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Foreword
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Challenges in Colorectal Cancer provides a unique perspective in the man-
agement of this difficult problem. This book is aimed at the entire medical
team rather than a specific specialty or subspecialty. Gastroenterologists, sur-
geons, oncologists, gastroenterology specialty nurses, radiotherapists, and
other health care professionals involved in the management of patients with
colorectal cancer can find the latest guidance for the most challenging and
controversial aspects of this disease. The book features leading international
editors and contributors. It provides the latest guidelines on the epidemi-
ology and prevention of colorectal cancer, the application of molecular
genetics, and new strategies for screening. It provides a synopsis of sur-
gical management including new laparoscopic and endoscopic techniques,
and the emerging role of genetic and pathologic staging. It is an up-to-date
record of the rapidly evolving alternatives in the oncologic management of
this disease, including the new chemotherapeutic alternatives and evolving
radiotherapeutic techniques.

I am excited about this book, and particularly about this group of editors
and well-recognized contributors. This should be a significant contribution
to the library of anyone managing this disease.

Robert W. Beart, Jr, 2006
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1: Does lifestyle cause colorectal cancer?

Richard Nelson

.............................................................................................................................................................................

Introduction

Can lifestyle cause colorectal cancer (CRC)? To answer this it is best first to
get an idea of the magnitude of the risk.

Suppose you wanted to get CRC, not by rechoosing your parents and
therefore opting to be born with a genetic defect that might make the likeli-
hood of getting cancer as high as 50%, but exclusively through diet/lifestyle
alteration or toxic exposure after birth. Could you do it? Not with verymuch
reliability, not even by moving to the highest risk locale, with a population
with habits that maximize the chances of getting CRC, whatever they might
be. This would only result in a probability of getting the disease of maybe
5–7% and even that in your dotage [1]. These are not very good odds if you
are a betting man.

Well, perhaps there is a bit more that you could do, such as burdening
yourself with a few chronic illnesses, like inflammatory bowel disease. The
risk of cancer is certainly increased here but mostly at a younger age. But no
one knows how to contract ulcerative colitis or Crohn’s disease, and chronic
infectious enteritides have not been reliably connected with cancer risk [2].

The risk of anal cancer can certainly be augmented by lifestyle decisions.
Neglected chronic perianal disease, such as hemorrhoids, fissure, and fistula,
and acquisition of sexually transmitted disease, especially related to human
papilloma virus, can greatly increase the risk of anal cancer over the general
population, perhaps as much as 10-fold for some factors [3]. But this type
of cancer is much rarer than more proximal colon and rectal cancer, so even
this great augmentation would not have a large overall effect on the chances
of getting combined colorectal and anal cancer. No matter what you do, the
chances are quite strong that you will never get CRC in your lifetime – better
than 90%.

1
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Okay, let’s be a bit more realistic. You’ve seen enough CRC in your life
and you want to minimize the risk of ever getting it, or of any of your loved
ones ever getting it. First of all, how early is the die cast – again limiting
our discussion to average risk individuals? Modification of risk in people
with obvious familial syndromes has little to do with lifestyle – except for
the role screening has in one’s style of life. But more about that later. And,
since inflammatory bowel disease tends to cluster in families, for whatever
reason, screening may have an enhanced role here as well. But when you can
or should do something about your life is an important point. For instance,
it seems that risk is determined at quite an early age for breast cancer. This
adds a new facet to parental responsibility, with the uncertainty of effect
decades away. If there is going to be any good news in this discussion, it is
that CRC risk seems to be determined at a much older age than with breast
cancer or gastric cancer. So it may be possible to change one’s ways at an
age when motivation is there to do so, compared with an adolescent [4].

So, more fiber, less fat, and don’t get constipated, right? Well, maybe.
But the trouble is that, though there is some experimental evidence that these
factors might diminish risk, what is needed to achieve a material change in
the incidence of CRC through public health intervention is evidence that
these or other recommendations actually work in the real world. And that
is where things get interesting.

Since the establishment of the SEER (Surveillance, Epidemiology and End
Results) program in 1973 by the National Cancer Institute in the United
States, there has been a continual decline in CRC mortality in the United
States. During much of the same period, however, CRC incidence rose
rapidly [1]. In addition, underdeveloped countries, which once had van-
ishingly small rates of CRC, and whose lifestyles we hoped, in some degree,
to emulate in order to reduce CRC incidence, were playing a rapid game of
catch-up in CRC. Whereas there was in 1978 a 50-fold difference between
mortality in high-risk and lowest-risk countries, by 1992 this had narrowed
to only a 12-fold difference [5,6].

Numerous case/control and cohort studies generated apparently useful
hypotheses for CRC prevention [7]. But, what had been conspicuous in its
absence was any natural population in which CRC incidence had declined.
It seemed that only social cataclysm could create such a population; that
is, a rising risk of CRC was an inevitable result of peace and prosperity.
Yet such a population did appear where it was least expected, in the United
States. SEER reported that the rapidly rising incidence of CRC in the United
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States suddenly reversed in 1986 and incidence has declined since then at a
rate greater than 1% per year up to 2002 [1].

It seems reasonable to suppose that this sudden reversal of incidence, after
a long period of rising risk, was preceded by a change in exposure to one or
more environmental factors. Investigation of the evolution of suspected risk
factors for CRC before and during this period of declining incidence offers a
very different and unique perspective in the determination of causation and
prevention of CRC. The precise time period of greatest interest in this inves-
tigation is uncertain, since there is considerable lag time between exposure
to a risk modifier and clinical onset of CRC, but it might be assumed to be
anywhere from 5 to 15 years before 1986. Fortunately it is in this period,
from 1970 to 1980, in which data became available to allow trending of
most risk factors in the United States.

Presented herein first is therefore an analysis of the pattern of change
in CRC incidence by anatomic subsite, gender, and race, then a time-trend
analysis of exposure to all suspected risk factors for CRC in the United
States from 1970 to 1986. This broad focus is necessary because no proven
paradigm of CRC prevention yet exists despite 50 years of intensive research.
Therefore it would be premature to exclude any risk factor from considera-
tion for being responsible for the declining incidence of CRC in the United
States. Finally a summary of the randomized trials of diet interventions will
be presented – the natural and necessary next steps to establish the effec-
tiveness of a change in lifestyle in CRC prevention. Some of these trials
investigated only single components and others attempted to diminish risk
by a more global dietary change.

Incidence and dietary trends

The incidence of CRC is shown over the period from 1973 to 1994 in Figs 1.1
and 1.2. The colorectum is divided anatomically in those graphs into proxi-
mal (cecum, ascending, transverse, and descending) and distal (sigmoid and
rectum) colorectum. This anatomic division of the colorectumwas as a result
of an analysis of race, gender, and age issues in CRC subsite location [8].
In that work, it became apparent that grouping the sigmoid, rectosigmoid,
and rectum together as distal and all tumors proximal to that as proximal
was a more rational point of division than the traditional division of the
large bowel into colon and rectum (with further subdivision into the right
and left colon). Pathologic misclassification became less likely than when for
instance tumors had to be classified as either rectal or recto-sigmoid (a left
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Fig. 1.1 SEER age adjusted proximal colon cancer incidence: 1973–94. Proximal colon
extends from the cecum to the junction of the descending and sigmoid colon. (Reproduced
from Nelson RL et al. Dis Colon Rectum 1999; 42: 741–52, with permission from
Springer-Verlag.)
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Fig. 1.2 SEER age adjusted distal CRC incidence: 1973–94. Distal colorectum includes the
sigmoid, rectosigmoid, and rectum above the anorectal ring. (Reproduced from Nelson RL
et al. Dis Colon Rectum 1999; 42: 741–52, with permission from Springer-Verlag.)
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colon subsite) [9]. The division is more rational on embryologic (division is
made at the border of the midgut and hindgut), physiologic, and anatomic
grounds.

As mentioned earlier, the incidence of CRC began to decline in 1986
and has continued to drop ever since. The decline in age adjusted incidence
of cancer is 24% in the distal colorectum in white men, 26% in the distal
colorectum in white women, 12% in the proximal colon in white men and
14% in the proximal colon in white women. Rates among blacks are more
variable from year to year but show no consistent pattern of decline in SEER,
with an increase in the proximal colon in both genders, but especially in
men, since 1986. Thus the decline in incidence is most apparent in both
white men and white women in the distal colorectum. The lifestyle factor
that had changed the most but was also gender neutral and race specific was
therefore the one most likely to be associated with the sudden decline in
CRC incidence.

Energy related factors. Though dietary fat has long been suspected to
be the major risk factor for CRC, the time-trend data do not support
this association in any aspect of energy measurement: fat intake, energy
intake, obesity, physical activity, or serum cholesterol. Americans eat about
the same amount of fat, exercise less, and weigh more than they did in
1970 [4].
Alcoholic beverages.National Health and Nutrition Examination Survey

(NHANES) data show a decrease in ethanol intake in men. World Health
Organization data show however an increase in all forms of alcoholic bever-
age intake [10], including the formmost associatedwith distal CRC, beer [4].
It is interesting to note that themethod of manufacture of beer inmany brew-
eries generated very high concentrations of nitrosamines, up to 50 times that
found in smoked meats. The discovery of this and the delineation of the spe-
cific step in the brewing process responsible for these nitrosamines resulted
in an industry-wide modification of their procedures in 1980 and the sub-
sequent near disappearance of nitrosamines from all commercial beers [11].
But this is not a gender neutral and race-specific risk factor.
Dietary fiber and related measures. Changes in definition of fiber and

instruments that measure fiber intake have made this among the most dif-
ficult dietary items to trend over time. Quantitative estimates of changes
in fiber intake therefore may not be very precise but the trend appears to
be upward in consumption in NHANES, though less so in the National
Food Consumption Survey (see Table 1.1). Surrogates of fiber intake
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Table 1.1 Time trends of non-energy related risk factors for CRC.

Risk factor Time period Data source Direction + or −

Alcoholic beverages 1960–85 World Health Organization: +54%
US Consumption +61% beer

+43% spirits
+426% wine

1971–88 NHANES −10% men
+28% women

Iron intake 1971–88 NHANES +22% men
+27% women

Body iron stores 1971–88 NHANES −7.8%
Calcium intake 1971–88 NHANES +0.5%
Constipation 1958–86 NDTI −33%
Dietary fiber 1976–88 NHANES +29%
Cholecystectomy 1972–90 US Hospital Discharge Survey −1.5%
Vitamin A 1971–88 NHANES +8%
Vitamin C 1971–88 NHANES +18%
Parity 1960–88 NSFG −33%
Oral contraception 1971–80 NHANES −2%
Postmenopausal 1980–85 Ambulatory Care Survey +22%
estrogen
Cigarettes 1950–91 National Cancer Inst. −60%
Polypectomy 1970–93 HCFA & Wisc. Hospital Assoc. + from negligible to

>830,000 indiv.
Aspirin 1985–90 Minnesota Heart +300%
General diet score 1965–90 National Food −10.5% (improved)

Consumption Survey (see text)

NHANES, National Health and Nutrition Examination Survey; NDTI, National Disease and
Therapeutic Index; NSFG, National Survey of Family Growth; HCFA, Health Cost Finance
Administration. (Reproduced from Nelson RL et al. Dis Colon Rectum 1999; 42: 741–52,
with permission from Springer-Verlag.)

described below may more accurately reflect the trend in fiber consumption.
These include constipation, vitamin A and C intake, and a combination
of iron intake and body iron stores (which if diminished, imply chela-
tion of oral iron by fiber-related phytic acid). Each of these suggest an
increase in fiber ingestion from 1970 to 1985. On the other hand, data
from the National Food Consumption Surveys, which report specific food
groups, show an increase in these foods only in higher socioeconomic
classes of both blacks and whites from 1965 to 1991. In addition there
is little difference between blacks and whites in the trend for the foods,
though throughout the study period whites had slightly higher fruit and
vegetable (but not fiber) consumption. Neither fiber nor anti-oxidant
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vitamins have been associated previously with protection against specific
CRC subsites.
Calcium. There seems to have been little change in dietary calcium intake

over the study period. The number of people ingesting calcium supplements
is however large, though skewed towards female gender. The randomized
trials of calcium (see below) are more informative.
Estrogen. Parity has declined, oral contraception use has changed very

little, and the use of postmenopausal estrogen has increased and then recently
again declined. Again, the randomized trials described below have beenmore
informative for this factor, which is hardly gender neutral.
Aspirin. Chronic aspirin use for the disease prophylaxis, either coronary

or neoplastic, has been difficult to track before 1985, though it is unlikely
to have been prominent before that date. Aspirin use may, therefore, be
a cause for further decline in CRC incidence in the future, though mostly
in men, since they are the principal consumers of aspirin for prophylaxis.
Even if aspirin-induced bleeding resulted in polypectomy, the effect on CRC
incidence should only become apparent about now (see below).
Cigarettes. Cigarette use has been consistently associated with benign

colorectal adenoma risk and only recently in a study for CRC risk as well.
The use of cigarettes has declined progressively in all age/race/gender cohorts
in the United States since 1951.
Cholecystectomy. Cholecystectomy has been extensively investigated as

a risk factor for CRC and may increase risk of proximal CRC many years
after the operation [12]. The rate of cholecystectomy in the United States
dropped less than 1%between 1972 (212/100,000) and 1980 (211/100,000)
in data from theHospital Discharge Survey of theNational Center forHealth
Statistics (NCHS). From 1972 to 1990 (209/100,000) the rate dropped 1.5%
[13]. In Sweden, from 1970 to 1980 the rate of cholecystectomy dropped by
25% [14].
Polypectomy. Polypectomy has grown from an occasional procedure in

1970, performed either through a rigid proctoscope or through colectomy
(a huge intervention when the adenoma–carcinoma sequence was still con-
troversial) to one performed upon almost one million individuals in the
United States in 1993. It has been estimated that risk of CRC could be
reduced by 70% by polypectomy [15]. If there is a 10-year lag time from
polyp detection to cancer formation, which is a broadly accepted conser-
vative estimate [16], then the rapid growth of polypectomy would be first
seen in reduced CRC incidence around the mid-1980s. The National Polyp
Study demonstrated that colonoscopy was most effective in preventing distal
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CRC [17], which fits with SEER data (Figs 1.1 and 1.2). If population-
based data could show that both white genders have had equal exposure
to colonoscopy and blacks have had less access than whites to polypec-
tomy, and even if the 70% risk reduction for CRC is wildly optimistic,
polypectomy may be the most likely explanation for the declining incidence
of CRC.

Indirect evidence in support of less access to polypectomy among blacks
and equal access in white genders can be found in SEER CRC stage data
in which whites of both genders had discovery of CRC at an earlier stage
than blacks. This implies that discovery was more likely to have been made
during screening of asymptomatic individuals, the same type of individuals
who would be getting polypectomy.

Summary of observational epidemiology

Because this time trend review does not contain a specific experiment in
a defined cohort, it might seem that the findings carry less weight than
would such an experiment. However the individual findings of this report
in most cases carry the weight of being derived from populations and data
weightings that make them more representative of the entire American pop-
ulation than any other available data. Any degree of direction of change
in exposure over time is therefore significant. Time trending also is a pow-
erful tool in the determination of disease causation, especially when the
trending covers a disease that has undergone such an abrupt change in
incidence as CRC has in the mid-1980s. These analyses therefore have
important implications related to screening for CRC. The apparent success
of polypectomy in reducing CRC incidence in the general population sug-
gests that cancer control might be more effectively achieved if the emphasis
in screening would shift towards technologies that are effective in detecting
adenomas [18].

Most importantly, the feasibility of incidence reduction has also been
established and should encourage further attempts to accelerate this through
primary prevention. Increased fiber consumption and changes in alcoholic
beverages may already have played a role in this reduction and current trends
in the use of estrogen, aspirin, and calcium and may accelerate this decline
in CRC risk over the next decade. Altered caloric balance (eating less fat and
more exercise), so heavily emphasized in recent reports, is apparently more
difficult to achieve in this society than CRC reduction [4].
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Randomized clinical trials in risk modification and prevention

Vegetable fiber has been assessed in at least four randomized clinical trials
[19–23]. Amongst these trials, none so far have shown a diminished risk
of adenoma recurrence with increased fiber consumption. Indeed one large
trial actually showed an increased risk in the high fiber group that quite
alarmed its investigators [23]. Does this translate into increased cancer risk
with dietary fiber? There is statistical evidence presented belowwhich would
argue against this, and decades of observational epidemiology would be
negated by such a conclusion.

Dietary calcium was also hoped to be a significant contributor to risk
reduction and has been looked at in two relatively large trials and two
much smaller cancer-prone groups, that is, individuals either with famil-
ial adenomatous polyposis or hereditary non-polyposis CRC. Similar to the
results regarding dietary fiber, none of these intervention trials has shown a
protective effect related to calcium [19,23–26].

Two trials, one in Australia and one in the United States, assessed more
global dietary change, feeling that no single dietary component would obtain
significant protection [19,20]. Both of these trials have unfortunately shown
no benefit to a program that increased fiber, fruits, vegetable, and beta
carotene and decreased fat intake. The resolution of these disappointing
results with prior descriptive epidemiology, which had suggested significant
dietary modification of colon cancer risk, has not been achieved.

On the other hand, several items have emerged as significant, though
modest, risk modifiers in randomized trials. One is selenium status in
the Polyp Prevention Trial [27]. Another pharmacologic intervention that
appears to provide benefit in randomized controlled trials is supplementa-
tion or ingestion of non-steroidal anti-inflammatory drugs (NSAIDs) [28].
This has been demonstrated both in cancer-prone individuals, that is, indi-
viduals with hereditary polyposis, and in the randomized trials amongst
intermediate-risk individuals with prior histories of either cancer or ade-
noma, looking at adenoma recurrence. Unlike hormone replacement therapy
(HRT) inwomen, inwhom significant harmful effects ofHRTmay have been
found, there seems to be little risk of harm in low-dose NSAID ingestion.

These trials did not use CRC as an end point of effect, but adenoma
recurrence. This was chosen for several reasons. First is that it occurs soon
enough and frequently enough to make these randomized trials economi-
cally feasible. It also, being a non-lethal surrogate for CRC, allays the ethical
conundrum of allocation of study participants into a research arm that one
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may feel could be deleterious, whether it is the intervention or the control.
There is however no perfect correlation between either adenoma risk or ade-
noma recurrence risk and subsequent incidence of or mortality from CRC.
Many patients with adenomas never get cancer. Yet, there is no other inter-
mediate end point or usable study outcome measure that correlates as well
with cancer risk as this. The suitability of this as a surrogate for population-
wide reduction in CRC risk must be called into question because of the
failure of these trials. Cogent statistical arguments against the use of even
more perfect surrogate end points have been raised [29]. Also, the use of
high-risk groups in dietary intervention trials as economic surrogates for the
general population has been shown to be unwise [30].

Hormone replacement therapy, that is, postmenopausal estrogen either
opposed or unopposed by progestin [31], is unique amongst these random-
ized intervention trials, using colon cancer as an end point. Despite some
of the alarming effects noted in the Women’s Health Initiative related to
estrogen supplementation, there still remains one significant health bene-
fit to HRT in addition to reduction of osteoporosis and postmenopausal
symptoms, and that is the diminished risk of CRC.

Analyses of more recent novel risk factors in
non-randomized trials

Novel risk factors have also been sought with interesting though preliminary
data. None of these have yet achieved significant enough evidence to ratio-
nalize their assessment in randomized trials. One of the most thoroughly
investigated is iron status, either measured as dietary iron intake, body iron
stores, or as genetic carriers of a disease known to increase iron exposure,
hereditary hemochromatosis. The hemochromatosis population is the most
interesting of these because it is, first of all, the most prevalent genetic dis-
ease in the United States. Second, evidence of increased risk of cancer or
adenoma in this population bypasses some of the biases inherent to etio-
logic studies in observational epidemiology, almost giving the strength of
randomized trials. Several trials have shown a positive association even in
hemochromatosis heterozygosity and colorectal neoplastic risk [32,33].

Dietarymagnesium has recently been found to be a significant protective
factor inwomen for colon tumors [34] and black tea has not [35]. No relation
has been found in a meta-analysis of prior gastric surgery and CRC risk [36].
Looking at what is perhaps this country’s most prevalent disease, obesity,
there is also a significant risk for CRC amongst these individuals, especially
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in men [37]. In a loosely related vein, cholesterol lowering with statins may
have the added advantage of diminishing CRC incidence as well [38]. This
comes from a case/control study; no randomized trials of statin use have
reported this as yet. C reactive protein has received much recent publicity as
a marker of heart disease risk and it has similarly been found to correlate
with colon cancer risk [39].

So, in summary, what is the most important lifestyle decision one can
make to avoid getting CRC?
Get screened. There is no dietary practice that comes close to the effective-

ness of this measure in disease prevention [4]. Eating healthy, being active,
staying slim may help and will certainly make each day more enjoyable.
Adding aspirin, a statin, or estrogen if you dare may have an incremental
effect but always at some cost [40].
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2: Screening for colorectal cancer – who,
when, and how?

Robert Steele

.............................................................................................................................................................................

Introduction

In Europe, the incidence of colorectal cancer is currently very similar to
that of lung and breast cancer (about 135,000 cases per year), and in the
developed countries there are some 250,000 deaths attributable to the dis-
ease each year [1]. The main symptoms consist of rectal bleeding, change of
bowel habit, abdominal pain, and anemia, but a tumor giving rise to these
symptoms is likely to be locally advanced. As a result symptomatic cancers
are rarely early and, in the United Kingdom, only about 8% of colorec-
tal cancers present at Dukes’ stage A, with 25% having distant metastases
at the time of diagnosis [2]. It is well established that early-stage colorec-
tal cancer carries a much better prognosis than does late-stage disease [3]
but relying purely on symptomatic presentation is unlikely to ever increase
substantially the proportion of cancers treated early and thus with curative
intent. It follows that the only successful strategy for detecting early disease
is screening, and the purpose of this chapter is to examine current evidence
relating to colorectal cancer screening and to try to answer the questions
posed in its title.

Principles of screening

The main aim of screening is to identify a disease process in asymptomatic
individuals but many who accept an invitation to be screened do have rele-
vant symptoms, and, indeed, screening may be more readily accepted when
symptoms are present. For example, in colorectal cancer, a recent study
found that about 50% of subjects undergoing fecal occult blood test (FOBt)
screening had colorectal symptoms, although these were unrelated to the
findings on subsequent colonoscopy [4]. This underlines the unreliability of

14
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Table 2.1 Principles of screening.

1. The condition should be an important health problem
2. There should be an accepted treatment for patients with recognized disease
3. Facilities for diagnosis and treatment should be available
4. There should be a recognizable latent or early symptomatic stage
5. There should be a suitable test or examination
6. The test should be acceptable to the population
7. The natural history of the condition, including development for latent to declared

disease, should be adequately understood
8. There should be an agreed policy on whom to treat as patients
9. The cost of case-finding (including diagnosis and treatment of patients diagnosed)

should be economically balanced in relation to possible expenditure on medical care
as a whole

10. Case finding should be a continuing process and not a “once and for all” project

Source: Wilson JM, Jungner F. Public Health Papers No. 34. 1968.

symptoms as a pointer to early disease and emphasizes the need for reliable
screening methodology.

In 1968 Wilson and Jungner [5] published principles underlying effec-
tive screening that have stood the test of time and these are summarized
in Table 2.1. Despite the seemingly obvious advantages of screening, it is
associated with inherent biases that appear to confer a better prognosis
on screen-detected disease when compared to symptomatic disease whether
or not the screening process has had any effect on the outcome. Thus, to
be sure that screening is delivering real benefit, it is essential to carry out
population-based randomized trials in which a group is offered screening
and is compared with a group that is not in terms of disease-specific mortal-
ity. In this way, cancers that arise in those who decline screening and interval
cancers are analyzed along with screen-detected disease and the biases are
eliminated. In the sections that follow, the main modalities that have been
used to screen for colorectal cancer will be examined, with emphasis on the
results of randomized trials where these are available.

Fecal occult blood screening

Blood can be detected in the feces by means of a number of methods but
all the published population-based screening trials used a guaiac-based test
(Fig. 2.1). Guaiac tests detect peroxidases associated with heme that enters
the gastrointestinal tract as hemoglobin or myoglobin in food or as red
cells from bleeding pathology. In the colon, however, the heme loses its
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Fig. 2.1 A fecal occult blood testing kit.

peroxidase activity by the action of the microflora so that guaiac tests are
more likely to pick up distal than proximal sources of bleeding [6]. Thus,
a positive guaiac test is more likely to indicate colonic rather than gastric
pathology.

When an unrehydrated guaiac test is used in population screening, its
clinical sensitivity for colorectal cancer is probably in the region of 50% as
evidenced by the interval cancer rate in randomized trials; this low sensitivity
is thought to be related to the fact that cancers display an intermittent pattern
of bleeding. The specificity is about 98% but, as most subjects do not have
colorectal cancer, this leads to a fairly high false positive rate. Rehydration
of the feces before testing can improve the sensitivity but at the expense of a
decrease in specificity.

Specificity is a difficult issue with FOB testing, and although dietary
restriction to eliminate peroxidases and heme can be used, a recent meta-
analysis suggests that this is ineffective [7]. Immunological FOBts, which are
specific for human hemoglobin, provide part of the solution to this prob-
lem. These tests, which are based on a variety of methods including reverse
passive hemagglutination and immunochromatography, can be designed to
have thresholds at a wide range of analytical and thus clinical sensitivities [6].
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Thus, immunological FOBts can be made to be highly sensitive for colorectal
cancer but, despite eliminating dietary false positives, increasing analyti-
cal sensitivity will decrease specificity by allowing the detection of trivial
bleeding [8].

All the randomized and population-based trials reported to date
employed Hemoccult II – a guiaic-based test – and were carried out in
Minnesota (USA) [9], Nottingham (England) [10], Funen (Denmark) [11],
Burgundy (France) [12], and Goteborg (Sweden) [13]. In the Minnesota
study, randomization was to no screening, biennial screening or annual
screening. The test was rehydrated and dietary restriction was not used.
Colonoscopy was offered to all positive individuals and, after 18 years of
follow-up, statistically significant reductions in colorectal cancer mortality
were observed in both biennial (21%) and annual groups (33%) [14]. It is
important to point out, however, that all the participants in this study were
volunteers, 10% of all tests were positive, and 38% of the group screened
annually underwent colonoscopy on at least one occasion. The main con-
clusion to be drawn from this study is that screening does reduce mortality
from colorectal cancer, but it also demonstrates that unrehydrated hemoccult
results in a high colonoscopy rate. Furthermore, it is difficult to extrapolate
the results of this study to a non-volunteer population. One important fea-
ture of this study relates to long term follow-up; after 18 years the incidence
of colorectal cancer in the groups offered screening was significantly less
than in the control group [15]. The reason for this cannot be proven, but,
as the rate of colonoscopy was so high, it is reasonable to conclude that
polypectomy may have been at least partially responsible.

In the UK study, conducted in Nottingham [10], about 150,000 unse-
lected subjects were randomized, and the group allocated to the screening
arm was offered biennial non-rehydrated Hemoccult II testing. If an individ-
ual returned a test that was weakly positive (1–4 spots positive) they were
offered further testing after dietary restriction. This algorithm resulted in
2% of those undergoing testing going on to further investigation follow-
ing the first (prevalence) round and 1.2% in subsequent (incidence) rounds.
Thus, the colonoscopy rate was much lower than that in the Minnesota
study, and in over five screening rounds only 4% of those offered screen-
ing underwent colonoscopy. Uptake was variable but overall 60% of the
group offered screening completed at least one test. The cancers detected
by screening tended to be in the early stage (57% Dukes’ stage A), but
the interval cancer rate was high, and about 50% of cancers diagnosed
in the group offered screening were not screen detected, suggesting that, in
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a population screening context, Hemoccult II is only about 50% sensitive.
Nevertheless, despite the shortcomings of uptake and test sensitivity, when
the group offered screening was compared to the control group, a statisti-
cally significant 15% reduction of colorectal cancer mortality was seen after
a median of 7.8 years of follow-up [10], and at a median of 11 years this
was maintained at 13% [16].

One significant effect of the Nottingham screening study was that in the
control group the percentage of patients presenting with early stage rectal
cancer (Dukes’ stage A) increased from 9% in the first half of the recruitment
to 28% in the second half [17]. Thus the screening program had an effect
on the control group, and although the reason for this is not clear, it is rea-
sonable to hypothesize that increased awareness of the significance of rectal
bleeding may have been responsible. It is also interesting to note that during
the study there were significantly fewer emergency admissions for colorectal
cancer in the group offered screening [18], suggesting that screening had led
to a reduction in the emergency workload.

In the Danish study, which was very similar in design to the Nottingham
trial, 61,933 individuals were randomized to a control group or to a group
offered biennial screening with Hemoccult II [11]. The acceptance rate was
higher than in the Nottingham study with 67% completing the first screen-
ing round and with more than 90% accepting repeated screenings. Positivity
was lower, however, at 1.4% following the first round and dropping to
0.8% in the second round, although it increased with subsequent rounds
so that by the fifth round it was 1.8%. Again, the stage at diagnosis of the
screen-detected cancers was favorable, with 48% at stage A and only 8%
with distant metastases. Interval cancers were common, making up approxi-
mately 30% of all the cancers diagnosed in the group offered screening. The
mortality reduction was also similar, with a statistically significant reduction
of 18% after five rounds and rising to 30% after seven rounds [19].

Recently, the results of a French population-based study using non-
rehydrated Hemoccult has been published [12]. In this study small geo-
graphical areas were allocated either to screening or to no screening, leading
to the invitation of 1199 subjects between the ages of 50 and 74 years. The
acceptance rate in the first round was 52.8% with slight increases in subse-
quent rounds; the positivity rate was 1.2% in the first round and 1.4% on
an average thereafter; and the overall reduction in disease-specific mortality
was 16%.

Finally, in Sweden all 68,308 residents of Goteborg born between 1918
and 1931 were randomized into a control group and a group offered
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screening using the Hemoccult II test [13]. In the first round uptake was
63%, but dropped to 60% in later rounds. Positivity was 4.4% in the first
round and, as expected, screen-detected cancers were found to be at a much
more favorable stage than those arising in the control group. Unfortunately,
no mortality data are available from this study.

In summary, there are five large studies investigating the role of the
guaiac-based Hemoccult II FOBt as a primary screening modality; four were
randomized, four were truly population based, and four have reported mor-
tality data. It is remarkable how uniform the results from these studies are,
and a meta-analysis utilizing the data from all five studies has indicated that
an overall 16% reduction in colorectal cancer mortality can be expected in a
population offered this type of screening and, when adjusted for compliance,
this reduction can be as much as 23% [20].

In the United Kingdom, to ensure that the results of the randomized trials
could be reproduced in the National Health Service, a demonstration pilot
was conducted [21]. This took place in two geographical areas, one in Scot-
land and one in England, where a total of 478,250 subjects between the ages
of 50 and 69 were invited to take part in a guaiac-based FOBt screening pro-
gramover a two-year period to simulate the first round of a biennial screening
program. The acceptance rate was 56.8%, positivity was 1.9%, and 48%
of all screen-detected cancers were at Dukes’ stage A with only 1% having
metastases at the time of diagnosis [22]. An independent evaluation group
examined the results using the Nottingham study to provide benchmarks
[23], and as a result the UK health departments have made a commitment
to roll out a nationwide colorectal cancer screening program [24,25].

Flexible sigmoidoscopy

It has been proposed that a single flexible sigmoidoscopy at around the age of
60 with removal of all small adenomas at the time of initial examination and
proceeding to colonoscopy in those with high-risk lesions would be effective
in reducing both mortality from colorectal cancer by early detection and
disease incidence by polypectomy [26].

To test this hypothesis two multicenter randomized controlled trials of
identical design have been carried out, one in the United Kingdom [27]
and the other in Italy [28]. In the United Kingdom, 14 centers participated
and subjects aged 60–64 years were mailed a questionnaire to ask if they
would attend a flexible sigmoidoscopy screening if invited. Of 354,262 peo-
ple sent this questionnaire 194,726 (55%) responded in the affirmative and
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of these 170,432 were randomized using a 2 : 1 ratio of controls to those
invited for screening. Those participating in the screening process under-
went a flexible sigmoidoscopy with immediate removal of all small polyps
and colonoscopy for those with high-risk polyps or invasive cancers. Of the
57,254 individuals invited for screening 40,674 (71%) attended, but as the
study was essentially a volunteer study, the population compliance cannot
be estimated with accuracy. If extrapolated, however, it is unlikely to be
more than 30%.

In this UK flexible sigmoidoscopy study, distal adenomas were found in
12.1% and distal cancer in 0.3%, and in those going on to colonoscopy,
proximal adenomas were found in 18.8% and proximal cancers in 0.4%.
The stage at diagnosis of the cancers was particularly favorable, with 62%
at Dukes’ stage A. In the Italian arm of the study (the SCORE trial), 236,568
people aged between 55 and 64 were sent letters of invitation but in this case
only 56,532 (23.9%) indicated that they would be prepared to be screened,
and of the 17,148 assigned to screening 9999 (58%) attended. Fifty-four
individuals were found to have colorectal cancer and 54% of these were
diagnosed at Dukes’ stage A.

Another randomized trial, carried out in the United States, has utilized
flexible sigmoidoscopy as a screening modality [29]. So far no data on
uptake, compliance, or pathology yield have been published, although it
has been reported that repeat flexible sigmoidoscopy 3 years after an initial
examination revealed advanced adenoma or cancer in the distal colon. As a
result, it has been suggested that repeated flexible sigmoidoscopy is needed
rather than the once only approach advocated by the UK and Italian studies.

It would therefore appear that flexible sigmoidoscopy screening is an
effective means of detecting early disease and adenomas, but it does tend to
miss proximal disease and currently compliance rates are modest. This raises
a question mark over its use as a population-screening tool, and although
the randomized trials will almost certainly show mortality reductions the
issue of uptake requires attention.

Colonoscopy

In many parts of the world, colonoscopy is used as a primary screening tool
on a case-finding basis (Fig. 2.2). It is, of course, highly accurate with a speci-
ficity of 100% and a very high sensitivity, although it should be emphasized
that sensitivity is not 100%as back-to-back colonoscopy studies have shown
that adenomas and occasionally carcinomas can be overlooked even by
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Fig. 2.2 Colonoscopy.

experienced colonoscopists [30]. There are no randomized trials of screening
colonoscopy, but perhaps the most widely quoted study in this field is the
US National Polyp Study [31]. This was an observational study in which
1418 patients who had undergone colonoscopy and removal of adenomas
had subsequent colonoscopies during an average follow-up period of 6 years.
Throughout the study period, five asymptomatic early-stage colorectal can-
cers were detected by colonoscopy in the study group and no symptomatic
cancers were diagnosed. When compared to three reference groups, this was
a much lower rate of diagnosis of colorectal cancer than expected and it
was concluded that colonoscopic surveillance in adenoma patients reduces
the incidence of and subsequent death rate from colorectal cancer. Although
this study is of some importance, these conclusions must be interpreted with
caution as the comparison group was not derived from the same popula-
tion as the cases and may have led to an overestimate of the efficacy of
colonoscopy. More importantly, it is not possible to extrapolate directly
from polyp surveillance to the screening of asymptomatic populations.

As far as estimating the efficacy of screening colonoscopy is concerned,
the best available study is a case-control study conducted amongst US mil-
itary veterans [32]. Here 4411 veterans dying of colorectal cancer between
1988 and 1992 were studied and the controls were obtained from living
and dead patients without colorectal cancer, matched by age, sex, and race
to each case. The results indicated that colonoscopy was associated with
reduced death rates from colorectal cancer with an odds ratios of 0.41
(range 0.33–0.50). Unfortunately, this study also has its limitations, not
least because the reasons for colonoscopy in the study group were varied
and included investigation of symptoms.
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Uncontrolled data on screening colonoscopy are widely available, and
one of the most useful studies estimated the ability of colonoscopy to detect
colorectal neoplasia in asymptomatic males aged 50–75 years [33]. Of
17,732 potential subjects 3196 were included and 3121, with a mean age of
63 years, underwent screening colonoscopy. Invasive cancer was diagnosed
in 1%and 7.5%were found to have an adenoma of 10mmormore in diame-
ter. Thus, extrapolating these results, if colonoscopy was used as a screening
tool in men aged between 50 and 75 years the uptake would only be 20%
and cancer would be detected in only 1%. Despite the widespread use of
colonoscopy for screening asymptomatic individuals on demand, therefore,
it could not be recommended as a population screening test on the available
evidence to date.

Radiology

The use of barium enema as a screening tool has no basis in evidence, but
the relatively new technology of computed tomography (CT) colography
may have a role. In the most promising study so far, which used a final,
unblinded colonoscopy to estimate sensitivity and specificity, the sensitivity
of CT colography was found to be 93.8% for large adenomas compared to
87.5% for colonoscopy. The specificity of CT colography was 96% for ade-
nomas [34]. However, not all researchers in this area have come to the same
conclusions. A study from the Netherlands has suggested that CT colog-
raphy and colonoscopy have the same ability to detect large polyps [35],
but two further studies have found the radiological approach to be infe-
rior to endoscopy [36,37]. It is interesting to note that the workers who
found CT colography to be equivalent or superior used the “fly-through”
technique in which the CT data are reconstructed to create a luminal view
similar to that seen at colonoscopy. It would seem therefore that the accuracy
of CT colography is operator and technique dependent and, given optimal
conditions, there is probably little to choose between CT and colonoscopy
for diagnostic purposes. There are, however, no data as yet with which to
assess the performance or cost effectiveness of CT colography in population
screening.

Comparative studies

The few studies that directly compare different screeningmethods all address
FOB testing and flexible sigmoidoscopy. Researchers fromNottingham have
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compared FOB testing alonewith combined flexible sigmoidoscopy and FOB
testing [38], and while the neoplasia yield in those actually undergoing the
combined approach was four times greater than in those doing the FOB test
alone and the uptake of FOB testing was 50% in those offered both tests,
only 20% went on to have flexible sigmoidoscopy. In a Swedish study in
which 6367 individuals aged between 55 and 56 years were randomized to be
offered screening with Hemoccult II or flexible sigmoidoscopy [39], uptake
of the FOB test was 59% compared to 49% for flexible sigmoidoscopy.
The positivity rate for the FOBt screening was 4%, and, of these, 13% were
found to have had a neoplastic lesion greater than 1 cm in the rectum or sig-
moid colon; in all those undergoing flexible sigmoidoscopy the neoplasia rate
was 2.3%. Overall, 10 individuals were diagnosed with a neoplastic lesion
in the FOBt group compared with 31 in the flexible sigmoidoscopy group. In
the Norwegian Colorectal Cancer Prevention (NORCCAP) Screening Study
[40], 20,780 individuals aged between 50 and 64 years were randomized to
be invited for flexible sigmoidoscopy only or for a combination of flexible
sigmoidoscopy and FOB testing. Uptake was high at 65%, and in total 41
(0.3%) cancers and 2208 (17%) adenomas were found. The two groups
were identical in terms of the diagnosis of colorectal cancer or high-risk ade-
nomas suggesting that there was very little benefit in adding a FOBt to a
flexible sigmoidoscopy.

Thus, although uptake of flexible sigmoidoscopy tends to be less than
that for FOB testing, there is little doubt that the sensitivity of flexible
sigmoidoscopy is higher. On the other hand, all the evidence that FOBt
screening reduces colorectal cancer mortality is based on repeated testing
and in a non-randomized study from Denmark comparing once only flexi-
ble sigmoidoscopy plus FOB testing with FOB testing alone over 16 years
demonstrated that the FOBt screening program had a diagnostic yield at
least as high as a single flexible sigmoidoscopy [41]. It has to be concluded,
therefore, that the evidence relating to the relative merits of a FOBt program
and once only flexible sigmoidoscopy is insufficient to make a direct com-
parison, and this issue can only be resolved by an appropriate randomized
trial.

The cost of screening

The cost of screening may be considered in two ways: the financial cost and
the morbidity and mortality occasioned by a screening intervention. These
will be dealt with in turn.
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Morbidity and mortality

Although both FOB testing and flexible sigmoidoscopy are safe, the subse-
quent colonoscopy for those with a positive test and the surgery for those
who are diagnosed with cancer both carry the risk of complications and even
death. Furthermore, false negative results, inevitable owing to the low sen-
sitivity of both FOB testing and flexible sigmoidoscopy, might persuade an
individual with colorectal cancer to ignore symptoms and therefore present
with advanced disease (“certificate of health effect”).

Both of these issues have been examined by the Nottingham group
who have studied both investigation- and treatment-related mortality and
the stage at presentation of interval cancers [42]. In those with screen-
detected cancers, no colonoscopy-related deaths were observed, and there
were five postoperative deaths, representing a 2% operative mortality
at a time when mortality after elective colorectal cancer surgery in the
United Kingdom could be expected to be 5% [43]. As far as the inter-
val cancers were concerned, the stage distribution of cancers that were
diagnosed after a negative FOBt or colonoscopy was identical to that of
the cancers in the control group, and the survival was significantly bet-
ter. These findings suggest that any certificate of health effect must be very
small.

One of the major concerns voiced about colorectal cancer screening is the
finding that all-cause mortality is not reduced and indeed, in the Nottingham
study, it was found to be increased in the group offered screening [44].
However, as colorectal cancer only accounts for around 2% of all deaths, a
15% reduction in disease-specific mortality could only be expected to reduce
all-cause mortality by 0.3%. A randomized trial powered to demonstrate an
effect of this magnitude would not be feasible, and, in any case, the excess
of all-cause deaths observed in the group offered screening did not reach
statistical significance.

Psychological morbidity is another potential disadvantage of screening.
There has been relatively little work done in this field relating to colorec-
tal cancer screening, but there are two studies worthy of consideration.
In Sweden, a questionnaire study demonstrated that 4.7% experienced
sufficient worry to influence daily life from the invitation letter, and this
figure increased to 15% after receipt of a positive test [45]. However, this
worry declined rapidly after the screening process was complete and after
1 year 96% reported that they were happy to have had the opportunity to
be screened. A similar study carried out within the Nottingham trial showed
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anxiety to be highest in those with a positive test result, but in those with
false positive tests it fell the day after colonoscopy and remained low when
testing was repeated 1 month later [46]. It seems, therefore, that psycho-
logical morbidity associated with screening certainly exists but is relatively
short lived.

Financial implications of screening

Cost effectiveness is an important consideration before introducing a screen-
ing program. Unfortunately, cost-effectiveness data are not available from
the randomized controlled trials and the only available approach at present
is to use information provided by health economic models. In a recent study
17 relevant papers were identified, and although none assessed biennial FOB
testing or once only flexible sigmoidoscopy, datawere available for the yearly
FOB testing, sigmoidoscopy done every 5 years, or colonoscopy done every
10 years, or a combination of these strategies [47].

Using an advanced technique that took uncertainties into account, the
data suggested that FOB screening costs e8900 per life year saved. When
uncertainty was incorporated it was still 95% certain that an annual FOB
test is cost effective provided society is willing to pay e30,000 per life year
saved. As this is below the threshold that most countries are prepared to
pay it is possible to say with a high degree of certainty that FOBt screening
is cost effective. Based on this first model, sigmoidoscopy and colonoscopy
were compared with FOBt screening. Sigmoidoscopy was estimated to cost
e8000 per life year saved, but when uncertainty was incorporated into the
model it was not even possible to be 80% certain that sigmoidoscopy is
cost effective compared with FOBt screening no matter how much is paid
for each life year saved. This uncertainty is caused by the lack of data on
mortality reduction brought about by flexible sigmoidoscopy and will be
resolved when the results of the randomized trials are available. As far
as colonoscopy is concerned when the 10-yearly examination was com-
pared with the annual FOB testing it was estimated that each life year
saved would cost e28,500, and when uncertainty was taken into account it
became clear that to be 95% certain of cost effectiveness it would be neces-
sary to pay e90,000 per life year saved. Thus what can be said at present
is that FOBt screening is cost effective, flexible sigmoidoscopy screening
might be cost effective but further data is required to make a definitive
statement, and colonoscopy is unlikely to be cost effective for population
screening.
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New approaches to screening

Research into improving screening methods has focused largely on stool
tests; transferrin [48], albumin [49], α-1 antitrypsin [50], and the neutrophil-
associated calcium binding protein calprotectin [51] have all received atten-
tion, but none have been found to be sufficiently sensitive or specific. Stool
cytology, aided by the immunohistochemical detection of MCM2, a pro-
tein expressed strongly by neoplastic epithelium, has also been advocated,
but never developed as a feasible screening test [52]. Most recently, how-
ever, interest has focused on the development of tests that can detect genetic
abnormalities in deoxyribonucleic acid (DNA) extracted from the stool, but
because colorectal cancer is heterogeneous in terms of genetic mutations, it is
essential to use a panel of tests for screening purposes. The most commonly
studied markers in this context are mutations of K-ras, APC, and P53; the
BAT26 marker of microsatellite instability; and, because of their propensity
to be shed by tumors, long fragments of DNA [53,54].

Various groups have explored this approach [54–56] and recently a study
from Indianapolis, which employed a fecal DNA panel of 21 mutations,
reported a 51.6% sensitivity for invasive cancer compared with a sensitivity
of 12.9% for Hemoccult II testing [57]. The sensitivity for the FOBt was very
low, however, in contrast to the 50% sensitivity found in the randomized
trials. It would appear, therefore, that fecal DNA testing has promise, but it
has a long way to go before it could replace FOB testing, especially in view
of the complex technology currently required.

Conclusions

In this chapter, evidence relating to screening for colorectal cancer has been
presented in an attempt to answer the questions posed in the title. In terms of
population screening, as opposed to the surveillance of high-risk groups, the
only criterion that can be used to define who should be screened is age. The
age range that should be screened is practically dependent upon the extent
of a society’s willingness to pay for a screening program but current thinking
would favor the group aged 50–74 years. As far as when is concerned, it has
to be accepted that the ideal screening test has yet to be found; at present,
the truly non-invasive tests are neither very sensitive nor specific, and the
more accurate tests are expensive and unlikely to be sufficiently acceptable
to be useful as population-screening tools. However, the evidence firmly
points to mortality reductions of significant proportions, certainly greater
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than with any known adjuvant therapy, and it is difficult to argue against
immediate introduction of screening at this point in time. Finally, the issue of
how colorectal cancer screening should be conducted raises some important
philosophical questions. If the aim of screening is to inform an individual,
for whatever reason, whether or not they are harboring colorectal cancer,
then the sensitivity and specificity of the test are paramount, and the choice
must lie between colonoscopy and CT colography. If, however, the aim is to
reduce the burden of disease on a community (true population screening) a
test that is both acceptable and affordable must be employed, and at present
the guaiac-based FOB test is the only modality proven to be effective.
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3: What can the pathologist tell
the multidisciplinary team about
rectal cancer resection?

Phil Quirke

.............................................................................................................................................................................

The pathologist is an essential member of the multidisciplinary team. Their
skills and advice change clinical management and can improve team per-
formance for the benefit of the patient. To do this they need the support
of the team in ensuring that adequate time and resources are available
to them.

Pathologists can play an important role in the prediction of prognosis, the
need for further therapy, and audit of the quality of surgery and radiology. In
return, the patient and teammembers should expect high-quality pathology.

Staging

The United Kingdom changed from reporting using Dukes’ staging to TNM
version 5 (Tumor, Nodal status and presence ofMetastases V5) in 1997with
the publication of the Royal College of Pathologists minimum dataset for
reporting colorectal cancer [1]. This was an important change, bringing UK
pathologists into line with international colleagues. The minimum dataset
itself also fulfills several functions. First, it sets standards, second, it is an
aide mémoire, third, it is a concise summary of key features, and finally, it
can be entered onto audit databases or returned to cancer registries. The first
revision will appear in 2005. This document aims to use the best available
evidence to guide practice and yet be simple enough to be used in all sizes of
hospital.

The TNM staging is an improvement over Dukes’ in that it allows dif-
ferent modalities of staging and these are denoted with a prefix: “c” for
clinical, “u” for ultrasound, “p” for pathology, and a further prefix “y” if
neoadjuvant therapy has been given. Thus pathology staging post therapy
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is “yp.” It also includes a staging system for complete resection “R0,”
microscopic involvement of a margin “R1,” and “R2” where macroscopic
disease is left behind. The pathologist can also describe pathological fea-
tures denoting high-risk states such as vascular invasion, for example, v1,
if present. TNM V5 was a robust staging system that worked well in prac-
tice. TNM V6 has proved problematic. First, the R1 definition has not been
revised to take account of the evidence from over 5000 patients [2–13] that
0–1 mm is the optimum definition of microscopic involvement of a surgical
margin, but more importantly, major issues have arisen with its change of
definition of lymph node and venous involvement, two key treatment fac-
tors. From a definition that was quantitative of tumor deposits ≥3 mm in
diameter as nodal involvement and a standard definition of venous involve-
ment, it has changed to describing lymph nodes as round structures and
venous involvement as irregular nodules. The latter is an unusual approach
as veins are round structures and early venous involvement will always be
round. The evidence base for these changes were weak, based on retro-
spective single institution studies of relatively small numbers of cases. The
weakness of these changes have been proven in a Cardiff study [14] where
they demonstrated poor reproducibility with a kappa value of 0.36 and sig-
nificant upstaging with 5/80 (6%) cases changing from N0 to N1. TNM
V6 has thus undermined confidence in this system and also changed patient
treatment in the absence of clinical trial evidence. In those countries adopt-
ing this version, it may also distort cancer registry data by increasing the
pathological stage of TNM V6 cases vs previous years staged under TNM
V5. After consultation, it has been agreed that the United Kingdom will
remain on TNM V5 until further notice and likewise the national Belgium
PROCARE project is also recommending TNM V5 rather than V6.

A number of features are very important for the pathologist to report.
The presence of tumor deposits within lymph nodes or mesorectal deposits
greater than 3 mm will lead to a tumor being designated as node positive
and would be eligible for adjuvant chemotherapy. The current benefits of
5-fluorouracil (5-FU) appear to be around 7%. A combination of 5-FU and
oxaliplatin [15] has been reported to increase disease-free survival in Dukes’
C cases by up to 5% over 5-FU alone. Failure to find involved lymph nodes
leads to an increased risk of recurrence for patients and must be avoided.
A median of 12 lymph nodes for every case is possible in routine practice
and has been achieved in the Yorkshire region, and higher median node
counts of 15 or more are achieved by specialist gastrointestinal (GI) pathol-
ogists. It is also important to describe peritoneal involvement and extramural
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vascular invasion. These factors, alongside incomplete resection, are high-
risk features for recurrent disease in node negative cases [16]. At a recent
multidisciplinary National Cancer Research Institute in a colorectal cancer
studies group 100% of the oncologists stated they would consider adjuvant
therapy in such “high risk” Bs.

The pathologist needs to look carefully for an incomplete resection. This
occurs most frequently in the rectum, but also occurs in the right colon.
In the Conventional vs Laparoscopic Assisted Surgery in Colorectal Cancer
(CLASICC) study [17] 13% of the right hemicolectomies showed involve-
ment of the posterior cecal/ascending colon retroperitoneal surgical margin.
Involvement of this margin has been reported by Warren [18] in 7% of 100
right hemicolectomies, but there are as yet no local recurrence or survival
figures available. In 1072 cases of colon cancer in the Colon Carcinoma
Laparoscopic or Open Resection (COLOR) study, where there was no spe-
cific pathological training or proforma asking this question, only 1.5% of
cases were reported as involved [19].

Involvement of the rectal circumferential margin has now been assessed
in over 5000 patients, many of them in clinical trials. These studies show
a higher rate of local recurrence and a poorer survival for patients within
1 mm of the surgical margin [2–12]. It has been suggested that 2 mm should
be used [13], but this study alone is recommending this and is based only on
small numbers of patients in this group. Data on a further 1350 patients from
MRCCR07 study and 300 patients in theMRCCLASICC studywill become
available in early 2006 and will confirm or refute this idea. The involvement
of the circumferential resection margin (CRM) by tumor contained wholly
within a lymph node but within 1 mm of the margin is also controversial.
Unfortunately there are few cases reported [6]. Review of CR07 cases may
help to decide this matter. At present patients with involved CRMs are being
offered postoperative chemoradiotherapy or radiotherapy alone. The effect
of such therapy is uncertain and CR07 should help in such decision making.
By accurately reporting this margin the pathologist not only alerts the team
to the possibility of local failure but also indirectly helps to provide feedback
on the effectiveness of the team treatment decision.

Quality of surgery

In 1994 on a visit to Norway, I was privileged to dissect a Total Mesorectal
Excision (TME) rectal cancer specimen removed by Professor Bill Heald.
This specimen with its mesorectal bulk and smooth surfaces was clearly
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(c)(b)(a)

Fig. 3.1 Examples of a good mesorectal excision. (a) Anterior surface with Denovilliers fascia
and (b) posterior surface with mesorectal fascia apparent. (c) Cross sections of the rectum
showing a regular smooth surface covered in black ink.

superior to the specimens seen in my routine surgical pathology practice in
the United Kingdom and also to many of the Norwegian specimens along-
side it. Subsequently, we devised a quality grading system that was incorpo-
rated into the MRC CLASICC and MRC CR07 trials. It was also adopted
into theDutchmesorectal excision and short-course radiotherapy study [20].
This classification described the smoothness and bulk of the mesorectum
and divided them into three groups. Subsequently, it was decided that
the best way of describing the surgery was by the plane of the surgical
dissection.

Mesorectal fascial plane. The mesorectum should be smooth with no
violation of the fat, good bulk to the mesorectum anteriorly and posteri-
orly, and the distal margin should appear adequate with no coning near
the tumor. No defect should be more than superficial or 5 mm deep (see
Fig. 3.1).
Intramesorectal plane.Moderate bulk to mesorectum but irregularity of

the mesorectal surface is present. Moderate coning of the specimen toward
the distal margin. At no site is the muscularis propria visible with the
exception of the area of insertion of levator muscles. Moderate irregularity
of the CRM.
Muscularis propria plane. There will be areas of substantial loss of

mesorectal tissue. Deep cuts and tears down onto the muscularis propria
will be present. On cross-section there will be a very irregular CRM with
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Distal Anterior

R
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Fig. 3.2 Two resections where the dissection plane reaches onto the muscularis propria
(arrows). These are poor resections.

little bulk to the mesorectal fat and the muscularis propria will form the
CRM in places (see Fig. 3.2).

We are still awaiting the CR07 and CLASICC results, but a small study
was performed within the Dutch trial. This showed that an involved CRM
had the greatest effect but resections where the CRM reached down onto
the muscularis propria had a higher rate of local recurrence and a poorer
survival than resections where this did not happen [20]. So-called incomplete
resections (muscularis propria plane) also had a CRM much closer to the
tumor and a higher rate of CRM involvement.

Other features to note when describing the mesorectum are the anatomi-
cal variation between individuals. Some people have very small mesorectums
whereas others are quite large. Thus the distance of extramural penetration
of a tumor into the mesorectum may have very different implications in dif-
ferent people. The other feature of interest is the variation in shape of the
mesorectum. Anteriorly, there is less tissue leading to a higher risk of CRM
involvement. This is also the hardest area for the surgeon to dissect due to
the poor visibility and difficult access in some pelvises. The distal part of
the mesorectal dissection is the most arduous to undertake and frequently
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Distal Distal Distal

Fig. 3.3 Coning at the distal margin of three specimens leads to the tumor being very close to
the CRM even though it is clear of the distal margin. The arrow shows the site of the lowest
part of the tumor.

an excellent mesorectal dissection can be ruined by coning of the surgical
margin as shown in two cases in Fig. 3.3.

Quality and the abdominoperineal dissection

In a recent study [12], we have demonstrated that the CRM is involved in
36.5% of abdominoperineal excisions of the rectum (APERs) compared to
22.3%of anterior resections (ARs). Thiswas also seen in theMRCCLASICC
study where 21% APERs showed margin involvement vs 10% ARs [17]. In
the MERCURY study [21,22], 33% of APERs vs 13% of ARs below 6 cm
showed CRM positivity; in the Dutch TME/RT [23] study, 29% APERs
had margin involvement vs 13% of ARs; and in the Norwegian national
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audit of curative excisions of rectal cancer, 12% APERs and 5% ARs had
positive margins [11]. In series with the follow-up, the increased rate of
margin positivity always equated with an increased rate of local recurrence
and a poorer survival. Thus when pathologically assessing, APERs always
look carefully for CRM positivity in the area of the low mesorectum and
sphincter.

There is also a much higher rate of tumor perforation in APERs than in
ARs; in the Dutch study 13.7% of APERs were perforated vs 2.5% ARs,
and in the Norwegian study 16% APERs vs 4% ARs [24].

With this data it became apparent that there was a wide variation in the
quality of the APER resections and a new quality classification was derived.
This was similar to the mesorectal grading system in that it describes the
surgical plane of dissection.

Levator plane. The surgical plane lies external to the levators with
them being removed en bloc with the specimen. This creates a cylindri-
cal specimen with the levators forming an extra protective layer on the
sphincters.
Sphincteric plane. Either there are no levator muscles attached to the

specimen or only a very small cuff and the resection margin is on the surface
of the sphincters. The specimen has a waisted/apple core appearance.
Intrasphincteric/submucosal plane. The surgeon has inadvertently

entered the sphincters or even deeper into the submucosa or perforated the
specimen at any point.

It has been possible to review photographs of 271 of the APERs from the
Dutch TME trial with interesting results. This review showed that in one-
third of the cases the surgical margin was either in the sphincter muscle, the
submucosa, or into the lumen with a perforation. In the other two-thirds the
CRMwas on the sphincter muscle. This plane of surgical dissection explains
the high frequency of CRM involvement. This study also showed that the
cylindrical radical APER of Holm from the Karolinska was not performed
in Holland. This operation has the theoretical advantage of approaching
the tumor from below, outside of the levator plane. This avoids the dif-
ficulties of the very low pelvic floor dissection from above, removes the
risk of perforation by maintaining a cylindrical package around the tumor,
increases the bulk of tissue around the tumor avoiding the waist seen on
standard APERs, and, importantly, increases the ease of the anterior dissec-
tion as this occurs under excellent vision. It creates a very different shaped
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Fig. 3.4 The two specimens on the left are standard British APERs showing the typical waist
(arrows) formed by the surgeon following the mesorectal fascial plane and coming down onto
the sphincters. The two pictures on the right show the two sides of a Swedish APER
performed by Mr T Holm from the Karolinska hospital. The projection is the coccyx that has
also been removed en bloc.

specimen that should reduce the frequency ofmargin positivity at this site (see
Fig. 3.4).

Reporting the tumor after neo-adjuvant therapy

Within the United Kingdom we are seeing an increasing usage of preop-
erative radiotherapy and chemotherapy. These are increasingly being used
together and the number of chemotherapy agents used in combination is
rising.

Short-course radiotherapy was popularized by the improvement in sur-
vival and reduction in local recurrence as seen in the Swedish rectal cancer
studies [24–29] and the effect of halving the local recurrence was confirmed
by the Dutch TME/RT trial [23]. Short-course 5 × 5 Gy radiotherapy is
reported not to downstage tumors but is aimed at small micro-metastases
within the mesorectum. There are, however, tumors that do show significant
damage from such therapy, but the relative effect of this on patient outcome
is not known.
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Long-course radiotherapy over a period of 6 weeks can cause signifi-
cant effects on the tumor, although complete response is unusual at between
0 and 8%. The addition of 5-FU to radiotherapy increases the complete
response rate to 8% [30]. Combination chemotherapy of 5-FU with irinote-
can or oxaliplatin has been reported to increase the complete response rate
up to 10–30% but these are small phase II studies and definitive studies are
awaited.

CRM and preoperative treatment

A major source of debate is the relative importance of achieving a clear
CRM over a complete response. Recent results [31] on 150 patients strongly
suggest that clear CRM is the key factor. After chemoradiotherapy with
5FU local recurrence occurred in 10% of negative CRM and 62% of posi-
tive CRM or R2 resections. Distant metastases occurred in 29% of negative
CRM and 75% of positive CRM or R2 resections. Three-year overall sur-
vivals were 25 and 64% respectively for patients with and without a positive
CRM. A multicenter audit of 650 patients confirmed these results [32]
as did a study performed in Leeds [33]. This is important as the assess-
ment of this margin is well described whereas the reporting of a complete
response is highly variable. For the assessment of complete response we rec-
ommend using the criteria established for the dissection and reporting of
complete response in the Capicitabine/Oxaliplatin, Radiotherapy and Exci-
sion (CORE) trial. The recommendations were to extensively sample the
area of the tumor by taking a minimum of five blocks. If no tumor is found
the whole of the area of the tumor should be embedded. If there is still
no tumor then three levels should be cut on each block. If there is still
no tumor then the case should be reported as a complete response. Since
the efficacy of chemoradiotherapy regimens is frequently judged on com-
plete response it is essential that such assessments are standardized across
all trials.

It is also possible to grade the degree of regression of tumor after neo-
adjuvant therapy. The results from the preoperative radiochemotherapy vs
postoperative radiochemotherapy study [34] support the use of regression
grading. Unfortunately grading has become complicated by the reversal
of the scoring system by different authors. They all use a modification of
Mandard grading [35] first described in the esophagus, and for the CORE
study we used the Dworak scoring [36] where grade 4 equals a complete
response. This was also used in a preoperative 5-FU plus radiotherapy study
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by Rodel et al. [37] with complete loss of tumor cells and the presence of
very few tumor cells (defined as difficult to find microscopically) leading to
a 72% relapse-free survival vs 28% in the tumors showing less regression.
Bouzourene et al. [38] also reported that the presence of rare tumor cells
was associated with a similar disease-free survival of 75% vs 25–50% for
the other groups. More recently the German group has reported regression
grading to be a good predictor of outcome. However, the relative importance
of the regression grade was not compared to margin positivity to see whether
it was of additional value over the assessment of complete resection alone.
Use of the description rather than a number should ease communication
between different groups and studies.

