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COLORECTAL CANCER,
WHAT VISION FOR 2030 ?

FOREWORD

Robert Benamouzig ', Gabriel Rahmi 2
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2Service of gastroenterology and digestive endoscopy,
Hospital George Pompidou, Paris

« Our knowledge of dynamic processes is necessarily inferior
to our ability to describe stationary conditions. »

OSKAR MORGENSTERN

The authors of this book, which is based on colorectal cancer in 2030, that are all re-
cognized experts in their field, approached this unusual writing exercise with humi-
lity. From accepted scientific facts, how can we talk about the medicine of tomorrow,
instead of medicine of today? We can easily recognize in this legitimate apprehension
from the authors, a sign of their competence.

Several difficulties inherent in this projection into the future have been identified.
A discussion about colorectal cancer requires a discussion about its epidemiological
progression. Current data require dynamic reading and sometimes contradictory
trend analysis, that are evolving over time and affect space in different ways. Colorec-
tal cancer is not only a disease of the human body but also a disease of the social
body, and as such it is subject to external dynamics. Lifestyles and demographic va-
riations will determine future prevalence, while at the same time our understanding
of the genetic factors and factors that influence the exposome will grow. Current pre-
vention policies, based on the level of established proof, are also social phenomena
and thus subject to change according to current sociological and economic concerns.
The year 2020 is a striking example of the intricacy of the political and medical
spheres and it would be naive to think that the year 2030 would be different...

The nosological framework of "colorectal cancer" is going to evolve. Will the
term "colorectal cancer" exist in 2030? The question seems provocative but it is not
impossible that in the future nomenclature there will not be one but many colorec-
tal cancers, classified according to their molecular and cellular characterization.
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A better understanding of tumor development and a more refined characteri-
sation of its microenvironment could thus radically change our approach to this
pathology.

The last thirty years have seen the deployment of screening and prevention
strategies, that have mobilized both translational and clinical research, clinical ma-
nagement and public activism. This model of healthcare, centered on the identifica-
tion of at-risk populations and identification of early forms, follows an undeniable
medical and economic rationale. How likely is it to evolve? The advent of artificial
intelligence and big data seem to complete the existing strategies rather than up-
set them. Nevertheless, the unprecedented possibility of a machine carrying out
fine-grain correlations, identifying at-risk profiles by cross-checking data, such as
closely modeling the intra-individual evolution, will certainly have an impact.

What will be the role of in silico studies in developing treatments in the years to
come? What control and validation protocols should be put in place, when the size
of the studies does not allow classical procedures and comparisons with a control
group? This evolution of our disciplines is difficult to anticipate and it will require a
lot of creativity, with the physician occupying a role in the design of future research
at the junction of institutional and industrial actors.

Moreover, the study of colorectal cancer comes up against a difficulty formu-
lated by the economist and philosopher Oskar Morgenstern in the 1920s: the very
act of predicting can affect the future prediction. The authors of this book (and the
readers) will therefore likely contribute through their representation and affect the
future to come.

Of course, these stumbling blocks are a justification for this enterprise. Because
the future is not fixed and because our predictions directly influence them, often
our foresight has a practical value: formulating hypotheses, setting up scenarios
and questioning the inevitable gap between our forecasts and the reality as it hap-
pens, creates a task that is not only stimulating, but also necessary for anyone wan-
ting to master their fate. Also, because our most entrenched conceptions are likely
to undergo great upheavals, it is important to preserve our "sense of the possible",
our ability to think outside of the present realities, to step aside from short-term
pragmatic approaches which may soon become outdated. Finally, because innova-
tion is already influencing our methods and our representations, it is important to
understand what is already from the future in our society, to preserve it, make it
grow, and finally let it take over.

The reader should not expect a work of science-fiction in this book. The pers-
pectives provided in the following pages are based on rigorous scientific data.

The contributors to this book have attempted to define the developments,
to see how they may contribute, and what opportunities, what uncertainties, and
even what tensions could result from them. We have not attempted to homogenize

Benamouzig R, Rahmi G, in :
CRG 2030

. CRCHORIZON 2030

or to propose an artificially coherent chart: any disagreements or differences of
point of view make sense. We have not even corrected the authors when they have
attributed the quote "It’s difficult to make predictions, especially about the future" to
different personalities, from Niels Bohr to Pierre Dac... Nevertheless, the reader
will also find many common points and many echoes between disciplinary fields.
The idea is not to offer a static picture but a preview of a moving panorama under
perpetual recomposition.

We would like to express our gratitude to the authors that have undertaken an
unsusal writing exercise, that they have recognized as interesting and original. A
big thank you also goes to Mast diagnostic laboratories who’s support has rendered
the realization of this book possible. Under the current circumstances of mistrust
toward progress, the biomedical industry as well as medicine, reflections about the
future will not only stimulate us, they will also federate us.

Benamouzig R, Rahmi G, in :
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NUTRITION & LIFESTYLE
A KEY ROLE IN THE INCIDENCE OF COLORECTAL CANCER

David Deutsch ', Mélanie Deschasaux-Tanguy 23, Julie Ginhac 3,
Juliette Bigey 3, Robert Benamouzig ', Mathilde Touvier 23, Bernard Srour ?,
' Department of Gastroenterology and Digestive Oncology, AP-HF, Avicenne
Hospital, Sorbonne Paris Nord University, Bobigny, France
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Inrae, Cnam, Sorbonne Paris Nord University, Bobigny, France
3 NACRe network, Jouy-en-Josas, France *

« Progress imposes not only new possibilities for the future, but new restrictions. »

Norbert WIENER

Colorectal cancer (CRC) is a major public health problem, accounting for 10% of
all cancer cases worldwide. With 48,061 new cases and 20,453 deaths in 2020, it is
the second most common cancer in women (after breast cancer), the third in men
(after prostate and lung cancers), and irrespective of sex, the second cause of death
by cancer in France .

One of the prevention strategies for CRC in France today is based on fecal scree-
ning every two years by immunological testing, and it is proposed to all individuals
between the ages of 50 to 74 who are asymptomatic with no personal or family histo-
ry of colorectal adenoma or cancer. If the test is positive, a colonoscopy is performed
with the aim of detecting colorectal adenomas or CRC at an early stage. Indeed,
complete resection of adenomatous precancerous lesions is associated with a de-
crease in the incidence and specific mortality related to CRC , and the diagnosis
of early CRC is associated with good prognosis and high survival rates (89% survi-
val at 5-years in stage I) . According to « Public Health France » (Santé publique
France, SpF), during the period between 2018-2019, only 30.5% of the targeted
population in France took part in this CRC screening program .

Furthermore, it was estimated that in France in 2015, approximately 56% of
incident cases of CRC in men and 40% in women were attributable to modifiable
risk factors, among which nutritional factors

x NACRe Network (www.inrae.fr/nacre) receives financial and institutional support

from the National Research Institute for Agriculture, Food and Environment (INRAE), the
French National Cancer Institute (INCa), and the ARC Foundation.
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It is therefore urgent to explore and promote the factors that are associated with the
risk of CRC to patients and citizens, to initiate a preventive medical approach.

DIETARY FACTORS ASSOCIATED WITH THE RISK OF CRC

Nutritional risk factors: red and processed meats

Beef (including veal), lamb, pork, goat and horse meat are considered to be “red
meats”. According to the latest report from the WCRF (World Cancer Research
Fund) , red meat consumption is associated with an increased risk of CRC with a
«probable» level of evidence, equivalent to group 2A of the International Agency for
Research on Cancer (IARC) E.The increased risk of CRC is 12% for the consump-
tion of 100 g of red meat per day (relative risk (RR): 1.12 [95% CI: 1.00-1.25]).This
increase is 22% for colon cancer (RR: 1.22 [95% CI: 1.06-1.39]), but it is not signi-
ficant for rectal cancer . Red meat is therefore considered a probable carcinogen.

