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Foreword

Of all major malignancies at this time, rectal cancer is perhaps the one most dra-
matically involved in the collision between centrally directed guidelines and indi-
vidual patient choices that often seem preferable to the so-called standard of care.
Prospective randomised controlled trials (PRCTs), guidelines, and indeed the whole
concept of level 1 evidence itself are failing to keep abreast of burgeoning tech-
nologies and new developments. The treatment choices mostly precede operative
treatment and therefore demand immediate decisions about widely differing special-
ties — induction chemotherapy?, neo-adjuvant chemo-radiotherapy?, re-appraisal —
watch and wait or major life-altering surgery?, TME or local excision?, colostomy
or ultra-low resection and anastomosis? open, keyhole, robotic, or trans-anal? ... all
decisions which must be made before the invasive moment!

The surgeon remains the lion in this complex jungle, but details of how to opti-
mise his performance remain often incomplete; for example, whether the all-impor-
tant autonomic nerve plexuses and neurovascular bundles may be best preserved by
dissection from above or from below has yet to be determined. For the first time in
the history of our specialty, within the surgery world alone, there are no surgeons
optimally skilled in all the alternative methods — which makes a valid PRCT liter-
ally impossible, since to compare two techniques scientifically the personal skill
element should be excluded. Add to these immediate decisions the rapid advances
in imaging, genetic sequencing, checkpoint inhibition immunotherapies, the micro-
biome ........ and you have a single malignancy in which no single specialist doctor
can any longer be completely informed.

How then can the responsible specialist advise a patient adequately in a world
where the 4 Cs — Communication, Courtesy, and Continuity of Care seem some-
times to be disappearing. Slavish adherence to guidelines may be unacceptable to
the well-informed cancer patient faced with dramatic new alternatives; these now
include the avoidance of over treatment for early lesions and for even advanced
lesions the avoidance of surgery and colostomy altogether — indeed all the perceived
terrors that have so long attended this dread diagnosis are close to yielding in certain
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cases to completely informed modern planning. The patient should never have to
look back with regret and question whether the treatment he received was truly
optimal. This book will go a long way towards preparing us to meet this challenge.

Professor R. J. Heald, CBE, MChir, FRCS
Chairman of Colorectal Cancer Program
Champalimaud Institute, Lisbon, Portugal

Trustee Pelican Centre, Basingstoke, UK

Current Chair European Academy of
Robotic Colorectal Surgeons
Lisbon, Portugal



Preface

The management landscape of rectal cancer is changing at such a rate that one hesi-
tates to put out a book with the title ‘Comprehensive Rectal Cancer Care’. The aim
in this volume is to express a snapshot in time of the current status of the decision
making surrounding tailored rectal cancer management which is driven by the latest
evidence base. Although surgery remains the mainstay of treatment, it too is part of
a dynamic world that now must incorporate the rise of minimally invasive
approaches, technical advances in robotics and the selective use of transanal tech-
nology. Add to this the option of organ preservation. Improvements in the manage-
ment and in outcome analysis have come from all sides with optimization in surgical
techniques, standardization and quality control of pathology assessments and with
multidisciplinary team management.

This book is divided into 11 sections. It begins with epidemiology, current
approaches to imaging and the pathological assessment of rectal cancer and tumor
regression following preoperative therapies. The modern surgical alternatives avail-
able are considered next, outlining the embryological aspects which define total
mesorectal excision (TME) along with a description of the transformative impact of
TME on outcomes. There is then reference to the indications, contraindications and
techniques of local excision, transanal TME (taTME), intersphincteric excision,
modern abdominoperineal resection, multivisceral resection, lateral pelvic lymph-
adenectomy and the construction of neorectal reservoirs.

In this morass of data, we will need in the future to interpret the results of the
newer non-inferiority technical trials, the current data of which are somewhat mixed
showing general oncologic equivalency between minimally invasive and open sur-
gery but also reporting some concerning results from some National trials regarding
the completeness of laparoscopic rectal resections. The introduction of the robot
appears to obviate some of the technical difficulties imposed within the pelvis by
laparoscopy even though its use may be more time consuming and more expensive.
The wider expansion of transanal total mesorectal excision (TaTME) requires spe-
cialized training and imposes particular technical challenges necessitating access to
cadaveric courses and ongoing mentoring as recently suggested by an international
group recommending a structured training curriculum.

ix



X Preface

The next section of this book presents the Continental and American approaches
towards radiotherapy (RT) and the chronological development of adjuvant and pre-
operative RT which began in Sweden where the beneficial impact on local recur-
rence was first proven. The gamut of chemotherapies and the newer
immunotherapeutic trials are considered as part of an ever changing field. We have
deliberately attempted to incorporate European, North American and Australasian
perspectives towards the difficult management of locoregionally recurrent rectal
cancer and for the treatment of Stage IV disease (either with or without the primary
tumor in situ). There is also a brief consideration of the rarer specialist rectal tumors.
As all forms of rectal cancer therapy (including organ preservation) are associated
with a significant impact on the functioning of our patients, instruments assessing
their quality of life are discussed along with caveats concerning the interpretation of
economic data as it pertains to that part of the health care expenditure which is ear-
marked for the totality of rectal cancer care.

The studies to watch out for in the future are going to be those which extend the
new chemotherapies and biologicals in intensified protocols designed to enhance
the response of the primary and to reduce the risk of distant metastasis. The applica-
tion of more intensive treatment is awaited too in the elderly where conventional
postoperative adjuvant therapy may presently be indicated but where its administra-
tion is anticipated to be either dose restricted or interrupted. One study to keep an
eye on is the STAR-TRec trial, a recently initiated multi-centered, 3-arm feasibility
study aimed at determining the use of neoadjuvant therapy and randomizing patients
based on their response into either organ preservation or local excision arms.

We hope this book appeals to surgeons, surgical trainees, oncologists, radiothera-
pists and specialist nurse practitioners alike, each closely involved in modern rectal
cancer care. We are particularly grateful to all of the chapter authors for their time,
expertise, creativity and patience which were essential to the production of this
book as it slowly evolved in the face of some recent dramatic changes to world rec-
tal cancer care. When we formulated the book structure, taTME and robotic proc-
tectomy were only just emerging and it became necessary to wait for the initial
results of these exciting therapies before sending the book to the publishers. We
wish to thank Melissa Morton of Springer for her promotion of the book concept
and Vignesh lyyaduraisuresh and Sargunan Saranya for their design and production
of the final volume.

Los Angeles, CA, USA Mary Kwaan
Melbourne, Australia/Tel-Aviv Israel Andrew Zbar
December 2018
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Chapter 1
The Epidemiology of Rectal Cancer

Ian M. Paquette and Sarah J. Atkinson

Introduction and General Demographic Considerations

In the United States, colorectal cancer (CRC) is the third most common cancer in
men and the second commonest cancer in women (746,000 vs. 614,000 cases,
respectively in 2012) [1]. There is substantial variability in its worldwide incidence,
with the highest incidence seen in developed regions and the lowest incidence
recorded in developing regions (Fig. 1.1). The highest incidence is reported in
Australasia (44.8 cases per 100,000 males), whereas males in Western Africa have
the lowest incidence (4.5 per 100,000) and where geographic variability is reflective
of inherent lifestyle differences. In 1969, Denis Burkitt made the observation that
populations in low risk areas had an overall higher dietary fiber intake with a greater
stool bulk and a more rapid colonic transit time when compared with Westernized
countries [2]. Although controversial, the suggestion was that fiber depletion (as
well as exposure to more refined carbohydrates) promoted carcinogenesis, however,
there have been other later epidemiological studies which have failed to support
Burkitt’s original hypothesis [3]. Despite this, the concept is supported by data
showing that patients who migrate from areas of low to high incidence tend to
develop the same incidence of CRC as their new adopted environment, [4] implying
a potential role for dietary primary CRC prevention.

Though most data sources present epidemiologic data on colon and rectal cancer
as a single entity, the Surveillance, Epidemiology and End-Results database (SEER)
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Fig. 1.1 Incidence of colorectal cancer worldwide. (WHO International Agency for Research on
Cancer)

from the National Cancer Institute (NCI) allows for a more precise quantification of
the burden imposed by rectal cancer alone in the United States, [5] where rectal
cancer is strongly associated with age (Fig. 1.2). Though the incidence of rectal
cancer begins to rise after age 40, a sharp increase is seen after age 50, with the vast
majority (over 90%) of cases being diagnosed in people > age 50 years of age [6-8].
Overall, more than 60% of the cases and 70% of the deaths will occur in those
patients over 65 years of age [6].

Over the past decade, there has, however, been a decrease in the incidence of
rectal cancer in people age >50, with a steady increase in those patients under
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Fig. 1.3 The impact of age (< or > 50 years) on rectal cancer incidence. (SEER data 2014)

50 years of age (Fig. 1.3) [9]. The annual percentage change in incidence continues
to rise at approximately 1.8% per annum in individuals < age 50 with a decrease of
1.5% per annum observed in the 50-64 year age group and a 4.5% decrease in the
annual percentage change in the 65 year and older age group. A major potential
reason for this declining incidence in older patients is the increased use of screening
colonoscopy and sigmoidoscopy in this age group, [10] although this has demon-
strated only a change in left-sided CRC deaths in those undergoing full colonoscopy
without an effectiveness for right-sided cancers [11-13]. A more alarming trend,
however, demanding of further research, is the reasons for this precipitous increase
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in rectal cancer incidence in the younger patient. In this regard, similar data has
been shown in the high prevalence area of New Zealand where the incidence of
rectal cancer has increased by 18% in men and 13% in women between 1995 and
2012 particularly in those under 50 years of age [14].

Gender and race are also both strongly associated with the varying incidence of
rectal cancer where it is generally about 25% higher in men when compared with
women [15] and where African Americans (AA) have a markedly higher incidence
when compared with the Caucasian population (Fig. 1.4) [5]. This disparity in inci-
dence between the AA and white populations is further increased if cases of colonic
cancer are also included, where there are numerous reports demonstrating a more
proximal distribution of CRC in the AA subgroup [16-19].

Within the United States itself, there is substantial variability in the incidence of
CRC with an incidence <35/100,000 in states such as New Hampshire, Idaho,
Arizona, Colorado, and Utah, when compared with states such as Mississippi,
Kentucky, and Louisiana, where there is an average incidence >50 cases per 100,000
[20]. With respect to this finding the CRC incidence correlates with lifestyle choices
where those regions with a higher prevalence of smoking and obesity have the
higher CRC rates and where those regions actively participating in CRC screening
protocols, which engage in leisure-time physical exercise activity and who eat at

16
14
12
S 10
S
3 — . White Male
5 8 White Female
< —Black Male
§ Black Female
O
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Fig. 1.4 Rectal cancer incidence: effect of gender and race
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least 5 or more fruits and/or vegetables per day have the lowest recorded CRC
incidence [21].

By contrast, survival in rectal cancer is largely dependent upon the stage at pre-
sentation, with 88% of patients who present with localized disease surviving 5 years
vs. 69.5% with regional disease and 12.9% presenting with distant disease [8]. This
standard view should be tempered with the fact that over the past 3 decades rectal
cancer survival has dramatically increased when, from 1975 to 77 for example, the
5-year survival for all stages was around 48% [7, 8]. This statistic increased to 58%
overall between 1987 and 1989 and to 68% in the period between 2003 and 2009 [7,
8]. In this respect, since 1975, there have been absolute increases in the 5-year sur-
vival of 12%, 14.4%, and 7.2%, respectively for localized, regional and distant
stages of rectal cancers [8] which most likely reflects the multifactorial effects of
ongoing improvements in surgical technique [22, 23], pathologic assessment, [24]
the timing and the appropriate selection of radiation therapy, [25, 26] general
advances in chemotherapy and the institution of multidisciplinary team manage-
ment [27]. Though patients with colon cancer have historically experienced better
5-year survival than those with rectal cancer, rectal cancer patients now experience
at least an equal, if not a better 5-year survival when compared with their colon
cancer counterparts (Fig. 1.5).
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Fig. 1.5 5-year cancer-specific survival: colon vs. rectal cancer
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Risk Factors

The majority of studies examining risk factors also include CRC cases as a single
entity. In contrast, Wei et al. used data from the Nurses Health Study and the Health
Professionals Follow Up Study in order to examine fundamental differences in risk
factors between colon and rectal cancer [28]. In this work, the majority of risk fac-
tors, most particularly dietary factors, were similar in both types of cancer, however,
colon cancer was more strongly associated with a positive family history and a his-
tory of consistent physical exercise was more likely preventative of colon cancer
than of rectal cancer.

Dietary Components

Numerous studies have suggested a protective effect of a diet high in fiber, fruits and
vegetables and low in fat [29-32] with a reduction of the relative risk of developing
CRC by 50% in those patients with a high intake of fruits, vegetables and fiber [33].
Part of the difficulty with collection of this type of data is that CRC is a multifacto-
rial process without the availability of randomized cause-related data with all of the
results concerning diet produced from observational studies. A limited assessment
of the components is discussed below.

