

Evaluation
In the young patient with multiple polyps and a family history of polyps

and/or CRC consistent with autosomal dominant inheritance, genetic test-

ing for FAP is appropriate. Genetic testing of the APC gene should include

sequencing and deletion/duplication analysis. If an APCmutation is detected,
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at-risk children are recommended to undergo genetic testing at age 10 for clas-

sic FAP and in the late teens for AFAP [13;25]. In families with no detectable

mutation, endoscopic surveillance is recommended for all at-risk relatives.

In some cases, there is no clear autosomal dominant inheritance, or the sta-

tus of polyps in other family members in unknown. If such a patient has no

identifiable mutations in the APC gene, it is appropriate to consider proceeding

toMYH genetic testing. The testing strategy for MAP differs from other hered-

itary CRC syndromes, as MAP is autosomal recessive. Testing is available for

the two common mutations in the Caucasian population (Y179C and G396D

previously reported as Y165C and G382D) [22]. Testing can be initiated with

the commonmutations with reflex to full gene sequencing, or may begin with

full gene sequencing. Once an individual is identified as having biallelic MYH

mutations, his parents are presumed to be monoallelic carriers and his sib-

lings are at 25% risk of having MAP and at 50% risk of being carriers. The

children of the affected individual are obligate carriers of at least a singleMYH

mutation. The partner of the affected individual may undergo carrier testing

to determine risk to offspring, as there is a 1–2% population carrier frequency

of MYH mutations [27].

In some patients with oligopolyposis (<20 polyps), no mutations are iden-

tified in the APC or MYH genes. Endoscopic surveillance following attenuated

FAP surveillance guidelines is recommended for all at-risk relatives in these

families [3].

Genetic counseling and testing
Professional organization consensus statements, including American Society

of Clinical Oncology, American College ofMedical Genetics, American Society

of Human Genetics, and Evaluation of Genomic Applications in Practice and

Prevention (EGAPP) Working Group, recommend criteria for offering genetic

testing/counseling including:

1 CRC in three individuals, one of whom is a first-degree relative of the

other two, with two generations affected and one case diagnosed at under

50 (ASCO) [27]; and

2 personal or family history of a cancer or cancers known to be associated

with specific genes or mutations, such as sebaceous skin lesions, endome-

trial cancer at a young age, small bowel, upper urinary tract, and/or col-

orectal in the context of a compelling family history, young age at onset,

and familial clustering of related tumors (ACMG) [28].

The EGAPP Working Group in 2009 found sufficient evidence to recommend

that individuals with newly diagnosed CRC be offered genetic testing for LS

for the purpose of reducing morbidity and mortality in their relatives [29].
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Genetic counseling is a process that addresses the risk of occurrence of

a genetic disorder in a family. Genetic counselors are trained to help fam-

ilies understand the probability of an inherited condition, the risks and

benefits of genetic testing, the natural history of the genetic condition, the

recommendedmanagement strategies, and the risk to relatives. Genetic coun-

selors also assist in the decision-making process and facilitate coping with the

diagnosis of a hereditary condition. Genetic counseling can also be performed

by another health care provider with specialized training in cancer genetics

and risk assessment.

Psychosocial implications
The genetic counseling process addresses psychosocial issues raised through

the diagnosis of a hereditary cancer syndrome. The majority of patients who

undergo genetic counseling and testing are also dealing with a diagnosis of

cancer. Psychosocial issues that can frequently arise include cancer worry,

anxiety, depression, anger, fear, guilt, perception of cancer as influenced by

family experiences with cancer, risk perception for cancer for self and others,

whether the patient is competent to provide informed consent, presence or

absence of support network, and family communication. These elements have

been thoroughly explored in the literature [30;31]. Sivell et al. suggests that

cancer genetic risk assessment services, such as genetic counseling, help to

reduce distress in patients, and improve the accuracy the perceived risk of

cancer, as well as knowledge of cancer and genetics [32].
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CHAPTER 17

Best practices of supportive care
while receiving chemotherapy
Maura Polansky
The University of Texas MD Anderson Cancer Center, Houston, TX, USA

Clinical Vignette #1

Chemotherapy-induced diarrhea
A 57-year-old woman with advanced colorectal cancer presents for manage-

ment of her disease. You and the patient have elected to initiate systemic

chemotherapy.