«Processed meats» include deli meats (including cooked ham), salted, dried or
smoked meats (including canned meats). In their latest report, the WCRF attri-
butes a convincing level of evidence to the association between processed meats
and the risk of CRC, with a 16% increased risk per 50g serving per day (RR: 1.16
[CI 95 %: 1.08-1.26]), which is significant for colon cancer but borderline signi-
ficant for rectal cancer fJ. The IARC also classifies processed meats as group 1
carcinogen (established carcinogen) (¢.

In practice, it is estimated that 4.3% and 9.8% of new CRC cases in France can
be attribuated to red and processed meat consumption, respectively E

Public Health France, through the National Nutrition and Health Program
(PNNS), therefore recommends limiting the consumption of red meat to 500 g per
week, and charcuterie to 150 g per week, and favoring cooked ham and poultry.
The consumption of poultry, fish, eggs, as well as dry vegetables (a source of vege-
table proteins) allows to compensate for protein intake é

The pathophysiological hypotheses to explain the link between red and pro-
cessed meat consumption and CRC are multiple. Cooking at high temperatures
leads to the formation of heterocyclic amines (HCA) and polycyclic aromatic hy-
drocarbons (PAH), i.e. mutagenic chemicals that are able to form DNA adducts é
Red meats are also rich in hemoglobin and heme iron, which stimulate the forma-
tion of N-nitroso compounds with an effect on the transport of oxygen, oxidative
phosphorylation, DNA synthesis and cell growth . Oxydative phosphoryla-
tion is an important source of reactive oxygen species, that are genotoxic and that
stimulate lipid peroxidation. Regarding processed meats, the role of nitrite salts
(used as preservatives) has been mentioned as potentially genotoxic . Finally,
red meats and processed meats are rich in saturated fats, leading to the formation
of potentially carcinogenic secondary bile acids.

Deutsch D, Deschasaux-Tanguy M, Ginhac J, et al., in:
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Protective nutritional factors

Foods with high fiber content

Dietary fibers are complex carbohydrates that are non-digestible in the small intestine.
They include cellulose, pectin, mucilages, lignin, etc. They are present in foods of plant ori-
gin, mainly in whole grain products (whole grain or cereal breads, pasta, semolina, brown
rice, etc.), legumes (lentils, peas, dried beans, etc.) as well as in fruits and vegetables. Accor-
ding to the WCREF, the level of evidence for the association between the consumption of die-
tary fiber and the risk of CRC is considered probable. A meta-analysis of the dose-response
association showed a risk reduction of 7% for a consumption of 10 g of dietary fiber per
day (RR: 0.93 [95 % CI: 0.87-1.00]) . Consumption of whole grains has also been inde-
pendently studied, with a 17% reduction in the risk of CRC for a 90 g serving per day (RR:
0.83 [95% CI: 0.78-0.89]), statistically-significant for colon cancer but not for rectal cancer.

Public Health France therefore currently recommends consuming at least 30 g
of fiber per day, which can be achieved by consuming legumes at least twice a week,
whole grain products at least once a day, and at least 5 servings of fruits and vege-
tables per day (about 400 g per day) g

Several mechanisms seem to potentially explain the protective effects of dietary
fiber and whole grains on the risk of CRC . Fibers are fermented in the intestinal
lumen by the microbiota, resulting in the formation of short-chain fatty acids (butyrate
being the main one) with anti-inflammatory and anti-proliferative properties. Fibers
also accelerate intestinal transit and increase the volume of stools, thus reducing the
contact between the colonic mucosa and the carcinogens that could be present in the
colonic lumen, as well as reducing the production of secondary bile acids .

A high-fiber diet limits insulin-resistance and inflammation, and it reduces the
blood concentrations of steroid hormones and growth factors, thus limiting cell pro-
liferation . Whole grains are rich in vitamin E, selenium, copper, zinc, lignans,
phytoestrogens and other phenolic compounds with possible anti-tumor and an-
ti-oxidant effects . Finally, they may also have anti-tumor activity by binding
carcinogens and regulating the glycemic responses.

Dairy products and calcium

Dairy products include milk of animal origin, milk-based beverages, yogurts,
fresh or ripened cheeses. According to the latest WCRF report, the level of evidence
for the association between the consumption of dairy products and the risk of CRC
is considered probable, with a reduction in the risk of colon cancer of 13% per
consumption of 400 g per day (RR: 0.87 [95% CI: 0.81-0.94]), and it is not statisti-
cally-significant for rectal cancer .This association is also observed for a consump-
tion of 200 g of milk per day (RR: 0.94 [95 % CI : 0.92-0.96]) or 200 mg of dietary
calcium per day (RR: 0.94 [95 % CI: 0.93-0.96]) .
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Current recommendations for adults are to consume two servings of dairy products
per day. A portion corresponds for example to approximately 150 ml of milk, 125 mg
of yogurt or 30 g of cheese. It is also recommended to favor cheeses that contain the
highest calcium levels and with less fat, and to vary the dairy products E

Most of the protective effects of dairy products on colorectal cancer risk seem to be
related to calcium, whose bioavailability is increased by casein and lactose through seve-
ral mechanisms J#). Calcium acts by binding toxic substances, limiting the occurrence
of KRAS mutations in colonocytes and preventing the effects of heme iron on colon
carcinogenesis . It acts directly on cells via different signaling pathways, decreasing
cell proliferation while promoting cell differentiation and apoptosis of cancer cells . It
exerts a negative feedback control on the Parathyroid hormone and therefore regulates
cell proliferation . Finally, it also has an indirect mode of action by binding to unconju-
gated secondary biliary acids and free fatty acids, thereby limiting their toxicity on the
colorectal mucosa . Other elements that can be found in dairy products, such as lactic
acid bacteria, butyrate, lactoferrin and vitamin D may also play a role .

Other nutritional factors may have beneficial effects in preventing CRC but the
data remain insufficient at this stage to reach a good level of evidence and allow clear
recommendations (table I).

It should be noted that the Nutri-Score, an official 5-letter/5-colour logo dis-
played on food packaging, orients food consumers towards healthier foods (low in
calories, saturated fats, salt, sugar while rich in fruits and vegetables, legumes, nuts,
proteins and fibres), thus helping to tend towards more effective prevention of co-
lorectal cancer and other chronic diseases on a daily basis. It is therefore important
to educate patients and their families regarding its use .

NON-DIETARY NUTRITIONAL, ENVIRONMENTAL
AND LIFESTYLE PARAMETERS ASSOCIATED WITH CRC RISK

Tobacco

Smoking is associated with an increased risk of CRC, with a long latency period
and an increased risk that remains for about 25 years after smoking cessation in former
smokers . Around 6.6% of CRC cases are estimated to be attributed to smoking
in France 4. Patients must therefore be encouraged to quit smoking and they should
be supported to achieve complete and prolonged abstinence.

Alcool

Alcohol consumption is a risk factor for colorectal cancer with a «convincing» le-
vel of evidence as determined by WCREF, for all types of alcohol (wine, beer, spirits,
etc.). It is considered responsible for 16.1% of incident cases of CRC in France .