Chemoradiotherapy response scoring

Dworak scoring used for the CORE study

Grade 0 No regression detectable.
Grade 1Minimal regression: dominant tumor mass with obvious fibrosis

and/or vasculopathy.
Grade 2Moderate regression: dominantly fibrotic changes with few tumor

cells or groups (easy to find).
Grade 3 Good regression: very few (difficult to find microscopically) tumor

cells in fibrotic tissue with or without mucin.
Grade 4 Total regression: no tumor cells, only fibrotic mass or mucin.

Simplified scoring system for CORE study

Poor response – No regression to moderate regression: dominantly fibrotic
changes with few tumor cells or groups (easy to find) (Dworak 0–2).

Excellent response – Good regression: very few (difficult to find microscopi-
cally) tumor cells in fibrotic tissue with or without mucin to total regression
(Dworak 3–4).

High-risk rectal cancer for adjuvant chemotherapy

It is now well established that node positive colonic cancer patients bene-
fit from adjuvant chemotherapy. The Quasar adjuvant chemotherapy study
also suggests that rectal cancer patients benefit too. It is a proven fact that
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the higher the number of lymph nodes found by the pathologist the higher
the chance of finding a positive node [9]. The average number of lymph
nodes retrieved in routine practice is still too low in many countries. In
the United Kingdom the numbers of nodes found has been rising with an
increase in a population-based study in Yorkshire from 8 to 13 in Dukes’ B
and from 9 to 14 in Dukes’ C from 1995 to 2000 after the introduction of
a proforma. Reviews of CR07 and the MRC CLASICC [17] studies have
shown a respectable harvest of lymph nodes of a median of 13. Audits in
Leeds and Gloucester report an average of 15 and 17 lymph nodes respec-
tively. In Sweden local audits have revealed an average of 8 lymph nodes and
the COLOR study, 10 nodes [19]. Many rectal cancer trials do not report the
average number of lymph nodes found thus we do not know the true stage of
the patients. Centers should strive for an average of 15 lymph nodes; indeed
TNM suggests that a case with under 12 lymph nodes should not be staged
but this dictat is widely ignored even in many European and US studies. Thus
it is essential for the pathologist to retrieve as many nodes as possible. If a
good node yield has been obtained and there is no evidence of metastatic
spread, high-risk features should be reported. The nature of these features
has been reported for colonic cancer [16] but is less well investigated in rectal
cancer. High-risk features that should be reported are extramural vascular
invasion, peritoneal involvement, perforation, and the distance the tumor
has spread from the muscularis propria. Incomplete resection is impor-
tant but may need local as well as systemic treatment depending on prior
therapy.

Locally advanced and metastatic cancer

In some specialist centers the pathologist will be presented with en bloc
resections or even extenterations. These represent a major challenge. The
surgeon who performed the operation should be invited to demonstrate
the anatomy and highlight any areas that he/she had concerns over. The
presence of residual recurrent tumor, the completeness of excision, and
which organs are involved are all important. The resection of liver metas-
tases in patients with spread to the liver is increasingly common and in
selected patients relatively good outcomes are achievable. How are these
specimens reported? The surgeon wants to have each lesion confirmed
as adenocarcinoma and to know whether excision is complete, whether
there is spread through the liver capsule, whether there is venous invasion
present, and the state of the surrounding liver. Occasionally, lung resections
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will be performed for metastatic colorectal cancer, especially in younger
patients.

The pathologist and the radiologist

The use ofMagnetic Resonance Imaging (MRI) has transformed themanage-
ment of rectal cancer. The early work of Blomquist [38] and Brown [39] and
confirmed by Beets Tan [40] and other centers [41] demonstrated the poten-
tial for this modality. The recent MERCURY [21,22] data has confirmed
the accuracy of a well-performed MRI in predicting distance of extramural
spread to within 1 mm and involvement of the CRM with an accuracy of
82%. Seeing the preoperativeMRI can help the pathologist to dissect compli-
cated specimens and to look for extramural vascular invasion and peritoneal
involvement. The presentation of the macroscopic pathology slices at the
MDT meeting can help the radiologist to improve their accuracy for the
benefit of the patient and the team. This will become increasingly important
if 3 Tesla scanners become routine instruments, increasing the resolution
available to radiologists.

Conclusions

Thus the pathologist is an important member of the multidisciplinary team
guiding their colleagues on the accuracy of the preoperative assessment of
the MRI, the completeness of excision and the presence of residual disease,
the pathological stage of the tumor, the quality of the excision, and in sug-
gesting the change to a more radical perineal approach to low rectal cancer.
We identify complete resection after chemoradiotherapy and surgery and
determine the degree of regression and whether there has been a complete
response. In Dukes’ stage B cancers (TNM Stage II) we can identify high-risk
cases and guide adjuvant therapy.
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Introduction

Rectal cancer is a common problem and accounts for approximately 30%
of all colorectal malignancies. The treatment is predominantly surgical exci-
sion, with the addition of neoadjuvant therapy (preoperative radiotherapy
or chemoradiotherapy) in selected cases. There is universal agreement that
surgery alone can cure localized rectal cancer and now increasing evidence
that neoadjuvant therapy may facilitate surgical excision in advanced dis-
ease. There is currently ongoing controversy as to whether all, or selected
patients, should have neoadjuvant therapy. Major resectional rectal can-
cer surgery is both technically challenging and complex due to the relative
inaccessibility within the confines of the bony pelvis, the difficulty in recon-
struction with a high risk of leakage, and the particular problem of local
recurrence within the pelvis.

Major surgery is associated with significant mortality and morbidity and
is inappropriate for some cases. There is now a range of treatments, both sur-
gical and non-surgical, for management of rectal cancer. For some patients
with early tumors, local excision alone may be curative, while some elderly,
unfit, or those with very advanced disease may only benefit from symp-
tom control, for example, luminal ablation techniques. Furthermore, novel
chemotherapeutic and radiotherapy regimens can result in local symptom
control in patients who either refuse or are unsuitable for major surgery.

With this range of treatment options, patient assessment, cancer staging,
and selection for appropriate therapy is becoming crucial to the opti-
mal management of rectal cancer. Despite the range of treatments, and
ongoing controversy as to their merits in individual situations, there is
general agreement that, for the majority of patients with rectal cancer,
trans-abdominal resection is the optimal treatment.

46
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The main aims in rectal cancer surgery are to cure the patient and if
possible preserve normal bowel, bladder, and sexual function. The main
mechanisms available to achieve these aims encompass two key treatment
modalities, namely surgical technique [1,2] and neoadjuvant therapy, both
of which have been shown to reduce the local recurrence rates [3,4]. There
is substantial evidence that optimal surgery, in the form of total mesorectal
excision (TME), reduces local recurrence and improves survival [1–5]. With
regards to preoperative radiotherapy, there is good quality evidence for a
reduction in local recurrence from large randomized trials [3,6–8], though
to date only one trial has reported improved survival with the addition of
radiotherapy [8].

The key advances in rectal cancer have resulted from awareness of the
problem of local recurrence, the risk factors influencing recurrence, and
the strategies needed to reduce it. These factors when combined almost
always translate to both better quality of life and improved overall survival
in patients with rectal cancer.

Local recurrence of rectal cancer

Local recurrence after rectal cancer surgery is defined as disease in the
pelvis, including recurrence at the site of the anastomosis and in the per-
ineum [9]. Local recurrence is for the most part incurable and results in
severe morbidity with debilitating symptoms of pelvic pain, ureteric obstruc-
tion, intestinal and urinary tract fistulation, and poor bowel and urinary
function. Palliative treatment has limited success. Increasingly local recur-
rence is being recognized as a failure of complete removal of tumor at
the primary surgical procedure. Thus, in reality, local “recurrence” may,
in many cases, represent persistent and progressive disease rather than
true recurrence. There are a number of predictors of risk of local recur-
rence following surgery for rectal cancer, including size of the primary
[10] involvement of the circumferential resection margin (CRM) [11], dis-
tal location of the tumor [10–12], extramural vascular invasion [13,14],
tumor differentiation [13,14], nodal status [11,13,14], extent of extramu-
ral spread [11,13,14], and peritoneal involvement by tumor [12,13,15].
Practically all of these features with a high risk of local recurrence are
associated with both locally advanced tumors and frequently, in addition,
metastatic disease at presentation. These risk factors for local recurrence are
also highly predictive of disseminated distant recurrence following surgery.
Traditionally, the majority of these risk factors came to light either at
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surgery or, more commonly, at histopathological assessment of the excised
specimen.

Current topical issues are whether some or all of these factors can be
predicted preoperatively and if so, whether there are adjunctive treatments
that can improve the outcome in high-risk patients?

Reported local recurrence rates vary from 2.6 to 32% and are probably
most influenced by surgical technique [16,17]. The lowest recurrence rates
and best survivals have been consistently reported with TME [1,2,5,16–18].
It is nowwell documented that low local recurrence rates translate into better
overall survival with increasing evidence that the optimal treatment of rectal
cancer undoubtedly involves strategies to minimize local recurrence.

Local recurrence and the circumferential resection margin

Rectal cancer spreads by local extension, via the lymphatics and via the
bloodstream. Lymphatic drainage is associated with the vascular pedicle
and is generally addressed by a combination of TME and high ligation of
the inferior mesenteric artery. Local spread of a rectal cancer in the confines
of the narrow pelvis results in a risk of involvement of the CRM. Of all
the risk factors for local recurrence of rectal cancer, involvement of the
CRM appears to be the main determinant of risk. A number of reports,
initially from Quirke’s group, have shown that a positive CRM, defined
as tumor within 1 mm of the edge of the resected specimen, and depth of
extramural invasion are independent predictors of local recurrence and poor
prognosis [10,11]. These observations are supported by recent reports from
large studies, such as the Norwegian [19] and Dutch [20] studies.

While the CRM may be involved directly by tumor, CRM involvement
may also be due to metastatic nodal disease. There is debate as to whether
involved nodes, in their own right, increase local recurrence even if not
directly involving the CRM. Jatzko et al. [21] reported that patients with
positive lymph nodes had a higher risk of local recurrence. However, others
found that lymph node involvement was not associated with higher local
recurrence, attributed to the beneficial effects of TME [19,22]. Recently
Cecil et al. [23] reported their experience in patientswith lymphnode positive
rectal cancerwith little impact on local recurrence rates which they attributed
to optimal CRM clearance by TME.

While other risk factors, such as vascular invasion, differentiation, and
so on are undoubtedly major determinants of long-term survival, the single
main factor that can be manipulated by treatment is the CRM.
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Surgical technique and total mesorectal excision

Total mesorectal excision involves a number of steps, which aim to max-
imize circumferential clearance. TME surgery has been reported to reduce
the rate of local recurrence from 30–40 to 5–15% [17,24]. A paper from
Stockholm has been the first report of a direct benefit in a whole popula-
tion following a video-based surgical training program [4]. Local recurrence
was significantly lower in the TME group compared with historical controls
from the Stockholm randomized controlled trials of preoperative radiother-
apy (Stockholm I and II groups) (6 vs 15% and 14% respectively) as was
cancer-related death (9 vs 15% and 16% respectively) [4]. The CRM pos-
itive rate was 4% – the lowest-reported incidence so far in any published
series. They have recently updated their results at 5 years with significant
survival benefits in patients who had TME surgery [25].

Evidence for preoperative radiotherapy

There is ongoing debate as to the role of preoperative radiotherapy in rectal
cancer. However, there is now evidence that radiotherapy, particularly in
the preoperative setting results in a reduction of local recurrence. The advan-
tages and disadvantages of preoperative vs postoperative radiotherapy have
been extensively discussed in the medical literature. The main disadvantage
of preoperative treatment is the risk of overtreating some patients due to
staging inaccuracies and thus exposing patients to unnecessary risks. Post-
operative radiotherapy can be more appropriately targeted with the benefit
of histopathology but has major tolerance problems, with acute toxicity, in
patientswho have just undergonemajor surgery. Pahlman andGlimelius [26]
reported the results of, until recently, the only randomized trial to address
this issue. There was a significantly lower recurrence rate in the preopera-
tive arm (12 vs 21%) which may have been partly attributable to a delay of
6 weeks or more in over 50% of the patients randomized to postoperative
radiotherapy [26].

The recently reported German Rectal Cancer Study Group of a ran-
domized trial of preoperative vs postoperative chemoradiotherapy for rectal
cancer is a major addition to this ongoing debate [27]. In total, 799 patients
staged preoperatively as T3 or T4 tumors were randomized. Staging was
by endorectal ultrasound and Sauer et al. found that 18% of the patients
randomized to postoperative treatment had been overstaged compared to
the pathology of the resected specimen. These 18% had been considered to



50 CHAPTER 4
..............................................................................................................................................................................

have tumor penetration through the bowel wall (T3 or T4 disease) or nodal
involvement but were subsequently found to have stage T1, or T2, lymph
node negative disease. This is not surprising as the accuracy of endorectal
ultrasonography is reported to be 67–93% for the assessment of rectal wall
penetration and 62–83% for determination of nodal status [28].

The overall 5-year survival rates in the German Rectal Cancer Trial were
similar (67 and 74%). The local recurrence was 6% for patients assigned
to preoperative chemoradiotherapy vs 13% in the postoperative treatment
group (p = 0.006).

Much of the background evidence in support of preoperative radiother-
apy comes from the Swedish and Stockholm Rectal Cancer Trials [6–8]. The
Swedish Rectal Cancer Trial showed a relative survival benefit of 21%, with
an increase in the 5-year survival from 48 to 58% and a reduction in local
recurrence from 27 to 11% [8]. A meta-analysis in 2000 of the then pub-
lished randomized controlled trials concluded that in patients with resectable
rectal cancer, preoperative radiotherapy significantly improved overall and
cancer-specific survival compared with surgery alone, though these benefits
were mainly attributable to the Swedish trial results [29].

It is now generally agreed that preoperative radiotherapy can reduce local
recurrence rates to approximately half that in surgery alone. Therefore in
situations with a high local recurrence rates, routine usage might be accept-
able. However, with local recurrence rates of less than 10%, there is no
data demonstrating a beneficial effect with the routine addition of radio-
therapy [30]. In the Norwegian report [19], only 5% of patients with an
uninvolved CRM developed local recurrence, so radiotherapy would have
overtreated 97% of the patients with clear margins if all patients had routine
preoperative radiotherapy.

The Dutch Colorectal Cancer Group attempted to address the role
of preoperative radiotherapy when surgery was standardized to TME for
rectal cancer [3]. The entry criteria included only mobile rectal cancer.
With addition of radiotherapy, local recurrence was reduced from 8.2 to
2.4% after a median follow-up of 2 years in 1784 patients who under-
went a macroscopically complete resection [3]. However, the surgery alone
arm had high local recurrence rates for mobile tumors suggesting inade-
quate surgery in a significant proportion. The Dutch trial had attempted
to standardize the surgery and provide quality control measures through
workshops and live-video demonstrations. Despite this “standardization”
of surgery, the involved margin rate in what were considered mobile tumors
was 18.3%.
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Nevertheless, this is an important trial which has shown a reduction in
local recurrence at 2 years with the updated results confirming a similar
degree of reduction of local recurrence with no difference in overall survival
(unpublished results). As practically all patients with local recurrence die
from the disease, it seems surprising that 5-year survival is similar. This sug-
gests that radiotherapy may either have lethal side-effects or, more likely,
that the reduction in local recurrence is offset by death from systemic metas-
tases in a group predestined to die of disease. Nevertheless, if radiotherapy
was without harm, a reduction in local recurrence would still be worthwhile.
Unfortunately there are risks, as well as inconvenience and costs, associated
with radiotherapy.

Complications of preoperative radiotherapy

Preoperative radiotherapy is associated with toxicity, early postoperative
complications, and long-term side effects. Early complications include per-
ineal wound breakdown, diarrhoea, proctitis, urinary tract infection, small
bowel obstruction, leucopenia, and venous thrombosis.

Radiotherapy has been shown to have adverse effects on anal function
with negative effects on the function and integrity of a coloanal anastomosis
with, or without, formation of a colonic pouch [31].

In the recently reported German Rectal Cancer Study [27], Grade 3 or 4
acute toxicity occurred in 27% with preoperative chemoradiotherapy vs
40% in the postoperative group (p = 0.001); the corresponding rates of
long-term toxic effects were 14 and 24%, respectively (p = 0.01).

Downstaging and downsizing rectal cancer with neoadjuvant therapy

Rectal cancer staging has traditionally been a histopathological analysis of
the excised specimen and the “Dukes’ staging” system described initially by
Cuthbert Dukes [32] specifically in rectal cancer, and subsequently applied
to colon cancer, is still in widespread use. However, the TNM classification
system has advantages and is now considered the optimal universal staging
system for colorectal cancer (Fig. 4.1).

The particular advantage of the TNM system, as applied to rectal cancer,
is the “T” aspect whereby the depth of penetration within the bowel wall
is a major determinant of the prognosis, particularly with regard to local
recurrence in the lowest tumors. The rectum has been arbitrarily divided
into three parts with the lower rectum 0–6 cm, the middle rectum 7–11 cm,
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Rectal cancer staging

Adenocarcinoma of rectum with lower edge <=15 cm from anal verge
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ARExtended
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Fig. 4.1 Rectal cancer staging.

and the upper rectum 12–15 cm from the anal verge. There is a debate
as to whether a T3 middle or upper rectal cancer (that is, above 7 cm)
is particularly at high risk of local recurrence, providing surgery is ade-
quate and that a TME has resulted in an intact cover of mesorectal fat and
fascia.

However in the lower rectum a T3 tumor has, by definition, gone through
the wall of the bowel and commonly will have an involved margin at the
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level of the sphincter complex unless the rectum is excised en bloc with
the sphincter. One of the advantages of the TNM system is the ability to
extrapolate this staging system to a preoperative staging system which may
be helpful in planning treatment. Assessing the factors most likely to lead to
local recurrence the detectable features might theoretically include the local
extent of the tumor (T stage) and the nodal status (N stage). Obviously the
M stage is of great prognostic importance, though local symptoms from a
rectal cancer may override the presence of metastatic disease in proceeding
to major resectional surgery.

Endoanal ultrasound appears to be particularly good at estimating the
T stage [28]. An ultrasound staging system has been developed which is
analogous to the pathological TNM system with a prefix “u” denoting that
this is an ultrasound rather than a pathological staging. Correlations with
pathology indicate that accuracy of ultrasound, particularly in the T staging,
though less so in the N staging are accurate [28].

Endoluminal ultrasound (EUS) is particularly helpful in selecting patients
who may be suitable for local excision, generally agreed to be T1 tumors.
However the main determinant of local recurrence is undoubtedly a positive
CRM and EUS is poor at assessment of the CRM.

In an attempt to improve the imaging of rectal cancer, endoluminal mag-
netic resonance imaging (MRI) has been assessed with good results from
specialist centers [33]. However the very tumors most in need of accurate
staging, in particular stenotic tumors, or low painful lesions, are unable to
be staged by endoluminal techniques. Fortunately developments in phased-
array surface coil MRI now allow accurate local assessment of most patients
with rectal cancer [34,35].

While the TNM staging is important, a key aspect of the local staging of
rectal cancer is the relationship of the tumor, or its metastases, to the CRM.
MRI has been particularly useful in the ability to visualize the CRM and
to accurately predict either involved, threatened, or clear margins and thus
direct the treatment strategy [34,35]. A patient with an obviously involved
margin on MRI should be considered for preoperative neoadjuvant therapy
to reduce margin involvement at subsequent surgery by “downstaging” and
perhaps “downsizing” the tumor. All patients with a threatened margin
(which really includes most very low tumors) should also be considered for
preoperative treatment, whereas patients with clear margins can be treated
by optimal surgery alone.

Increasingly neoadjuvant therapy includes a combination of chemother-
apy and radiotherapy. Frykholm et al. [36] published a small randomized
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controlled trial in 2001 whereby patients with fixed rectal carcinomas were
randomized to preoperative radiotherapy or chemo-radiotherapy (CRT).
This trial showed a significant improvement in resectability and reduction
in local failure with the use of CRT [36]. With preoperative irradiation
of clinically mobile lesions, pathological complete response (PCR) rates of
10–20% have been reported, and with preoperative chemoradiation, higher
PCR rates of 30–35% have been reported [37].

The delay following neoadjuvant treatment may be important. The
25 cGy in five fractions (short-course radiotherapy) is usually combined with
surgery within 1 week with minimal downstaging or downsizing. A trial is
ongoing in Stockholm assessing whether a delay of 6–8 weeks after short-
course radiotherapy might result in similar downstaging and downsizing to
conventional long-course radiotherapy which has always included an inter-
val of 6–8 weeks between completion of radiotherapy and surgery. Personal
anecdotal experience of a small number of patients who had an unplanned
delay suggests that a 4–6 week interval can result in effective responses,
including PCR in some cases.

There has been debate as to the optimal delay even in long-course regi-
mens. The Lyon R90-01 trial reported that long-course radiotherapy with a
delay of 6–8 weeks for surgery results in a significantly better tumor response
and pathological downstaging of rectal cancer compared to an interval of
3 weeks [38]. In the same trial, there was a non-significant increase in
the number of sphincter preserving operations in the long-interval group
compared with the short-interval group (76 vs 68% respectively) [38].

The very low rectal cancer – APER vs ultralow AR

Cancers of the distal rectum are difficult to stage, have high local recur-
rence rates, and exist with particular problems in sphincter preservation.
Abdominoperineal excision of the rectum (APER) was long considered the
standard treatment of tumors within 6 cm from the anal verge. How-
ever, it is increasingly accepted that in some low cases “ultra” low
anterior resection is possible without compromising oncological safety,
as pathological assessment of rectal cancer has shown that spread is
mainly circumferential and not distal. Most surgeons consider a distal
margin of 1–2 cm safe, as distal intramural spread rarely exceeds 1 cm
[39–41].

The optimal surgical treatment of low rectal cancer remains controver-
sial with an absence of randomized trials comparing APER and restorative
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resection. It is generally accepted that patients with low tumors have a high
CRM positive rate, particularly in those who have an APER [2,3,17]. This
may be due to the mesorectum tapering out completely below the levator
sling accounting for a higher chance of the tumor spreading to perirectal
tissues. Therefore, there is a higher risk of tumor involvement of the CRM.
In addition, cancers of the low rectum present with more of the adverse risk
factors prognostically significant for local recurrence, including lymphatic
and vascular invasion, perineural invasion, and positive nodal disease [42].

In a recent report of a consecutive series of 683 rectal cancer operations,
45% of patients had cancers in the lower rectum. Of the patients who had a
curative low anterior resection (LAR) for tumors below 6 cm, the 5-year local
recurrence rate was 7% and systemic recurrence rate was 27%, compared
with 17 and 27% in patients who had curative APER [12]. Local recurrence
after APER tends to be higher than for LAR in most series comparing rectal
cancers of all stages, with a range of 10–33% from a review by Dehni et al.
[43]. This is in contrast with a local recurrence rate of 4–8% for anterior
resection in all stages of rectal cancer, using TME techniques [1,2,17].

Inferior cancer cure rates with APER may be due to less precision in the
excision of the surrounding tissues and thus a definable dissection planewhen
compared with TME for higher tumors. It may be that adjuvant radiother-
apy should be considered for all low rectal tumors. To avoid involved CRM
margins in an abdominoperineal excision (APE) specimen, it has recently
been recommended that abdominal dissection should stop at the pelvic floor
and perineal dissection should encompass the tumor with a wide resec-
tion margin, taking a wide cuff of levators above the level of puborectalis,
in a “cyclindrical fashion” [44]. Additionally, the higher rates of positive
margins and local recurrence with APER may be due to the alternative lym-
phatic drainage of low rectal cancers through the internal iliac lymphatic
vessels.

MRI can predict a clear margin and histopathological T staging

There is recent data which suggests that a CRM at risk of tumor involve-
ment can be reliably seen at the preoperative MRI scan, which correlates
with the postsurgery histological specimen of the rectal tumor [33–35].
Recent unpublished data from the prospective, multicentered MRI and
Rectal Cancer European Equivalence Study (MERCURY) confirms accu-
rate prediction of both the T staging and CRM clearance of 1 mm of
the resection margin. When the CRM was predicted free of tumor and
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the patient had surgery alone a histologically clear CRM was achieved
in 91%. Furthermore the extramural depth of penetration was accurately
predicted to within 0.5 mm in 95% of 295 patients who had surgery
alone. Thus it is possible to predict tumors preoperatively into T3a (extra-
mural tumor extension less than 5 mm) and T3b (extramural tumor
extension greater than 5 mm) subgroups and thus consider the use of
neoadjuvant treatment. Vascular invasion and lymph nodes can also be
documented, though sensitivity and specificity for involved nodes remains
problematic.

Previous studies reported a varying accuracy for T staging between 67
and 83% with a considerable inter-observer variability [33].

However, it has been shown that the distance of tumor to the CRM
is the most powerful predictor of local recurrence and not the T stage. In
a large series of magnetic resonance (MR) evaluation of CRM, there was
higher accuracy for predicting tumor-free resection margins (95%) than for
the prediction of T stage [35].

Conclusions

Though radiotherapy may reduce local recurrence rates, its associated tox-
icity, early complications, long-term side effects, and costs suggest that it
is best reserved for patients at high risk of recurrence. Nicholls and Hall
[16] have identified two groups of tumors, locally not-extensive and locally
extensive. The former group includes those tumors which are confined to the
bowel wall or with less than 5 mm penetration into the extra-rectal tissues,
where the survival is high and recurrence is low. This includes T1, T2, and
less extensive T3, and Dukes’ A and less extensive B tumors. Tumors that
have extended more than this (T3 and T4) would be locally extensive with a
high risk of local recurrence and poor survival. The same subdivision of T3
tumors into T3a (up to 5 mm tumor invasion outside the muscularis propria)
and T3b (more than 5 mm) was made by Merkel et al. [45] who noted a
locoregional recurrence rate at 5 years of 10.4% for pT3a and 26.3% for
pT3b tumors, and a 5-year survival of 85.4% for pT3a and 54.1% for pT3b.
The use of MRI is the most promising modality to select out cases where the
surgical resection margin is threatened, with consideration of preoperative
radiotherapy in this group.

In summary, the optimal treatment for rectal cancer is complete surgical
excision with selective use of preoperative neoadjuvant therapy. The out-
comes can be evaluated from local recurrence rates and overall survival. The
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management of rectal cancer increasingly encompasses a treatment strat-
egy based on the CRM. Personal experience suggests that most patients
presenting with rectal cancer have clear margins and can be adequately
treated by surgery alone [22,23].

In patients with involved or threatened margins, downstaging by neoad-
juvant therapy and TME surgery are the major factors in reduction of local
recurrence. MRI can accurately assess both the CRMand the extent of extra-
mural tumor extension, can predict areas of surgical difficulty, and can in
some cases predict nodal involvement and extramural vascular invasion.
This information, together with a permanent objective map of the height
and extent of the tumor can direct optimal surgery with a resultant low local
recurrence rate, a high rate of restoration of normal function, and good
survival rates.
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5: Minimally invasive surgery – where
are we?

Laparoscopic surgery for cancer of the colon
and rectum

Pierre J. Guillou

.............................................................................................................................................................................

In appropriately selected patients who are operated upon by experienced
surgeons laparoscopic surgery for colorectal cancer may be the new gold
standard.

Myriam J. Curet [1]

Introduction

The concept of successfully undertaking resection of cancer of the colon
and rectum by laparoscopic techniques has been propounded for almost a
decade and a half and yet laparoscopic or laparoscopically assisted resec-
tions have not been widely accepted by the surgical community. The
reasons for the concerns surrounding minimal access laparoscopic tech-
niques for colorectal cancer have been thoroughly rehearsed and are well
recognized – concerns relating to adequacy of resection margins, local recur-
rence, survival, atypical patterns of recurrence such as port site and cerebral
recurrences, and cost-effectiveness given the skill levels and time required
to perform the operations. The feasibility of using laparoscopic techniques
to resect potentially curable colorectal cancer was established within a few
years after the advent of the laparoscopic revolution in the late eighties
and a number of enthusiastic surgeons have carried the banner for laparo-
scopic colorectal surgery despite the absence of data from large randomized
controlled trials (RCTs) [2–5].

In a systematic review published in 2001 [6] it was concluded that the
evidence base in favor of laparoscopic-assisted resection of colorectal malig-
nancies was inadequate to determine the procedure’s safety and efficacy and
that a randomized controlled clinical trial should be conducted.

The results of such RCTs are now beginning to emerge and it does seem
an appropriate time to take stock of the current position. Interestingly those
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trials which have been presented have left us with new questions which
will require answers in the next few years before laparoscopic surgery for
colorectal cancer will, as suggested by Curet, truly be regarded as the new
gold standard.

Currently available RCTs

The recent publication of the results of several large-scale RCTs has enabled
some conclusions to be drawn and the ones which have provided the most
information are as follows:
1 The Barcelona trial is a single-center trial of laparoscopic vs open surgery
for surgically curable colon cancer only excluding the transverse colon.
Between 1993 and 1998, 219 patients were randomized and the prelimi-
nary short-term end points in the first 51 were published in 1995 [7] and the
survival data for the whole trial were published in 2002 [8].
2 The Milan trial is a single-center trial of laparoscopic vs open surgery for
cancer of the colon and rectum which recruited 269 patients. The short-term
outcomes and immunological end-points were reported in 2002 [9].
3 The COST (Clinical Outcomes of Surgical Therapy) study group is a
multicenter randomized trial of laparoscopic-assisted vs conventional open
surgery for colon cancer, again excluding the transverse colon, initiated by
the American National Institute of Health in which 872 patients were ran-
domized. The short-term quality of life outcomes for this trial were published
in 2002 [10] and the survival and recurrence data in 2004 [11].
4 The COLOR (Colon Carcinoma Laparoscopic or Open Resection) is a
multicenter RCT of laparoscopic vs open surgery for colon cancer conducted
in Europe which accrued its target of 1200 patients in 2002 [12] and short-
term outcomes published in 2005 [13].
5 The Hong Kong trial is a single center RCT of laparoscopic vs open
resection of rectosigmoid cancers which randomized 403 patients whose
probabilities of survival at 5 years was published in 2004 [14]. This trial
continues to recruit patients with rectal cancer only.
6 The CLASICC (Conventional vs Laparoscopic-Assisted Surgery in Col-
orectal Cancer) trial is a UK Medical Research Council-sponsored trial of
laparoscopic vs open surgery in patients with cancer of the colon and rec-
tum, excluding the transverse colon. A unique attribute of this study was
the fact that in each center the resection specimen was treated by an iden-
tical technique which permitted the pathologist not only to record the local
stage of the tumor but also the adequacy of the resection performed by the
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corresponding surgeon [15,16]. The pathology of each resection specimen
was centrally reviewed by an expert colorectal pathologist and the stage and
adequacy of resection confirmed. Recruitment commenced in 1996 and by
2002 had randomized 794 patients in a ratio of 2 : 1 laparoscopic-assisted
to open surgery. The short-term end points of this trial were published in
2005 [17].
7 The Singapore trial is a trial of laparoscopic vs open surgery for colonic
cancer randomized according to the CLASICC trial protocol but with the
intention of including 200 patients into each arm of the trial. As yet, no
clinical outcome results have been reported but the immunological end points
were presented with 118 patients randomized to each arm [18].

Have the concerns been addressed?

Adequacy of excision

The first and perhaps most important of the concerns which have been raised
against laparoscopic colorectal cancer surgery was whether or not those sur-
geons who practised the approach were performing resections which were
as radical as those undertaken by conventional open approaches. Reports
from single-center and multicenter large retrospective series [4,3,19] sug-
gested that the pathological margins of the resected specimens were not less
extensive than those removed by conventional open surgery but it could be
argued that these reportswerewritten by “enthusiasts” and the general appli-
cability of this conclusionwas questioned (Table 5.1). In general however the
RCTs appear to have confirmed this conclusion that the numbers of lymph
nodes and the longitudinal and circumferential resection margins appear to

Table 5.1 Resection margins and adequacy of excision.

Barcelona Milan COST COLOR Hong Kong CLASICC

Proximal margin (cm)
Lap — — 13 — — 11.0
Open — — 12 — — 10.5

Distal margin (cm)
Lap — — 10 — 4.5 8.0
Open — — 11 — 4.5 8.0

L. node yield (No)
Lap 11.1 14.8 12 10 11.1 12
Open 11.1 14.5 12 10 12.1 13.5
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be no different between the two arms. However, the CLASICC trial did
highlight that in those patients undergoing sphincter-preserving surgery for
rectal cancer, there was a higher (but statistically nonsignificant) incidence of
positive circumferential resection margins in those undergoing laparoscopic
surgery than in those who had open surgery, though paradoxically the fre-
quency with which total mesorectal excision was performed for rectal cancer
was significantly higher in the laparoscopic than in the open group (77 and
66% respectively). Whether the positive resection margins in the laparo-
scopic group has clinical implications in terms of local recurrence remains to
be seen but the long-term recurrence rates in this trial are under analysis at the
time of writing. For other colonic resections and abdominoperineal excisions
of the rectum (APERs) for rectal cancer circumferential resectionmargin pos-
itivity rates were identical suggesting that the long-term outcomes should be
no different. In summary, therefore, the pathological data thus far confirm
that there is no difference in resection margins between the laparoscopic
approach and the open operation, but pending the analysis of clinical results
in terms of local recurrences and survival some caution is required before
the laparoscopic approach can be widely adopted for sphincter-preserving
resections of rectal cancers.

Atypical recurrence rates

The next most disturbing aspect of laparoscopic-assisted surgery for col-
orectal cancer which deterred many surgeons from adopting the approach
relates to the possibility that it is associated with atypical patterns of recur-
rence such as cerebral metastases [20], peritoneal metastases [21], and
port-site metastases [22]. The controversy over port-site metastases was
hugely amplified by a letter to the Lancet in 1994 [23] which described three
subcutaneous port-site metastases in 14 patients who underwent laparo-
scopic colon cancer resections. This worrisome complication has rather
faded from the horizon in recent years, possibly because of repeated warn-
ings from experienced laparoscopic colorectal surgeons about not grasping
the segment of bowel bearing the tumor during any phase of the operation.
In the Barcelona trial, at 5 years of follow-up, there was just one port site
recurrence in the laparoscopic arm and no wound recurrences in the open
arm. Peritoneal seedlings recurred in three of 106 patients in the laparo-
scopic arm and in five of 102 patients in the open arm. No port site or
wound recurrences were observed in the Hong Kong trial and local or peri-
toneal recurrences were recorded in 6.6 and 4.4% of the laparoscopic and
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open arms respectively. In the Milan trial, at 1 year of follow-up, there
were no port site recurrences and only one wound recurrence in the open
group. Patterns of recurrence have not yet been reported for the COST
trial but they are in the process of being analyzed for the CLASICC trial.
Of data reported from randomized trials at this stage therefore there has
been one port site metastasis in 409 patients randomized to laparoscopic
resection and one wound recurrence in 405 patients randomized to open
surgery. At this stage therefore it would appear that the issue of port site
metastases has been resolved but this does not absolve laparoscopic sur-
geons from their responsibility to be vigilant in their surgical technique.
There are precautions which should be taken such as the use of retrieval
bags in order to avoid implantation of tumor cells within the extraction site.
At present there are few, if any, surgeons who would accomplish totally
laparoscopic left-sided resection for large tumors by transanal retrieval of
the specimen.

Are the proposed advantages of laparoscopic surgery actually realized?

All the reported trials identify that the operative complication rates are sta-
tistically identical between the laparoscopic and open arms of the trials (2 vs
4% in the COST trial, 7 vs 8% in the CLASICC trial, and 7 vs 2% in the
Barcelona trial) (Table 5.2). The difficulty in relating to these data revolves
around the interpretation of what constitutes an intraoperative complica-
tion but on balance there appears to be no statistically significant difference
between laparoscopic surgery and open surgery, despite the fact that in many
of the trials there is a small (statistically nonsignificant) incidence of compli-
cations which are specific to laparoscopic surgery such as bowel perforation
or vascular injury which occur during induction of the pneumoperitoneum.
Modern methods of pneumoperitoneum induction such as use of the Hasson
technique of introducing the first laparoscopic port, followed by insertion
of the remaining ports under direct internal vision, have diminished these
complications. In all the trials the 30-day mortality is very low with a trend
toward a slightly lower mortality in the laparoscopic arm.

All the nominated randomized clinical trials which have reported their
short-term results appear to agree that with regard to the recovery of bowel
function and length of hospital stay, the laparoscopic resection group enjoy
statistically significant advantages over their counterparts who undergo
open surgery. The magnitude of this advantage varies between the trials
where such parameters as length of hospital stay may be influenced by local
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Table 5.2 Short-term end points (colon cancers only – intention to treat).

Barcelona Milan COST COLOR Hong Kong CLASICC

Operative complication rates (%)
Lap 2 N/A 4 N/A N/A 7
Open 7 N/A 2 N/A N/A 8

30-day complication (%)
Lap 8 20.6 19 21 22 26
Open 30.8 38.3 19 20 8 27

30-day mortality (%)
Lap 1 1 <1 1 2.0 4
Open 3 0 1 2 2.4 5

Time to recovery of bowel function (days)
Lap 1.5 2.1 N/A 3.6 4 5
Open 3 3.3 N/A 4.6 4.6 6

Hospital stay (days)
Lap 5.2 10.4 5 8.2 8.2 9
Open 7.9 12.5 6 9.3 8.7 9

factors. What is impressive about the data in these trials is the remarkable
consistency between them with regard to the magnitude of the differences.
For example, hospital stay is always lower in the laparoscopic group by the
order of only 1 to 2 days. Whilst this may have global implications for overall
healthcare economics, when considering the total number of patients under-
going surgery for colorectal cancerwithin any healthcare system, it is difficult
to imagine that this has a huge impact on the individual patient’s impres-
sion of their hospital journey. Similarly the lower pain-scores and lower
consumption of analgesia may impress statistically minded clinicians but the
magnitude of the difference to an individual patient may not be so obvious.
Nevertheless, that these differences exist cannot be denied, but increasingly
the question is being raised as to whether the same effects cannot be achieved
by alternative means such as the multimodal fast track procedures pioneered
by Henrik Kehlet and his colleagues [24]. In a recently reported randomized
double-blinded trial of laparoscopic (30 patients) and open (30 patients)
colonic resection in which both groups received fast track rehabilitation
(optimized pain relief, early oral feeding, and mobilization with a view to
hospital discharge at 48 h), there was no difference between the laparoscopic
and open groups in terms of their short-term functional recovery [25]. If this
finding is verified in larger trials then at least one rationale for laparoscopic
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surgery (i.e. benefits for the patient) is considerably undermined and the
future of laparoscopic colorectal surgery may be determined by the potential
differences in major morbidity and mortality and the economic considera-
tions. However, multimodal postoperative rehabilitation programs are quite
labor-intensive and the economic question will reside between the costs of
laparoscopic-assisted surgery and that of such intensive programs.

As far as the important 1- and 3-month postoperative complications are
concerned themajority of the randomized trials are universal in their findings
that the laparoscopic approach results in either fewer or similar postopera-
tive complication rates for events such as wound infections, other infections,
deep venous thrombosis, pulmonary embolism, and anastomotic dehiscence.
In the Barcelona, the Hong Kong, and the Madrid trial, the incidence of
wound infection was lower in the laparoscopic arm, whereas it was identi-
cal in theCLASICC trial andwas not reported in detail in theCOST trial. The
analysis of the CLASICC trial data suggested that chest infections were more
common after the laparoscopic operation. This is under further analysis but
it may be related to the prolonged operative times which has been universally
recorded for laparoscopic surgery in all the trials in which short-term results
have been reported. The magnitude of the difference in complication rates
is therefore small or negligible and certainly should not in itself deter those
who wish to undertake laparoscopic surgery for colorectal cancer.

Last but certainly not the least, the randomized trials have reported that
the operative mortality in the laparoscopic arm is not greater than that in
the open surgical group. Indeed, overall the 30-day mortality may even be
lower in the laparoscopic arm.

In summary there is little to choose between laparoscopic and open
surgery for colorectal cancer with regard to the intraoperative and immedi-
ate postoperative complications. However the CLASICC trial has identified
a difference in postoperative complication rates in the group of patients who
undergo attempted laparoscopic surgery but have to be converted to open
surgery, irrespective of the reason for the conversion.

Does the laparoscopic approach provide healthcare economic and quality
of life benefits?

This is perhaps the single most difficult question to answer from the available
data. The reasons for this are that healthcare economic assessments are noto-
riously difficult to conduct and subsequently to compare between different
countries. In the United States, assessment is complicated by the fact that the
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Table 5.3 Surgical details and estimated costs.

Barcelona Milan COST COLOR Hong Kong CLASICC

Operative time (min)
Lap 118 222 150 202 189.9 180
Open 142 177 95 170 144.2 135

Length of incision (cm)
Lap — — 6 — — 10
Open — — 18 — — 22

Conversion rates (%)
Lap 16 5.1 21.0 17 23.2 25

Estimated costs
Lap — $931 — — $2100 —

Open —

higher than
open surgery
— — —

higher than
open surgery
— —

analyses are based on health insurance charges rather than the actual costs
(Table 5.3). A further complication has been the assessment of the costs
of readmissions after the primary surgery, the costs of visits by community
healthcare resources and General Practitioners. Perhaps the simplest assess-
ments are the easiest to conduct and to accept as measures of the immediate
comparative healthcare costs. Naturally these relate to the immediate costs
of the operative procedure and the duration of hospital stay, but difficulties
are encountered in determining the impact of complications and readmis-
sions. Furthermore, the effects of transferring the costs of postoperative care
from the hospital setting to the community currently do not benefit from
models which can be employed to compare the overall cost effectiveness of
laparoscopic surgery compared with open surgery and the value of any cost
benefit which may accrue from this.

In the Hong Kong trial, the direct costs of the operations were determined
from operative time, costs of disposable instruments, and standardized cost
of hospital in-patient services. This calculation led to the conclusion that
the laparoscopic procedures cost, on average, US$2100 more than the open
group. Comparison of the healthcare costs of the subsequent complications
and readmissions could not be quantified, but because these appeared to be
equivalent across the two arms it is assumed that they were approximately
equal. In the Madrid study the hospital costs of the laparoscopic operation
were US$931 greater than that of the open procedure but this was offset
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by a saving of $840 per patient for their reduced hospital stay. The health-
care cost analyses for the COLOR, COST, and CLASICC trials are being
analyzed and there are no data reported for the Barcelona trial. A detailed
methodology for assessing the healthcare economic analyses of laparoscopic
trials has been published and the data from these trials will require analysis
along these lines [26].

As far as quality of life is concerned, analyses so far have been only for
the short-term data from the COST [10] and CLASICC trials [17] and in
essence there is no difference between laparoscopic and open surgery in the
short term.

Oncological outcomes

Three- to five-year survival data have been published for the Barcelona,
COST, and Hong Kong trials. For patients undergoing curative resection of
colon cancer overall survival and disease-free survival are identical between
the open and laparoscopic arms of the trials. Only in the Barcelona trial [8]
was there a suggestion that laparoscopic surgery was independently asso-
ciated with a reduced risk of tumor relapse and this was almost entirely
due to the majority of the overall benefit being in patients with stage III
disease. A similar effect in these patients was not observed in the COST or
Hong Kong trials. This effect has been attributed to improved preservation
of immunological responses as shown by some authors [27,28] but not by
others [18,29]. The CLASICC and COLOR trials have already analyzed the
3-year survival data but these are as yet unpublished, as is a meta-analysis
of the 3-year follow-up of all patients with colon cancer randomized in the
COST, COLOR, and CLASICC trials. The published data so far, however,
would seem to indicate that laparoscopic surgery is at least as effective from
the oncological standpoint as conventional surgery for colon cancer.

New issues raised by data from randomized clinical trials

The RCTs published so far have posed several new questions for which
answers are needed. These are given below.

Is the laparoscopic approach suitable for treating rectal cancer?

The evidence is now becoming firm that laparoscopic-assisted resections
for colon cancer are at least as effective as conventional open surgery.
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The question as towhether or not the same is true for rectal cancer remains to
be answered from randomized data despite enthusiastic single-series reports
of its efficacy [30,31]. Moreover, there were initial claims that because it was
easier to perform APER laparoscopically than anterior resection, the fre-
quency with which sphincter-saving laparoscopic resection was performed
was less than was acceptable in some of the earlier series. The only trials to
systematically address rectal cancer are the CLASICC trial and the ongoing
Hong Kong trial. In the CLASICC trial the APER rate was 25% in both arms
and there were no differences in circumferential resection margins positiv-
ity (which was itself very low for all rectal cancers in the trial) in patients
undergoing APER. For those undergoing laparoscopic anterior resection,
however, 12% of resection specimens had positive resection margins com-
pared with only 6% in the open group (not statistically significant). This
was despite the fact that the laparoscopic group had a higher rate of total
mesorectal excision (TME) than the open group. Time will tell whether or
not this pathological finding translates into a clinical consequence in terms
of local recurrence but at present until the long-term results are reported,
laparoscopic assisted anterior resection should be employed with caution.

This observation that TME was performed more readily in the laparo-
scopic arm than in the open groupmay have other consequences. In 2002 the
Singapore Group [32] raised the concern that bladder and sexual function
might be more often impaired after laparoscopic resection of rectal cancers
than it was after open resection. This was investigated using postal ques-
tionnaires delivered to patients with rectal cancer who participated in the
CLASICC trial. This study did indeed identify that male sexual function
tended to be worse after the laparoscopic approach [33]. This was indepen-
dently related to the performance of TME. This may underline the difficulties
involved in the low dissection around the autonomic nerves in the region of
the anterolateral mesorectal fascia which is difficult to identify clearly and
laparoscopically.

What are the effects of conversion?

Conversion rates from laparoscopic to open surgery vary between the trials
and range from 17% in the COLOR trial, 21% for COST, 23.2% in
HongKong, 25% for colon resections inCLASICC, and 34% for rectal resec-
tions. In 1995 Slim et al. [34] suggested that themorbiditymay be higher after
converted laparoscopic colorectal surgery. Therefore the outcomes for the
converted patients in CLASICC were systematically examined and although
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not statistically significant, the mortality and postoperative complications in
these patients were higher than for the successful laparoscopic group and
randomized open group. This suggests either that the reasons for conversion
were related to tumor and/or patient characteristics, which rendered the
patient unsuitable for laparoscopic surgery, or that the laparoscopic surgery
followed by open surgery compromised patient recovery (e.g. by excessively
prolonging the operative time). If the former then it should be possible to
identify the unsuitable patient preoperatively and further analysis of this
group of patients is currently under way.

Implications for training

Both the COST and the CLASICC trials required that participating surgeons
should have performed at least 20 laparoscopic-colorectal resections before
theywere allowed to participate [35]. In theUnited States only 48 institutions
contributed patients with a corresponding figure of 32 surgeons in the CLA-
SICC trial. The number of surgeons able to train in laparoscopic colorectal
surgery is therefore limited on both sides of the Atlantic. This is not a trivial
issue because it is clear in retrospect that defining the learning curve as 20
cases was a singular underestimation [36]. Analysis of conversion rates year-
on-year for the CLASICC trial identified a fall in the conversion rate from
38% overall in the first year of the trial to 16% in the sixth year. The fact
that complications and mortality tend to be higher after conversion under-
scores the need not only for appropriate preoperative selection but also for
adequate training for these technically demanding laparoscopic procedures.
Initiatives such as the Laparoscopic Colorectal Fellowship Scheme in the
United Kingdom are clearly very much to be welcomed.

Conclusions

The answers to questions about laparoscopic surgery for colorectal cancer
posed over a decade ago [37] are now beginning to emerge. At present
it seems appropriate to say that laparoscopic-assisted surgery for colonic
cancer possesses some short-term advantages and produces long-term onco-
logical results which are at least as good as conventional open surgery.
There seems no reason therefore not to recommend its use by appropri-
ately trained surgeons. As far as rectal cancer is concerned the current data
requires some amplification before its routine use can be unequivocally rec-
ommended. It is also worth noting that things have moved on technically
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since the current trials were designed and initiated, and the introduction of
ultrasonic dissection and improved videolaparoscopic imaging are contribut-
ing to the ease with which laparoscopic colorectal surgerymay be conducted.
The experience and results generated in the current RCTs represent proof of
principle and with further refinement it may not be too many years before
laparoscopic surgery does become the new gold standard.
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6: Minimally invasive surgery – where
are we?

Is there a role for TEM?

Theodore J. Saclarides

.............................................................................................................................................................................

Introduction

Transanal (local) excision of rectal adenomas and superficial rectal cancers
is a sphincter-preserving means of addressing selected neoplasms that has
less morbidity and faster recovery than transabdominal or trans-sacral
approaches. Excision of adenomas is straightforward and technically easy
with conventional instruments such as self-retaining or hand-held retractors.
This is especially so when the lower edge of the lesion is within 5 cm of the
dentate line. Exposure with these instruments can be problematic when the
lesion is higher in the rectum or in obese patients and the surgeon may need
to resort to a more invasive approach. Excision of recurrent adenomas may
also be difficult with conventional instruments; fibrosis at the site will limit
mobility of the lesion.

With respect to cancer, careful patient selection for transanal excision is
essential to achieve recurrence and survival rates comparable to open resec-
tions. Transanal excision as definitive and sole treatment for cancer should
be limited to lesions which, by ultrasound, are limited to the mucosa and
submucosal and have moderate to well differentiation and no evidence of
perineural or lymphovascular invasion. Negative lateral and deep margins
are necessary in obtaining adequate locoregional control. Failure to meet
these standards may predispose to higher recurrence rates because of per-
sistent cancer within the mesorectum and the wound itself. Conventional
transanal excision of rectal cancers has recently been closely scrutinized
because of higher recurrence rates than might be achieved with radical
surgery [1–3]. In fact, there has been skepticism that such treatment is not
in the patient’s best interest.

Pioneered and developed by Professor Gerhard Buess (Tubingen,
Germany), transanal endoscopic microsurgery (TEM) has emerged as
an accepted means of transanally removing selected neoplasms [4–7].

73
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The highly specialized instrumentation was designed to circumvent the
limitations posed by conventional transanal instruments, namely short reach
and poor visibility. The experience gained in Europe, the United Kingdom,
and the United States thus far has shown that TEM can be safely used and
has few complications.

Transanal endoscopic microsurgery first received attention when mini-
mally invasive surgery, specifically laparoscopy, began to stimulate interest
in alternatives to open surgery. However, TEM has distinguished itself from
laparoscopy in several ways. First, TEM has not changed the frequency
with which local excision is performed for rectal cancer. Our institutional
experience has shown that although the arrival of TEM was associated with
an increase in the volume of rectal cancer referrals, the portion treated by
TEM vs low anterior resection or abdominoperineal excision of the rectum
(APER) has remained unchanged. Second, whereas exposure in laparoscopy
can be facilitated by inserting another port to provide traction and counter-
traction, this is not possible with TEM, where the instruments are inserted
and manipulated only in parallel. Improved exposure can only be achieved
by repositioning the scope. This adds considerably to the technical difficulty.
Third, the conditions treated with TEM, namely rectal cancers and adeno-
mas, are encountered far less often than the wide variety of disorders treated
laparoscopically, where the same instruments can be used for morbid obe-
sity surgery, colectomy, fundoplication, or splenectomy. Finally, the lack
of a specific procedure code for TEM, in contrast to laparoscopy, has dis-
couraged its wide acceptance. These factors, combined with the cost of the
equipment, will render TEM the domain of but a few surgeons.

Transanal endoscopic microsurgery utilization

Currently, there are approximately 600 TEM systems in use worldwide.
As expected, it is most frequently used in the United Kingdom and Europe
where approximately 110 units are present in Germany and 300 are in use in
England and in the remaining areas of the continent. In Japan and Southeast
Asia approximately 58 units are in use. In the United States, approximately
60 systems are functional; however, usage has been slow to catch on for the
reasons mentioned above.

Indications

Virtually any adenoma regardless of size, location, and degree of circum-
ferential involvement can be removed with TEM. As long as the lesion can
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be reached and completely visualized with a standard rigid proctoscope,
removal will likely be possible. If the lesion extends around the rectosig-
moid junction and cannot be completely visualized, then perhaps TEM is
not the best approach, although many lesions can be pulled downward into
closer view and the procedure can still be successfully employed. Follow-
ing removal of lesions which encompass 360◦ of the rectal circumference,
intestinal continuity can be re-established with a hand-sewn end-to-end
anastomosis performed through the scope.

Proper patient selection is extremely important when using TEM to
remove cancers for cure. These selection criteria include superficial penetra-
tion (preoperative staging with endorectal ultrasound), well to moderately-
well differentiation, lack of lymphovascular invasion, lack of perineural
invasion, and perhaps no mucinous component. If these criteria are not
satisfied, the risk of lymph node metastases is increased and TEM should
not be considered since extramural disease cannot be addressed by any of
the currently available transanal techniques [8,9]. Large size (>3–4 cm) has
been considered a relative contraindication for transanal excision of rectal
cancers, simply because adequate exposure has been difficult to obtain with
bi-valve retractors and other conventional equipment. TEM, however, cir-
cumnavigates the size issue since visualization and exposure of the entire
lesion is less of a problem and complete removal with negative margins is
more likely.

There are instances where transanal excision can be considered even
though cure may not be possible. Palliative excision may be performed
when diffuse systemicmetastases are present; however, most primary tumors
in these instances are bulky or stenotic andmay not be amenable to transanal
excision. If the patient is medically unfit to undergo radical surgery because
of co-morbid diseases, TEM may be considered. If a patient refuses radical
surgery or a colostomy when indicated, then transanal excision can be
considered as an alternative either before or after radiation therapy and
chemotherapy [7]. A large number of patients have not been treated in this
fashion, and consequently direct comparison with open procedures is not
possible. Further studies are needed to determine whether the oncologic
results are acceptable.

It has been our practice to proceed directly with TEM resection of uT1
tumors; however, the patient should be informed that additional treatment
may be required if final pathologic assessment of the lesion reveals that it
is more deeply invasive. It is important to let a month or so elapse before
considering radical surgery in order to let the wound contract and heal.
Otherwise, the cavity could open during laparotomy and rectal mobilization.
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If the ultrasound reveals that the tumor has partially invaded the muscularis
propria (uT2), and the lesion is small, we will still proceed with TEM and
compare pathologic staging with sonographic staging. If ultrasound over-
staged the lesion, TEM resection should be curative. If ultrasound showed
that the tumor deeply penetrated into but not completely through the mus-
cularis propria and, by proctoscopic examination, the tumor is large, we will
proceed promptly with a radical resection of the tumor. If ultrasound reveals
that the lesion is penetrating into the extrarectal fat or there are suspicious
lymph nodes in the vicinity, we recommend preoperative chemoradiation
over 6 weeks and then radical surgery after an additional 4–6 weeks have
elapsed.

Equipment

The combined, multifunctional endosurgical unit is an essential component
of the TEM setup. This unit simultaneously regulates four different func-
tions, namely suction, irrigation, carbon dioxide (CO2) insufflation, and
monitoring of intrarectal pressure. Suction removes fluid, blood, waste, and
smoke. Irrigation helps to maintain a relatively clean operative field and can
rinse the end of the scope. CO2 insufflation maintains distention of the rec-
tum throughout the operation, since the TEM system is a closed unit. Flow
can be increased to a rate of 6 L/min. Visibility is greatly enhanced by CO2

distention, and consequently excision of the lesion and closure of the wound
is greatly facilitated. Intrarectal pressure is constantly monitored and the
surgeon generally tries to maintain it between 12 and 15 cm of water. When
the desired pressure is set at this level, suction and rate of CO2 insufflation
are automatically adjusted to maintain that pressure. If additional suction is
desired this can be manually regulated by the surgeon; however, the endo-
surgical unit will compensate and increase CO2 flow to maintain intrarectal
pressure. If pressure does not rise or if the rectum does not distend, there is a
leak in the system and the surgeon should systematically check his/her setup.
This is probably the most frequently encountered problem that the surgeon
must learn to successfully troubleshoot.

The operating rectoscopes are either beveled or straight faced and approx-
imately 4 cm in diameter. If one is using a beveled scope, the beveled endmust
face down at the lesion, and consequently patients are positioned accord-
ing to where the lesion is located along the anterior–posterior diameter of
the rectum. For example, if a patient has an anteriorly located lesion, he or
she should be placed in the prone position and the legs spread apart and
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secured to long arm-boards placed under the mattress. When the foot of
the table is dropped, the surgeon has unhindered access to the patient’s
perineum and can sit immediately next to the patient. For a posteriorly
located lesion, the patient is placed in the lithotomy position, and if the
lesion is laterally located, the patient is placed in the appropriate lateral
decubitus position with the hips flexed at 90◦. A straight, non-beveled recto-
scope is also available and may be preferable for distal lesions. The surgeon’s
end of the rectoscope is covered with a sealed locking-facepiece which has
air-tight, sealed working ports through which are inserted the long-shafted
instruments necessary for the dissection (Fig. 6.1). The suction catheter can
be electrified; in this way a bleeding vessel can be coagulated while blood is
simultaneously aspirated. Tissue graspers can also be electrified for control
of a bleeding vessel. Vision is obtained either through a binocular stereo-
scopic eyepiece or an accessory scope which can enable video recording

Fig. 6.1 Long-shafted instruments needed for the dissection.
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Fig. 6.2 Completed TEM assembly.

and viewing by surgical assistants, students, and residents. The binocular
eyepiece provides 6×magnification, has a 50◦ downward view and a 75◦ lat-
eral field of view. In contrast, the accessory scope has a 40◦ downward view
and a reduced lateral field of view. Because of this discrepancy, the image
seen through the accessory scope and the video monitor is more narrow in
its scope and it may appear as though the surgeon is going off the field. The
complete assembly is shown in Fig. 6.2.

Preoperative consideration

A complete colonic evaluation with colonoscopy or air-contrast barium
enema must be performed to rule out synchronous adenomas or cancer.
For cancer, suitability for a transanal excision must be determined so that
only those lesions with a low likelihood for nodal metastases are selected.
In our practice, endorectal ultrasound is found to be excellent in providing
accurate determination of depth of mucosal penetration; however, it is less
so in detecting metastatic lymph nodes within the mesorectal fat. One may
estimate the likelihood of nodal metastases based on the degree of mural pen-
etration with which there is a direct correlation. For example, lesions which
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are confined to the mucosa and submucosa metastasize to regional nodes in
less than 5% of cases. For lesions which have penetrated partially into the
muscularis propria, the incidence of nodal metastases is approximately 30%,
and if the lesion has penetrated into the fat, the incidence of nodal metas-
tases is 50%. The risk of spread to lymph nodes is also influenced by degree
of tumor differentiation (poor differentiation confers an increased risk) and
lymphatic invasion within the tumor itself [10]. Certainly if suspicious nodes
are seen by ultrasound, this overrides the risk assessment based on degree
of tumor penetration. However, in the absence of identifiable nodes, tumor
penetration has clear significance.

Magnetic resonance imaging (MRI) is more widely used in Europe than
transanal ultrasound as a means of staging rectal cancers. In a study com-
paring these two imaging modalities, Bianchi et al. examined 49 consecutive
patients with a Pentax FG36UX ultrasound scanner. The first 28 patients
were then studied using a linear body coil supplied with the MRI machine,
and the next 21 patients were examined with a multichannel system of four
coils. Patients who received preoperative radiation and chemotherapy were
excluded from the study. Radical surgery was performed a mean 7.5 days
from the time of staging, operative specimenswere examined, and 931 lymph
nodes were retrieved. Accuracies of T-staging were 70% for ultrasound,
43% for body coil MRI, and 71% for phased-array coil MRI (PA-MRI). No
significant difference was noted between the techniques. The accuracies of
N-staging were 63% for ultrasound, 64% for body-coil MRI, and 76% for
PA-MRI. These differences were not significantly different [11].

Kim et al. studied 89 patients with ultrasound (in all), pelvic computed
tomography (in 69), and MRI with an endorectal coil (in 73). Results
were compared with histopathologic staging. For depth of invasion, accu-
racies were 81% for ultrasound, 65% for computed tomography (CT), and
81% for MRI. For staging regional lymph nodes, accuracies were 64% for
ultrasound, 57% for CT, and 63% for MRI. The authors concluded that
ultrasound andmagnetic resonance had similar accuracies and were superior
to conventional computed tomograms [12].

If a candidate for transanal excision is identified and the lesion is acces-
sible with rigid proctoscopy, no further workup is needed. A CT scan is
unnecessary and is not superior to ultrasound in determining the extent of
local disease. Furthermore, the risk of distant disease within the liver or lungs
is sufficiently low for superficial lesions that CT scans are not required. In
contrast, for locally advanced cancers, that is, those that are large, fixed,
deeply penetrating, or have already spread to nodes, CT scans have a useful
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role; that is, if unresectable disease within the liver or lungs is identified,
radical surgery for the primary tumor may not be justified.

In preparation for TEM, a bowel cleansing with lavage solutions or
cathartics is needed to ensure visibility and to lower the risk of infection
if penetration into the peritoneal cavity should inadvertently occur. Oral,
non-absorbable antibiotics may be given and intravenous antibiotics may
be added as well. Informed consent should include possible laparotomy
for lesions that pose a risk of entry into the peritoneum, that is, anterior
tumors in women where the location of the anterior peritoneal reflection is
unpredictable and may be quite low.

We perform TEM usually under general anesthesia; however, spinal or
epidural anesthesia may be considered if the patient cannot tolerate general
anesthesia. Patients are released from the hospital within 3–4 h following
completion of the procedure. Proper consideration to coexisting morbid
conditions that place the patient at higher risk for complications should be
addressed and the appropriate precautions taken. Included are an assessment
of cardiac, pulmonary, and deep venous thrombosis risk.

Technique

The patient is positioned according to the location of the tumor within
the rectum. The buttocks and perineum are then washed with antiseptic
solution, sterile drapes are placed, and the rectoscope is inserted up to the
lesion under direct vision with manual insufflation of air. The scope is then
secured to the operating room table and the facepiece is locked onto the
end of the scope. Rubber sleeves and caps are placed onto the working
ports on the facepiece. The long-shafted instruments are inserted and the
tubing necessary for CO2 insufflation, saline irrigation, and pressure mon-
itoring are connected. The binocular eyepiece and the accessory scope are
inserted.