Which patients are at increased risk of severe diarrhea
including chemotherapy agents prescribed and patient
characteristics?
Discussion
Colorectal cancer patients with baseline bowel dysfunction, including diar-

rhea due to surgery (particularly low anterior resection, colostomy, ileostomy,

subtotal colectomy), may be at increased risk of diarrhea from chemotherapy.

Patients with diarrhea due to malabsorption, including those who have had

a small bowel resection or cholecystectomy, may also be at increased risk. If

this patient has any of these characteristics, the clinician should take a through

history regarding pre-existing diarrhea and attempt to provide adequate man-

agement of this before initiating chemotherapy.

Patients who will be receiving irinotecan, 5 fluorouracil and combination

therapies including these agents, for treatment of colorectal cancer, are at sig-

nificant risk of diarrhea. Also those receiving capecitabine or cetuximab are

also at considerable risk [1].
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What initial recommendations, including patient education
and medications, for management of diarrhea should be
provided?
Discussion
Patient education should include ensuring patients understand what consti-

tutes diarrhea (change in frequency, consistency or volume of stools) and

the importance of adequate treatment to minimize the risk of complications,

including hospitalization or even death.

Loperamide should be used as a first line for treatment of diarrhea. Patients

should be instructed to take 4 mg with initial incidence of diarrhea and 2 mg

after each additional loose stool or every 4 hours for a maximum of 16 mg

daily [1]. Patient should also attempt to ensure adequate hydration by drink-

ing 8–10 glasses of liquids per day. They should also be instructed on initial

management of diarrhea and what they should do if they develop diarrhea

refractory to initial management strategies.

If the patient calls to report persistent diarrhea with use of
loperamide, what additional interventions should be
considered?
Discussion
First, a patient history should be obtained to determine the grade of diar-

rhea (Table 17.1) and if any complicating signs or symptoms are present,

including cramping, grade 2 or higher nausea or vomiting (Table 17.2), fever,

sepsis, bleeding or symptoms of dehydration such as dizziness. A review of

Table 17.1 NCI criteria for diarrhea [6].

Grade 1 2 3 4 5

Without

Ostomy

Increase

<4 stools/

day over

baseline

Increase of

4–6 stools/day

Increase

≥7 stools per day;

incontinence;

hospitalization

indicated

Life-threatening

consequences;

urgent

intervention

indicated

Death

With

Ostomy

Mild

increase in

output

Moderate

increase in

output

Severe increase in

ostomy;

hospitalization

indicated output;

limited self care ADL

Life-threatening

consequences;

urgent

intervention

indicated

Death
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Table 17.2 NCI criteria for nausea and vomiting [6].

Grade 1 2 3 4 5

Nausea Loss of appetite

without

alteration in

eating habits

Oral intake

decreased

without

significant

weight loss,

dehydration or

malnutrition

Inadequate oral

caloric or fluid

intake; tube

feeding, TPN or

hospitalization

indicated

- -

Vomiting 1–2 episodes∗

in 24 hrs

3–5 episodes∗

in 24 hrs

≥6 episodes∗ in

24 hrs; tube

feeding, TPN or

hospitalization

indicated

Life-threatening

consequences;

urgent

intervention

indicated

Death

∗episodes separated by 5 minutes

loperamide use should be performed to ensure adequate dosing. Patients who

have persistent diarrhea in spite of loperamide at 16 mg daily should be

evaluated for dehydration and/or electrolyte disturbances. Patients who also

experience nausea or vomiting are at particular high risk of complications and

may require a face-to-face visit in the clinic or emergency center. IV fluids

and/or electrolyte replacement may be indicated. Patients with severe diar-

rhea, sepsis, fever or neutropenia may require hospitalization. For patients

on capecitabine, the drug may need to be withheld until the diarrhea has

resolved.

A patient history should be taken to ensure there are no additional causes

of diarrhea, whichmay includemedication such as laxatives, infectious causes

including c. difficile, other medications or malabsorption.