Given its impact on the development of other cancers, as well as other health
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problems, Public Health France recommends limiting alcohol consumption to a
maximum of two standard drinks per day (i.e. 20 g) and not consuming alcohol eve-
ry day (a maximum of 10 glasses per week) 1. One should however note that the risk
of cancer increases with as little as one glass per day on average for breast cancer

There are several hypotheses to explain the effect of alcohol on colorectal car-
cinogenesis. The main hypothesis is based on acetaldehyde, a toxic metabolite pro-
duced by ethanol oxidation that has a carcinogenic effect on colonocytes. Heavy
alcohol consumption can also lead to oxidative stress and the production of geno-
toxic reactive oxygen species (ROS). Alcohol can also promote the entry of food car-
cinogens into cells, from tobacco or of environmental origin, through its solvent ef-
fect. It also leads to a hormonal imbalance, interferes with the metabolism of vitamin
A and with DNA repair mechanisms. Folate deficiency (vitamin B9) may promote
the genotoxic effects of alcohol and disrupt DNA methylation, thereby modifying the
expression of the genes involved in carcinogenesis .

Overweight and obesity

Overweight and obesity represent major concerns for public health. Nearly half
of adults in France are considered overweight, and the prevalence of overweight
increases in a disadvantaged social context é

The WCREF carried out a dose-response meta-analysis that assigned a «convincingy
level of evidence for the association between overweight and the risk of CRC, both in
men and women. For each increase of 5 kg/m? in body mass index (BMI), this analysis
found a 7% increase in colon cancer risk (RR: 1.07 [95 % CI : 1.05-1.09]) and a 2%
increase for rectal cancer risk (RR: 1.02 [95 % CI % : CI 1.01-1.04]). This association
was even greater above a BMI of 27 kg/m?. Considering waist circumference, that re-
flects abdominal obesity each 10 cm increase was associated with a relative risk of 1.04
(95% CI :1.02-1.06) for colon cancer, but not for rectal cancer.

In France in 2015, 13.6% and 7.1% of incident cases of colon and rectal cancer
were considered attributable to overweight, respectively.

Several mechanisms could explain the increased risk of CRC associated with
overweight, the main one being insulin resistance leading to increased secretion of
insulin by the pancreas. This chronic hyperinsulinism stimulates cell proliferation
via the production of IGF-1 and it inhibits apoptosis . An overweight status
also contributes to the establishment of a chronic inflammatory state, with increased
serum levels of pro-inflammatory factors (TNF-a, IL-6, CRP, leptin), promoting
oxidative stress and lipid peroxidation with genotoxic consequences w

In order to limit overweight, Public Health France and the French National Cancer
Institute (INCa) therefore recommend:

¢ limiting the consumption of energy-dense foods, rich in fats and/or sugars;

¢ favoring foods with low energy density (fruits and vegetables);

Deutsch D, Deschasaux-Tanguy M, Ginhac J, et al., in:
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TaBLE 1. Level of evidence of the association between nutritional parameters and the
risk of colorectal cancer according to the WCRF (World Cancer Research Fund) .

Level of evidence  Decreases risk Increases risk

Physical activity'? Processed meats®
Alcohol consumption®
Overweight/obesity®

Adult height®

Whole grain cereals Red meat'®
Food rich in fibers 7
Dairy products®
Calcium intake”

Limited Vitamin C-rich food"" Low intake of non-starch
(favorable) Fish vegetables'
Vitamin D'? Low fruit intake

15

Multivitamin supplements'? Foods containing heme iron

S Limited (no Cereals and derivatives; potatoes; animal fat; poultry; sea food,

E conclusions | fatty acids; cholesterol; omega-3 fatty acids (fish oil); legumes;

— | possible garlic; non-food sources of calcium; foods with added sugar; sugar
with the (sucrose); coffee; tea; caffeine; carbohydrates; fat; starch; glycemic
current load; glycemic index; folate; vitamin A; vitamin B6; vitamin E; sele-
level of nium; low-fat foods; methionine; B-carotene; a-carotene; lycope-

knowledge) | ne; retinol; caloric intake; meal frequency; eating habits
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—

12.

13.
14.
15.

CRC-HORIZON 2030

Any type of physical activity: habitual, household, transport, leisure.
Convincing for colon cancer, without any possible conclusions for rectal
cancer.

Charcuteries, salted, dried, smoked meats, or meats with preservatives.
Based on a consumption of approximately 30 g/day (2 glasses per day).
Overweight assessed by body mass index (BMI), abdominal circumference,
abdominal adiposity (waist circumference/hip circumference ratio).
Height in adulthood does not directly influence the risk of cancer but is a
marker of environmental, hormonal and nutritional growth factors.
Includes both foods naturally rich in fibers and foods with added fiber.
Including dairy products in general, milk, cheese, and dietary calcium.
Based on calcium intake > 200 mg per day.

Includes beef, pork, lamb and goat.

. Limited level of evidence for colon cancer, no conclusion possible for rectal

cancer.

Foods that contain vitamin D, serum vitamin D concentration, vitamin D
supplements;

Non-standardized definition.

Increased risk observed for intake < 100 g per day.

Including any processed meat, fish and poultry.
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¢ consuming foods that contain dietary fibre;

¢ limiting the consumption of sugary drinks;

¢ maintaining a healthy body weight, notably through a regular self-monitoring (at
least once a month) fJ;

¢ practicing at least 30 minutes of physical activity per day and reducing sedentary
lifestyle, these two factors being themselves risk factors of CRC (see below).

Physical activity

There is a significant association between the level of physical activity and the
risk of colon cancer, and this association is not found for rectal cancer. The level
of evidence is considered convincing for both total physical activity and activity
related to sport practice and leisure ﬁ

In the WCRF meta-analysis, a reduction in the risk of CRC for the highest level
of physical activity regarding total physical activity, was at 19% (RR: 0.81 [95%
CI: 0.69-0.95]) and regarding physical activity related to sports and leisure at 16%
(RR: 0.84 [95% CI: 0.78-0.91]) @. It is estimated that 3.6% of colon cancers can
be attributed to a lack of physical activity [¢.

Among the mechanisms that could explain the preventive effect of physical acti-
vity, the acceleration of intestinal transit reduces the exposure of the colonic muco-
sa to luminal carcinogens . Physical activity can also indirectly reduce insulin
resistance and inflammation by preventing overweight and obesity. The existence
of an independent effect remains to be clearly demonstrated

CONCLUSION

It is becoming clear that a number of nutritional and lifestyle-related parameters
can have a positive or negative impact on the risk of CRC. Since CRC is emerging as
a preventable cancer, it is important to widely disseminate the recommendations for
primary and secondary prevention established by national and international societies,
for example by increasing the communication channels using new digital tools and
field campaigns. It is also important to promote epidemiological and experimental
research in order to identify new risk factors and to understand the underlying mecha-
nisms. Establishing preventive medicine departments, which are key elements for fu-
ture healthcare would, with the application ofpersonalized follow-up approaches, lead
to a significant reduction in the incidence of CRC and therefore cancer mortality.
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« The art of progress is to preserve order amid change
and to preserve change amid order. »
Alfred North WHITEHEAD

Colorectal cancer (CRC) is a major worldwide public health issue ranked among the
top 10 diseases for health burden by the World Bank. Although there is wide geogra-
phic variation in CRC incidence, with higher incidence in developed than developing
countries, it is increasing in countries with growing wealth. It is predicted that by 2040
the number of cases will have risen from 1.8 million today to 3.1 million !. This huge
burden remains a challenge despite the expert consensus view that CRC is one of the
most preventable cancers.

Five decades ago, the World Health Organization developed criteria for a public
health approach to screening if evidence and health burden justified it and it was fea-
sible. In the last twenty years, such evidence has appeared. Indeed, fecal occult blood
testing has been proven to reduce CRC mortality, while colonoscopy was also shown
to decrease both incidence and mortality. As a consequence, the coverage of CRC
screening has increased across the globe. By 2018, more than 50 countries had ini-
tiated population-based, organized screening programs, the vast majority following
a two-step approach with detection of blood in feces (i.e. fecal immunochemical tes-
ting [FITY)) as the first step. Only Italy and the UK now include flexible sigmoidosco-
py as an initial screening test, and few have adopted colonoscopy as a first-line test .
The lack of evidence from randomized comparative trials has contributed to this he-
terogeneous scenario, in which no unique screening strategy is universally accepted.