Fruit and Vegetable Intake

There have been a large number of studies demonstrating a lower incidence of CRC
in populations with an overall higher fruit and vegetable intake. Slattery et al. [31]
using data from the state of Utah and the Kaiser Permanente Health System records
in California, examined the impact of fruit and vegetable intake on the development
of rectal cancer and showed that rectal cancer was inversely associated with the
intakes of vegetables (OR = 0.72), fruit (OR = 0.73) and whole-grain products
(OR =0.69), whereas a high intake of refined grains was associated with an increased
total cancer risk (OR 1.42). In this analysis, a threshold of 5 servings of vegetables
per day was needed in order to detect a specifically reduced overall risk of rectal
cancer. Similarly, Terry et al. [32] examined a cohort of 61,463 women and deter-
mined that the individuals who consumed the lowest amounts of fruits and vegeta-
bles (<1.5 servings per day) had a relative risk of 1.65 for the development of all
CRC. In this regard, a pooled analysis by Koushik et al. [33] of 14 cohort studies
which included 756,217 people, showed that the total fruit and vegetable intake was
associated with a decreased CRC risk of the distal large bowel, (RR = 0.074) but not
of the proximal colon. Other studies by contrast, such as the Health Professionals
Follow-up Study and the Cancer Prevention Study II Nutrition Cohort failed to
show any reduction of CRC risk with a high fruit and vegetable intake [34, 35].
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Fat

Countries with populations consuming a high fat diet generally have a higher rate of
CRC when compared with those countries whose populations consume lower fat
diets [36]. This traditional statistical association may, however, be confounded by
many other factors including the dietary fiber intake, the amount of alcohol ingested
and the exercise levels of the considered cohorts and the current data are conflicting.
Howe et al. [37] summarizing 13 case-control studies which evaluated the relation-
ship between total energy, total fat, fat components, and total cholesterol found no
energy-independent effects of the total fat intake on the overall CRC risk. Equally,
the Women'’s Health Initiative [38] in a large randomized controlled trial, examined
the CRC incidence between those women randomized to a low fat diet and their
control group with no dietary modifications and over a mean follow-up of 8.1 years
also found no difference in the overall CRC incidence (RR = 1.08, 95% CI [91-
1.29]). In this respect, there have also been two prospective controlled trials, one of
which identified a small association between dietary fat and CRC incidence and
another that found no such association [39, 40].

Red Meat

Several prospective studies in the United States have demonstrated positive associa-
tions with red or processed meat intake [41, 42]. Concerning this effect, the high
iron content of red meat increases the free radical production and N-nitroso com-
pounds in the colon which have been shown to induce chronic mucosal damage and
which are carcinogens in animal models [43]. The Shanghai Women’s Health Study
[44] prospectively investigated the association between dietary nitrates and nitrites
(precursors of N-nitroso compounds) by the analysis of detailed food questionnaires
and over a mean follow-up of 11 years in 73,118 participants identified 619 cases of
CRC with no specific association between nitrite intake and CRC risk.

A meta-analysis of red meat consumption in Western countries by Norat et al.
[45] found that a high intake of red meat was associated with a moderate increase in
the overall CRC risk with the Health Professionals study [46] showing a similar
results particularly for the distal colon. In this regard, Larsson et al. [47] conducted
a prospective study of 7367 and concluded that the relative risk for CRC of those
participants who consumed the most red meat relative to those who consumed the
least was 1.28 overall (95% CI 1.15-1.42). In this study, a subset analysis of 3 stud-
ies which specified colon cancer by location found that red meat increased the risk
of distal but not proximal cancers. In order to control for other dietary factors, a
secondary analysis in this study was restricted to studies that adjusted for physical
activity, BMI, smoking, alcohol, energy expenditure and calcium intake and with
these adjustments and corrections, the relative risk for CRC in those people with the
highest red meat intake compared with the lowest red meat intake was overall 1.29
(95% CI 1.09-1.53).
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Fiber

As already mentioned, the initial association between CRC risk and dietary fiber
was suggested by African studies from Burkitt [2, 48] who theorized about the fiber
protective effects in primary CRC prevention. This data has been brought into stark
reality with a recent large systematic analysis failing to show a clear association
between dietary fiber intake and the incidence of recurrent colorectal precursor
adenomas over an 8-year minimum follow-up period [49]. The Burkitt thesis is that
fiber increases the intestinal transit reducing the exposure time to potential ingested
carcinogens with a recommended level of crude fiber intake for a standard Western
diet. Since Burkitt’s landmark work, studies examining the relationship between
dietary fiber intake and CRC development have, however, been quite inconsistent
with Slattery et al. [31] reporting an inverse association with CRC risk (OR 0.54)
although this relationship was strongest for people diagnosed after the age of
65 years. Similarly, a prospective cohort of 500,000 people across 10 separate
European countries [50, 51] found fiber to be protective with a 25% reduction in the
overall incidence of CRC amongst those who consumed the most fiber relative to
those who consumed the least. In the analyses by this same group, the protective
effect was greater for the colon than for the rectum.

An analysis of the combined results of 13 prospective cohort studies which
included 725,628 males and females by Park et al. [52] also found that increased
dietary fiber was associated with a lower incidence of CRC, however, when control-
ling for all other dietary factors, the result was no longer statistically significant.
Equally, two large American cohort studies, the Nurses Health Study and the Health
Professionals Follow-up Study, found no relationship between fiber intake and the
overall CRC risk [5, 46, 53]. For consideration, the available data has used multiple
different types and sources of fiber with varying research methods and although it is
certainly possible that fiber alone may not be protective of CRC, there still may be
a secondary benefit in conjunction with a healthier diet and lifestyle. Better defined
randomized trials with appropriately long-term follow-up will be needed in order to
conclusively demonstrate a benefit.

Calcium and Vitamin D

Within the general population, there are several studies which have demonstrated
associations between total calcium intake and CRC. The Swedish Mammography
cohort for example, [54] found an inverse trend between calcium intake and CRC
risk and the Nurses’ Health Study and the Health Professionals Follow-Up Study
also both found an inverse but non-significant association between the total calcium
intake and the prevalence of distal colon cancer. Pooled analysis done by Hjartaker
et al. [55] for these two cohorts also calculated a significant inverse trend.

This issue is complex, however, where further study of a United States female
cohort that differentiated between dietary calcium and supplements found that
dietary calcium was associated with decreased proximal colon cancer but there was
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no association for total calcium and CRC overall [56]. In a pooled analysis of 10
cohort studies that included the dietary habits of 534,536 people, dietary calcium
intake was inversely associated with overall CRC risk [RR = 0.86, 95% CI (0.78—
0.95)] when the highest and lowest intake quintiles were directly compared [57]. In
this systematic analysis, the effect was preserved for overall calcium intake (diet
plus supplements) with a relative risk of 0.78 (95% CI 0.69-0.88).

When assessing those patients with previous adenomas, a recent Cochrane
meta-analysis of two RCTs found that the use of supplemental elemental calcium
was associated with a reduction in recurrent colorectal adenomas, (OR =0.74, 95%
CI0.58-0.95) however, the follow-up for these patients was only 3—4 years, provid-
ing insufficient time for colorectal adenoma development and repeat endoscopic
assessment [58]. Given that several of the studies surrounding calcium also involved
vitamin D supplementation, analyses were later conducted examining whether
there was any association between vitamin D alone and CRC risk. In this respect, a
2014 meta-analysis of outcomes associated with vitamin D found an inverse asso-
ciation between the patients’ measured vitamin D levels and their overall CRC risk
[59, 60].

Folate

Folate plays an integral role in DNA methylation and in gene expression, with initial
epidemiologic studies demonstrating an inverse relationship between folate intake
and CRC risk [61-64]. Despite this, further studies have failed to find any such
association where a 2013 meta-analysis of 7 relevant randomized trials including
33,824 patients found that folic acid supplementation had no significant effect on
overall CRC risk (RR = 1.01, 95% CI 0.82-1.23, p = 0.95). It is noted that folate
supplementation may have a potentially adverse effect in patients with a prior his-
tory of adenomatous polyps where a study published in 2008 found that such
patients randomized to 1 mg of folic acid daily had a 44.1% incidence of an ade-
noma at follow-up compared with 42.4% in the placebo group [65]. This group
reported that those patients with serum folate levels in the upper third and fourth
quartiles had an increased risk of CRC and that patients who received folate supple-
mentation also had a trend toward a higher incidence of advanced adenomas as well
as a higher incidence of >3 adenomas overall. In this regard, a case-control study
published in 2014 also found that in patients who already have adenomatous polyps,
that high serum folate levels correlate with a higher overall CRC risk, without a
commensurate CRC risk in healthy controls [66].

Alcohol

Alcohol is one of the few dietary interventions that has been shown to have a stron-
ger effect in rectal cancer than in colon cancer, with several seminal supporting
studies. A 2007 meta-analysis of over 6300 patients with CRC in 16 prospective
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cohort studies found that a high alcohol intake was significantly associated with an
increased risk of rectal cancer (RR = 1.63, 95% CI 1.35-1.97) relative to those
patients with the lowest alcohol intake [67]. The European Prospective Investigation
into Cancer and Nutrition Cohort (EPIC) trial also examined baseline lifestyle and
dietary information, following 478,732 patients for a median of 12 years and this
group calculated a relative CRC risk of 1.44 for when comparing the heaviest drink-
ers to non-drinkers with clear evidence of a dose-risk relationship [68]. In a separate
analysis specifically addressing alcohol and rectal cancer, Ferrari et al. [69] showed
higher hazard ratios for rectal cancer (HR = 1.12, 95% CI 1.06—1.18) than for either
distal colon cancer (HR = 1.08, 95% CI 1.01-1.16) or proximal colon cancer
(HR =1.02,95% CI1 0.92—-1.12).

Aspirin

Both invasive and pre-invasive colorectal adenomas induce COX-2 over-expression
so that COX-2 suppression has been formally examined in association with CRC
risks [70]. Equally aspirin specifically inhibits COX-1, COX-2, prostaglandins and
thromboxanes whilst at the same time inducing cellular apoptosis and retarding
angiogenesis. Concerning these effects, the Women’s Health Study, [71] a random-
ized controlled trial conducted in 39,876 women aged 45 years and older, random-
ized patients to either receive 100 mg of alternate day aspirin or a placebo.
Observational follow-up at a median of 10 years found that CRC was reduced in the
group randomized to receive aspirin (HR = 0.80, 95% CI 0.67-0.97, P = 0.021) with
the greatest effect on proximal CRC incidence after the 10 year mark. There were,
importantly however, an increased number of both gastrointestinal bleeds in the
aspirin-treated group (HR = 1.14, 95% CI 1.06-1.22, P < 0.001) and symptomatic
peptic ulcers (HR 1.17,95% CI 1.09-1.27, P < 0.001).

Further analysis of 2 large randomized controlled trials in the United Kingdom
found that patients randomized to aspirin had a reduced incidence of CRC
(HR =0.74, 95% CI 0.56-0.97, P = 0.02) with a greater effect in those patients on
aspirin for at least 5 years or more (HR = 0.63, 95% CI 0.47-0.85, p = 0.002) [72].
This study should be viewed with caution with the caveat that the reduced incidence
of CRC was only consistently seen after a latency of 10 years of treatment and only
in patients who took 300 mg or more of aspirin daily.

A Cochrane review of 3 pooled randomized controlled trials examined the recur-
rence rates of sporadic adenomatous polyps and found that aspirin significantly
reduces the overall recurrence rate (RR =0.77, 95% CI 0.61-0.96), howeyver, in this
study there were no differences in the long term CRC-related outcomes [73].
Similarly, the Physicians Health Study, (a large, randomized controlled trial of aspi-
rin versus placebo in healthy individuals), found no significant reduction in CRC
with aspirin usage (RR = 1.15, 95% CI 0.80-1.65) [74]. As a consequence of con-
flicting studies as well as because there is a reported increase in adverse events
amongst aspirin users, the U.S. Preventive Services Task Force does not recommend
aspirin usage for CRC prevention in average risk patients.
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Obesity

Several studies have found that indexes of abdominal obesity, such as waist circum-
ference or waist-hip ratio, are more sensitive than body mass index (BMI), in defin-
ing the relative risk for CRC although in general, these indices are frequently not
available in many reported studies [68, 75—79]. The most robust literature concern-
ing an association between CRC and obesity is available for patients with a BMI
exceeding 30 where a 2007 meta-analysis examined 31 studies and found that the
relative risk of CRC was 1.19 (95% CI 1.11-1.29) for patients with a BMI > 30
when compared with those patients with a BMI < 25 [80]. The association detected
in this study was even stronger when specifically examining central obesity with a
relative risk of 1.45 when comparing the highest to the lowest central obesity rates
(95% CI 1.31-1.61).

Several studies have found that the relationship between obesity and CRC may
depend on gender with a meta-analysis of 30 prospective studies from North
America and Europe showing an increased risk of CRC with a BMI exceeding 30,
and with a particularly strong association in men [77]. This gender-dependent asso-
ciation appears to also be preserved when examining the relationship between obe-
sity and rectal cancer with both Larsson’s 2007 meta-analysis [77] and a 2009
review by Harriss et al. [80] finding that a BMI > 30 is positively related to rectal
cancer incidence specifically in men but not in women. The EPIC study which also
examined obesity and its relationship with colon and rectal cancer separately within
each sex, found in a multivariate model stratified by center and adjusted for age, sex,
education and lifestyle factors, that there was a calculated hazard ratio of 0.90 (95%
CI 0.77-1.05) for men with a BMI < 25 and a waist circumference < 94 cm [68]. In
this analysis, their calculated hazard ratio for women within the same multivariate
model was 0.95 (95% CI 0.81-1.12) for a BMI < 25 and a waist
circumference < 80 cm.