Dissection begins provided the bowel cleansing has been adequate, the
entire lesion is visible and accessible, and intraluminal pressure can be main-
tained without signs of an air leak. If the entire lesion is not initially visible,
one can still proceedwith TEMprovided it can be pulled down into view. The
technique of excision will vary according to preoperative histology, suspi-
cion that a “benign” lesion may harbor an occult cancer, and the location of
the lesion within the rectum. Small adenomas may be removed by dissecting
within the submucosal plane. This is especially appropriate for an anterior
lesion in a womanwhere the anterior peritoneal reflection is unpredictable in
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its location and a full thickness excision may be hazardous. A 5 mm margin
of normal appearing mucosa is marked around the lesion, the mucosal edge
lifted up with the tissue grasper, and the lesion excised without entering the
muscularis propria. Larger adenomas may contain cancer; therefore such
lesions are excised with a full-thickness technique facilitating assessment of
depth of penetration if cancer is present. If the peritoneum is violated, it
should be promptly repaired. This does not mandate immediate conversion
to laparotomy; in fact, in the instances of peritoneal entry in our experience,
the peritoneum was transanally repaired as a separate layer and TEM com-
pleted as planned. In one of the patients, intra-abdominal escape of CO2

caused a significant pneumoperitoneum which required needle decompres-
sion prior to extubation. Cancers are removed with a full thickness excision
after a 1 cm margin of normal appearing mucosa has been marked around
the lesion. The extrarectal fat is easy to identify and serves as a landmark to
signify transmural penetration. Wounds are closed transversely with a run-
ning suture of long-lasting absorbable monofilament material with a tapered
gastrointestinal needle (Fig. 6.3). After the lesion is excised, it should be fixed
onto a cork board or Telfa paper to facilitate histologic examination of the
deep and lateral margins.

Fig. 6.3 Closure of the wound following TEM excision: surgeon’s view.
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The following are technical pearls:
1 Short sutures are preferable. If the suture is too long, it is cumbersome
and it may be impossible to pull the stitch taut within the confines of the
scope. If the wound is large, closure requires several sutures.
2 Cross over of instruments should be avoided; the surgeon should manip-
ulate them in parallel.
3 The needle should be passed from instrument to instrument. If the needle
is dropped, it may retract out of the operative field and time may be wasted
in frustrating attempts at needle retrieval.
4 Lesions located in the distal 5 cm of the rectum may be better addressed
with conventional instruments. If the lower lip of the beveled scope falls out
of the anus, CO2 will be lost and the operative field will collapse. Further-
more, one may encounter more bleeding just above the anus because of the
hemorrhoidal veins. Alternatively, one can use the straight-ended scope that
is not beveled at the end.
5 The most important aspect of the operation is patient positioning. The
tumor should be located in the anterior–posterior plane during the office
exam. The patient is then positioned accordingly so that the beveled end of
the scope faces down at the lesion.
6 If there is an air leak, the operative field collapses and visibility is ham-
pered. All tubing connections must be re-secured and the rubber tube and
caps which seal the ports must be checked for cracks or tears which may
occur secondary to normal wear and tear. The locking mechanisms which
secure the scopes (accessory and main) and facepiece must be re-tightened.
An adequate supply of CO2 with unrestricted flow should be verified if the
rectum remains collapsed.
7 The operating rectoscope must be repositioned several times during the
course of the dissection in order to keep the lesion in the center of the
operative field.

Results

Following TEM, digital rectal examination and rigid proctosigmoidoscopy
are performed at 3, 6, and 9 months. A follow-up colonoscopy should
be performed at 1 year. For cancers, rectal ultrasound may be combined
with proctosigmoidoscopy; however, caution should be exercised in inter-
preting the results. Tissue plans will be altered as a result of the excision.
Consequently, no definitive decision should be made based upon the first
examination. With serial ultrasound examinations, however, one can find



ROLE OF TEM IN MINIMALLY INVASIVE SURGERY 83
..............................................................................................................................................................................

enlarging hypoechoic nodules either within the rectal wall or the rectal
mesentery suggesting tumor recurrence. Such lesions can be biopsied using
ultrasound-guided needle techniques.

Complications are relatively infrequent and include entry into the peri-
toneal cavity, conversion to laparotomy, bleeding, fecal soilage, fever,
wound dehiscence, urinary dysfunction, and fistulas. In the author’s expe-
rience, soilage has occurred in only 2% of patients and has usually been of
short duration.

Gerhard Buess has published extensively on his experience [4–6]. Of his
first 186 TEMs, 137 were performed for adenomas and 49 for cancers. With
respect to location in the rectum, 25, 47, and 18% of adenomas were located
in the distal, mid, and upper rectum, respectively. Five percent recurred
and were treated with endoscopic snare or cautery in the majority. Of the
cancers, 18, 45, and 31% were located in the distal, mid, and upper rectum
respectively. Most of the cancers (81%) were staged as pT1; recurrence
was 4%.

Some of the complications noted after TEM excision of both adenomas
and cancers (n = 186) are listed below [6]:
1 Bleeding (4)
2 Rectovaginal fistula (2)
3 Rectal stenosis (7)
4 Peritoneal entry (1)
5 Bladder dysfunction (5)
6 Incontinence (1)

At the 1995 annual meeting of the American Society of Colon and Rectal
Surgeons, the centers in the United States presented their pooled initial
data [7]. Of 153 TEM procedures, eight were converted to laparotomy
because the lesion was not accessible in its entirety and in one case an inad-
vertent entry into the peritoneum necessitated a laparotomy. Approximately
half of the lesions were considered beyond reach of conventional instru-
ments. Of the 82 adenomas, mean size was 4 cm. Recurrence rate following
TEMwas 11%, most were treated with cautery or snare excision, and repeat
TEMwas rarely required. Of the 54 cancers, mean size was 3 cm; there were
30 T1, 15 T2, and 6 T3 lesions. Recurrence rate following TEM increased
in relation to tumor depth: 10% for T1, 40% for T2, and 66% for T3
cancers. Overall complications were experienced infrequently; only three
patients reported mild incontinence which was temporary in two.

TEM has been utilized at Rush University Medical Center since 1991.
From 1991 to June 2005, 260 cases have been performed; average patient
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age was 65.7 years and the average distance from the dentate line was 7.4 cm.
The mean estimated blood loss was approximately 24 cc and in only 12%
of cases did the estimated blood loss exceed 50 cc. The mean operative time
was 75 min; 17% of cases lasted less than 30 min and only 9% of cases
lasted longer than 2 h. During this time period, 112 adenomas and 135
cancers were removed; the remainder consisted of gastrointestinal stroma
tumors and carcinoids. For the adenomas, 65% were above 6 cm from the
anus (21% above 10 cm), 57% were 2–4 cm in size (22% were >4 cm), and
93% took less than 2 h to perform (39% took <1 h). For the cancers, 62%
were above 6 cm from the anus (23% above 10 cm), 52% were 2–4 cm in
size (24% were >4 cm), and 86% took less than 2 h (38% took <1 h). Of
the cancers, 26% were carcinoma in-situ, 47% were pT1, 23% pT2, and
4% were pT3.

The number of new rectal cancers treated by all means at Rush over
the last 10 years has remained fairly stable at 30–45 cases per year and
the use of TEM for cancer has remained constant as well. This reflects
our policy of strict patient selection when using TEM for cure. We have
used TEM to treat 53 patients with pathologic T1 cancers. Forty-six percent
were located 5–10 cm from the anus, and 25% were greater than 10 cm.
Forty-four percent of the cancers were between 2 and 4 cm in maximum
diameter. Thirteen percent were larger than 4 cm. With a mean follow-up
of 2.84 years, the recurrence rate has been 7.5%, occurring at 9 months,
15 months, 16 months, and 11 years. Of the recurrences, three were sal-
vaged with radical surgery, and one was treated with simple fulguration
because of advanced age. During this period of follow-up, there have been
no cancer-related deaths and we attribute this in part to our close follow-up
program as outlined above.

Registry and prospective series have shown similar morbidity rates com-
pared with traditional local excision, comparable short lengths of stay, and
low local recurrence rates [7,13,14]. Sengupta et al. [15] performed a meta-
analysis that demonstrated recurrence rates from 4.2 to 25% for lesions
excised by TEM. For pT1 lesions, recurrence rates have been reported from
0 to 12.5% (Table 6.1).

Comparison of TEM with radical surgery

A retrospective comparison of TEM and radical surgery was performed by
Lee et al. [14]. In this study, neither group received adjuvant chemoradiation
and there were no significant differences in age, gender, tumor location,
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Table 6.1 Oncologic results for pT1 lesions excised with TEM.

Local recurrence 5-year disease-free 5-year survival
References N % % %

Lee, W [14] 52 4.1 95.9 100
Buess, G [4] 12 0
Langer, C [16] 16 12.5
Winde, G [17] 24 4.2 96.0
Demartines, N [18] 9 8.3
Buess, G [6] 25 4.0
Smith, L [7] 30 10
Saclarides, TJ [13] 53 7.5 100

or follow-up period between the two groups. Fifty-two patients had pT1
cancers removed by TEM, local recurrence was 4.1%, and 5-year disease-
free survival was 95.9%. Neither was statistically different than the results
noted in the group undergoing radical surgery. Twenty-two patients had
pT2 cancers removed by TEM, local recurrence was 19.5%, and 5-year
disease-free survival was 80.5%. This local recurrence rate was higher than
that noted in the radical surgery group (9.4%, p = 0.04); however, 5-year
disease-free survival was not statistically different.

Winde et al. [17] prospectively randomized 52 patients with ultrasound
stage uT1N0 rectal cancers into TEM or anterior resection groups. Patient
and tumor demographics were similar. Local recurrence rates (4.2%) and
5-year survival rates (96%) did not differ significantly. Early postoperative
mortality was zero. Significant differences were noted comparing time of
hospitalization (10 days longer for anterior resection, p < 0.0001), blood
loss (p < 0.001), operative time (45 min longer for anterior resection,
p = 0.0021), and need for narcotic analgesia (3 times higher after ante-
rior resection, p < 0.0001). Various early complications were noted in 21%
of the TEM group and in 35% of the anterior resection group [17].

Conclusions

TEM is safe and there are few complications. Most patients can be treated on
an outpatient basis. Virtually any adenoma can be removed with this tech-
nique, even large circumferential lesions that necessitate sleeve resections.
Regarding cancers, strict selection criteria must be used to avoid compromis-
ing recurrence rates and survival. Transrectal ultrasound may help identify
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those lesions which are appropriate for TEM. If TEM is selected, close
follow-up is necessary to detect cancer recurrences; if they occur, radical
surgery is indicated. TEM is not superior to conventional instrumentation
for removing lesions in the distal rectum; however, it has distinct advantages
for excising lesions in the mid and upper rectum.

Because of the high cost of the equipment, the relative infrequency with
which it is used, and the difficulty inmastering the technique, TEMwill prob-
ably become the domain of only a few surgeons. Over the last several years at
our institution, we have performed 25–30 cases each year (benign andmalig-
nant), and since its arrival in 1991, referrals for rectal cancer have increased
steadily. However, in comparison to the portion of cancers treated with
low anterior resection or APER, the relative percentage of cancers treated
with TEM has remained stable. This reflects our policy of adhering to strict
selection criteria. Having the technology at hand is not a license to use it
inappropriately.

Local (transanal) excision of rectal tumors has been part of the surgeon’s
armamentarium for over 100 years. All agree that benign disease can be
safely addressed with this approach. However, debate has recently surfaced
that cancers are best approached by more radical means. It is unlikely that
randomized studies will ever be done comparing TEM with conventional
transanal surgery. Comparison with radical surgery has been done in both a
retrospective and prospective fashion, and the results suggest that TEM is a
safe and effective means of treating pT1 cancers. Winde et al. [17] prospec-
tively found operating time, blood loss, length of hospital stay, and analgesia
requirements following TEM to be significantly less than for anterior resec-
tion. Local recurrence rates for pT1 tumors following APER are low (0 to
10%) with a 0% local recurrence rate reported in some series [19,20]. Over-
all 5-year survival rates for pT1 rectal cancers radically excised range from
78 to 100%. Local recurrence rates following conventional transanal exci-
sion without chemoradiation range from 0 to 33% for pT1 disease [15,21].
In our hands, local recurrence rate of pT1 lesions excised by TEM is 7.5%,
and thus far we have not had any cancer-related deaths. In retrospect, the
initial size and distance of pT1 lesions that did recur did not preclude safe
removal by TEM, and it is unlikely that technical aspects played a role in
these recurrences apart from one instance with a positive margin (patient
refused further treatment).

In summary, therefore, TEM has emerged as another means of transanal
excision of adenomas and selected cancers. These selection criteria have
been embraced for decades, and if one assumes that they are appropriate for
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distal lesions, then logic demands that these same criteria are appropriate
for cancers in the mid and upper rectum as well. TEM, or any form of
local excision, is not recommended as the sole form of therapy for pT2
cancers unless one is participating in a clinical trial investigating the role of
chemotherapy and radiation either before or after excision. For pT1 cancers,
a close surveillance program is essential in order to detect many of those
which can be salvaged with radical surgery.
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Introduction

Five to ten percent of all cases of colorectal cancer (CRC) are believed
to have a hereditary component [1]. Because hereditary CRCs are due to
germline mutations, these patients have clinical features distinct from spo-
radic CRC. Generally, these features include (1) early age-of-onset of cancer,
(2) frequent association with synchronous or metachronous tumors, and
(3) characteristic extraintestinal manifestations. Due to these differences,
the management strategy for patients with hereditary CRC is quite different
from that for sporadic CRC. Additionally, there are important screening and
surveillance implications for family members. Our aim is to review the most
common hereditary CRC syndromes, namely familial adenomatous poly-
posis (FAP) syndrome, hereditary nonpolyposis colorectal cancer (HNPCC)
syndrome, Peutz-Jeghers syndrome (PJS), juvenile polyposis syndrome (JPS),
and MYH polyposis syndrome, with an emphasis on management strategies
(Table 7.1).

Familial adenomatous polyposis

Familial adenomatous polyposis is an autosomal dominant hereditary CRC
syndrome caused by a germline mutation of the APC gene [1]. FAP occurs in
one of 10,000 live births and accounts for 1% of all CRC [2,3]. The majority
of patients have a family history of FAP, but 20–30% of cases arise from a
de novo APC mutation [4].

Clinical features

The FAP is characterized by at least 100 adenomatous polyps in the
colon and rectum, but an attenuated form with fewer polyps has been

89



90 CHAPTER 7
..............................................................................................................................................................................

Ta
b
le
7.
1
H
er
ed
it
ar
y
C
R
C
sy
nd

ro
m
es
.

Po
ly
p

C
R
C

Fr
eq
ue
nc
y

In
he
ri
ta
nc
e

C
au
sa
ti
ve

ge
ne

(%
of

to
ta
lC

R
C
)

L
oc
at
io
n

Pr
ev
al
en
ce

N
um

be
r

R
is
k

M
ea
n
ag
e

FA
P

A
D

A
PC

1
C
ol
or
ec
tu
m

10
0%

>
10

00
10

0%
39

H
N
PC

C
A
D

hM
L
H
1,

hM
SH

2,
2–
6

C
ol
or
ec
tu
m

20
–4
0%

1–
10

80
%

45
hP

M
S1
,h

PM
S2
,

hM
SH

6
PJ
S

A
D

ST
K
11

0.
1

Sm
al
li
nt
es
ti
ne

>
90

%
10

–1
00

20
%

46
JP
S

A
D

SM
A
D
4,

B
M
PR

1A
0.
1

C
ol
or
ec
tu
m

>
90

%
3–
20

0
10

–3
8%

34
M
Y
H

A
R

M
Y
H

1–
3
(?
)

C
ol
or
ec
tu
m

?
3–
10

0
?

50
po

ly
po

si
s

FA
P,

fa
m
ili
al
ad
en
om

at
ou

s
po

ly
po

si
s;
H
N
PC

C
,h

er
ed
it
ar
y
no

n-
po

ly
po

si
s
co
lo
re
ct
al
ca
nc
er
;P

JS
,P

eu
tz
-J
eg
he
rs
sy
nd

ro
m
e;
JP
S,
ju
ve
ni
le
po

ly
po

si
s

sy
nd

ro
m
e;
A
D
,a
ut
os
om

al
do

m
in
an
t;
A
R
,a
ut
os
om

al
re
ce
ss
iv
e;
C
R
C
,c
ol
or
ec
ta
lc
an
ce
r;
?
de
no

te
s
th
at
th
e
va
lu
es
ar
e
st
ill

no
t
cl
ea
rl
y
de
fin

ed
.



MANAGEMENT OF HEREDITARY CRC 91
..............................................................................................................................................................................

described [5,6]. Attenuated FAP (AFAP) is a variant characterized by fewer
colorectal polyps (<5–100), later age of onset of polyps and cancer, infre-
quent rectal involvement, and a more proximal colonic distribution than
classic FAP [5,6].

Colorectal cancer develops in nearly all FAP individuals with their colon
and rectum in situ by age 40–50 [1]. In addition to colorectal polyps and
CRC, patients with FAP also develop characteristic extracolonic manifesta-
tions. These include benign lesions of the stomach (adenoma and fundic
gland retention polyps), small bowel (adenoma), skin (lipoma, fibroma,
sebaceous, and epidermoid cysts), bone (osteoma), retina (congenital hyper-
trophy of the retinal pigment epithelium), teeth (supernumerary teeth), and
soft tissue (desmoid) [7]. Extracolonicmalignancies also develop at increased
incidence in patients with FAP. These include cancers of the liver (hep-
atoblastoma), stomach, duodenum, pancreas, thyroid, biliary tract, and
brain [8–11]. As increasing numbers of patients with FAP have been treated
with prophylactic proctocolectomy, mortality from CRC has decreased.
However, patients with FAP continue to have a reduced life expectancy
after colectomy, largely due to mortality from desmoid tumors or upper
gastrointestinal (GI) cancers [12].

Genetics and genetic testing

The FAP is caused by germline mutation of the APC gene on chromosome
5q21 [1]. APC is a tumor suppressor gene that inhibits the Wnt signaling
pathway [13]. The key component in this pathway is β-catenin, which acti-
vates the transcription of growth-regulatory genes. The APC gene product
targets β-catenin for degradation. However, when APC is mutated excess
β-catenin is translocated to the nucleus, with resultant decreased regulation
of cell growth [13].

Currently, several tests are available to test for an APC germline muta-
tion, including sequencing of the entire gene, a combination of conformation
strand gel electrophoresis (CSGE) and protein truncation test (PTT), PTT
alone, and linkage analysis. Sequencing of the entire gene is the most sen-
sitive test (95% mutation detection rate), but it is the most expensive. The
mutation detection rate of the combination ofCSGE and PTT, and PTT alone
is 80–90%, and 70–80%, respectively. Linkage analysis can be performed
when more than one affected family member is available and has a 95–99%
accuracy [14]. As with all genetic testing, pre- and post-test counseling is
strongly recommended [6].
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Attenuated FAP is also due to a germline mutation in theAPC gene that is
inherited in an autosomal dominant fashion. However, it has been suggested
that the mutated locus in AFAP is further toward the 5′ and 3′ ends of the
APC gene than that reported for classic FAP [6].

Screening and surveillance

At-risk individuals should begin screening for FAP at age 10–12 [14]. The
screening tests available for FAP include genetic testing for a mutation of
the APC gene and endoscopy. Flexible sigmoidoscopy has been regarded
as the procedure of choice for FAP screening [14]. However, it may be
replaced by a genetic test when an APC mutation has been documented in
an individual’s family. In addition, colonoscopymay be used when screening
is performed at an older age or when there is suspicion for AFAP [14].

If an individual has multiple polyps or a positive genetic test, referral
of all first-degree relatives for genetic counseling is recommended. Patients
with FAP should be followed by annual colonoscopic examinations until the
time of colectomy. In addition, upper GI endoscopy should be performed
beginning at age 21 and repeated at 6-month intervals or longer depending
on the polyp burden [15]. Screening guidelines for the other extracolonic
cancers associated with FAP are less well defined.

Management

Because 5% of untreated patients with FAP develop colorectal cancer by
the age of 20 years [16], prophylactic surgery is advised shortly after FAP is
diagnosed. However, the timing and type of prophylactic surgery in patients
younger than age 20 are often influenced by educational, developmental,
and self-image concerns. When polyps are small (<6 mm) and there is no
evidence of dysplasia, cancer, or symptoms, prophylactic surgery may be
delayed until after high school [16].

The optimal surgical management of FAP should include (1) removal
of all at-risk colorectal mucosa, and (2) maintenance of anorectal func-
tion. Current surgical options for FAP include total proctocolectomy (TPC)
with an ileal pouch-anal anastomosis (IPAA), total colectomy and ileorectal
anastomosis (IRA), and TPC with ileostomy.

Total proctocolectomy with IPAA is the operation of choice for most
patients with FAP, as it nearly eliminates the risk of CRC and maintains per-
anal fecal evacuation. However, in a selected subset of individuals, a total
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colectomy with IRA and close endoscopic surveillance is an option, as IRA is
associated with better functional results and lower perioperative morbidity
[16]. Patients unable or unwilling to have aggressive postoperative surveil-
lance are not suitable for IRA. TPC with permanent ileostomy results in
a permanent stoma. However, it may be necessary when patients present
with a distal rectal cancer, where a sphincter-preserving procedure may
compromise oncologic results.

Patients with AFAP are also at increased risk for the development of CRC.
However, given their lower polyp burden and potential for rectal sparing,
management may be tailored to the individual. In very selected patients
with very few adenomas, colonoscopic polypectomy and subsequent close
endoscopic surveillance may be acceptable in patients not willing to undergo
a prophylactic colectomy. When resection is required, a total colectomywith
IRA may be appropriate in patients with AFAP who have rectal sparing [6].

Hereditary non-polyposis colorectal cancer

Hereditary non-polyposis colorectal cancer is an autosomal dominant hered-
itary CRC syndrome with an 80% penetrance, caused by mutations in one
of several DNA mismatch-repair (MMR) genes [1]. It is the most common
hereditary CRC syndrome and accounts for 2–6% of all CRC.

Clinical features

Hereditary non-polyposis colorectal cancer is characterized by early age-of-
onset cancers in multiple family members. CRC is the most common tumor
in HNPCC patients, but extracolonic cancers of the endometrium, small
bowel, urinary tract, stomach, biliary tract, ovary, pancreas, and brain
also can occur. CRC in HNPCC differs from sporadic CRC in that there
is an increased incidence of synchronous and/or metachronous tumors and
a predilection for the proximal colon [1]. CRC in HNPCC more frequently
has mucinous or poorly differentiated histology and peritumoral lympho-
cytic infiltration [17]. In addition, patients with HNPCC have improved
survival when compared to patients with sporadic CRC of similar stage
[18]. Adenomas in HNPCC differ from sporadic adenomas in that there
is an increased incidence of villous architecture, high-grade dysplasia, and
morphologically flat lesions [19,20]. In addition, malignant transformation
in adenomas in patients with HNPCC may be more rapid than sporadic
adenomas [21]. In 1990, the International Collaborative Group on HNPCC
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Table 7.2 Revised Amsterdam criteria for diagnosis of HNPCC.

There are at least three relatives diagnosed with an HNPCC-associated cancer (colorectal,
endometrial, small bowel, ureter, or renal pelvis but not including stomach, ovary, brain,
bladder, or skin)
One affected person is a first-degree relative of the other two
At least two successive generations are affected
At least one person was diagnosed before the age of 50 years
Familial adenomatous polyposis has been excluded
Tumors have been verified by pathologic examination

Source: Vasen HF, Watson P, Mecklin JP, Lynch HT. Gastroenterology 1999; 116: 1453–6.

developed the Amsterdam criteria (revised in 1999), which defines HNPCC
by clinical findings and family history (Table 7.2) [22].

Genetics and genetic testing

Hereditary non-polyposis colorectal cancer is caused by a germline mutation
in DNA MMR genes, which play a critical role in repairing mismatched
nucleotides pairs duringDNA replication [1]. Themajority (more than 95%)
of germline mutations have been found in the hMLH1 and hMSH2 genes,
whereas mutations in hMSH6, hPMS1, and hPMS2 have been reported, but
are rare [23,24].

Tumors due to MMR gene mutations exhibit a unique molecular phe-
notype termed microsatellite instability (MSI), which is characterized by
accumulation of single nucleotide mutations and alterations in the length
of simple repetitive sequences found throughout the genome. Over 90% of
tumors in HNPCC exhibit MSI [25].

Initial screening for HNPCC may be performed with MSI testing or
immunohistochemistry (IHC) for MMR proteins. MSI is identified using
DNA extracted from tumor tissue. In 1997, the National Cancer Institute
Workshop on HNPCC recommended a panel of five microsatellite markers
for determination of MSI [26]. The tumor is defined as MSI-high when two
or more markers display instability.

Selection of patients for testing for HNPCC is a major clinical issue. To
date, the most well-accepted guidelines for MSI testing are the Bethesda
Guidelines, which were developed in 1996 and revised in 2002 (Table 7.3)
[27]. IHC for MMR proteins may also be used to screen for HNPCC.
It has lower sensitivity than MSI testing, especially for inherited hMLH1
mutations [28]. However, it has distinct advantages over MSI testing in
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Table 7.3 Revised Bethesda guidelines for testing of colorectal tumors for MSI.

Colorectal tumors should be tested for MSI in the following situations:
1 CRC diagnosed in a patient less than 50 years of age
2 Presence of synchronous, metachronous, or other HNPCC-associated tumors,∗ regardless
of age
3 CRC with MSI-H histology in a patient less than 60 years of age
4 CRC diagnosed in one or more first-degree relatives with an HNPCC-related tumor, with
one of the cancers diagnosed before 50 years of age
5 CRC diagnosed in two or more first- or second-degree relatives with HNPCC-related
tumors,† regardless of age

∗ Includes tumors of the colorectum, endometrium, stomach, ovary, pancreas, ureter, renal
pelvis, biliary tract, brain, sebaceous glands, and small bowel.
† Includes presence of tumor infiltrating lymphocytes, Crohns-like lymphocytic reaction,
mucinous histology, signet ring cell differentiation, or medullary growth pattern.
Source: Umar A, Boland CR, Terdiman JP. J Natl Cancer Inst 2004; 96: 261–8.

terms of simplicity and availability. If it is used to complement MSI testing,
IHC may reduce the cases to be tested by MSI and simplify the subsequent
steps for mutation analysis. This approach may further decrease the cost
for analysis and turnaround time. An algorithm for diagnosing HNPCC is
provided in Fig. 7.1.

Management

HNPCC with verified germline mutation

Total colectomy with IRAmay be offered to patients with a verified germline
mutation in a MMR gene, due to the high risk of metachronous CRC [29].
Following total colectomy, close surveillance of the rectal remnant is required
[30]. TPC with IPAA may be an option for patients who present with rectal
cancer and sparing of the sphincter complex. In the highly unusual case of
sphincter involvement with rectal cancer and synchronous colon polyps, a
TPC and end ileostomy may be indicated.

Management of a known MMR gene mutation carrier with adenomas
but no CRC is controversial. Prophylactic colectomy should be considered
in an individual with multiple, high-grade adenomas or when colono-
scopic follow-up is not possible. In mutation carriers without any clinical
features of HNPCC, there is an 80% lifetime risk of CRC, as well as
other extracolonic tumors. Cancer surveillance, including colonoscopy and
extracolonic screening, should be conducted in these patients. Currently,



96 CHAPTER 7
..............................................................................................................................................................................

In
di

ca
tio

ns
• 

A
m

st
er

da
m

 II
  c

rit
er

ia
• 

M
od

ifi
ed

 B
et

he
sd

a
  c

rit
er

ia

• 
C

lin
ic

al
 a

ss
es

sm
en

t
• 

G
en

et
ic

 c
ou

ns
el

lin
gC

lin
ic

al
ly

af
fe

ct
ed

 fa
m

ily
 m

em
be

r

C
lin

ic
al

ly
 n

ot
af

fe
ct

ed
,

bu
t a

t-
ris

k
fa

m
ily

 m
em

be
r

Fa
m

ily
m

ut
at

io
n

un
kn

ow
n

an
d 

no
 a

va
ila

bl
e

af
fe

ct
ed

 m
em

be
r

Fa
m

ily
m

ut
at

io
n

kn
ow

n

Fa
m

ily
m

ut
at

io
n

un
kn

ow
n

Fa
m

ily
m

ut
at

io
n

kn
ow

n

G
en

et
ic

 te
st

 fo
r

sp
ec

ifi
c 

si
te

of
 M

M
R

 g
en

e

IH
C

 fo
r

M
M

R
 p

ro
te

in
s*N
or

m
al

ex
pr

es
si

on

Lo
ss

 o
f

ex
pr

es
si

on
of

 o
ne

 o
r 

m
or

e
of

 M
M

R
 p

ro
te

in

M
S

I
te

st
in

gM
S

I-
H

M
S

I-
L

or
 M

S
S

G
er

m
lin

e
ge

ne
tic

 te
st

in
g

fo
r 

M
M

R
 g

en
es

†

V
er

y 
hi

gh
 in

de
x

of
 s

us
pi

ci
on

s 
fo

r
H

N
P

C
C

G
en

et
ic

 te
st

in
g 

fo
r

sp
ec

ifi
c 

si
te

of
 M

M
R

 g
en

e
H

N
P

C
C

G
en

et
ic

 te
st

in
g

fo
r 

sp
ec

ifi
c

M
M

R
 g

en
e

S
po

ra
di

c 
ca

se
or

 lo
w

 r
is

k 
fo

r
H

N
P

C
C

C
on

si
de

r
ge

rm
lin

e 
te

st
in

g
fo

r 
M

M
R

 g
en

es

H
ig

h 
ris

k 
fo

r
H

N
P

C
C

In
co

nc
lu

si
ve

(+
)

(
)

(+
)

(–
)

(+
)

(
)

(+
)

(–
)

(+
)

(
)

(+
)

(–
)

(+
)

(
)

(+
)

(–
)

(+
)

(
)

(+
)

(–
)

(+
)

(
)

(+
)

(–
)

Fa
m

ily
m

ut
at

io
n 

un
kn

ow
n

bu
t w

ith
 a

va
ila

bl
e

af
fe

ct
ed

 m
em

be
r

* 
In

iti
al

ly
 f

or
 M

LH
1 

an
d 

M
S

H
2 

pr
ot

ei
n.

 I
f 

th
es

e 
ar

e 
ne

ga
tiv

e,
 t

he
n 

M
S

H
6 

an
d 

P
M

S
2 

ca
n 

be
 p

ur
su

ed
.

†
In

iti
al

ly
 fo

r 
hM

LH
1 

an
d 

hM
S

H
2 

ge
ne

s.
 I

f 
th

es
e 

ar
e 

ne
ga

tiv
e,

 t
he

n 
hP

M
S

1,
 h

P
M

S
2,

 a
nd

 h
M

S
H

6 
ca

n 
be

 p
ur

su
ed

. W
he

n 
cl

in
ic

al
ly

 in
di

ca
te

d,
 a

dd
iti

on
al

m
ut

at
io

na
l a

na
ly

si
s,

 in
cl

ud
in

g 
se

ar
ch

in
g 

fo
r 

a 
la

rg
e 

de
le

tio
n 

or
 c

ha
ng

in
g 

th
e 

m
et

ho
d 

of
 m

ut
at

io
n 

de
te

ct
io

n,
 c

an
 b

e 
ad

de
d.

Fi
g
.7
.1

A
lg
or
it
hm

fo
r
id
en
ti
fic
at
io
n
of

he
re
di
ta
ry

no
n-
po

ly
po

si
s
C
R
C
.



MANAGEMENT OF HEREDITARY CRC 97
..............................................................................................................................................................................

some suggest prophylactic colectomy in patientswith aMMRgenemutation,
but no clinical features of HNPCC [30,31]. However this is controversial as
the lifetime risk for developing CRC is 80% and not 100%.

Currently, there is insufficient evidence to definitively recommend pro-
phylactic hysterectomy and oophorectomy in female patients with HNPCC.
However, when women with HNPCC have surgery for CRC they may be
offered these procedures, particularly if they are postmenopausal [30].

High risk for HNPCC

Patients at high risk for HNPCC include individuals with clinical suspicion
of HNPCC who have (1) CRC with positive IHC or MSI testing but no ver-
ified germline mutation, and (2) CRC but negative IHC, MSI, and germline
testing. Individuals with CRC and clinical suspicion for HNPCC should be
managed as those with HNPCC, even when genetic testing is negative.

Non-informative genetic testings

Individuals in a HNPCC-kindred group who have negative genetic testing
may be managed as the average risk population. Individuals in a HNPCC-
kindred group with non-informative (no mutation identified) genetic testing
should be managed according to the guidelines for HNPCC [32]. However,
in these cases, the clinician should be aware of the potential for laboratory
errors.

Surveillance

Germline mutation carriers and patients with the clinical diagnosis of
HNPCC should undergo colonoscopic screening at intervals of 1–2 years
beginning at age 20–25 years, or 10 years earlier than the youngest CRC
diagnosis in the family [1,33]. Since HNPCC patients are also at risk
for extracolonic tumors, screening may include abdominal sonography
and urine cytology every 1–2 years. Female gene carriers should undergo
screening for endometrial and ovarian cancer, which may include annual
gynecological exams, transvaginal sonography, endometrial aspiration, and
serum CA-125 levels beginning at age 25–35 years.

Peutz-Jeghers syndrome (PJS)

Peutz-Jeghers syndrome is an autosomal dominant harmartomatous poly-
posis syndrome caused by a germline mutation in the STK11 (LKB1) gene,
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which encodes for a multifunctional serine–threonine kinase [34,35]. It
occurs in 1 in 120,000–200,000 live births [36,37].

Clinical features

Peutz-Jeghers syndrome is characterized by GI hamartomatous polyps and
melanin hyperpigmentation of the lips, buccal mucosa, and digits [38]. The
polyps are located mainly in the small intestine but may be found in the
stomach and colorectum. PJS polyps may cause abdominal pain, intussus-
ception, bleeding, or anemia [38]. A clinical diagnosis of PJS can be made
if ≥2 Peutz-Jeghers polyps are found in the GI tract or if one Peutz-Jeghers
polyp is found in association with classic pigmentation or a family history
of the syndrome [39]. PJS is associated with an increased risk of colorec-
tal (20%), gastric (5%), small bowel, pancreas, breast, ovary, lung, cervix,
uterus, and testis cancer [40].

Genetics and genetic testing

Peutz-Jeghers syndrome is caused by a germline mutation in the STK11
(LKB1) gene that is located on chromosome 19p13.3 [34,35], which has
been documented in 18–63% of cases [41–43]. Genetic testing for PJS is
performed by DNA sequencing of the STK11 gene. Individuals with PJS and
their first-degree family members are candidates for genetic testing.

Management and surveillance

Currently, prophylactic colectomy is not recommended for patients with
PJS. However, surveillance for CRC and extracolonic cancer is important.
Most experts recommend colonoscopy at intervals of 2–3 years beginning
during the late teenage years, with upper GI endoscopy and small-bowel
radiography at intervals of 2–3 years and annual hemoglobin level begin-
ning at age 10 [38]. Surveillance for pancreatic cancer with endoscopic or
transabdominal ultrasonography, or CT scan may begin at 30 years of age
and be repeated every 1–2 years. Mammography at intervals of 2–3 years,
annual clinical breast and pelvic exam, annual PAP smear, and annual pelvic
ultrasound may begin at age 20–25 years in females. Because male patients
with PJS are at risk for testicular tumors, annual clinical testicular exam
beginning at age 10 is recommended.
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Although most clinicians recommend endoscopic polypectomy when
technically feasible, surgery is indicated in certain circumstances. Indications
include symptoms (obstruction, intussusception, and bleeding) and large
(≥15 mm) or adenomatous polyps that cannot be removed endoscopically
[16]. During surgery, as much of the small bowel and colon as is feasi-
ble should be cleared of polyps, either by enterotomy or intraoperative
endoscopic resection [38].

Juvenile polyposis syndrome (JPS)

Juvenile polyposis syndrome is an autosomal dominant GI hamartomatous
polyposis syndrome associated with an increased risk of CRC and upper GI
cancer. The incidence is one per 100,000 live births [44]. Juvenile polyps
are defined histologically as hamartomas with dilated mucus-filled cysts and
hyperplastic stroma [45].

Clinical features

Juvenile polyposis syndrome is diagnosed clinically using the following cri-
teria: (1) more than 3–10 juvenile polyps in the colorectum, (2) juvenile
polyps throughout the GI tract, or (3) juvenile polyps (any number) with a
family history of JPS [46]. Polyps in JPS are most common in the colorectum
but may be found throughout the GI tract. The number of juvenile polyps
ranges from 50 to 200 [45], with symptoms usually associated with increas-
ing polyp size. The most common symptom is chronic anemia, followed by
acute GI bleeding, rectal prolapse of the polyp, protein-losing enteropathy,
and intussusception with or without obstruction [47]. JPS is associated with
a 10–38% lifetime risk of CRC and a 15–21% lifetime risk of gastric and
duodenal cancer [48,49]. Malignant tumors appear to arise from adenoma-
tous components present in some juvenile polyps and usually occur after the
fourth decade [49].

Genetics and genetic testing

Juvenile polyposis syndrome has been associated with germline mutations of
two genes; SMAD4 (DPC4) located on chromosome 18q21 and BMPR1A
on chromosome 10q21–22 [50,51]. SMAD4 encodes for a protein which is
an intracellular regulator of transforming growth factor (TGF)-β, and medi-
ates growth inhibitory signals from the cell surface to the nucleus. BMPR1A
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mediates intracellular signaling through SMAD4 and is a member of the
TGF-β superfamily. Genetic testing involves DNA sequencing for mutations
in these two genes and detects the genetic etiology of approximately 35–50%
of cases [52,53]. Candidates for genetic testing are individuals who meet the
clinical criteria for JPS and first-degree relatives of individuals with a SMAD4
or BMPR1A mutation.

Management

Patients with GI bleeding, anemia, diarrhea, protein-losing enteropathy, or
with high polyp burden may be treated surgically. Operative options include
TPC with IPAA or total colectomy with IRA. Regardless of the surgery
performed, patients require endoscopic surveillance due to the high rate of
polyp formation in the remaining rectum or pouch [54]. In asymptomatic
patients, surveillance colonoscopy with removal of all detectable polyps is
recommended every 1–2 years [14]. First-degree relatives of patients with
JPS should be screened with colonoscopy at 3-year intervals beginning at
age 12 [32].

MYH polyposis

The MYH polyposis, first described in 2002, is an autosomal recessive
colonic polyposis syndrome which is associated with biallelic mutations in
theMYH gene [55]. It may account for up to 40% of patients with an FAP
or AFAP phenotype in whom a germline mutation in the APC gene has not
been detected [55–58].

Clinical features

The mean age of diagnosis of polyposis and cancer are 46 and 50 years,
respectively [57,59]. Clinical features ofMYHpolyposis are similar toAFAP.
However, MYH polyposis may be differentiated by its recessive pattern of
inheritance.

Genetics and genetic testing

The MYH gene is involved in the base excision DNA repair process by
removing adenine nucleotides misincorporated into DNA opposite guanine
or oxoguanine [55]. Genetic testing for MYH polyposis is by sequencing
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and should be considered in patients with clinically suspected FAP or AFAP
without a demonstrable germline APC mutation who have a family history
compatible with recessive inheritance.

Management and surveillance

There are no established guidelines for management and surveillance of
MYH polyposis. However, total colectomy with IRA may be considered
in patients where germline mutations in both MYH alleles have been doc-
umented and in whom multiple adenomatous polyps have been detected.
Endoscopic surveillance of the remaining rectum should be performed
following IRA [44].

Average- (low) and moderate-risk groups

Those individuals at “average or low risk” for CRC (the majority of the
population) are those with no family history of CRC. These individuals have
a 1 in 35 lifetime risk of developing bowel cancer. Those with a weak family
history – one first-degree relative (FDR) under 45 years or two over 70 years
have a 1 in 17 lifetime risk of developing. Individuals with two first-degree
relatives (e.g. 2 FDRs average age 50–60 years; see Table 7.4) may meet the
criteria for the moderate-risk group. They have a lifetime risk of 1 in 12 or
greater but do not fulfill the high-risk criteria.

There are differences in recommendations for screening in these groups
between the United Kingdom and the United States, which will be discussed
further.

Themanagement of those individuals in familieswith an identifiedCancer
Predisposition Syndrome leading to a significantly high risk of colorectal
cancer has been discussed in detail above. It is important to identify those at
highest risk in order to allocate limited endoscopic resources appropriately.
However, it has been estimated that in 20% or more of individuals with
colorectal cancer, there may be a genetic component. Less than 5% of these
will be attributable to the syndromes described so far.

In the vast majority of colorectal cancers (>95%), the genetic predispo-
sition is much less clearcut. The majority are likely to result from mutations
in frequent alleles of low penetrance, acting either alone or in combina-
tion. Included in this may be functional polymorphisms in genes responsible
for DNA repair, the metabolism of carcinogens, or the anti-tumor immune
response. The complex interaction of these within individuals and with
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Table 7.4 Inherited risk of CRC with screening recommendations based on risk assessment.

Risk group Family history Action

Low risk 1 FDR > 45 years No screening
2 FDR > 70 years No screening

Low to moderate risk 2 FDR average 60–70 years Single colonoscopy at 55 years

Moderate risk 1 FDR < 45 years Colonoscopy every 5 years from
5 years prior to age of index case

2 FDR average 50–60 years As above+ refer for genetic testing
High to moderate risk 2 FDR < 50 years Colonoscopy every 3–5 years

beginning at 35 years+ refer for
genetic testing

3 FDR (Amsterdam negative) As above+ gyne screening

High risk 3 FDR (Amsterdam positive) Colonoscopy every 2–3 years
beginning at 30 years

FAP Annual sigmoidoscopy/genetic
screening

FDR – first-degree relative.

the environment is likely to lead to a widely variable phenotype both within
and between families.

Determining the influence of such alleles at a population level presents
a major challenge and makes individual risk-determination extremely com-
plex. With the continuing new identification of more susceptibility alleles for
different cancers provided by the human genome project, it is possible that in
the future, using DNA chip technology, there may come a time when simul-
taneous assay for multiple susceptibility alleles may allow more individual,
accurate risk-estimation and targeted-screening protocols.

At the present time, practice in the United Kingdom varies but most
centers use empiric risk-data and varying guidelines in order to offer these
individuals some level of surveillance. Recommendations for regular endo-
scopic screening as advocated in the United States are not feasible in the
United Kingdom due to a lack of endoscopic manpower and facilities.
Whether regular surveillance is necessarily required in the low-risk group
is also debatable on a cost/benefit analysis.

Moderate-risk group

The moderate-risk group (Table 7.4) is significantly larger than the high-risk
group and consists of those who have more than one affected relative (or one
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under 45 years of age) but do not fulfill the Amsterdam criteria (Table 7.1).
The risk assessment and subsequent recommendation for screening depends
on the number of affected relatives, how closely related they are, and the age
of onset (Table 7.2).

Application of these criteria depends on a detailed family history but this
may often be uncertain or incomplete. It is good practice to obtain consent
and request the records of living relatives or obtain confirmation from the
relevantCancerRegistry about thosewho are deceased.Many centers see this
as an essential part of the process because in up to 15% of cases the diagnosis
reported by the relative turns out to be incorrect, thus compromising the risk
assessment and recommendation for lifelong screening [60]. It is therefore
essential that appropriately trained staff are available to triage all referrals
of those with a family history of CRC in order that they are assigned to the
appropriate risk category.

This service is best placed in the screening units where surveillance can
be arranged if necessary and the procedures as well as the risks and benefits
are fully explained. There should be strong links with the Regional Genetics
Service so that families with identifiable cancer predisposition syndromes can
be referred for consideration of genetic-mutation analysis. Ideally, a database
should be established to ensure that patients obtain their screening exam-
inations and that the results are recorded so that the efficacy of screening
can be reviewed. For those in whom polyps are identified, there should be
mechanisms to alter their follow-up and amend their risk category where
appropriate.

Genetic testing?

At present, no informative molecular-genetic tests are available in this group
but there is an argument for storing DNA from an affected individual in the
family. This may allow identification of other possibly lower-penetrance
susceptibility genes in the future or testing may become indicated if the fam-
ily history should change and fulfill the Amsterdam criteria for HNPCC.
Also, in some small families with young-age-onset CRC, where the likeli-
hood of a genetic predisposition is suspected (but the number of individuals
in the family is too small to fulfill the high-risk criteria for HNPCC), it may
be worth looking at the tumor tissue for evidence of microsatellite insta-
bility or carrying out immunohistochemistry studies for measurement of
gene expression. If these point to a high likelihood of an inherited cancer
then the family would be reassigned to a higher-risk group and mutation
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analysis for HNPCC is justified. However, currently there is limited avail-
ability of such techniques due to lack of financial resources for genetic
testing.

Management and surveillance

After the risk level has been established, most centers in the United Kingdom
offer colonoscopy (or barium enema) every 5 years to these moderate risk-
individuals once a normal colon has been demonstrated (Table 7.2). Ages
for commencing endoscopic screening, 35–40 years or 5 years before age
of onset in youngest family member, and ceasing (>75 years) are con-
troversial and should be discussed with the individual after taking into
account any comorbidities. The reasoning behind this approach is that the
adenoma–carcinoma sequence is likely to take more than 10 years (unlike
the high-risk group) and that early lesions can be removed simply and pro-
gression to cancer prevented. The downside of this approach is that there
is a high volume of repeat endoscopies which in some centers cannot be
achieved.

An alternative approach adopted by some centers is a baseline
colonoscopy at 35–40 years or at first contact (whichever is the later) and
a further one at 55 years [61]. If adenomatous polyps are confirmed at
either of these screening episodes, then appropriate adenoma surveillance
should be arranged. This approach has gained support because it requires
less endoscopic follow-up.

The rationale for having the two assessments at 35 and 55 years is as
follows:
1 Full colonic evaluation at 35–40 years aims to identify those (very few)
people who might have HNPCC but no significant family history (a new
mutation). It also reassures those concerned about waiting until 55 years.
However, the likelihood of identifying a polyp in the 35–39 years age group
is only 2% and the likelihood of detecting a cancer is only 1 : 1660.
2 The benefit of full colonic evaluation at 55 years in this moderate-risk
group is perhaps easier to justify as the proportion of people in this age
group with a polyp is 17–21% and 1 : 181 people will have a large-bowel
cancer detected. The reduction in cancer incidence would be appreciable
since those identified as having polyps would be entered into an ongoing
surveillance program.
However, this approach can understandably sometimes cause concern
in families because of the 20-year “gap” between screening episodes.
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Patient pressure sometimes leads to a further examination between these
intervals.

In the United States the moderate group is defined slightly differently
in that having one relative affected with colorectal cancer under the age of
60 years (as opposed to 45 years in the UK) or 2 relatives at any age (as
opposed to average age <70 years in the UK) puts you in this category. The
recommendation would be a Total Colorectal Examination (colonoscopy or
Double Contrast Barium Enema (DCBE) with Flexible Sigmoidoscopy (FS))
every 5 years in the first group and every 10 years in the second group starting
at age 40 or 10 years before the youngest familial CRC.

Evaluation

Randomized controlled trials of screening strategies for family history are
highly unlikely because of the numbers required and the accepted benefit of
detecting polyps at an early stage; therefore it is important to continue to
audit the outcomes of the screening protocols in place including total number
of referrals, adenoma, and carcinoma prevalence in those recommended
screening- and surveillance-related morbidity/mortality.

The financial costs and feasibility of providing the recommended screen-
ing should also be carefully considered, for example, appropriately trained
staff, endoscopy costs, treatment of the complications of surveillance, and
so on. Inevitably there will be variations from one center to another depend-
ing on resources. The production of national guidelines by National Institute
for Clinical Excellence (NICE) over the next few years may set clearer
standards.

Average- (low) risk group

This group includes those with no family history (who are at the population
risk of 1 in 35) and thosewith one relative affectedwithCRCover 45 years or
two close relatives affected over 70 years (1 in 17). None of these individuals
would currently be considered at high enough risk to warrant screening by
colonoscopy and no genetic investigations would be indicated or possible at
present.

However, it should be remembered that even in those with a weak fam-
ily history, their risk is slightly raised above the population and it is worth
counseling them about diet and lifestyle measures to minimize this. Also
they should be aware of any change in bowel habit or symptoms which
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may suggest a problem and report this at an early stage to their family
doctor.

Additionally, it should be borne in mind that family histories are dynamic
and that people should report any potentially relevant new diagnoses in the
family as it may alter the risk assessment.

Management

Ideally this group should be managed in primary care but GPs and their
support staff will require education and training in taking family histo-
ries and making a preliminary risk assessment. Any family where the
situation is borderline or unclear should be referred to an assessment
unit so that anxious family members can receive appropriate advice and
reassurance.

Population screening

Colorectal cancer is a common condition with a known pre-malignant lesion
(adenoma). The incidence of adenomatous polyps in the colon increases
with age, and although these polyps can be identified in up to 20% of
the population, most of these are small and unlikely to undergo malignant
change.

The best available evidence suggests that only 10% of 1 cm adenomas
undergo malignant change after 10 years [62]. The vast majority (90%) of
adenomas can be removed at colonoscopy. Therefore, there is great potential
for reducing the mortality from this disease by detecting adenomas and early
cancers by screening asymptomatic individuals.

The single greatest risk factor for the development of CRC is advancing
age as over 90% of CRCs occur in the over 60 age group. Due to the esti-
mated 10 year timescale for the adenoma–carcinoma sequence, most experts
agree that screening should target those over 50 years of age.

Population screening for bowel cancer will be introduced for the over 50s
in the United Kingdom starting in 2006 (coordinated through Primary Care)
and of course all individuals over 50 would be eligible for this. Fecal occult
blood (FOB) testing will be used as a first-line screening tool and there is
increasingly compelling evidence to show that such programs can save lives
at a cost similar to that of the existing breast screening program [63–65].

A single FS is a potentially promising alternative to FOB testing, but con-
clusive data will not be available for a few years [66]. For this to be possible
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in the United Kingdom there would need to be a considerable investment in
endoscopy facilities and expertise. Currently, this service is already stretched
beyond capacity in many centers.

In the United States, the recommendation for those over 50 years who
do not fit either the moderate-or high-risk criteria varies from:

Either FOB or Fecal Immunochemical Testing (FIT) – every year
Or Flexible Sigmoidoscopy (FS) – every 5 years
Or Double Contrast Barium Enema (DCBE) – every 5 years
Or Colonoscopy – every 10 years [67–69].

Summary

There are clearly a large number of people who have an increased lifetime
risk of CRC which is difficult to quantify. Triaging procedures and risk
assessment will vary from center to center and from one country to another.
However, it is important to aim toward a consistent approach to avoid
confusion and make sure that the allocation of resources is done according
to risk and the results of screening are audited.

Population screening will soon be available for the over 50s in the United
Kingdom and should address the concerns of those in the lower-risk groups.
In the United States there are a number of options for these individuals and
presumably this will depend to some extent on where they live and what
health care services are available to them.

Genetic testing will not provide the answer for the majority of these
low- and moderate-risk patients in the short term and indeed resources are
extremely limited even for the higher-risk groups currently in the United
Kingdom. In the future we may be able to tailor screening on a more indi-
vidual basis as the relevance of an individual’s lifestyle, genetic profile, and
therefore susceptibility becomes more apparent.
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8: Adjuvant radiotherapy and
chemoradiotherapy in the treatment of
rectal cancer
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Introduction

Although surgery is the predominant treatment for rectal cancer, over the
last few decades, radiotherapy (RT) and more recently chemoradiotherapy
(CRT) have been increasingly used as adjuvant treatments.

There are three basic indications for adding adjuvant radio(chemo)ther-
apy to surgery. The first is to reduce local recurrence in resectable tumors,
second, to shrink locally advanced tumors in order to allow surgical resec-
tion, and third, to improve the chance of sphincter preservation surgery in
low-lying tumors. Reducing local recurrence is important because it is rarely
salvaged, often painful, and greatly reduces the patient’s quality of life. The
purpose of this review is to address a number of important questions related
to adjuvant treatment for rectal cancer which might assist when making
decisions about patient management.

What is the evidence base for adjuvant radiotherapy?

Twometa-analyses have addressed the value of adjuvant RT for rectal cancer
[1,2]. Both concluded that the addition of RT to surgery significantly reduced
the risk of local recurrence with a more modest effect on survival which
was statistically significant in one of the analyses [2]. Tables 8.1 and 8.2
summarize the results of studies of preoperative and postoperative RT and
CRT [3–29].

The study from the Colorectal Cancer Collaborative Group (CCCG)
included 8507 individual patient data from 22 randomized trials of pre-
operative and postoperative RT vs surgery alone [1]. The absolute risk of
local recurrence at 5 years in patients who received preoperative RT com-
pared to those who received surgery was 12.5 vs 22.2% (p < 0.00001) and
postoperative RT compared to surgery was 15.3 vs 22.9% (p = 0.0002).
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Overall survival at 5 years was not significantly increased (45 vs 42%).
There was also clear evidence of a dose response with a greater reduc-
tion in local recurrence risk with the use of higher doses of preoperative
RT (biologically effective doses >30). The study of Camma et al. [2] was a
literature-based meta-analysis of 14 trials comparing preoperative RT (with-
out chemotherapy) with surgery alone. This showed a significant reduction
in local recurrence. However, they also found a significant survival advan-
tage for patients who received preoperative RT (Odds Ratio 0.84; 95%
confidence interval 0.72–0.98; p < 0.001).

The findings that RT significantly reduces the rate of local recurrence but
has less impact on overall survival are consistent with most of the published
randomized trials. One of the largest trials, the Swedish Rectal Cancer Trial
[23], showed a significant survival advantage for preoperative RT as well
as a reduction in local recurrence. Interestingly, a report of the long term
follow-up of the Swedish Rectal Cancer Trial confirms that the reduction
in local recurrence and survival improvement are maintained at 13 years
[30]. This data and the 10-year data from the CCCG overview suggest that
adjuvant RT prevents rather than delays local recurrence.

What is the benefit of adjuvant radiotherapy in addition to
total mesorectal excision surgery?

With widespread adoption of total mesorectal excision (TME) for rectal can-
cer, the outcome after surgery alone has improved significantly. Using this
technique local recurrence rates as low as 4–8% have been reported from
single institutions [31,32] and have been reproduced, following training,
in the multi-institutional setting [33,34]. The studies included in the two
meta-analyses [1,2] did not use TME and reported recurrence rates with the
addition of RT are similar or higher than those reported for TME alone. This
has led some to argue that with optimal surgery adjuvant RT is no longer nec-
essary. In order to address this issue the Dutch Colorectal Cancer Group per-
formed a randomized trial of TMEwith selective postoperative RT (50 Gy in
25 fractions for patients with an involvedCRM) vs preoperative RT followed
by TME in patients with resectable rectal cancer [24]. The preoperative RT
consisted of 5 Gy × 5 fractions over 1 week with surgery within 2 weeks
of completion of RT. No adjuvant chemotherapy was given. A program
of surgical training and quality control of surgical techniques was used for
surgeons and centers participating in the trial. At 5 years, a significantly
lower local recurrence was observed in the patients receiving preoperative
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RT compared to those undergoing TME alone (5.8 vs 11.4%, p < 0.001).
However, no significant difference in survival was observed (64.3% in the
group randomized to RT vs 63.5% in the group assigned surgery alone,
p = 0.84). The preoperative RT was well tolerated although, as in previous
studies, perineal-wound complications were significantly increased in those
undergoing abdominoperineal excision of the rectum (APER) [35].

Subset analysis of this trial has highlighted groups of patients who are
less likely to benefit from short-course preoperative RT (SCPRT), in partic-
ular patients with a positive CRM (circumferential resection margin) [36]
and those with a high tumor (<10 cm from the anal verge) [24]. These find-
ings, although interesting, require confirmation. In the United Kingdom, the
Medical Research Council (MRC) CR07 has a very similar trial design [37]
to the Dutch study. One important difference is the use of CRT for patients
with an involved CRM after initial surgery. This trial is due to reach its
accrual target in July 2005.

Is preoperative radiotherapy superior to postoperative
radiotherapy?

The disadvantages and advantages of preoperative and postoperative RT
have beenwidely discussed [38]. Biologically, preoperativeRT is attractive as
the pelvic anatomy is undisturbed and therefore tissues are likely to be better
oxygenated and may be more radiosensitive. This is why a lower total dose
appears to be more or as effective for preoperative RT than that used with
postoperative RT [39]. Generally there is less small bowel in the radiation
field and less risk of adhesions, resulting in decreased acute- and late-toxicity
with higher compliance [40]. Themain disadvantage of preoperative RT, if it
is used routinely in all patients, is the risk of overtreatment exposing some
patients to the risks of late toxicity without benefit. The main advantage of
postoperative RT is the ability to select patients considered at high risk of
recurrence.

The first trial to compare the two approaches randomized 471 patients
with resectable rectal cancer to receive either preoperative RT (25.5 Gy over
1 week) followed by immediate surgery or surgery followed by a split course
of postoperative RT (60 Gy over 8 weeks) for patients with Astler-Coller
stages B2, C1, and C2 [14]. There was a significantly lower local recur-
rence rate in the preoperative arm compared with the postoperative arm
(12 vs 21%, respectively). The postoperative treatment was less well tol-
erated and there was a delay of 6 weeks or more in starting treatment for
50% of patients. Postoperative mortality and morbidity were equal between
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the two groups apart from perineal wound sepsis following abdominoper-
ineal excision of rectum (APER) which was higher for the preoperative
group. A second trial, National Surgical Adjuvant Breast and Bowel Project
(NSABP) R-03, asking the same question using chemoradiation was closed
early following accrual of only 116 of the planned 900 patients [41]. No firm
conclusions can be reported apart from similar toxicity in the two groups.

Recently, the German Rectal Cancer Trial (CAO/ARO/AIO-94) has
reported [27] the results of patients with transrectal ultrasound (TRUS)
defined uT3/4 or uN+ disease have been randomized to either preoperative
or postoperative CRT of 50.4 Gy in 28 fractions over 5.5 weeks with contin-
uous 5-FU infusion during the first and last week of RT. Importantly, surgery
was standardized to include TME. The 5-year cumulative local relapse was
6% in the preoperative arm and 13% in the postoperative arm (p = 0.006)
with no difference in survival (76 vs 74%, p = 0.8). Compliancewas reduced
in the postoperative arm with only approximately 50% of patients receiv-
ing the planned dose of either RT or chemotherapy. Reduced acute and late
toxicity was seen in the preoperative RT arm. This trial is likely to have a
major impact on North American practice (see below).

In general, less acute complications are reported for SCPRT compared
with long-course preoperative or postoperative RT or CRT [27,35,42]. For
example, in the Dutch Rectal Cancer Trial only 7% of patients experienced
grade 2 or 3 complications [35]. This compares with 27% of patients in the
preoperative CRT arm and 40% in the postoperative arm of the German
Rectal Cancer Study experiencing grade 3 or 4 acute toxicity [27].

However, there has been some concern over an increase in postopera-
tive mortality in patients receiving SCPRT. The Stockholm I trial [17] and
the Imperial Cancer Research Fund trial [22] reported significantly higher
postoperative mortality in the irradiated group (8 vs 2% and 12 vs 7%)
when parallel opposed fields were used. However a change to a 3- or 4-field
planned volume in more recent trials eliminated this problem [23].

In the CCCGmeta-analysis for patients receiving preoperative RT at high
biological effective doses (≥30 Gy) there was a significant excess of non-
rectal cancer deaths in the first year (8 vs 4%). This effect was particularly
evident in patients over 75 years such that at ages younger than 55 years the
difference was only 1% (6 vs 5%) whereas at ages 75 or more this increased
to 8%. The excess of non-rectal cancer deaths, especially in the first year, was
due mainly to vascular and infective causes. On a subset analysis, a similar
significant increase in deaths due to cardiac causes was observed in the RT
arm of the Dutch Rectal Cancer Trial (10 vs 3, p = 0.04) [35]. The exact
cause of this still is not known.
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In summary, both direct comparisons and data from randomized studies
support the use of preoperative RT rather than postoperative RT, in terms
of local control, reduced acute toxicity, and compliance. However, where
preoperative RT is used Biologically Equivalent Dose (BED) in excess of
30 Gy should be employed.

What is the benefit of the addition of chemotherapy to
long-course radiotherapy?

Until recently only one trial of 247 patients compared preoperative RT
with preoperative RT plus 5-FU for patients with resectable disease [14].
There was no difference in local control (85% at 5 years for both groups)
and the overall survival was higher in the RT only arm. This might
be attributable to an excess of postoperative deaths in the combined
modality arm possibly due to poor RT techniques.

Two trials have recently reported a significant reduction in local recur-
rence but no difference in disease-free survival when chemotherapy is added
to long-course radiation compared with long-course RT alone. The EORTC-
22921 (European Organisation of Research and Treatment of Cancer) trial
using a 2 × 2 factorial design evaluated the addition of chemotherapy (two
5-day courses of bolus 5-FU given as a short infusion over 1 hour and leucov-
orin) to 45Gy in 25 fractions and plus orminus the addition of postoperative
chemotherapy (4 cycles 5 FU/LV) [28]. Surgery was not standardized. There
was an increase in grade 2 diarrhea in the CRT group but this did not lead
to a reduction in RT compliance [42]. However, only 75% of patients ran-
domized to postoperative chemotherapy received treatment. With a median
follow-up of 5.4 years there is no improvement in either overall survival or
progression-free survival at 5 years for the addition of either preoperative or
postoperative chemotherapy. The 5-year local control was similar (around
9%) for all groups who received some form of chemotherapy, either preop-
erative, postoperative, or both compared to 17.1% for those patients who
received preoperative RT alone (p = 0.002) [28].

The FFCD 9203 (Federation Francophone de Cancerologie Digestive
Group) study had a similar design to the EORTC 22921 randomizing 762
patients to either preoperative RT or preoperative CRT (with the same reg-
imen), but all patients received four cycles of adjuvant chemotherapy [29].
However, unlike the EORTC study all tumors were palpable on digital rec-
tal examination. The local recurrence rate was reduced in the preoperative
CRT arm (8 vs 16.5%). At a median follow-up of 69.3 months there was
no difference in overall survival (66.6% for RT vs 67.8% for CRT).