“Prediction is very difficult, especially if it’s about the future!” said Niels Bohr, Nobel
laureate in Physics and father of the atomic model. Predicting what CRC screening

! http://gco.iarc.fr/tomorrow/home
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will be like in the year 2030 is not an exception to such a difficulty. However, there
is no doubt that the extraordinary effort of scientific societies and international or-
ganizations involved in this field, with special mention to the World Endoscopy Or-
ganization Colorectal Cancer Screening Committee , will continue contributing to
“define” the future. In this chapter, I will try to identify some of the most relevant
unmet needs and anticipate potential solutions.

PARTICIPATION IN PROGRAMMATIC COLORECTAL CANCER
SCREENING

The aim of population-based screening is to discover latent disease in the popula-
tion in order to detect it in its early stages and to enable adequate treatment. In order
to maximize its impact and ensure high coverage and equity of access, it is highly re-
commended to implement organized screening programs, as opposed to case-finding
or opportunistic approaches, since they include an administrative structure responsible
for service delivery, quality assurance and evaluation .

Participation in programmatic CRC screening continues to be a major issue, with
figures around 40-65% in most European countries . To overcome this limitation,
several strategies have been proposed: reminders to non-responders, educational in-
formation, advertising, simplification of screening tests, training of personnel involved,
and removing administrative, economic and/or geographic barriers, among others .

One of the most appealing strategies to increase participation is offering different
screening alternatives to the invited population and, in my modest opinion, we should
continue advancing in this direction. The multiple-option approach allows the partici-
pants to choose the test after discussing the benefits and risks of each available option.
Recently, a pragmatic randomized trial demonstrated that screening strategies that
combine FIT and colonoscopy can result in 60-70% higher participation rates com-
pared to offering primary colonoscopy screening alone pJ. In the sequential strategy,
most participants completed primary screening colonoscopy, whereas in the choice
strategy, the majority performed the FIT test. In absolute terms, the increase in par-
ticipation rates were only 8-10% points higher, thus indicating the need to continue
improving this multiple-option approach BJ.

PRESENT AND FUTURE OF SCREENING TESTS

Evidence from several studies has shown that CRC screening is effective6 and
cost-effective P in an average-risk population. Recommended CRC screening strate-
gies fall into two broad categories: stool tests, which include detection of occult blood
and, more recently, exfoliated nucleic acids (i.e. DNA and miRNA); and structural
exams, which include flexible sigmoidoscopy, colonoscopy, CT colonography and
capsule endoscopy . Fecal occult blood testing and flexible sigmoidoscopy are
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predominantly implemented in Europe and Australia, where screening is mainly pro-
grammatic, whereas colonoscopy is the dominant screening modality in the US, where
screening is mostly opportunistic .

Colonoscopy

Colonoscopy is considered to be the most precise approach for early detection and
prevention of CRC m Although results from randomized clinical trials evaluating its
effect on CRC mortality are still lacking, it is recommended as a first-line screening
modality based on indirect data and observational studies. In fact, population-based
case-control studies have suggested that colonoscopy decreases CRC incidence
and mortality , whereas there is evidence indicating that patients with a previous
negative colonoscopy have markedly reduced CRC risk . A meta-analysis of 6
observational studies evaluating the efficacy of screening colonoscopy in average-risk in-
dividuals concluded that this strategy was associated with a reduction in CRC incidence
and mortality of 69% and 68%, respectively . Finally, cohort studies of patients with
adenomas suggested that polypectomy could prevent up to 80% of CRC |§&].

While colonoscopy plays a key role in all CRC screening modalities, not only
in the average-risk population but also in high-risk individuals , it has some li-
mitations and lesions can be missed at variable rates. In that sense, the adenoma
detection rate (ADR) has become the most important indicator of the quality of
colonoscopy d because it is directly related to key outcome parameters, such as
interval cancer, and indirectly reflects other surrogate markers including quality of
preparation, colonoscopy completeness, withdrawal time, as well as dedication and
experience of the endoscopist j&.

In the last few years, it has been suggested that automatic polyp detection systems
based on artificial intelligence (AI) may contribute to increased ADR. Indeed, in an
open, non-blinded trial, this approach resulted in a significant increase in the num-
ber of hyperplastic polyps and diminutive adenomas detected, although there was no
difference in the detection of larger adenomas . These results were very similar to
those obtained in a randomized trial, in which computer-aided detection significantly
increased identification of adenomas smaller than 6 mm, as well as those between 6
and 9 mm in size, without increasing withdrawal time . The usefulness of Al-based
algorithms to increase ADR has been subsequently confirmed in a recent meta-analy-
sis , along with their capacity to differentiate diminutive adenomas from hyperplas-
tic polyps with high accuracy %

Concerns about the use of colonoscopy as a first-line screening method in a popu-
lation-based scenario include the resources needed and potential complications. In-
deed, it is estimated that the cost of screening the whole target average-risk population
in Europe (i.e. 146 million people, approximately) will exceed 3,650 million Euros
annually. Moreover, in this setting, although the rate of serious gastrointestinal side
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effects of colonoscopy (i.e. perforation and bleeding) is relatively small (2.4%o) , the
absolute number cannot be neglected from a public health perspective. Taking into
account all these considerations and, more importantly, the fact that the prevalence of
advanced neoplasm —the main target lesion of CRC screening— in the average-risk po-
pulation does not exceed 10% , the most rational approach seems to be to limit the
use of colonoscopy to subjects with the highest likelihood of presenting such lesions.

The above-mentioned selection of individuals who may benefit the most from colo-
noscopy screening relies on the concept of risk stratification, which can be established
with different strategies. First, the use of mathematical scores to estimate the likeli-
hood of detecting advanced neoplasms during colonoscopy. Indeed, several models
derived from regression analyses of large series of individuals undergoing colonoscopy
have been proposed .With minor differences, most of them include age, gender,
family history of CRC, cigarette smoking and the body mass index. This approach
can be useful in opportunistic screening, in which this information is easily available,
but it may be more difficult to implement it in an organized program. Second, it has
recently been proposed to use genetic or genomic profiling to select the subjects with
the greatest predisposition for developing colorectal neoplasms. In fact, common ge-
netic variants (i.e. single nucleotide polymorphisms) identified in large whole-genome
association studies seem to play a critical role in CRC development P48, but its poten-
tial utility in risk stratification for screening purposes has not yet been demonstrated.
Finally, the most common approach employed in programmatic screening is the use
of non- or less-invasive methods to select individuals with a higher probability of pre-
senting advanced neoplasms. In this scenario, FIT is the most used strategyl, whereas
the detection of molecular biomarkers of colorectal neoplasia in either blood or feces
is emerging as an appealing alternative.

Fecal occult blood testing

In the context of programmatic screening, the vast majority of countries have
chosen a two-step approach with FIT as the first step JI. Fecal occult blood testing was
demonstrated to reduce CRC mortality in randomized controlled trials. On the
other hand, several trials have confirmed the superiority of FIT over the guaiac-based
tests, which is especially noteworthy with respect to uptake and detection rate of ad-
vanced neoplasms . Moreover, the quantitative nature of FIT allows the selec-
tion of an optimal cut-off for a specific target population, thus adjusting the positivity
rate to local resourcesl, as well as the identification of the individuals with the highest
risk of developing advanced colorectal neoplasms in order to prioritize them in centers
with a large colonoscopy demand .