If the patient provides a history consistent with maximum dosing of lop-

eramide and no other causes of diarrhea has been identified, an additional

agent should be added. Diphenoxylate atropine may also be used early in the

management of chemotherapy induced diarrhea [2]. It is dosed at diphenoxy-

late atropine 2.5/0.25 mg 2 tablet initial dose and 1–2 tablets every 6 hrs for a

maximum of 8 tablets per day. An oral fluoroquinolone is recommended for

7 days for patients with diarrhea uncontrolled for more than 24 hrs or with

complicating symptoms [1].

Patients and clinicians should ensure adequate hydration is maintained.

Small frequent meals, avoidance of dairy (due to an increased rate of
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hypolactasia from chemotherapy) and avoidance of high-fiber foods is typ-

ically advised [3]. Although lactose intolerance may result for chemother-

apy administration, it may not be the cause of diarrhea associated with pelvic

radiation [4].

What other medications could be considered if diarrhea
continues with adequate administration of loperamide and
diphenoxylate atropine?
Discussion
Initiation of opioids can be considered for these patients, including paregoric

and tincture of opium. Paragoic is dosed at 5–10 mL 1–4 times daily and tinc-

ture of opium 0.6 mL daily. Both agents have the potential for abuse and are

classified as schedule III and II, respectively.

Octeotide has been used for refractory diarrhea. This is a non-FDA

approved indication and optimal dosing and administration has not been

established. Some studies have utilized short-acting subcutaneous injections

with doses ranging from 50–2500 micrograms 2–3 times daily. Continuous

infusion of high-dose octreotide has also been found to be effective for patients

with diarrhea refractory to loperamide, diphenoxylate atropine and opiates.

Escalating dosing has been reported at 50 micrograms/hrs for 12 hrs, then

1000 microgram/hr × 12 hrs, then 150 microgram/hr for 72 hrs. Additional

72 hrs of therapy was used if diarrhea recurred [1;2].

Clinical Vignette #2

Nausea and vomiting
A 72-year-old man with a history of resected stage III colorectal cancer

presents to your clinic for adjuvant therapy. You have decided to initi-

ate treatment with FOLFOX (oxapliatin, 5 fluorouracil, and leucovorin) for

6 months.

What risk factors should you consider in determining the
risk of nausea and vomiting for this patient?
Discussion
Oxaliplatin is considered a moderate emetic risk drug, while 5 fluorouracil

carries low emetic risk. Patients receiving a regimen with moderate emetic

risk have a 30–90% risk of vomiting without anti-emetic prophylaxis. While

the risk of vomiting is diminished with the use of effective antiemetic
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prophylaxis, they often still experience nausea. Patients at increased risk

of chemotherapy-induced nausea and vomiting include women, the young,

non-alcohol drinkers, and those with a history of motion sickness [5].

What initial anti-emetics should be used for administration
as part of his pre-treatment therapy to prevent
chemotherapy induced nausea and vomiting?
Discussion
Since this regimen is expected to result in nausea or vomiting in 30–90%

of patient, premedication is essential. The NCCN guidelines (version 1.2012)

recommend the use of a serotonin antagonist and dexamethasone [5]. In addi-

tion, lorazepam and/or an H2 blocker or a proton pump inhibitor may also be

included.

What patient education (including instructions for PRN
medications) should be provided to patients to manage
nausea or vomiting?
Discussion
Patients should understand that the goal is to prevent and minimize nausea

and vomiting. Patients may have a preconceived idea that nausea and vomit-

ing are always experienced by patients undergoing therapy. Patients may not

understand the risk of severe nausea (without vomiting), which may result

in dehydration and malnutrition.

Patients should be counseled on the risks of uncontrolled nausea and vom-

iting and they should be encouraged to following recommendations for treat-

ment of breakthrough side effects. They should also be instructed to continue

using these medications on schedule until side effects have resolved. They

should also be instructed to call or seek medical attention for uncontrolled

nausea or vomiting or symptoms of dehydration. Patients with both diarrhea

and nausea and vomiting may be at high risk of complications from dehydra-

tion and electrolyte imbalances.