ADJUVANT RT AND CRT IN RECTAL CANCER TREATMENT 121
..............................................................................................................................................................................

These trials demonstrate that the addition of concurrent 5-FU
chemotherapy to long-course preoperative RT reduces locoregional failure
but has no significant impact on disease-free survival.

What is the evidence for the role of pelvic MRI in
preoperative staging?

In the preoperative setting, a number of individual center studies have
demonstrated the advantages of diagnostic pelvic magnetic resonance (MR)
in staging rectal cancer, demonstrating the gross tumor and influencing the
selection of patients for pelvic irradiation [43–45]. Some of the earliest work
was performed byGina Brown et al. who should that thin-sectionMRI could
accurately stage rectal cancers providing information to guide clinical deci-
sion making [45]. The study of Beets-Tan et al. [44] was a retrospective
study of 76 patients who underwent preoperative magnetic resonance imag-
ing (MRI). In 35 of these patients a regression curve was constructed. From
this a histological distance of at least 1 mmwas predicted when the radiolog-
ical distance was at least 5 mm. The findings from these retrospective studies
prompted a prospective study. TheMERCURY (Magnetic Resonance Imag-
ing and Rectal Cancer Equivalence Study) study is a multicenter prospective
international trial of pelvic MR in rectal cancer [46]. This large trial demon-
strates equivalence between the extramural spread of primary tumor seen
on the preoperative pelvic MR and that seen in the excised histopathological
specimen. This trial establishes pelvic MR as the preoperative staging inves-
tigation of choice for rectal cancer. Patients may be selected for preoperative
RT if there is evidence of the mesorectal margin being threatened (defined as
primary tumor extending beyond orwithin 1–2mmof themesorectal fascia).

PelvicMRI can clearly define patients in whom the primary tumor threat-
ens or involves themesorectal fascia, which leads to selection of such patients
for preoperative RT. There remains some difficulty in its role in guiding the
selection for preoperative radiation in low rectal cancer below the level of
the levator origin where there is little of no mesorectal fascia. AlthoughMRI
can clearly define enlarged lymph nodes threatening the mesorectal fascia
and those outwith the mesorectal envelope, further research is required to
confirm the accuracy of the prediction of lymph node involvement.

What are the late effects of adjuvant radiotherapy?

Long-term bowel function is dependent on the type of surgery as well as
the timing of assessment. Patients experience increased bowel frequency,
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clustering of bowel movements, incontinence, especially for loose stool, and
may require continual use of a pad. Some patients become “toilet dependent”
and have a significantly impaired social life. In the Swedish Rectal Cancer
Trial (SRCT) all surviving patients were sent a questionnaire to assess late
toxicity [47]. SCPRT was associated with a significant increase in bowel
frequency, incontinence, and urgency. This compares with the Dutch Rectal
Cancer Trial where the only difference reported was at 24 months with a
significant increase in fecal incontinence (51.3 vs 36.5%, p = 0.002) [48].
This difference might relate to the omission of the anal sphincter, where
possible, from the RT field in the Dutch Rectal Cancer Trial.

In non-randomized studies postoperative CRT compared with surgery
alone has been reported to be associated with increased frequency and
incontinence [49]. Compared with postoperative therapy, preoperative
short-course RT is associated with fewer symptoms. In the Uppsala trial
of preoperative vs postoperative RT small-bowel complications were seen in
11% of patients receiving postoperative therapy compared to 5% receiving
preoperative treatment [14]. In theGermanRectal Cancer Trial late gastroin-
testinal toxicity (chronic diarrhea and small-bowel obstruction) was more
common in patients receiving postoperative CRT (15 vs 9%, p = 0.07) [27].

The rate of small-bowel obstruction appears to relate to the treatment
technique and the amount of small bowel within the field. In both the pre-
operative and postoperative setting large two-field techniques are associated
with higher rates of obstruction compared to smaller three or four-field
“box”-techniques [50,51]. This is illustrated by the findings of the two
Stockholm studies of SCPRT. The overall incidence of small-bowel obstruc-
tion was 13.3% for patients receiving SCPRT compared with 8.5% for those
who had surgery alone. The incidence was comparable for all groups dur-
ing the first 2 years and in the Stockholm II study, where a smaller volume
was irradiated the cumulative incidence which stayed the same over 5 years.
However, in the Stockholm I study, while irradiating a larger volume and
using large opposed fields including para-aortic nodes and the pelvis, the
cumulative incidence increased in those patients receiving SCPRT [51]. Less
detailed data are available for preoperative or postoperative RT and CRT.
For postoperative CRT, rates of 1–6% have been reported [ref], although
the follow-up in these studies is relatively short. The German Rectal Cancer
Trial group have reported a 2% incidence of small-bowel obstruction in the
post-operative treatment group with a median follow-up of 46 months [27].

Other late effects of RT have mainly been reported in relation to SCPRT.
Significantly more patients experienced femoral neck or pelvic fractures
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following short-course RT compared to controls (5.3 vs 2.4%, p = 0.03)
[51]. The increased risk was mainly during the first 3 years. SCPRT has also
been shown to lead to more sexual dysfunction in both males and females
[48,52]. Long term follow-up of the Dutch Rectal Cancer Trial suggests that
male patients are more likely suffer from erectile dysfunction and ejacula-
tion disorders following SCPRT [48]. It is important to recognize that there
is very little published information on the late toxicity after preoperative
CRT. This lack of information and the published poor functional outcome
after SCPRT using relatively simple radiation techniques should not lead to
the conclusion that CRT is less toxic for functional outcome. It should lead
researchers to study this area in more detail.

Why do international differences in selection policy in
patients with resectable rectal cancer persist?

There are considerable differences internationally in adjuvant RT policy. The
North American standard of care was determined in 1990 [53] and recom-
mends postoperative CRT and chemotherapy for all patients with stage II
and III rectal cancer. This was based on limited trial evidence, particularly
two phase III trials [9,10]. This approach only spares stage I patients from
postoperative radiation. The NSABP R-02 trial attempted to answer the
question of the benefit of adding postoperative chemoradiation to systemic
chemotherapy [54]. Six hundred and ninety-four patients with stage II or III
disease were randomizedwith no difference in disease-free or overall survival
for those patients receiving RT in addition to chemotherapy but locoregional
relapse was reduced from 13 to 8% at 5 years (p = 0.02).

In Scandinavia and the Netherlands, the results of the trials of SCPRT
have led to a relatively unselective use of SCPRT whereas mainland Europe
has tended to either adopt the North American standard of care or
extrapolate from this data to use preoperative CRT.

For those patients in whom the mesorectal fascia is not threatened there
are a number of options. The first is to give SCPRT to all patients. The Dutch
TME study demonstrates an absolute reduction in local recurrence of 6%.
Thus if 100 patients are irradiated, then six local recurrences will be pre-
vented, so the number of patients treated to prevent one local recurrence is
16.7. This policy would expose a large proportion of patients to the risk of
late morbidity (discussed below) without any benefit. Therefore, an alterna-
tive policy in patients with a predicted negative CRM would be to perform
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surgery followed by selective postoperative CRT for these patients in whom
the CRM is unexpectedly positive.

The German rectal cancer trial is very likely to result in a significant shift
towards the use of preoperative CRT for resectable T3 and T4 rectal cancer.
There remains a significant concern that not all T3 rectal cancers require
adjuvant RT at all.

In the United Kingdom there is an increasing use of a selective policy
for preoperative radiation based on the preoperative pelvic MRI. An exam-
ple of the approach used in the Leeds MDT is described. If the mesorectal
fascia is not threatened and an anterior resection is planned, then patients
proceed to mesorectal excision and are only considered for postoperative
CRT in the unlikely event that the CRM is involved (<10–15% of patients).
Where the mesorectal fascia is threatened, involved, or breached, there
preoperative CRT is used.

This leaves a third group of patients who require an APER for a lower
third tumor in whom preoperative radiation should be considered. There
remains doubt as to whether all patients require CRT and whether SCPRT
has a useful role in this patient group. For this group of patients SCPRT
in addition to TME surgery did not appear to improve local control in the
Dutch TME trial [24], although the opposite was found in the Swedish
Rectal Cancer Trial where SCPRT reduced recurrences from 25 to 9% for
patients undergoing non-TME curative resection [55]. At present, our policy
is to use preoperative CRT for bulky T3/4 tumors and consider SCPRT for
the mobile T2 tumor. A separate surgical option is to extend the current
approach to APER and excise a wider cylinder of tissue to reduce the risk of
margin involvement [56].

Preoperative chemoradiotherapy for locally advanced
rectal cancer

The definition of “locally advanced disease” has been applied to a spectrum
of disease that ranges from resectable T3N1 on TRUS to a fixed tumor
invading the prostate and sacrum. Pelvic MRI has assisted in defining a
group of patients where primary resection is likely to result in an involved
CRMeithermacroscopically ormicroscopically. However despite the lack of
a consistent definition there is general agreement that this group of patients
should receive preoperative CRT.

There has been only one randomized trial comparing RT to combined
treatment for this group of patients. Although radical resection rates were
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similar for the two groups, the local recurrence rate was 4% in the group
receiving combined treatment compared to 35% in those receiving RT alone
(the corresponding figures for the whole group was 17 vs 44%) [57]. There
have beenmany non-randomized studies examining the use of CRT in locally
advanced, initially unresectable rectal carcinoma [58–62]. There are several
approaches to combining RT with chemotherapy for this group of patients.
The commonly usedCRT schedules combine 5-FU-based chemotherapywith
45–50.4 Gy of RT. 5-FU has been given either as a continuous infusion
[61], bolus, or short infusion usually combined with leucovorin [29,42] or
capecitabine [63,64]. One of themost commonly used regimens in the United
Kingdom is the one evaluated in the EORTC-22921 study which combined
45 Gy in 25 fractions with a short infusion of 5-FU (350 mg/m2) and leucov-
orin (20 mg/m2) on days 1–5 and 29–33. This regimen is associated with low
toxicity and high compliance. Recent data reports curative resection rates
of over 70% and that involvement of the CRM predicts for local recurrence
and survival after preoperative CRT [65–67].

Currently there is considerable interest in the integration of newer drugs
to RT. Oral agents such as capecitabine have the potential to simplify
CRT regimens. Two phase-I dose-finding studies have been performed with
capecitabine with recommended doses of 900 mg/m2 when given 5 days
per week [64] throughout radiation or 825 mg/m2 when given continu-
ously [63]. Trials in metastatic colorectal cancer combining oxaliplatin and
irinotecan with infused or oral 5-FU have reported improvements in sur-
vival or progression-free survival when compared to 5-FU alone [68–70].
The addition of biological agents such as bevacizumab [71] and cetuximab
[72] have also shown benefits when added to conventional chemother-
apy. All of these agents have the potential to interact with radiation
with the hope of improved efficacy. So far the majority of studies of
combination CRT have been dose finding and there remains considerable
uncertainty as to the optimal balance between radiation and chemotherapy
regime [73].

However, some conclusions can be drawn from the large number of
phase II studies of combination CRT that have been performed by many
groups. Higher rates of pCR and acceptable toxicity have been reported.
Preliminary results with oxaliplatin and irinotecan combinations within
the Colorectal Clinical Oncology Group (CCOG) portfolio suggest accept-
able toxicity and histopathologically confirmed radical oncological (RO)
resection rates of >80% when irinotecan or oxaliplatin are added to a fluo-
ropyrimidine and 45 Gy pelvic radiation [74,75]. The next step is to evaluate



126 CHAPTER 8
..............................................................................................................................................................................

the benefit of combination CRT compared with fluoropyrimidine CRT in
phase III trials.

Can adjuvant treatment achieve sphincter preservation?

With improvements in surgical techniques it has become possible to perform
more sphincter-preserving surgery (SPS) in patients with low-lying rectal
tumors. However, many surgeons believe that low-lying tumors (3–6 cm
from the anal verge) will require an APER particularly if the sphincter is
invaded. In addition sphincter-sparing surgery may not be possible in bulky
anterior tumors within a narrow pelvis.

There are two important factors to consider. Preoperative RT or CRT
might shrink bulky tumors, allowing the surgeon to safely dissect around the
mesorectal fascia onto the pelvic floor and therefore achieve a low-anterior
resection. Second is the decision as to where the distal margin should be
placed. For example, is it safe to place the distal resection margin 1 cm
beyond visible tumor following major regression or is it safe to only use a
margin based on the original tumor extent?

There have been a number of non-randomized studies which have tried to
define the role of preoperative RT [76] or CRT [77–79] in SPS. Based on these
studies sphincter preservation has been reported to be possible in 44–89% of
patients who were clinically judged to require an APER. Three randomized
trials have specifically examined the value of RT or CRT in SPS [26,76,80].
In the Lyon R90-01 patients received 39 Gy in 13 fractions followed by
surgery within either 2 or 6–8 weeks of RT. SPS was achieved in 76% of
patients following a long interval compared with 68% following a short
interval (p = 0.27) [76]. A second study from the same group, Lyon 96-02,
suggested that dose escalation of the RTmight offer a higher rate of complete
clinical response and therefore an increased chance of SPS (44 vs 76%) [80].
More recently Bujko et al. [26] published results of their randomized trial
comparing 5×5 Gy followed by immediate surgery vs 50.4 Gy in 1.8 Gy per
fraction combined with 5-FU chemotherapy in patients with resectable T3–4
tumors palpable on digital rectal examination. Surgeons declared what type
of procedure was required before randomization, however the final decision
on SPS was to be made at the time of surgery, following irradiation. Despite
significant downsizing, an increased distance to the anorectal ring, and a
better tumor response following CRT, the rate of SPS in this group was 58 vs
61% in the SCPRT group (p = 0.57). The local recurrence data are awaited.
The authors of this study have suggested that the most likely explanation for
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these findings is the fact that surgeons violated the rule that the decision on
sphincter preservation had to be made at the time of operation rather than
at the pre-treatment assessment.

Although not the primary endpoint, four further trials have reported the
impact of preoperative CRT on SPS. In the NSABP R-03, preoperative CRT
appeared to improve the chance of SPS by 10% [41]. In the German Rectal
Cancer Study the rate of SPS did not differ between preoperative CRT and
postoperative CRT (69 vs 71%, respectively); however, in the patients where
the surgeon declared that an APER was necessary the rate of SPS increased
from 19 to 39% (p = 0.004) for those undergoing preoperative CRT [27].
However, the EORTC 22921 [28] and the FFCD 9203 [29] reported no
difference in SPS with preoperative CRT with rates of approximately 50%
in all groups.

Ultimately, the decision to perform SPS will depend on the skill and expe-
rience of the surgeon along with tumor and patient characteristics. However,
whether preoperative RT or CRT can increase the chance of SPS is still an
area of debate.

Conclusion

Current evidence suggests that some patients with rectal cancer will benefit
from the addition of adjuvant therapy even when optimal surgery has been
performed. However, the selection and timing of adjuvant therapy remains
controversial and differs internationally.

Two recent trials have shown that the addition of preoperative
chemotherapy to long-course RT has been shown to reduce local recurrence
whereas a further trial demonstrates that preoperative CRT significantly
reduces local recurrence with reduced acute and late toxicity when com-
pared to postoperative CRT. These findings are likely to further increase the
use of preoperative RT.

The use of pelvic MRI appears to help considerably in the selection of
patients for RT in UK practice. This approach clearly identifies patients
where radiological and clinical evaluation suggests that an R1 or R2 is likely
and where preoperative CRT is indicated. It can also identify patients with
mid- and upper-third rectal cancer where the tumor is free of the mesorectal
margins in whom the role of RT is uncertain. The results of the MRC CR07
(Medical Research Council) trial are awaited with interest.

Combination chemoradiation regimens show promise in phase II trials.
There is a need for phase III trials to compare fluoropyrimidine-based CRT
with combination schedules.



128 CHAPTER 8
..............................................................................................................................................................................

References

1 Colorectal Cancer Collaborative Group.
Adjuvant radiotherapy for rectal cancer:
a systematic overview of 8,507 patients
from 22 randomised trials. Lancet 2001;
358: 1291–304.

2 Camma C, Giunta M, Fiorica F et al.
Preoperative radiotherapy for resectable
rectal cancer. JAMA 2000; 284:
1008–15.

3 Balslev I, Pederson M, teglbjaerg PS et al.
Postoperative radiotherapy in Dukes’ B
and C carcinoma of the rectum and
rectosigmoid. A randomized multicenter
study. Cancer 1986; 58: 22–8.

4 Treurniet-Donker AD, van Putten WLJ,
Wereldsma JCJ et al. Postoperative
radiation therapy for rectal cancer.
An interim analysis of a prospective,
randomized multicenter trial in The
Netherlands. Cancer 1991; 67:
2042–8.

5 Medical Research Council Rectal Cancer
Working Party. Randomised trial of
surgery alone versus surgery followed by
radiotherapy for mobile cancer of the
rectum. Lancet 1996; 348:
1610–14.

6 Arnaud JP, Nordlinger B, Bosset JF et al.
Radical surgery and postoperative
radiotherapy as combined treatment in
rectal cancer. Final results of a phase III
study of the European Organization for
Research and Treatment of Cancer. Br J
Surg 1997; 84: 352–7.

7 Gastrointestinal Tumour Study Group.
Prolongation of the disease-free interval
in surgically treated rectal carcinoma.
N Engl J Med 1985; 312: 1465–72.

8 Fisher B, Wolmark N, Rockette H et al.
Postoperative adjuvant chemotherapy or
radiation therapy for rectal cancer:
results from NSABP protocol R-01. J
Natl Cancer Inst 1988; 80: 21–9.

9 Krook JE, Moertel CG, Gunderson LL
et al. Effective surgical adjuvant therapy
for high-risk rectal carcinoma. N Engl J
Med 1991; 324: 709–15.

10 O’Connell MJ, Martenson JA,
Wieand HS et al. Improving adjuvant
therapy for rectal cancer by combining

protracted-infusion fluorouracil with
radiation therapy after curative surgery.
N Engl J Med 1994; 331: 502–7.

11 Tepper JE, O2Connell JM, Petroni GR
et al. Adjuvant postoperative
fluorouracil-modulated chemotherapy
combined with pelvic radiation therapy
for rectal cancer: initial results of
intergroup 0114. J Clin Oncol 1997; 15:
2030–9.

12 Tveit KM, Guldvog I, Hagen S et al.
Randomized controlled trial of
postoperative radiotherapy and
short-term time-scheduled 5-fluorouracil
against surgery alone in the treatment of
Dukes B and C rectal cancer. Br J Surg
1997; 84: 1130–5.

13 Wolmark N, Wieand HS, Hyams DM
et al. Randomized trial of postoperative
adjuvant chemotherapy with or without
radiotherapy for carcinoma of the
rectum: National Surgical Adjuvant
Breast and Bowel Project Protocol R-02.
J Natl Cancer Inst 2000; 92:
388–96.

14 Pahlman L Glimelius B. Pre- or
postoperative radiotherapy in rectal and
rectosigmoid carcinoma. Ann Surg 1989;
211: 187–95.

15 Higgens GA, Conn JH, Jordan PH et al.
Preoperative radiotherapy for colorectal
cancer. Ann Surg 1975; 181: 624–31.

16 Medical Research Council. The
evaluation of low dose pre-operative
therapy in the management of operable
rectal cancer; results of a randomly
controlled trial. Br J Surg 1984; 71:
21–5.

17 Cedermark B, Johansson BA,
Rutqvist LE, Wilking N. The Stockholm
I trial of preoperative short term
radiotherapy in operable rectal
carcinoma. A prospective randomized
trial. Cancer 1995; 75: 2269–75.

18 Higgens GA, Humphrey EW,
Dwight RW et al. Preoperative radiation
and surgery for cancer of the rectum.
Veterans Administration Surgical
Oncology Group Trial II. Cancer 1986;
58: 352–9.



ADJUVANT RT AND CRT IN RECTAL CANCER TREATMENT 129
..............................................................................................................................................................................

19 Gerard A, Butse M, Nordlinger B et al.
Preoperative radiotherapy as adjuvant
treatment in rectal cancer. Final results of
a randomized study of the European
Organization for Research and
Treatment of Cancer (EORTC). Ann
Surg 1988; 208: 606–14.

20 MRC Randomised trial of surgery alone
versus radiotherapy followed by surgery
for potentially operable locally advanced
rectal cancer. Lancet 1996; 348:
1605–10.

21 Dahl O, Horn A, Morild I et al.
Low-dose preoperative radiation
postpones recurrences in operable rectal
cancer. Results of a randomized
multicenter trial in western Norway.
Cancer 1990; 66: 2286–94.

22 Goldberg PA, Nicholls RJ, Porter NH
et al. Long-term results of a randomised
trial of short-course low-dose adjuvant
pre-operative radiotherapy for rectal
cancer: reduction in local treatment
failure. Eur J Cancer 1994; 30A: 1602–6.

23 Anon. Improved survival with
preoperative radiotherapy in resectable
rectal cancer. Swedish Rectal Cancer
Trial. N Engl J Med 1997; 336: 980–7.

24 Kapiteijn E, Marijnen CAM,
Nagtegaal ID et al. Preoperative
radiotherapy combined with total
mesorectal excision for resectable rectal
cancer. N Engl J Med 2001; 345:
638–46.

25 Boulis-Wassif S, Gerard A, Loygue J,
Camelot D et al. Final results of
a randomized trial on the treatment of
rectal cancer with preoperative
radiotherapy alone or in combination
with 5-fluorouracil, followed by radical
surgery. Trial of the European
Organization on Research and Treatment
of Cancer Gastrointestinal Tract Cancer
Cooperative Group. Cancer 1984; 53:
1811–18.

26 Bujko K, Nowacki MP,
Nasierowska-Guttmejer A et al.
Sphincter preservation following
preoperative radiotherapy for rectal
cancer: report of a randomised trial
comparing short-term radiotherapy vs
conventionally fractionated

radiochemotherapy. Radiother Oncol
2004; 72: 15–24.

27 Sauer, R, Becker H, Hohenberger W
et al. Preoperative versus postoperative
chemoradiotherapy for rectal cancer. N
Engl J Med 2004; 351: 1731–40.

28 Bosset JF, Calais G, Mineur L et al.
Pre-operative radiation in rectal cancer:
effect and timing of additional
chemotherapy 5 year results of the
EORTC 22921 trial. J Clin Oncol 2005;
23(Proceedings of the ASCO 2005): p.
247s. Abstract 3505.

29 Gerard JP, Bonnetain F, Conroy T et al.
Preoperative radiotherapy+ 5FU/folinic
acid in T3–4 rectal cancers: results of the
FFCD 9203 trial. J Clin Oncol 2005;
(Poceedings of the ASCO 2005): p. 247s.
Abstract 3504.

30 Folkesson J, Birgisson H, Pahlman L
et al. Swedish Rectal Cancer Trial: long
lasting benefits from radiotherapy on
survival and local recurrence rate. J Clin
Oncol. 2005 20; 23: 5644–50.

31 Heald RJ, Moran BJ, Ryall RD et al.
Rectal cancer: the Basingstoke experience
of total mesorectal excision, 1978–1997.
Arch Surg 1998; 133: 894–9.

32 MacFarlane JK, Ryall RDH, Heald RJ.
Mesorectal excision for rectal cancer.
Lancet 1993; 342: 457–60.

33 Carlsen E, Schlichting E, Guldvog I et al.
Effect of the introduction of total
mesorectal excision for the treatment of
rectal cancer. Br J Surg 1998; 85: 526–9.

34 Wibe A, Moller B, Norstein J et al.
A national strategic change in treatment
policy for rectal cancer – implementation
of total mesorectal excision as routine
treatment in Norway. A national audit.
Dis Colon Rectum 2002; 45: 857–66.

35 Marijnen CAM, Kapiteijin E,
van de Velde CJH et al. Acute side effects
and complications after short-term
preoperative radiotherapy combined
with total mesorectal excision in primary
rectal cancer: report of a multicenter
randomised trial. J Clin Oncol 2002;
20: 817–25.

36 Marijnen CAM, Nagtegaal ID,
Kapiteijn E et al. Radiotherapy does not
compensate for positive resection



130 CHAPTER 8
..............................................................................................................................................................................

margins in rectal cancer patients: report
of a multicenter randomised trial. Int J
Radiat Oncol Biol Phys 2003; 55:
1311–20.

37 Steele RJ, Sebag-Montefiore D. Adjuvant
radiotherapy for rectal cancer. Br J Surg
1999; 38: 1233–52.

38 Marijnen CA, Glimelius B. The role of
radiotherapy in rectal cancer. Eur J
Cancer 2002; 38: 943–52.

39 Glimelius B, Isacsson U, Jung B,
Pahlman L. Radiotherapy in addition to
radical surgery in rectal cancer: evidence
for a dose-response effect favoring
preoperative treatment. Int J Radiat
Oncol Biol Phys 1997; 37: 281–7.

40 Minsky BD, Conti JA, Huang Y,
Knopf K. Relationship of acute
gastrointestinal toxicity and the volume
of irradiated small bowel in patients
receiving combined modality therapy for
rectal cancer. J Clin Oncol 1995; 13:
1409–16.

41 Hyams DM, Eleftherios PM, petrelli N
et al. A clinical trial to evaluate the worth
of preoperative multimodality therapy in
patients with operable carcinoma of the
rectum. A progress report of NSABP
R-03. Dis Colon Rectum 1997; 40:
131–9.

42 Bosset JF, Calais G, Daben A et al.
Preoperative chemoradiotherapy vs
preoperative radiotherapy in rectal
cancer patients: assessment of acute
toxicity and treatment compliance.
Report of the 22921 randomised trial
conducted by the EORTC Radiotherapy
Group. Eur J Cancer 2004; 40: 219–24.

43 Botterill ID, Blunt DM, Quirke P et al.
Evaluation of the role of pre-operative
magnetic resonance imaging in the
management of rectal cancer. Colorectal
Dis 2001; 3: 295–303.

44 Beets-Tan RGH, Beets GL, Vliegen RFA
et al. Accuracy of magnetic resonance
imaging in prediction of tumour-free
resection margin in rectal cancer surgery.
Lancet 2001; 357: 497–504.

45 Brown G, Richard CJ, Newcombe RG et
al. Rectal Carcinoma: Thin-section MR
imaging for staging in 28 patients.
Radiology 1999; 211: 215–22.

46 Daniels I. MRI accurately predicts the
CRM status of rectal cancer in a
multicentre multidisciplinary European
study. Colorectal Dis 2005; 7: 1 Abstract
001.

47 Dahlberg M, Glimelius B, Graf W,
Pahlman L. Preoperative irradiation
affects functional results after surgery for
rectal cancer: results from a randomized
study. Dis Colon Rectum 1998; 41:
543–9; discussion 549–51.

48 Marijnen CA, van de Velde CJ, Putter H
et al. Impact of short-term preoperative
radiotherapy on health-related quality of
life and sexual functioning in primary
rectal cancer: report of a multicenter
randomized trial. J Clin Oncol 2005; 23:
1847–58.

49 Kollmorgen CF, Meagher AP, Wolff BG
et al. Ilstrup DM. The long-term effect of
adjuvant postoperative
chemoradiotherapy for rectal carcinoma
on bowel function. Ann Surg 1994; 220:
676–82.

50 Mak AC, Rich TA, Schultheiss TE et al.
Late complications of postoperative
radiation therapy for cancer of the
rectum and rectosigmoid. Int J Radiat
Oncol Biol Phys 1994; 28:
597–603.

51 Holm T, Sinnomklao T, Rutqvist LE,
Cedermark B. Adjuvant preoperative
radiotherapy in patients with rectal
carcinoma. Adverse effects during long
term follow-up of two randomized trials.
Cancer 1996; 78: 968–76.

52 Allal AS, Gervaz P, Gertsch P et al.
Assessment of quality of life in patients
with rectal cancer treated by preoperative
radiotherapy: a longitudinal prospective
study. Int J Radiat Oncol Biol Phys
2005; 61: 1129–35.

53 NIH consensus conference. Adjuvant
therapy for patients with colon and rectal
cancer. JAMA 1990; 264: 1444–50.

54 Wolmark N, Wieand HS, Hyams DM
et al. Randomized trial of postoperative
adjuvant chemotherapy with or without
radiotherapy for carcinoma of the
rectum: National Surgical Adjuvant
Breast and Bowel Project Protocol R-02.
J Natl Cancer Inst 2000; 92: 388–96.



ADJUVANT RT AND CRT IN RECTAL CANCER TREATMENT 131
..............................................................................................................................................................................

55 Dahlberg M, Glimelius B, Pahlman L.
Improved survival and reduction in local
failure rates after preoperative
radiotherapy: evidence for the
generalisability of the results of Swedish
Rectal Cancer Trial. Ann Surg 1999;
229: 493–7.

56 Marr R, Birbeck K, Garvican J et al. The
modern abdominoperineal excision: the
next challenge after total mesorectal
excision. Ann Surg 2005; 242: 74–82.

57 Frykholm GJ, Pahlman L, Glimelius B.
Combined chemo- and radiotherapy vs
radiotherapy alone in the treatment of
primary, nonresectable adenocarcinoma
of the rectum. Int J Radiat Oncol Biol
Phys 2001; 50: 427–34.

58 Landry JC, Koretz MJ, Wood WC et al.
Preoperative irradiation and fluorouracil
chemotherapy for locally advanced
rectosigmoid carcinoma: phase I–II
study. Radiology 1993; 188: 423–6.

59 Minsky BD, Cohen AM, Enker WE et al.
Preoperative 5-FU, low-dose leucovorin,
and radiation therapy for locally
advanced and unresectable rectal cancer.
Int J Radiat Oncol Biol Phys 1997; 37:
289–95.

60 Mohiuddin M, Regine WF, John WJ
et al. Preoperative chemoradiation in
fixed distal rectal cancer: dose time
factors for pathological complete
response. Int J Radiat Oncol Biol Phys
2000; 46: 883–8.

61 Rich TA, Skibber JM, Ajani JA et al.
Preoperative infusional chemoradiation
therapy for stage T3 rectal cancer. Int J
Radiat Oncol Biol Phys 1995; 32:
1025–9.

62 Videtic GM, Fisher BJ, Perera FE et al.
Preoperative radiation with concurrent
5-fluorouracil continuous infusion for
locally advanced unresectable rectal
cancer. Int J Radiat Oncol Biol Phys
1998; 42: 319–24.

63 Dunst J, Reese T, Sutter T et al. Phase I
trial evaluating the concurrent
combination of radiotherapy and
capecitabine in rectal cancer. J Clin
Oncol 2002; 20: 3983–91.

64 Ngan SY, Michael M, Mackay J et al. A
phase I trial of preoperative radiotherapy

and capecitabine for locally advanced,
potentially resectable rectal cancer. Br J
Cancer 2004; 91: 1019–24.

65 Sebag-Montefiore D, Hingorani M,
Cooper R, Chesser P. Circumferential
resection margin status predicts outcome
after pre-operative chemoradiation for
locally advanced rectal cancer.
J Clin Oncol 2005 (Proceedings of
GI ASCO symposium): p. 180.
Abstract 193.

66 Mawdsley S, Glynne-Jones R. The
importance of pathological downstaging
and a negative circumferential margin in
rectal carcinomas treated with
neoadjuvant chemoradiation. J Clin
Oncol 2005; Proceedings of GI ASCo
symposium: p.189. Abstract 211.

67 Sebag-Montefiore D, Glynne-Jones R,
Mortensen N et al. Pooled analysis of
outcome measures including the
histopathological R0 resection rater after
pre-operative chemoradiation for locally
advanced rectal cancer. Colorectal Dis
2005; 7: abstract 020.

68 Douillard JY, Cunningham D, Roth AD
et al. Irinotecan combined with
fluorouracil compared with fluorouracil
alone as first-line treatment for
metastatic colorectal cancer: a
multicentre randomised trial. Lancet
2000; 355: 1041–7.

69 de Gramont A, Figer A, Seymour M et al.
L Leucovorin and fluorouracil with or
without oxaliplatin as first-line treatment
in advanced colorectal cancer. J Clin
Oncol 2000; 18: 2938–47.

70 Saltz LB, Cox JV, Blanke C et al.
Irinotecan plus fluorouracil and
leucovorin for metastatic colorectal
cancer. Irinotecan Study Group [see
comment]. N Engl J Med 2000; 343:
905–14.

71 Hurwitz H, Fehrenbacher L, Novotny W,
Cartwright T, Hainsworth J, Heim W,
Berlin J, Baron A, Griffing S,
Holmgren E, Ferrara N, Fyfe G,
Rogers B, Ross R, Kabbinavar F.
Bevacizumab plus Irinotecan,
Fluorouracil, and Leucovorin for
Metastatic Colorectal Cancer. N Engl J
Med 2004; 350: 2335–42.



132 CHAPTER 8
..............................................................................................................................................................................

72 Cunningham D, Humblet Y, Siena S et al.
Cetuximab Monotherapy and Cetuximab
plus Irinotecan in Irinotecan-Refractory
Metastatic Colorectal Cancer. N Engl J
Med 2004; 351: 337–345.

73 Glynne-Jones R, Sebag-Montefiore D.
Chemoradiation schedules – what
radiotherapy? Eur J Cancer 2002; 38:
258–69.

74 Sebag-Montefiore D, Falk S,
Glynne-Jones R et al. Preoperative
radiation and irinotecan in combination
with 5fluorouracil and low dose
leucovorin in locally advanced rectal
cancer. J Clin Oncol 2005;
23(Proceedings of ASCO 2005):
p.265s. Abstract 2576.

75 Glynne-Jones R, Sebag-Montefiore D,
Samuel L et al. Socrates phase II study
results: capecitabine combined with
oxalilatin and pre-operative radiation in
patients with locally advanced rectal
cancer. J Clin Oncol 2005;
23(Proceedings of ASCO 2005): p.252s.
Abstract 3527.

76 Francois Y, Nemaz CJ, Baulieux J et al.
Influence of the interval between
preoperative radiation therapy and
surgery on downstaging and on the rate
of sphincter-sparing surgery for rectal
cancer: the Lyon R90–01 randomized
trial. J Clin Oncol 1999; 17: 2396–2402.

77 Grann A, Feng C, Wong D et al.
Preoperative combined modality therapy

for clinically resectable uT3 rectal
adenocarcinoma. Int J Radiat Oncol Biol
Phys 2001; 49: 987–95.

78 Janjan NA, Khoo VS, Abbruzzese J et al.
Tumor downstaging and sphincter
preservation with preoperative
chemoradiation in locally advanced
rectal cancer: the M. D. Anderson
Cancer Center experience. Int J Radiat
Oncol Biol Phys 1999; 44: 1027–38.

79 Mohiuddin M, Regine WF, Marks GJ,
Marks JW. High-dose preoperative
radiation and the challenge of
sphincter-preservation surgery for cancer
of the distal 2 cm of the rectum. Int J
Radiat Oncol Biol Phys 1998; 40:
569–74.

80 Gerard JP, Chapet O, Nemoz C et al.
Improved sphincter preservation in low
rectal cancer with high-dose preoperative
radiotherapy: the lyon R96–02
randomized trial. J Clin Oncol 2004; 22:
2404–9.

81 Niebel W, Schulz U, Ried M et al. Five
year results of a prospective randomized
study: experience with combined
radiotherapy and surgery for primary
rectal carcinoma. Recent Results Cancer
Res 1988; 110: 111–13.

82 Marsh PJ, James RD, Schofield PF.
Adjuvant pre-operative radiotherapy for
locally advanced rectal carcinoma:
results of a prospective randomized trial.
Dis Colon Rectum 1994; 37: 1205–14.



.............................................................................................................................................................................

9: Current challenges in the adjuvant
therapy of colon cancer

George P. Kim and Axel Grothey
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Introduction

Over the past several years, significant advances have been made in the
treatment of colorectal cancer (CRC) patients with metastatic disease.
The introduction of oxaliplatin and irinotecan and their preferential use
with infusional 5-fluorouracil (5-FU) has nearly doubled the survival in
this patient population. The incorporation of biologic agents such as
bevacizumab and cetuximab into treatment regimens provides additional
improvements in response and survival. The benefits seen in patients with
stage IV disease consequently led to exploration of these novel agents in ear-
lier stage disease such as with stage II and III patients. These ongoing trials
will likely translate into greater numbers of patients being cured and further
reductions in overall mortality. The present challenge is to thoroughly assess
these agents and predict which patients benefit most from which treatment.

The most pertinent issues to consider in the adjuvant treatment of
CRC are:
• How is 5-FU best administered in the adjuvant setting?
• What survival outcome should be the primary endpoint for adjuvant
colorectal trials?
• What is the role of oxaliplatin in the adjuvant setting?
• Should irinotecan be used in adjuvant treatment?
• What is the role of capecitabine in stage III colon cancer adjuvant
treatment?
• Should stage II colon cancer patients receive treatment?
• Does microsatellite instability predict which patients will benefit from
adjuvant treatment?
• Should the biologic agents cetuximab or bevacizumab be added to
treatment regimens?
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Fig. 9.1 History of adjuvant therapy of colon cancer.

How is 5-FU best administered in the adjuvant setting?

The importance of systemic chemotherapy in improving patient survival was
demonstrated in a series of studies combining 5-FU with leucovorin (LV)
or levamisole (LEV) (Fig. 9.1). The United States Intergroup 035 study is
of historic importance as it reported a 41% reduction in the relapse rate
(p < 0.0001) and a decrease in overall cancermortality by 33% (p = 0.0007)
[1,2]. This study led a National Institutes of Health consensus panel to rec-
ommend that 5-FU-based adjuvant therapy be administered to all resected
stage III colon cancer patients. In this trial, 929 patients with stage III colon
cancer were randomly assigned to receive either surgery alone or surgery
followed by 12 months of 5-FU (bolus 450 mg/m2 intravenously daily for
5 days and then, beginning at 28 days, weekly for 48 weeks) and the anti-
helminthic LEV (50 mg orally three times/day for 3 days, repeated every
2 weeks for 1 year). A third arm included treatment with LEV alone but
demonstrated no activity. After a median follow-up of 6.5 years, the 5-year
survival in the 5-FU/LEV patients was 60.2 vs 46.7% in the surgery alone
arm. The trial also included 318 stage II patients with the 5-FU/LEV patients
experiencing a 31% reduction in recurrence rate (79 vs 71%, p = 0.01) and
a similar 72% 5-year survival as their surgery alone counterparts [3].

The Intergroup 0089 trial is a landmark study that established the equiva-
lence of theMayo Clinic and Roswell Park regimens and also determined the
duration of postoperative treatment [4]. Three thousand, seven hundred and
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fifty-nine stage II or III patients were randomized to one of four arms – 5-FU
LEV, Mayo Clinic regimen (5-FU 425 mg/m2 and LV 20 mg/m2 for five con-
secutive days, repeated every 28 days for six cycles), Roswell Park regimen
(5-FU 500 mg/m2 and LV 500 mg/m2 weekly for 6 weeks, repeated every 8
weeks for four cycles), and the Mayo regimen with LEV. The results demon-
strated similar disease-free and overall 5-year survival among all four arms.
In the stage III patients, the two 5-FU/LV containing schedules (Mayo Clinic
and Roswell Park) were equivalent while the three-drug regimen, 5-FU/LV
and levamisole, had more associated toxicity. The 5-FU/LEV arm was effec-
tive but, because of its 12-month schedule, was considered less favorable
than the 6-month 5-FU/LV regimens. This trial established the standard
practice for the adjuvant treatment of stage III colon cancer in the United
States for many years.

The QUASAR trial from the United Kingdom confirmed the equivalence
of various 5-FU-based schedules in the adjuvant setting [5]. In this large,
multi-arm trial with 4927 patients, no difference in efficacy was found
between weekly bolus 5-FU/LV and the bolus 5-FU/LV Mayo Clinic sched-
ule. Likewise, higher-dose LV did not produce extra benefit compared with
lower dose, and finally, the use of LEV was not associated with better
outcome.

Another 5-FU and LV combination evaluated in the adjuvant setting
involves the administration of 5-FU as a continuous infusion [6]. This LV5-
FU2 regimen developed in France consists of a 2-h LV injection followed
by a 5-FU bolus and then a 22-h 5-FU continuous infusion. Treatment is
given on days 1 and 2 and repeated every 14 days. A study comparing the
LV5-FU2with amodifiedMayoClinic regimen (bolus 5-FU/LV) in 905 stage
II (43%) and III (57%) patients has been reported. The survival endpoints
were similar in both arms and toxicity trended in favor of the LV5-FU2 reg-
imen. After 6 years of follow-up, the 5-year overall survival rates were an
identical 80% for both LV5-FU2 and 5-FU/LV. Similarly, no difference in
disease-free survival (DFS) was seen (67.2%LV5-FU2 and 67.7% 5-FU/LV).
Survival outcomes were the same with the two regimens in stage II as well
as stage III patients. Importantly, overall grade 3/4 toxicities were signifi-
cantly lower in the LV-FU2 patients than in the 5FU/LV group (11 vs 26%,
p = 0.001). In particular, neutropenia (7 vs 16%), diarrhea (4 vs 9%), and
mucositis (2 vs 7%) were less frequent in the LV5-FU2 arm (all p < 0.001)
with nausea and emesis also trending in favor of the continuous infusion
approach (p = 0.093). Accounting for an underpowered statistical analysis,
the conclusion from the study is that the LV5-FU2 regimen is a comparable
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alternative to bolus 5-FU/LV approaches in the adjuvant treatment of colon
cancer.

These trials clearly establish a role for LV-modulated 5-FU in the adjuvant
treatment of colorectal cancer. All evaluated 5-FU/LV regimens produce an
improvement in survival over surgical resection alone in stage III patients.
The schedules are likely similar in terms of survival outcomes although dif-
ferent but manageable side effects are seen. Future trials and advances in the
adjuvant setting focused on improving the outcomes over 5-FU/LV alone.

What survival outcome should be the primary endpoint for
adjuvant colorectal trials?

The measurement of success for a given chemotherapy regimen in the adju-
vant treatment of CRC is the percentage of patients alive at 5 years – the
5-year overall survival rate (OS). The limitation of this endpoint is the length
of time required for follow-up and the potential delays in drug approval and
availability that this creates. In an effort to identify alternative endpoints to
OS, Sargent and colleagues explored the role of disease free survival (DFS)
[7]. Available data from eighteen randomized phase III clinical trials (total
of 20,898 patients) from 1977 to 1999, that included at least one arm with
a 5-FU-based regimen, was compiled. In the by-study-arm analysis, the rela-
tionship between the DFS rate after 3 years of median follow-up and the
5-year OS rate was shown to have a R2 value of 0.85 from a weighted lin-
ear regression (Fig. 9.2). The Spearman rank correlation coefficient between
DFS and OS was 0.88. Similar findings for the relationship between within-
study hazard ratios comparing experimental vs control arms for DFS and
OS were found (R2 value – 0.90; the Spearman rank correlation coefficient –
0.94). These data demonstrate a consistent association between DFS and
OS. This permits DFS to be used as a primary endpoint in future colorectal
trials, as statistically significant observed differences in DFS, assessed after 3
years, correlate with 5-year OS. Based on these findings and the notion that
a longer time to recurrence is of inherent value to the patient, the FDA rec-
ognized 3-year DFS as appropriate endpoint for full approval of a regimen
in adjuvant colon cancer.

What is the role of oxaliplatin in the adjuvant setting?

The superior efficacy of oxaliplatin and 5-FU regimens in the treatment of
advanced CRC provided the rationale for trials assessing oxaliplatin-based
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Fig. 9.2 Three-year DFS vs 5-year OS. (Reprinted from Sargent et al. [7], with permission
from the American Society of Clinical Oncology.)

combination regimens in the adjuvant setting. A large trial conducted in
Europe used an oxaliplatin/5-FU/LV regimen as adjuvant therapy for stage II
and III colon cancer [8] (Table 9.1). The MOSAIC trial randomized 2246
patients with stage II and III colon cancer to receive either 6 months of
LV5-FU2 (bolus plus infusional 5-FU/LV) or FOLFOX4 (oxaliplatin 85
mg/m2 on day 1 only with bolus 5-FU 400 mg/m2 and LV 200 mg/m2 fol-
lowed by 5-FU 600 mg/m2 as a 22-h continuous infusion on days 1 and
2. Cycles repeated every 2 weeks). FOLFOX4 was found to be superior to
LV5-FU2 in terms of 3-year DFS, a parameter which is highly predictive of
5-year OS. A combined analysis for stage II and III patients demonstrated a
23% risk reduction for 3-year recurrence (hazard ratio [HR] 0.77, 95% con-
fidence interval [CI] 0.65–0.91, p = 0.002). DFS after 3 years was 78.2%
in the FOLFOX4 arm and 72.9% in the LV5-FU2 arm. An updated DFS
analysis at 4 years has recently been reported at the American Society of
Clinical Oncology (ASCO) meeting in 2005, and FOLFOX4 continues to
demonstrate about a 24% reduction in relapse (p = 0.0008) [9]. However,
a stage-based subgroup analysis showed that the difference in DFS was sig-
nificant only for stage III patients (3-year DFS 72.2 vs 65.3%; HR 0.76, CI
0.62–0.92) and not for stage II (87.0 vs 84.3%; HR 0.80, CI 0.56–1.15).
As with previously reported studies with stage II patients, this result can be
attributed to the study being statistically underpowered.
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Table 9.1 Efficacy results of recent adjuvant trials.

3-year P-value/HR
Study Stage N pts Arms DFS DFS �% (95% CI)

Oxaliplatin-based
MOSAIC∗ [8,9] II/III 1123 LV5FU2 6.6 p < 0.001
(N = 2246) 1123 FOLFOX4 HR 0.77

(0.65–0.90)

II 448 LV5FU2 3.5 HR 0.82
451 FOLFOX4 (0.60–1.13)

High Risk II 290 LV5FU2 5.4 HR 0.76
286 FOLFOX4

III 675 LV5FU2 8.6 HR 0.75
672 FOLFOX4 (0.62–0.89)

NSABP C-07 [10] II/III 1207 Roswell Park 71.6 4.9 p < 0.004
(N = 2407) 1200 FLOX 76.5 HR 0.79

(0.67–0.93)

Irinotecan-based
CALGB III 629 Roswell Park p = 0.89
89803 [14] 635 IFL
(N = 1264)

PETACC3 [15] II/III 1509 LV5FU2 66.8 2.8 HR 0.88
(N = 3005) 1496 FOLFIRI 69.6 (0.77–1.00)

II 451 LV5FU2 82.0 2.8 HR 0.80
443 FOLFIRI 84.8 (0.58–1.11)

III 1058 LV5FU2 60.3 3.0 p = 0.091
1053 FOLFIRI 63.3 HR 0.89

(0.77–1.11)

ACCORD [16] High Risk III 200 LV5FU2 60 −9.0 p = 0.22
(N = 400) 200 FOLFIRI 51 HR 1.19

(0.90–1.59)

Capecitabine-based
X-ACT [19] III 983 Mayo Clinic 61.0 3.6 p = 0.0525

(N = 1987) 1004 Capecitabine 64.6 HR 0.87
(0.75–1.00)

∗MOSAIC data after median follow-up of 56 months.
HR – hazard ratio.

The main side effect of FOLFOX4 was anticipated sensory neuropa-
thy with grade 3 toxicity affecting 12.4% of patients overall and 18% of
patients that received the entire planned 1020 mg/m2 dose of oxaliplatin.
However, the neurotoxicity proved reversible in the vast majority of patients
so that 12 and 18months after discontinuation of therapy only 1.1 and 0.5%
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of patients, respectively, had residual grade 3 neurotoxicity. Based on the
results of the MOSIAC trial, FOLFOX4 has emerged as the new standard
of care in the adjuvant treatment of stage III and high-risk stage II patients.

Another study conducted by the National Surgical Adjuvant Breast and
Bowel Project (NSABP C-07), and reported at the ASCO meeting in 2005,
supports the importance of oxaliplatin in the adjuvant setting [10]. In this
study, 2407 stage II and III patients were randomized to either 5-FU/LV
(500 mg/m2 of both given weekly for 6 weeks followed by 2 weeks rest for
3 cycles) versus the same 5-FU/LV regimen and oxaliplatin (FLOX). The
oxaliplatin was administered at 85 mg/m2 every 2 weeks but only on weeks
1, 3, and 5 of the 8-week cycle (cumulative dose 765 mg/m2). Seventy-three
percent of patients received the planned oxaliplatin treatment. The primary
endpoint, 3-year DFS, favored the FLOX arm (76.5 vs 71.6%) with a HR
of 0.79 (p = 0.004). Importantly, the regimen was tolerable, as grade 3
and 4 toxicities were similar in the two arms (Gr 3/4 – 50%/10% FLOX vs
41%/9% 5-FU/LV). Only 8% of patients experienced grade 3 neurotoxicity,
and after 12 months, this decreased to 0.5% of patients. Enteritis leading to
diarrhea and dehydration was higher in the experimental arm (4.5 vs 2.7%).
Additional efficacy and toxicity data are awaited to fully define whether
FLOX is as effective but more tolerable than FOLFOX.

The results from these phase III adjuvant trials clearly demonstrate the
superiority of oxaliplatin-containing arms over conventional 5-FU/LV con-
trols (Table 9.2). The decision to use the FOLFOX4 or the FLOX schedule
remains unclear. An additional factor to consider is whether a modified
regimen, FOLFOX6, which omits the day 2 bolus 5-FU/LV and increases
the continuous infusion dose, is equivalent to conventional FOLFOX4. The
Tournigand study in advanced disease which showed equivalence in the use
of infusional 5-FU regimens with either oxaliplatin or irinotecan supports
the use of FOLFOX6 (oxaliplatin at 100 mg/m2 every 2 weeks) [11]. Mod-
ified FOLFOX6 (mFOLFOX6: oxaliplatin at 85 mg/m2 every 2 weeks) is
currently being used as standard arm in all ongoing cooperative group stud-
ies in the United States (Intergroup/NCCTG N0147 and NSABP C-08) so
that eventually cautious historical comparisons between mFOLFOX6 and
FOLFOX4 can be made.

Should irinotecan be used in adjuvant treatment?

In the 1990s, the topoisomerase I inhibitor, irinotecan, was found to have
significant activity in advanced colorectal cancer [12]. Irinotecan combined
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Table 9.2 Standard adjuvant therapy in colon cancer

• FOLFOX remains standard adjuvant therapy in stage III and high
• FLOX is an alternative, but more toxicity data needed
• 5-FU/LV (Mayo or Roswell Park), LV5-FU2, or capecitabine or those patients

who are not considered candidates for oxaliplatin
• Irinotecan-based combinations are NOT options in the adjuvant setting
• XELOX-A, bevacizumab and cetuximab are under investigation

with weekly bolus 5-FU/LV (IFL – irinotecan 125 mg/m2 and bolus 5-FU
500 mg/m2 with LV 20 mg/m2 weekly for four consecutive weeks of an
every 6-week cycle) significantly improved outcomes comparedwith Roswell
Park 5-FU/LV. Positive outcomes (39% response rate [RR], 7-month time to
progression, and median survival of 14.8 months) led to the FDA approval
of irinotecan as first-line therapy for CRC in 2000. It is of note that at the
same time IFL was found superior to bolus 5-FU/LV, a European phase III
trial likewise showed that irinotecan in combinationwith infusional 5-FU/LV
was significantly more effective than LV5-FU2 in terms of RR, PFS, and OS
[13]. The consistent improvements seen in advanced disease logically led to
the evaluation of irinotecan in the adjuvant setting.

The Cancer and Leukemia Group B (CALGB) 89803 trial was the first
to test whether irinotecan-based chemotherapy was a valid option in adju-
vant treatment [14]. This study compared the IFL regimen with a weekly
5-FU/LV (Roswell Park) control arm. Twelve hundred and sixty-four stage
III patients were enrolled. Toxicity encountered in the IFL arm was signifi-
cant with neutropenia (43 vs 5%), and febrile neutropenia (4 vs 1%) being
significantly higher than with 5-FU/LV. In addition, early safety analysis of
the trial identified an alarming increase in early treatment-related mortality
for the experimental arm. Within the first 4 months of treatment, 18 deaths
were seenwith the IFL arm vs 6 deaths on the control arm (p = 0.008). Over-
all, 2.8%with IFL vs 1% deaths on treatment (p = 0.008) were reported. At
a median follow-up of 3 years in each arm, no differences in either disease-
free survival (p = 0.80) or overall survival (p = 0.81) were seen. Statistical
analysis indicated that the futility boundaries for both of these efficacy
parameters had been crossed meaning awaiting more mature data would
not yield a positive outcome for either DFS or OS. The conclusion from this
study was that irinotecan should not be used with bolus 5-FU in the adjuvant
setting.
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With the CALGB trial, the question remained whether the irinotecan
or the treatment schedule contributed to the negative results. The IFL regi-
men uses an inferior and more toxic bolus 5-FU backbone whereas another
irinotecan-based regimen, FOLFIRI, employs infusional 5-FU. FOLFIRI had
demonstrated equal efficacy compared with FOLFOX in a small phase III
trial in the palliative setting. Consequently, FOLFIRI was evaluated as adju-
vant therapy for colon cancer and was predicted to have a positive impact.
The Pan-European Trial Adjuvant Colon Cancer 3 (PETACC3) random-
ized 3005 stage II and III patients to FOLFIRI (irinotecan 180 mg/m2 on
day 1 only with bolus 5-FU 400 mg/m2 and LV 200 mg/m2 followed by
5-FU 600 mg/m2 as a 22-h continuous infusion on days 1 and 2 [15]. Cycles
repeated every 2 weeks) vs a standard 5FU/LV (LV5FU2 regimen). The pri-
mary endpoint was a 27% improvement in 3-year DFS with 2014 stage III
patients required to achieve 90% power. Of note, an imbalance of T4
patients between the arms (17% FOLFIRI vs 13% LV5FU2, chi-squared,
p = 0.006) was observed. The treatment was fairly well-tolerated with
no increase in the 60-day all cause mortality although grade 3/4 neutrope-
nia, neutropenic infection, and diarrhea were greater in the FOLFIRI arm.
Unfortunately, in contrast to expectations, FOLFIRI failed to demonstrate
superiority over the control arm in 3-year DFS in stage III patients (63.3 vs
60.3%, p = 0.091, HR 0.89 [0.77–1.11]). Only with adjustments for the
T-stage imbalances was a borderline significant 3-year DFS result achieved
(65.2 vs 60.4%, p = 0.021, HR 0.85). The PETACC3 study supported the
conclusion that irinotecan had no role in the adjuvant treatment of colon
cancer.

The final trial to consider in deciding to incorporate irinotecan in the
adjuvant setting is the French ACCORD02/FFCD9802 trial which used
the same treatment arms, LV5FU2, and FOLFIRI, as the PETACC3 study
[16]. This trial focused on the impact of irinotecan on high-risk stage III
colon cancer (N2 disease or N1 with tumors causing obstruction or per-
foration). The primary endpoint was 3-year DFS (improvement from 45
to 60% or HR > 0.64, 85% power) and 400 patients were enrolled.
Oddly, an imbalance in T4 patients was again observed (31.2 FOLFIRI
vs 22.7%, p = 0.015). After 46 months of follow-up, an inferior DFS
with FOLFIRI was seen (51 vs 60%, p = 0.22, HR 1.19 [0.90–1.59]).
This study in combination with the disappointing experiences with the
CALGB and PETACC3 trials leads to the conclusion that irinotecan-based
chemotherapy regimens are not a valid option in the adjuvant treatment
of CRC.
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What is the role of capecitabine in stage III colon cancer
adjuvant treatment?

It is well-established that the anti-neoplastic activity of 5-FU is enhanced
with protracted intravenous infusion. Unfortunately, this approach requires
the placement of a central venous catheter device to enable treatment
in the out-patient setting. Oral formulations of fluoropyrimidines mimic
prolonged infusion of 5-FU and are more convenient without compro-
mising clinical efficacy. Capecitabine is an oral fluoropyrimidine that
undergoes a three-step enzymatic conversion to 5-FU with the final con-
version catalyzed by the enzyme, thymidine phosphorylase [17]. This
enzyme is preferentially expressed in tumor cells and has angiogenic
properties.

A combined analysis of two randomized phase III trials including 1207
patients with metastatic disease demonstrated that capecitabine at a dose of
1250 mg/m2 twice daily for 2 out of 3 weeks is as effective and less toxic
than bolus 5-FU/LV, Mayo Clinic schedule [18]. Capecitabine was superior
in terms of RR (25.7 vs 16.7%, p < 0.0002), although no differences were
observed in TTP (capecitabine 4.6 vs 5-FU/LV 4.7 months; p = 0.9535)
and OS (12.9 vs 12.8 months; p = 0.48). This combined analysis clearly
establishes capecitabine as an equipotent and less toxic, oral alternative to
LV-modulated, bolus 5-FU.

The role of capecitabine in the adjuvant setting has been defined by the
most informative postoperative trial to date, the X-ACT study [19]. In this
trial of stage III patients, a similar equivalence in efficacy and safety with
capecitabine (1250mg/m2 days 1–14, every 3weeks for 24weeks) compared
to theMayo Clinic bolus regimenwas demonstrated. This multinational trial
of 1987 patients showed that capecitabine was at least equally effective com-
pared with bolus 5-FU/LV. In fact, a trend towards superiority in terms of
3-year DFS (HR 0.87, 95% CI 0.75–1.00, p = 0.0528; 64.2 vs 60.6%) and
OS (HR0.84, 95%CI 0.69–1.01, p = 0.0706; 81.3 vs 77.6%)was observed.
More mature data at 51 months of follow-up reveals persistence of the better
DFS for capecitabine with an absolute difference at 3 years of 3.6%. Signif-
icantly less grade 3/4 neutropenia, stomatitis, and neutropenic fever/sepsis
were seen with capecitabine vs 5-FU/LV.

A critical issue that remains unsettled is whether capecitabine can serve
as a substitute for the infusional 5-FU/LV schedule that is an integral
component of contemporary regimens using oxaliplatin (FOLFOX). Several
phase II trials have reported a reasonable safety profile and significant activity
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of capecitabine/oxaliplatin combinations in the treatment of advanced CRC
[20]. The results of ongoing phase III trials with metastatic patients com-
paring capecitabine-based combination protocols with infusional 5-FU/LV
plus oxaliplatin are awaited. Similarly, adjuvant trials with capecitabine and
oxaliplatin are ongoing. The XELOXA study compares the XELOX regi-
men (oxaliplatin 130 mg/m2 and 1000mg/m2 capecitabine every 21 days for
8 cycles) to bolus 5-FU/LV regimens (either theMayo Clinic or Roswell Park
schedules) [21]. Early safety findings from the trial reveal acceptable side
effects overall with grade 3/4 adverse events being reported in 39.3%/5.9%,
respectively, within the XELOX cohort and 33.2%/8.9%, respectively, with
the 5-FU/LV patients. There is less neutropenia (8 vs 15%) and stomatitis
(8 vs <1%) with XELOX but, as expected, greater incidence of hand–foot
syndrome (5 vs <1%) and neurotoxicity (11 vs 0%). This study is likely to
demonstrate a benefit with the XELOX arm but whether the oxaliplatin or
the capecitabine exert greater influence on this outcome will not be resolved.
The true test will be a comparison of this capecitabine/oxaliplatin regimen
with its infusional 5-FU/LV-based counterparts. If equivalence or superiority
is seen in themetastatic trials and if theXELOXA trial is indeed positivewith-
out identifying any ominous side effects, then capecitabine will be declared
the new 5-FU backbone for these regimens and become the new standard-
of-care. The XELOX regimen is further explored in the ongoing AVANT
trial in combination with bevacizumab.

Should stage II colon cancer patients receive treatment?

Despite an approximate 75% 5-year survival with surgery alone, some
stage II patients have a higher risk of relapse, with outcomes similar to
those of node-positive patients. Adjuvant chemotherapy in stage III patients
provides at least a 33% overall survival advantage, resulting in an absolute
treatment benefit of roughly 8%. Several analyses have reported varying
outcomes in stage II patients who received adjuvant treatment.
• The NSABP summary of protocols (C-01 to C-04) with 1565 patients
with stage II disease reported a 32% reduction in mortality (cumula-
tive odds, 0.68; 95% CI, 0.50–0.92; p = 0.01) [22]. This reduction in
mortality translated into an absolute survival advantage of 5%.
• A meta-analysis by Erlichman and colleagues detected a non-significant
2% benefit (82 vs 80%, p = 0.217) in 1020 patients with high risk T3 and
T4 patients treated with 5-FU/LV for five consecutive days [23].
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• Schrag reviewed Medicare claims for chemotherapy within the SEER
Database and identified 3151 resected stage II patients in which 27%
received adjuvant treatment [24]. No survival benefit with 5-FU vs surgery
alone (78 vs 75%; HR 0.91; 95%CI, 0.77 to 1.09). Patients with T4 lesions,
obstruction, or perforation were excluded from this analysis but 33% with
these characteristics received treatment.
• In the MOSAIC study [8], a benefit from FOLFOX4 chemotherapy was
seen in stage II patients albeit this was not statistically significant (86.6 vs
83.9% 5FU/LV; HR 0.82 [0.57–1.17], risk reduction, 18%).
• TheQuasar Collaborative Group study reported an overall survival benefit
of 1–5% in 3239 patients (92% Dukes’ B) randomized to chemotherapy vs
surgery alone [25]. With a median follow-up of 4.6 years, risk of death (5-
year survival 80.3 vs 77.4%, p = 0.02, HR 0.83, 95%CI 0.71–0.91) and
recurrence rate (recurrence-free survival 77.8 vs 73.8%, p = 0.001, HR
0.78, 95%CI 0.67–0.91) favored 5-FU/LV chemotherapy.
• The American Society of Clinical Oncology Panel recently concluded
that the routine use of adjuvant chemotherapy for stage II patients could
not be recommended [26]. A review of 37 randomized controlled trials
and 11 meta-analyses found no evidence of a statistically significant sur-
vival benefit with postoperative treatment. For specific subsets of patients
(T4 lesions, perforation, poorly differentiated histology, or inadequately
sampled nodes), treatment needed to be considered and patient input was
critical.