Hormonal differences may play a part in the gender-dependent association
between obesity and CRC risk where the Million Women Study examined the role
of obesity and CRC risk separately in pre and post-menopausal women [81]. This
study found that increasing BMI was associated with CRC specifically in premeno-
pausal women with a RR of 1.61 (95% CI 1.05-2.48) whereas in the postmeno-
pausal group, there was no detectable association.

Physical Activity

A sedentary lifestyle has been implicated in a number of different diseases and
while there are studies that find increased activity to decrease CRC risks, the
exact benefit is difficult to quantify since increased activity levels may be more
likely in individuals with other healthy lifestyle factors such as diet and the avoid-
ance of tobacco. Nilsen and Vatten prospectively analyzed the association between
CRC and physical activity in 75,219 Norwegian men and women and found a
negative association [82]. When those participants with the highest activity level
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were compared with those with the lowest, the age-adjusted relative risk was 0.54
(95% CI 0.37-0.79). A meta-analysis of CRC risk factors by Johnson et al. [83]
examining this effect also found that physical activity was inversely associated
with CRC risk (RR = 0.88, 95% CI 0.86-0.91 for 2 standard deviations increase
in physical activity score). Overall, these findings are consistent across the litera-
ture where in general greater physical activity appears to be associated with a
reduced overall CRC risk, however, in those studies which differentiate colon
from rectal cancer, the association seems to be much clearer only for colonic
tumors [80, 84-86].

The NIH-AARP study also found a non-significant trend towards a reduced risk
of rectal cancer in more active men, however there was no such protective effect
observed in women [87]. Since increased activity levels are often part of a healthier
overall lifestyle, the EPIC cohort (European Prospective Investigation into Cancer
and Nutrition) collected dietary and lifestyle information in an effort to try and ana-
lyze the synergistic effects of multiple healthy lifestyle choices [68] collecting data
concerning diet and lifestyle habits at a baseline point and after a median follow-up
time of 12 years, during which 3759 incident CRC cases were identified. In this
study by Aleksandrova et al. there was no association between physical activity
levels alone and the incidence of rectal cancer, however, participants with 2 healthy
lifestyle indices had an HR of 0.90 (95% CI 0.74—1.11). Those with 3 indices had
an HR of 0.80 (95% C10.66-0.97), 4 indices an HR of 0.70 (95% C10.57-0.85) and
5 indices an HR of 0.68 (95% CI 0.53-0.88). All of these associations were stronger
in men than in women.

Smoking

Multiple studies have found stronger associations between smoking and rectal can-
cer than for smoking and colon cancer. A meta-analysis of 36 studies found that
relative to non-smokers, current and former smokers had an increased CRC inci-
dence along with a dose-dependent association [88]. Of those studies that separated
rectal and colon cancer, the association was twice as strong for rectal lesions,
although neither reached statistical significance. The Women’s Health Initiative
study also revealed a significant association between rectal cancer risk and cigarette
smoking (RR = 1.95; 95% CI 1.10-3.47) but there was no significant association
with colon cancer [89]. In this regard, a meta-analysis by Botteri et al. [90] reviewed
106 observational studies and pooled the adjusted risks in 26 of the studies, calculat-
ing a RR of 1.18 (95% CI 1.11-1.25) for smokers and CRC when compared with
those who had never smoked. In this study, the risk estimates were also higher for
rectal than for colon cancer amongst current smokers (P = 0.02). Another meta-
analysis by Tsoi and colleagues [91] of 28 American, European and Asian prospec-
tive studies found that current smokers had a modestly higher risk of CRC overall
(RR 1.20, 95% CI 1.10-1.30) when compared to never smoker cohorts and that
rectal cancer was more closely associated with a history of smoking (RR 1.36, 95%
CI1.15-1.61).
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Inflammatory Bowel Disease

The special group of patients with long-standing ulcerative colitis (UC) are known
to be at increased risk for CRC secondary to the inflammatory state and environ-
ment in the colon with the precursors of dysplasia and dysplasia-associated lesions
or masses (DALM) [92]. A 2001 meta-analysis by Eaden et al. [93] calculated the
incidence rates from 116 studies where the cumulative probability of CRC was
2% by 10 years after the disease onset, 8% by 20 years and 18% by 30 years. The
overall prevalence of CRC in any UC patient in this study was 3.7%. A 2012
meta-analysis of 8 population-based cohort studies found a pooled standardized
incidence ratio of 2.4 (95% CI 2.1-2.7) for patients with UC and also found that
male gender, young age at UC diagnosis and extensive colitis increased the over-
all risk [94]. Other studies have also cited the extent of the disease as a factor
influencing the risk of CRC in UC patients, with a population-based study in
Sweden showing that patients with pancolitis had a CRC incidence ratio of 14.8
(CI 11.4-18.9) when compared with the expected incidence within their individ-
ual cohort [95].

The relationship between Crohn’s disease and CRC is less consistent but Ekbom’s
Swedish population-based study [95] found an increased risk in Crohn’s patients
(RR 2.5, 95% CI 1.3-4.3), especially amongst those whose Crohn’s disease was
confined to their colon (RR 5.6, 95% CI 2.1-12.2). A Canadian population-based
cohort study by Gillen et al. [96] also examined the association between Crohn’s
disease and rectal cancer but found no increased risk, although this group did find
an association between Crohn’s disease and colon cancer (incidence rate ratio = 2.6,
95% CI 1.69—4.12).

Family History

Between 3 and 6% of all CRC’s are attributed to inherited familial syndromes, such
as Lynch syndrome, Familial Adenomatous Polyposis, and hamartoma syndromes
[97] although family history remains an important risk factor even outside of these
defined genetic syndrome disorders. These specific disorders like hereditary non-
polyposis CRC (HNPCC) represent specific mutations in genes implicated in the
DNA repair pathway (the MLH1 and MSH2 genes) with FAP caused by a mutation
in the tumor suppressor APC gene. HNPCC will account for between 2 and 5% of
all CRC’s with an average age at diagnosis in the 40’s and an overall 70% risk of
CRC development along with a host of other extracolonic malignant tumor clusters
(uterus, gastric, small bowel, pancreas, kidney and ureter). Patients with a single
affected first-degree relative with CRC have a two-fold risk increase for CRC over
the general population and this risk increases further if the index case is diagnosed
before 50—60 years of age [98]. Early screening is recommended for those people
with a family history of polyps in relatives under 60 years of age, however, these
recommendations are currently based upon self-reporting of polyp history and may
thus be inaccurate [99, 100].
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Summary

Several dietary and lifestyle components have been linked to the development of
rectal cancer. Specifically, gender, race, the consumption of vegetables, whole
grains, red meat and alcohol, obesity and the smoking status may be considered as
significant risk factors, however, it is accepted that many of the studies reporting
these associations are retrospective and underpowered. Future studies examining
rectal cancer as a separate entity from colon cancer and defining the relative risk of
different lifestyle choices and interventions are clearly needed.
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Chapter 2
Endorectal Ultrasound

Martyn D. Evans and John Beynon

Endorectal ultrasound (ERUS) since its introduction over 30 years ago has refined
the preoperative staging of rectal cancer. Initially used to image the prostate and
rectum the primitive 4 megahertz (MHz) transducers have progressed to higher fre-
quency probes with markedly better resolution and most recently with the routine
addition of three-dimensional (3D) machines. This chapter addresses the applica-
tions of ERUS in the preoperative staging of rectal cancer and its place alongside
other modalities such as MRI.

The History and Development of Endorectal
Sonography (ERUS)

The first recorded application of ERUS was by Wild and Reid in 1952, with their
development of an “echoendo probe” [1-3]. This probe with its ellipsoidal sound
head containing the piezoelectric crystal was mounted onto a hand-held flexible
shaft which contained a drive shaft and a drive motor. As with most designs, subse-
quently the transducer was covered by a water-filled balloon which transmitted the
sound beam at right angles to its long axis. This advance though resulted in the
production of rigid shaft endoprobes similar to those used currently. In this design,
a rigid shaft also allows introduction into the rectum through a proctoscope. The
images are then produced for each revolution of the sound head within the rectum
and this early system clearly demonstrated a crude, layered image of the normal
bowel and subsequently a similarly first rudimentary image of a rectal cancer. It was
nearly 30 years later largely hampered by technical limitations before this approach

M. D. Evans - J. Beynon (<)
Singleton and Morriston Hospitals, Swansea, UK
e-mail: martdoc @doctors.net.uk; johnbeynon56 @doctors.or.uk

© Springer Nature Switzerland AG 2019 23
M. Kwaan, A. Zbar (eds.), Comprehensive Rectal Cancer Care,
https://doi.org/10.1007/978-3-319-98902-0_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-98902-0_2&domain=pdf
mailto:martdoc@doctors.net.uk
mailto:johnbeynon56@doctors.or.uk

24 M. D. Evans and J. Beynon

was applied in a clinical setting when Dragsted and Gammelgaard evaluated 13
cases of rectal cancer in 1983 [4].

This group used a Bruel and Kjaer ultrasound scanner Type 8901 and a rigid
probe equipped with a 4.5 MHz transducer (initially designed for prostatic imaging)
and compared the pre-operative ERUS with postoperative histopathology. The
extent of invasion was correctly predicted in 11 cases although the quality of the
images remained relatively poor.

Technological advances since then have allowed more detailed imaging and
therefore greater accuracy. The plane of scanning can now be either transverse or
longitudinal and there are some instruments that are able to scan in both planes. For
the surgeon the advantage of images produced by a radial scanner are that they can
be directly compared with the operative appearance when looking down into the
pelvis at surgery. These 360-degree images can only be produced by mechanically
rotating probes which all require a water-filled balloon to cover the transducer for
acoustic contact. The balloon distends the rectum, preventing distortion by in fold-
ing and making interpretation easier as the area being scanning is more likely to be
within the optimal focal range of the transducer. The only limitation of the tech-
nique is that stenosis will occasionally prevent full evaluation of the lesion as it may
not be possible to scan the complete length of the rectum or traverse the entire
length of the tumor and detect lymph nodes lying rostrally.

Most units publishing data concerning the efficacy of ERUS (which really
became a viable option for staging in the mid 1980s) have used equipment produced
by Bruel and Kjaer (Denmark: Probe type 1850) in conjunction with a 5.5-7 MHz
transducer and more recently with a 10 MHz probe. In most series, the 7 MHz trans-
ducer (focal length 2—5 cm) had been the probe of choice. For the best imaging, the
rectum should be clear of faeces which can simply be accomplished with a dispos-
able enema or suppositories. Examinations have traditionally been performed with
the patient in the left lateral position with the endoprobe either introduced blindly or
through a proctoscope. This latter method can be an advantage when examining
higher or stenotic lesions to ensure that the transducer has traversed the tumour
extent. Following insertion, the balloon is inflated and the transducer switched on.
Then the probe is moved proximally and distally to scan the area of interest. To
obtain optimum images, both the position of the probe and the volume of water in
the balloon can be altered. This allows as has been mentioned above for the area of
interest to lie within the optimal focal range.

The endosonographic appearance of the rectum is unique. The rectum has five
distinct ultrasonic layers which in essence correspond to the histological layers of
the rectal wall, with three hyperechoic layers separated by two hypoechoic layers as
extensively described (Fig. 2.1) [5]:

First Hyperechoic layer—Interface between the water/balloon and the mucosal
surface

Second Hypoechoic layer—Combined image produced by the mucosa and muscu-
laris mucosae

Third Hyperechoic layer—Submucosa



2 Endorectal Ultrasound 25

Fig. 2.1 The five layer
structure of the rectal wall
as seen on ERUS

Fourth Hypoechoic layer—Muscularis propria
Fifth Hyperechoic layer—Interface between the muscularis propria and perirectal
fat or serosa if present.

Occasionally a seven layered image is seen as the transducer can differentiate the
two parts of true muscle layer of the rectum i.e. the circular and the longitudinal [6].

ERUS can also identify the extrinsic anatomy of the uterus, vagina, prostate and
seminal vesicles and evaluate whether congenital fascial planes between the rectum
and these structures are intact or infiltrated by tumour.

Three Dimensional Ultrasound

With further technological advances there has been increasing interest in the use of
three dimensional (3D) ERUS. This has arisen because of the limitations of viewing
a 3D structure as a two dimensional (2D) image; an effect which is best illustrated
by the example of a rectal tumour. As only discrete 2D images can be viewed at any
moment, no direct imaging of the longitudinal extent of the tumour and its spatial
relationships is available so that the series of transverse images must be assimilated
by the observer to produce a mental image of the real anatomy [7].

Such 3D imaging is only possible with suitable ultrasound apparatus and inte-
grated computer technology with 3D software [8]. The images are constructed from
a synthesis of a high number of parallel trans-axial 2D images stacked on one
another with computerized interpolation of the data between axial acquisitions [9].
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The resolution of 2D images are measured in pixels (each pixel having an x and a y
plane). In 3D ultrasound the pixel is transformed into a small 3D picture element
called a voxel where the depth of the voxel is critical to the resolution of the 3D
image. High resolution 3D ultrasound typically acquires four to five transaxial
images per 1 mm acquisition of length in the z plane [9]. The images are then ren-
dered using one of three basic techniques [8, 9] namely:

1. A Surface-based viewing technique. Here, an operator or algorithm identifies the
boundaries of the structures to create a wire-frame representation. This tech-
nique fails when a strong surface cannot be found such as in the subtly layered
structures of the anal canal. In this view the surface of an image is highlighted
and the technique has been used in virtual colonoscopy and in foetal
representation.