Breakthrough medications may include benzodiazepines (lorazepam),

cannabinoid, phenothiazine, serotonin 5-HTE3 antagonists, steroids (dexam-

ethasone) or other agents including haloperidol, metoclopramide and oth-

ers [5]. Other non-pharmacologic strategies include eating cold foods, eating

small, frequent meals, avoiding alcohol and encouraging fluid intake to avoid

dehydration.
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The patient calls on day 10 complaining of persistent n/v,
what other potential causes should be considered in
patients with poorly controlled nausea and vomiting?
Discussion
Patients with nausea/vomiting that is more severe than predicted, persists

beyond the anticipated duration of delayed chemotherapy-induced nau-

seas/vomiting or does not respond to anti-emetics should be evaluated for

other potential causes. Bowel obstruction, constipation, gastroparesis, brain

metastases, hypercalcemia, side effects of other medications (including opi-

ates), dyspepsia and anticipatory nausea/vomiting are all potential causes of

nausea/vomiting in this patient population.

What strategies may be used for management of
anticipatory nausea/vomiting?
Discussion
Patients with anticipatory nausea and vomiting may complain of symptoms

prior to arriving for chemotherapy or before infusion of chemotherapeutic

agents. It is important to optimize anti-emetic regimens in these patients. Ben-

zodiazepines may be initiated the evening before chemotherapy. Behavioral

therapy and acupressure may also be helpful [5].
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CHAPTER 18

Palliative care vignettes
Jenny Wei1 & Egidio Del Fabbro2
1University of Texas, MD Anderson Cancer Center, Houston, TX, USA
2Virginia Commonwealth University, Richmond, VA, USA

Clinical Vignette #1

AB, a 53-year-old male diagnosed 10 months ago with metastatic colorectal

cancer to his liver and retroperitoneum, underwent colectomy, chemoradi-

ation, and is currently being treated with a Phase I investigational therapy.

His course has been complicated by abdominal pain, which is controlled by

morphine sulfate extended release 30 mg twice daily and morphine sulfate

immediate release 7.5 mg every 2 hours as required for breakthrough pain.

His symptoms were well controlled until two days ago, when he was admit-

ted for abdominal pain and emesis. An abdominal CT scan showed evidence of

peritoneal carcinomatosis, ascites and partial small bowel obstruction. He was

started on morphine Patient Controlled Analgesia (PCA) with settings equiva-

lent to themorphine equivalent daily dose of his home regimen, 1mg per hour

continuous infusion and 2 mg RN bolus every 2 hours as needed. The dose

of morphine escalated as he continued to complain of worsening abdominal

pain. On day 2 he developed confusion, myoclonus, and agitation. On hospi-

tal day 4, laboratory data revealed an elevated creatinine value of 2.1 mg/dL

(185 μmol/L). His renal function prior to this hospitalization was normal.

Discussion
Morphine is metabolized in the liver to normorphine, morphine-3-

glucuronide (M3G), and morphine-6-glucuronide (M6G). M6G accounts

for the major component of clinical analgesia and although M6G has

fewer side effects than its parent drug, accumulation can cause respiratory

depression. M3G has no analgesic effect and is thought to be responsible

for neuroexcitatory effects such as delirium, myoclonus, and even seizures.

Delirium, myoclonus, allodynia, and hyperalgesia are all manifestations of
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opioid-induced neurotoxicity (OIN). Since the kidneys excrete all morphine

metabolites, doses should be titrated with caution in patients with renal

impairment. Intravenous opioids such as Fentanyl and Methadone are safer

to use in patients with decreased creatinine clearance, because they utilize

both the renal and the hepatic system for elimination. Although limited data

have demonstrated the safety of Fentanyl in renal failure, Methadone is

preferable, since gradual accumulation of Fentanyl is possible with long-term

use. Of note, although Fentanyl and Methadone are the ‘safest’ in renal

failure and have the advantage of not requiring any major dose adjustments,

they are not dialyzable, so caution is required [1].

Opioid rotation is often used to achieve a balance of effective pain control

with minimal or acceptable side effects, in response to delirium, uncontrolled

pain, and OIN [2]. This switch from one opioid to another is based on the

principle of incomplete cross-tolerance between opioids, such that a lower

equi-analgesic dose of the ‘new’ opioid can be used to treat pain. In practice

this results in a 30–50% reduction of the MEDD after rotation, which enables

effective pain control with less sedation, while the toxic opioid metabolites

of the old opioid are being excreted. It is important that clinicians are well-

versed in the equi-analgesic doses of opioids before electing an opioid switch.