Does microsatellite instability predict which patients will
benefit from adjuvant treatment?

Microsatellite instability is one of two forms of genetic instability con-
tributing to colon carcinogenesis [27]. High-degree microsatellite instability
(MSI-H) is observed in approximately 15% of non-hereditary patients and
is the consequence of a defective DNA mismatch repair (MMR) system.
Typically, the proteins MLH1 and MSH2 are lost and their absence leads
to decreased DNA repair, anti-apoptosis and drug resistance [28–30]. Pre-
clinical studies revealed specific resistance to 5-FU creating the dilemma
of whether administration of 5-FU-based adjuvant treatment is potentially
detrimental to MSI-H patients [31,32]. Several groups of investigators have
evaluated the predictive role of MSI-H in the context of 5-FU treatment
and reported contrasting results. One group of researchers reported a clear
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Table 9.3 High-degree microsatellite instability (MSI-H) as predictor of
outcome from adjuvant therapy.

Outcome
P-value
HR or RR

Study % MSI-H pts 5-year OS (95% CI)

Watanabe et al. [37] 21 74 vs 46% p = 0.03
MSI-H/TGF-β mutated RR 2.90∗
5-FU treatment (1.14–7.35)

74 vs 50% p = 0.006
MSS/18q loss RR 2.75
5-FU treatment (1.34–5.65)

Elsaleh et al. [34] 20 90 vs 35% p = 0.0007
MSI-H- 5-FU treatment HR 0.07

(0.01–0.53)

Elsaleh et al. [33] 20 NR p = 0.023
MSI-H/mutant p53 RR 0.65
5-FU treatment (SE 0.122)

Ribic et al. [35] 16.7 88.0 vs 68.4% p = 0.004
MSI-H-surgery alone HR 0.31

(0.14–0.72)

70.7 vs 88.0% p = 0.10
MSI-H-5-FU treatment HR 2.17

(0.84–5.55)

Kim et al. [30] 18 NR p = 0.51
MSI-H-5FU treatment HR 0.82

(0.44-1.50)

RFS p = 0.24
MSI-H/mutant p53 HR 0.41
5-FU treatment

∗ Relative risk for control arm.
TGF-β – transforming growth factor beta; NR – not reported;
SE – standard error; RFS – relapse free survival.

survival benefit in MSI-H patients treated with 5-FU and LEV for 6 months
[33,34] (Table 9.3). A second study using an international cohort of patients
demonstrated a lack of survival benefit in MSI-H patients treated with post-
operative 5-FU while those with microsatellite stability (MSS) derived the
anticipated benefit from the use of adjuvant chemotherapy [35]. A National
Cancer Institute-NSABP collaborative analysis of patients enrolled in the
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NSABP C-01 through C-04 trials failed to identify any interaction between
5-FU/LV therapy and MSI status [36]. This analysis is noteworthy as a
direct comparison was made between patients treated with surgery alone
vs receiving 5-FU-based adjuvant treatment. In addition, MSI-H correlation
with thymidylate synthase was studied although no interaction was detected.
Similar to laboratory reports and retrospective clinical series [37], an inverse
relationshipwithmutated p53was seen and, in conjunctionwithMSS status,
portended a poor outcome.

Based on these studies with varying conclusions, the routine use of MSI-
H in treatment decision-making cannot be recommended. In addition, the
importance of MSI-H status is further brought into question in the era of
oxaliplatin-based regimens. One should recall that oxaliplatin circumvents
the DNAMMR system [38], which governs platinum resistance in colorectal
cell lines, and the resultant anti-tumor activity in this historically platinum-
resistant cancer was the main reason for its clinical development. This means
that oxaliplatin-DNA adducts do not elicit the same anti-apoptosis and drug
resistance pathways, and thus sensitivity to oxaliplatin andMSI-H status are
independent of one another. Another hesitation in the routine use of MSI-H
status is that no data is available to suggest howMSI-H patients will do with
targeted agents such as cetuximab and bevacizumab. In reviewing preclinical
studies, no relationship between the EGFR or VEGFR pathways and MSI
has been reported.

In an effort to prospectively validate the role of MSI-H in the prediction
of adjuvant treatment benefit, the Eastern Cooperative Oncology Group
(ECOG 5202) will decide to treat stage II patients based on their molecular
marker status (Fig. 9.3). Patients will be categorized as having microsatellite
or chromosomal instability (as measured by loss of 18q), the other form of
genetic instability that uniformly predicts poor outcome. If patients have loss
of 18q, they will receive FOLFOX treatment without or with bevacizumab

Stage II 
patients

MSS
LOH 18q

MSI
normal 18q

R
mFOLFOX6

mFOLFOX6 + 
bevacizumab

No therapy3125 pts

1250 pts

Fig. 9.3 Eastern Cooperative Oncology Group 5202 stage II high-risk.
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while MSI-H patients will undergo only observation and no postoperative
chemotherapy. This visionary study will answer several issues: will patients
with a worse outcome due to their chromosomal instability status (18q loss)
do better with the addition of bevacizumab? Will MSI-H patients do as
well as non-MSI patients treated with an oxaliplatin- and bevacizumab-
containing regimen? For the latter comparison, an 88% power to detect
a 37% difference in median DFS (absolute difference of 5%, from 80 to
85%, at three years) is projected. Although this worthy endeavor falls short
in not clarifying the straightforward question of what is the true role of
MSI-H (randomization of all MSI-H patients to observation, surgery alone
vs chemotherapy only), further guidance in the use of MSI-H as a predictor
of postoperative chemotherapy benefit will be available.

Should the biologic agents cetuximab or bevacizumab be
added to treatment regimens?

The superiority of oxaliplatin-containing arms over conventional 5-FU/LV
controls is demonstrated by the MOSAIC and NSABP CO-7 phase III trials.
The likelihood of an incremental survival benefit with the addition of cetux-
imab to these regimens is supported by intriguing phase II results showing
high RRs when FOLFOX or FUFOX are combined with cetuximab [39,40]
(Fig. 9.4). These studies provide an excellent rationale for using this com-
bination in the adjuvant setting. The documented single-agent activity of
cetuximab against CRC cells provides additional rationale for the use of
this drug in the adjuvant setting. It is assumed that these high RRs translate

mFOLFOX6 6m

mFOLFOX6 6m + 
bevacizumab 12m

mFOLFOX6 6m

mFOLFOX6 6m + 
cetuximab 6m

Stage III colon
cancer (N=2300)

Stage II/III colon
cancer (N=2400)

Intergroup N0147

NSABP C-08

Fig. 9.4 Ongoing US cooperative group trials adjuvant therapy of colon cancer.
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into greater efficacy in eradicating micrometastasis – a prerequisite for cure.
The NCCTG/Intergroup is currently conducting a study (N0147) in stage III
patients withmodified FOLFOX6without andwith cetuximab for 6 months
[41]. Modified FOLFOX6 uses an 85 mg/m2 dose of oxaliplatin, omits the
second day of bolus 5-FU/LV, and increases the dose of continuous infusion
of 5-FU to 2400 mg/m2 over 46 h. The goal is to compare the 3-year DFS
between the two arms with overall survival being a secondary endpoint. A
hazard ratio of 1.3 in terms of benefit is proposed in the N0147 trial.

Similar to the impressive RR seen with cetuximab, bevacizumab has
clearly demonstrated its ability to impact survival – a remarkable 4.7 month
overall survival benefit when combined with IFL [42]. Substantial biologic
data supports the use of bevacizumab in preventing cancers from recur-
ring through the blockade of angiogenesis essential to small tumor growth
and to the promotion of metastasis. The NSABP is presently conducting a
phase III trial (C-08) of a projected 2600 stage II and III patients with ran-
domization to mFOLFOX6 or mFOLFOX6 and bevacizumab. This study
also continues the bevacizumab for an additional 6 months (12 months
total) as maintenance therapy. A similar trial, the AVANT trial, is being
conducted in stage III colon cancer with international participation. A pro-
jected 3450 patients are being randomized to receive either FOLFOX4,
FOLFOX4 plus bevacizumab, or XELOX plus bevacizumab. Similar to the
NSABP design, bevacizumab will be administered for a total of 12 months.
These trials are critical in defining the role of bevacizumab in the postop-
erative treatment setting. It is probable that the bevacizumab-containing
arms will be positive which creates the future dilemma of whether to treat
all patients with the additional 6-months of bevacizumab. Similarly, subse-
quent studies will be required to address the optimal duration ofmaintenance
treatment; why not continue for 5 years analogous to tamoxifen in breast
cancer?

Conclusions

In the past several years, the treatment of CRC has seen unprecedented
advances. Median overall survivals in metastatic disease as reported in
phase III trials have almost doubled and exceed the 2-year barrier. These
advances are presently being applied to earlier-stage patients with the poten-
tial to increase the cure rate of these patients and force the mortality rate
of this disease further downward. Oxaliplatin-based regimens (FOLFOX,
FLOX) clearly have a role in this endeavor as does capecitabine. Studies
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Fig. 9.5 What is the future adjuvant therapy in colon cancer? (Courtesy of Daniel Haller.)

evaluating the impact of biologic agents such as cetuximab and bevacizumab
when combined with oxaliplatin will be reported in the near future and are
likely to demonstrate incremental improvements in survival. In addition,
exhaustive efforts by statisticians committed to reducing the suffering from
CRC have led to the validation of surrogate clinical endpoints. This trans-
lates into patients having earlier access to promising newer agents. Finally,
further progress in patient care will be possible with the individualization of
cancer treatment through the understanding of molecular characteristics of
a patient’s cancer and the application of this information to predict toxicity
and outcome (Fig. 9.5).
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10: The role of the colorectal nurse
specialist in the management of
colorectal cancer

Jill Dean
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Introduction

The role of the colorectal nurse specialist is continually evolving and each
multidisciplinary Team (MDT), Unit, Hospital, or Trust has developed roles
in line with local needs, priorities, and funding. Throughout this chapter you
will find the words sometimes, usually, may, and so on in association with
the responsibilities of the nurse specialist role. This is because while the core
components of specialist nurse roles remain fairly standard, the way roles
are implemented and the actual responsibilities for individual nurses varies
enormously from unit to unit.

In my role as Lead Nurse for the Pelican National MDT Development
Programme I have been in a position to discuss roles and responsibilities with
colorectal nurses from all areas of the country, which has provided a unique
insight. In some units nurses have developed roles with advanced respon-
sibilities in diagnosing, breaking bad news, presenting the patient’s case at
MDT meetings, even chairing meetings in one area, and in coordinating the
pathway, but this is not standardized in every MDT.

The aim of this chapter is to demonstrate the core clinical roles and
responsibilities of a colorectal nurse specialist within the MDT and to high-
light some of the advancing nursing roles in the management of colorectal
cancer.

Colorectal cancer nursing

The role of the colorectal nurse specialist in the management of colorec-
tal cancer is a relatively recent development that has evolved, mainly over
the last decade, following implementation of the Calman-Hine Report [1].
This report highlighted for the first time the role specialist nurses play in
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the pathway of care and the need for information and support throughout
the patient’s journey from diagnosis onward [1]. Prior to this, the only col-
orectal patient groups to benefit from specialist nurses were those with either
inflammatory bowel disease or stoma formation [2]. The stoma nurse remit
at that time (rather sadly) only included patients with a stoma. In reality this
meant a situation, for example, where a patient having an abdominoper-
ineal excision of rectum for rectal cancer would be given preoperative and
postoperative information, support, and counselling. However, a patient
having surgery for a right-sided cancer would often not be referred to the
nursing service, despite the fact that they might have been desperately in
need of support. Clearly there was inequality of services.

However, since the government provided direction on the development of
cancer services through key documents such as the Calman-Hine Report [1]
and the Cancer Plan [3], the role of specialist nursing has developed specif-
ically to support patients with colorectal cancer within the framework of
the MDT. McIllmurray [4] highlights the important role specialist cancer
nurses play in service provision, providing patients with regular support and
advice, and in coordinating the multidisciplinary team. This is supported by
the findings of a study by Bousfield [5] investigating the role of the clini-
cal nurse specialist and suggesting that, as experienced practitioners, nurses
work hard to be in a position to influence patient care by using their knowl-
edge, expertise, and leadership skills in a multidisciplinary setting. However,
an investigation by the Commission for Health Improvement suggested that
as many as a quarter of Trusts did not have a nurse specialist for colorectal
cancer and that 40% of the nurse specialists who were in post felt they were
unable to give sufficient time to patients with colorectal cancer [6].

Development of the multidisciplinary team

It is in the development of MDT that changes in cancer service delivery
are most clearly seen, where colorectal nurse specialists, surgeons, medical
colleagues from cancer related disciplines, and other healthcare professionals
work together as a team to deliver effective patient treatment and care. Rapid
growth and sub-specialization in nursing has seen an increase in the number
of roles and where, pre Calman-Hine, a single specialist nurse managed the
patient caseload, most colorectal MDTs now have a team of nurses with
complementary roles. However, sub-specialization has made the business
of defining the role of a colorectal nurse specialist a complex affair. Two
current health policy documents – Guidance on Cancer Services: Improving
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Outcomes in Colorectal Cancer [7] and Manual for Cancer Services 2004:
Colorectal Measures [8] – help to provide definition by outlining the core
roles and responsibilities of the nurse specialist in themanagement of patients
with colorectal cancer.

Core elements of specialist colorectal nursing roles

The core elements of colorectal nursing are included in the roles of the col-
orectal cancer nurse and the stoma care nurse. In some Trusts the two
specialist roles are amalgamated in a dual colorectal/stoma role although
other units have post holders with separate responsibilities for each aspect
of the role.

Colorectal cancer nurse

The main colorectal cancer nursing role is centered on the aspect of being
a “key-worker” for patients, providing information, psychological support,
practical help, and clinical expertise in colorectal and stoma care nursing.
Campbell and Borwell [9] sum the role up nicely by saying:

The specialist nurse often represents a constant factor for the patient, providing
ongoing support and encouragement, backed up by clinical knowledge and
understanding of the individual’s situation [9, p. 197]

The philosophy of a key-worker is to provide support and continuity of care
for patients as they move through the different stages of a complex patient
journey from home, clinic appointments, in-patient episodes (possibly in dif-
ferent hospitals or wards), and back home into the community. The need
for a “constant factor” is reinforced in the measures for peer review where
it is recommended that patients should see the same nurse both before and
after surgery [7]. Colorectal nurses have a clear role in providing support,
encouragement and information for patients, family, or carers, and, accord-
ing to Elcoat [10], it is this level of communication that is fundamental to
nursing care. Nurses are challenged to communicate and provide informa-
tion to patients at times when it would be most beneficial, in a form that is
acceptable and understandable, and tailored to individual patient’s specific
wants and needs [7].

Colorectal nurses have taken the lead inmostMDTs in developing specific
information booklets and leaflets to help patients and their relatives under-
stand the disease process, pathway, surgery, and treatment options. Written
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information should be evidence based and tailored to the needs of the indi-
vidual patient, using terminology and forms that can be easily understood
[11]. Written material and forms of communication also need to take into
account disability (poor vision, comprehension, etc.), language, and ethnic
diversity. Individual written information including diagrams and pictures,
test results, and so on to build a personal record for patients is desirable [7]
and helps to reduce the volume and complexity of literature. Taking a strate-
gic view to produce patient literature for use across cancer networks helps
to standardize the information given.

A vital component of the colorectal nursing role is not only to pass on
information but also to listen to, and provide psychological support and
practical help for patients and relatives, and to refer appropriately to other
agencies. Support and information is vital for patients, as highlighted by
Wright andMyint [12] who acknowledge that following the fear and anxiety
associated with a cancer diagnosis, patients have numerous adjustments to
make at each stage of the journey. In response, nurses provide support for
patients through a variety of means – telephone help-line, home visits, or
clinic appointments – to maintain patient contact at times when it is most
needed.

Colorectal nurses in some units take on the main role of “breaking bad
news,” discussing the diagnosis and treatment plan with patients and their
relatives after decisions have been made at MDT meetings. In other units
the specialist nurse is present as the doctor gives the information and then
provides further support for patients and relatives.

Stoma care

Once a diagnosis is made, a treatment pathway determined, and if a stoma
is a possibility, the stoma care role becomes important. According to figures
from the Office for National Statistics [13] there are approximately 34,000
newly diagnosed cases of colorectal cancer annually in the United Kingdom.
This figure includes 11,000 rectal cancers where there is greatest risk of
stoma formation. In fact, according to Medicare Audits, in 2001 there were
approximately 11,800 new colostomies with 45% temporary ones and 55%
permanent ones [14]. However, advances in the management of colorec-
tal cancer continue to reduce the number of patients requiring a permanent
stoma. Surgery for rectal cancer with total mesorectal excision and the use
of stapling devices now facilitate restorative resections even in cases of low
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rectal tumors. Due to the negative effect of a stoma on quality of life, sur-
geons have been urged to conserve the anal sphincter wherever possible [7].
However, in response there has been a rise in the number of temporary
stomas, commonly a loop ileostomy, although alternatively a transverse loop
colostomy may be formed. The benefits of one type of defunctioning stoma
over another remains contentious with some studies concluding that a loop
ileostomy is the stoma of choice [15–18] while other studies report in favor of
a transverse loop colostomy [19,20]. Despite the configuration, and whether
a stoma is temporary or permanent, all require expert stoma care nursing to
minimize the effect of complications and maximize patient adaptation and
recovery.

The value of expert stoma care nurses has long been acknowledged and
a landmark study by Wade in 1989 [21] compared the progress of patients
who had access to a stoma nurse against those who did not. The study
reported that where patients had access to a stoma nurse they were
• better informed;
• a greater proportion of patients knew what to expect;
• were more satisfied with the information they were given;
• had more family involvement;
• were more expert in stoma management prior to discharge;
• were discharged earlier from hospital;
• had greater satisfaction with their stoma appliance; and
• had less appliance leakages in the early follow-up period.
Wade concludes: “All these findings were statistically significant and they
are clearly nursing outcomes” [21, p. 171].

To facilitate positive outcomes stoma nurses have contact with patients
in the preoperative setting either in clinic or the patient’s home to discuss
key topics, such as the configuration, position and output of the stoma, and
the type of appliance needed. Some centers are encouraging practical stoma
care instruction prior to admission to aid stoma education postoperatively
and to reduce length of stay in hospital. To help with the changes to life that
having a stoma brings, stoma nurses also discuss the implications of a stoma
on lifestyle, employment, diet, sexuality, and body image. Some of the key
issues surround preconceivedmyths and beliefs and the challenge of trying to
change negative attitudes. Introducing the patient to someone who already
has a stoma and is a positive role model can help alleviate anxieties and
perceptions [7,10].

Stoma nurses have a specific responsibility in marking a suitable
site for the stoma following criteria designed to improve management
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postoperatively and reduce postoperative complications [22]. This includes
observing abdominal contours, scars from previous surgery, the proposed
incision site, waistline, umbilicus, bony prominences, and skin creases,
allowing the site to be marked in an appropriate place visible to the patient
[10,23,24]. It is common practice to place the stoma site within the rectus
abdominusmuscle sheath as it is thought to offermore support to the site and
possibly reduce the incidence of parastomal hernia. Parastomal hernia is one
of the most problematical long-term postoperative complications, occurring
in up to 50% of colostomists [25]. Prevention of parastomal hernia has long
been the goal and two recent studies have had some success. The first, a
study by Thompson and Trainor [26], successfully reduced the incidence of
parastomal hernia through a program of postoperative interventions includ-
ing instructing patients to avoid lifting for the first 3 months and from then
on instigating daily abdominal exercises and an abdominal support garment.
The second is a study by Janes et al. [24] who have shown promising results
in reducing the incidence of parastomal hernia through insertion of a mesh
at the time of surgery.

In the early postoperative period following stoma formation complica-
tions can occur such as necrosis, mucocutaneous dehiscence, high output,
and skin problems. Stoma complications frequently need individualized
complex wound and appliance systems to provide a good healing envi-
ronment and a leak-free appliance. This has prompted the introduction
of computerized digital photography as an education and communica-
tion tool, to ensure that high quality care can be continued despite shift
patterns, and in community care, when the nurse specialist is not avail-
able [28]. Education in managing the stoma is designed to ensure a secure
appliance system and speed the confidence and recovery of patients. Follow-
ing discharge the stoma nurse provides continuity of care and maintains
support and practical help through phone calls, home visits, and out-
patient contact. The unique role of stoma specialists as they work across
boundaries between hospital and community is becoming more important
as the pressure to improve waiting times for treatment gathers strength
and the challenge to enhance recovery and reduce length of hospital stay
increases.

Colorectal nursing in the MDT meeting

Colorectal and stoma nurses have a major role to play in MDT meet-
ings but the specifics of the role are evolving as MDT working becomes
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more established and support for organization and administration is
increasingly provided byMDT coordinators. The shift in focus allows nurses
to concentrate more on the important treatment-planning aspect of the
meeting by
• presenting/contributing to discussions on patient cases,
• being an advocate for patients, and
• providing information from a nursing assessment to help inform decision
making.

Increasingly colorectal nurses have a deep and expert knowledge base,
both in the management of colorectal cancer and in the specialty and art of
nursing, to contribute to MDT discussion and decisions.

During the process of talking to a patient about the cancer diagnosis,
and the possible pathway of preoperative and postoperative chemother-
apy/radiotherapy, surgery, and stoma formation, the patient will often
disclose their wishes and fears. The information disclosed gives the col-
orectal nurse a special role as advocate in the MDT discussion, protecting
and promoting the patient’s interests [20], because at an MDT meet-
ing the colorectal nurse and surgeon may be the only two people who
have actually met and talked to the patient and know their wishes [29].
Nurses also assess patients continuously, and at each contact gather
knowledge about physical, psychological, and social problems, helping
them to anticipate how well a patient will cope and what their needs
will be.

Following MDT discussions the colorectal nurse may also be the per-
son who communicates the discussion and decisions of the meeting to
the patient – preoperatively to discuss diagnosis, neoadjuvant treatment,
surgery, and stoma formation and postoperatively to communicate deci-
sions about histological staging, adjuvant therapy and the follow-up process.
The role of nurse specialists within the MDT is recognized as becoming
increasingly significant and according to Campbell and Borwell [9]: “The
provision of a uniformly high standard of specialist nursing care and psy-
chological support is now a requirement for all providers of cancer services”
[9, p. 197].

Specialist colorectal nursing roles

The core aspects of colorectal nurse specialist roles are now enhanced by
new and developing roles. Nurses have diversified in response to changes
in healthcare provision and advances in the treatment of colorectal cancer.
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A wide variety of innovative nursing sub-specialties now work collectively
together with key role titles including
• colorectal nurse specialist,
• stoma care nurse,
• nurse endoscopist/practitioner,
• colorectal cancer nurse,
• oncology/chemotherapy nurse,
• colorectal research nurse,
• genetics nurse or family history counselor, and
• colorectal surgical assistant.
The list is almost endless with an array of different titles varying from
unit to unit. While larger centers may contain a number of nurses
with distinct responsibilities, local needs and funding often drive the
development and emergence of more generic colorectal nursing roles
encompassing aspects of several role titles. Indeed there seems to
be no distinct job description for colorectal nurse specialists and no
national guidelines, with the result that even when nurses have the same
job title the components of the role often vary widely from unit to
unit [9].

New and expanding roles

Specialist nursing roles continue to expand into new areas of practice
and frequently overlap with responsibilities that traditionally have been
in the remit of medical staff. However, ideally none of the roles work
in isolation but function as a result of MDT working where the MDT
members together develop protocols for care based on current evidence
and safe practice. The process is more about deciding which member
of the MDT is most appropriate to be involved with patients at each
part of the pathway based on skills, training, staff availability, and cost
effectiveness.

While most people see the benefits in continuity and efficiency of a multi-
skilled nursing workforce there is an argument that as a result junior doctors
are being de-skilled and not receiving the training and practice they require in
diagnostic and practical skills [30]. However, nurses play an important role
in education for health professionals of all disciplines, including medicine.
As part of a cohesive team the MDT can utilize skilled nurses as educators
to share expertise by teaching practical skills in the working environment or
in more formal teaching sessions [31].
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Nurse endoscopist/practitioners

Several new nursing roles fit the criteria of advanced/expanded role and a
prime example is that of the nurse endoscopist where there is a growing
workforce of nurses who have undergone extensive training. In many units
nurses perform flexible sigmoidoscopy and have advanced to become skilled
colonoscopists, taking on therapeutic as well as diagnostic work. Awealth of
evidence shows that the expertise of nurses as colorectal endoscopists equals
that of their medical colleagues [32–38].

Nurse-led “one stop” clinics

To meet demand and improve services, 50% of networks have introduced
rapid access and fast-track clinics [39]. The majority of clinics are hospi-
tal based but similar services offering flexible sigmoidoscopy can also be
successfully established in a primary care setting [40]. Colorectal nurse endo-
scopists/practitioners run nurse-led clinics and increasingly see new patients,
take a history, examine, and diagnose. Depending on findings the nurse may
instigate a series of outcomes to
• discharge the patient if no further action is required,
• treat minor anorectal conditions such as hemorrhoids or fissure, and
• instigate investigations or staging if more serious pathology is encountered
or suspected.

Nurse-led “one stop” clinics are well established in many areas and
evidence supports the expertise of nurses in this role [41,42].

Oncology colorectal nurse

As knowledge about colorectal cancer expands, management options
become more complex and the role of radiotherapy and chemotherapy
becomes more prominent. This has led to specialist nurses in the oncol-
ogy setting where they have an increasingly important role in manage-
ment, education and coordination for patients, especially those receiving
chemotherapy [12]. Chemotherapy nurse specialists may be responsible for
ensuring the safe administration of chemotherapeutic drugs and monitoring
progress for complications [9]. Nurses play an important role in the man-
agement of specific problems such as anorexia, diarrhea, nausea/vomiting,
mucositis, and fatigue. Specialist nurses support patients using interventions
centered around prevention and management of problems, with practical
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information and advice on nutrition, hygiene, coping mechanisms, and
expectations [12].

Nurse-led follow-up

Nurse-led colorectal cancer follow-up is also well established in many
units. Patients attend nurse-led clinics postoperatively through the follow-
up period, often for 5 years, and may not see a doctor during this time.
Specialist nurses request radiology, endoscopy, and tumor-marker surveil-
lance investigations at the appropriate time and review results. If recurrent
or metastatic disease is suspected or diagnosed the nurse will ensure the
case is discussed at the MDTM and that decisions are communicated and
explained to the patient and their family, informing them of the diagnosis
and treatment plan.

Support for advancing nursing roles

Nursing roles such as those described above are increasingly advocated. One
recent document produced by theCancer ServiceCollaborative Improvement
Partnership [43] outlines how “High Impact Changes” in service delivery can
be achieved to help meet government targets. The targets currently center
on redesign of cancer services through three key areas:
• meeting targets for government waiting times (31 days from decision to
treat to first treatment and 62 days fromurgentGP referral to first treatment);
• peer review to achieve Cancer Center/Unit status; and
• implementing the Improving Outcomes Guidance.
The use of expanded nursing roles is advocated in three key stages of the
patient pathway: at diagnosis with the use of nurse-led one stop clinics and
nurse endoscopists; at treatment planning through involvement in discussion
at MDT meetings and participation in decision making; and in nurse-led
follow-up. It is anticipated that the use of nurse specialists in these three key
stages of the patient pathway will help to provide continuity of care and
release consultant capacity for other essential tasks [43].

Education and training

In nursing there is a move toward more academic training, especially for
nurses in advanced and specialist roles, to provide the necessary skills and
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knowledge to function at a higher level of practice. Sparacino [44] highlights
the need for advanced knowledge in addition to expert skill as pivotal in the
role of a clinical nurse specialist and Koetlers [45] puts this into context:

As patients’ needs in hospitals and homes become more complex and as the
care patients receive increases in sophistication, the education and knowledge
of the person they turn to for help and information also needs to be specialised
and timely [45, p. 109]

As a result we have seen an increase in the number of nurses who have gone
through rigorous courses providing specialist post-registration training at
degree, masters, or doctorate level.

However, we have also seen a rapid increase in the United Kingdom in
the last decade of the number and variety of specialist colorectal nurse posts
being developed to meet the needs of the service [46]. According to Bousfield
[5] many clinical nurse specialist roles have developed with no set career
structure and with varied levels of preparation. The government health pol-
icy document ColorectalMDTMeasures [47] concurs with this, highlighting
that there are no official role definitions or training requirements for nurse
MDT members and that this is in contrast to the clear national training
requirements provided for the medical profession. To redress the balance,
further training requirements for specialist nurses have been incorporated in
the Manual for Cancer Services 2004; Colorectal Measures [8] and manda-
tory review of Cancer centers and units requires Trusts to adopt the policy.
To comply with the directive, nurses must provide evidence to show they
hold (or are enrolled to undertake) a qualification in their specialist area of
nursing practice of at least 20 level-3 (degree level) CAT points. A second
national requirement is to have completed (or be enrolled on) an accredited
course/module (level unspecified) in communication skills to include aspects
of counselling and in breaking bad news. If the unit/center has more than
one nurse then they must all undergo training in the areas described above
to be compliant with the measures.

Discussion

Colorectal nurses working in traditional or innovative new roles are charged
with bringing to the role something that is unique to nursing, about connect-
ing with the patient and building an individualized, patient-centered service.
If nurses undertake a role originally in the medical domain then there is an
onus to improve and optimize the service provided and to ensure that the



164 CHAPTER 10
..............................................................................................................................................................................

new service is an improvement in quality care. Consider the role of cancer
follow-up where these aspects are clearly demonstrated. Nurses now fre-
quently undertake the role instead of surgeons and arrange surveillance to
protocol. However, as well as making sure clinical review and surveillance
investigations are completed in a timely and appropriate manner, nurses also
address the psychological and practical aspects, assessing how the patient is
coping and whether further support is required. Referral to psychological,
complementary cancer care, day services, and to services providing practical
advice, support, and benefits is an integral part of nurse-led follow-up but
considered only rarely in a medical follow-up service.

The technical side of the new and expanding roles described, while highly
skilled, is only part of the overall specialist nursing involvement with col-
orectal cancer patients. In a joint RCN/DoH document [48] specialist nurses
have been described as maxi nurses not mini doctors, a description sure to
delight many advanced nurses. The key elements that make our roles “spe-
cial” are in providing continuity of care, support, and information along the
care pathway from diagnosis onward, with practical assistance and clinical
expertise before and after surgery and into follow-up. The vital ingredient
to make it work is in ensuring a cohesive approach to patient management
across the MDT.

Summary

The role of colorectal nurses is evolvingwith greater emphasis on high quality
patient-centered care but with no single model for the nursing role or mode
of delivery. Nurses continue to push the boundaries of nursing, taking on
more advanced roles in the management of patients with colorectal cancer.
Emphasis is placed on the importance of MDT working and developing
protocols for patient-care management.
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11: The role of the multidisciplinary team
in the management of colorectal cancer

Julia Jessop and Ian Daniels
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Multi . . . Prefix – more than or many
Disciplinary . . . of promoting discipline, order, or a system of rules for conduct
Team . . . set of persons working together

Introduction

The organization and configuration of services within the National Health
Service (NHS) has changed radically over the last decade, particularly within
cancer services. The provision of clinical care within formalized multidis-
ciplinary teams (MDTs), replacing the provision of care within “firms of
individual disciplines,” has been central in the drive to improve the quality
of care that cancer patients receive. This is based upon the rationale that clin-
ical decision-making is improved by the sharing of expertise across different
disciplines and specialties.

In this chapter we will discuss the effect of this change on the manage-
ment of colorectal cancer, the benefits to this approach, the limitations,
and some thoughts on how this approach may adapt to changes in the
future.

Background: the development of multidisciplinary teams in
cancer services

Traditionally, rectal cancer was diagnosed and “staged” by a surgeon per-
forming digital rectal examination and sigmoidoscopy. Following surgical
excision of the tumor, the use of any further adjuvant (postoperative) treat-
ment was based upon the pathologist’s assessment and staging of the excised
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specimen. One of the most important prognostic factors in rectal cancer is
the relationship of the tumor to the surgical or circumferential resection
margin (CRM) [1,2]. If the pathologist discovers tumor at this margin, the
patient is at high risk of developing local recurrence of the cancer. Tumor
detected at the CRM is usually given adjuvant chemotherapy and radiother-
apy but many of these patients still develop local recurrence, with rates up
to 40% having been reported [3].

The International Agency for Research on Cancer (IARC) data from
1995 showing survival rates for colorectal cancer in England and Scot-
land are amongst the worst in Europe [4]. Denmark, the Netherlands,
Finland, France, Germany, Italy, Spain, and Switzerland, all report sig-
nificantly better outcomes for colon cancer, rectal cancer, or both. Selec-
tion bias may exaggerate the size of these differences. However, having
identified the poor outcome in the United Kingdom, this study high-
lighted the need to standardize and optimize the management of the rectal
cancer.

The Calman-Hine Policy Framework for Commissioning Cancer Services
first highlighted the need to deliver improved and coordinated cancer services
through a cancer network infrastructure [5].

Reviews of publishedmedical literature in the late 1980s and early 1990s,
supplemented by registry studies, revealed that there could be significant
improvements in survival as a result of specialist care for a number of cancers
including colorectal cancer [5,6]. With these developments in mind, the NHS
Cancer Plan was introduced to improve the diagnosis and treatment for
patients of the five most common cancers – breast, lung, bowel, ovarian,
and prostate [7]. Following the Cancer Plan, Improving Outcomes Guidance
(IOG) have been published for these five cancers, which all specify MDT
working and meetings as a key recommendation.

The establishment of MDT working and regular meetings to discuss
patients and coordinate care is seen as a central element for cancer care.
The MDT is defined as

a group of different health care disciplines, whichmeets together at a given time
(whether physically in one place or by video or tele-conferencing) to discuss
a given patient and who are able to contribute independently to the diagnosis
and treatment decisions about the patients.

Individual MDTs are now subject to a peer review process whereby
each zone (a collective of cancer networks) appoints a coordinating team
of multidisciplinary health professionals, managerial and service-user peer
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reviewers who work with the cancer networks to assess theMDTs according
to nationally standardized processes and criteria.

Multidisciplinary teams in colorectal cancer

Colorectal cancer is the second most common cancer in the United Kingdom
with over 30,000 newly diagnosed cancers per annum. The incidence of
colorectal cancer is gradually increasing. A major reason for this is our
increasingly elderly and longer-living population. Survival rates (relative
to age-matched groups without colorectal cancer) are now around 45% at
5 years after diagnosis, and beyond 5 years relative survival rates decline
only slightly.

Colorectal was one of the leading sites to establish specific guidance
emphasizing the importance of MDTs [8]. This guidance was updated in
2004 [3] reinforcing the role of cancer networks in ensuring specific arrange-
ments are in place for rapid access of all patients to a member of a specialist
colorectal cancer MDT. The minimum numbers for a viable MDT are sug-
gested as a population of 200,000 with 120 new patients per year. The core
members of the colorectal cancer MDT are:
• at least two specialist surgeons
• clinical oncologists
• diagnostic radiologist
• histopathology
• skilled colonoscopist
• clinical nurse specialists
• palliative care specialist
• clinical trials coordinator/research nurse
• meeting coordinator
• team secretary (clerical support).
The last four core members of the colorectal MDT which are listed above
are disciplines added to the core MDT membership from the original 1997
IOG guidance [3]. (Gastroenterologist was also moved from a core member
to an extended team member.)

The guidance also places more emphasis on networks to ensure:
1 guidelines are established and audited regarding referral to MDTs,
2 attendance at the meetings, and
3 provision of adequate resources and support.
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Organization of the meeting is explicitly defined, including the requirement
for a weekly meeting scheduled in sessional time and arranged by the MDT
coordinator.

The following is a list of patients for consideration at anMDTmeeting:
• Every new patient with a diagnosis of colorectal cancer.
• All patients having undergone resectionwith curative intent and pathology
available.
• All patients with newly identified recurrent or metastatic disease.
• Patients referred back for management by the local colorectal MDT after
referral to a specialist MDT.
• Any other patient thought by a member of the MDT to require discussion.
All the information required for effective team functioning should be avail-
able at the meeting. Emphasis is put on hospital trusts to ensure that
preparation for and attendance at MDT is recognized as “an important
clinical commitment and time should be allocated accordingly.”

The most important benefits of team working are improved coordination
of care and the opportunity to consider each case from a variety of perspec-
tives. Patients managed by a team are more likely to be offered a range of
types of treatment at appropriate times and to receive seamless care through
all stages of the disease [3].

When MDTs function well, they offer a supportive environment where
individual members can share their concerns. MDT meetings also provide
opportunities for surgeons to receive feedback from histopathologists and
other team members on the results of their work.

Treatment by MDTs, which treat relatively large numbers of patients,
rather than by individual surgeons who may only deal with a few, can be
expected to produce substantial benefits for patients. There is accumulating
evidence that hospitals that treat more than 20 new patients with rectal
cancer per annum – the minimum number that would be treated by MDTs
working in accordancewith the recommendations – achieve better outcomes.
Their patients are less likely to receive permanent colostomies, suffer fewer
postoperative complications, have lower local recurrence rates, and are more
likely to become long-term survivors [3]. Concentration of surgery in the
hands of fewer, more specialized surgeons, working in the context of MDTs,
can be expected to produce similar benefits though the evidence for this is
generally weak.

It was also seen that patients who underwent emergency surgery by any-
one other than a designated specialist working in an MDT were unlikely to
be referred on to a specialist for subsequent management [3].
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Potential disadvantages of MDTs include discussion of patients without
any of those involved having seen the patient. This can result in inappropriate
decisions which later need to be corrected, resulting in wasted appointments
for the patient and unnecessary anxiety.

Coordination of theMDT, the availability of clinical notes, and appropri-
ate radiological and histopathological input requires a dedicated member of
staff. Chairing a large MDT also places considerable responsibility on that
individual, particularly in communicating with colleagues and other team
members.

The function of the MDT

The importance of input from each discipline into the management of col-
orectal cancer, particularly imaging, surgery, pathology, oncology, and
nursing, has been highlighted in other chapters within this book. The MDT
meeting is increasingly important as it is the process for presenting all the
accumulated evidence in order that a multidisciplinary management decision
can be made on how to proceed with a patient’s treatment. The single most
important principle in the management of colorectal cancer is the need to
consider every patient as an individual.

It is essential that there is representation from all the core disciplines at the
MDTmeetings, that all the clinical information is available and presented to
the rest of the team, and that this information is captured on an appropriate
database in order to allow audit of the MDT to occur. All too often data
collection is limited to managerial outcomes measures rather than clinical
outcomes due to lack of personnel and facilities.

The multidisciplinary team has a number of managerial and clinical roles
to fulfill. Beyond the assessment and planning of individual care, the MDT
has responsibility for:

Protocols and guidelines. At the core of the management strategy are
the guidelines themselves. Guidelines must be formulated based on the con-
sensus of the team and should integrate the complementary areas of their
expertise [9].
Planning local service delivery. Identification of gaps in current service

provision in line with national guidelines should be identified and endorsed
through the MDT to ensure equity of service across cancer networks. Each
member has a responsibility to progress developments within their area.
Communication/co-ordination of care. Identification of a key worker for

the patient throughout the patient pathway is a responsibility of the MDT
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to ensure effective communication between the MDT, the patient, and their
primary healthcare services.
Service redesign and improvement. Process mapping, capacity and

demand planning, and identification of areas for improvements in service
should be undertaken by all MDTs.
Data collection and audit. Audit is a vital part of healthcare provision

since only in this way can we monitor performance against the accepted
standard. Audit should focus on case management and clinical outcomes as
well as provide the required managerial information [9].
Research. Participation in trials benefits the patient. It has been

shown that participation in clinical trials improves clinical outcome [9]. The
principal reason for this is that meticulous pre-defined management algo-
rithms and rigorous follow-up are routinely part of the trial procedure. All
patients should therefore be considered for enrolment in current clinical tri-
als. Currently, approximately 12% of patients are enrolled into colorectal
clinical trials.

Evidence for improved outcome/benefits

Evidence for specialization

Studies of colorectal cancer in the United Kingdom show considerable varia-
tion in surgical outcome [6] and Scandinavian studies suggest that university
hospitals have better survival rates than general hospitals [10]. Similar results
were found in Germany and in France [11,12]. However, declared special-
ists working in district general hospitals in the North West of England were
able to produce similar results to declared specialists in colorectal cancer
work in teaching hospitals [13]. This last study suggests that high-quality
specialist services can be successfully established in district hospitals when
specific commitments to them are made. A recent survey showed that dif-
ferences in outcome following apparently curative resection for colorectal
cancer among surgeons appear to reflect the degree of specialization rather
than case volume [14].

Evidence for multidisciplinary teamwork

Teamwork has been related to improved patient care by reducing hospital
readmission rates [15–18]. A recent study of teamwork in UK breast can-
cer teams explored the relationship between components of teamwork and
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patient outcomes, reporting that the team size (larger) was associated with
the provision of accurate and timely diagnoses and that higher breast cancer
workloads and a greater proportion of breast care nurses within teams were
associated with better clinical performance. Shared leadership within teams
was also associated with better self-reported effectiveness [19].

The benefits of teamworking for colorectal cancer are generally recog-
nized. Documented ways of working in multidisciplinary teams are needed
to look after the quality control of all the disciplines involved and to be a
platform to discuss the treatment plan for the individual patient [20].

The need for a multidisciplinary approach to the treatment of advanced
colorectal cancer has also been recognized in maximizing the benefits of
current treatment options. A multidisciplinary approach allows healthcare
professionals to develop a clear understanding of each other’s roles and an
appreciation of the complementary treatment approaches [21].

Evidence for colorectal multidisciplinary teams

Most of the evidence for teamworking to date has been based upon breast-
cancer MDTs. However, evidence that colorectal MDT working impacts on
patient survival is currently being collated and the first papers are presently
being published.

An audit undertaken by the Royal Marsden Hospital Colorectal
MDT demonstrated that the MDT discussion of magnetic resonance
imaging (MRI) and implementation of a preoperative treatment strat-
egy resulted in significantly reduced positive CRM in rectal cancer
patients. Overall, CRM positive rate for all potentially curative patients
was reduced from 12.5 to 7% after mandating preoperative MRI-
based MDT discussion of all rectal cancer patients. They conclude that
CRM positive rate is reducible, but only in the presence of robust
MRI staging, preoperative MDT discussion of all the staging investiga-
tions, optimal surgery, the availability of effective preoperative thera-
pies, and standardized histopathology reporting with comprehensive data
collection [22].

Limitations of the multidisciplinary team’s process

A recent report by the Commission for Health Improvement and the Audit
Commission in 2000/2001 showed thatMDTsworking is lesswell developed
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in colorectal cancer care than in breast cancer care [23]. Of 12 Trusts, which
reported that they had colorectal cancer MDTs, half held weekly patient-
planning meetings and a third held meetings fortnightly; the other two met
monthly or less. It seems that the other six Trusts did not hold regular col-
orectal MDT meetings at which patient management was planned. This
led to delays in the patients’ treatment or treatment being given without a
consensus MDT management plan.

In Trusts that did have colorectal cancer MDTs, surgeons who were not
members nevertheless carried out operations. One-third of the lead consul-
tants reported problems dissuading colleagues from occasional practice. In
one Trust, for example, four out of eight surgeons who carried out opera-
tions for colorectal cancer attended MDT meetings; in a second, only one
of the two main colorectal cancer surgeons attended MDT meetings and the
patients treated by the second surgeon (about a quarter of the total) were
not discussed by the MDT. Overall, 40% of lead consultants, working in
21 Trusts, reported that there were surgeons in their Trust who regularly
carried out operations for colorectal cancer, but who did not attend MDT
meetings [3].

Although MDTs have been given a high priority nationally in terms of
being essential for the management of patients, this has not always been sup-
ported at a local level with provision of adequate basic requirements in terms
of dedicated rooms with adequate facilities to enable effective meetings. The
lack of real-time patient management systems exacerbates the time required
to prepare for and conduct the meetings. Many teams are unaware of their
own results as there is limited support for collection and analysis of clinical
information.

In order for MDTs to function effectively they not only need appro-
priate support in terms of facilities and personnel, but also in access
to resources. Many teams still struggle to gain access to MRI for rou-
tine rectal cancer staging even though it is a recommendation in current
national guidelines [3]. Long waiting times for radiotherapy can also
inhibit teams in achieving waiting time targets for non-surgical initial
treatment.

There are a wide variety of roles being undertaken by clinical nurse
specialists across the country with each developing according to the needs of
the local team. The further development of nursing roles, for example nurse-
led clinics, are often indicated following evaluation of services to improve
efficiency.
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Future developments in MDT management of
colorectal cancer

The challenges to the MDT continue to appear with the introduction of
minimum datasets, initially in histopathology, but now being developed for
radiology and surgery. As we collect increasing amounts of data, these have
to be put into the context of physiological correction of outcome results.
Improved data collection can be attained through the use of standardized
proformas.

The expansion of the different technologies – through different surgical
techniques – newer oncological compounds, and different staging modalities
has led to a large variation in reporting of results.

The development of internet-based datasets and proformas has been a
revolution in data collection, although many local projects cannot be inte-
grated into a national system. Other areas of interest include the following:
1 The future use of telemedicine to produce virtual MDTs enables all MDT
members to participate fully in case reviews and agree treatment plans for
patients. It also enables regular meetings increasing access to expert opinion
and reducing delay in implementing treatment [24].
2 Improved prediction of tumor behavior through gene assessment of the
biopsied tissues and the correlation to preoperative staging.

Conclusions

We began by defining “multi,” “disciplinary,” and “teams” as many indi-
viduals working together for a group that acts through clear guidelines with
uniformity and reproducibility. The advent of MDTworking has been a rev-
olution in the provision of healthcare, not only in patients with malignant
disease, but in all areas of medicine where disciplines interact to provide
seamless care. Within the world of colorectal cancer we have seen the intro-
duction of the MDT process, often with little or no evidence base. However,
through research and audit the approach is benefiting patients. It has also
led to an improvement in standards across the disciplines, together with
record of the discussions that are involved in patient care. But with these
changes have come challenges, both through the immediate provision of
resources to allow the MDT to function efficiently and the highlighting of
gaps in the knowledge of the management of colorectal cancer. As technol-
ogy evolves, new drugs and surgical techniques become available, together
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with improvements in patient selection for therapy through staging; these
areas must be assessed in a standardized way with accurate data collection.
The MDT offers this forum, and although currently recognized as a static
forum between meetings, the MDT process is dynamic through all aspects
of patient care. The process is not without its problems and some clinicians
feel that it reduces clinical freedom and does not involve the patient.

Since clinical governance is now a key target in healthcare the MDT
process is probably here to stay and must be viewed as a method to improve
standards and outcomes.
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12: Follow-up after colorectal cancer
resection

Is it worthwhile?

John Northover and Chris Byrne
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Introduction

Follow-up after colorectal cancer surgery is a routine adhered to by most
surgeons, but reliable evidence of measurably positive changes in outcome is
thin. Despite this, all developed countries spend a considerable proportion
of limited health resources on this process. A recent US survey of follow-
up regimens showed a wide range of costs for 5 years of follow-up per
patient [1]; the cheapest they found was $900, while the most expensive was
nearly $27,000. With a million follow-up visits generated by each year’s
cohort of new US cases, this amounts to billions spent for questionable
health gain – and the situation is similar in all industrialized countries.

In this chapter we will examine the origins of post-surgical cancer follow-
up, its putative aims, the assumptionsmade about its utility, and the evidence
for its efficacy. Finally, working policies based on evidence will be examined.

How did follow-up start?

As far as can be ascertained, follow-up was not routine in the early years of
the twentieth century, at a time when colorectal cancer was becoming more
common. Major surgery for this disease was unusual 100 years ago and cure
even less common. Indeed, before radical rectal cancer surgery was described
by Miles in 1908, it is overwhelmingly likely that almost no patient survived
the disease. And as surgery itself was so hazardous (Miles’ perioperative
mortality was around 40% [2]) reoperative surgery for recurrence was a
subtlety which was probably not contemplated.

It should, therefore, be no surprise that follow-up began on a regular
basis, not as a means for the early detection of recurrence, but as a tool
for research into prognosis after rectal cancer surgery. Cuthbert Dukes’
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and Percy Lockhart-Mummery, pathologist and surgeon, respectively, at
St Mark’s Hospital, London, began a program of routine follow-up in the
early 1920s aimed specifically at correlating clinical outcome with the patho-
logical anatomy of the disease in resected specimens [2]. Thus the earliest
andmost palpable result of follow-up was the development of the prognostic
Dukes’ staging system for rectal cancer.

Certainly, at St Mark’s in the middle years of the twentieth century, and
in most other institutions dealing with this increasingly prevalent disease,
routine follow-up became the norm. In those days it consisted of regular
outpatient visits and simple recording of clinical findings. It was only in later
decades that technological advancement offered up more sensitive investiga-
tions but with little questioning of the health gain secured by their use. By
the 1960s and 1970s the natural sense of follow-up was widely assumed.
Perpetuation of this assumption is clear in an influential review:

Early detection of colorectal cancer recurrence can be a daunting and costly
task in this era of budget cuts and cost containment, especially since the rewards
are few when looked upon in the context of the vast number of patients treated
for colorectal cancer every year. However, the rewards are real, and some
patients can be cured as a result of diligent follow-up [3].

Such statements beg important questions regarding the cost effectiveness of
the process. Do all patients benefit in some way? Might some benefit more if
resources were targeted? In short, are the assumptions of the past acceptable
today or in the future?

Aims of follow-up

Traditionally, follow-up has been said to have four main aims [3,4]:

1 Early detection of recurrence or newprimary tumor. Following radical,
putatively curative surgery for colorectal cancer, up to 50% of patients will
develop recurrent cancer, either locally or in distant organs, andmost will die
as a direct result [5]. Moreover, up to 8%will develop a new (metachronous)
primary malignancy [6–8], and in many more premalignant adenomas will
form. Ergo attempts to detect these various threatening lesions at the earliest
stage should be made – or so runs the logic of follow-up aimed at their
presymptomatic identification.

But does a policy of regular, pro-active follow-up for all lead to more
effective management of recurrence compared to investigation at symptom
onset? If not, Charles Moertel’s reflection on carcinoembryonic antigen
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(CEA) monitoring, enunciated 20 years ago – and equally bereft of an evi-
dence base – might be used to describe the whole process of follow-up:
“The only outcome for most patients [is] the needless anxiety produced by
premature knowledge of the presence of a fatal disease” [9].

2 Management of post-surgical complications. Identifying wound prob-
lems, providing supportive stoma care, and attending to difficulties with
bowel function and neurological deficits after rectal cancer surgery – all
these require postoperative outpatient supervision. Most such issues can be
resolved, or helped to the limit of possibility, within 1 year of surgery, but by
themselves, these issues do not constitute a rationale for 5 years of regular
visits.

3 Reassuring patients. All senior surgeons have witnessed the wide range
of patients’ reactions to the experience of having been diagnosed and treated
for cancer. At one extreme the patient becomes pathologically attached to the
hospital and its staff, preoccupied by the fear of recurrence. Others simply
want to put the whole experience behind them and get on with their lives.
These attitudes, and all points between, demand different approaches by the
medical team; and, in the absence of solid evidence of an oncological imper-
ative for adherence to a particular follow-up regimen, they require different
patterns of reassurance through postoperative patient/doctor contact.

4 Audit and quality control of surgical outcomes. In the recent past most
surgeons would not have seen the need to analyze the outcomes of their
cancer surgery. Times and circumstances are changing in ways which may
mandate follow-up in order that healthcare purchasers, potential patients,
and, indeed, wider society can judge institutional or perhaps individual
results.

To this list should be added the process of deciding upon and delivering
adjuvant therapy. As evidence for the efficacy of adjuvants in subgroups
accumulates, this becomes a more widely applicable reason for continuing
contact following surgery, though only initially with the surgeon.

What are the key elements of the follow-up process?

Planning a follow-up program requires decisions about the frequency of
surveillance visits and their clinical and investigative content. There is an
enormous range of combinations of visit frequencies and investigations that
could be included; Kievit and Bruinvels [10] recently computed that there
are a mind-boggling 30,000 × 85 different protocols.



FOLLOW-UP AFTER CRC RESECTION 181
..............................................................................................................................................................................

Patient/doctor contact

This can range from symptom-prompted, reactive, contact (i.e. no planned,
asymptomatic visits), through the more usual regular interview and physical
examination, to frequent and expensive cycles of “high tech” investigation.
“History and physical” may reveal the first evidence of recurrence in up to
50% of patients with recurrence [11]. Intervals between visits vary depend-
ing on the attitude of the clinician and the time since surgery. As most
recurrences become apparent within 2 years [12], most regimens concen-
trate on this period, with continuing though less frequent visits till 5 years
after operation [3]. Each patient can expect to make 12–15 visits in a 5 year
program [10]. However, most symptomatic recurrences make themselves
apparent to the patient between planned visits, leading either to unplanned
urgent visits (making the planned program irrelevant) or to unwarranted
delay until the next planned visit [4].

Simple outpatient contact includes routine questioning about symptoms
that might indicate either recurrence or functional problems, and physi-
cal examination looking for abdominal signs – principally hepatomegaly –
and sigmoidoscopic evidence of anastomotic recurrence. The use of vari-
ous investigations may be prompted either by abnormalities found by this
“minimalist” contact or be part of a planned surveillance program.

Certainly the most extreme form of doctor/patient contact after surgery,
which predated any of the “high tech” investigative modalities to be dis-
cussed below, was the program of second look surgery used byWangensteen
50 years ago [13]. For him, the case for early diagnosis and treatment of
recurrence was sufficiently compelling that he submitted his patients to a
“second look” laparotomy 6 months after primary surgery! Any residual
cancer found was excised if possible and additional operations were done
at intervals of approximately 6 months until one operation was completed
at which no more cancer was found. Ultimately it became apparent that the
operative mortality outweighed any possible patient benefit, so this extreme
modality of follow-up was abandoned.

Serum tumor markers

Serum CEA measurement is used in follow-up very widely and frequently
in some parts of the world. In the United States, it has been estimated
that 500,000 patients are undergoing regular CEA monitoring at any one
time [14], offering the prospect of recurrence detection on average 6 months
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before the onset of symptoms. There is a large body of evidence that this
modality leads to earlier diagnosis and more second look surgery [15],
but evidence that this improves the survivability of recurrent disease is
controversial.

WhenCEAwas discovered in 1965 [16], it was hailed as the serummarker
for colorectal cancer, with an obvious role in mass population screening. It
soon became apparent that CEA levels might be raised in other cancers, in
nonmalignant bowel diseases, and also in some otherwise normal individu-
als, particularly associated with changes in smoking or drinking. Moreover,
serum CEA was normal in 25% of patients with known bowel cancer. This
lack of specificity and sensitivity ruled it out as a mass screening tool. CEA
was seen to have a possible role as a prognostic marker when it was found
that the risk of recurrent disease within 2 years of primary surgery was more
than doubled in those in whom the serum CEA was raised preoperatively
[17]. However in recent multivariate analyses, it was not found to be a pow-
erful, independent prognostic [18]. No system of preoperative staging and
prognostic prediction has displaced postoperativeDukes’-based pathological
systems [18].

Serial measurement of serum markers after primary surgery to predict
recurrence, and hence to indicate those who might be candidates for second
look surgery, has been studied intensively. Moertel [14] estimated that at any
one time 500,000 Americans are being sampled serially in order to predict
recurrence prior to the onset of symptoms. In some centers, there has been
continuing advocacy of second look surgery based on CEA [19]. So what
is the evidence that a policy of second look surgery based on serial CEA
follow-up might alter prognosis favorably?

There is no doubt that serum CEA rises in the majority of cases prior to
the appearance of symptoms and signs [20]; amongst more than 2000 cases
described in series published in the early 1980s, 75% demonstrated a CEA
rise as first indicator of recurrent disease [21]. In the mid-1970s, there were
several reports that regular monitoring led to early diagnosis of recurrence,
up to 30 months before symptoms occurred [18,22–24]. Using historical
controls, workers in Columbus, Ohio demonstrated that early re-operation
relying on CEA results as the sole indicator for surgery led to macroscopic
clearance of recurrence in more patients (63% compared to 27% in the
symptom-led second look series [19,25]). Similar conclusions were drawn
from other non-randomized studies [26–34], though others have remained
unconvinced [35–39]. As a consequence, the Columbus group and others
advocatedmonthly CEA testing to takemaximal advantage of lead time [40].
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CEA assay has deficiencies in sensitivity and specificity. It indicates the
presence of unresectable hepatic recurrence more frequently than potentially
curable disease [41], while in 10–25% of patients the raised CEA results in
a negative laparotomy [14,42–45]. Conversely a high proportion of patients
had incurable disease at surgery [45,46]. Efforts to improve the efficacy
of CEA monitoring led to its combination with other tumor markers, but
without significantly improved clinical utility [47].

Fletcher pointed out that “Americans have valued cure at almost any
cost,” while pointing out that society could not be expected to pay for it [40].
In the United Kingdom, a national screening policy in any field is likely to
be implemented only after development of convincing evidence of its clinical
and economic utility. In the absence of prospective control data it remained
impossible to demonstrate any survival advantage from a policy of CEA-
led second look surgery. Fletcher suggested that the efficacy of a CEA-based
second look policy could only be demonstrated by a randomized trial, but
that statistical difficulties precluded any such study [14,40].

Other prognostic serum markers have been developed and used in the
same way as CEA; these include tissue polypeptide antigen (TPA), CA 19-9,
and CA 50. There have been variable reports of their relative sensitivity and
specificity compared to each other, to CEA, and in combination [47,48].
Comparisons are difficult, but Putzki and others [47] have shown no appar-
ent advantage for other antigens or combinations, compared to CEA alone.

In summary, CEAand other serummarkers are sensitive, presymptomatic
indicators of recurrent disease. Unless more effective methods of treatment
can be triggered by a raised marker level, their diagnostic ability offers no
more than protracted prior knowledge of a fatal outcome for most patients,
as suggested 20 years ago by Charles Moertel [9].

Flexible endoscopy

Fiberoptic large-bowel endoscopy was first reported 30 years ago [49], lead-
ing to highly sensitive, minimally invasive diagnosis of primary and recurrent
cancer, and to the non-surgical removal of many adenomas. As a technique
for follow-up in asymptomatic individuals, the superior sensitivity and ther-
apeutic ability of colonoscopy hasmade barium enema practically redundant
in this task.

In theory, flexible endoscopy can play a part in two aspects of follow-
up – detection of metachronous neoplasia, both benign and malignant, and
recognition of recurrent cancer.
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Detection and removal of metachronous adenomas should diminish the
incidence and risk of death due to metachronous cancer [50], which has
been reported as having a better outlook than the initial malignancy [51].
Some have found high yields of adenomas, including larger lesions which are
more likely to progress to cancer, with lesions found in up to 56% of cases in
blanket follow-up [52–54]. Metachronous cancer in the days before colono-
scopic surveillancewas reported in around 3–4%of postoperative cases [55].
Some modern series quote rates of only 0.2–3.1% [52,53,56]. Conceivably
this might reflect a true decrease due to polypectomy during surveillance.

As amethod for the detection of recurrent cancer, endoscopy is insensitive
as most recurrences begin outside the bowel lumen [1,57]. Audisio’s [12]
series indicated that colonoscopy yielded the first evidence in less than 1%
of cases of recurrent disease, though others have reported a rate of detection
up to 3–4% [52,53,55,58].

The natural history of the adenoma–carcinoma sequence would suggest
that reexamination in less than 3 years after achievement of a “clean colon”
is unlikely to discover significant pathology. However, yearly examination
in some hands has found adenomas in more than 14% of patients each year
over a 4-year period [56]. This probably reflects the practicality of a follow-
up program, with lesions missed at some examinations, rather than truly
new pathology. Yearly colonoscopy is advocated by some [58], tailored
to the findings at each examination [52]. Nevertheless the evidential case
for more frequent investigation than 3 yearly in capable endoscopic hands
was not accepted by the group providing guidance for the UK National
Health Service [59], who felt, however, that a strong case could be made for
establishing a “clean colon” colonoscopically either before surgery or within
6 months of primary treatment [59].

Imaging

Imaging modalities have become increasingly sensitive to the detection of
small volumes of recurrent disease and may be applied in follow-up to look
for evidence of local or distant recurrence. As most local recurrences begin
outside the lumen, modalities which provide information beyond the bowel
wall are more useful than endoscopy or luminal contrast studies.

Local recurrence

Endoluminal ultrasound is more informative regarding events within and
just beyond the bowel wall, whereas computerized tomography (CT) and
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magnetic resonance (MR) are more sensitive to disease in the surrounding
pelvic cavity. Routinely used, ultrasound may be the only modality to detect
local recurrence in a moderate proportion of patients. In two recent series
comprising 168 patients in total, ultrasound was the sole indicator of recur-
rence in 6 of 23 cases [60,61]. Ultrasound, however, is operator dependent
and more difficult to measure in serial examinations than axial imaging.
A major difficulty in the use of ultrasound, CT, and MR in the diagno-
sis of local recurrence is the differentiation of post-surgical changes from
recurrent cancer. Serial scanning, allowing changes in size, and configura-
tion of abnormal areas to be recognized may be useful in the differential
diagnosis of possible recurrence [62]. This requires, however, a delay of typ-
ically 12 weeks to assess for changes in size which is less than optimal in
the context of cancer. The development of positron emission tomography
(PET) scanning combined with CT has allowed functional as well as anatom-
ical definition as a criterion in differential diagnosis of malignant from scar
tissue [62,63].

Distant metastases

Despite being considerably cheaper and more portable, ultrasound is able
to achieve sensitivity and specificity that compare reasonably well with the
other modalities, detecting lesions of over 1 cm diameter in the liver [62].
However, multislice CT scanners with fast acquisition times and high reso-
lution are able to delineate liver and lung lesions of just over 5 mm as well as
image nodal stations that are likely sites of metastatic disease [64,65]. The
technology is well developed, so the key question becomes clinical utility, in
particular the usefulness of presymptomatic diagnosis using these techniques.