2. Multiplane viewing techniques. In this case, three perpendicular planes (axial,
transverse and longitudinal) are displayed simultaneously which can be
moved and rotated by the operator so as to visualize the lesion at different
angles.

3. Volume render modes. Here, the 3D image is projected onto a 2D plane by cast-
ing rays through the 3D picture where the voxel values intersected by each ray
can be multiplied by various parameters defining opacity, luminosity, filtration
and image thickness governing the inclusion or exclusion of different pixilated
values and then summed to produce different effects. In this case, unlike the
surface rendered mode, the image structure inside a defined volume is analyzed
like a black box.

The efficacy of 3D over 2D ERUS in the staging of primary and recurrent rectal
cancer has been evaluated in recent years [7, 10-12]. In this respect, there is no
doubt that 3D imaging has some advantages over 2D techniques although it has not
really found its niche and its real advantages remain unclear particularly now that
multimodal imaging is available [13].

Endorectal Ultrasound and Rectal Cancer

In the past, surgery for rectal cancer was performed as expediently as possible by
blind blunt dissection, yielding relatively poor oncological results with high local
failure rates and locoregional pelvic recurrence. In the last three decades, the local
failure rates in rectal cancer treatment have markedly reduced [14] all of which has
been achieved through improved radiological staging, advances in surgical tech-
nique and the use of pre-operative neoadjuvant therapy. Surgically, rectal cancers
may be treated by local excision, including Trans Endoscopic MicroSurgery
(TEMS), by total mesorectal excision (TME) or by multi-visceral pelvic surgery
for the more advanced tumours. Accurate pre-operative local staging (T and N
stage) of rectal cancer is therefore critical in order to offer the patient the optimal
treatment [15].
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In this regard, both ERUS and Magnetic Resonance Imaging (MRI) have become
the norm to locally stage rectal cancer, dramatically improving local staging accu-
racy. Consequently patients diagnosed with rectal cancer today receive a bespoke
tailored evidence-based approach to both staging and the treatment of their disease.
When planning the patient’s management some of the important questions that need
to be addressed are:

(a) Is the disease confined to the mucosa and sub-mucosa?

(b) If so, can the disease be successfully managed by local excision without
recourse to total mesorectal excision (TME) surgery?

(c) If the tumour has invaded the muscularis propria, are there any indications that
the patient should be offered pre-operative neoadjuvant treatment prior to surgi-
cal TME in order to ensure a complete mesorectal excision without a likelihood
of circumferential radial margin (CRM) involvement?

(d) In more advanced cases is there a likelihood for a multi-visceral resection?

(e) Has neoadjuvant treatment sufficiently downstaged the tumour so that the surgical
strategy can be modified or surgery even avoided? (addressed in Chaps. 11 and 12
“Watch and Wait” “ERUS in Advanced Rectal Cancer”).

Both MRI and ERUS have established roles in answering each of these specific
questions and will be discussed in this chapter with a particular emphasis on
ERUS. The role of MR imaging in rectal cancer assessment and in the response to
neoadjuvant therapy is considered in a subsequent chapter of this section.

On ERUS, rectal tumours have a typically hypoechoic appearance where as the
tumour invades deeper through the rectal wall, the normal sonographic anatomy
becomes disrupted [16, 17]. By comparing the changes caused by a tumour with the
normal sonogram the depth of tumour and hence an ultrasound T stage (denoted
with the “u” prefix) [18, 19] can be assigned to the tumour (Table 2.1) [20] (Figs. 2.2,
2.3,24,2.5, and 2.6).

ERUS in Early Rectal Cancer

Patients with early mucosal disease without lymphatic involvement may be consid-
ered for endoscopic polypectomy, trans-anal excision or TEMS. The proportion of
patients diagnosed with early stage disease has increased with the widespread intro-
duction of population-based screening [21] and the National Bowel Screening
Programme UK in 2006. The latter programme has resulted in the earlier detection
of rectal tumours and highlighted less aggressive treatment modalities for manage-
ment. In this situation ERUS has been found on multivariate analysis of 16 years of
scientific literature to have a sensitivity of 94% and a specificity of 86% in deter-
mining invasion of the muscularis propria [19]. When comparing ERUS with MRI,
the same meta-analysis found that the sensitivity of ERUS is equivalent to that of
MRI but that the specificity of ERUS is superior (86 vs. 69%, respectively). These
modalities are being used routinely in an environment where the indications for
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Table 2.1 American Joint Council on Cancer (AJCC) T staging of rectal cancer [20]

TNMT
Stage
Tx

TO
Tis
T1

T2

T3

T4a

T4b

Fig. 2.2 An early rectal
carcinoma uT1

Histopathology

Primary lesion cannot be
assessed

No primary tumour identified
Carcinoma in situ (limited to
mucosa)

Tumour invades submucosa,
but does not involve muscularis
mucosa

Tumour invades muscularis
propria

Tumour invades peri-rectal fat/
serosa

Tumour penetrates to the
surface of the visceral
peritoneum

Tumour directly invades or is
adherent to other organs or
structures

Ultrasonographic features

Tumour depth not determined

No tumour seen

1st hypoechoic layer is expanded but second
hyperechoic layer is intact

No disruption of the bright middle hyperechoic layer

Tumour confined by the hypoechoic layer of the
muscularis propria with no disruption of the bright
interface between it and surrounding fat

Outer hyperechoic layer disrupted, with the tumour
edge usually irregular and has sawtooth projections
The majority of rectal tumours cannot be staged due
to the absence in the majority of a serosal surface

Tumour extends into neighbouring organs

TEM are being broadened when it is combined with neoadjuvant therapy. The
TREC UK multicentre study addresses the current dogma that patients with T2
tumours are advised to have radical TEM surgery [22]. This trial will recruit early
tumours randomizing the T1-2NOMO cases to surgery or to short course preopera-
tive RT with a delayed local excision.
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Fig. 2.3 An uT2 rectal
carcinoma with disruption
of the middle submucosal
hyperechoic layer

Fig. 2.4 An uT3 tumour with obvious saw tooth appearance of the tumour out into the peri rectal
fat. (a) Example of uT3 tumour with obvious saw tooth appearance of the tumour out into the
perirectal fat. (b) and (¢) Examples of uT3 tumours with obvious saw tooth appearance of the
tumour out into the perirectal fat with adjacent lymph nodes
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Fig. 2.5 An uT4 tumour
with invasion into vagina
confirmed histologically

following resection

ERUS in Advanced Rectal Cancer

Most patients diagnosed with rectal cancer present with disease that has penetrated into
or beyond the muscularis propria (>T2 disease). In this circumstance, patients may
benefit from neoadjuvant radiotherapy or chemoradiotherapy (CRT), with the aim of
downsizing and downstaging the more advanced primary lesion. This may allow modi-
fication of the subsequent surgical strategy where in selected cases the tumour may
become suitable for an organ- and sphincter-preserving local excision rather than a
formal TME or in some cases an Abdomino-Perineal Excision (APE) [22, 23].
In other circumstances some tumours deemed unresectable may become surgically
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Fig. 2.6 (a) An uT4 tumour invading the prostate with peri rectal hypoechoic lymph node. The
bright layer of Dennonvillier’s fascia is clearly seen to be disrupted. This tumour was treated
with long course chemoradiotherapy. (b) The same tumour after treatment with complete clinical,
radiological and pathological response with now a normal ultrasonic appearance of the rectum
and prostate. (¢) Further anterior images confirm a sizeable recurrence clearly breaking the hyper-
echoic submucosa and re-infiltrating the fascia of Denonvilliaers just below the prostatic capsule.
(d) The same tumour after careful clinical, endoscopic and radiological review now showing re-
emergence of the tumour on the anterior rectal wall

resectable [24], with some low rectal tumours able to be downsized to such an
extent that sphincter preserving surgery becomes feasible. Moreover, there are some
patients who may achieve a complete response to CRT that has led some authors
like Habr-Gama in particular to advocate a ‘watch and wait policy’ as opposed to
immediate surgical resection [25]. The distinction between <T3 and > T3 disease
and those cases with T4 disease are clinically important decisions in order to iden-
tify patients who should be should be considered for neoadjuvant therapy and those
in whom en-bloc multi-visceral resection should be used. In this respect, the roles
of both ERUS and MRI in distinguishing between perirectal tissue invasion (T3)
and adjacent organ involvement have been widely evaluated in the literature. The
results of the 16 year meta-analysis of the literature comparing the modalities are
presented in Table 2.2.
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Table 2.2 Sensitivity and specificity summary estimates for endorectal US and MRI in the staging

of rectal cancer

M. D. Evans and J. Beynon

Stage

Imaging Modality

Sensitivity % (95% C.1.)

Peri-rectal tissue
invasion

ERUS

90% (88-92)

75% (69-81)

MRI

82% (74-87)"

76% (65-84)

Adjacent organ
invasion

ERUS

70% (62-77)

97% (96-98)

MRI

74% (64-79)

96% (95-97)

Lymph node
involvement

ERUS

67% (60-73)

78% (71-84)

MRI

66% (54-76)

76% (59-87)

Specificity % (95% C.I)

Adapted from Bipat et al. [19]
*Comparisons are significantly lower than ERUS

ERUS and Nodal Involvement

Lymph node metastases are one of the strongest predictors of survival and also of
local failure in patients with rectal cancer. Consequently, if pre-operative staging
investigations suggest lymphatic involvement the patient can be offered pre-
operative CRT in the hope of sterilizing the nodal disease prior to surgical resection.
The success of ERUS in predicting local invasion naturally led to its use to try and
also predict lymph node metastases. Normal perirectal lymph nodes are not usually
seen sonographically, however, abnormal malignant nodes can often be identified
[26] (Figs. 2.4 and 2.6).

Sonographically malignant lymph nodes generally appear larger (>3 mm), and
hypoechoic and non-homogenous as well as more circular in shape with well-
defined borders when compared with non-involved nodes [26]. It should, however
be noted that even with these discriminating features that radiological prediction
(ERUS or MRI) of nodal involvement can be limited by the indistinct nature of the
discriminatory characteristics. Lymph node size can be particularly unreliable in
predicting metastatic involvement as small nodes can harbour small foci of dis-
ease, whilst large nodes can merely be inflammatory particularly when the ERUS
is performed some time following biopsy of the rectal tumour mass [27].
Specifically concerning this point, Herrera-Ornelas et al. in colonic cancer noted
that one-third of metastases may occur in lymph nodes less than 5 mm. in maximal
diameter [28] with Dwordk noting that one-third of metastatic disease within
lymph nodes around rectal cancer was as a micrometastasis [29]. In both of these
settings, standard imaging of lymph nodes will be negative limiting the overall
sensitivity of the test.

The previously quoted 16 year meta-analysis of ERUS vs MRI in staging rectal
cancer found that ERUS had a sensitivity of 67% and a specificity of 78% for lym-
phatic involvement whereas MRI had a sensitivity of 66% and a specificity of 76%
(see Table 2.2) [19]. There are therefore significant limitations of both ERUS and
MRI in the prediction of lymphatic involvement but at present these modalities
represent the best available techniques. Concerning this point there was hope that
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positive emission tomography (PET) scanning would be useful but it has emerged
that PET-CT scanning cannot discriminate between the FDG-avid primary tumour
and positive nodes which are situated in close proximity to the tumour [30].

Potential Pitfalls with ERUS

ERUS is undoubtedly useful in the staging of early and locally advanced rectal can-
cers alike. However, there are some limitations that require comment. The excellent
results achieved in some units have not been mirrored in other departments where
there are overall reported accuracies with wide ranges for ERUS varying from
between 54% to 92% accuracy [31-33]. This discrepancy may arise in part due to
the operator-dependent nature of the technique [34]. Further, publication bias may
contribute to this disparity with an artificially high accuracy reported in the positive
literature [35]. In most series where ERUS staging has been inaccurate, the trend is
for patients to have been over- rather than under-staged [34, 36] with a more serious
impact of under-staging on patient care as opposed to the overtreatment of the over-
staged case and the tendency because of this towards overdiagnosis reporting.

Usually conventional 2D ERUS is unable to define the mesorectal plane, limiting
its use when making decisions concerning CRM involvement and the potential neo-
adjuvant treatment, where MRI is considered to be the superior imaging and com-
plementary modality. There has been recent interest that 3D ERUS may have a role
in the assessment of involvement of the mesorectal plane but at the present time
there is insufficient data to recommend addition of this technique [37]. Similarly,
not all perirectal and IMA-related lymph nodes are within reach of the sonographic
image signaling an advantage for MRI along with the ability to detect extrarectal
metastatic disease.