If in doubt, the palliative care team should be consulted for guidance.

Management
The patient was rotated from morphine to a Fentanyl PCA with 50 mcg per

hour basal, 75 mcg per hour as needed nurse-administered bolus, and no

demand dose. Demand doses, controlled by patients, should be avoided in

delirium. After intravenous hydration, his renal function returned to base-

line and Dexamethasone 4 mg was given twice daily, as corticosteroids may

allow for maintenance of bowel patency and temporary resolution of malig-

nant bowel obstruction [3]. Nausea and emesis were controlled with metoclo-

pramide, bowel movements increased, and he was continued on transdermal

fentanyl at home, because of concerns that disease progression would again

precipitate nausea and emesis. Because of peritoneal carcinomatosis, ascites

and declining performance status, he was not considered to be a candidate

for surgery.

In the case of complete obstruction, haloperidol and octreotide would have

been preferable to control nausea and secretions, instead of a pro-kinetic agent

such as metoclopramide [4]. Haloperidol can be given i.v. or subcutaneously

alongwith octreotide at a starting dose of 100mcg q8h. Octreotide has demon-

strated superiority compared to anticholinergics in small randomized trials and

is themedicalmanagement of choice for bowel obstruction due tomalignancy.
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Although medical management alone is often effective, venting gastrostomy

tubes have the advantage of allowing patients to derive some pleasure from

the taste of liquids. Placement of a venting tube is feasible, even in patients

with ascites and peritoneal carcinomatosis [5].

Clinical Vignette #2

A 49-year-old male recently diagnosed with stage IIIb colon cancer after pre-

senting with intermittent rectal bleeding, is treated with surgical resection and

chemotherapy, and then referred to the palliative care clinic for management

of fatigue and cachexia. He reports minimal abdominal pain and some seda-

tion on twice daily extended release morphine. In the past, attempts at lower-

ing the dose of morphine have resulted in unbearable pain escalation. He has

daily bowel movements with the aid of laxatives. His most distressing symp-

toms are poor appetite and profound fatigue. He has noticed loss of muscle

mass and complains that he is rarely able to fully participate in activities with

his family and although he occasionally still has desire for food, this is limited

by early satiety and dysgeusia.

Discussion
Cancer-related fatigue is a multidimensional symptom with multiple con-

tributing factors including depressed mood, pain, insomnia, dyspnea,

cachexia, anemia, and medication side effects (Figure 18.1). Treatment of

fatigue should focus on correcting reversible causes (i.e. anemia, dehydration,

drug side effects, hypothyroidism, hypercalcemia and depression), because

there are limited pharmacological interventions specifically for fatigue. The

psycho stimulant methylphenidate demonstrated promise in open label tri-

als [6]; however, subsequent randomized controlled trials showed no ben-

efit over placebo. Nevertheless, Methylphenidate has been shown to be an

effective therapy for opioid induced sedation in selected patients and may

be helpful for fatigue and depressed mood. Because of the narrow balance

between desirable and undesirable effects, caution should be exercised when

using methylphenidate for opioid induced sedation [7].

Corticosteroids may be useful in short-term therapy of patients with

very advanced cancer but are prone to cause side effects such as proximal

myopathy and glucose intolerance when used long term. Non-pharmacologic

interventions such as exercise, psychosocial interventions (e.g. counseling on

coping strategies), and hormone replacement are also important to consider.

Exercise can improve physical performance in patients with advanced cancer
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Figure 18.1 Contributors to increased pain in patients with cancer.

[8]; however, most studies for cancer-related fatigue have been conducted in

patients with breast cancer and good performance status. Hypogonadism is

common in male patients with cancer, and is associated with increased symp-

tom burden [9] and decreased quality of life (QOL). Testosterone replacement

therapy (TRT) is effective for fatigue and muscle loss in non-cancer patients,

but as yet, no randomized controlled trials (RCTs) have been completed in

cancer patients.