Outcome and costs of follow-up programs

Perhaps in an attempt to put objectivity into an argument easily influenced
by the subjectivity of the individual surgeon, Kievit and Bruinvels [10]
suggested four “conditions of benefice” against which we might measure
the usefulness of routine follow-up (Table 12.1). This utilitarian approach
provides an appropriate balance between the laudable attempt to identify
and help the curable few, a compassionate and sensible approach for the
incurable majority, and a realistic eye on the limited contents of the health-
care coffers. Although this list of conditions exhibits manifest sense, it has
proven extraordinarily difficult to dissect out the ability of individual tests,
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Table 12.1 Conditions of benefice.

1 At least some recurrent disease should be localized and amenable to curative treatment.
The process of recurrence development should involve two synchronous and counterac-
tive mechanisms:
UNDETECTABLE → DETECTABLE PRECLINICAL → SYMPTOMATIC
CURABLE → PALLIATIVELY RESECTABLE → IRRESECTABLE
(Present data suggest that curability of recurrent colorectal cancer is not usually a time-
dependent process)

2 Follow-up should be able to detect curable recurrence, ideally without bringing forward
the time of diagnosis of incurable disease

3 Overall, benefits of follow-up (high quality-adjusted life expectancy, more curative resec-
tions) should outweigh non-monetary costs – early detection of incurability, re-operative
morbidity and mortality, and false positive tests

4 Cost/benefit ratio should be sufficiently favorable to justify routine use

Source: Kievit J, Bruinvels D. Eur J Cancer 1995; 31A: 1222–5.

or various combinations in follow-up programs, to live up to these stringent
requirements.

There have been two broad approaches to this debate: the broadly
descriptive review and the more focused randomized comparison. The
former comprises essentially the attempts to describe published programs
in terms of their content, intensity, and cost, and to try to glean evidence of
differences in outcome. Virgo and her colleagues [1] made a recent attempt
to collect, describe, and assess the relativemerits of the 11 surveillance strate-
gies in use or being promulgated in the United States. Her main conclusion
was that there is a wide range of cost without any indication that “higher
cost strategies increase survival or quality of life.” While cost is easy to
compare between regimens, however (range $910–$26,717, a 28-fold dif-
ference), clinical outcome comparison carries all the well-known pitfalls of
non-control comparisons. Perhaps it can be said uncontroversially that the
range of difference in clinical outcome is well short of the cost range. Richard
and McLeod [66] compiled a much larger list of studies and programs by
performing a Medline search spanning 30 years. They differentiated stud-
ies and programs according to their statistical and epidemiological quality,
separating cohort studies from the few extant randomized trials. Their com-
prehensive and presently definitive exploration of this very difficult field
led them to the disappointing and inevitably vague judgment that “there
is inconclusive evidence either to support or to refute the value of follow-up
surveillance programs to detect recurrence of colorectal cancer.” They point
out importantly that existing data have not excluded an intensity-related
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effect of follow-up on cancer outcomes. These large overviews, necessarily
covering a very wide range of programs, patient groups, and clinical envi-
ronments, both concluded that large randomized trials would be necessary
to detect any realistic beneficial effect.

Randomized controlled trials

Six published randomized trials have sought to compare the efficacy of differ-
ent follow-up programs, but have been similarly guarded in their conclusions
[67–72]. We should examine these studies in some detail before commenting
on what can be drawn from them (Table 12.2). The problem with all these
trials is that none of them had sufficient statistical power to detect realistic
differences in survival. As the authors of the Swedish trial pointed out, their
study could not have detected any difference in overall mortality less than
20% [69]. So, although the trials have not demonstrated an advantage for
any particular approach – from no planned program to the most intensive –
neither have they excluded that possibility. As the likely maximum overall
survival effect is no more than 5% [73], the sample size calculation in these
trials was clearly unrealistic.

Meta-analyses of randomized trials

Two independent meta-analyses of five of the above listed randomized con-
trolled trials of various follow-up regimes came to the similar conclusion
that a more intensive regime of follow-up resulted in a survival benefit. The
first published meta-analysis was the Cochrane publication released in 2001
which pooled 1342 patients from five randomized trials [74]. The authors
found the odds ratio for survival by more intensive follow-up to be 0.73
(95% confidence interval of 0.58–0.92) with an absolute survival advantage
of 7% less deaths (95% confidence interval from 12% less to 2% less). On
sub-analyses, there was a mortality benefit in the groups who underwent
“more tests” and/or those who underwent “liver imaging.” The authors
were, however, guarded in their recommendations about exactly which ele-
ments of the follow-upwere responsible for this survival advantage. A second
independent analysis by Renehan and co-workers from Manchester of the
same five trials found similar results but recommended that clinical guide-
lines needed updating and that a modern regime of more frequent CEA levels
and CT imaging was warranted [75]. These assertions, however, were diffi-
cult to support from the randomized control trial (RCT) data used in their
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meta-analysis. For example, in three of four trials using CEA, the frequency
of CEA measurement was the same in the intensive as well as the control
groups. Nevertheless, it seems logical that the routine use of some test such
as CEA or liver imaging that will prompt early identification of resectable
metastases should be the major factor in improving survival after primary
colorectal cancer resection.

More recently the Manchester group published the results of a cost-
effectiveness analysis performed from the perspective of healthcare ser-
vices [76]. This found that the intensive follow-up patients lived an average
of 0.73 to 0.81 years longer over 5 years. The adjusted net cost per patient
was £2479 and the cost per life year saved was £3402 which was signifi-
cantly less than the National Health Service (NHS) threshold of £30,000 for
screening programs.

Currently recruiting trials

There are two very large randomized trials currently recruiting. The Italian
GILDA (Gruppo Italiano di Lavoro per la Diagnosi Anticipata) study aims
to randomize over 1500 patients and to date has recruited over 1000 patients
since 1998 into “intensive” and “minimalist” follow-up regimes at 41 cen-
ters [77]. The Follow-up After Colorectal Surgery Trial (FACS) in the United
Kingdom has randomized over 250 patients in its target of 4900 patients in
a 2 × 2 factorial design of “intensive” or “minimalist” follow-up in hospital
or community settings [78]. Both of these studies, if successful, will provide
better evidence about the impact on not only survival but quality of life,
cost, and the impact of advances in surgical techniques, adjuvant therapy,
and multidisciplinary teams on cancer follow-up regimes.

What follow-up is appropriate?

A recent review from New York described a follow-up regimen which many
would adhere to, though the evidence for many of its elements is lacking
(Table 12.3).

Unlike much government-generated advice, the UK NHS has been pro-
vided with sensible evidence-based advice on postoperative surveillance after
surgery for colorectal cancer [59], as described below. This advice carries an
implication of “guilt until proof of innocence,” that in the absence of evi-
dence of efficacy, particular investigations or programs should, in general,
be omitted rather than included in patient management. Significant caveats
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Table 12.3 A suggested follow-up program from Parikh and Attiyeh.

Follow-up Year 1 Year 2 Year 3 Year 4 >4 years

History and physical 3–4 3–4 2 2 1
Fecal occult blood 3–4 3–4 2 2 1
Sigmoidoscopy* 3–4 3–4 2 2 1
Plasma CEA 3–4 3–4 2 2 1
Colonoscopy or BaE† 1 — — 1 q3 years
Chest X-ray 1 1 1 1 1
CT, MRI, US‡ — — — — —

*For rectal and rectosigmoid cancer patients.
†If colon was not cleared preoperatively, then colonoscopy/barium
enema should be performed within 6 months postoperatively. If cleared,
then every 3 years is sufficient follow-up.
‡These tests are only used if there is suspicion of recurrence.
Source: Parikh S, Attiyeh F. Cancer of the Colon, Rectum and Anus,
1995: 713–24.

have been placed against perioperative colonoscopy and an 18-month
postoperative liver ultrasound scan.

Short term

Follow-up in the weeks after surgery for colorectal cancer should focus on
postoperative problems, future planning (including possible use of adju-
vant therapy), and stoma management. Patients’ needs for emotional and/or
practical support should be assessed and appropriate care provided.

Patients who did not undergo complete colonoscopy or barium enema
before surgery should be offered colonoscopy within 6 months of discharge.
If adenomatous polyps are found, repeat colonoscopy may be appropriate
3 years later. Colonoscopic examination should not be routinely carried out
more than once every 3 years.

Longer-term follow-up

There is insufficient reliable evidence on the value of follow-up intended
to detect possible recurrence and progression of colorectal cancer after pri-
mary treatment. Multi-center clinical trials should therefore be conducted to
assess the effectiveness and cost-effectiveness of various types and intensity
of follow-up.
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Patients and their GPs should be given full information on symptoms
which might signify cancer recurrence. They should have rapid access to the
colorectal team if they become aware of such symptoms so that treatment
can be initiated as quickly as possible. They should be reassured that the risk
of recurrence declines rapidly after the first 2 years after treatment, until by
year 5, recurrence is very unlikely.

It is thought by some that a yearly ultrasound scan, or anMRI, or CT scan
of the liver 18 months after surgery may be appropriate for those patients
who might be expected to benefit from early chemotherapy or surgery if
they should develop metastatic disease. However, the effectiveness of this
practice has not been fully evaluated.

Conclusion

Until evidence suggests to the contrary, in any healthcare system in which
major decisions about funding are forced upon providers and consumers,
follow-up programs should continue to come below many other priorities
aimed at minimizing the morbidity and mortality due to colorectal cancer.
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13: Chemotherapy of advanced
colorectal cancer

Axel Grothey
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The last 5–10 years have seen a dramatic expansion of medical therapeu-
tic options in the treatment of advanced colorectal cancer (CRC). After
decades of stagnation in which the world of chemotherapy revolved around
one single drug, 5-fluorouracil (5-FU), and finding the best way to enhance
its efficacy via biomodulation (e.g. with leucovorin – LV) and protracted
administration [1], the introduction of irinotecan and oxaliplatin, and, most
recently, bevacizumab and cetuximab has completely changed our approach
toward metastatic CRC [2]. Response rates (RRs) routinely exceeding 50%
and times-to-tumor progression of about 10 months with modern combined
chemo-biologic therapy have clearly defined CRC as chemosensitive disease.
The abundance of treatment options in the palliative setting, however, comes
with the challenge to develop a treatment strategy to maximize outcome for
patients (Table 13.1).

Deciding on a specific therapy for patients with advanced CRC is a
complex process which takes into account various patient-, tumor-, and
treatment-related factors as well as non-medical issues such as reimburse-
ment issues and financial burden to the individual and society (Fig. 13.1).

The most pertinent challenges in the medical management of advanced
CRC that need to be addressed for each individual patient are
• What is the best sequence of chemotherapy options?
• Can oral 5-FU prodrugs serve as a substitute for infusional 5-FU inmodern
combination regimens?
• Should a biologic agent be added upfront?
• How long should first-line treatment be continued?
• Can patientswithmetastatic disease be candidates for a curative approach?
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Table 13.1 Agents with proof-of-efficacy in advanced
colorectal cancer.

Conventional chemotherapy
• Fluoropyrimidines

◦ 5-fluorouracil (5-FU) (+folinic acid/leucovorin [LV])
◦ Capecitabine
◦ UFT (+LV)
◦ S1

• Raltitrexed
• Pemetrexed
• Mitomycin
• Irinotecan
• Oxaliplatin

Targeted therapy
• VEGF-inhibition

◦ Bevacizumab
• EGF-receptor inhibition

◦ Cetuximab
◦ Panitumumab
◦ Matuzumab

Previous therapy

Biology of
tumor

Personal
experience

Reimbursement
policyGoal of

treatment

Efficacy
of therapy

Side effects
of therapy

Patient
characteristics

Therapy

Fig. 13.1 Factors influencing choice of therapy.

What is the best sequence of chemotherapy options?

In the first few years of the twenty-first century, a total of six phase III
trials clearly demonstrated that combination regimens using irinotecan or
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Table 13.2 Irinotecan- or oxaliplatin-based combination protocols as first-line therapy
compared with 5-FU/LV in advanced CRC, results of phase III trials.

Author Protocol RR (%) PFS (mos) OS (mos)

Saltz et al. [8] Bolus FU/LV (Mayo) 21 4.3 12.6
N = 457 (2 arms) Bolus FU/LV + 39 7.0 14.8

CPT-11 (IFL)
p value <0.001 0.004 0.04

Douillard et al. [4] Inf./bolus FU/LV 31 4.4 14.1
N = 338 Inf./bolus FU/LV + 49 6.7 17.4

CPT-11
p value <0.001 <0.001 0.031

Kohne et al. [7] Inf. FU/LV 34.4 6.4 16.9
N = 430 Inf. FU/LV + CPT-11 62.2 8.5 20.1

p value <0.0001 <0.0001 n.s.

De Gramont et al. [3] Inf./bolus FU/LV 22.3 6.2 14.7
N = 420 Inf./bolus FU/LV + 50.7 9.0 16.2

Oxaliplatin (FOLFOX4)
p value 0.0001 <0.0001 n.s.

Grothey et al. [6] Bolus FU/LV (Mayo) 22.6 5.3 16.1
N = 252 Inf. FU/LV + 49.1 7.8 19.7

Oxaliplatin (FUFOX)
p value <0.0001 0.0001 n.s.

RR, response rate; PFS, progression-free survival; OS, overall survival.

oxaliplatin plus 5-FU/LV (preferentially administered as infusional 5-FU)
are superior to 5-FU/LV alone (Table 13.2) [3–8]. This superior efficacy
manifested itself in increased RR and prolonged progression-free survival
(PFS), but did not necessarily translate into a significant improvement in
overall survival (OS), conceivably due to the confounding effects of cross-
over and subsequent second- and third-line therapies. While the ill-fated –
and now obsolete – IFL regimen (weekly bolus 5-FU/LV/irinotecan) claimed
the status of standard of care in the United States from April 2000 to April
2002, the results of Intergroup trial N9741 clearly showed that FOLFOX4
(bolus/infusional 5-FU/LV plus oxaliplatin) is superior to IFL in terms of
toxicity and efficacy (Table 13.3) [9]. Inevitable imbalances in second-line
therapies at the time when irinotecan, but not oxaliplatin, was readily
available for patients on study conceivably contributed to thefact that the dif-
ference in OS was perhaps more pronounced than expected from the results
on PFS and RR. However, this does not negate the fact that FOLFOX
established itself as superior to IFL. Since IFL and FOLFOX use different



198 CHAPTER 13
..............................................................................................................................................................................

Table 13.3 Phase III comparison of combination therapies as first-line
treatment in advanced CRC.

Author Protocol RR (%) PFS (mos) OS (mos)

Goldberg IFL 31 6.9 15.0
et al. [9]
N = 531 (2 arms) FOLFOX4 45 8.7 19.5

p value 0.002 0.0014 0.0001

Tournigand Inf./bolus FU/LV + 56 8.5 21.5
et al. [10] CPT-11 (FOLFIRI)
N = 226 FOLFOX6 54 8.1 20.6

p value n.s. n.s. n.s.
Colucci Inf./bolus FU/LV + 31 7.0 14
et al. [11] CPT-11 (Douillard)
N = 336 FOLFOX4 34 7.0 15

p value n.s. n.s. n.s.

RR, response rate; PFS, progression-free survival; OS, overall survival.

5-FU/LV backbones, a fairer comparison between optimized oxaliplatin- and
irinotecan-based combination regimens can be seen in the trial conducted by
Tournigand et al. [10]. In this unfortunately relatively small trial, 220 evalu-
able patients with advanced CRC were randomized to either FOLFOX6 or
FOLFIRI (FOLinic acid, 5-Fluorouracil, IRInotecan) with a planned cross-
over option on progression (Table 13.3). The key result of this trial was that
all pertinent efficacy parameters (RR, PFS, and OS) revealed no appreciable
difference between these two arms. These findings were recently confirmed
by a slightly larger Italian phase III trial [11]. Thus, the key criteria to choose
between FOLFOX and FOLFIRI as the most suitable first-line therapy are
the differences in expected toxicities that are associatedwith each regimen. In
this regard, irinotecan’s problem is the induction of severe diarrhea in about
15% of patients, a subgroup that could at least partially be characterized by
the presence of certain pharmacogenomic polymorphisms of the UGT1A1
enzyme system [12,13]. Patients who tolerate irinotecan normally do not
experience cumulative, dose-limiting side effects, meaning irinotecan-based
therapy can be continued until tumor progression. In contrast, the acute
tolerability of FOLFOX is excellent and side effects mainly relate to the
5-FU/LV component of therapy – with the notable exception of acute, cold-
triggered neuropathies induced by oxaliplatin which, however, are rarely
dose-limiting [14]. Prolonged treatment with oxaliplatin almost inevitably
leads to cumulative, chronic neurotoxicity, the dose-limiting toxicity of
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oxaliplatin. On the other hand, hepatic insufficiency and elevated bilirubin
are relative contraindications for irinotecan while these patients can receive
oxaliplatin at full dose [15,16].

The value of using a combination regimen upfront has recently been
questioned by results of the large MRC FOCUS (5-Fluorouracil Oxali-
platin, CPT-11 Use and Sequencing) trial conducted in the United Kingdom
and Cyprus [17]. This trial tested five different sequences of chemotherapy
options in the management of patients with advanced CRC. A total of 2135
patients were randomized to receive either bolus + infusional 5-FU/LV fol-
lowed by irinotecan, FOLFIRI or FOLFOX on progression, or FOLFIRI
or FOLFOX as initial therapy. As expected, combination regimens showed
increased RRs and longer PFS compared with 5-FU/LV alone. In terms of
OS, however, only a trend toward inferiority of the first option, 5-FU/LV,
followed by single agent irinotecan was observed; the survival curves of all
five arms were almost superimposable. Unfortunately, only a minority of
patients (arm-dependent 12–27%) received all three active chemotherapy
agents (5-FU, irinotecan, and oxaliplatin) in the course of their treatment.
This factor, together with the fact that patients with potentially resectable
liver metastases were reimbursable for FOLFOX therapy and therefore not
entered in the trial, resulted in a shorter than anticipated duration of survival
(13.9–16.3 months).

The message that making all three drugs available to all patients is more
important than starting with a chemotherapy doublet was recently high-
lighted in a meta-analysis of 21 treatment arms of 11 published phase III
trials with 5768 patients [18]. At the trial-arm level, the percentage of
patients receiving all three drugs in the course of their treatment was
significantly correlated with the reported OS for that arm (median OS
(months) = 13.2+ (%pts with three drugs×0.1); p = 0.0001). This correla-
tion remained unchanged when study arms which used single agent 5-FU/LV
as first-line treatment were included in the model. In multivariate analysis
only exposure to three drugs (p = 0.0001), but not use of a doublet first-line
(p = 0.69), was significantly associated with OS. Nevertheless, patients who
receive chemotherapy doublets first-line have a greater chance to receive
all three active agents in the course of their therapy, as consistently and
approximately only 50–60% of patients starting a line of therapy receive
a next-line therapy. Thus, this meta-analysis and even the results of the
FOCUS trial eventually confirm that in clinical practice combination ther-
apy should remain the standard of care for first-line treatment of patients
with advanced CRC.
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Can oral 5-FU prodrugs serve as substitute for infusional 5-FU
in modern combination regimens?

It is well established that the anti-tumor activity of 5-FU can be enhanced
by protracted intravenous administration which requires the use of catheter
devices and portable pumps to allow treatment in an outpatient setting.
Oral formulations of fluoropyrimidines could mimic the protracted delivery
of 5-FU in a convenient way while maintaining clinical efficacy. Since the
bioavailability of oral 5-FU shows substantial inter-individual variability,
only 5-FU prodrugs which are readily absorbed and subsequently activated
to 5-FU are able to generate predictable serum levels of 5-FU. Several 5-
FU prodrugs with proof-of-efficacy in advanced CRC have been developed
(Table 13.1).

UFT is uracil/tegafur in a fixed molar ratio of 4 to 1. While tegafur is
the actual 5-FU prodrug which is rapidly and completely absorbed after oral
administration, uracil competes with 5-FU for binding to dihydropyrimidine
dehydrogenase (DPD), the most important enzyme in the degradation cas-
cade of 5-FU. Two randomized trials of 816 and 380 patients compared
UFT/LV with bolus 5-FU/LV (Mayo Clinic regimen) [19,20]. While RR
were comparable and UFT was found to be more tolerable than bolus 5-
FU/LV, PFS in the larger trial was significantly inferior for UFT/LV so that
UFT was not approved by the US Food and Drug Administration (FDA).
It is, however, available in most European countries and Japan. The lack
of FDA approval has clearly limited the further development of UFT as a
potential component of modern combination regimens. The oral fluoropy-
rimidine most commonly used in clinical trials with modern conventional
chemotherapies and targeted agents is capecitabine.

Capecitabine is an oral fluoropyrimidines carbamate which requires a
three-step enzymatic activation to 5-FU. Two phase-III trials with a total
of 1207 patients demonstrated that capecitabine is at least as effective and
less toxic than bolus 5-FU/LV (Mayo Clinic regimen) [21–23]. In fact, while
PFS was identical, RRs for capecitabine were found to be superior compared
with the Mayo Clinic regimen.

The question whether capecitabine can serve as an equipotent and more
convenient substitute for infusional 5-FU in combination regimens with
oxaliplatin and irinotecan is currently being addressed in several phase-III
trials. Results from single-arm phase-II trials are particularly encouraging
for the combination of capecitabine with oxaliplatin [24]. First results of
a capecitabine-based combination regimen as first-line therapy in CRC on
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phase III evidence level were recently presented at American Society of
Clinical Oncology (ASCO) 2005 and compared the weekly infusional
5-FU/LV plus oxaliplatin regimen FUFOX with a capecitabine/oxaliplatin
(CAPOX) combination [25]. This trial enrolled 476 patients and saw no
statistically significant difference in the primary endpoint, PFS, although a
numeric difference was notable in favor of FUFOX (PFS 8.0 vs 7.0 months,
p = 0.11). No significant difference in RR was observed (FUFOX 49%,
CAPOX 47%). While it is unlikely that this difference in PFS will trans-
late into meaningful differences in OS, the results of larger phase-III trials
have to be awaited until capecitabine can truly be regarded as effective
as the protracted administration of 5-FU in combination regimens with
oxaliplatin.

Capecitabine/irinotecan combinations suffer from overlapping toxic-
ity with regard to diarrhea and have thus been less enthusiastically
embraced [26]. In fact, a recent European phase-III trial comparing
capecitabine/irinotecan (CAPIRI) with FOLFIRI was prematurely closed in
view of unacceptable toxicity associated with CAPIRI [27]. Some phase-II
trials, however, have shown good tolerability of this combination when the
dose of capecitabine was reduced for elderly patients [28,29].

Should a biologic agent be added upfront?

Talking about biologic agents with proof-of-efficacy in CRC in 2005 means
talking about monoclonal antibodies against the epidermal-growth-factor
receptor (EGFR – cetuximab and panitumumab) and against vascular
endothelial growth factor (VEGF – bevacizumab).

Cetuximab and bevacizumabwere both FDA-approved for use in patients
with advanced CRC in February 2004, but with very different indica-
tions. Based on the results of three phase-II trials – only one of which, the
BOND-1 trial, was randomized (Table 13.4) – in patients who had failed
irinotecan-based therapy [30–32], cetuximab was approved as salvage ther-
apy for patients pretreated with irinotecan. Since even in tumors refractory
to irinotecan the combination of cetuximab with irinotecan was found to
be superior to cetuximab alone in RR and TTP (time-to-tumor progres-
sion), cetuximab plus irinotecan has emerged as one of the standard salvage
options in CRC. Cetuximab does contain significant single-agent activity
with confirmed RR of slightly over 10% after irinotecan failure, a rate also
found with FOLFOX second-line [33]. So far, however, the designs of the
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Table 13.4 Results of randomized trials of cetuximab in metastatic CRC.

Cunningham et al. Saltz et al.
[30] (BOND-1) [41] (BOND-2)

Regimen C225 C225 + CPT C225+ BEV C225+ CPT+ BEV

N patients 111 218 40 41
Previous oxaliplatin 64 62 90 85
(% of patients)
RR (%) 11 23 20 37
TTP (mos) 1.5 4.1 5.6 7.9
Med. OS (mos) 6.9 8.6 — —

CPT, irinotecan; BEV, bevacizumab; RR, response rate; TTP, time-to-tumor
progression; OS, overall survival.

cetuximab trials have made it impossible to assess whether cetuximab leads
to prolonged OS in advanced CRC. In addition, phase III data on first-line
use of cetuximab are currently lacking. Data from several phase II studies
using cetuximab in combination with effective conventional combination
chemotherapy (FOLFOX or FOLFIRI) have revealed remarkably high RR
of up to 81% [34,35]. Several ongoing phase-III trials are trying to confirm
these intriguing results and to establish cetuximab’s role in front-line therapy
of advanced CRC. If the high activity of cetuximab combinations upfront
can be confirmed, they could present an effective neoadjuvant therapy for
patients in whom a curative surgical option appears feasible after downsiz-
ing of liver (and possibly extrahepatic) metastases [36]. To date, however –
outside of a clinical trial – cetuximab should be used as salvage therapy.
Panitumumab will presumably emerge as a direct competitor of cetux-
imab, targeting the same antigen on tumor cells, EGFR, and providing the
advantage of reduced rate of infusion reactions (cetuximab: mouse–human
chimeric antibody; panitumumab: fully human antibody) and two-weekly
dosing (cetuximab: weekly) [37]. While the initial FDA label of approval
will likely also reserve panitumumab as salvage therapy option, a phase-III
trial testing panitumumab as component of first-line therapy in advanced
CRC is ongoing.

Bevacizumab is a humanized monoclonal antibody against VEGF-A,
a member of a family of VEGF-receptor activating ligands. CRC was the
first tumor in which evidence for the efficacy of an anti-angiogenic strategy
was obtained on a phase-III level. The pivotal phase-III trial demonstrated
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Table 13.5 Results of randomized trials of bevacizumab in metastatic CRC.

Author Protocol RR (%) PFS (mos) OS (mos)

First-line therapy

Hurwitz et al. [38] IFL + placebo 35 6.2 15.6
N = 813 (2 arms) IFL + bevacizumab 45 10.6 20.3

p value 0.004 <0.001 <0.001

Kabbinavar Weekly bolus 5-FU/LV 15.2 5.5 12.9
et al. [40] (Roswell Park) + placebo
N = 209 Bolus 5-FU/LV + 26.0 9.2 16.6

bevacizumab
p value 0.055 0.0002 0.16

Second-line therapy, bevacizumab-naïve patients

Giantonio et al. [39] FOLFOX4 + placebo 9.2 4.8 10.8
N = 561 (2 arms) FOLFOX4 + bevacizumab 21.8 7.2 12.9

p value <0.001 <0.001 0.0018

RR, response rate; PFS, progression-free survival; OS, overall survival.

a significant survival benefit when bevacizumab was added to the historic
standard-of-care in chemotherapy, IFL (Table 13.5) [38]. The addition of
bevacizumab to IFL dramatically increased OS from 15.6 to 20.3 months
(p = 0.00004). This effect was paralleled by the same incremental increase
in PFS (6.2 vs 10.6 months, p < 0.00001). Interestingly, in view of the
magnitude of benefit observed for OS and PFS, the effect of bevacizumab
on RR was rather moderate (35 vs 45%, p = 0.0036) in line with a more
cytostatic-antiangiogenic effect than direct cytotoxicity.

In further trials, bevacizumab significantly enhanced the activity of other
conventional chemotherapy regimens such as weekly bolus 5-FU/LV and
in a second-line study FOLFOX4 (Table 13.5) [39,40]. In all studies, an
increased RR in the range of 10–15% was noted when bevacizumab was
added to chemotherapy, but the clear strength of bevacizumab appeared to
be a prolongation of PFS in which adequately powered trials routinely trans-
lated into significant gains in OS. Bevacizumab does not only add efficacy to
conventional chemotherapy in advanced CRC, but apparently also to tumor-
directed, targeted agents such as cetuximab. This point was illustrated by
the results of the so-called BOND-2 trial which added bevacizumab to both
arms of the BOND-1 study (Table 13.4) [41]. Although a direct, historic
comparison between BOND-1 and BOND-2 can only be suboptimal at best,
the magnitude of difference observed with the addition of bevacizumab to
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cetuximab and cetuximab/irinotecan deserves attention. Consistent with all
other trials using conventional chemotherapy, the addition of bevacizumab
appeared to enhance the efficacy of cetuximab and cetuximab/irinotecan in
terms of RR, but more strikingly, in terms of TTP.

While most patients cannot distinguish between placebo and beva-
cizumab due to the excellent tolerability of the monoclonal antibody, some
side effects that occur in a minority of patients have to be taken very seri-
ously. This is clearly true for the consistently reported 1.5–2.0% of patients
who experience a gastrointestinal (GI) perforation on treatment with beva-
cizumab. So far, no definitive risk factors for GI perforations have been
identified, not least due to the small number of patients affected by this
complication, which makes the identification of a clinical pattern difficult.
Another serious complication was recently identified and described as “arte-
rial thrombotic events” (ATEs), clinical symptoms caused by ischemic events
in the arterial system such as angina, myocardial infarction, and stroke [42].
While the exact definition of ATEs might still be vague, it has to be rec-
ognized that the use of bevacizumab is associated with an approximately
2-fold increase in ATEs. In patients with an already higher risk for ATEs
at baseline (over 65 years, prior history of ATE), the rate of ATE on beva-
cizumab reached almost 18% in a pooled analysis of five trials in three tumor
types (CRC, breast, and lung cancer). While this high-risk group of patients
clearly deserves special attention and the issue of ATEs needs to be openly
discussed (and documented), it is not justified to withhold bevacizumab from
this group completely since these patients appear to benefit from the inclu-
sion of bevacizumab in their front-line therapy to the same extent as all
patients in the pivotal IFL-based phase III study.

Thus, based on these findings, bevacizumab has emerged as the standard
component of any first-line therapy in metastatic CRC, which is exactly
according to its FDA-approved label. The pertinent question has moved
from: “who should receive bevacizumab?” to “who should not receive it?”

How long should first-line treatment be continued?

Traditionally, palliative chemotherapy in CRC was continued until progres-
sion or toxicity – which in clinical practice meant that until about 10 years
agowith 5-FU as the only available agentwith efficacy in this disease, patients
were kept on 5-FU or 5-FU/LVwith amedian TTP of 4–6months after which
treatment was discontinued and best supportive care (BSC) was pursued.
This resulted in median OS of around 12 months, a very consistent result in
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all phase-III trials in the pre-irinotecan/pre-oxaliplatin era [2]. At that time, a
UK trial investigatedwhether patients who showed response or at least stable
disease to 5-FU or raltitrexed first-line therapy benefited from further con-
tinuation of therapy or if a chemotherapy-free interval was permissive [43].
This trial showed no detrimental effect of intermittent vs continuous therapy
in terms of OS with less toxicity observed in the intermittent arm. However,
OSwas rather short comparedwith current standards (10.8 and 11.3months
for the respective treatment arms), reflecting the limited therapeutic options
available at that time.

The introduction of irinotecan and oxaliplatin and more recently
bevacizumab and cetuximab have completely changed this picture.
Nowadays CRC is regarded as a chemosensitive disease and patients with
stage IV CRC routinely live longer than 2 years. The increase in OS cre-
ates specific challenges which can be summarized in the goal of all palliative
treatment: to keep patients alive as long as possible while maintaining opti-
mal quality of life on therapy. It is obvious that the more effective but also
more toxic modern chemotherapy regimens, which allow several lines of
treatment, require different therapeutic strategies and a different approach
compared with single agent 5-FU followed by BSC. For instance, one of
the most commonly used treatment regimens in advanced CRC, FOLFOX
plus bevacizumab, contains a regimen-inherent challenge: the cumulative
toxicity of oxaliplatin combined with an agent whose hallmark is delay-
ing TTP leads to an inevitable conflict. In fact, even without the addition
of a cytostatic biologic agent, more patients have been reported to get off
oxaliplatin due to toxicity than due to progressive disease. A detailed anal-
ysis of the FOLFOX arm in N9741 showed a significant difference between
TTP (9.3 months) and time-to-treatment failure (TTF – 5.8 months) [44].
This problem was further illustrated in the preliminary results of the sequen-
tial TREE-1 and TREE-2 trials in which the addition of bevacizumab to
three different oxaliplatin-based treatment regimens first-line did increase
RR, but not TTF [45]. In this trial – as in N9741 – median TTF in all
arms was in the range of 5.8 months. Data on PFS are not available yet.
Thus, it is easy to see that the use of FOLFOX plus bevacizumab as first-
line therapy in advanced CRC requires the implementation of a strategy to
maximize benefit of therapy (primary goals: prolonged PFS and OS) and
reduce toxicity. A practical solution is the use of a stop-and-go approach for
oxaliplatin as demonstrated in theOPTIMOX-1 trial [46]. In theOPTIMOX
approach, commonly termed “stop-and-go,” patients are given an induction
regimen of oxaliplatin plus 5-FU/LV until either a predetermined “time to
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best response” or the beginning of the development of neurotoxicity. They
are then maintained on a 5-FU/LV regimen in the absence of oxaliplatin to
give any accumulated neurotoxic damage a chance to resolve. Then, oxali-
platin is reintroduced to maximize the potential benefit of the combination
regimen. This strategy has been evaluated in a phase-III trial including 526
patients. The results showed a decrease in the severity of the neurotoxicity
(grade 3 13 vs 19%) and neutropenia compared with continued FOLFOX4
without compromising efficacy in the OPTIMOX-arm. Studies are ongo-
ing to further test this treatment approach for FOLFOX plus bevacizumab
combination regimens.

A rational approach in clinical practice could be to start palliative
chemotherapy for advanced CRCwith FOLFOX plus bevacizumab and con-
tinue until “best response,” which is normally achieved within 4 months.
If treatment duration of FOLFOX is limited to 4 months, that is, 8 adminis-
trations with a cumulative oxaliplatin-dose of 640 mg/m2, only a very small
percentage of patients (3–4%) should have developed severe neurotoxicity.
Depending on the aggressiveness of the tumor biology, oxaliplatin can then
be paused and the treatment continued with just infusional 5-FU/LV (or
capecitabine) plus bevacizumab. In select patients with aggressive tumors
an irinotecan-based regimen might be preferable. In case of tumor pro-
gression, oxaliplatin can then be reintroduced to prolong time of tumor
control. Eventually, all five active agents in CRC, 5-FU (or capecitabine),
irinotecan, oxaliplatin, bevacizumab, and cetuximab (or perhaps in future
panitumumab) should be used in the course of treatment to maximize the
treatment benefit on OS for patients [18,47].

Can patients with metastatic disease be candidates for
a curative approach?

The liver is the most common site of metastasis of advanced CRC, at least
in part due to hematogenos spread via the portal vein system. In about one-
third of patients with metastatic disease the liver will be the only site of
metastasis. Untreated hepatic metastasis has a poor prognosis with historic
data indicating a median survival of 6–12 months. The value of surgical
resection of liver metastasis of CRC was initially demonstrated in 1984 by
Wagner et al. [48] who found a 25% 5-year survival of 116 resected patients
compared with only 2% in 70 potentially resectable patients who did not
undergo surgery. Until recently resection of liver metastasis was deemed
feasible in only a small subset of patients with advanced disease and only
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about 10–15%of patients with liver-only disease were amendable to upfront
resection. Major advances in the medical treatment of CRC with significant
increase in the quantity and quality of responses, as well as better patient
selection, advances in surgical methods, and the emergence of non-surgical
tumor ablation techniques have significantly changed the modern approach
toward liver-limited metastatic CRC. Using a multimodality neoadjuvant
strategy involving medical oncologists, liver surgeons, and interventional
radiologists, the number of patients rendered free of metastatic disease as
a prerequisite for a curative chance will substantially increase in the future.
The main predictor of whether or not a given chemotherapy regimen is able
to lead to increased resectability rates in liver-limited disease is the direct
anti-tumor activity of the regimen measured by its RR [36]. It is thus easy
to understand that these neoadjuvant approaches only emerged with the
advent of chemotherapies that reliably induced RRs around or above 50%,
much higher than the 15–20%RR associated with systemic biomodulated 5-
FU alone. In the era of 5-FU, locoregional approaches using hepatic arterial
infusion (HAI) with 5-FUDR combined with systemic 5-FU/LV were applied
to maximize response. In fact, several phase-II trials documented RRs of
22–62% (overview Kelly [49]), but toxicities related to 5-FUDR (biliary
sclerosis) and catheter-related complications which can conceivably inter-
fere with a subsequent surgical approach have so far precluded HAI from
becoming standard-of-care for neoadjuvant treatment of unresectable liver
metastases. In addition, modern systemic chemotherapy regimens achieve
RRs in the same range as or exceeding HAI.

Oxaliplatin-based regimens have so far been most widely studied as
neoadjuvant therapy in patients with initially unresectable liver metastases.
Studies presented in the mid-1990s by French investigators established
the concept of downsizing unresectable liver metastases with systemic
5-FU/oxaliplatin to obtain surgical resectability when they could demon-
strate that the long-term prognosis of these patients did not differ from
historic controls with initially resectable metastases [50,51]. In fact, to date
several countries have only approved oxaliplatin as part of a neoadjuvant
strategy as first-line therapy for advanced CRC. The capability of a certain
chemotherapy regimen to downsize metastasis in a neoadjuvant setting is
most closely related to the reported overall RR obtained with the given regi-
men. Given the improved anti-tumor activity of conventional chemotherapy
regimens in combination with targeted agents such as bevacizumab [38,39]
and cetuximab [30,52] it is conceivable that those novel combination pro-
tocols will further increase the number of patients with metastatic CRC



208 CHAPTER 13
..............................................................................................................................................................................

eligible for a curative approach. Prospective trials using this approach are
underway.

Summary and conclusion

In conclusion, the dramatic advances in the treatment of metastatic CRC
have turned this tumor into a “chronic” disease with OS exceeding 2 years
for most patients in clinical reality. However, these advances come with the
challenge to develop a rational treatment strategy tomake use of all available
treatment options in an optimized approach (Fig. 13.2). The initial question
in the management of patients with metastatic CRC should be if they could
potentially be candidates for a neoadjuvant approach with curative intent.

For most patients the answer to this question will be “no.” For these
patients an appropriate palliative strategy will aim at prolonging OS with
minimized toxicity and maintained quality of life. Bevacizumab should
be continued until tumor progression and an induction–maintenance–
reinduction approach for oxaliplatin is preferable if FOLFOX (or
capecitabine/oxaliplatin) is used first-line. In the course of therapy patients

Observation

“Adjuvant” Ctx (3–4 mos)

Surgery
with curative intent

Induction Ctx (3–4 mos)
e.g. FOLFOX or FOLFIRI +

Bev/C225

Induction Ctx (3–4 mos)
e.g. FOLFOX or FOLFIRI + Bev

“All 5 drugs”

Re-Induction Ctx

Maintenance Ctx
e.g. FU/LV (or Cape) +Bev

yes

no

Re-evaluation of resectability
yes no

if indicated

Patient potentially curable?

yes no

Fig. 13.2 Proposed treatment algorithm.
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should receive all five active drug classes (fluoropyrimidine, oxaliplatin,
irinotecan, bevacizumab, anti-EGFR-receptor antibodies) and cetuximab
can be reserved as salvage therapy.

For patients considered candidates for a neoadjuvant approach, the ini-
tial therapy aims at maximizing tumor shrinkage. It is conceivable that in
this scenario the upfront use of anti-EGFR-antibodies in combination with
cytotoxic doublets plus bevacizumab can enhance the anti-tumor efficacy
and thus increase the rate of potentially curative metastasectomies.
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Introduction

The liver is the most common site of metastasis in patients with colorectal
cancer. Following hematogenous dissemination through the portal venous
system, the liver is thought to present as the first and only target site for overt
metastatic spread in 30–40% of cases [1]. Up to 25% of colorectal cancer
patients present with synchronous liver metastases at the time of diagno-
sis, and approximately 50% of all patients who undergo radical resection
for primary colorectal cancer may be affected by isolated metastatic disease
confined to the liver, usually within the first 2 years [2–4]. It is now rec-
ognized that for selected patients with colorectal liver metastases, hepatic
resectional surgery is unique in offering the prospect of cure and has become
a paradigm in the management of some such patients with “advanced”
disease.

The proportion of patients with colorectal liver metastases eligible for
hepatic resection with curative intent has been estimated at 20–30% [5].
While this may vary between centers and depends on prevailing selection
policies, the general adoption of less restrictive selection criteria continues
to broaden the limits of resectability as further advances in hepatobiliary
surgical practice and multimodality treatments become established. Con-
versely, colorectal liver metastases do not usually cause symptoms and no
role for palliative hepatic resection has been established. Also, the benefits
of essentially palliative surgical therapies such as implantation devices for
hepatic arterial chemotherapy remain unclear and shall not be considered
further herein.
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The evidence for hepatic resection

It is recognized that the majority of patients with colorectal liver metas-
tases left untreated will die from carcinomatosis within 9–12 months and
that survival at 5 years is exceptional [5]. Although significant advances in
treatment with systemic chemotherapy have been achieved in recent years,
conventional non-surgical treatment alone has shown only modest survival
benefits with no significant survival beyond 3 years [6]. In contrast, hep-
atic resection offers the prospect of long-term disease-free survival and may
potentially be curative. It is therefore very unlikely that randomized con-
trolled trials of liver resection in patients with colorectal metastases will ever
be conducted because of ethical considerations in pursuing comparative data
on non-surgical treatment in patients with resectable disease.

Evidence for the effectiveness of hepatic resection must, by necessity, be
based on published case series and reviews, while available control data is
historical. Wagner and colleagues [7] reported that, left untreated, patients
with potentially resectable, unilobar disease had a median survival of less
than 2 years. Similarly, Wood and co-workers [8] cited a median survival
of only 17 months in 15 untreated patients with solitary colorectal liver
metatases.

A recent evidence-based cost-effectiveness analysis was conducted by
Beard and colleagues to address any uncertainty among UK healthcare pur-
chasers regarding the role of liver resection for colorectal liver metastases [6].
From the very large body of literature reporting the results of hepatic metas-
tasectomy, they considered 19 independent case series representing distinct
cohorts of at least 100 patients and cited overall 5-year survival rates of
21–44%. A modeled health economic evaluation also supported hepatic
resection as highly cost effective with significant marginal survival benefits
compared with “conventional” non-surgical treatments in the contempo-
rary UK healthcare setting [6]. Hepatic resection has thus come of age and
is established as “best practice” for selected patients with colorectal liver
metastases.

Indications for hepatic resection

The traditional view that liver resection yields best results in young fit
patients with small solitary colorectal liver metastases has evolved to accept a
much wider definition of resectability. However, there is no doubt that resec-
tion of solitary colorectal liver metastases has been associated with beneficial
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5-year survival rates of 30–47% in several large series [4,9–11], while those
highly selected patients with metastases that are solitary, small (<4 cm), and
metachronous may fare even better [12].

The concept of the clinical risk score (CRS), as a basis for patient selection
for surgery and for subgroup analysis for clinical studies, has been devel-
oped and popularized by Fong and co-workers [13]. The CRS is calculated
assigning one point for each of five criteria, all independent predictors of
poor long-term outcome [4,9,10], and include lymph-node positive primary-
tumor, disease-free interval (<12 months), number of hepatic tumors (>1),
serum carcino embryonic antigen level (>200 ng/ml), and size of largest
hepatic tumor (>5 cm diameter). Thus, “low risk” patients with CRS 0–2
were found to have better outcomes (47% 5-year survival/median survival of
56months) comparedwith thosewithCRS 3–4 (24%5-year survival/median
survival of 32 months) [13].

Broadly similar findings were reported on 1818 patients in a retrospective
multicenter study by the French Association of Surgery [14], although no
significant difference in outcomes was evident between those undergoing
unilobar and bilobar hepatic resections as long as radical resection margins
were achieved.

Although liver resection may still be expected to offer the best chance of
prolonged survival, and the opportunity should certainly not be denied those
in this group, it may be that the management of such “high risk” patients
can be modified. This may involve a “test of time,” with or without fur-
ther systemic chemotherapy, additional imaging such as positron emission
tomography-computed tomography (PET-CT) and/or staging laparoscopy
and/or more aggressive treatment with adjuvant systemic chemotherapy
following liver resection.

In straightforward terms, liver resection is indicated in any patient with
colorectal liver metastases where the procedure can be performed safely and
effectively, preserving adequate hepatic function and achieving a radical
tumor-free margin. These criteria may be satisfied irrespective of a variety
of seemingly unfavorable tumor-related factors such as bilobar distribu-
tion, multiple metastases, larger size, synchronous presentation, unfavorable
primary pathology and, in some cases, extrahepatic disease.

Extrahepatic disease

Five subgroups of patients with extrahepatic disease can be identified –
lung metastases, hilar lymph node metastases, peritoneal carcinomatosis,
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locoregional primary colorectal cancer recurrence (including retroperitoneal
nodes), and a miscellaneous group comprising those with metastases to the
ovaries, adrenals, body wall, and other extra-abdominal sites. A slightly
separate group comprises those colorectal liver metastases extending locally
to invade adjacent viscera such as the diaphragm or right adrenal in which
en bloc resection is usually performed.

It is now widely accepted that colorectal pulmonary metastases suitable
for resection (or ablation) should not necessarily be regarded a contraindica-
tion to liver resection as 5-year survival rates up to 50% have been reported
following sequential liver and lung resections in patients with resectable
hepatic and pulmonary colorectal metastases [4,15–17].

Also, the traditional view that intra-abdominal extrahepatic tumor rep-
resents an absolute contraindication to resection in patients with otherwise
potentially resectable colorectal liver metastases has been challenged. Elias
and colleagues [18] reported simultaneous hepatic and extrahepatic resec-
tions in 111 (30%) out of 376 patients for overall 3- and 5-year survival
rates of 38 and 20%, respectively. They observe that these results sur-
pass those associated historically with a non-surgical/chemotherapy-based
approach [5] and suggest that the impact of cytoreductive surgery in
combination with host immune factors and chemotherapy on a systemic
disease process, rather than one which is purely regionalized, may explain
these surprisingly good outcomes. Nevertheless, patients with more than
five colorectal liver metastases in whom extrahepatic disease was discovered
incidentally at laparotomy fared particularly badly and it seems that this par-
ticular pattern of disease continues to contraindicate attempts at resectional
surgery. Also, poorer outcomes were observed in patients with peritoneal
carcinomatosis and in those with extrahepatic disease at multiple sites [18].

While it is generally agreed that there is no rationale to support sys-
tematic routine en bloc hilar lymphadenectomy, anecdotal success stories
support regional lymphadenectomy in selected individuals with limited hilar
lymphatic involvement in favorable circumstances [18].

Synchronous colorectal liver metastases and the timing of
liver resection

Decisions regarding the timing of hepatic resection relative to both primary
colorectal resection and subsequent systemic chemotherapy require care-
ful consideration for those with potentially resectable synchronous hepatic
metastases. It is certainly feasible to perform simultaneous bowel resection
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(with anastamosis) and hepatic metastasectomy safely [19]. However, there
are good reasons for preferring separate staged operations in the majority of
cases. A staged approach to hepatic resection allows proper interval liver-
specific imaging, may improve surgical access through a more appropriate
abdominal incision and avoids the risk of complications, such as anastamotic
leakage, which may be poorly tolerated in the patient also recovering from
a major hepatic resection. Planned limited hepatic resections for previously
defined accessible small metastases are the main exception.

Decisions regarding the appropriateness of adjuvant chemotherapy vs
hepatic resection as the next step following radical primary colorectal cancer
resection will depend on individual patients’ circumstances. This man-
dates discussion between the multidisciplinary colorectal and hepatobiliary
teams at an early stage, as hepatic metastasectomy may be preferred before
empirical chemotherapy. In many patients, an attempt at complete tumor
cytoreduction before chemotherapy may offer the best chance of cure. Also,
a “window of opportunity” for hepatic resection may be lost among the
approximately 50% of patients who fail to respond to chemotherapy, where
metastases encroach upon vital vascular structures with potentially tight
resection margins.

Conversely, systemic chemotherapy as a prelude to surgery may be ben-
eficial to other patients. This particularly applies to those with unfavorable
primary pathology and an increased risk of locoregional recurrence (such as
perforated primary tumor or extensive regional malignant lymphadenopa-
thy). Also, patients in whom the resectability of liver lesions is considered
questionable, particularly those with multiple bilobar disease, or where
evidence for extrahepatic disease is indeterminate, may benefit from sys-
temic chemotherapy followed by re-staging investigations, typically after
3 months.

In this way, the concept of the “test of time” is well established as an
appropriate strategy for improving patient selection for liver resection. Con-
cerns regarding the possibility of metastases themselves metastasising during
the period of observation (to the lungs, intrahepatic satellite nodules, and
hilar lymph nodes especially) must be offset by the advantages of avoid-
ing inappropriate surgery in those patients in whom further (unresectable)
metastatic disease declares itself during this interval. This was studied by
Lambert et al. [20] who identified no survival disadvantage following such
interval reevaluation. Indeed, unnecessary surgery was avoided in approx-
imately one-third of their patients due to the appearance of distant or
additional metastases.
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Furthermore, for patients with synchronous and potentially resectable
colorectal liver metastases, the importance of a response to neoadjuvant
chemotherapy has recently been highlighted in retrospective studies. Allen
et al. [21] observed significant improvements in outcome following liver
resection in patients who had responded to neoadjuvant chemotherapy com-
pared with those who had received none. Similarly, Adam and colleagues
reported a substantial benefit following tumor control with neoadjuvant
chemotherapy as a prelude to resection in those with multiple (≥4) col-
orectal liver metastases [22]. Chemotherapy non-responders fared signifi-
cantly worse following curative liver resection leading to suggestions that
“escape” from chemotherapy may represent a relative contraindication to
metastasectomy.

The results of randomized controlled trials (such as the EORTC study)
are needed to define the exact role of neoadjuvant chemotherapy before
performing liver resection in patients with synchronous colorectal liver
metastases and to address concerns that routine “pre-treatment” in patients
with resectable disease might compromise the chance of cure.

Staging investigations

Although the role of routine intensive follow-up after curative primary
colorectal cancer resection remains controversial, there is no doubt that
a proportion of patients found to have liver metastases will benefit from
prompt and appropriate treatment [23]. Interval CT (computed tomogra-
phy) scanning and serial serum carcinoembryonic antigen (CEA) estimations
are probably the “best buy” and have superseded the more basic and less
sensitive traditional approach of clinical examination, liver function test-
ing, and transbdominal ultrasonography. Ideally, chest CT is performed in
search of pulmonary metastases, and colonoscopy (or barium enema or CT
pneumocolon) is performed to confirm a “clean colon” having excluded local
recurrence or metachronous primary disease. Thus, CT chest, abdomen, and
pelvis will typically have been performed in the patient referred for consid-
eration of liver resection. Further liver-specific imaging using more refined
CT and/or MRI (magnetic resonance imaging) techniques in liaison with the
hepatobiliary surgical team are the mainstay of the staging algorithm and
are usually performed before final decisions regarding resectability can be
made (Fig. 14.1).

The highly sensitive, but invasive, technique of CT angioportography
(CTAP) has now been superseded by thin slice (≤5 mm collimation) portal
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LFTs/CEA/USS/colonoscopy

CT (abdomen, pelvis, thorax)

Portal-phase spiral CT abdomen
Liver-specific MRI

Test of time

Laparoscopy
+/– LapUS PET-CT

Laparotomy/IOUS +/– hepatic resection

Fig. 14.1 Investigative/staging algorithm for patients with liver metastases following radical
resection of primary colorectal cancer.

venous-phase spiral CT, orMRI performedwith intravenous gadolinium and
liver-specific contrast agents, to maximize tumor conspicuity and diagnostic
specificity. It is important that these staging investigations are performed
before the commencement of systemic chemotherapy. Tumor imaging char-
acteristics may change significantly during chemotherapy and good quality
baseline imaging may be especially important where a good response to
chemotherapy results in disappearance of metastases.

The importance of restraint in the biopsy of potentially resectable liver
metastases should be emphasised (whether by radiological-guided needle
biopsy, or surgical wedge biopsy during primary bowel resection). Although
a histological diagnosis may be desirable in the palliative management
of patients with unresectable disease, it is almost always unnecessary for
diagnosis in those under consideration for liver resection, and it carries
the well-documented risk of malignant needle-track seeding [24] and is
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associated with a significant reduction in long-term survival even when fol-
lowing curative liver resection [25]. In the authors’ experience, the rate of
inadvertent liver resection for benign disease in patients not biopsied in this
way was 1.2%which is considered acceptable within the context of modern,
low morbidity surgery.

Staging laparoscopy remains an option in the investigation of some
patients with colorectal liver metastases although its exact role continues
to be debated. Interest in the technique as a means of improving patient
selection arose following concerns regarding the apparent fallibility of con-
ventional cross-sectional imaging in understaging disease in as many as 21%
of patients [26]. The negative effects of such unnecessary operations are
self-evident and include physical (postoperative pain, immunosupression,
potential complications), psychological (anxiety, false hope), health eco-
nomic factors, and delays in commencing palliative chemotherapy. While it
seems likely that the yield of laparoscopy is too low to justify as a routine
procedure, it may nevertheless be useful in selected “high-risk” patients with
multiple bilobar metastases, unfavorable primary pathology and/or indeter-
minate imaging. The authors’ experience with selective laparoscopic staging
following modern staging investigations indicates a 21% yield in detecting
factors precluding curative resection, with a resectability rate of 88% in the
remainder. However, it seems likely the technique will continue to be prac-
ticed only on a selective basis, with problem solving in high-risk patients
increasingly deferred to the novel technique of PET-CT (Fig. 14.1).

Positron emission tomography with the glucose analog (18F) fluoro-2-
deoxy-D-glucose images tumors based on their increased uptake of glucose
and represents a significant advance in the investigation of patients with
potentially resectable colorectal liver metastases. Meta-analysis of PET scan-
ning in the detection of recurrent colorectal cancer has reported an overall
sensitivity and specificity of 97 and 76%, respectively, and occult intrahep-
atic and extrahepatic metastases may be apparent in approximately 25%
of patients previously studied with standard investigations [27]. Recently,
Fernandez and co-workers [28] reported a superior 5-year overall survival
rate of 58% following hepatic resection for colorectal liver metastases in
100 patients, all of whom had been selected on the basis of favorable PET
scans. They suggest that improved patient selection with flurodeoxyglucose-
positron emission tomography (FDG-PET) may have been primarily respon-
sible for defining a new cohort of patients with a substantially improved
prognosis following hepatic resection.

However, where less liberal access to PET scanning is available, its
role may remain restricted to problem solving, confirming, or refuting the
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presence of extrahepatic intra-abdominal disease in patients with indetermi-
nate imaging in particular (Fig. 14.1). Recognized pitfalls associated with
PET scanning include poor sensitivity in detecting smaller liver metastases
in patients on chemotherapy. The fusion of contrast-enhanced CT and
PET scanning (PET-CT) represents an important refinement in technique.
Selzner et al. [29] recently reported improved diagnostic sensitivity for PET-
CT compared with conventional contrast-enhanced CT in the detection of
locoregional recurrence and other extrahepatic disease, as well as the detec-
tion of intrahepatic recurrence during follow-up in the aftermath of hepatic
resection.

Technical considerations in hepatic resection

The majority of liver resections are performed via upper abdominal incisions
without resort to thoracotomy. Fixed costal margin retraction and care-
ful mobilization of the liver by division of its retroperitoneal ligamentous
attachments usually provide adequate access. Extensive adhesiolysis may be
required following previous colorectal resection and a thorough inspection,
palpation, and intraoperative ultrasound examination of the liver and extra-
hepatic tissues are performed before arriving at a final decision regarding
resectability. Many hepatobiliary surgeons regard intraoperative ultrasonog-
raphy as indispensable, and it has been estimated that it alone may be
responsible for changing the operative plan in a proportion of patients [30].

The aims of hepatic resection are to achieve radical oncological (RO)
clearance with tumor-free resection margins on the one hand, while preserv-
ing sufficient functioning hepatic parenchyma to avert postoperative hepatic
failure on the other. Resections must preserve vital inflow (hepatic artery
and portal vein) and outflow (hepatic vein and bile duct) structures, and
an understanding of the hepatic segmental anatomy and intrahepatic vas-
cular “watersheds” is fundamental. Couinaud’s seminal classification of the
hepatic segmental anatomy [31] has been updated and the nomenclature
standardized by the IHPBA Brisbane 2000 committee [32]. In this way, the
vascular inflow to “hemilivers,” “sections,” and/or “segments” may be con-
trolled selectively by extrahepatic dissection, or intrahepatically following
parenchymal transection, and it forms the basis for precise resections “à la
carte.” Liver resections are classified as major (≥3 hepatic segments), minor
(<3 hepatic segments), or atypical wedge resections.

Although the traditional view held that tumor-free margins of ≥1 cm
should be achieved to minimize the risk of oncological relapse, it is now
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recognized that the width of negative surgical margins does not necessar-
ily affect the risk of recurrence and that RO resections may be achieved
with very tight resection margins contingent on the preservation of the
tumor pseudocapsule [33–37]. Similarly, although major hepatectomies
sacrifice larger volumes of liver, perhaps ensuring generous margins and
removing occult intrahepatic metastases or satellite lesions, a trend toward
“tailored,” segment-orientated, parenchyma-sparing resections has emerged
in recent years with the belief that this does not disadvantage patients
oncologically and may facilitate re-resection in the event of intrahepatic
recurrence.

Substantial falls in the perioperativemortality rates associatedwithmajor
liver resection for colorectal liver metastases to 1–4%have been documented
in recent years [6,33]. Perioperative blood loss requiring transfusion has
been identified as the dominant risk factor for adverse outcome after liver
resection [38], and the importance of minimizing blood loss during the dis-
section, parenchymal transection, and revascularization phases of hepatic
resection has led to the concept of bloodless major liver surgery [33]. In this
regard, the practice of low central venous pressure (0–4 cm H2O) anesthesia
is critical in minimizing hepatic venous bleeding. Also, meticulous parenchy-
mal transection technique using technology such as the cavitron ultrasonic
surgical aspirator (CUSA Ex, Valleylab Inc., Amersham, Bucks, UK), and
argon beam coagulation, have helped achieve a mean operative blood loss of
360 ml during hepatic resection. Indeed, the practice of perioperative blood
transfusion is now regarded as exceptional in the authors’ practice [33] and
by many others.

The liver’s unique regenerative properties, functional reserve, and toler-
ance of extended warm ischaemia permit extensive parenchymal resections
to be performed utilizing intermittent portal triad inflow clamping (the
“Pringle maneuver”), another important technique in the pursuit of blood-
less liver surgery. However, more advanced clamping techniques such as
hepatic vascular exclusion (portal triad occlusion plus suprahepatic and
infrahepatic inferior vena cava (IVC) clamping) have been associated with
increased hemodynamic intolerance and postoperative morbidity [39] and
tend to be restricted to more complex resections involving the hepatic veins
and IVC.

Liver related morbidity, such as bile leaks, hemorrhage, and mild hepatic
insufficiency, as well as relatively minor complications such as right-sided
pleural effusion, occur in 10–15% of patients and are usually managed
successfully by conservative means.
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Liver failure is now recognized as the main mode of postoperative death
and is directly related to both the extent of resection and the presence of
background liver disease. Estimation of an acceptable residual functioning
liver volume, and the prediction of hepatic dysfunction following resection,
can be difficult. Although objective tests such as CT volumetry and indocya-
nine green clearance studies are available, in practice it is generally accepted
that a subjective estimate of approximately one-third the standard liver vol-
ume or the equivalent of a minimum of two normal liver segments is usually
sufficient.

In this regard, a growing concern which merits consideration is the
risk of post chemotherapy hepatotoxicity and its impact on the abil-
ity to perform major liver resection safely, specifically with the newer
chemotherapeutic agents such as irinotecan and oxaliplatin. Fernandez and
colleagues [40] recently reported that treatment with irinotecan and/or oxali-
platin, especially in obese patients, presented a risk for the development of
severe steatohepatitis, and highlighted the concomitant risk of liver failure
following major liver resection.

Subsequent suggestions included consideration of preoperative liver
biopsy in patients considered at risk and delay of chemotherapy until after
liver resection where possible. The authors’ own experience with liver resec-
tion for colorectal metastases following neoadjuvant chemotherapy of all
types identifies nomeasurable excess morbidity or mortality in such patients.
However, there appears to be evidence of an increased risk of complica-
tions when the duration of chemotherapy is prolonged beyond 3 months.
This underlines the importance of the early involvement of specialist hep-
atobiliary surgeons in the multidisciplinary management of patients with
metastatic colorectal cancer.

Follow up and hepatic re-resection

Following radical liver resection for colorectal metastases, up to 60% of
patients may subsequently develop recurrent disease. Of these, approx-
imately 20–30% may have metastases isolated to the liver and poten-
tially amenable to hepatic re-resection. Repeat hepatic resection can
present a daunting technical challenge, and the oncological rationale for
re-resection of recurrent colorectal liver metastases may seem counter-
intuitive. Indeed, such concerns have stimulated interest in alternative
minimal access techniques such as percutaneous radiofrequency ablation
(RFA) [41].



224 CHAPTER 14
..............................................................................................................................................................................

Nevertheless, favorable accounts of hepatic re-resection for patients with
recurrent colorectal liver metastases have reported 5-year survival rates of
26–41% [42–44], and it seems appropriate to treat such patients in the same
way as those first presenting with colorectal liver metastases.

Despite the technical demands presented by dense intra-abdominal
adhesions and variations in hepatobiliary anatomy in the hypertrophied
regenerated liver remnant, concerns regarding excess morbidity and mor-
tality associated with repeat hepatic resection have not been borne out. In
the authors’ own experience of 71 repeat hepatic resections in 66 patients
with recurrent colorectal livermetastases, therewere no postoperative deaths
and the low morbidity rate of 11% compared favorably with that experi-
enced following index hepatectomy [45]. Furthermore, beneficial 1-, 3-, and
5-year actuarial survival rates of 94, 68, and 44% were observed following
repeat hepatic resection which exceeded those of all patients following a first
hepatectomy for colorectal liver metastases.

It therefore seems appropriate to follow-up patients who have undergone
hepatic resection for colorectal liver metastases. This is usually performed
for a period of 5 years using CT of the chest and liver and serial serum CEA
estimations in an attempt to identify those patients who may benefit from
further intervention.