ERUS is also of limited value in patients who have an obstructing tumour where
luminal narrowing may preclude adequate deployment of the ERUS probe. ERUS
may also be inaccurate in patients who have distorted anatomy secondary to a pre-
ultrasound tissue biopsy where there may be coincident haematoma formation or
following a polypectomy that has revealed a focus of malignancy requiring formal
staging. Neoadjuvant chemoradiotherapy is also a significant problem when using
ERUS as it can be difficult to differentiate between the usual post-CRT tissue
reaction and ongoing malignant disease and where the typical individual rectal wall
layers are not ultrasonographically discernable [38, 39].

ERUS after Neoadjuvant Chemo-Radiotherapy

Neoadjuvant chemoradiation (CRT) which is increasingly being used in rectal cancer
management may result in selected patients with complete tumour resolution and in
others with significant downstaging permitting local tumour excision [22-24, 40].
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One of the challenges in these scenarios is to correctly identify those patients who
can safely be managed in this way when CRT induces an inflammatory fibrotic reac-
tion making the accuracy of endosonographic re-staging of the tumour a challenge.
This can be particularly problematic when a ‘watch and wait’ policy is contemplated
since fibrotic areas can harbour small foci of active disease that is impossible to dis-
tinguish from post-radiotherapy change.

It has been widely reported that the accuracy of local staging after CRT is reduced
(with any of ERUS, MRI or CT) due to this difficulty distinguishing between inflam-
matory change in scar and viable malignant tissue. In a series of 46 patients with
mid/low rectal cancer reported by Maretto and colleagues, ERUS was found to
accurately predict T stage in 64% of patients and N stage in 61% of patients, a find-
ing very similar to the accuracy on MR and CT [41]. Huh et al. examined compara-
tive ERUS (n = 60) and CT (n = 80) staging post-CRT and found that the T stage
was predicted accurately in 38% of patients with ERUS as against 46% with CT,
and with N stage accurately predicted in 73% by ERUS and 70% by CT [42]. Of
importance in this study was the finding that none of the 11 patients who experi-
enced a complete response were identified as such by either modality. A further
study of 44 patients by Radovanovic et al. [43] found ERUS predicted T stage accu-
rately in 75% of patients with N stage accurately predicted in 68%. In this series
there were five patients who had a complete pathological response to CRT but
ERUS only predicted one of them. In a further study of 90 consecutive patients
Pomerri et al. [44] found that all modalities had a poor accuracy for predicting T
stage after CRT (ERUS 27%, MRI 34% and CT 37%). In this study, N stage accu-
racy was higher but was similar between the different imaging modalities (ERUS
65%, MRI 68% and CT 68%) where they reported that mural staging by ERUS was
much improved if the T stages were stratified as <T3 and T4. With this categoriza-
tion, the sensitivity and specificity were 92 and 95% respectively, however, it must
be recognized that there were only seven patients with T4 disease in their analysis.

The relatively poor accuracy of post-CRT local staging is one of the biggest
problems faced when trying to predict which patients have either had a complete
response or which could potentially be treated by organ-preserving surgery with
local excision of any foci of remaining tumour. At present, it is the therefore the
authors own practice to base all post-treatment surgery on pre-CRT rather than post-
CRT imaging results.

ERUS and the Detection of Local Recurrence

Despite improvements in the treatment and surgery for rectal cancer, local recur-
rence still occurs in some patients. If local recurrence is detected at an early stage it
may be possible to resect the recurrence with the aim of long-term cure. The ability
of ERUS to detect local recurrence before it becomes symptomatic has been evalu-
ated in several small series [45, 46], which have reported that up to 25% of
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asymptomatic local recurrences can be identified on ERUS before they become
symptomatic. Because ERUS is relatively inexpensive and portable it could be
included in a routine follow up protocol. In this setting, assessment of the neorec-
tum is, in essence, no different to examination of the true rectum in that the typical
layers can still be clearly identified. The presence of a stapled anastomosis also does
not affect the interpretation of the images, where staples are seen as small bright
echoes without any attendant acoustic shadowing.

Following surgery the ultrasonic anatomy of the pelvis may, however, alter and
significant care is therefore required in the interpretation of the images obtained.
Here, it is recommended that scanning is not performed until 3 months after surgery
due to the confusion that a normally resolving post-operative appearance may cause.
The endosonographic appearances of intra-luminal local recurrence are identical to
those of primary rectal cancer and are echo-poor in nature. The extent of invasion of
the recurrence can be assessed in a similar manner to primary rectal cancer. Extra-
luminal recurrences will also appear as echo-poor circumscribed nodules in the
para-anastomotic area. Given these ground rules there is also the caveat that a single
ERUS examination alone may not be diagnostic for local recurrence as demon-
strated in the case study of Figs. 2.6. In this situation one of two strategies can be
employed; namely the performance of a repeat ultrasound after a delay of 4—-6 weeks
(where an increase in size will usually indicate recurrent malignancy), or use of the
endoprobe to guide a biopsy of the area of concern [47]. This technique requires a
specialized removal needle guide housing and can be performed either directly with
an 8808 probe (B&K Medical Herlev Dk) and an automated biopsy needle (ASAP
Automated Biopsy System, Boston Scientific, MA) or by a simpler direct visualiza-
tion technique depending upon the precise location of the suspected recurrence. The
former technique can be performed by a single operator with software calculation of
the needle depth in real time.

Conclusions

Since the first use of ERUS to locally stage rectal cancer 30 years ago there have
been radiological, surgical and oncological treatment advances that necessitate
accurate pre-treatment T and N stage prediction in order to provide each individual
patient with a bespoke tailored treatment that is optimal for their disease stage [48].
The advantages of one imaging methodology over another have reflected the limita-
tions of its competitors in the assessment of the primary tumour and its draining
nodal burden [49] as well as in the specialized determination of the degree of
response to aggressive preoperative chemoradiation. Within the scientific literature
there have been numerous publications that have attempted to answer the principal
question as to whether which of ERUS or MRI is the more accurate modality. In
reality both although competitive can be complementary to some extent with their
own specific advantages and disadvantages with translatability worldwide [50].
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Table 2.3 Comparison of the ERUS MRI

gl}ir[}tss :1:13 ﬁ?g?ﬁ?ﬁi‘ges of Id.cn.tiﬁc.ation of early mucosal disease Super?or lnfer?or

management of rectal cancer Distinction between <T3 and>T3 Superior | Inferior
Adjacent organ invasion Similar | Similar
Lymph node involvement Inferior | Superior
Threatened CRM Inferior | Superior

In this regard some of the physical acoustic aspects of endosonography will provide
limits on this particular modality (Table 2.3). It is the authors’ opinion that both
techniques should be used in all cases of rectal cancer so as to optimize the staging
and decision making concerning patient management.
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Chapter 3
The Role of MRI in Assessment
of Rectal Cancers

Muhammed R. S. Siddiqui, Svetlana Balyansikova, and Gina Brown

Introduction

Magnetic resonance imaging (MRI) for rectal cancer staging has evolved to not
only include T and N stage but also to identify poor prognostic features such as
circumferential resection margin (CRM), MRI identified extra-mural vascular inva-
sion (mrEMVI) and tumour regression (mrTRG) [1-8]. The detailed assessment of
tumour characteristics has been facilitated by the development of more modern
scanners and pelvic phased-array coils. These improvements have led to more accu-
rate assessment resulting in appropriate selection of locally advanced tumours
requiring neoadjuvant therapy and post treatment regression evaluation [1, 8]. The
ability of MRI to assess features with greater detail enables risk-stratification and
more effective patient-specific management particularly within the context of multi-
disciplinary treatment (MDT) meetings. This approach for the management of
patients with rectal cancer patients is increasingly considered the gold-standard
across all secondary and tertiary referral centers [9].

This chapter provides an overview of the clinical role of MRI in the staging of
specific prognostic features present on imaging in patients with rectal cancer.
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MRI Technique

Rectal cancer staging using MRI scans depends upon high resolution imaging and
systematic interpretation of the images. There are three main areas related to effec-
tive assessment that require consideration; these are appropriate patient counselling,
correct coil position and appropriate imaging sequences. Originally endo-rectal
coils were used to image rectal tumours and produced T2-weighted images of
equivocal quality and staging was considered inaccurate [10, 11]. Endo-rectal coils
had further drawbacks including the inability in some cases to deploy coils through
narrow strictures and motion artefact [12]. These limitations were overcome by the
development of pelvic phased-array coils which approach similar resolutions as the
endorectal coils but did not have the disadvantages of rectal deployment. In general,
the placement of coils is critical in ensuring appropriate image acquisition where for
rectal tumours distal to the mid-rectum, the pubic symphysis functions as the center
of the view. By contrast, more proximal tumours need a more rostral centering of
the coil [13].

High resolution images may take up to 40 min to provide good-quality images
used for staging purposes. In some patients, the length of the procedure may be chal-
lenging and they should be counselled prior to the MRI in order to avoid motion
artifact, patient discomfort (e.g. need to pass urine) and in rare cases claustrophobia
(in our experience typically less than <1%). In circumstances where perceived patient
concerns are too great, sedation or sedative analgesics may help [14, 15].

High-resolution T2-weighted imaging sequences are considered the gold-
standard as reported and validated by the MERCURY study group [3, 15]. The
planning scan facilitates appropriate image capture in the oblique axial and oblique
coronal planes, however, clinicians should ensure effective communication regard-
ing the endoscopic tumour site as this will ensure better coil positioning especially
in relation to the proximal (at least 5 cm) and the distal (at least 1 cm) borders. Slice
thickness is usually 3 mm as opposed to 5 mm typically seen in standard MRI scans,
so as to allow for higher definition imaging. This is of particular importance espe-
cially catering for angulated rectal anatomy which may require repositioning of the
coils in the sagittal planes. The higher resolution also permits a more careful scru-
tiny of some prognostic factors such as mrEMVI [16].

MRI and Clinical T Stage

Primary tumour characteristics remain the most important determinants of progno-
sis and appropriate assessment relies on accurately determining tumour invasion.
Tumour stage evaluation using MRI principally follows the histopathologic TNM
classification [17] however, it is modified in accordance with radiologically defined
criteria (Table 3.1) [4, 13]. In addition, morphological features may provide infor-
mation regarding the most invasive area of the tumour. Tumour height may also be
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Table 3.1 Tumour staging using MRI

Tx Primary tumour can not be assessed
TO No evidence of primary tumour
Tl Tumour invades submucosa (low signal in the submucosal layer; replacement of the

submucosal layer by abnormal signal not extending into the muscular layer)

T2 Tumour invades but does not penetrate muscularis propria (intermediate signal intensity,
which is higher than muscle but lower than submucosa, in the muscularis propria; outer
muscle coat replaced by tumour of intermediate signal intensity that does not extend
beyond outer rectal muscle into rectal fat)

T3 Tumour invades subserosa through muscularis propria (broad based bulge/nodular
projection, not fine spiculation, of intermediate signal intensity projecting beyond outer
muscle coat)

T3a Tumour extends <1 mm beyond muscularis propria

T3b Tumour extends 1-5 mm beyond muscularis propria

T3c Tumour extends 5-15 mm beyond muscularis propria

T3d Tumour extends >15 mm beyond muscularis propria

T4 Tumour invades other organs (extension of abnormal signal into adjacent organ (v) or

extension of tumour signal through peritoneal reflection (p))

adequately assessed thus determining the type of surgery offered, recently high-
lighted in the MERCURY II study [18]. Historically, MRI scans were able to effec-
tively identify T1 and T2 tumours as a single cohort. It was felt that prognostically,
T1 and T2 tumours shared similar long-term outcomes with 5-year local recurrence
rates ranging from between 9-16% and with a 5-year overall survival of approxi-
mately 80% [19-21]. In these original series, the inability to distinguish between T1
and T2 was not considered important because the management was the same. Due
to improvements in local excision techniques the ability to identify tumours con-
fined to the rectal wall has gained greater clinical importance since they can now be
treated with less radical surgery. Recently MRI has been shown to predict partial
invasion vs full invasion of the submucosa with 89% accuracy [22]. This may be in
part due to the identification of a hyper-intense stripe between the tumour and mus-
cularis on MRI scans and may be interpreted as preservation of the submucosal
layer and hence represents a likely T1sm1/2 at most [23]. Lack of high-resolution
imaging and necessary clinical experience in some centers means that this sub-
division may preclude appropriate case selection in patients particularly where
lesions are amenable to local excision. Therefore prospective trials are currently
underway to validate MRI assessment of early rectal cancers [24-26].

Historically, the sensitivity and specificity of MRI for staging has been limited to
the identification of T3 and T4 disease was 97% for T3 and T4 disease [27] However
T3 disease forms a large and heterogeneous prognostic category and comprises
more than 80% of rectal cancers.