On the other hand, it has been suggested that FIT may be more effective than other
screening strategies in a population-based scenario because of higher acceptability.
Indeed, the baseline analysis of the COLONPREYV study, a multicenter, randomized
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controlled trial performed in Spain, indicated that one-time screening with FIT
was equivalent to colonoscopy in the detection of CRC in terms of diagnostic
yield, detection rate and tumor staging. Interestingly, FIT was better accepted than
colonoscopy, needed to scope 5 times fewer individuals to detect one advanced
neoplasm, and had fewer complications .The long-term results of this study and
others — the SCREESCO E§] and the CONFIRM studies — , also comparing
colonoscopy and FIT on average-risk CRC screening, will definitively establish the
impact of these strategies on CRC mortality.

Molecular biomarkers

Although the highest level of evidence supports the implementation of FI'T-
based screening, this strategy is limited by a low sensitivity for advanced adenomas,
a high false-positive rate resulting in unnecessary colonoscopies, and a still insuffi-
cient compliance. The use of biomarkers, other than blood in feces, may overcome
these limitations.

In the last few decades, many molecular events participating in the initiation and
progression of CRC have been elucidated. In that regard, genetic and epigenetic
changes may constitute non-invasive biomarkers if they are measurable in different
biological fluids. In fact, exfoliation of neoplastic cells in feces is a continuum process
in patients with CRC, whereas cancer cells and tumor-associated markers may reach
systemic circulation favored by the angiogenic process.

Initial studies evaluating the use of stool-based DNA tests showed a disappointing
sensitivity for the detection of colorectal neoplasms. However, in the last few years,
great technical advances have been introduced, including better stabilizing buffers,
more discriminating markers and more sensitive analytic methods, NDRG4 and
BMP3 methylation, and B-actin, plus a hemoglobin immunoassay, detected more
neoplastic lesions than FIT, at the expense of more false-positive results .

More recently, we have which have resulted in higher sensitivity for the detection
of both cancer and precancerous lesions. Indeed, a multitarget stool DNA test (Co-
loguard®, Exact Sciences, Madison, WI), which includes quantitative molecular as-
says for KRAS mutations, aberrant technically and clinically validated a predictive
algorithm based on a fecal miRNA signature — the miRFec test, a gradient boosting
machine-generated algorithm that includes two fecal miRNAs (miR-421 and miR-
27a-3p) and fecal hemoglobin concentration, along with age and gender, — able to
identify patients with advanced colorectal neoplasms more accurately than hemoglo-
bin concentration in FIT-positive individuals . A large, prospective clinical trial
comparing the effectiveness and cost-effectiveness of the miRFec test compared to
FIT is being planned.

The use of blood-derived biomarkers has also been advocated because it may fa-
vor screening uptake. For this purpose, two different strategies have been evaluated.
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On the one hand, detection of aberrant DNA methylation patterns, which have been
found in plasma and serum samples of CRC patients . Unfortunately, following
this approach, most studies have demonstrated a relatively high sensitivity for CRC
detection, but still quite poor sensitivity for adenoma detection. Indeed, results of the
PRESEPT study, the largest multicenter trial evaluating Septin 9 methylation, the
only commercially available blood-based CRC screening test, were somehow disap-
pointing, showing a sensitivity for CRC and advanced adenoma detection of 48% and
11%, respectively .

On the other hand, it has been demonstrated that miRNAs can also be detected in
serum and plasma . In a recent study, we have identified a panel of 6 miRNAs (i.e.
miR18a, miR19a, miR19b, miR15b, miR29a, and miR335) which are significantly
up-regulated in patients with CRC . In a validation study using an independent
cohort of patients, this signature had a sensitivity of 85% and specificity of 90% in dis-
tinguishing patients with advanced colorectal neoplasms from healthy individuals .
These results reinforce the use of miRNA as biomarkers for CRC screening, although
large comparative studies are needed to validate this alternative.
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« Engineering, medicine, business, architecture and painting
are concerned not with the necessary but with the contingent
— not with how things are but with how they might be — in short, with design.
Herbert SimonN

Optical colonoscopy is the main endoscopic exam available in 2022 to perfectly ex-
plore the lumen of the colon. It allows the diagnosis of precancerous lesions as well as
cancers. In France, it is mostly performed under general anesthesia (GA) after an oral-
ly-administred preparation that often leaves an unpleasant memory for the patients.

It is difficult to predict what role this medical examination will have in 2030, but it
is almost certain that new techniques suited for diagnosis will represent possible alter-
natives and might even become preferred choices over colonoscopy, at least in some
situations. The diagnostic technique that will be acceptable to all patients, and that will
be preferred, will need to have a number of characteristics in addition to being efficient
for the detection of colorectal neoplastic lesions and at a low cost. First of all, it should be
safe and without complications, which is not entirely the case with optical colonoscopy,
even if bleeding and perforations are rare and even exceptional events. Ideally, it should
be an examination that does not require the oral administration of colonic preparation,
which is always uncomfortable. Finally, the possibility of performing this examination
without general anesthesia would be advantageous, considering its limited availability,
high cost, and the occurrence of intrinsic anesthetic complications.

Among the techniques that could more or less completely fulfill this list of crite-
ria, the colonic capsule, radiological examinations for virtual colonoscopy and Posi-
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tron-Emission Tomography (PET-scan) are candidates (figure ). In this chapter, we
will not discuss the possible role of "liquid biopsies" or biological markers, that still
require validation.

WHAT WILL BE THE ALTERNATIVES FOR DIAGNOSIS IN 20307?
Colonoscopy in 2030 will not be the same as in 2022

This point must be underlined before comparing the possible alternatives avai-
lable for colonic exploration. It is highly probable that artificial intelligence (AI)
will arrive and it has already even started. Al is gradually entering medicine; it is a
valuable aid for patient management, and its importance will not be restricted to
digestive endoscopy, and it will likely also enter into other disciplines, especially
radiology.

Al uses «machine learning» and problem-solving methods called «algorithmsy.
The most immediate application of Al in medicine relates to image processing. Real-
time image processing systems have been developed for colonoscopy, providing ma-
jor assistance to operators in the detection and characterization of colonic lesions.

Currently, the adenoma detection rate (ADR) is defined by the detection of at
least one adenoma during colonoscopy. This is one of the major quality criteria
for colonoscopy because it is directly related to the risk of occurrence of interval
colorectal cancers . Some studies have shown an inverse relationship between the
ADR and the rate of interval colorectal cancer . Unfortunately however, there is
a great inter-operator variability in the ADR and tandem studies have shown that
the rate of missed adenoma also varies widely, from 6 to 41% . Among the missed
lesions, it is possible to distinguish between lesions related to a limited visual field
(mucosal folds, presence of residues, etc.) and those that are missed by the opera-
tor. For the former, endoscopic tools fixed at the extremity of the endoscope (cap,
balloon system, etc.) or those that increase the visual field have shown an improve-
ment in the ADR BJ. Conversely, many solutions have been proposed for the lesions
missed by the operator, but convincing evidence is still lacking .