Laparoscopic liver resection

Though feasible, laparoscopic liver resection for patients with colorectal
liver metastases is controversial and remains at an early stage of devel-
opment. Thus far, most surgeons have focused on the more accessible
small lesions in hepatic segments 2/3 and the caudal aspect of segments
4, 5, and 6. More adventurous procedures including right hepatectomy
have been performed in highly selected cases and usually mandate a hand-
assisted technique. While effective strategies for dealing with the risks of
intraoperative hemorrhage, gas embolism, and bile leaks continue to evolve,
the immediate benefits compared with conventional open surgery remain
unclear.

Extending the limits of resectability

In recent years, the development of novel strategies and advanced tech-
niques has dramatically extended the boundaries of resectability, permitting
radical liver resections to be performed in patients who would formerly
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have been regarded as unresectable. It is important to emphasize that it
is often a combination of the following techniques which are required to
tackle colorectal liver metastases which have reached an advanced stage [36]
(Fig. 14.2).

Neoadjuvant chemotherapy

The concept of downstaging neoadjuvant chemotherapy for otherwise unre-
sectable colorectal liver metastases, first introduced 10 years ago [46], has
reproducibly been shown to offer the chance of curative liver resection
to 16–23% of such patients with reported 5-years survival rates of up to
40% [36].

Interestingly, the possibility that patients presenting with colorectal
liver metastases initially deemed unresectable might be downstaged by
oxaliplatin-based chemotherapy to become resectable comprised the sole
recommendation for the provision of oxaliplatin-based chemotherapy in the
UK National Institute for Clinical Excellence (NICE) 2002 guidance.

However, the success of downstaging chemotherapy in achieving a
dramatic response, typically in patients with initially unresectable or inde-
terminate multiple bilateral metastases, can result in the disappearance of
lesions from the imaging study. Thus, the dilemma presented in treat-
ing definitively the “missing metastasis” is increasingly encountered and
reemphasizes the importance of pursuing good quality baseline staging
investigations before commencing chemotherapy. Intuitively, “disappeared”
metastases might be expected to eventually reappear as only a small minor-
ity of resected lesions demonstrate complete necrosis at histopathology [36].
Ideally, liver resections should target the parenchyma harboring the origi-
nal lesion, but intraoperative localization can be problematic. Referral of
such patients to the hepatobiliary team is therefore recommended before a
“complete response” is necessarily achieved by their colleagues in Medical
Oncology. Elias and co-workers [47] recently reported a subgroup of 11
patients identified as having “missing metastases,” none of which could be
identified or resected, and eight (73%) of which remained quiescent during
a median 31-month follow-up period.

Portal vein embolization

Some patients may be denied a technically feasible liver resection because
of concerns that an insufficient future remnant liver volume may risk severe
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Fig. 14.2 Combined advanced techniques used to extend the limits of resectability to patients
with multiple bilobar colorectal liver metastases. A. Percutaneous right portal vein
embolization (PVE), staged or simultaneous ablation and wedge resection of contralateral
lesions with subsequent right hemihepatectomy (hepatic segments 5–8). B. The aims of this
approach are to achieve a viable tumor-free functional hepatic remnant (in this example based
on an hypertrophied left hemiliver [hepatic segments 2–4]).
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postoperative hepatic failure. Preoperative percutaneous selective portal vein
embolization (PVE) may be performed in an attempt to induce hypertro-
phy of the future liver remnant (estimated volume ≤25%) and appears
to be especially useful where there are concerns regarding background
liver disease or following prolonged chemotherapy (estimated liver rem-
nant volume ≤40%). Typically, right PVE is performed with a view to
right hepatectomy or extended right hepatectomy a month later in the
patient with small hepatic segment 2/3 volume, and subsequent 5-year
survival rates have been reported as comparable to those resected with-
out PVE [48]. Such has been the acceptance of PVE in this role that
the prospect of randomized trials of its efficacy is no longer regarded as
ethical.

Interestingly, there is evidence that right PVE is not beneficial for
patients with normal liver in whom a straightforward right hepatectomy
is planned [49], nor is embolization of segment 4 in addition to right PVE
thought to be necessary [50]. Disadvantages associated with the PVE/hepatic
resection approach include a local and systemic inflammatory response
which is usually mild, a slightly higher perioperative mortality rate, the
possibility that liver resection will not be achieved following PVE, and
the rapid growth of occult metastases found out with the embolization
zone [48].

Staged liver resections

Two-stage liver resections involve a preliminary non-curative procedure fol-
lowed by a second resection of residual hepatic metastases. This aggressive
surgical approach may facilitate compensatory hypertrophy of a tumor-free
residual liver remnant, with or without interim PVE, in patients with mul-
tiple bilobar metastases. Subsequent major resection of the contralateral
embolized liver has been reported to yield long-term survival rates similar to
those associated with initially resectable patients [51].

Combinations of resection and ablative techniques

Percutaneous interstitial ablative techniques include cryotherapy, ethanol
injection, laser hyperthermia, microwave thermotherapy, and RFA
whose dominant role remains the palliative treatment of surgically unfit
patients or those with unresectable disease. These procedures performed
intraoperatively, particularly RFA, have been used to treat deep-seated
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metastases within the future liver remnant in combination with major
hepatectomy, staged resections, chemotherapy, and/or PVE to extend further
the boundaries of resectability in an attempt to offer the best chance of cure
to patients in an otherwise hopeless situation [52] (Fig. 14.2).

Conclusions

Liver resection offers the only chance of long-term survival, or cure, to
selected patients with colorectal liver metastases. Major hepatic resection
can be performed with negligible mortality in well-staged patients by experi-
enced hepatobiliary surgical teams paying meticulous attention to bloodless
surgery and the balance between hepatic functional reserve and oncological
clearance. The basic risks compare favorably with those of other elective
abdominal procedures such that perioperative mortality will become redun-
dant as the main endpoint in favor of alternative measures such as quality
of life and cost-effectiveness.

Intensive follow-up identifies patients with recurrence suitable for re-
resection which may be performed safely and with expectations not dissim-
ilar to those of the index liver resection. The substantial improvements in
long-term survival offered by liver resection for colorectal liver metastases
may have attained a plateau, perhaps because the indications for resection
have widened as hepatobiliary specialists continue to embrace increasing
numbers of ever more difficult and advanced cases. However, it may be
that a phase has been reached where surgical ingenuity alone is unlikely to
significantly improve further the resectability or survival rates. Rather, the
combination of hepatic resectional surgery with more efficient adjuvant and
neoadjuvant therapy and/or interventional ablation techniques may offer the
hope of further progress.

For patients treated with more powerful forms of chemotherapy, the
timing of referral for hepatic resection may be critical. Some patients
with synchronous disease may benefit from immediate hepatic resection
and the results of current trials of neoadjuvant chemotherapy may help
address this. For others, potentially disadvantageous effects of prolonged
chemotherapy on hepatic functional reserve and precise tumor localization
justify early involvement of hepatobiliary specialists in decision making.
Indeed, such have the limits of resectability been extended that each
and every fit patient with colorectal liver metastases, even those with
apparently irresectable disease, deserves assessment by a hepatobiliary
surgical team.



SURGERY FOR METASTATIC DISEASE IN CRC 229
..............................................................................................................................................................................

References

1 Weiss E, Grundmann L, Torhorst J et al.
Haematogenous metastatic patterns in
colonic carcinoma: an analysis of 1541
necropsies. J Pathol 1986; 150: 195–203.

2 Scheele J, Stangl R, Altendorf-Hofman A.
Hepatic metastases from colorectal
cancer: impact of surgical resection on
the natural history. Br J Surg 1990; 77:
1241–6.

3 Sugarbaker PH. Surgical decision making
for large bowel cancer metastatic to the
liver. Radiology 1990; 174: 621–6.

4 Scheele J, Stangl R, Altendorf-Hofman A,
Paul M. Resection of colorectal liver
metastases.World J Surg 1995; 19:
59–71.

5 Stangl R, Altendorf-Hofman A,
Charnley R, Scheele J. Factors influencing
the natural history of colorectal liver
metastases. Lancet 1994; 343: 1405–10.

6 Beard SM, Holmes M, Price C,
Majeed AW. Hepatic resection for
colorectal liver metastases: a
cost-effectiveness analysis. Ann Surg
2000; 232: 763–76.

7 Wagner J, Adson M, Van Heerdan J,
Ilstrup D. The natural history of hepatic
metastases from colorectal cancer. A
comparison with resective treatment.
Ann Surg 1984; 199: 502–8.

8 Wood CB, Gillis CR, Blumgart LH. A
retrospctive study of the natural history
of patients with liver metastases from
colorectal cancer. Clin Oncol 1976; 2:
285–8.

9 Rosen CB, Nagorney DM, Taswell HF
et al. Perioperative blood transfusion and
determinants of survival after liver
resection for metastatic colorectal
carcinoma. Ann Surg 1992; 216:
493–505.

10 Fong Y, Cohen AM, Fortner J et al. Liver
resection for colorectal metastases. J Clin
Oncol 1997; 15: 938–46.

11 Taylor M, Forster J, Langer B et al. A
study of prognostic factors for hepatic
resection for colorectal liver metastases.
Am J Surg 1997; 173: 467–71.

12 Nuzzo G, Giuliante F, Giovannini I
et al. Resection of hepatic metastases

from colorectal cancer.
Hepatogastroenterology 1997; 44:
751–9.

13 Fong Y, Fortner J, Sun RL et al. Clinical
score for predicting recurrence after
hepatic resection for metastatic colorectal
cancer: analysis of 1001 consecutive
cases. Ann Surg 1999; 230: 309–18.

14 Nordlinger B, Jaeck D, Guiguet M et al.
Surgical resection of hepatic metastases.
Multicentric retrospective study by the
French Association of Surgery. In:
Nordlinger B, Jaeck D, eds. Treatment of
Hepatic Metastases of Colorectal Cancer.
Paris: Springer-Verlag, 1992: 129–61.

15 McAfee MK, Allen MS, Trastek VF.
Colorectal lung metastases: results of
surgical excision. Ann Thorac Surg 1992;
53: 780–6.

16 Murata S, Moriya Y, Akasu T et al.
Resection of both hepatic and pulmonary
metastases in patients with colorectal
carcinoma. Cancer 1998; 83: 1086–93.

17 Ike H, Shimada H, Togo S et al.
Sequential resection of lung metastasis
following partial hepatectomy for
colorectal cancer. Br J Surg 2002; 89:
1164–8.

18 Elias D, Ouellet J-F, Bellon N et al.
Extrahepatic disease does not
contraindicate hepatectomy for
colorectal liver metastases. Br J Surg
2003; 90: 567–74.

19 Elias D, Detroz B, Lasser P et al. Is
simultaneous hepatectomy and intestinal
anastamosis safe? Am J Surg 1995; 169:
254–60.

20 Lambert LA, Colacchio TA, Barth RJ.
Interval hepatic resection of colorectal
metastases improves patient selection.
Br J Surg 2000; 135: 473–80.

21 Allen PJ, Kemeny N, Jarnagin W et al.
Importance of response to neoadjuvant
chemotherapy in patients undergoing
resection of synchronous colorectal liver
metastases. J Gastrointest Surg 2003; 7:
109–15.

22 Adam R, Pascal G, Castaing D et al.
Tumor progression while on
chemotherapy: a contraindication to liver



230 CHAPTER 14
..............................................................................................................................................................................

resection for multiple colorectal
metastases? Ann Surg 2004; 240:
1052–64.

23 Jeffrey GM, Hickey BE, Hider P.
Follow-up strategies for patients treated
for non-metastatic colorectal cancer.
Cochrane Database Syst Rev
2002.

24 John TG, Garden OJ. Needle track
seeding of primary and secondary liver
carcinoma after percutaneous liver
biopsy. HPB Surg 1993; 6: 199–204.

25 Jones OM, Rees M, John TG et al.
Biopsy of resectable colorectal liver
metastases causes tumour dissemination
and adversely affects survival after liver
resection. Br J Surg 2005; 92: 1165–8.

26 Jarnagin WR, Fong Y, Ky A et al. Liver
resection for metastatic colorectal cancer:
assessing the risk of occult irresectable
disease. J Am Coll Surg 1999; 188:
33–42.

27 Huebner RH, Park KC, Shepherd JE
et al. A meta-analysis of the literature for
whole-body FDG PET detection of
recurrent colorectal cancer. J Nucl Med
2000; 41: 1177–89.

28 Fernandez FG, Drebin JA, Linehan DC
et al. Five-year survival after resection
of hepatic metastases from colorectal
cancer in patients screened by positron
emission tomography with F-18
fluorodeoxyglucose (FDG-PET). Ann
Surg 2004; 200: 438–50.

29 Selzner M, Hany TF, Widbrett P et al.
Does the novel PET/CT imaging modality
impact on the treatment of patients with
metastatic colorectal cancer of the liver.
Ann Surg 2004; 240: 1027–36.

30 Jarnagin WR, Bach AM, Winston CB
et al.What is the yield of intraoperative
ultrasonography during partial
hepatectomy for malignant disease? J Am
Coll Surg 2001; 192: 577–83.

31 Couinaud C. Le foie: études anatomiques
et chirurgicales. Paris: Masson; 1957.

32 Strasberg SM, Belghiti J, Clavien PA
et al. Terminology of liver anatomy and
resections. HPB 2000; 2: 333–9.

33 Rees M, Plant G, Wells J, Bygrave S. One
hundred and fifty hepatic resections: the
evolution of technique towards bloodless

surgery. Br J Surg 1996; 83:
1526–9.

34 Rees M, Plant G, Bygrave S. Late results
justify resection for multiple hepatic
metastases from colorectal cancer. Br J
Surg 1997; 84: 1136–40.

35 Yamamoto J, Sugihara K, Kosuge T et al.
Pathologic support for limited
hepatectomy in the treatment of liver
metastases from colorectal cancer. Ann
Surg 1995; 221: 74–8.

36 Adam R, Delvart V, Pascal G et al.
Rescue surgery for unresectable
colorectal liver metastases downstaged
by chemotherapy. A model to predict
long-term survival. Ann Surg 2004; 240:
644–58.

37 Pawlik TM, Scoggins CR, Zorzi D et al.
Effect of surgical margin status on
survival and site of recurrence after
hepatic resection for colorectal
metastases. Ann Surg 2005; 241: 715–22.

38 Kooby DA, Stockman J, Ben-Portat L
et al. Influence of transfusions on
perioperative and long-term outcome in
patients following hepatic resection for
colorectal metastases. Ann Surg 2003;
237: 860–70.

39 Belghiti J, Noun R, Zante E et al. Portal
triad clamping or hepatic vascular
exclusion for major liver resection. A
controlled study. Ann Surg 1996; 224:
155–61.

40 Fernandez FG, Ritter J, Goodwin JW
et al. Effect of steatohepatitis associated
with irinotecan or oxaliplatin
pretreatment on resectability of hepatic
colorectal metastases. J Am Coll Surg
2004; 200: 845–53.

41 Elias D, DeBaere T, Smayra T et al.
Percutaneous radiofrequency
thermoablation as an alternative to
surgery for treatment of liver tumour
recurrence after hepatectomy. Br J Surg
2002; 89: 752–6.

42 Neeleman N, Andersson R. Repeated
liver resection for recurrent liver cancer.
Br J Surg 1996; 83: 893–901.

43 Petrowsky H, Gonen M, Jarnagin W
et al. Second liver resections are safe and
effective treatment for recurrent hepatic
metastases from colorectal cancer: a



SURGERY FOR METASTATIC DISEASE IN CRC 231
..............................................................................................................................................................................

bi-institutional analysis. Ann Surg 2002;
235: 863–71.

44 Adam R, Huguet E, Azoulay D et al.
Hepatic resection after down-staging of
unresectable hepatic colorectal
metastases. Surg Oncol Clin N Am 2003;
12: 211–20.

45 Shaw IM, Rees M, Welsh F et al. Repeat
hepatic resection for recurrent colorectal
liver metastases is associated with
favourable long term survival. Br J Surg
2006; (in press).

46 Bismuth H, Adam R, Lévi F et al.
Resection of nonresectable liver
metastases from colorectal cancer after
neoadjuvant chemotherapy. Ann Surg
1996; 224: 509–22.

47 Elias D, Youssef O, Sideris L et al.
Evolution of missing colorectal liver
metastases following inductive
chemotherapy and hepatectomy. J Surg
Oncol 2004; 86: 4–9.

48 Elias D, Ouellet J-F, de Baère T et al.
Preoperative selective portal vein
embolization before hepatectomy for

liver metastases: long-term results and
impact on survival. Surgery 2002; 131:
294–9.

49 Farges O, Belghiti J, Kianmanesh R et al.
Portal vein embolization before right
hepatectomy: prospective clinical trial.
Ann Surg 2003; 237: 208–17.

50 Capussotti L, Muratore A, Ferrero A
et al. Extension of right portal vein
embolization to segment 4 portal
branches. Arch Surg 2005; 140: 1100–3.

51 Jaeck D, Oussoultzoglou E, Greget M
et al. A two-stage hepatectomy procedure
combined with portal vein embolization
to achieve curative resection for initially
unresectable multiple and bilobar
colorectal liver metastases. Ann Surg
2004; 240: 1037–49.

52 Elias D, Baton O, Sideris L et al.
Hepatectomy plus intraoperative
radiofrequency ablation and
chemotherapy to treat technically
unresectable multiple colorectal liver
metastases. J Surg Oncol 2005; 90:
36–42.



.............................................................................................................................................................................

15: Palliative care of the colorectal cancer
patient

Melanie Jefferson and Ilora Finlay

.............................................................................................................................................................................

Introduction

Palliative care has been defined by the World Health Organization (WHO)
as the

active total care of patients whose disease is not responsive to curative treat-
ment. Control of pain and other symptoms, and of psychological, social and
spiritual problems, is paramount. The goal of palliative care is achievement of
the best quality of life for patients and their families [1].

Many aspects of palliative care also apply earlier in an illness, in con-
junction with anticancer treatments, and there is a place for palliative care
for patients, including those with potentially curable disease (Fig. 15.1).

Palliative care is not synonymous with terminal care, and may be applica-
ble to some degree at any stage in a patient’s illness [2]. Research has shown
that, in addition to receiving the best possible treatment, patients want and
expect [3]:
1 to know that their physical symptoms will be managed to a degree that is
acceptable to them throughout their illness;
2 to receive emotional support from professionals who are prepared to listen
to them;

Diagnosis Death

Disease management

Palliative care

Bereavement care

Fig. 15.1 The relationship of palliative care and interventions against the disease process.
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3 to receive support to enable them to explore spiritual issues; and
4 to die in the place of their choice.
Specialist palliative care, although a separate specialty, can advise and man-
age more complex situations, but the generalist is still expected to apply the
“palliative care approach” as part of their clinical management.

Patients with cancer have multifaceted problems. Good clinical manage-
ment includes assessing these holistic needs and addressing them with the
assistance of the multidisciplinary team. Such assessment and discussion
of these needs is crucial at key points (such as diagnosis, commence-
ment, during, and at the end of treatment; at relapse; and when death is
approaching) [2].

Ethical issues may also be raised and this chapter aims to offer some
guidance on some of these holistic and ethical problems.

Physical problems common in colorectal cancer

How prevalent is pain and can it be effectively managed?

Twenty to fifty percent of cancer patients have pain at the time of diag-
nosis and the prevalence increases with advancing disease. The mean
prevalence of pain in advanced colorectal cancer recorded in 1990 [4]
was 70% (range 47–95); the better use of analgesics would be expected
to have improved through the intervention of palliative care teams [5].
Adequate pain management depends on careful assessment to identify the
likely cause of the pain and then appropriate treatment. This short case-
history illustrates the unnecessary suffering for patients that may result from
inadequate pain assessment.

Case history
A 70-year old lady who was known to have rectal cancer and liver metastases
was admitted to the hospice with a 4-week history of intractable rectal pain.
She had been commenced on strong opioids in increasing doses to little benefit,
and codanthramer as a laxative to prevent constipation. When admitted she
was sleepy and hallucinating due to opioid toxicity and clearly distressed. Full
history and examination, including rectal examination, revealed severe peri-
anal skin burns secondary to codanthramer and her symptoms were relieved
by change of laxative, barrier creams and a significant reduction in opioids.

About two-thirds of patients have more than one pain [6] and thus assess-
ment requires categorization of each co-existing pain in turn. The mnemonic
PQRST (see below) is useful in the history taking.
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Freedom from
cancer pain

Strong opioid
± non-opioid

± adjuvant

Weak opioid
± non-opioid

± adjuvant

Non-opioid
± adjuvant

3

2

Pain persisting
or increasing

Pain persisting

or increasing

Pain 1

Fig. 15.2 WHO analgesic ladder for the management of cancer pain (1986).

Pain assessment should include the following:
• Description for each site of pain:

◦ precipitating and relieving factors (P)
◦ quality (Q)
◦ radiation (R)
◦ severity (S)
◦ temporal pattern (T) of pain

• Associated symptoms and signs
• Impact on the patient’s quality of life
• Effect of previous treatments
• Relevant physical examination
• Review of relevant investigations
• Patient’s wishes and health beliefs.

A simple scheme such as the WHO analgesic ladder (Fig. 15.2) can give
good pain relief in up to 90% of patients [7], with drugs being given orally,
regularly, and the dose titrated in a stepwise fashion according to response.
Adjuvant drugs such as drugs for neuropathic pain, laxatives, antiemetics,
and sedatives are also often needed.

Analgesic ladder

The three main types of pain commonly encountered in patients
with colorectal cancer (visceral, somatic, and neuropathic pain) are
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individually considered, although many patients will have a combination
of them.

Visceral pain

This is due to compression or infiltration of a viscus by the tumor, for exam-
ple with liver or peritoneal metastases, resulting usually in constant dull
aching pain which is often poorly localized. This responds well to the step-
wise use of analgesics moving from paracetamol to weak opioids and strong
opioids as required. The European Association of Palliative Care (EAPC)
[8] recommends the following key guidelines regarding the safe use of oral
morphine.
• The opioid of first choice for moderate to severe cancer pain is morphine,
initially given as normal release morphine every 4 h with additional “rescue”
doses as required up to hourly.
• Patients who have taken full dose step-2 weak opioids should be started
on 10 mg normal release morphine, whereas if step 2 of analgesic ladder is
omitted 5 mg every 4 h it may still suffice.
• The opioid requirements should be reassessed within 12–24 h depending
on severity of pain and dose of 4-h morphine titrated up according to use of
regular and rescue doses. For example, if 30 mg of morphine has been used
as breakthrough medication in addition to 60 mg of regular morphine, the
regular dose should be increased to 15 mg every 4 h.
• The patient should be converted to sustained release preparations once the
analgesic requirements are stable and normal release morphine continued as
needed for breakthrough pain.

Most patients will require a laxative to be started with the morphine to
prevent constipation and an antiemetic should be available if needed as 30%
of patients experience nausea when starting morphine.

What is the best treatment for intestinal colic and tenesmus?

Colic is very distressing. It may be due to potentially reversal causes such as
constipation or bowel obstruction, but occasionally the patient is too unwell
or definitive treatment is not possible.

Standard management [9] would be:
• Stop stimulant laxative.
• Immediate treatment: hyoscine butylbromide 20mg stat sc (subcutaneous)
or glycopyrronium 0.1–0.2 mg stat sc.
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• Continued treatment: glycopyrronium 0.2–0.6 mg/24 h or hyoscine
butylbromide 40–160 mg/24 h via continuous subcutaneous infusion
(CSCI).
• Antispasmodics such asmebeverine or peppermintmay have a limited role.
Although a short review of 31 papers [10] on the use of buscopan
(hyoscine butylbromide) in abdominal colic (all causes) in emergency
medicine found no benefit compared to standard analgesics, the clinical
impression in advanced colorectal cancer is that antispasmodics can be
helpful.

Tenesmoid pain (a painful sensation of rectal fullness) is usually related
to local tumor in the unresected rectum, or to involvement of the presacral
plexus by recurrent tumor or occasionally presents as a phantom phe-
nomenon after rectal excision. This distressing symptom can give the need to
defecate up to 20 times a day and may be associated with offensive rectal dis-
charge. Patients describe a constant feeling of fullness or a severe spasmodic
or shearing pain [11] making it difficult to distinguish from lumbosacral
plexus neuropathic pain [12]. The continuous pressure is usually due to
an enlarging tumor which causes local pressure on stretch receptors in the
rectum. The intermittent shearing pain is possibly due to direct tumor inva-
sion of levator ani and coccygeal muscles or the anal sphincter resulting in
muscle spasm.

A 5-year follow-up study of 177 patients found perineal pain after rectal
amputation was caused by local tumor recurrence or deafferentation pain
following section of the pudendal nerve; the late development of symptoms
were a significant indicator of recurrent disease [13].

Treatment depends on the use of the following [14]:
• Antitumor treatments where possible, including laser treatment of
tumor [15].
• Analgesics according to analgesic ladder which decreases the continuous
pressure sensation [16].
• Adjuvants – for neuropathic pain (see below), corticosteroids to reduce
peritumoral oedema [17], antispasmodics such as nifedipine 10–20 mg bd
[18], and local treatments such as rectal instillations of lidocaine [19] or
morphine [20].
• Anaesthetic procedures may be required for intractable pain: lumbar sym-
pathectomy has been reported to improve symptoms in 10 out of 12 patients
and well tolerated [21].
• There are also reports of successful use of cryoanalgesia and spinal
infusions [22].
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The incidence of rectal pain has not been documented but a fall in the inci-
dence of local recurrence has made this distressing symptom less common.

Somatic pain (musculoskeletal)

In colorectal cancer patients somatic pain is commonly due to either bone
infiltration or metastases, or musculoskeletal pain; the latter may pre-exist
but is exacerbated by weakness and weight loss. Treatment of musculoskele-
tal pain involves the use of nonsteroidal anti-inflammatory drugs (NSAIDs),
which may be used topically with effect [23] if systemic NSAIDs are con-
traindicated, together with non-drug treatments such as Transcutaneous
Electrical Nerve Stimulation (TENS), acupuncture, and physiotherapy.
Complementary therapies are used by about half of all cancer patients,
suggesting many patients derive great benefits from their concurrent use.

Colorectal cancer sometimes metastasises to bone and may also cause
sacral pain due to bony infiltration from local recurrence. Single-dose pallia-
tive radiotherapy provides good sustained pain relief in over 80% of patients
[24] and early referral is warranted. Although studies [25,26] have failed to
confirm a benefit, many patients seem to benefit from NSAIDs, particularly
whilst awaiting radiotherapy. There may be benefit from the concurrent
use of opioids [16], corticosteroids [17], and, in intractable cases, bisphos-
phonates [27,28]. Local sacral infiltration often associated with neuropathic
pain may require a caudal block, spinal infusion, or cryoanalgesia [22].

Neuropathic pain

Neuropathic pain contributes to up to 40% of cancer-related pain [29] and
remains the most challenging pain to treat, often requiring combined use of
opioids, adjuvant analgesics, and anesthetic interventions. Neuropathic pain
caused by compression or destruction of neural structures results in aberrant
somatosensory nerve transmission, so the patient experiences intermittent
stabbing and burning pain often associated with hyperalgesia and allodynia.
In colorectal cancer patients it is most commonly as a result of direct invasion
of the lumbosacral plexus, presenting as pain in the buttocks or leg in 93%
of patients [30] progressing to numbness, paresthesia, and weakness. Some
authors [31] have classified the plexopathy according to whether it involves
the upper, lower, or whole plexus which influences the sensory and motor
changes according to which nerve roots are principally involved, and may
guide choice of appropriate anesthetic procedure, for example epidural vs
caudal block.



238 CHAPTER 15
..............................................................................................................................................................................

It is now generally accepted that opioids are effective in malignant neuro-
pathic pain [32] and opioids alone have been found to control neuropathic
pain in one-third of patients [33]. If opioids titrated to maximum tolerated
dose are insufficient, the addition of an adjuvant analgesic is required. The
choice of adjuvant is guided by concomitant symptoms and possible side
effects as there is no clear evidence that one treatment is better than another.

Antidepressants

Low dose antidepressants in non-malignant and to a lesser degree, malig-
nant neuropathic pain are co-analgesics. Tricyclic antidepressants such as
amitryptyline are themost effective but some evidence suggests newer antide-
pressants such as Selective Serotonin Reuptake Inhibitors (SSRIs) may also
have a weak effect [34]. Amitryptyline should be started in low doses of
10–25 mg nocte (to be given at night) according to the clinical condition
of the patient and the dose increased after 5–7 days if not beneficial up
to 100 mg/day. If this is not effective or cannot be tolerated, change to a
different adjuvant should be considered.

Anticonvulsants

Most anticonvulsants such as carbamazepine or sodium valproate are of
benefit in neuropathic pain [35]; this benefit is comparable to that seen
with antidepressants. Recently gabapentin has become the anticonvulsant
of choice for neuropathic pain as it is effective, well tolerated, and with-
out known drug interactions [36]. The usual starting dose is 300 mg nocte
increasing up to 300 mg tds over 3–7 days depending on the condition of the
patient. Some patients may require up to 2400mg/day for maximal analgesic
effect.

Corticosteroids

Corticosteroids may help alleviating neuropathic pain [37], possibly by
reducing perineural oedema or their anti-inflammatory action. Some authors
[9] suggest a high initial dose such as 8 mg/day for up to 3 days for
rapid results and then reducing dexamethasone to a minimum, for exam-
ple 2 mg/day, with regular review to prevent long-term side effects. If there
is no benefit at all after 5 days on steroids, they should not be continued as
side effects can occur rapidly, particularly emotional liability.
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Suggested scheme for management of neuropathic pain

1 Would antitumor treatment (e.g. radiotherapy) help?
2 Commence weak/strong opioid according to WHO analgesic ladder.
3 If the above scheme is unsuccessful, consider use of any of the most
appropriate adjuvant as given below:

• Start amitryptyline 10–25 mg nocte if patient is not sleeping well and
does not suffer from dry mouth or medical contraindications such as
cardiac arrhythmias.
• Commence gabapentin 300 mg increasing to tds if patient has dry
mouth, urinary problems, or glaucoma.
• Commence corticosteroids if the patient has associated symptoms such
as nausea, anorexia, and liver capsule pain.

4 Increase adjuvant and consider using two adjuvant drugs concurrently if
pain not responding.
5 If pain not promptly responding, refer urgently to specialist palliative
care for further advice on other specialist interventions such as a ketamine
infusion.

Management of anorexia, nausea, and vomiting

Anorexia, nausea, and vomiting affects 40–70% of patients [38] but are
often poorly managed [39]. Initial assessment depends on clarifying if
the patient has anorexia, nausea, or vomiting as many patients will describe
the former two as sickness and will diagnosing the underlying cause of the
symptom to effective target treatment.

It is important to:
• distinguish between vomiting, expectoration, and regurgitation;
• note the content of the vomitus – for example undigested food, bile,
feculent;
• separately evaluate nausea and vomiting;
• enquire whether nausea is absent or persistent for prolonged periods after
vomiting;
• ask about diurnal variation;
• review the drug regimen;
• examine the mouth, pharynx, and abdomen;
• check for papilledema (although its absence does not exclude raised
intracranial pressure);
• exclude uremia, hypercalcemia, and digoxin toxicity;
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• consider radiological investigations if there is still major doubt about the
cause [40];

If symptoms persist after reversible causes have been treated, the use of
one or two of these first-line antiemetics is recommended [40].

Prokinetic antiemetics. For gastritis, gastric stasis, and functional bowel
obstruction use metoclopramide 10 mg qds orally/subcutaneously or 40–
100 mg/24 h by continuous subcutaneous infusion.

Antiemetic acting principally in area postrema. For most chemical causes
of vomiting – for example morphine, hypercalcemia, and renal failure use
haloperidol 1–2 mg nocte orally or 1–2 mg bd orally or 5 mg/24 h by
continuous subcutaneous infusion.

Antiemetic acting principally in the vomiting center. For mechanical bowel
obstruction, raised intracranial pressure, and motion sickness use cyclizine
50 mg tds orally or 150 mg/24 h by subcutaneous infusion.

It may be helpful to use a combination of cyclizine and haloperidol by sub-
cutaneous infusion until drugs can be absorbed orally. Intractable symptoms
may require the use of dexamethasone, levomepromazine, or ondansetron
and advice from specialist palliative care should be sought.

Anorexia often points to underlying nausea. Oropharyngeal pathology,
or a cancer-induced anorexia-cachexia syndrome. Corticosteroids such as
dexamethasone 2–4 mg/day give a short-term improvement in appetite in
some patients [41], but their benefit is often outweighed by troublesome
side effects such as emotional lability, insomnia, ankle edema and weakness
from proximal myopathy.

Medical management of intestinal obstruction

Ten to twenty-eight percent of patients with colorectal cancer [42] develop
obstruction. For single site, large-bowel obstruction, surgical treatment is
appropriate, but those with the following are unlikely to benefit from surgery
(abridged from [43]):
• Diffuse peritoneal disease
• Frailty and cachexia
• Multiple partial bowel obstruction
• Previous radiotherapy to abdomen or pelvis
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• Distant metastatic disease
• Previous laparotomy confirming widespread disease
• Ascites.
The medical management depends upon the level of obstruction as well as
condition of the patient although in practice it is not always clear or possible
to elucidate the level of the intestinal obstruction. Radiographic evaluation
following history and clinical examination may be helpful and studies sug-
gest that the plain abdominal X-ray can diagnose small-bowel obstruction
with an accuracy of 30% [44]. Small-bowel contrast studies have an accu-
racy of 70–100% in locating small-bowel obstruction [45] but these are
probably useful mainly in patients who are to be considered for surgery.
Barium/gastrograffin enemas are useful to clarify the site of colonic obstruc-
tion particularly if placement of a colonic stent is being considered. Many
consider the use of CT to be the gold standard in diagnosing bowel obstruc-
tion as it has a high sensitivity and specificity [46]. The appropriateness of
investigations should be determined by comparing the benefits vs the burdens
of each intervention to the patient.

Decompression of the proximal bowel through the use of either a
nasogastric tube or venting gastrostomy may sometimes give rapid relief,
although the former can be very uncomfortable in the long term [46].
Venting gastrostomy is more acceptable to decompress in the medium-
long term as the patient can continue oral intake without the discomfort
and aesthetic problems associated with long-term nasogastric tube use
and the patient can be concurrently fed via jejunostomy, allowing home
care [47,48].

Self-expandingmetal stents are increasingly usedwhen a single narrowing
involves the gastric outlet, proximal small bowel, or colon. A duodenal stent
can be inserted endoscopically [49] and stents are increasingly used to relieve
colorectal obstruction [50,51].

Pharmacological treatment of inoperable malignant
bowel obstruction

The relief of nausea and vomiting, pain, and other symptoms using antiemet-
ics, antisecretory drugs, and analgesics, pioneered by Dr Mary Baines
[52], has enabled patients to be treated in hospitals, hospices, or at home;
recommendations have been published by the EAPC [53]. In our practice we
recommend the following drugs parenterally, preferably via a subcutaneous
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infusion:
• Antiemetic options

1 Metoclopramide 1–2 mg/kg body weight/day for partial occlusion
without colic, or
2 Levomepromazine 6.25–25 mg/day for complete obstruction, or
3 Haloperidol 2.5–5 mg/day with cyclizine 150–200 mg/day for complete
obstruction.

• Antisecretory drugs can be given concomitantly
1 Hyoscine butylbromide 40–120mg/day or hyoscine hydrobromide 0.8–
2.0 mg/day or glycopyrronium 0.2–0.4 mg/day
2 Octreotide 0.2–0.8 mg/day.

Steroids

Steroids may relieve obstruction by reducing peri-tumoral oedema; the
cochrane review shows a trend for evidence that intravenous dexamethasone
(6–16 mg/day) may ameliorate bowel obstruction and suggests a 4–5 day
trial [54].

Analgesics

Most patients are on strong opioids which should be converted to parenteral
preparations and titrated as appropriate. Hyoscine can be added to relieve
persisting colic.

Symptomatic management of constipation

Constipation, defined as the passage of small hard feces infrequently and
with difficulty [55], is a very frequent and often debilitating symptom. The
causes of constipation may be due to
• the cancer directly
• the treatment of the cancer (drugs, chemotherapy, surgery, radiotherapy)
• general effects of the cancer (poor dietary and fluid intake, immobility,
depression)
• preexisting or unrelated conditions (hemorrhoids, rectal prolapse, diabetes
mellitus, etc.).
Diagnosing the underlying cause of constipation requires a full history,
examination including rectal examination, and if necessary abdominal X-ray
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to guide best treatment. Subacute or potential bowel obstruction must be
excluded.

Ideally, constipation should be prevented by regular monitoring, dietary
advice, and early use of laxatives, particularly when prescribing strong
analgesics. However up to 80% of patients with advanced cancer often
experience troubling constipation, despite regular laxative use [56]. Most
patients require a combination of laxatives to soften the stool and stimulate
peristalsis, which is more effective and better tolerated than when each
given individually [57]; they must be continued long term to prevent further
problems such as fecal impaction.

Suggested plan for management of constipation:
• Explore possibility of non-drug interventions, for example diet, privacy,
mobility.
• Start prophylactic laxatives with weak and strong opioids.
• Use combination of softener with stimulant such as senna liquid/
magnesium hydroxide 10/10 ml od–bd or codanthramer capsules 2–4 a day
(note codanthramer is only licensed in the United Kingdom for use in very
elderly and palliative care patients).
• For resistant problems consider use of polyethylene glycol [58].
• If there is stool in the rectum consider concurrent use ofmicrolax/phosphate
enema.
• For severe fecal impaction a manual evacuation with caudal analgesia or
sedation and analgesia may be required.
• If rectum is empty and stool palpable in colon on abdominal examination
consider high arachnis-oil retention enema overnight and repeat until stool
palpable in rectum.

Symptomatic management of diarrhea

Diarrhea, the passage of frequent loose stools with urgency [55], is a less
frequent symptom that is usually due to the cancer itself or as a result
of its treatment (surgery, radiotherapy, or chemotherapy), but overflow
from intestinal obstruction or fecal impaction (commonly), ormalabsorption
diarrhea must be excluded.

Opioids are widely used in palliative care patients because of their efficacy
and palatability. Loperamide is significantly more effective than codeine or
diphenoxylate (the relative specificity for antidiarrheal effects being 5.52,
5.24, and 23.7, respectively) and can be used in doses up to 54 mg/day with-
out adverse effects [55]. As loperamide acts mainly on the colon [59] it can
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be combined with codeine or morphine in intractable diarrhea. Octreotide
has shown to be useful in refractory diarrhoea secondary to ileostomy or
colectomy [60].

Symptomatic management of rectal bleeding and discharge

In advanced colorectal cancer local tumor bleeding is common, but treatable
causes such as hemorrhoids, postradiation proctitis, or clotting disorders
must be excluded. Radiotherapy has been shown to reduce or stop bleeding
or discharge in 85% of patients with 10 fractions of external beam treatment
[61], but increasingly intraluminal brachytherapy is used to deliver a high
dose locally as a single treatment.

A trial of tranexamic acid 1 g tds for a week should be considered, which
can be discontinued if not effective or reduced to 500 mg tds if effective
but bleeding recurs [62]. There are also reports of the use of rectal tranex-
amic acid [63] and alum solution [64] for control of hemorrhage. Patients
with good performance status and at risk of major hemorrhage should be
considered for arterial embolization [65].

A persistent offensive discharge warrants microbiological investigation.
Usually, metronidazole suppositories will decrease swell without the side
effects from systemic treatment. Gentle rectal washout with saline or iodine
solutions can also reduce discharge and smell on a temporary basis.

Ascites

Ascites, usually associated with disseminated disease, causes abdominal dis-
tension and discomfort, dyspnoea, nausea, dyspepsia, and constipation. For
rapid relief of tense ascites large volume paracentesis (up to 5 l/day) is gen-
erally well tolerated [66] and this may be repeated in patients with a short
prognosis of less than 4 weeks. For moderate ascites or patients with longer
prognosis, a trial of diuretic therapy can be considered, although the evi-
dence of efficacy is in patients with cirrhosis and it may take up to 28 days
for maximum effect.

For persistent recurring ascites in good performance patients a perito-
neovenous shunt should be considered [67].

Psychosocial problems common in colorectal cancer patients

The importance of psychosocial care at every stage of disease and the benefits
of interventions on the incidence of anxiety, depression, and mood [68], and
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emotional and functional adjustment [69] are well recognized. The NICE
guidelines on care of the dying are based on this vast area of research [2].

Maguire et al. [70] studied the physical and psychological needs of 61
patients with terminal colorectal cancer, their carers, and GPs. They found
little concordance between patients and carers regarding their concerns:
Patients were most concerned about their illness, physical symptoms and
their inability to do things, whilst carers were most concerned. About the
illness, the future, and the emotional demands placed on them. Twenty-two
percent of the patients had a major mood disorder (depression, anxiety, or
adjustment disorder) usually unrecognized by medical staff, and 33% of
carers reported a mood disorder. This concurs with findings in other patient
groups [2], emphasizing the need for regular review as the patients’ and
carers’ needs change rapidly.

Every effort should be made to fulfill patients’ wishes about where they
wish to die [71]. Regardless of place of death, an integrated care pathway
for the last days of life has been shown to improve care for patients and
carers, ensuring patients receive the high quality holistic care they expect
[2]. Determining the point when active measures which control the disease
should be reduced can be difficult. There are some core ethical principles
underlying such decision making.

Autonomy depends on the patient’s ability to make realistic informed
choices about the options available to them, so without presenting appro-
priate choices to the patient their autonomy is undermined. Information
needs to be clear, accurate, and sensitively given. The principles of benefi-
cence and nonmaleficence require that there is a constant ongoing assessment
of the benefits of an intervention to the patient as a person, weighed against
the risks and the burdens. This constant reassessment is essential so that as
the patient’s condition changes those interventions which have become futile
are abandoned and others are instigated. The sudden switch from one type of
management to another can be traumatic to the patient and usually does not
result in good care. The sensitive delivery of comfort measures, the careful
withdrawal of treatments that clearly are not benefiting the patient, and the
avoidance of interventions that carry a risk can effect a smooth transition as
patients near the end of their lives.

The principle of justice requires that patients have the right to the best
treatment within the resources available, as well as an equitable distribution
of resources; thus those who may benefit should be referred for advice from
the palliative care team. No patient should be denied morphine or other
suitable symptom relief through ignorance or fear on the part of the doctor.
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Drugs titrated up to attain symptom control do not shorten life and indeed
may prolong good quality life as patients do not become exhausted.

Feeding and hydration have become vexed topics. Although interven-
tions to provide nutrition may be futile, subcutaneous fluids can sometimes
have a helpful role. As patients near the end of their lives, there can be very
important moments of deep spiritual meaning in conversations with family
members; past disagreements can be resolved and it is an important time
for the family to express their love verbally and through caring. Children in
the family must be prepared for the bereavement that they will face. Young
parents who are dying can find it helpful to create a memory box of pho-
tographs, memorabilia, and letters for the child to have in the years ahead.
When children are bereaved, they should be included as much as they want
in the processes of the funeral; some children find it helpful to be able to
visit the body of their dead parent several times, perhaps taking a flower or
drawing a picture to go in the coffin.

As patients near the last days of their life, it is essential that the family is
told quite explicitly that they are now dying. Unnecessary medication should
be stopped. Medication that might be needed, such as breakthrough doses
of morphine, a small dose of midazolam subcutaneously for restlessness,
and hyoscine for the bubbly chest that causes a death rattle have become
standard drugs on the care of the dying pathway to ensure good symptom
control in the last 48 h of life. Family may wish to organize a rota to sit
at the bedside and they should be told how death is anticipated, with a
slow decreasing level of consciousness and gently failing respiratory efforts;
many families value being told that nothing sudden is expected to happen
but that the person will gently slip into a coma and die from a coma. When
children are present, it is very important that the terms “going to sleep” and
other euphemisms are avoided because the child may then become frightened
that when their surviving parent goes to sleep they also may die. Children
cope well with very clear simple explanations of what is and what is not
happening.

After the death, the family may wish to help with washing and laying out
the body and many of the different religions will have their own traditions
that they wish to follow. In the few days prior to death, it is important to
ascertain from the family which traditions they wish to practice so that no
offence is caused around the time of death. Some patients wish to die at
home, and rapid transfer to home, even in the last hours, may be extremely
important and greatly valued by patient and family if that is the patient’s
clear informed wish.
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Good care at the end of life is expected; bad care is a legacy that lives on
in the bereaved, causing problems often many years later with a higher psy-
chosocial morbidity in the bereaved and a loss of confidence in the healthcare
system itself.

Patients with colorectal cancer have palliative care needs at different
stages of their illness which often may be addressed by the attending clinical
team. If there are complex or intractable problems early referral to Specialist
Palliative Care may be helpful so that issues may be addressed holistically
by the multidisciplinary team.
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16: Future directions in the oncological
treatment of colorectal cancer

Anthony El-Khoueiry and Heinz-Josef Lenz

.............................................................................................................................................................................

The treatment of colorectal cancer (CRC) has witnessed significant advances
over the last 5 years. Patients withmetastatic colorectal cancer (MCRC) have
benefited from a significant improvement in overall survival (OS) which is
largely due to the adoption of combination chemotherapy regimens that
include oxaliplatin or irinotecan in front-line therapy [1]. Novel targeted
agents such as bevacizumab (Vascular Endothelial Growth Factor (VEGF)
antibody) and cetuximab (Endothelial Growth Factor Receptor Antibody)
have contributed to the improved efficacy of chemotherapy in patients with
MCRC [2,3]. In the adjuvant setting, two trials have confirmed the positive
impact of the combination of oxaliplatin with 5-fluroruracil and leucovorin
(5-FU/LV – FOLFOX) on disease-free survival (DFS) [4,5]. A significant
amount of effort has been invested into the identification of molecular mark-
ers that predict response to therapy and others that may influence prognosis.
These advances, and many others not specifically noted in this introduction,
have influenced the treatment paradigm of patients with CRC. As we move
into the future, cure remains the ultimate goal of patients and oncologists
alike. This goal requires the oncology community to build on the current
achievements by refining them and by adopting new approaches to therapy
that may transform cure from an elusive target into a tangible reality. In
this chapter, as we discuss the future of the treatment of CRC, we will focus
on future directions in chemotherapy and on the application of predictive
and prognostic molecular markers to the treatment of patients with CRC
(Fig. 16.1).
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The future of adjuvant chemotherapy

A brief overview of the current reality

The oxaliplatin-based combination regimen (FOLFOX) has demonstrated
superiority over 5-FU/LV in the adjuvant treatment of resected stage II and
III colon cancer [4,5]. Both theMOSAIC (Multicenter International Study of
Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant Treatment of Colon
Cancer) and the NSABP C-07 (National Surgical Adjuvant Breast and Bowel
Project) trials showed superior DFS with FOLFOX at 4 and 3 years, respec-
tively. While this regimen is safe, it does entail significant toxicity; in the
MOSAIC trial, the most common grade 3/4 toxicities were neutropenia
(41%), diarrhea (10.8%), and vomiting (5.9%). Grade 3 peripheral neu-
ropathy was reported in 12.4% of patients, and one-third of the patients
had some degree of residual peripheral neurotoxicity 1 year after the com-
pletion of therapy [6]. In the NSABP C-07 trial, 85% of patients had some
degree of neuropathy during treatment and 29%had greater than or equal to
grade 1 neuropathy at 12 months. Irinotecan in combination with 5-FU and
LV has been evaluated in the adjuvant setting but has not achieved similar
results. Intergroup C89803, ACCORD, and PETACC-3 (Pan-European Tri-
als in Alimentary Tract Cancer) compared different schedules of FU/LV with
or without irinotecan [7–9]. None of them revealed a statistically significant
survival difference with the addition of irinotecan to adjuvant 5-FU/LV for
patients with stage II and III colon cancer.

Despite the impact of oxaliplatin, the adjuvant treatment of patients with
stage II colon cancer continues to present a challenge. Three large analyses
have led to conflicting conclusions about the benefit of adjuvant chemother-
apy with 5-FU [10–12]. In the MOSAIC trial, patients with stage II disease
achieved a 20% risk reduction, but the 95% confidence intervals (CIs)
overlapped [13]. As a consequence, some patients are “over-treated” and
subjected to toxicity that could have been avoided.

Given this reality, objectives for the future of adjuvant chemotherapy
include the improvement of the current degree of risk reduction (RR) as
well as the determination of subsets of patients with the most benefit from
a specific therapy.

New adjuvant regimens: the incorporation of targeted agents

The first objective of improving the current degree of RR entails the usage
of more effective chemotherapeutic regimens that would improve survival
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and lead to more cures. Such an improvement may come from the incorpo-
ration of targeted agents such as bevacizumab or cetuximab into adjuvant
regimens. Bevacizumab is a humanized antibody directed at VEGF [14],
which is highly expressed in colorectal cancer. The rationale for the usage
of bevacizumab is based on the fact that angiogenesis has an influence on
the metastatic potential of tumors [15]. VEGF expression by IHC (immuno-
histochemistry) has been found to be correlated with outcome and survival
in patients with Dukes’ B colon cancer [16]. Turning off the “angiogenic
switch” may lead to an early inhibition of micrometastases and potentially
add to the current benefit of adjuvant FOLFOX. Ongoing NSABP C-08 trial
is designed to evaluate the benefit of adding 12 months of bevacizumab
therapy to 6 months of FOLFOX.

Cetuximab is a chimeric immunoglobulin G1 monoclonal antibody that
targets the EGFR, inhibits its phosphorylation, and consequently prevents
the initiation of several intracellular events related to angiogenesis, apopto-
sis, proliferation, and invasion [17]. It has single-agent activity in patients
with metastatic disease who have failed 2 or 3 lines of therapy [18] and has
also resulted in higher RR when combined with FOLFOX [19]. EGFR poly-
morphisms in codon 497 as well as in intron 1 have been associated with
an increased risk of local recurrence in patients with rectal cancer treated
with adjuvant or neoadjuvant chemoradiotherapy [20]. As a result, cetux-
imab may play a role in the eradication of micrometastases in the adjuvant
setting. The planned intergroup study N0147 may shed some light on the
effect of the addition of cetuximab to adjuvant FOLFOX in stage II and III
colon cancer patients.

The relevance of molecular prognostic and predictive markers

The second future objective noted above is the determination of subsets of
patients who would benefit most from adjuvant therapy and of subsets of
patients who would respond better to one regimen vs another. Prognostic
molecular markers that help predict tumor behavior as well as host/tumor
interactions could be helpful in risk stratification and in restriction of
treatment to patients who would derive the most benefit from it [21].

There are several examples of identified genes that are thought to be
prognostic indicators of recurrence. They include microsatellite instability
(MSI), Deleted in Colon Cancer (DCC), thymidilate synthase (TS), trans-
forming growth factor-β (TGF-β), p53, p27, K-ras, and others. Due to the
general topic of this chapter, we will restrict our discussion to MSI, DCC,
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TS, and TGF-β as examples of prognostic markers that may play a role in
determining subgroups of patients with benefit from adjuvant chemother-
apy. MSI is present in about 15% of CRCs and reflects the inactivation
of mismatch repair (MMR) genes. Analysis of pooled data from published
studies by Popat et al. reveals that CRCs with MSI have a better prognosis
(hazard ratio [HR]) 0.65, 95% CI, 0.59 to 0.71). MSI tumors appeared to
derive no benefit from adjuvant 5-FU but the data are limited with HR of
1.24 and a 95% CI of 0.72 to 2.14 [22]. Deletions in chromosome 18q,
termed DCC, has been shown to be a negative predictor of prognosis in
colon cancer [23]. In a retrospective study, Gal et al. [24] showed that
positive expression of DCC by immunohistochemistry identified patients
who respond favorably to adjuvant 5-FU-based chemotherapy. These data
highlight the prognostic significance of MSI and DCC but do not provide
a definite answer as to their relevance in determining benefit from adju-
vant chemotherapy. Prospective validation of the role of these markers in
determining when and who to treat is needed. E5202 is a planned prospec-
tive randomized trial that assigns patients with stage II colon cancer to a
high- or low-risk category based on the presence of 18q deletion and MSI.
Patients with high-risk features are randomized to FOLFOX with or with-
out bevacizumab. Low-risk patients are assigned to an observation group.
This type of clinical trial will shed a more definite light on the role of
MSI and 18q deletion in determining prognosis and response to adjuvant
chemotherapy.

Thymidilate synthase is the target of fluoropyrimidines like 5-FU. TS inhi-
bition prevents the cell from its sole de novo source of thymidilate, which is
essential for DNA replication and repair. TS expression has been shown to
have prognostic value with low intratumoral levels predicting longer survival
[25,26]. More recently, low TS expression assessed by immunohistochem-
istry in tumors from 1326 patients with stage II and III CRC was found to
be a statistically valid independent prognostic factor [27]. While the prog-
nostic value of TS has been established, its role in predicting benefit from
adjuvant 5-FU-based chemotherapy has been somewhat controversial, likely
secondary to the small patient numbers and the difference in the methodol-
ogy used to assess the expression level (IHC vs RT-PCR) [28]. TS deserves
prospective validation like MSI and 18q.

The TGF-β signaling pathway has a complex role in tumorigenesis [29];
for example, it stimulates the growth of colon cancer cells through a Ras-
dependent mechanism, induces angiogenesis, and promotes invasiveness and
metastases. TGF-β1 serum levels have been found to be predictive of liver
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metastases after surgery for colon cancer (CC) [30]. The CC genotype poly-
morphism of TGF-β1, which is associated with higher TGF-β1 serum levels,
was found to be associated with a higher risk of recurrence in patients with
stage II and III colon cancer [31].

As more prognostic molecular makers are identified, one needs to note
that the survival of patients with stage II and III colorectal cancer as well
as their response to adjuvant therapy is influenced by multiple genes and
pathways. In addition to incorporating other potential prognostic markers,
such as TS and TGF-β, into prospective randomized clinical trials, there is
a clear need for technological advances that would define a more compre-
hensive molecular fingerprint that would serve as the basis of the decision
to treat or not to treat. Microarray technology is quickly emerging as a tool
to obtain a comprehensive and global profile of a tumor’s gene expression
characteristics. Using Affymetrix U133a gene chip (Affymetrix, Santa Clara,
Ca), Wang et al. [32] reported a 23-gene signature that predicted recurrence
in Dukes’ B colon cancer patients. Despite the small sample size of 74 and
the retrospective nature of the clinical information, this provocative data, if
validated, could serve as a way to “upstage” some patients with Dukes’ B
colon cancer to receive adjuvant chemotherapy.

The future of locally advanced rectal cancer therapy

The incorporation of new drugs in neoadjuvant regimens

Preoperative chemoradiotherapy for T3, T4, or node positive rectal cancer
has been adopted by most centers based on improved local control and
reduced toxicity results compared to postoperative chemoradiotherapy [33].
Another reason for the increasing interest in neoadjuvant chemoradiother-
apy is to enhance sphincter-conserving surgeries for distal rectal cancers [34].
Pathologic complete response (PCR) is thought to be a good surrogate
marker for long-term outcome in rectal cancer as it may predict improved
overall survival [35]. The incorporation of oxaliplatin and irinotecan into
neoadjuvant chemoradiotherapy regimens is undergoing evaluation with the
hope of increasing the rate of sphincter preservation and of PCR, thereby
improving OS [36]. For example, the SOCRATES phase I/II study has
determined the safety of capecitabine in combination with oxaliplatin and
preoperative radiation therapy; PCR was noted in 18% of patients and 80%
had radical oncological (RO) resection [37]. Neoadjuvant irinotecan with
continuous infusion 5-FU and radiation have resulted in 22% PCR rate and
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80% RO resections [38]. These PCR rates appear favorable with histor-
ical rates of up to 10% with 5-FU or 5-FU/LV [33]. It is important that
future endeavors include randomized clinical trials that compare intensified
neoadjuvant treatment regimens with oxaliplatin or irinotecan and radia-
tion to 5-FU and radiation. We are awaiting the results of RTOG 0012, a
randomized phase II study that assigned patients with T3-T4 rectal cancer
to radiation with 5-FU and irinotecan vs radiation and 5-FU. An ongo-
ing German trial (CAO/ARO/AIO-05) is randomizing patients to 5-FU and
radiation vs XELOX and radiation.

Targeted agents such as bevacizumab and cetuximab are undergoing
evaluation in combination with chemoradiotherapy for rectal cancer. This
approach is based on the radiosensitizing properties of these agents and on
the positive impact that they have had on efficacy of chemotherapy [36]. For
example, a German phase I/II study is evaluating preoperative XELOX with
cetuximab and radiation therapy.

Maximizing the benefit of the preoperative approach: tailored therapy

Molecular predictors of response to 5-FU, oxaliplatin, and irinotecan have
been the subject of intensive translational research over the last several
years [39]. The ultimate goal of the identification of these predictors is to
assign patients to the most effective, and least toxic, therapy. This approach
would be highly significant in the setting of neoadjuvant chemoradiother-
apy for rectal cancer because it would potentially improve the PCR rate and
potentially prolong survival. Future directions in the neoadjuvant treatment
of rectal cancer need to focus on PCR as an endpoint and to utilize pharma-
cogenomics to guide the treating oncologist in choosing the most effective
drug combination for the individual patient.

Since most of the current data about predictive markers of response are
retrospective, efforts are under way to assess these markers prospectively
with the hope of better understanding their role and paving the way for
randomized pharmacogenomics trials. In this context, an ongoing study by
Mcleod et al. [40] uses TS genotype polymorphisms to assign patients with
T3/T4 rectal cancer to neoadjuvant 5-FU and radiotherapy vs 5-FU, irinote-
can, and radiotherapy. Patients who are homozygous for the triple repeat
(3R) of a 28-base pair sequence in the promoter region of TS are treated
with the irinotecan containing combination based on the knowledge that
they have higher TS levels [41] and on the fact that they have a lower rate of
downstaging with 5-FU based neoadjuvant therapy [42]. Patients with the
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genotypes 2R/2R and 2R/3R are considered “good risk” patients and receive
5-FU alone. It is important to note that this is not a randomized trial but a
combination of two distinct phase II trials directed by the TS genotype. Pre-
liminary results reported at American Society of Clinical Oncology (ASCO)
2005 revealed a higher than historically observed rate of downstaging in the
“good risk” group, presumably due to the selection of the patients based on
their genotype. Only 13 “bad risk” patients had been enrolled and treated
with the more aggressive combination containing irinotecan; interestingly,
they achieved an 85% rate of downstaging, which is higher than anticipated.
Despite the potential criticisms of these preliminary results, they do establish
the feasibility of genotype-guided neoadjuvant therapy. Along the same lines,
the Southwest Oncology Group (SWOG) has initiated the first prospective
multicenter feasibility study aimed at assigning patients with T3/T4 rectal
cancer to a specific neoadjuvant chemotherapy combination based on their
tumors’ molecular profile. SWOG 0304 will use the gene expression levels
of TS, DPD, and ERCC-1 to determine whether patients receive induction
chemotherapy with FOLFIRI (high ERCC 1 group) vs FOLFOX (low TS,
DPD, and ERCC 1 group) vs IROX (low ERCC 1, high TS, and DPD group);
induction chemotherapy will be followed by capecitabine and concurrent
radiation therapy.

In addition to predictive markers of response, prognostic markers may
become relevant in determining which patients to treat with intensified
combination chemotherapy and radiation vs 5-FU and radiation.

The future approach to the treatment of metastatic
colorectal cancer

The overall survival of patients with mCRC has surpassed 20 months when
they receive the oxaliplatin-based combination (FOLFOX) followed by the
irinotecan-based combination (FOLFIRI) upon progression or the reverse
sequence [1]. This impressive survival reaches 25 months when patients
are exposed to bevacizumab in addition to oxaliplatin and irinotecan [43].
The new hope derived from this improvement in survival is not without
challenges. The first challenge for the future is to continue to enhance the
effectiveness of chemotherapy while minimizing toxicity and while not caus-
ing unjustified increases in healthcare cost. The second challenge is to make
cure a feasible reality for select patients with mCRC, especially ones with
metastases limited to the liver or lung.
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The sequencing of regimens and the integration of targeted agents

Bevacizumab and cetuximab are the two approved targeted agents for
the treatment of mCRC. The former has been shown to improve the RR
and survival of patients treated with irinotecan in combination with bolus
5-FU/LV in first line [2] as well as patients treated with FOLFOX in sec-
ond line [44]. The latter allows patients who have failed irinotecan-based
therapy to respond to the combination of irinotecan and cetuximab with a
prolongation of their time to progression [3]. Currently, both bevacizumab
and cetuximab are being evaluated for their role in front-line therapy with
oxaliplatin- or irinotecan-based combinations with RRs ranging between 57
and 72% [19,45,46]. Furthermore, the novel concept of combining the two
targeted agents has resulted in a significant degree of efficacy, even as third-
line therapy. Cetuximab and bevacizumab with irinotecan (CBI) in patients
with irinotecan failure as well as oxaliplatin failure in 85% of cases has a
RR of 37% and median time to progression of 7.3 months. Cetuximab and
bevacizumab given together (CB) in the same setting have a RR of 20%with
TTP (time to progression) of 5.6 months [47]. Based on these data, it is cur-
rently difficult to define the exact place of targeted agents in the sequencing
order of the different regimens. Future studies are needed to answer several
questions:
1 Do all patients need to receive combination chemotherapy in front line?
2 Should all patients receive a targeted agent along with first-line chemo-
therapy?
3 Should patients receive a combination of targeted agents with first-line
chemotherapy?
4 Is there a rationale to continue the administration of a targeted agent,
such as bevacizumab, once patients have experienced progression of
disease on a certain chemotherapy regimen given in combination with
bevacizumab?
Answering these questions requires the design of appropriate clinical trials
as well as the identification of patient sub-populations who would bene-
fit from aggressive front-line chemotherapy vs others who would not. It
seems reasonable to adopt the combination regimen with the highest RR
as front-line therapy for patients with a potential for cure (i.e. potentially
resectable metastatic disease), patients with a poor prognostic profile, and
patients with significant symptoms related to their disease burden. How-
ever, other patients may be adequately treated with 5-FU as a single agent
followed by a combination of 5-FU with oxaliplatin and irinotecan. This
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approach was evaluated in the FOCUS trial which showed higher RR and
PFS with front-line combination therapy but similar OS in patients who
received single agent 5-FU followed by combination therapy upon progres-
sion. The advantage of such an approach is a lower degree of unnecessary
toxicity [48].