The degree of invasion beyond the muscularis propria ranges from a spread of
1 mm (with identical prognosis to T2 tumours) to as much as >15 mm where the
prognosis is so poor that about 75% of patients do not survive beyond 5 years. It is
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therefore clinically relevant to sub divide the T3 group according to the original
pathologic categories described by Hermanek into T3ab (<5 mm beyond the mus-
cularis propria) and T3cd (>5 mm beyond the muscularis propria) [28]. Its prognos-
tic relevance has been validated in multiple histopathology studies. The MERCURY
study group compared the depth of spread measured by MRI versus depth of spread
on histology and showed equivalence therefore the same prognostic stratification
can be applied using the MRI depth of spread [29]. It is therefore recommended
that instead of stating a tumour is staged as T3, subclassification into T3a(<1 mm)/
b(1-5 mm) or T3c(5-15 mm)/d(>15 mm) is more useful [28]. Dividing T3 tumours
into those with > or <5 mm of invasion beyond the muscularis propria on histo-
pathologic specimens has been examined in 13 trials and a subsequent meta-analy-
sis of these studies [30—42] has suggested that overall survival (HR = 0.71),
disease-free survival (HR = 0.67) and cancer-specific survival (HR = 0.82) is better
in the less invasive T3 tumours (<5 mm) when compared with the more invasive
tumour cohort [43]. This finding is of particular relevance during the pre-operative
assessment using MRI to define the level of invasion. In a study of patients in our
center, we found that those with less invasive tumours (T3a/b) on their baseline MRI
were 3.5 times more likely to survive by 4 years of follow-up when compared with
those with more invasive tumours [44]. In these cases, the muscularis propria on
T2-weighted images is often visible as two separate discrete layers (the inner circu-
lar and the outer longitudinal) where the outer wall is frequently evident as irregular
resultant from vessel perforations. This region is seen clearly as a low signal layer
surrounded by a higher signal region representing the perirectal fat. Surrounding
this area is the low signal mesorectal fascia defining the surgical total mesorectal
excision plane [45].

The challenge of MRI assessment is to ensure high quality, high-resolution
imaging and this may consequently explain the lower reported sensitivities in some
of the older studies using less powerful imaging technology. Concerning this point,
an earlier meta-analysis showed during a meta-regressional analysis that higher
sensitivities and specificities were achieved using 3 T as opposed to 1.5 T machin-
ery [46] highlighting the need to focus on high quality individual studies such as
the MERCURY study. This latter group has reported that extramural depth (EMD)
invasion of tumour spread was available in 95% of the patients (n = 311) where
comparisons could be made with resection histopathology where the mean differ-
ences in the EMD values were minimal (—0.05 mm + 3.85; 95% CI —0.49 to
+0.40 mm) [29].

Overall MRI staging would be the modality of choice to stage rectal cancers to
adequately stratify T-stages into good and poorer prognosis tumours.

MRI and Clinical N Stage

Despite an absence of any proven clinical importance in the TME era, pre-operative
treatment of rectal cancer patients in many centers still relies on imaging of nodal
status. Imaging assessment of nodal status has historically been based on size
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criteria to differentiate between malignant and benign nodes however the authors
believe have shown that the measurement of lymph node size results in inaccuracy
and should not be relied on [47]. Furthermore histopathology studies suggest that
there is no correlation between the nodal size and the biology of the changes devel-
oped [48, 49]. Metastases are quite often observed in nodes less than 3 mm and on
the contrary hyperplastic benign nodes usually enlarged in size. MRI has been
proven to be a reliable method of assessing visible nodes when morphological cri-
teria such as nodal margins (irregular borders) and specific signal characteristics
(heterogeneous signal intensity) are applied [4, 47]. The number of lymph nodes has
also been previously considered a poor prognostic feature [50, 51] however, this
may not be as relevant since the advent of total mesorectal excision which resects
the affected lymph node bearing field en bloc within the mesorectal fascia as a
lympho-vascular package [52, 53]. For staging purposes less than 4 suspicious
nodes is considered N1 disease and greater than 4 nodes as N2 disease [17]. In this
respect, there has been some debate regarding the role of lymph node yield in
patients undergoing preoperative radiotherapy with some recent studies highlight-
ing a clearly lower yield [54] and in the context of presumed sterilized lymph nodes,
no difference in prognosis [55]. Rather than focusing upon the number of nodes it
may be more appropriate to consider extra nodal tumour deposits (nlc disease) as
this highlights a worse prognosis. These extra-nodal deposits have been proven to
be associated with mrEMVI resulting in a higher rate of developing metastatic dis-
ease than patients with mrEM VI negative but lymph node positive disease [56, 57].

Vascular invasion is considered a more important mechanism for lateral side wall
spread [58]. Although traditionally seen as potentially important when close to the
circumferential resection margin [59, 60], more recent work has shown that malig-
nant lymph nodes rarely threaten the CRM on final histopathology specimens [61].
Development is still required in order to accurately classify tumour deposits on MRI
scans in particular where a node looks suspicious and is in close proximity to the
CRM. These tumour deposits (TD) would classically be reported as Nlc disease
however when these deposits are in proximity to a vessel, they may be more appro-
priately described as venous deposits rather than a node or separate entities alto-
gether (from both mrEMVI and nodes) [56, 57, 62]. Furthermore, EMVI has the
capacity to permeate beyond the mesorectal fascial envelopes unlike lymph nodes
which harbour discrete tumour within encapsulated boundaries. This may explain
why EMVI but not lymph nodes is an independent risk factor for CRM involvement
and local recurrence after TME surgery [18, 63].

MRI and mrEMVI Status

The true prevalence of extramural vascular invasion (EMVI) has been historically
debated. This is largely due to lack of standardised definitions reflecting the wide
range of reported histopathological rates of 9-61% [5]. mrEM VI has a standardised
definition and is described as a serpiginous extension of tumour signal within a
vascular structure — resulting in contiguous or discontinuous expansion of a vein by
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tumour signal [64, 65]. mrEMVI has been identified in 20-57% of cases and high-
lights the significant burden that this poor prognostic factor poses [66].

Extra-mural vascular invasion has been posited as the main route via which
micro-metastases disseminate through the body [57, 66], rather than by the
lymph node status/lymphatic spread and has attracted significant investigation
due to its identification during the MRI staging process. In this regard, mrEMVI
has been shown to have a five-fold increased rate of synchronous metastases and
almost a four-fold ongoing risk for the development of metastases during the
follow-up after surgery [16, 64, 67-70]. There is a need therefore to identify
treatment strategies which improve the cancer-specific prognosis in this group of
patients.

MRI and the Circumferential Resection Margin

The importance of the CRM was originally identified in 1986 where 86% of patients
with CRM involvement after surgery went on to develop loco-regional recurrence
[71]. The mesorectal fascia assumes special significance in the context of total
mesorectal excision, through which local recurrence was found to be significantly
lower when compared with historical non-TME extirpative surgery [72]. Where the
CRM is involved during TME, the recurrence rates are still higher and in this con-
text the CRM acts as an independent risk factor both for loco-regional recurrence
and for overall survival [59, 72-75]. By accurately predicting the involvement of the
CRM preoperatively on MRI, the surgical management may be tailored accord-
ingly. On MRI, the mesorectal fascial envelope appears as a lower signal line
encompassing the mesorectal fat, lymph nodes and lymphatics and the small vessels
[75] and correlates to the fascial layer seen on histopathology specimens [76]. Using
MRI, the mesorectal fascia and CRM may be differentiated from the adjacent struc-
tures such as Denonvilliers fascia and presacral fascia [45]. A positive CRM may
typically be defined as proximity to the primary tumour or visible mrEMVI within
I mm of the fascial edge [4, 77]. MRI is a good diagnostic modality for assessment
of CRM involvement where a diagnostic meta-analysis has reported a sensitivity
and specificity reaching 94% and 85%, respectively [78]. In this regard, some stud-
ies have used different cut-offs for histopathological diagnosis such as a size >2 mm
despite using an MRI cut-off of 1 mm, a feature which may explain lower reported
specificities [79]. Taylor et al. [80] had compared local recurrence rates using differ-
ent definitions of CRM involvement that included a 1, 2 and 5 mm cut-off, in this
analysis that was conducted by the MERCURY group only the 1 mm cut-off was
predictive for local recurrence. Other reports have corroborated these findings, iden-
tifying the CRM status correctly in 98% of cases in a diagnostic meta-analysis by
Zhang et al. [27]. Follow-up of the MERCURY study has confirmed the prognostic
significance of the CRM as identified by MRI with a 5-year overall survival of
62.2% in patients with a clear CRM identified on MRI versus 42.2% in patients with
a threatened or involved MRI-detected CRM [81]. An example of a low T3 tumour
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Fig. 3.1 (a) An mrT3d low rectal tumour infiltrating the rectal wall at 8—10 o’clock with evidence
of spread beyond the muscularis propria. At 8-9 o’clock the primary tumour abuts the mesorectal
fascia (arrow) and the right levator indicating that distance to CRM is <l mm (CRM+ve). (b) A
discontiguous vascular deposit/extramural EMVI at the 9 o’clock position (arrow) involving the
mesorectal fascia suggesting CRM positivity

abutting the edge of the mesorectal fascia (CRM positive) with discontinuous EMVI
is shown in Fig. 3.1.

Assessment of the CRM in T4 disease is even more relevant since the current
classification is broadly divided into T4-peritoneal and T4-visceral. Diagnosis of
invasion of the peritoneum can be challenging and an appropriate knowledge of
anatomy is required [4]. What is more relevant is the involvement of compartments
beyond the mesorectal fascia and in particular when considering surgery beyond
TME. The beyond TME guidelines have recommended that compartments be fully
assessed using high resolution MRI [82]. This was based upon the classification of
tumour invasion into compartments which is potentially useful from both a surgical
and prognostic perspective, where 2 or more compartment involvement (or singular
if lateral/posterior) have a worse DFS [83, 84]. These compartments are defined and
shown in Table 3.2.

MRI Assessment of the Response to Neoadjuvant Therapy

Locally advanced rectal tumours are often treated primarily with neo-adjuvant
chemo-radiotherapy in an effort to reduce loco-regional recurrence [85]. It is now
accepted that the degree of primary tumour regression following neo-adjuvant ther-
apy, (as identified on the final histopathological specimens), is a prognostic factor
[86]. The variation in response allows clinicians to risk-stratify patients following
surgery, a process which may help in post-operative decision-making in when to
treat with adjuvant chemotherapy and to decide about the intensity of follow-up.
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Table 3.2 Classification of compartments for beyond TME surgery

MRI; planes | C Rectum or neorectum, intraluminal | MRI diagnosis of
of dissection recurrence, perirectal fat or tumour invasion
mesorectum, extraluminal recurrence | within the lateral,
PR Rectovesical pouch or rectouterine posterior or in more
pouch of Douglas than two

compartments
associated with
reduced disease-free
survival

AA PR | Ureters and iliac vessels above the
peritoneal reflection, sigmoid colon,
small bowel and lateral side wall
fascia

AB PR | Genitourinary system

L Ureters, external and internal iliac
vessels, lateral pelvic lymph nodes,
sciatic nerve, sciatic notch, S1 and S2
nerve roots, piriformis or obturator
internus muscle

P Coccyx, presacral fascia, retrosacral
space, sacrum up to the upper level of
S1

1 Levator ani muscles, external

sphincter complex, perineal scar
(APER), ischioanal fossa

C central, PR peritoneal reflection, AA anterior above, AB anterior below, L lateral, P posterior,
I inferior

The challenge, however, is how to utilize and standardize this information in order
to alter the clinical course of post-operative recurrence and survival. There are cur-
rently 19 histopathology tumour regression (TRG) scales available, each of which
are used in different combinations so as to produce a definition of good and poor
response [87—-106]. This challenge has been highlighted by MacGregor et al. who
stressed the need for and importance of a universally accepted standard [107].

The MRI tumour regression grading system (mrTRG), which has been validated
as a prognostic tool and has the additional advantage of being utilized prior to oper-
ative intervention has been designed to obviate these problems and has been shown
to be both reproducible and readily teachable in a workshop setting (Table 3.3)
[108]. A poor response on MRI (mrTRG 4 or 5) has resulted in a 5-year loco-
regional recurrence rate (LRR) between 4% and 29%, a distant recurrence rate
(DRR) of 9%, a disease-free survival (DFS) between 31% and 59% and an overall
survival (OS) of 27-68%. By contrast, the 5-year outcomes of patients with a dis-
cernably good response on MRI (mrTRG 1, 2 & 3) demonstrated a LRR of 1-14%),
aDRR of 3%, a DFS of 64-83% and an OS of 72-90% [1, 7, 8, 109, 110]. Figure 3.2
shows an example of a low rectal tumour with contiguous EMVI and CRM+ve
involvement of the mesorectal fascia with a good response to chemoradiation (low
signal fibrosis only downgrading the EMVI and CRM stage). The use of mrTRG in
routine practice may potentially enable a response-orientated tailored treatment
which includes the possibility for sphincter preservation, the additional use of che-
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Table 3.3 MRI tumour regression grading

mrTRG scale | mrTRG [Low no. — More regression]

1 Radiological complete response (rCR): no evidence of ever treated tumour

2 Good response (dense fibrosis; no obvious residual tumour, signifying minimal
residual disease or no tumour)

3 Moderate response (50% fibrosis or mucin, and visible intermediate signal)

4 Slight response (little areas of fibrosis or mucin but mostly tumour)

5 No response (intermediate signal intensity, same appearances as original tumour)

Fig. 3.2 (a) Baseline MRI showing a low/mid rectal tumour involving the rectal wall at 4-7
o’clock with evidence of spread beyond the muscularis propria (arrow). A contiguous EM VI of the
mid rectal vein at 5 o’clock position extends up the mesorectal fascia suggesting CRM+ve disease
(overall mrT3dN1cEMVI+ve CRM+ve). (b) The same patient post CRT MRI. Tumour shows
good response to treatment (arrow) with only linear fibrosis identified at the site of the treated
disease and an area of low signal/fibrosis at the site of the contiguous EMVI (5 o’clock position),
(overall Stage mrT2NOEMVI-ve CRM-ve TRG?2 if any viable tumour left)

motherapeutic cycles or in selected cases a more localised approach to resection. In
addition to the overall tumour regression, sub-classification of T3 tumours into
those which have >5 mm of infiltration after neoadjuvant chemoradiotherapy indi-
cates a worse overall survival [111]. Further validation work is required in this area
to ensure that these results are reproducible as this will have important implications
for the scheduling of radiotherapy delivery. Figure 3.3 shows an example of a locally
advanced low rectal tumour with EMVI with some response to neoadjuvant therapy
but with a persistent intermediate signal suggestive of residual disease.