The symptoms of fatigue and poor appetite often occur together as a ‘symp-

tom cluster’ [10], alongwith other symptoms such as early satiety and dysgeu-

sia that are characteristic of the cachexia syndrome. Cancer cachexia is defined

as a multifactorial syndrome characterized by an ongoing loss of skeletal mus-

clemass (with or without loss of fat mass) that cannot be fully reversed by con-

ventional nutritional support, and leads to progressive functional impairment

[11]. Multimodality therapy using pharmacological and non-pharmacological

interventions is the optimal approach to treat the cachexia syndrome [12].

A randomized controlled trial showed that nutritional counseling may pro-

vide sustained benefits to colorectal patients receiving radiation [13]. Other

symptoms such as depression, nausea, and constipation could also exacerbate

cachexia by further decreasing appetite and caloric intake (Nutritional Impact

Symptoms). These symptoms often improve with relatively inexpensive med-

ications [14].

As regards specific drug therapies for cachexia, no single agent has been

found to be consistently effective. Systematic reviews suggest megestrol
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acetate improves appetite and weight but not QOL, or other clinical out-

comes such as lean body mass or function. Unfortunately progestational

agents also increase the risk of thromboembolic disease, hypogonadism,

and hypoadrenalism. Small trials of non-steroidal anti-inflammatory drugs

(NSAIDs) (ibuprofen [15], indomethacin, celecoxib) and thalidomide have

improved clinical outcomes in cachectic patients with solid tumors. Other

novel agents under investigation include Selective Androgen Receptor Mod-

ulators (SARMs) and ghrelin agonists. Ghrelin and Ghrelin agonist have the

potential for improving multiple mechanisms contributing to cachexia includ-

ing appetite, gastric motility and immune modulation and have been well tol-

erated in preliminary clinical trials.

Management
Laboratory tests included serum levels of TSH, vitamin B12, bioavailable testos-

terone and vitamin D. Besides a low testosterone level, a depression screen

was positive for depressed mood. Testosterone was replaced with a topical

gel after discussion of the risks and potential benefits of TRT. In addition to

exercise and sunlight exposure, a trial of Methylphenidate 2.5 mg twice daily

was prescribed to counter opioid induced sedation, and nutritional impact

symptoms of early satiety (metoclopramide) and depression (mirtazapine)

were treated. Antihistamineswere discontinued and benzodiazepines tapered.

After 6 weeks, his fatigue had improved, and caloric intake was better after

treatment. He also reported an improved appetite, compliance with a daily

exercise regimen, and more active participation in family activities.
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for anal cancer, 169
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gold standard for resection of rectal tumors,
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intersphincteric, 108–9
‘surgical waist’, 105
‘waisting’ effect, 105–6

abdominoperineal resection, 202
vs. LAR, 210
and short-course radiotherapy, 209–10

ACPGBI, see Association of Coloproctology of
Great Britain and Ireland (ACPGBI)

aCR, see apparent complete response (aCR)
acute toxicity of CRT, 206, 208–9
adenocarcinomas, 164, 173–4
adjuvant!, 185
adjuvant chemotherapy, 180

benefits of, 184
bevacuzimab, 183
cetuximab, 183–4
controlled trials of, 181
designing next generation of, 191–2
FLOX, 183
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irinotecan, 183
LEU-modulated FU regimens, 182
LV plus FU, 181–2
OX/FU/LEU(FOLFOFX), 182–3
in stage II and III patients, 185–6
UFT + fluorouracil + leucovorin as, 98–9
using 5FU/leucovorin + oxaliplatin, 99

adjuvant radiation therapy (RT), 191
advanced adenomas, characteristics and

surveillance of, 61

AFAP, see attenuated familial adenomatous
polyposis
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anal canal

definition of, 163–4
and perianal area, 163

anal cancer
adenocarcinoma, 173–4
aetiology of, 164
cancer of anal margin, see cancer of anal

margin
case study, 174
chemoradiotherapy for, 169–71
clinical presentation of, 167–8
clinical staging for, 168–9
deaths from, 170
diagnosis of, 171
histological types of, 166
incidence of, 163
investigation of, 168
malignant melanoma, 174
pathogenesis of, 164–5
patterns of spread, 166–7
premalignant lesions, 165–6
squamous origin, 164
surgical treatment for

abdominoperineal excision, see
abdominoperineal excision

anal canal and perianal area, 163–4
complications and disease relapse, 171–2
inguinal metastases, 172–3
lesions at anal margin, 171
results of, 169