The question in regards to the continuation of a targeted agent after
progression of disease with a combination of the same targeted agent
plus chemotherapy remains unanswered. The planned BOND 2.5 trial
will contribute to this answer by evaluating the efficacy of cetuximab/
bevacizumab/irinotecan (CBI) after bevacizumab failure.

Minimizing toxicity

The improved efficacy of combination chemotherapy regimens results in
longer exposure time and consequently, a higher risk of significant cumula-
tive toxicity. Minimizing toxicity may be achieved in the future through
clinical innovation related to the dosing and administration schedule of
drugs. For example, peripheral neuropathy, acute and chronic, is one of
the most common toxicities associated with oxaliplatin administration [49].
Chronic neuropathy is cumulative with grade 3 toxicity being present in
50% of patients who reach doses over 1000 mg/m2 [50]. Several medi-
cal interventions including the administration of calcium and magnesium
salts, gapapentin, carbamazepine, celecoxib, and amifostime have been
evaluated with no definite conclusion due to conflicting results and small
patient numbers in most studies [49]. Another method to counteract the
cumulative character of the neuropathy is through “oxaliplatin holidays.”
The OPTIMOX-1 study design serves as an example of the “stop and go”
strategy whereby patients receive FOLFOX first, followed by 5-FU/LV, and
subsequently FOLFOX reintroduction upon progression [51]. Alternating
FOLFOX and FOLFIRI prior to progression of disease may be another alter-
native which reduces the cumulative dose of oxaliplatin [52]. As the newer
targeted agents are incorporated into front-line regimens, they may play a
useful role in allowing for reduction in the dose intensity of oxaliplatin and
in the introduction of drug holidays without compromising efficacy.

The search for molecular predictors of toxicity has been an active area
of research. Ultimately, the goal is to resort to the patient’s molecular fin-
gerprint to assess the risk of toxicity with a specific drug or combination
and weight it against the expected benefit. In the case of oxaliplatin, there
is limited knowledge in regard to genotype variations that are associated
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with toxicity. Recently, Glutathione S-transferase P1 I105V polymorphism
was found to be associated with early onset of oxaliplatin-induced neu-
rotoxicity [53]. More data related to the influence of variations in drug
metabolism and transport genes on irinotecan toxicity has been accumu-
lated. UDP-glucoronosyltransferase (UGT1A1) is known to glucoronidate
SN-38, the active metabolite of irinotecan, to become an inactive prod-
uct. The UGT1A1 7/7 variant has been shown to be associated with the
risk of neutropenia [54]. Since the drug metabolism pathway of irinotecan
is polygenic, it is unlikely that UGT1A1 polymorphisms alone will allow
for adequate toxicity risk stratification. Current and future efforts need to
identify other relevant genes that may be assessed and analyzed together in
order to delineate different risk groups. An example of this approach can be
found in a study by Innocenti et al. [55] in which patients were assigned to
low, intermediate, and high-risk groups for neutropenia based on polymor-
phisms in UGT1A1, SLCO1b1 (an organic anion transporter gene expressed
in liver), and gender.

In summary, as patients live longer thanks to effective chemotherapeutic
and targeted agents, oncologists have to be aware of the effect of drug tox-
icity on the patient’s quality of life. In addition to innovation in the dosing
and frequency of drug administration, translational studies are needed to
better elucidate molecular predictors of toxicity that can be interpreted in
the context of the risk-benefit assessment for each patient.

The aim for cure in the setting of metastatic disease

Chemotherapy administered to patients with metastatic CRC has tradition-
ally been aimed at improving survival and palliating symptoms. However,
the advent of effective chemotherapeutic combinations in conjunction with
the encouraging results achieved after resection of liver or lung metastases
suggest that cure may be a reasonable expectation in select patients. Five-
year survival rates between 20 and 45%have been observed historically after
surgical resection of liver metastases [56]. These data preceded the current
chemotherapeutic combinations. Some of the future goals include improving
the rate of resectability as well as the duration of remission. Since it is not the
intent of this chapter to present an exhaustive review of surgical resection of
metastases from CRC, we will focus our discussion on select chemothera-
peutic and molecular advances that may be valuable in achieving the above
stated objectives.
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Neoadjuvant chemotherapy for patients with mCRC to liver or lung only

Combinations chemotherapy regimens such as 5-fluorouracil (5-FU),
leucovorin (LV), and oxaliplatin (FOLFOX) or 5-FU, LV, and irinote-
can (FOLFIRI) have achieved response rates of 50–55% in patients with
mCRC [1]. Given the high RR achieved, these regimens may allow a higher
number of patients to become eligible for surgical resection of metastases
and hopefully prolong survival through the control of systemic micrometas-
tases. This approach has been undergoing evaluation with encouraging
results. One hundred and thirty nine out of 1400 (13%) initially unresectable
patients with mCRC to the liver were able to undergo resection following
neoadjuvant treatment with oxaliplatin or irinotecan-based regimens. The
overall 5-year survival was 36% [57]. In a North Central Cancer Treatment
Group (NCCTG) study, 17 (41%) patientswith unresectable livermetastases
underwent resection after neoadjuvant FOLFOX4 with a median survival of
31.4 months [58].

The response rates noted with oxaliplatin or irinotecan-based regimens
in the setting of metastatic disease have become even higher with the addi-
tion of cetuximab or bevacizumab to FOLFOX or FOLFIRI [19,45,46].
For example, FOLFOX in combination with cetuximab as first-line therapy
for mCRC has resulted in a RR of 72%, including a 9% rate of complete
response (CR) [19]. Capecitabine in combination with oxaliplatin and beva-
cizumab (Avastin) (XeloxA) administered to previously untreated patients
with mCRC has a RR of 57% and disease stability rate of 37% [59]. These
data have provided the rationale for the ongoing or planned evaluation of
FOLFOX or FOLFIRI in combination with a targeted agent for their role in
“downstaging” liver metastases and improving survival after resection.

In summary, improved resectability and survival rates may be achievable
in the future if we are able to administer the most appropriate and most
effective neoadjuvant regimen to patients with metastases to the liver or
lung only. Furthermore, the identification of predictive molecular markers
of response to chemotherapy may be a valuable tool in choosing the optimal
neoadjuvant combination that would achieve the highest response rate and
allow for potentially curative resection.

Molecular predictive markers of response in the metastatic setting

Over the last few years, translational research aimed at defining molec-
ular markers of prognosis and response has rapidly evolved. Different



ONCOLOGICAL TREATMENT OF CRC 263
..............................................................................................................................................................................

technologies used in the molecular profiling of tumors have been developed.
While this chapter is not intended to present an in-depth discussion of this
area, it is worthwhile that we address it given its relevance for the future
treatment of colorectal cancer. As noted previously, tailored therapy may be
useful in the neoadjuvant approach to the treatment of rectal cancer. Simi-
larly, a molecular map may be valuable for patients receiving neoadjuvant
chemotherapy with the goals of downstaging liver or lung metastases and
eventual curative resection. When treatment is palliative, the potential to
avoid failed therapies or excess toxicity can make a marked difference in a
patient’s quality of life.

Several methods have been used in the identification and evaluation of
individual genes involved in specific drug metabolism, DNA repair, angio-
genesis, cell cycle control, apoptosis, and others. Immunohistochemistry
has been utilized to evaluate the protein expression of a gene. Proteomics
examine a specific tissue’s entire protein complement [60]. Alternatively, one
could look for gene expression at the RNA level using techniques such as
reverse transcription polymerase chain reaction (RT-PCR) [61]. Microar-
rays or “chips” allow the researcher to perform whole-genome expression
profiles and potentially derive a molecular signature that is relevant to prog-
nosis or response to a specific therapy [62]. Polymorphisms are variations
within a gene, such as repeats of nucleotide sequences or substitutions of
one or more nucleotide. When the polymorphism affects the transcription
or translation of a gene related to the efficacy of a drug, the polymorphism
may be associated with clinical outcome [63].

Below are some examples of genetic markers relevant to colorectal cancer
that are likely be relevant to future attempts at tailoring therapy. Thymidilate
synthase (TS) gene expression levels have been shown to predict response
to treatment with 5-FU and survival [64]. However, taken by itself, TS
does not separate all responders from non-responders. Thymidine phos-
phorylase (TP) and dihydropyrimidine dehydrogenase (DPD) also play a
role in 5-FU metabolism and have been shown to correlate with response.
When evaluated together, TS, TP, and DPD resulted in a clear separa-
tion of patients with response from those with no response; patients with
low levels of all three enzymes had significantly better response (11/11
patients, 100%, p = 0.0001) than patients with higher levels of all three
enzymes (0/22 patients) [65]. Excision repair complementation group 1
(ERCC1) gene family is thought to prevent DNA injury and mutations via
the nucleotide excision repair pathway. Given the mechanism of action of
oxaliplatin which forms bulky DNA adducts, ERCC1 has been evaluated for
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its role in predicting outcome with oxaliplatin. Stoehlmacher et al. evaluated
tumors of patients treated with 5-FU/oxaliplatin for the mRNA expression
of TS and ERCC-1. Both TS and ERCC-1 mRNA expression levels had
a statistically significant association with survival in these patients. ERCC1
polymorphisms have also been found to be associated with improved clinical
outcome [66].

More recently, attempts at identifying molecular markers to predict the
efficacy of targeted agents are under way. For instance, lower mRNA levels
of Cox 2, EGFR, and IL-8 were significantly associated with overall survival
in a small series of 39 patients treated with cetuximab alone [67].

The challenges for the future include:
1 The validation of the association of molecular markers with clinical out-
come in prospective trials. (It is encouraging to note that these efforts are
already under way.)
2 The refining of technologies and statistical methods in order to accommo-
date the complexity of the molecular map that may determine outcome. (In
other words, clinical outcome is not dependent on one polymorphism in one
gene, or one gene in a pathway, and not even on a single pathway.)
3 The standardization of testing methods and results’ interpretation.
4 The adaptation of these findings and methods to everyday practice,
especially in the community.

New agents and combinations

Efforts to develop new cytotoxic drugs as well as biologic agents such as
antibodies, antisense oligonucleotides, and tyrosine kinase inhibitors are
continuing. It is beyond the scope of this chapter to enumerate all the new
drugs in development. However, it is worthwhile to highlight some of the
targets that play a role in the molecular carcinogenesis of colorectal cancer
and that have served as the catalyst for the design of new targeted agents.
They include focal adhesion kinase (FAK), insulin growth factor receptor
(IGFR), vascular endothelial growth factor receptor (VEGFR), and endothe-
lial growth factor (EGF). Other compounds have been designed to inhibit
multiple targets such as SU11248, PTK/ZK, and BAY 43-9006. PTK/ZK
is an inhibitor of all three VEGF receptors as well as of platelet derived
growth factor receptor (PDGFR) and c-KIT. FOLFOX in combination with
PTK/ZK did not result in improved efficacy or prolonged survival when com-
pared to FOLFOX alone [68]. Explanations for this result may be found at
the pharmacokinetic, molecular target, and patient selection levels.
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In addition to the multitargeted inhibitors, investment into the identi-
fication of cross-talk mechanisms between different pathways may guide
future directions related to the combination of different targeted agents. For
example, the synergism noted clinically between the inhibition of the EGF
pathway with cetuximab and the VEGF pathway with bevacizumab [47]
can be explained by several interactions at the molecular level between the
two pathways through neuropilin and the hypoxia induced factor (HIF1)
[69,70]. Other combinations like this may carry the promise of high clinical
efficacy and low toxicity.

Molecular markers of response or prognosis, including genomic poly-
morphisms, may represent appropriate targets for new drug design in the
future since the inhibition or the enhanced expression of these markers could
influence the molecular behavior of tumors. This novel approach to drug
development could be further enhanced through novel phase I designs that
incorporate pharmacokinetic and pharmacodynamic modulation in order to
determine the dose that achieves the highest degree of target inhibition. In
other words, biologic activity may need to replace the concept of maximum
tolerated dose (MTD) as an endpoint for certain targeted agents.

Conclusions

Future directions in the treatment of colorectal cancer hold promise for more
effective therapies leading to longer survival and higher chances of cure.
However, the oncology community faces the challenge of adapting to the
rapid pace of drug development and technological advances in order to utilize
them appropriately in advancing the field. Recent lessons point to the need
to integrate molecular biology, pharmacology, pharmacodynamics, and
pharmacogenomics into drug development. Simultaneously, the prospec-
tive validation of prognostic and predictive molecular markers as well as
the standardization of methods utilized to identify them promise to move
us from the era of the “one size fits all” chemotherapy to the era of the
individually tailored treatment algorithm.

References

1 Tournigand C, Andre T, Achille E et al.
FOLFIRI followed by FOLFOX6 or the
reverse sequence in advanced colorectal
cancer: a randomized GERCOR study.
J Clin Oncol 2004; 22: 229–37.

2 Hurwitz H, Fehrenbacher L, Novotny W
et al. Bevacizumab plus irinotecan,
fluorouracil, and leucovorin for
metastatic colorectal cancer. N Engl J
Med 2004; 350: 2335–42.



266 CHAPTER 16
..............................................................................................................................................................................

3 Cunningham D, Humblet Y, Siena S
et al. Cetuximab (C225) alone or in
combination with irinotecan (CPT-11) in
patients with epidermal growth factor
(EGFR) positive, irinotecan refractory
metastatic colorectal cancer (MCRC).
39th Annual Meeting of American
Society of Clinical Oncology; May
31–June 23, 2003; Chicago, Ill. (abstr
1012).

4 Wolmark N, Wieand HS, Kuebler JP
et al. Phase III trial comparing FULV to
FULV + oxaliplatin in stage II or III
carcinoma of the colon: results of NSABP
Protocol C-07. Am Soc Clin Oncol
Annual Meeting 2005 (abstr LBA
3500).

5 De Gramont A, Boni C, Navarro M et al.
Oxaliplatin/5FU/LV in the adjuvant
treatment of stage II and stage III colon
cancer: efficacy results with a median
follow-up of 4 years. Am Soc Clin Oncol
Annual Meeting 2005 (abstr 3501).

6 De Gramont A, Boni C, Navarro M et al.
Oxaliplatin/5-FU/LV in adjuvant colon
cancer: safety results of the international
randomized MOSAIC trial. 38th Annual
Meeting of American Society of Clinical
Oncology 2002 (abstr 525).

7 Saltz LB, Niedzwiecki D, Hollis D et al.
Irinotecan plus fluorouracil/leucovorin
(IFL) versus fluorouracil/leucovorin alone
(FL) in stage III colon cancer (intergroup
trial CALGB C89803). Proc Am Soc Clin
Oncol 22: 2004 (abstr 3500).

8 Van Cutsem E, Labianca R, Hossfeld D
et al. Randomized phase III trial
comparing infused irinotecan/
5-fluorouracil (5-FU)/folinic acid (IF)
versus 5-FU/FA (F) in stage III colon
cancer patients (pts) (PETACC 3). Am
Soc Clin Oncol Annual Meeting 2005
(abstr LBA8).

9 Ychou M, Raoul J, Douillard J et al. A
phase III randomized trial of
LV5FU2+CPT-11 vs. LV5FU2 alone in
adjuvant high risk colon cancer
(FNCLCC Accord02/FFCD9802). Am
Soc Clin Oncol Annual Meeting 2005
(abstr 3502).

10 Gill S, Loprinzi CL, Sargent DJ et al.
Pooled analysis of fluorouracil-based

adjuvant therapy for stage II and III
colon cancer. Who benefits and by how
much? J Clin Oncol 2004; 22: 1797–806.

11 Mamounas E, Weiand S, Wolmark N
et al. Comparative efficacy of adjuvant
chemotherapy in patients with Dukes’ B
versus Dukes’ C colon cancer: Results
from four National Surgical Adjuvant
Breast and Bowel Project adjuvant
studies (C-01, C-02, C-03, and C-04).
J Clin Oncol 2004; 17: 1349–55.

12 Internaltional Multicenter Pooled
Analysis of B2 Colon Cancer Trials
(IMPACT B2) investigators. Efficacy of
adjuvant fluorouracil and folinic acid in
B2 colon cancer. J Clin Oncol 1999;
17: 1356–63.

13 Andre T, Boni C, Mounedji-Boudiaf L
et al. for the Multicenter International
study of oxaliplatin/5-fluorouracil/
leucovorin in the adjuvant treatment of
colon cancer investigators. Oxaliplatin,
fluorouracil, and leucovorin as adjuvant
treatment for colon cancer. N Engl J
Med 2004; 350: 2343–51.

14 Presta IG, Chen H, O’Connor SJ et al.
Humanization of an anti-vascular
endothelial growth factor monoclonal
antibody for the therapy of solid tumors
and other disorders. Cancer Res 1997;
57: 4593–99.

15 Takahashi Y, Kitadai Y, Bucana CD
et al. Expression of vascular endothelial
growth factor and its receptor, KDR,
correlates with vascularity, metastasis,
and proliferation. Cancer Res 1995;
55: 3964–8.

16 Boxera GM, Tsiompanoua E, Levineb R
et al. Immunohistochemical expression
of vascular endothelial growth factor and
microvessel counting as prognostic
indicators in node-negative colorectal
cancer. Tumor Biology 2005; 26: 1–8.

17 Mendelson J. Targeting the epidermal
growth factor receptor for cancer
therapy. J Clin Oncol 2002; 20: 1s–13s.

18 Lenz H, Mayer RJ, Gold P et al. Activity
of Erbitux (cetuximab) in patients with
colorectal cancer refractory to a
fluoropyrimidine, irinotecan, and
oxaliplatin. Am Soc Clin Oncol Annual
Meeting 2005 (abstrt 225).



ONCOLOGICAL TREATMENT OF CRC 267
..............................................................................................................................................................................

19 Diaz-Rubio E, Taberbero J,
Van Custem E et al. Cetuximab in
combination with oxaliplatin/
5-fluorouracil (5-FU)/folinic acid (FA)
(FOLFOX-4) in the first-line treatment of
patients with epidermal growth factor
receptor (EGFR) – expressing metastatic
colorectal cancer: an international phase
II study. Am Soc Clin Oncol Annual
Meeting 2005 (abstr 3535).

20 Zhang W, Park D, Lu B et al. Epidermal
growth factor receptor gene
polymorphisms predict pelvic recurrence
in patients with rectal cancer treated with
chemoradiation. Clin Cancer Res 2005;
11: 600–5.

21 Lenz HJ. Pharmacogenomics in
colorectal cancer. Semin Oncol 2003;
30: 47–53.

22 Popat S, Hubner R, Houlston RS.
Systematic review of microsatellite
instability and colorectal cancer
prognosis. J Clin Oncol 2005;
23: 609–17.

23 Jen J, Kim H, Piantadosi S et al. Allelic
loss of chromosome 18q and prognosis
in colorectal cancer. N Engl J Med 1994;
331: 213–21.

24 Gal R, Sadikov E, Sulkes J et al. Deleted
in colorectal cancer protein expression as
a possible predictor of response to
adjuvant chemotherapy in colorectal
cancer patients. Dis Colon Rectum 2004;
47: 1216–24.

25 Johnston PG, Fisher ER, Rockette HE
et al. The role of thymidilate synthase
expression in prognosis and outcome of
adjuvant chemotherapy in patients with
rectal cancer. J Clin Oncol 1994;
12: 2640–7.

26 Lenz HJ, Danenberg KD, Leichman CG
et al. p53 and thymidilate synthase
expression in untreated stage II colon
cancer: associations with recurrence,
survival, and site. Clin Cancer Res 1998;
4: 1227–34.

27 Johnston PG, Benson A, Catalano P et al.
The clinical significance of thymidilate
synthase (TS) expression in primary
colorectal cancer: an intergroup
combined analysis. Am Soc Clin Oncol
Annual Meeting 2005 (abstr 3510).

28 Popat S, Matakidou A, Houlston RS.
Thymidilate synthase expression and
prognosis in colorectal cancer:
a systematic review and meta-analysis.
J Clin Oncol 2004; 22: 529–36.

29 Elliott R, Blobe G. Role of transforming
growth factor beta in human cancer.
J Clin Oncol 2005; 23: 2078–93.

30 Tsushima H, Ito N, Tamura S et al.
Circulating transforming growth factor
beta 1 as a predictor of liver metastasis
after resection in colorectal cancer. Clin
Cancer Res 2001; 7: 1258–62.

31 Hendifar A, Zhang W, Yang DY et al.
Polymorphisms of transforming growth
factor-beta (TGF-β1) and recurrence in
stage II and III colon cancer. Am Soc Clin
Oncol Annual Meeting 2005 (abstr
3634).

32 Wang Y, Jatkoe T, Zhang Y et al. Gene
expression profiles and molecular
markers to predict recurrence of Dukes’
B colon cancer. J Clin Oncol 2004; 22:
1564–71.

33 Sauer R, Becker H, Hohenberger W et al.
Preoperative versus postoperative
chemoradiotherapy for rectal cancer.
N Engl J Med 2004; 351: 1731–40.

34 Zhu A, Willet C. Combined modality
treatment of rectal cancer. Semin Oncol
2005; 32: 103–12.

35 Gullem J, Chessin D, Cohen A et al.
Long-term oncologic outcome following
preoperative combined modality therapy
and total mesorectal excision of locally
advanced rectal cancer. Ann Surg 2005;
241: 829–36.

36 Zhu AX, Willett CG. Chemotherapeutic
and biologic agents as radiosensitizers in
rectal cancer. Semin Radiat Oncol 2003;
13: 454–68.

37 Glynne-Jones R, Sebag-Montefiore D,
Samuel L et al. Socrates Phase II study
results: capecitabine (CAP) combined
with oxaliplatin (OX) and preoperative
radiation (RT) in patients with locally
advanced rectal cancer. Am Soc Clin
Oncol Annual Meeting 2005 (abstr
3527).

38 Klautke G, Feyerherd P, Ludwig K
et al. Intensified concurrent
chemoradiotherapy with 5-fluorouracil



268 CHAPTER 16
..............................................................................................................................................................................

and irinotecan as neoadjuvant treatment
in patients with locally advanced rectal
cancer. Br J Cancer 2005; 92: 1215–20.

39 Iqbal S, Stoehlmacher J, Lenz HJ.
Tailored therapy for colorectal cancer:
a new approach to therapy. Cancer
Invest 2004; 22: 762–73.

40 McLeod HL, Tan B, Malyapa R et al.
Genotype-guided neoadjuvant therapy
for colorectal cancer. Am Soc Clin Oncol
Annual Meeting 2005 (abstr 3024).

41 Pullarkat ST, Stoehlmacher J, Ghaderi V
et al. Thymidylate synthase gene
polymorphism determines response and
toxicity of 5-FU based chemotherapy.
Pharmacogenom J 2001; 1:
65–70.

42 Villafranca E, Okruzhnov Y,
Dominguez M et al. Polymorphisms of
the repeated sequences in the enhancer
region of the thymidylate synthase gene
promoter may predict downstaging after
preoperative chemoradiation in rectal
cancer. J Clin Oncol 2001; 1:
1779–86.

43 Hedrick E, Hurwitz H, Sarkar S et al.
Post-progression therapy (PPT) effect on
survival in AVF2107, a phase III trial of
bevacizumab in first-line treatment of
metastatic colorectal cancer (mCRC).
Proc Am Soc Clin Oncol 22, 2004 (abstr
3517).

44 Giantonio BJ, Catalano PJ, Meropol NJ
et al. High-dose bevacizumab improves
survival when combined with FOLFOX4
in previously treated advanced colorectal
cancer: Results from the Eastern
Cooperative Oncology Group (ECOG)
study E3200. Am Soc Clin Oncol Annual
Meeting 2005 (abstr 2).

45 Hochster HS, Welles L, Hart L et al.
Safety and efficacy of bevacizumab (Bev)
when added to oxaliplatin/
fluoropyrimidine (O/F) regimens as
first-line treatment of metastatic
colorectal cancer (mCRC): TREE 1&2
studies. Am Soc Clin Oncol Annual
Meeting 2005 (abstr 3515).

46 Giantonio BJ, Levy D, O’Dwyer PJ et al.
Bevacizumab (anti-VEGF) plus IFL
(irinotecan, fluorouracil, leucovorin) as
front-line therapy for advanced

colorectal cancer (advCRC): Updated
results from the Eastern Cooperative
Oncology Group (ECOG) Study E2200.
Am Soc Clin Oncol Annual Meeting
2005 (abstr 289).

47 Saltz LB, Lenz H, Hochster H et al.
Randomized phase II trial of
cetuximab/bevacizumab/irinotecan (CBI)
versus cetuximab/bevacizumab (CB) in
irinotecan-refractory colorectal cancer.
Am Soc Clin Oncol Annual Meeting
2005 (abstr 3508).

48 Seymour MT, for the UK NCRI
colorectal clinical studies group.
Fluorouracil, oxaliplatin and CPT-11
(irinotecan), use and sequencing (MRC
FOCUS): a 2135-patient randomized
trial in advanced colorectal cancer
(ACRC). Am Soc Clin Oncol Annual
Meeting 2005 (abstr 3518).

49 Cersosimo R. Oxaliplatin-associated
neuropathy: a review. Ann Pharmacol
2005; 39: 128–34.

50 De Gramont A, Figer A, Seymour M
et al. Leucovorin and fluorouracil with or
without oxaliplatin as first-line treatment
in advanced colorectal cancer. J Clin
Oncol 2000; 18: 2938–47.

51 De Gramont A, Cervantes A, Andre T
et al. OPTIMOX study:
FOLFOX7/LV5FU2 compared to
FOLFOX4 in patients with advanced
colorectal cancer. Proc Am Soc Clin
Oncol 22: 2004 (abstr 3525).

52 Fernandez-Martos C, Aparicio J, Vicent
JM et al. Biweekly alternating FOLFOX
and FOLFIRI in patients with previously
untreated, advanced colorectal cancer:
Updated results. Proc Am Soc Clin
Oncol 22: 2004 (abstr 3563).

53 Grothey A, McLeod HL, Green EM et al.
Glutathione S-transferase P1 I105V
(GSTP1 I105V) polymorphism is
associated with early onset of
oxaliplatin-induced neurotoxicity. Am
Soc Clin Oncol Annual Meeting 2005
(abstr 3509).

54 McLeod HL, Sargent DJ, Marsh S et al.
Pharmacogenetic analysis of systemic
toxicity and response after 5-fluorouracil
(5FU)/CPT-11, 5FU/oxaliplatin (oxal), or
CPT-11/oxal therapy for advanced



ONCOLOGICAL TREATMENT OF CRC 269
..............................................................................................................................................................................

colorectal cancer (CRC): results from an
intergroup trial. Proc Am Soc Clin Oncol
22: 2003 (abstr 1013).

55 Innocenti F, Undevia SD, Rosner GL
et al. Irinotecan (CPT-11)
pharmacokinetics (PK) and neutropenia:
interaction among UGT1A1 and
transporter genes. Am Soc Clin Oncol
Annual Meeting 2005 (abstr 2006).

56 Fong Y, Cohen A, Fortner J et al. Liver
resection for colorectal metastases. J Clin
Oncol 1997; 15: 938–46.

57 Adam R, Delvart V, Pascal G et al.
Resection of non resectable liver
metastases after chemotherapy:
prognostic factors and long term results.
Proc Am Soc Clin Oncol 22(14S): 2004
(abstr 3550).

58 Alberts SR, Donohue JH, Mahoney MR
et al. Liver resection after 5-fluorouracil,
leucovorin and oxaliplatin for patients
with metastatic colorectal cancer
(MCRC) limited to the liver: A North
Central Cancer Treatment group
(NCCTG) phase II study. Proc Am Soc
Clin Oncol 22: 2003 (abstr 1053).

59 Fernando N, Yu D, Morse M et al. A
phase II study of oxaliplatin,
capecitabine and bevacizumab in the
treatment of metastatic colorectal cancer.
Am Soc Clin Oncol Annual Meeting
2005 (abstr 3556).

60 Posadas EM, Simpkins M, Liotta LA
et al. Proteomic analysis for the early
detection and rational treatment of
cancer – realistic hope? Ann Oncol 2005;
16: 16–22.

61 Lord RV, Salonga D, Danenberg KD
et al. Telomerase reverse transcriptase
expression is increased early in the
Barrett’s metaplasia, dysplasia,
adenocarcinoma sequence. J Gastrointest
Surg 2000; 4: 135–42.

62 Kreiner T, Buck KT. Moving toward
whole-genome analysis: a technology
perspective. Am J Health-Syst Pharm
2005; 62: 296–305.

63 Tan B, McLeod H. Pharmacogenetic
influences on treatment response and
toxicity in colorectal cancer. Semin
Oncol 2004; 32: 113–19.

64 Leichman CG, Lenz HJ, Leichman L
et al. Quantitation of intratumoral
thymidilate synthase expression
predicts for disseminated colorectal
cancer response and resistance to
protracted-infusion fluorouracil and
weekly leucovorin. J Clin Oncol 1997;
15: 3223–9.

65 Salonga D, Danenberg KD, Johnson M
et al. Colorectal tumors responsding to
5-fluorouracil have low gene expression
levels of dihydropyrimidine
dehydrogenase, thymidilate synthase,
and thymidine phosphorylase. Clin
Cancer Res 2000; 6: 1322–7.

66 Stoehlmacher J, Park DJ, Zhang W et al.
A multivariate analysis of genomic
polymorphisms: prediction of clinical
outcome to 5-FU/oxaliplatin
combination chemotherapy in refractory
colorectal cancer. Br J Cancer 2004;
91: 344–54.

67 Zhang W, Vallbohmer D, Yun J et al.
Pharmacogenetic study of EGFR-positive
metastatic colorectal cancer patients
treated with epidermal growth factor
receptor (EGFR) inhibitor cetuximab
(C225). Am Soc Clin Oncol Annual
Meeting 2005 (abstr 169).

68 Hecht JR, Trarbach T, Jaeger E et al. A
randomized, double-blind,
placebo-controlled, phase III study in
patients (Pts) with metastatic
adenocarcinoma of the colon or rectum
receiving first-line chemotherapy with
oxaliplatin/5-fluorouracil/leucovorin and
PTK787/ZK 222584 or placebo
(CONFIRM-1). Am Soc Clin Oncol
Annual Meeting 2005 (abstr LBA3).

69 Luwor R, Lu Y, Li X et al. The
antiepidermal growth factor monoclonal
antibody cetuximab/C225 reduces
hypoxia-inducible factor-1 alpha, leading
to transcriptional inhibition of vascular
endothelial growth factor expression.
Oncogene Advance Online Publication.
April 2005, 1–9.

70 Hicklin D, Ellis L. Role of the vascular
endothelial growth factor pathway in
tumor growth and angiogenesis. J Clin
Oncol 2005; 23: 1011–27.





.............................................................................................................................................................................

Index

.............................................................................................................................................................................

Note: Page numbers in italic type refer to figures; those in bold refer to tables.

abdominoperineal excision of the
rectum 36–8, 38, 54,
119, 124

British type 38
cylindrical 37
intrasphincteric/submucosal

plane 37
levatory plane 37
sphincter preservation 127
sphincteric plane 37
Swedish type 38
tumor perforation 37

ablative techniques 227–8
ACCORD trial, adjuvant

chemotherapy 138, 253
adenoma 7, 91
avoidance of
colonoscopic surveillance 21
dietary fiber 9

evaluation 105
excision 73, 74
management and surveillance 104
metachronous 184
recurrence 9, 10
risk factors 10
smoking 7

screening 106
TEM 74, 85

adjuvant chemotherapy
colon cancer 133–52, 134
capecitabine 133, 138, 142–3

5-fluorouracil 133, 134–6, 134
future directions 149
irinotecan 133, 138, 139–42
oxaliplatin 133, 136–9, 138
primary endpoint 136

current reality 253
liver metastases 225
molecular prognostic and predictive

markers 254–6
rectal cancer 112–32
benefits of addition to
radiotherapy 120–1

preoperative 124–6
targeted agents 253–4
see also neoadjuvant therapy

adjuvant radiotherapy 112–32
added chemotherapy 120–1
additional benefits of 113–18,

114–17
evidence base 112–13
late effects 121–3
postoperative 114–15
vs preoperative 118–20

preoperative 116–17
see also neoadjuvant therapy

alcohol intake 5
allodynia 237
alpha-1 antitrypsin 26
amitryptyline 239
Amsterdam criteria 94, 103
anal cancer, and lifestyle 1–2

271



272 INDEX
..............................................................................................................................................................................

anal fissure 1
anal fistula 1
analgesics 234
intestinal obstruction 240–1

angiogenesis 254
anorexia 239–40
anorexia-cachexia syndrome 240
anterior resection 36–7
rectal cancer 54–5

antibodies
endothelial growth factor receptor

201, 251
vascular endothelial growth factor

201, 251
anticonvulsants 238
antidepressants 238
antiemetics 240, 242
APC gene 26, 89, 91
APER see abdominoperineal excision

of the rectum
AR see anterior resection
Arrymetrix U133a gene chip 256
ascites 244
aspirin use 7
audit 172, 173, 180
AVANT trial 143, 148

Baines, Mary 241
Barcelona trial 61, 63
oncological outcomes 68
short-term end-points 65
surgical details and estimated

costs 67
wound infection 66

barium enema 104, 190, 218
colonic evaluation 78
hereditary colorectal cancer

104, 107
as screening tool 22

BAT26 26
bereavement 246
best supportive care 205
Bethesda Guidelines 94, 95
bevacizumab 147–8, 147, 251, 254
first-line therapy 196, 201–4, 202,

203, 205, 206
metastatic cancer 203, 259–60

biologic agents 201–4, 202, 203
biologically equivalent dose 120
biopsy, colonic 219
black tea 10

BMPR1A gene 99
BOND-1 trial 201
bowel lavage 80
bowel perforation 64
brachytherapy 244
breast cancer
multidisciplinary team 172–3
NHS Cancer Plan 154
Peutz-Jeghers syndrome 98
risk determination 2

Buess, Gerhard 73, 83

calcium intake 7
clinical trials 9

CALGB trial, adjuvant chemotherapy
138, 140–1

Calman-Hine Report 153–4, 168
calprotectin 26
Cancer and Leukemia Group B see

CALGB
cancer predisposition syndromes 101
see also hereditary colorectal cancer

CAO/ARO/AIO-05 trial 257
capecitabine 125
adjuvant chemotherapy 133, 138,

142–3
first-line therapy 196, 200–1, 206

Capicitabine/Oxaliplatin,
Radiotherapy and Excision
(CORE) trial 39

simplified scoring system 40
CAPIRI regimen 201
CAPOX regimen 201
carbamazepine 238
carbon dioxide insufflation 76
carcinoembryonic antigen (CEA)

181–3, 188, 218
β-catenin 91
CEA see carcinoembryonic antigen
certificate of health effect 24
cetuximab 133, 147–8, 147, 251, 254
first-line therapy 196, 201–4, 202,

203, 205, 206
metastatic cancer 202, 259–60

chemo-radiotherapy in rectal
cancer 54

chemotherapy 195–212, 196
best options 196–200, 197, 198
biologic agents 201–4, 202, 203
factors influencing choice 196
hepatotoxicity 222



INDEX 273
..............................................................................................................................................................................

high-risk cancer 40–1
length of first-line therapy 204–6
metastatic disease 206–8, 207
oral versus intravenous 5-FU 200–1
preoperative 38–9
tailored 257–8

response scoring 40
see also individual agents

chemotherapy, adjuvant
colon cancer 133–52, 134
capecitabine 133, 138, 142–3
5-fluorouracil 133, 134–6, 134
future directions 149
irinotecan 133, 138, 139–42
oxaliplatin 133, 136–9, 138
primary endpoint 136

current reality 253
liver metastases 225
molecular prognostic and predictive

markers 254–6
rectal cancer 112–32
benefits of addition to
radiotherapy 120–1

preoperative 124–6
targeted agents 253–4
see also neoadjuvant therapy

cholecystectomy 7
cigarette use 7
circumferential resection margin 33–6,

47, 168
and preoperative treatment 39–40
MRI 173

rectal cancer
local recurrence 48
low tumors 55

c-KIT 264
CLASICC trial 33, 61
oncological outcomes 68
short-term end-points 65
surgical details and estimated

costs 67
wound infection 66

Clinical Outcomes of Surgical Therapy
Study Group see COST

clinical risk score 215
clinical trials 60–1
laparoscopic colorectal surgery 61–2
suitability of 68–9

post-surgery follow-up 187, 188
risk modification 9–10
short-term end-points 65
see also individual trials

colon cancer
adjuvant chemotherapy

133–52, 134
capecitabine 133, 138, 142–3
5-fluorouracil 133, 134–6, 134
irinotecan 133, 138, 139–42
oxaliplatin 133, 136–9, 138
primary endpoint 136

laparoscopic surgery 60–72
stage II 143–4
stage III 142–3

Colon Carcinoma Laparoscopic or
Open Resection see COLOR

colonoscopy
hereditary colorectal cancer

104, 107
screening 20–2, 21

COLOR 33, 61, 65
oncological outcomes 68
short-term end-points 65
surgical details and estimated

costs 67
Colorectal Cancer Collaborative

Group, adjuvant
radiotherapy 112

colorectal cancer nursing 153–4
core elements 155

Colorectal Clinical Oncology
Group 125

colorectal nurse specialist 155–6
role of 159–61
in multidisciplinary team 158–9

computed tomography 22, 79, 184–5
angioportography 218–19
colography 22
preoperative 79

conditions of benefice 185, 186
conformation strand gel

electrophoresis 91
coning of surgical margin 36
constipation 6
symptomatic management 242–3

Conventional vs Laparoscopic-Assisted
Surgery in Colorectal Cancer
trial see CLASICC trial

corticosteroids 238, 239
intestinal obstruction 242

cost
post-surgery follow-up 185–9, 186
of screening 23–5
financial implications 25
morbidity and mortality 24–5



274 INDEX
..............................................................................................................................................................................

cost-effectiveness of screening 25
COST trial 61, 65
oncological outcomes 68
short-term end-points 65
surgical details and estimated

costs 67
wound infection 66

C reactive protein 11
CRM see circumferential rectal margin
Crohn’s disease 1
cryotherapy 227
cyclizine 240, 242

Danish FOB study 18
data collection 172
Deleted in Colon Cancer 254–6
dexamethasone 238, 240
diarrhea, symptomatic management

243–4
diet
global change 9
and incidence of CRC 3–8, 4, 6

dietary fiber 5–7
clinical trials 9

dihydropyrimidine dehydrogenase
200, 263

disease-free survival 135, 136, 137
Dukes, Cuthbert 178
Dukes’ staging 31, 51
Dukes’ A 14, 17, 19, 20
Dukes’ B
lymph node involvement 41
recurrence 256
survival and outcome 254

Dukes’ C
lymph node involvement 41
survival 32

Dutch Colorectal Cancer Group 50
Dutch Rectal Cancer Trial
late effects of radiotherapy 123
preoperative vs postoperative

radiotherapy 119
Dutch TME/RT trial 38, 123
Dworak scoring 39–40

Eastern Cooperative Oncology Group
see ECOG 5202

ECOG 5202 146, 146
education and training 162–3
endoanal ultrasound 53

endothelial growth factor 264
endothelial growth factor receptor

antibodies 201, 251
energy intake 5
EORTC-22921 trial
adjuvant chemotherapy 125
chemotherapy plus

radiotherapy 121
estrogen 7
ethanol injection 227
European Association of Palliative

Care 235
excision repair complementation group

1 (ERCC1) gene family 263–4
extrahepatic metastases 215–16

familial adenomatous polyposis 89–93
attenuated 91, 92
clinical features 89, 91
extracolonic malignancies 91
genetics and genetic testing 91–2
management 92–3
screening and surveillance 92

fecal occult blood 15–19, 16
comparison with flexible

sigmoidoscopy 22–3
hereditary colorectal cancer 106–7
sensitivity 15–16, 16
specificity 16–17

feeding and hydration 246
FFCD 9203 study, chemotherapy plus

radiotherapy 121
first-line therapy 195–212
capecitabine 196, 200–1
FOLFIRI regimen 198, 199
FOLFOX regimen 198, 199
irinotecan 195, 196, 197, 201
length of 204–6
oxaliplatin 195, 196, 197
see also chemotherapy

five-year survival 136, 137
flexible endoscopy in post-surgery

follow-up 183–4
flexible sigmoidoscopy
comparison with fecal occult blood

22–3
cost 25
hereditary colorectal cancer 107
screening 19–20

FLOX regimen 139, 140
fluoropyrimidines 125–6, 142, 196



INDEX 275
..............................................................................................................................................................................

see also capecitabine; 5-fluorouracil
5-fluorouracil 125, 196
adjuvant chemotherapy 133,

134–6, 134
with leucovorin 134
with levamisole 134
node-positive tumors 32
oral versus intravenous 200–1
with oxaliplatin 32
with radiotherapy 121
UFT regimen 200

fly-through technique 22
FOB see fecal occult blood
focal adhesion kinase (FAK) 264
FOCUS trial 260
FOLFIRI regimen 138, 141, 258
first-line therapy 198, 199
metastatic disease 258

FOLFOX regimen 137, 138, 139,
140, 143

adjuvant chemotherapy 353
first-line therapy 198, 199, 205, 206
metastatic disease 258
stage II colon cancer 144

Follow Up After Colorectal Surgery
Trial (FACS) 189

follow-up after surgery 178–94
aims of 179–80
audit and quality control 180
early detection of recurrence/new
tumor 179–80

management of post-surgical
complications 180

reassurance 180
appropriateness of 189–91, 190
history of 178–9
key elements 180–5
distant metastases 185
flexible endoscopy 183–4
imaging 184
local recurrence 184–5
patient/doctor contact 181
serum tumor markers 181–3

longer-term 190–1
outcome and costs 185–9, 186
currently recruiting trials 189
meta-analyses 187, 189
randomized controlled trials
187, 188

short term 190
suggested program 190

French FOB study 18

5-FU see 5-fluorouracil
FUFOX regimen 201

gabapentin 238, 239
gastric surgery, as risk factor 10
genes
APC 26, 89, 91
BMPR1A 99
LKB1 97, 98
mismatch repair 93, 144, 255
SMAD4 99

genetics
familial adenomatous polyposis

91–2
hereditary non-polyposis colorectal

cancer 94–5, 95, 96
juvenile polyposis syndrome 99–100
MYH polyposis syndrome 100–1
Peutz-Jeghers syndrome 98

German Rectal Cancer Trial 49–50,
51, 124

late effects of radiotherapy 122
preoperative vs postoperative

radiotherapy 119
GILDA study 189
global dietary change 9
glycopyrronium 235–6, 242
Gruppo Italiano di Lavoro per la

Diagnosi Anticipata see GILDA
study

guiaiac tests 15–19, 16
Guidance on Cancer Services:

Improving Outcomes in
Colorectal Cancer 155

Hemoccult II 17–18
haloperidol 240, 242
hamartomatous polyps 98
hemochromatosis 10
hemorrhoids 1
hepatic resection
cost-effectiveness 214
evidence for 214
follow up and re-resection 223–4
indications for 214–15
laparoscopic 224
simultaneous bowel resection

216–18
staged 227
technical considerations 221–3



276 INDEX
..............................................................................................................................................................................

hepatotoxicity of chemotherapy 222
hereditary colorectal cancer

89–111, 90
average- (low) risk group 101–2,

102, 105–6
management 106

evaluation 105
familial adenomatous polyposis

89–93
clinical features 89, 91
genetics and genetic testing 91–2
management 92–3
screening and surveillance 92

genetic testing 103–4
juvenile polyposis syndrome 89, 90,

99–100
clinical features 99
genetics and genetic testing
99–100

management 100
management and surveillance 104–5
moderate-risk groups 101–3, 102
MYH polyposis syndrome 89, 90,

100–1
clinical features 100
genetics and genetic testing 100–1
management and surveillance 101

Peutz-Jeghers syndrome 89, 90,
97–9

clinical features 98
genetics and genetic testing 98
management and surveillance
98–9

population screening 106–7
hereditary non-polyposis colorectal

cancer 90, 93–7
clinical features 93–4
diagnostic criteria 94
genetics and genetic testing 94–5,

95, 96
management 95, 97
high risk patients 97
non-informative genetic
testings 97

verified germline mutation 95, 97
surveillance 97

high-risk cancer, chemotherapy 40–1
high-risk cancer syndromes 97
Hong Kong trial 61, 63, 65
oncological outcomes 68
short-term end-points 65

surgical details and estimated costs
67

wound infection 66
hormone replacement therapy 9, 10
human papilloma virus 1
hyoscine butylbromide 235–6, 242

IFL regimen 197
ileal pouch-anal anastomosis 92
ileorectal anastomosis 92
imaging studies
computed tomography 22, 79,

184–5
magnetic resonance imaging 42,

173, 184–5
preoperative staging 79, 121
rectal cancer 53

positron emission tomography
220–1

post-surgery follow-up 184
ultrasound
endoanal 53
endoluminal 184–5
transanal 79

immunohistochemistry 94
Imperial Cancer Research Fund trial,

preoperative vs postoperative
radiotherapy 119

Improving Outcomes Guidance 168
incidence 2
and dietary trends 3–8, 4, 6
reversal of 3

incomplete resection 33, 35
inflammatory bowel disease 1
insulin growth factor receptor 264
Intergroup 0089 trial 134
Intergroup C89803 trial 253
International Collaborative Group on

HNPCC 93
international differences in selection

policy 123–4
intestinal colic 235–7
intestinal obstruction 240–1
pharmacological treatment 241–7
analgesics 242
constipation 242–3
diarrhea 243–4
psychosocial problems 244–7
rectal bleeding and discharge 244
steroids 242

intramesorectal plane 34



INDEX 277
..............................................................................................................................................................................

irinotecan 125
adjuvant chemotherapy 133, 138,

139–42
first-line therapy 195, 196, 197,

201, 205
iron status 10

juvenile polyposis syndrome 89, 90,
99–100

clinical features 99
genetics and genetic testing 99–100
management 100

K-ras 26, 254–6

Laparoscopic Colorectal Fellowship
Scheme 70

laparoscopic colorectal surgery 60–72
adequacy of excision 62–3, 62
atypical recurrence rates 63–4
clinical trials 60–2
suitability of procedure 68–9

conversion rates 69–70
economic and quality of life benefits

66–8, 67
implications for training 70
and incidence of TME 69
oncological outcomes 68
peritoneal seedings 63
port-site metastases 63
realization of advantages 64–6, 65

laparoscopic liver resection 224
laparoscopic staging 220
laser hyperthermia 227
laxatives 243
leucovorin 125
with 5-FU 134, 135

levamisole, with 5-FU 134–5, 134
levomepromazine 240, 242
lifestyle 1–13
liver failure 222
liver metastases 213
neoadjuvant chemotherapy 262
see also hepatic resection 213

liver-related morbidity 221
LKB1 gene 97, 98
locally advanced cancer 41–2, 124–6
local recurrence 184–5
early detection 179–80

local service delivery 171
Lockhart-Mummery, Percy 179
loperamide 243–4
low-risk cancer syndromes 101–2,

102, 105–6
lung metastases 215–16
neoadjuvant chemotherapy 262

LV5-FU2 regimen 137, 138
lymph node metastases 215–16
Lyon R90-01 trial 54
chemotherapy 126

Madrid trial, wound infection 66
magnesium intake 10
magnetic resonance imaging 42, 173,

184–5
preoperative staging 79, 121
rectal cancer 53

Mandard grading 39
Manual for Cancer Services 2004:

Colorectal Measures 155
matuzumab 196
maximum tolerated dose 265
Mayo Clinic regimen 134–5, 138,

140, 200
MCM2 protein 26
mebeverine 236
MERCURY study 36, 42, 55
pelvic MRI in preoperative

staging 121
mesorectal fascial plane 34
meta-analysis 187, 189
metastatic disease
curative chemotherapy

206–8, 207
distant 185
extending limits of resectability

224–8
neoadjuvant chemotherapy 225
portal vein embolization
225–7, 226

resection combined with ablative
techniques 227–8

staged liver resections 227
extrahepatic 215–16
future approaches 258–65
aim for cure 261
liver or lung metastases only 262
minimizing toxicity 260–1
molecular predictive markers of
response 262–4



278 INDEX
..............................................................................................................................................................................

metastatic disease (Continued)
new agents and combinations
264–5

sequencing of regimens and
integration of targeted agents
259–60

hepatic resection
cost-effectiveness 214
evidence for 214
follow up and hepatic re-resection
223–4

indications for 214–15
laparoscopic 224
simultaneous bowel resection
216–18

technical considerations 221–3
reporting 41–2
staging investigations 218–21, 219
surgery 213–31

metoclopramide 240, 242
metronidazole 244
micrometastases 148, 254–6
microsatellite instability 94, 133, 254
and benefit of adjuvant treatment

144–7, 145, 146
microwave thermotherapy 227
Milan trial 61, 64
short-term end-points 65
surgical details and estimated

costs 67
minimally invasive surgery
laparoscopic colorectal surgery

60–72
transanal endoscopic microsurgery

73–88
minimum dataset 31
Minnesota FOB study 17
mismatch repair genes 93, 144, 255
mitomycin 196
Moertel, Charles 179
morbidity 24–5
liver-related 221
psychological 24–5

morphine 235
mortality 2, 24–5
perioperative 222

MOSAIC trial 253
oxaliplatin 137, 138
stage II colon cancer 144

MRC CLASICC study 33, 34, 36
MRC-CR07 study 33, 34
MRC FOCUS trial 199

MRI see magnetic resonance imaging
MRI and Rectal Cancer European

Equivalence study see
MERCURY study

multidisciplinary team 154–5, 167–77
in colorectal cancer 169–71
development of 167–9
evidence for improved

outcome/benefits 172–3
colorectal multidisciplinary
teams 173

specialization 172
teamwork 172–3

function of 171–2
future developments 175
limitations 173–4
role of colorectal nurse specialist in

158–9
muscularis propria plane 34–5, 35
MYH polyposis syndrome 89, 90,

100–1
clinical features 100
genetics and genetic testing 100–1
management and surveillance 101

National Health and Nutrition
Examination Survey
(NHANES) 5

National Institute for Clinical
Excellence (NICE) 105, 245

National Surgical Adjuvant Breast and
Bowel Project see NSABP

nausea 239–40
neoadjuvant therapy
grading of tumor regression 39–40
new drugs 256–7
rectal cancer 51–4, 52
reporting 38–9

neuropathic pain 237–8
management 239

new tumors, early detection of 179–80
NHS Cancer Plan 154, 168
nitrosamines 5
node-negative tumors 33
node-positive tumors 32
nonsteroidal anti-inflammatory drugs

(NSAIDs) 9
somatic pain 237

North American standard of care 123



INDEX 279
..............................................................................................................................................................................

Norwegian Colorectal Cancer
Prevention (NORCCAP)
Screening Study 23

Nottingham study 17, 18, 24
NSABP protocols 123
adjuvant chemotherapy 138
bevacizumab 148
preoperative vs postoperative

radiotherapy 119
stage II colon cancer 143

nurse endoscopist/practitioners 161
nurse-led follow-up 162
nurses, education and training 162–3
nursing roles
colorectal nurse specialist 155–6
role in multidisciplinary team
158–9

role of 159–61
oncology colorectal nurse 161–2
one-stop clinics 161
stoma care nurse 154, 157–8

obesity 10–11
observational epidemiology 8
octreotide 242, 244
oncology colorectal nurse 161–2
ondansetron 240
one-stop clinics, nurse-led 161
operative blood loss 222
opioids 235
management of diarrhea 243

OPTIMOX-1 trial 205–6, 260
overall survival 197
oxaliplatin 125
adjuvant chemotherapy 133,

136–9, 138
first-line therapy 195, 196, 197, 206
with 5-fluorouracil 32
metastatic cancer 207–8

p27 254–6
p53 26, 254–6
pain 233–5, 234
neuropathic 237–8, 239
somatic (musculoskeletal) 237
visceral 235

palliative care 232–50, 252
pharmacological treatment 241–7
analgesics 242
steroids 242

physical problems 233–41
anorexia, nausea and vomiting
239–40

ascites 244
constipation 242–3
diarrhea 243–4
intestinal colic and tenesmus
235–7

intestinal obstruction 240–1
neuropathic pain 237–8
pain 233–5, 234
rectal bleeding and discharge 244
somatic pain 237

psychosocial problems 244–7
Pan-European Trial Adjuvant Colon

Cancer 3 see PETACC3 trial
panitumumab 196, 202
pathologic complete response 256
pathologist, role of 31–45
patient
autonomy 245
reassurance 180

patient/doctor contact 181
pemetrexed 196
peppermint 236
perioperative mortality 222
peritoneal carcinomatosis 215–16
PETACC3 trial, adjuvant

chemotherapy 138, 141, 253
Peutz-Jeghers syndrome 89, 90, 97–9
clinical features 98
genetics and genetic testing 98
management and surveillance 98–9

pharmacogenomics 252
platelet derived growth factor

receptor 264
pneumoperitoneum 81
induction of 64

polypectomy 7–8
Polyp Prevention Trial 9
portal vein embolization 225–7, 226
positron emission tomography 220–1
post-surgical complications 180
PQRS mnemonic 233–4
preoperative
chemotherapy 38–9
adjuvant 124–6
and CRM 39–40
tailored 257–8

computed tomography 79
MRI staging 79, 121
radiotherapy 38–9



280 INDEX
..............................................................................................................................................................................

preoperative (Continued)
adjuvant 116–17, 118–20
long course 39
rectal cancer 49–51
short course 38

transanal endoscopic microsurgery
78–80

preventive measures, clinical trials of
9–10

Pringle manoeuver 222
PROCARE project 32
prognostic/predictive markers 254–6
metastatic disease 262–4

progression-free survival 197
protein truncation test 91
protocols and guidelines 171
Bethesda Guidelines 94, 95
see also individual protocols

psychological morbidity 24–5
psychosocial problems 244–7

quality control of surgical
outcome 180

quality of life 66–8, 67
quality of surgery 33–6, 34–6
QUASAR trial 40–1
5-FU 135
stage II colon cancer 144

radiofrequency ablation 223, 227
radiology, in screening 22
radiotherapy
adjuvant 112–32
added chemotherapy 120–1
additional benefits of 113–18,

114–17
evidence base 112–13
late effects 121–3
postoperative 114–15, 118–20
preoperative 116–17, 118–20

preoperative 38–9
complications 51
long course 39
rectal cancer 49–51
short course 38

raltitrexed, first-line therapy 196, 205
randomized clinical trials see clinical

trials
reassurance of patients 180

rectal bleeding, symptomatic
management 244

rectal cancer
adjuvant chemotherapy 112–32
benefits of addition to
radiotherapy 120–1

preoperative 124–6
chemo-radiotherapy 54
laparoscopic surgery 60–72
locally advanced 124–6
local recurrence 47–8
CRM 48
preoperative radiotherapy 50

neo-adjuvant therapy 51–4, 52
palliative treatment 47
pathological complete response

rates 54
preoperative radiotherapy 49–51
staging 51–4, 52
surgery 46
aims of 47
APER vs anterior resection 54–5
low anterior resection 55
MRI-directed 46–59
total mesorectal excision 33, 34,
47, 49–56

very low 54–5
rectoscope 76–8, 77, 78
reporting 31–45
abdominoperineal resection

36–8, 38
chemotherapy response scoring 40
CRM and preoperative treatment

39–40
high-risk rectal cancer for

chemotherapy 40–1
locally advanced and metastatic

cancer 41–2
neo-adjuvant therapy 38–9
quality of surgery 33–6, 34–6
staging 31–3

research 172
response rate 105
response scoring 40
risk factors
analysis 1–2
clinical risk score 215
novel 10–11
time trends 6
see also incidence

risk modification 9–10
risk reduction 2



INDEX 281
..............................................................................................................................................................................

Roswell Park regimen 134–5, 138, 140
RTOG 0012 trial 257

SCORE trial 20
screening/surveillance 11, 14–30
colonoscopy 20–2, 21
comparative studies 22–3
cost of 23–5
financial implications 25
morbidity and mortality 24–5

fecal occult blood 15–19, 16
familial adenomatous polyposis 92
flexible sigmoidoscopy 19–20
hereditary colorectal cancer 104–5,

106–7
MYH polyposis syndrome 101
new approaches to 26
Peutz-Jeghers syndrome 98–9
principles of 14–15, 15
radiology 22

second look surgery 181
SEER (Surveillance, Epidemiology and

End Results) program 2
selective serotonin reuptake

inhibitors 238
selenium status 9
serum tumor markers 181–3
carcinoembryonic antigen 181–2
tissue polypeptide antigen 183

service improvements 172
Singapore trial 62
SMAD4 gene 99
SOCRATES trial 256
sodium valproate 238
somatic (musculoskeletal) pain 237
Southwest Oncology Group 258
specialization 172
sphincter preservation 126–7
staging 31–3
Dukes’ see Dukes’ staging
laparoscopic 220
metastatic disease 218–21, 219
role of pelvic MRI 121
TNM 31–2
rectal cancer 51–4, 52

statins, protective effect 11
stents 241
Stockholm I trial, preoperative vs

postoperative radiotherapy 119
Stockholm II trial, late effects of

radiotherapy 122

stoma care 156–8
stoma care nurse 154, 157–8
surgery
abdominoperineal resection

36–8, 38
British type 38
cylindrical 37
intrasphincteric/submucosal plane
37

levatory plane 37
sphincteric plane 37
Swedish type 38
tumor perforation 37

coning of surgical margin 36
dissection plane
intramesorectal plane 34
mesorectal fascial plane 34
muscularis propria plane 34–5, 35

extending limits of resectability
224–8

neoadjuvant chemotherapy 225
portal vein embolization
225–7, 226

resection combined with ablative
techniques 227–8

stage liver resection 227
extrahepatic disease 215–16
follow-up 178–94
aims of 179–80
appropriateness of 189–91, 190
history of 178–9
key elements 180–5
longer-term 190–1
outcome and costs 185–9, 186
short term 190
suggested program 190

hepatic resection
cost-effectiveness 214
evidence for 214
follow up and hepatic re-resection
223–4

indications for 214–15
laparoscopic 224
simultaneous bowel resection
216–18

technical considerations 221–3
metastatic disease 213–31
minimally invasive 60–72
quality of 33–6, 34–6
rectal cancer 46
aims of 47
APER vs anterior resection 54–5



282 INDEX
..............................................................................................................................................................................

rectal cancer (Continued)
low anterior resection 55
MRI-directed 46–59
total mesorectal excision 33, 34,
47, 49–56

second look 181
staging investigations 218–21, 219

survival rates 168
3-year 137
5-year 136, 137
disease-free survival 135, 136, 137
and specialist services 172

Swedish FOB study 18–19
Swedish Rectal Cancer Trial 50
adjuvant radiotherapy 113
late effects of radiotherapy 122

tailored therapy 257–8
targeted agents 253–4
metastatic disease 259–60

tegafur 200
telemedicine 175
TEM see transanal endoscopic

microsurgery
tenesmus 235–7
test of time 215, 217
three-year survival 137
thymidilate synthase 254–6
thymidine phosphorylase 263
time to best response 206
time to progression 205
time to treatment failure 205
time trending 6, 8
tissue polypeptide antigen 183
TME see total mesorectal excision
TNM staging 31–2
rectal cancer 51–4, 52

total colectomy 92
total mesorectal excision 33, 34, 47
adjuvant radiotherapy 113–18,

114–17
rectal cancer surgery 47, 49–56
APER vs anterior resection 54–5
neoadjuvant therapy 51–4, 52
preoperative radiotherapy 49–51

total proctocolectomy 92
toxicity of chemotherapy 260–1
tranexamic acid 244
transanal endoscopic microsurgery

73–88
comparison with radical surgery

84–5

complications 83
equipment 74, 76–8, 77, 78
indications 74–6
palliative excision 75
patient selection 75
pre-operative preparation 78–80
results 82–4, 85
technique 80–2, 81
utilization of 74
wound closure 81

transanal ultrasound 79
transcutaneous electrical nerve

stimulation (TENS) 237
transferrin 26
transforming growth factor-β 254–6
tricyclic antidepressants 238
tumor
low 55
markers 181–3
new, early detection 179–80
node-negative 33
node-positive 32
perforation 37
regression, grading of 39–40

ulcerative colitis 1
ultrasound
endoanal 53
endoluminal 184–5
transanal 79

US National Polyp Study 21

vascular endothelial growth factor
antibodies 201, 251

vascular endothelial growth factor
receptor 264

venting gastrotomy 241
visceral pain 235
vitamin A 6
vitamin C 6
vomiting 239–40

WHO analgesic ladder 234–5, 234

X-ACT trial, adjuvant chemotherapy
133, 138, 142

XELOX-A regimen 140, 143, 257


	CHALLENGES IN: Colorectal Cancer
	Contents
	List of contributors
	Foreword
	1 Does lifestyle cause colorectal cancer?
	2 Screening for colorectal cancer – who, when, and how?
	3 What can the pathologist tell the multidisciplinary team about rectal cancer resection?
	4 MRI-directed rectal cancer surgery
	5 Minimally invasive surgery – where are we? Laparoscopic surgery for cancer of the colon and rectum
	6 Minimally invasive surgery – where are we? Is there a role for TEM?
	7 What is the best strategy for the management of hereditary colorectal cancer?
	8 Adjuvant radiotherapy and chemoradiotherapy in the treatment of rectal cancer
	9 Current challenges in the adjuvant therapy of colon cancer
	10 The role of the colorectal nurse specialist in the management of colorectal cancer
	11 The role of the multidisciplinary team in the management of colorectal cancer
	12 Follow-up after colorectal cancer resection: Is it worthwhile?
	13 Chemotherapy of advanced colorectal cancer
	14 Surgery for metastatic disease in colorectal cancer
	15 Palliative care of the colorectal cancer patient
	16 Future directions in the oncological treatment of colorectal cancer
	Index