In addition MRI regression assessment of the EMVI status has been initiated
with an mrEMVI regression grading system (mr-vITRG) (Table 3.4) and can effec-
tively be divided into good and poor response cohorts [16, 65, 112]. In this schema,
the response pattern is prognostically discriminatory with good responders
(mr-vITRG 1-3) having a 3-year DFS of 87.8% and a 9% recurrence rate whereas
poor responders (mr-vTRG 4-5) have a 3-year DFS of 45.8% and a 44% recurrence
rate [65].
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Fig. 3.3 (a) A pretreatment MRI demonstrates a locally advanced T3d low rectal tumour which
infiltrates the rectal wall at 11-2 o’clock with evidence of contiguous EM VI involving the middle
rectal veins. (b) A post CRT MRI of the same patient shows evidence of fibrotic changes within the
treated scan, however the intermediate signal predominates within the intra and extraluminal com-
ponents suggesting residual disease — TRG4

Table 3.4 mrEMVI mr-vTRG scale | mr-vTRG [Low no. — More regression]
Eff;—fi/s;ﬁg)gradmg 1 Tumour signal .replaced by v.essel fibrosis
2 50-75% fibrosis of tumour signal
3 25-49% fibrosis of tumour signal
4 Less than 25% fibrosis of tumour signal
5 Minimal fibrosis of tumour signal within
lumen
Summary

High resolution magnetic resonance imaging offers detailed analysis of rectal
tumours during the staging process. It is able to accurately assess overall tumour
stage and can differentiate between T1sm1/2 and T1sm3/early T2 tumours as well
as sub-classify T3 lesions into T3a/b (<5 mm beyond the muscularis propria) and
T3c/d (>5 mm beyond the muscularis propria). High resolution MRI facilitates
accurate nodal assessment in respect to signal heterogeneity and differentiation of
lymph nodes with vascular deposits associated with extramural vascular invasion
(EMVI). It is highly accurate in identifying involvement of the circumferential
resection margin with sensitivities over 90% allowing more appropriate case selec-
tion for beyond-TME surgery. MRI identified EMVI (mrEMVI) as an independent
prognostic factor is readily recognised and has an important role in neoadjuvant
treatment decisions. The current role of MRI has been developed to incorporate
post-neoadjuvant therapy assessment and can effectively predict the degree of
regression which is, in itself an independent prognostic indicator. This allows for
patient-specific therapy and follow-up protocols.
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Chapter 4
Role of FDG PET-CT in Colorectal Cancer

Check for
updates

Rohit Kochhar and Prakash Manoharan

Introduction

Colorectal cancer represents the second most common malignancy worldwide, with
nearly one million newly diagnosed colorectal cancers each year or nearly 9% of all
new cancer cases diagnosed [1, 2]. It is the fourth leading cause of cancer mortality
worldwide and the second most common cause of cancer death in the United States
amongst cancers which affect both men and women [3, 4]. Rectal cancer comprises
over one-third of cases of all colorectal cancers and whilst colonoscopy and biopsy
remain the gold standard modality for the initial diagnosis, imaging is vital with
regard to the local staging and the identification of distant metastatic disease. As a
whole-body imaging technique, fluorodeoxyglucose (FDG) positron emission
tomography (PET) and PET-CT (computed tomography) have the unique capability
of providing local staging for the tumour and distant metastatic disease assessment
in a single imaging session. This chapter covers the role of FDG PET-CT for diag-
nosis, initial staging (local and metastatic disease), re-staging and response assess-
ment in patients with colorectal cancer with particular emphasis on rectal cancer. A
summary of key learning points is given in Table 4.1.
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Table 4.1 Key learning points of FDG PET-CT imaging in colorectal cancers

1. | Knowledge of the patterns of physiological FDG uptake in the large bowel and artefactual
uptake secondary to drugs such as metformin is important to avoid false positive results.

2. | Current guidelines do not recommend the use of FDG PET-CT for initial diagnosis and
routine staging of colorectal cancer.

3. | The main role of FDG PET-CT in restaging patients with potentially resectable metastatic
disease is to avoid futile surgeries by identifying unexpected extrahepatic disease not seen on
conventional CT or MR imaging.

4. | If hepatic resection is planned then dedicated contrast enhanced MRI should be performed in
addition to FDG PET-CT for all patients with potentially resectable hepatic metastases as a
prerequisite, preoperative assessment tool.

5. | FDG PET-CT is now the initial test of choice for evaluating patients with a suspicion of local
recurrence because of its high accuracy in lesion characterization.

6. | FDG PET-CT is a useful problem solving test for evaluating patients with rising tumour
markers and a negative conventional diagnostic work up.

7. | FDG PET-CT post CRT can identify functional tumour response but fails to accurately
predict the pathological complete responders.

8. | False negative FDG PET-CT results can be seen due to the small size of the lesion (<6 mm),
mucinous nature of the primary disease and assessment done soon after neoadjuvant
chemotherapy (<4 weeks). In addition PET-CT performed too soon after surgery (within

6 weeks) or radiotherapy (within 8 weeks) may be false positive due to inflammatory uptake.

Positron Emission Tomography (PET)

Technique

PET is a nuclear medicine examination utilizing 18F-fluoro-2-deoxy-D-glucose
(FDG) as a primary tracer. The FDG-PET component provides metabolic informa-
tion by utilizing the intensity of FDG uptake as a surrogate measure of a tumour’s
metabolic activity and this uptake can be assessed both qualitatively (via visual
examination of the degree of uptake of a tumour relative to the blood pool) and
quantitatively (via a standard uptake value - SUV value). Not only is FDG taken up
by tumours, but there is also some degree of physiologic uptake by normal tissues
and organs including a physiological bowel uptake and an artefactual bowel uptake
which can be seen in response to administered medications (Fig. 4.1). Careful eval-
uation of the spectrum of uptake pattern is mandatory in order to avoid false-positive
interpretations.

PET is now almost always performed in conjunction with a CT in dedicated
hybrid PET-CT scanners. CT provides attenuation correction data and acts as the
anatomic reference frame of the hybrid imaging [5]. This is performed either as a
non-diagnostic, non-contrast CT intended only for accurate localization of lesions
or abnormalities seen on the PET portion of the study, or alternatively, as a dedi-
cated diagnostic quality intravenous iodinated contrast-enhanced CT meant to serve
as both a localizer and as a stand-alone, diagnostic-quality multi-detector CT exam-
ination [6]. The routine use of bowel preparation and oral contrast for PET-CT in
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Fig. 4.1 Spectrum of bowel uptake on FDG PET-CT. MIP (maximum intensity projection) images
of FDG PET-CT in two patients. (a) is showing physiological bowel uptake which can be seen in
the right colon and usually this uptake is of low to intermediate intensity, homogeneous, and linear
with no corresponding abnormality on the CT component of the study. Physiological uptake in
brown fat is also noted in the neck (arrows in a). (b) showing diffuse increased FDG uptake in the
large bowel predominantly right colon and to lesser extent in the small bowel. This is in keeping
with artefactual metformin induced bowel uptake which limits the sensitivity of FDG PET-CT in
assessing bowel pathology

colorectal cancer is debatable. Liquid low-density oral contrast agents (a mixture of
locust bean gum and mannitol) have a lesser degree of intestinal uptake when com-
pared with positive contrast agents and are favourable in their use for PET-CT. This
type of contrast agent is commercially available in the United States but not in
Europe. Potable water can be used as a simple and highly cost-effective negative
oral contrast agent. From a technical point of view, intravenous as well as oral
contrast-enhanced CT can be used for attenuation correction in PET-CT imaging
without degradation of PET images in the abdomen, however in the majority of
cases, the CT component is conducted as a non-contrast CT.

Patient preparation is vital and consists of fasting for 6 h prior to the FDG
PET-CT scan. Patients are scanned from the skull base to the proximal thighs using
a dedicated PET-CT scanner and the clinical standard in many centres is to image
60 min following injection of approximately 350 MBq of 18FDG or 5 MBq/Kg
with capillary glycaemia measurement (less than 2.0 g/L). On the basis of the SUV
max, lesions can be classified as having low (SUV max < 2.5), intermediate
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(SUV max 2.5-5) or high intensity uptake (SUV max > 5). This semi-quantitative
analysis is partly dependant upon the underlying metabolic status of the individual
and therefore as a reference the circulating blood pool activity and liver activity is
worth noting as a background. Examples on how this semi-quantitative assessment
can be utilized are dependent upon the overall status of the area/lesion of concern.
Focal intermediate to high intensity FDG uptake with a corresponding lesion on the
CT component (for example a lung or an hepatic lesion) is taken to represent a
metastasis. To compensate for the limited intrinsic resolution of PET (5-7 mm),
enlarging or new focal lung lesions are considered metastatic regardless of their
SUV. Anatomically stable lesions over a period of time demonstrating low intensity
uptake below the blood pool/background activity can on the whole be regarded as
benign.

Indications of FDG PET-CT in Colorectal Cancer

The current evidence-based indications for the use of PET-CT in the UK in colorec-
tal cancers are summarized below [7].

1. Staging of patients with synchronous metastases at presentation suitable for
resection or patients with equivocal findings on other imaging; for example, pul-
monary or liver lesions.

2. Restaging of patients with recurrence being considered for radical surgery and/
or metastasectomy.

3. Detection of recurrence in patients with rising tumour markers and/or clinical
suspicion of recurrence with normal or equivocal findings on other imaging.

4. Evaluation of indeterminate pre-sacral masses post-treatment.

FDG PET-CT for Diagnosing and Local Staging of Colorectal
Carcinoma

Based upon the available evidence, the use of FDG PET-CT in the initial diagnosis
of colorectal cancer is not justified [8]. Non-enhanced FDG-PET-CT [9, 10] and
contrast-enhanced PET-CT [11, 12] have gained a progressively important role in
the evaluation of distant nodal (N), metastatic (M) staging and follow-up of colorec-
tal cancer, however, the performance of PET-CT in the evaluation of the primary
tumour (T) parameter has not been extensively investigated.

Accurate T-staging is not possible with PET-CT as it does not provide the ana-
tomic detail or the spatial resolution to accurately judge the degree to which a
tumour extends through the rectal wall [13]. The sensitivity for detection of locore-
gional nodal metastases is also low because lymph nodes are usually close to the
primary tumour and cannot be differentiated from it as a result of ‘blooming’ (high
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intensity radiotracer uptake in the primary lesion which artefactually extends into
the adjacent soft tissues and obscures the uptake in small mesorectal nodes) [14]. In
addition many of these mesorectal nodes measure 5 mm or less which is below the
spatial resolution of PET (Fig. 4.2).

A study using combined PET-CT colonography with dedicated colon prepara-
tion and image-acquisition protocols reported that in staging colon cancer, com-
bined PET-CT colonography delivers accuracies which are superior to either CT

Fig. 4.2 Staging of colorectal cancer on FDG PET-CT. 86-year-old female with rectal bleeding
due to a primary sigmoid cancer confirmed on colonoscopy. FDG PET-CT MIP image (a) demon-
strating high intensity FDG uptake in the sigmoid lesion and in a small adjacent pericolonic node
(long arrow). Staging MR had shown several adjacent pericolonic nodes however these are below
PET-CT resolution and were partly obscured by the bloom associated with the intense uptake in the
primary. Axial fused images of the same patient showing the intense uptake in the sigmoid tumour
and adjacent node (long arrow in b), multiple FDG avid hepatic metastases are also clearly seen
(short arrows in ¢) and a FDG avid pulmonary metastasis is also noted (arrow head in d). PET-CT
has the unique ability of providing complete staging information as a single hybrid modality
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alone and to CT plus PET performed separately [15]. However, the PET-CT colo-
nography protocol is comparatively costly and may not be tolerated well by some
patients. Moreover, it can be time consuming and it is not recommended in patients
with impaired renal function. As such, PET-CT is not presently part of the
international guidelines for initial staging of colorectal cancers [8, 16]. Its use is,
however, recommended when CT is inconclusive or equivocal in advanced colorec-
tal cancer cases [17]. Studies focussing specifically on rectal cancer have shown a
significant percentage (around 30%) change of tumour stage with FDG PET [18]
and a change in treatment plan on PET-CT [19] which is more frequent in low rectal
cancers (27%) in particular, principally after the detection of positive inguinal
lymph nodes [10]. Rectal cancer staging raises the specific questions of tumour
volume delineation for radiotherapy treatment planning and of the monitoring of
tumour response to preoperative chemoradiation which is the standard of care for
locally advanced tumours. These issues are discussed in more detail below.