anal margin, 164
cancer of

clinical presentation of, 167–8
digital examination of, 168
patterns of spread, 166
treatment by local excision, 169, 171
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anal melanoma, 164
anal papillomavirus-associated lesions, 165
anal verge, 163–4
anastomosis

in right colon cancer, 96
in sigmoid colon cancer, 94

anogenital intraepithelial neoplasia
grading of, 165–6
natural history of, 173
surgical treatment of, 173

anogenital papillomavirus-associated lesions,
165

anogenital papillomaviruses, 165
anti-EGFR monoclonal antibodies, 250
anti-epidermal growth factor, 183, 184
APE, see abdominoperineal excision (APE)
apparent complete response (aCR), 128–33

assessment tools for, 135–6
clinical follow-up strategy after, 137
efficacy of non-operative treatments, 131
information to patient after, 137
non-operative management, practical issues

in, 136–7
vs. pathological complete response, 131–2
pathological examination, thoroughness of,

136
APR, see abdominoperineal resection
Association of Coloproctology of Great Britain

and Ireland (ACPGBI), 142
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attenuated familial adenomatous polyposis, 280

Bacillus Calmette Guerin, 181, 190
basaloid tumors, 166
BCG, see Bacillus Calmette Guerin
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in combination with CRT regimens, 220–1
FOLFOX or FOLFIRI with, 235–6
for stage II and III colon cancer patients, 183

biological mesh, 118
biologic targeted agents, 220–1, 235–6

for KRAS wild-type patients, 245–7
BRAF mutation, 187
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commercial tests for, 189
gene profiling for, 189

cachexia syndrome, 295–6
cancer of anal margin

clinical presentation of, 167–8
digital examination of, 168
patterns of spread, 166
treatment by local excision, 169, 171

cancer cachexia, 295–6

cancer-related fatigue
symptoms of, 294, 295
treatment strategies, 294–5

CAP, see capecitabine
capecitabine, 182, 191, 219–20, 252

with irinotecan (CAPEIRI), 220
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with oxaliplatin (CAPOX), 220
plus oxaliplatin, sequential treatment with,

244–5
sequential treatment with, 244–5

carcinoembryonic antigen, 265
carcinoma in situ, 166
CEA, see carcinoembryonic antigen
central lymph node dissection

of right colon cancer, 95
of sigmoid colon cancer, 93, 94

central vascular ligation (CVL), 92
cetuximab, 183–4, 191

combination chemotherapy, 246–7
in combination with CRT regimens, 221
plus either FOLFOX or FOLFIRI, 236

CFI, see chemotherapy-free intervals
chemoradiotherapy (CRT), 219

for anal cancer, 169–71
biologic targeted agents in, 220–1
complications of, 171
cytotoxic drugs integration in, 219–20
postoperative vs. preoperative, 203–5, 219
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Clinical Outcomes of Surgical Therapy (COST)
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morphology of, 53–4
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overview, 51
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characterization of, 52–6
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detection of, 52
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Kaplan–Meier curves and, 98
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Japanese grading of, 91
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overview, 87
recent studies on, 91–2
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uptake of, 40
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high grade neuroendocrine carcinomas, 77
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criteria of malignancy in, 70
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TP53 mutations, 187
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histological prognostic factors, 79–80

perforations at tumor site, 79
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microsatellite instability high, 75–8
molecular features of, 186
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pathology staging of, 70–4
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peri-operative chemotherapy for, 233–4
positive lymph nodes of, distribution of,
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surgery for, 92–100
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exploration of abdominal cavity, 92–3
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outcome of, 98–100
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synchronous metastases, 231–2
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for mCRC treatment, 244–5
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vs. pathological complete response, 131–2
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COST trial, see Clinical Outcomes of Surgical
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CRM, see circumferential resection margin
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CRT, see chemoradiotherapy
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irinotecan, 220

D3 dissection, see central lymph node dissection
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chemotherapy-induced diarrhea
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virus infection
HPVs, see human papillomaviruses
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and preoperative RT with TME, 202–3
and preoperative short-course RT, 201–2, 205



Index 305

local resection
of early rectal cancer, 137–9
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