With the progress of AI, Computer-Assisted Detection Devices (CADe) have
been developed for colonoscopy. These easy-to-use systems have shown very pro-
mising results when compared to high definition (HD) white light. Indeed, data
from a first meta-analysis that included five randomized controlled trials (4,354
patients) have shown a significantly higher ADR in the CADe group compared to
the HD group (36.6% vs 25.2%; p<0.01) . This help in the detection of adeno-
mas appears to be a real technological advancement, because it also seems to be
superior to techniques that rely on chromoendoscopy, in particular for lesions <5
mm. Recent results from another meta-analysis based on the results of 50 rando-
mized controlled trials (34,445 colonoscopies) confirmed the superiority of CADe
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FiGure 1. Different methods for the exploration of the colorectal lumen. A) Au-

tomatic detection with an artificial intelligence system (System CADEYE, Fu-
jifilm ®) of a colonic polyp (White light, the polyp is surrounded by blue mar-
king); B) small colonic polyp visualized using a video-capsule (Pill-CamVCC2,
Medtronic ®) in the lower-right quadrant; C) virtual colonoscopy with injec-
tion of an iodine contrast reagent and three-dimensional spatial reconstruction
(3D-angiocolonoscanner [3D ACS]) of an adenocarcinoma of the right colon
(in green); D) positron emission computed tomography (PET) coupled to a
scanner (PET-scan) showing an increased uptake area (arrow), revealed the
presence of an invasive adenocarcinoma of the rectum.
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for the detection of colonic adenomatous lesions E In this study that compared
different assistance methods for detection to the gold standard (HD), the ADR was
7.4% higher in the CADe group (OR 1.78 [95% CI: 1.44-2.18]) vs 4.4% higher
in the chromoendoscopy group (1.22 [1.08-1.39]). Interestingly, the comparison
of the ADR between these two groups (cross comparison) was also in favor of the
CADe group (OR 1.45 [1.14-1.85]), confirming the superiority of Al

The same is true for the characterization of colonic polyps. Currently it is re-
commended to resect all polyps that are detected during colonoscopy, which re-
presents a high economic cost and considerable societal cost. An American medi-
co-economic study estimated the cost of endoscopic polypectomies at $179 per
person, with the cost of a pathological analysis at $46 per person . In this context,
a number of teams have proposed the strategy known as "predict-and-leave", which
consists of only resecting small adenomatous polyps and leaving the small polyps
that are likely to be hyperplastic. Others have also suggested the possibility of re-
secting and directly discarding small polyps without further histological analysis (a
strategy known as "predict-resect-and-discard") [}. Therefore, a major challenge is
to distinguish adenomatous polyps from hyperplastic polyps, as a way to determine
whether polypectomy and histological analyses are required. The American Gas-
troenterological Association recommends using a highly reliable method for the
diagnosis of adenomatous polyps (with a negative predictive value [NPV]) >90%)
before the so-called "predict-resect-and-discard" strategy can be applied §J. Cur-
rently, HD colonoscopy and virtual chromoendoscopy cannot be proposed as a
substitution to histological analysis .

The use of Al for the detection and the prediction of polyp histology during
colonoscopy would in theory replace histological analysis (optical biopsy). An
evaluation of the corresponding CAD is ongoing. Early studies performed on
frozen images of adenomas suggested that Al can have a diagnostic performance
that is similar to that of experts (sensitivity, specificity and precision of 92.9%,
90.6% and 91.7%, respectively) . These results are promising but they still
need to be validated in a prospective manner, especially in order to confirm their
high NPV. Furthermore, this characterization system can only predict two types
of polyps, i.e. hyperplastic and neoplastic, without being able to distinguish high
grade dysplasia from superficial or infiltrating cancers.

The colonic video-capsule

Capsule endoscopy has undergone a technological revolution over the last
twenty years. The main advantage of the colon capsule is the non-invasive nature
of this medical examination, and the fact that it does not require general anes-
thesia. After swallowing a camera within a capsule, images of the colon are stored
and sent to a recorder and a movie of the entire colon is created. This exam is
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usually performed out of the hospital, and a nurse is usually in charged of explai-
ning its practical realization to the patient, and could even be in charge of the
initial selection of images of interest.

The main limitation of the capsule, besides the fact that this examination is
strictly diagnostic and not therapeutic, is the need for a reinforced initial oral
preparation. A good preparation is mandatory in order to get reliable results. The
colonic capsule is composed of two heads that allow an almost total analysis of
the colonic mucosa. The time required to read the movie can also be considered
as a limitation, because it takes one hour on average. However, reading is simple
for a trained operator.

Many prospective controlled studies have validated the sensitivity and the spe-
cificity of second generation colon capsules for colorectal cancer screening m
On the basis of these data, the French HAS (Haute Autorité de Santé) has au-
thorized the use of the colonic capsule in France in 2016 "to search for polyps and
cancers in adult patients, in a context of incomplete optical colonoscopy not accounted for
by poor colonic preparation or the presence of digestive stenosis".

In the future, the colonic capsule could become the preferred examination for
diagnostic endoscopy of the colon. One could imagine that a medical prescription
could allow the patients to receive their capsule at home, followed by self-adminis-
tration of the preparation, and the recording would be done without having to go
to the hospital. The company Medtronic has already launched such a program by
partnering with Amazon in the United States during the SARS-Cov-2 crisis. Images
could be transmitted via a cloud (a remote storage solution) to an automated reading
center that would generate a report for the gastroenterologist. In the future, auto-
mated interpretation will very likely be the rule, thanks to the development of Al

Virtual colonoscopy

Virtual colonoscopy (VC), also known as CT colonography is a non-invasive
imaging strategy for the colon. VC was developed 20 years ago, and its perfor-
mance allowed it to irreversibly replace conventional imaging methods that are
now outdated (barium enema). Despite this, it is still not well-known to the doc-
tors and the public, and it is therefore rarely prescribed. It does not only allow
the detection of precancerous colonic lesions and colonic cancers, but also the
exploration of the extra-digestive organs when searching for any significant clini-
cal abnormalities [N,

This cross-sectional digestive imaging technique differs from the conventional
abdominal and pelvic scanner because of the need to administer a colonic prepara-
tion the day before the examination, which is based on the oral administration of a
laxative (magnesium citrate) with two oral contrast agents to distinguish stool from
polyps by "tagging" the remaining stool. Another step, performed with an automatic
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insufflator, consists of the distension of the lumen of the colon with low pressure
carbon dioxyde (CO,). This step is performed under the control of a radiology ope-
rator with specific training, which makes him/her entirely autonomous. The inter-
pretation of images is possible using dedicated software, leading to the acquisition
of a 3D view of the colonic lumen and to perform an endoluminal anterograde and
retrograde navigation from the rectum to the cecum. VC is an examination that is
performed without any intravenous injection of contrast reagents and iodine. When
a colonic tumor is suspected, intravenous injection of iodine allows the concomitant
performance of distant tumor staging (by performing a thoracoabdominal scan) and
local tumor staging (by 3D angio-CT-colonoscan, 3D ACS) allowing a complete
preoperative assessment. VC is a minimally-invasive method and the perforation rate
described in asymptomatic patients in a screening setting is about 0.003 %.

VC plays an important role in the prevention of CRC and early stage diagno-
sis. The performance of VC in the detection of CRCs and large adenomas (>10
mm) has been the topic of randomized clinical trials , multicenter ] and
single-center trials iand meta-analyses . All data confirm that the diagnostic
performances of VC are similar to those of optical colonoscopy, irrespective of
the symptomatic or asympatomatic presentation of the patients (95%). Conver-
sely, optical colonoscopy appears to be more sensitive for the detection of polyps
of intermediate size (6-9 mm). According to the recommendations from Euro-
pean societies for endoscopy and digestive imaging, an endoscopic polypectomy
is recommended when a polyp is identified by VC M44.