18F-FDG PET-CT in Management of Colorectal Cancer
Patients with Metastatic Disease

About 20% of patients with colorectal cancer are diagnosed with metastatic disease
at their initial presentation with the liver, lungs and peritoneum being the most com-
mon metastatic sites [20]. With modern surgical techniques and advanced chemo-
therapy, there is an important and increasing subset of patients with metastatic
colorectal cancer who are considered for treatment with curative intent. Even if
multiple metastases are present, surgical resection can result in long-term survival
of between 35% and 58% of selected patients [21]. Accurate restaging of patients
with potentially resectable metastases is therefore crucial for optimal management
and 18F-FDG PET-CT has an increasingly important role in this setting [8, 22].
Conventional imaging with CT often fails to preoperatively identify those
patients whose metastases can be successfully resected (Fig. 4.3). About 15-25% of
cases are deemed unresectable at the time of surgery where disease recurs within
3 years in 60% of patients so classified [8]. Several studies have shown the impact
of PET and/or PET-CT on the management of this subgroup of patients. In a study
of 157 patients with colorectal cancer with potentially resectable liver and/or pul-
monary metastases our group compared the findings on PET-CT with conventional
imaging and the overall impact on patient management was assessed [23]. PET-CT
upstaged disease in 33% of cases, downstaged disease in 24% and was in agreement
with conventional imaging in the remaining 42% of patients. Based upon the
PET-CT results in this study, surgery was averted in 34% of patients. A study by
Scott et al. reported detection of additional lesions in 44% with a change in the
management plan in 49% of patients [24]. A survey of physicians who referred
patients with colorectal cancer for PET found that the PET findings contributed to a
management change in 62% of patients [25]. In another similar study by Kong et al.
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Fig. 4.3 Detection of unsuspected metastatic disease with FDG PET-CT. 69-year-old female with
rectosigmoid cancer. Conventional imaging revealed a rectosigmoid carcinoma with solitary left
omental deposit. On FDG PET-CT the omental deposit (long arrows) and the rectosigmoid primary
(arrow head on MIP image d) both demonstrated high intensity FDG uptake. However in addition
a left para-aortic node also demonstrated high intensity uptake (thick short black arrows) highly
suspicious for metastatic retroperitoneal nodal disease making the patient unsuitable for curative
surgery

[26] in 65 patients with colorectal cancer and known or suspicious liver metastases,
PET-CT identified unexpected extra-hepatic disease not detected on conventional
imaging which led to a change in the surgical management of 17% of the patients.
For the detection of extra-hepatic sites of disease, FDG PET-CT has a reported sen-
sitivity and specificity of 91.5% and 95.4%, respectively [27].

Liver metastasis is the main cause of death in patients with colorectal cancer and
about 35-55% of patients develop hepatic metastases during the course of their
disease [28]. For selected patients with colorectal cancer metastases limited to the
liver, hepatic resection is the standard of care and may be curative with a 5-year
survival of greater than 30% [29]. Therefore accurate identification of the number,
size, location and characterization of hepatic lesions is essential for the final thera-
peutic decision. In a meta-analysis by Bipat et al. [30], the sensitivities of helical
CT, 1.5T MR and 18FDG-PET on a per-patient basis were reported at 64.7%, 75.8%
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and 94.6%, respectively. On a per-lesion basis, the sensitivities for the three modali-
ties were 63.8%, 64.4% and 75.9%, respectively. In this respect, PET-CT offers the
best combination of sensitivity and specificity amongst all the available
techniques.

Despite its superior performance, unenhanced PET-CT cannot replace contrast
enhanced MRI for the detection of liver metastases [31] and in particular for smaller
lesions, as PET-CT is limited by its intrinsic resolution and at times by the variable
metabolic 18FDG activity of mucinous tumours. In this regard, contrast-enhanced
MRI with gadolinium [32] manganese dipyridoxyl diphosphonate (MnDPDP) [26]
or gadolinium methoxybenzyldiethylenetriamine pentaacetic acid (GdAEOBDTPA)
[33] has been shown to be highly sensitive. If surgical resection is planned then a
dedicated contrast-enhanced MRI should be performed in addition to a PET-CT for
all patients with potentially resectable hepatic metastases as a prerequisite, preop-
erative assessment tool (Figs. 4.4 and 4.5).

About 10-25% of patients with colorectal cancer develop pulmonary metastases
but only a few of these have metastases confined to the lungs. In this group it is cur-
rently not possible to adequately identify those who may benefit the most from
thoracotomy [18]. Claims for a survival benefit for patients undergoing this surgery
rely on case series with little documentation of any symptoms attributable to pulmo-
nary metastases that are alleviated or obviated by metastasectomy. A systematic
review of pulmonary metastasectomy in colorectal cancer concluded that the quality

Fig. 4.4 Role of PET-CT in hepatic metastases. 75-year-old with previous right hemicolectomy.
Conventional contrast enhanced MRI demonstrated two hepatic metastases seen here on the axial
T2W images in segment 7 (arrow in a) and segment 4a (arrow in b). Fused PET-CT images how-
ever demonstrated three intensely FDG avid lesions, two corresponding to the lesions seen on MR
(arrows in ¢ and d) but in addition picked up a lesion in segment 2 (arrow head in d). The three liver
lesions are clearly seen on the MIP mage (e). FDG PET-CT has complimentary role to MRI and
can pick up lesions which can be missed on MRI
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Fig. 4.5 Role of PET-CT in hepatic metastases. 37-year-old woman with colon cancer. Past his-
tory of hemicolectomy followed by left hemihepatectomy for liver metastases 7 months later.
Follow up MRI done 5 months after hepatectomy demonstrates two subtle focal lesions consistent
with metastases at the hepatic dome on the fat suppressed T2 images (arrows in a). Fused PET-CT
failed to demonstrate the two sub cm lesions at the dome (¢) but demonstrated a focal high intensity
uptake at the resection margin (arrow head in d) in keeping with recurrent disease. This was how-
ever not seen on MRI likely secondary to metallic artefacts. Artefacts form the surgical staples can
make MR assessment difficult; while smaller lesions can be below the sensitivity of PET-CT thus
emphasising the complimentary role of the two modalities for complete assessment of the liver

of evidence available is not sufficient to draw inferences concerning the effective-
ness of this surgery. Given the burdensome nature of the surgery involved, better
evidence, ideally in the form of a randomized trial, is required for the continuance
of this practice [34]. For the detection of pulmonary metastases, a breath holding
diagnostic CT remains the mainstay for diagnosis. The limitations on PET-CT are
potential false negatives due to the small size of the lesions below the resolution of
conventional PET-CT scanners exacerbated by a non-breath hold/non-gated imag-
ing technique. We therefore recommend caution in the interpretation of PET-CT
images in light of the conventional imaging where suspicious pulmonary lesions on
CT should be considered metastatic even if they are not FDG avid, particularly if
they are new and increase in size over time (Figs. 4.6 and 4.7).

In summary, 18F-FDG PET-CT should be used routinely in addition to conven-
tional imaging in the preoperative diagnostic work-up of patients with potentially
resectable hepatic and pulmonary metastases from colorectal cancer where the addi-
tion of PET-CT can potentially avoid futile surgeries.
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Fig. 4.6 FDG PET-CT in suspected pulmonary metastases from colorectal cancer. 70-year-old
male with caecal cancer and multiple tiny lung nodules 4-6 mm in size seen for example in the left
upper lobe (arrow in a) and left lower lobe (arrow in d) on the axial CT sections. There was no
corresponding FDG uptake on the fused images (arrows in ¢ and f). This is likely due to the small
size of the nodules which is below the resolution of routine FDG PET-CT (<7 mm). Based on the

typical CT appearances these nodules should be considered suspicious for metastases even though
not FDG avid

Limitations of FDG PET-CT in Colorectal Cancer Metastases

PET has a spatial resolution of 57 mm and therefore has limited sensitivity in char-
acterizing small metastases. Certain tumours as already mentioned such as muci-
nous adenocarcinomas can be falsely negative due to their limited FDG uptake and
it is postulated that FDG PET-CT might be insensitive in demonstrating mucinous
carcinomas also because of the typically low cellularity of these tumours [35, 36].
The sensitivity of FDG PET-CT for the detection of metastases (particularly if
<1 cm) is also lowered in patients treated by neoadjuvant chemotherapy and studies
have shown that contrast-enhanced CT is more sensitive than FDG PET-CT in this
setting [37].

Despite the limitations of FDG PET-CT, studies have shown it to be a cost effec-
tive modality in this subgroup of patients. A study by Lejeune et al. [38] aimed to
compare the cost effectiveness of standard imaging techniques with and without
FDG PET-CT in the management of metachronous liver metastases from colorectal
cancer using a decision analysis mode. These authors showed that PET- CT was the
most cost effective strategy within the diagnostic group. Another study by Zubeldia
and colleagues [39] demonstrated that integration of FDG PET-CT into the pre-
surgical evaluation of patients with hepatic metastases resulted in substantially
reduced overall costs and patient morbidity. This finding results from the unique
ability of FDG PET-CT to exclude patients with extra-hepatic disease thereby
avoiding unnecessary surgery.
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Fig. 4.7 FDG PET-CT in suspected pulmonary metastases from colorectal cancer. 55-year-old
female with rectal cancer treated with long course CRT and APR. Initial staging CT had revealed
a 1.7 cm size right lower lobe lung nodule (arrow in a). Follow up CT showed increase in size of
the nodule to 2.1 cm (arrow in b) however the nodule continued to demonstrate only very low
intensity uptake below the blood pool seen on the fused (arrow in ¢) and attenuation corrected
images (arrow in d). The histology of the primary tumour was a mucinous adenocarcinoma which
is known to be of low cellularity and thus show low to no FDG uptake. The typical CT picture and
increase in size were keeping with a slowly enlarging metastasis even though not FDG avid, this
was subsequently resected and confirmed

FDG PET-CT in the Management of Colorectal Cancer Patients
with Recurrent Disease

FDG PET-CT is now considered the standard of care for detecting and staging sus-
pected recurrence of colorectal carcinoma and has a direct impact on patient man-
agement in up to two-thirds of cases [24]. Recurrent disease is a major contributor
to mortality in colorectal cancer patients and can be seen in up to one-third of
patients usually within 3 years of curative surgery [40, 41]. Patients with rectal can-
cer appear to be at a higher risk (11.3%) of local recurrence when compared with
patients with colon cancer (6.1%) [42] where systematic postoperative surveillance
will affect outcome [43].

Recurrence can be suspected either clinically (based upon patient symptoms) or
on routine follow-up including on a CT and as part of screening protocols utilizing
serial serum carcinoembryonic antigen (CEA) levels. However, approximately 7%
of patients undergoing serial serum CEA measurements have elevated values in the
presence of apparently normal or equivocal CT scans [44]. In this context, CEA is
not a good indicator of tumour activity in all patients and recurrent disease can of



68 R. Kochhar and P. Manoharan

course be found in some patients with normal CEA levels. The characterization of
suspected local recurrence (defined as abnormal soft-tissues at or near the site of a
treated tumour and which include peri-anastomotic tissue, presacral tissue and local
nodes), is based upon a combination of findings including recognition of the pattern
of uptake, the intensity of uptake, the time interval since previous surgery and other
ancillary PET-CT findings. Local lesions are considered as positive for recurrence if
they demonstrate focal, high-intensity FDG uptake persisting for several months
after surgery (Fig. 4.8). Those local lesions without an abnormal increase in FDG
uptake or with a diffuse peripheral low-grade uptake recognized soon after surgery
are considered benign and likely due to an inflammatory response rather than recur-
rence (Figs. 4.9 and 4.10). Enlarging solid local masses and pelvic nodes with inter-
mediate to high intensity FDG uptake are also generally regarded as signifiers of
recurrent disease (Fig. 4.11).

As already mentioned, PET is limited by its lack of spatial resolution and because
small-volume disease may not appear avid [45]. PET-CT images are also suscepti-
ble to mis-registration artefacts. Physiological FDG uptake in displaced pelvic
organs such as the bladder, small bowel loops, seminal vesicles and the uterus can
also account for erroneous interpretation [46]. The differentiation between local
post-treatment change and recurrence can be extremely difficult on both CT and
MR. CT is the modality most often employed in the detection of local recurrence
with reported sensitivities of between 82% and 88%, with a specificity of 50-97%
and an accuracy of 68-96% [47, 48]. MR imaging has a reported sensitivity of
87-91%, a specificity of 86—100% and an accuracy of 87.5-95% in the diagnosis of
local recurrence. Several of these studies are summarized in Table 4.2 which evalu-
ate the role of PET or PET-CT in the detection of pelvic recurrence [46, 49-52]. A
meta-analysis by Maas et al. [20] concluded that PET-CT might be the modality of
choice in evaluating such patients.

Although high sensitivity and specificity rates have been reported for PET-CT in
the detection of local recurrence, MR imaging should be performed in patients
being considered for surgery. MR, due to its high soft-tissue resolution, provides
information on anatomic location and the extent of the local lesion, which guides
surgical planning. In this regard, there is little published data concerning the pattern
of uptake in FDG PET which would most reliably predict a surgically amenable
anastomotic recurrence (Fig. 4.12). In one study, [51] the presence of an eccentric
or peri-anastomotic mass on CT with a corresponding eccentric or peri-anastomotic
FDG uptake on PET was the most reliable PET/CT uptake patt