VC also plays a role in staging upstream of laparoscopic surgery for endoscopi-
cally unresectable tumours. The preoperative assessment of colon cancer is based on
optical colonoscopy and contrast-enhanced thoracoabdominopelvian scanner. Opti-
cal colonoscopy allows the histological diagnosis of the tumor, defines its topography
and reports the presence of synchronous colonic lesions (2-11%). However, in case
of a tumor that cannot be cleared, or when the tumor is present in the transverse or
the left colon, particularly in the case of a dolichocolon, optical colonoscopy has its
limits. In these situations, VC with an injection of iodinated contrast reagent and a
spatial reconstruction (3D ACS) allows an estimation of the colonic morphology in
3D, and it also establishes the precise location of the tumour. The fusion of colonic
images with CT-angioscanner images allows precise vascular, arterial and venous
mapping at the same time for the whole colon and to determine the precise segment
where the tumor is located. It also allows the search for synchronous colon tumors
in case of incomplete colonoscopy and a better definition of the T stage by evalua-
ting the degree of penetration of the tumor with respect to the digestive wall and
the mesocolon. Locally-advanced tumors could then benefit from preoperative che-
motherapy. 3D ACS makes it possible to produce, in a single step, the preoperative
locoregional tumor staging and in addition, if necessary, perform a thoraco-abdomino-
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pelvic scanning for the assessment of distant tumor locations. VC is also indicated
in case of incomplete optical colonoscopies: the presence of a dolichocolon, inflam-
matory stenosis, post-operative strictures producing a fixed sigmoid, or a tumor that
blocks the progression of the endoscope.

This radiological technique is minimally-invasive, requires a less aggressive
preparation than optical colonoscopy and results in very little radiation exposure.
In the future, it could become a useful tool for the diagnosis of premalignant le-
sions and early stage colorectal cancer.

Positron Emission Tomography and Computed tomography (PET-CT) scan

Positron Emission Tomography and Computed tomography (PET-CT) scan is a
metabolic imaging method suited for whole body analysis. It is mostly used in digestive
oncology in order to detect metastases. However, recent technological progress and im-
provement in the injection of radioisotopes raise the question of its effectiveness for the
detection of early lesions of colorectal cancer, and even precancerous lesions.

Kim ez al. reported the results of a Korean study in 345 patients that un-
derwent a PET=scan for stenosing colon cancer that prevented the exploration of the
upstream colon by colonoscopy, who were finally operated. Fourteen patients had
focal hyperfixation of fluoro-desoxyglucose (FDQG), a radiopharmaceutical analogue
of glucose (n=39 areas with suspicion of focal uptake). Per patient, the performances
of the PET=scan for the detection of synchronous upstream cancer were: sensitivity
(Se) 100%, specificity (Sp) 94%, positive predictive value (PPV) 41%, negative pre-
dictive value (NPV) 100%. Per lesion, the performances were: Se 100%, Sp 93%,
PPV 36%, NPV 100%. On the other hand, Se and Sp of the PET-scan were clearly
not as good for advanced adenomas (46% and 93 %, respectively).

The detection of focal uptake of 18-FDG was the topic of a retrospective study
examining 41,538 PET-scans performed over 10 years at the Mayo Clinic . In this
study, the majority of the examinations were performed for tumor extension assess-
ment (74% solid, 26% haematological). A focal colonic uptake was noted in 0.7% of
cases, and was associated with precancerous or cancerous colonic lesions in 32% and
14% of cases, respectively. The right colon location was often associated with colonic
lesions (42%), while the sigmoid location was more often associated with unspecific
hyper-uptake. Finally, among the precancerous lesions that were highlighted, tubular
adenomas (n=36) or tubulovilleus (n=27) with low-grade dysplasia, and festonated
lesions (n=4) were found, an observation that highlights the continuous progress of
metabolic imaging.

A Japanese study %] performed on a more limited number of patients (n=48), while
more recent, questioned these performances. The retrospective review of 51 areas of
focal hyperuptake of 18-FDG showed than only half of these areas matched with cance-
rous lesions (n=14) or adenomas (n=16). The rest corresponded to hyperplastic polyps,
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colonic erosions, diverticles and one lymphoma. Interestingly, the authors reported an
index for the uptake (early and delayed) that was higher in cancerous lesions and ade-
nomas, which could better distinguish the lesions worth exploring by endoscopy. Howe-
ver, endoscopic explorations showed that 4 lesions had been missed by the PET scan,
2 of which were advanced adenomas (<10 mm) and 2 tumors with lateral extension
(TLE) with intramucosal adenocarcinoma.

Another Japanese study gll] brings complementary information regarding the per-
formances of the PET-scan according to the size of adenomas. The examination was
proposed for the purpose of exploring the upper colon, with a colonoscopy perfor-
med before or during the year following surgery. In 83 patients, the authors deter-
mined that the Se and PPV of PET-=scan were 25% and 78%, respectively. Se was
better for larger lesions: 3% for those <5 mm, 30% for 6-10 mm, 45% for 11-20 mm,
71% for >21 mm. Se was also better for more advanced histological lesions: 15% in
case of low grade dysplasia, 38% with high grade dysplasia, 67% with superficial car-
cinomas, 100% with invasive carcinomas. Interestingly, the lesions that were rounder
in shape on the PET=scan were predictive of neoplastic lesions.

In summary, PET-scan offers the advantage of a non-invasive method and it is
feasible in ambulatory practice, without the need for preparation or general anes-
thesia. However, its diagnostic performances remain clearly lower, at least with the
current state of development of the technique, than other diagnostic methods: co-
lonoscopy, videocapsule and virtual colonoscopy. Another problem is the possibility
to access this examination, especially considering the frequency of morphological
examination of the colon.

SPOILED FOR CHOICE: TOWARD MORE PERSONALIZED
INDICATIONS IN 20307?

In a context of increasing and more efficient possibilities adapted for the mor-
phological examination of the colon, it is probably appropriate to move towards a
more personalized approach, and this dictates an immediate prospective reflection.

Table 1 summarizes the advantages and limitations of the four morphological exa-
minations that we have presented above. We can safely argue that in 2030 none of these
examinations will match all characteristics and demands, one of the major remaining
limitations being the need for preparation (except for PET-scan). Cost uncertainties
are important because it is difficult to estimate how they will influence the decisions
of public health agencies, in a time when those agencies must take into account envi-
ronmental, economic, societal, political as well as medical demographic parameters.
Finally, it is highly desirable to avoid the emergence of interdisciplinary competition
(gastroenterology vs. radiology vs. nuclear medicine), and instead, the advantages and
limitations of each type of examination should be considered and adapted to individual
patient and his/her enviroment.
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TaBLE 1. Advantages and limitations of exams used to assess colon morphology on
the 2030 horizon.

Colonoscopy  Videocapsule Virtual PET-scan
colonoscopy

Preparation ++++ +++ +++ 0

0 if under GA Oor + + 0

Diagnostic s +++ +++ +
performance

Access to the exam +++ ++++ +++ Limited

Therapeutic Yes No No No
intervention

at the same time

Cost * +++ (GA) +++ ++ ?

Risk + 0 (if not Cl) + (Rx) 0

* Based on the actual rates, that are likely to change; real costs still to be determined.

GA: general anesthesia ; Cl:contraindications ; Rx:irradiation.
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. CRC-HORIZON 2030

Figure 2 represents an attempt to schematically position each examination by
trying to take into account several decisive parameters, in addition to the dia-
gnostic performance, such as:

+ the diagnostic indication (irritable bowel symptoms vs. family history of CRC

for example)

¢ tolerance to preparation and previous experience with the examinations ;

¢ the desire to avoid GA, to perform the examination at home, accessibility of the

technique, the likelihood of having to perform a therapeutic procedure at the
same time (a colonoscopy would be the choice if a polypectomy is likely to be
necessary), the presence of contraindications (comorbidities, signs of occlusion
that would contraindicate the use of capsule)...

Moreover, society will likely become less and less tolerant of any risks, even
if minimal, which will likely lead to the preference of safe examinations (for the
patient as well as for the doctor). Modeling based on approaches with diffe-
rent levels of complexity will likely gain importance, here again with the help
of Al-powered protocols. Such models may produce complex scenarios alterna-
tively using different types of medical examinations for the follow-up of patients,
for example with alternative use of capsule and colonoscopy.

CONCLUSION

On the 2030 horizon, colonoscopy will surely remain important for the diagno-
sis of colorectal cancers. Fast technological improvements will allow this examina-
tion to become even more efficient, as illustrated in particular by the application of
Al to improve the ADR and reduce the risk of interval cancers.

One of the major challenges will be to increase the acceptability of examinations
aiming to diagnose precancerous or superficial colorectal cancers. This accepta-
bility requires an easier logistics (sending the capsule to the patient’s home after
a simple internet order, for example, without the need for anesthesia or colonic
preparation, without complications or irradiation...) and techniques that are as mi-
nimally-invasive as possible. With this in mind, non-invasive techniques that do not
require hospitalization will probably prevail, without even considering the context
of the sanitary crisis that strongly influences the organization of healthcare.
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FIGURE 2. An attempt to position the different morphological examinations of
the colon for the diagnosis of colorectal cancer or precancerous lesions. Brown
circles show the indications of each technique. As can be seen, the indications
of virtual colonoscopy, capsule and colonoscopy, partially overlap.
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WHAT ARE THE NEEDS
FOR THERAPEUTIC COLONOSCOPY
ON THE 2030 HORIZON?

Mathieu Pioche ',
' Hepatogastroenterology department,
Edouard Herriot Hospital, Hospices Civils de Lyon

« Tomorrow will not be like yesterday. It will be new and it will depend on us.
It is less about discovery than it is about invention. »

Gaston BERGER

We are writing this chapter in October 2021. Who’s clever enough to say what tech-
nological advances will change our discipline in 2030, considering how fast things are
changing? What is likely is that minimally-invasive treatments of colorectal cancer will
become even more common than today, that their indication will expand to more in-
vasive lesions, adjuvant non-surgical treatments will be more frequent and the quality
of surgical resections will improve with the aim of systematically achieving R0O. Indeed,
it seems unlikely that the uncertainty that accompanies fragmented resection will be
acceptable for much longer, considering that it represents a procedure that is impre-
cise, and non-personalized, and because it leads to heavy monitoring in order to detect
recurrence, which is becoming more and more uncommon. The only thing that could
again increase the validity of fragmented mucosectomy would be progress in endos-
copic characterization via for example Al, approaching perfection to the point that no
cancer would be missed within any lesion. Personally, I believe much more strongly in
the simplification of RO resection technology, its systematic application and the obten-
tion of RO in the vast majority of cases. Unless it becomes possible one day to analyse
the whole volume of a tumor (to achieve the equivalent of microscopic examination at
any level), there is little probability that the analysis of tumor surface can lead to a per-
fect diagnosis. Indeed, some tumors degenerate in depth without their surface being
altered. As long as the characterization is not perfect, the gold standard, although still
to be improved, will remain the histological analysis of the RO resected lesion. There
is also an unmet need for our pathologists to perform homogeneous analyses of high
quality, in order to obtain pathological analysis of the most pejorative areas within a
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lesion. Immunohistochemistry and digital slide analysis could improve this, especially
considering that artificial intelligence will likely outperform experts in this setting and
allow all centers to offer analyses of identical quality, irrespective of the experts..

I am proposing an experimental journey into the future to the year 2030, based
on the presentation of our national congress and the progress reported regarding
colonoscopy and the management of patients with colorectal lesions.

The 2030 JFHOD will probably be mainly digital and we could imagine that
the programs will be even more personalized, with automatic pathways oriented by
artificial intelligence according to our centers of interest and our desires of the mo-
ment. Here are some examples of sessions that may be hot in 2030 at our National
Convention.

PREPARING WILL BE MORE SIMPLE IN THE FUTURE

The therapeutic management of our patients coming from far could be signifi-
cantly simplified by a new generation preparation based on a single tablet allowing
colic preparation of good quality in less than 3 hours after taking it. This would
shorten the care of the patient for colonoscopy into a single day, and thus simplify
the problems raised by the transfer of patients, and the necessity of overnight hospi-
talization of frail patients.

MODERN DETECTION, A CHALLENGE
STRONGLY SUPPORTED BY DIGITAL APPROACHES

The rate of detection of adenomas, which has long been considered the quality
criterion allowing to differentiate between good and bad endoscopists, will possibly
become less significant when Al systems, such as the EndoAngel J§, will be used to
highlight polyps in real time, and most importantly the potential blind spots that
are missed during the descent, by orienting the area worth exploring more carefully
using arrows. It will be important to demonstrate that high detection rates (>55%)
have a real positive impact on patients by reducing interval cancers. An active debate
took place in 2021 regarding the clinical relevance of finding small adenomas of
less than 5 mm. However, one of the key issues to solve are the false-negative re-
sults from colonoscopy asssisted by Al regarding Laterally Spreading Tumors (ILST),
non-granular serrated sessile lesions #. Going even further, the first prototypes of
semi-autonomous coloscopes could help the gastroenterologist to maneuver and to
better examine these blind areas. The added human value and motivation could one
day be supplanted by quasi-autonomous systems. If this turns out to be the case, a
major change will be required regarding quotations, in order to enhance the quality
over the quantity of examinations. It will be important to value more greatly the de-
tection and removal of lesions than increasing the number of “blank” examinations.
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A tremendous benefit of these systems will be to standardize the practice and quality,
thus equalizing the care proposed all over the territory, irrespective of the level of
expertise or specialization of the local endoscopist.

COLORECTAL CHARACTERIZATION OF THE TUMOR VOLUME
USING THE COMBINED TECHNIQUE
(ENDOSCOPY AND TOMOGRAPHY)

A current limitation of endoscopic characterization is the inability to scan the whole
tumor volume, since currently it is only possible to consider the visible surface. Tumor
characterization will therefore remain fragmentary, until new technical approaches, such
as for example optical coherence tomography, permit the acquisition of images of the
whole tumor volume, and not exclusively its visible surface. Some tumors present as
deep degenerative lesions, a particularity that explains the existence of discordances
between endoscopic predictions (even with the CONECCT classification ) and the
final histological evaluation. Thus, a characterization supported by artificial intelligence,
based on complex algorithms of machine learning/ deep learning could help to combine
the benefits of these two techniques, approaching perfect characterization and precise
prediction of the nature of polyps. This might help to offer treatments a la carte.

THE RO REVOLUTION: PIECEMEAL RESECTION
WILL LIKELY BE LESS FREQUENT

Even if predictions improve, fragmented resections will likely disappear in the future,
thanks to the simplification of techniques used to achieve RO resection in most cases.
Future randomized studies should measure the loss of information caused by piecemeal
procedures (number of emboli missed, inacurrate depth of invasion), and if this loss of
information is significant, piecemeal will likely become unacceptable. In fact, achieving
a resection of oncologic quality for degenerative lesions should become indispensable
for our patients, to ensure the curative nature of our resections without any hazard that
would be secondary to piecemeal resection.

TRIANGULATION IN ENDOSCOPY:
THE NEED FOR INDEPENDENT TRIANGULATION

Traction devices (magnetic or not) will probably dominate our daily practice regar-
ding submucosal dissection and other endoscopic techniques: better catheterization of
the biliary tree, better access to the small intestine... In fact, a reversible «extra-hand»
(magnetic power) seems to be one of the currently unmet needs in therapeutic endos-
copy. Recently introduced medical devices (elastic traction, magnetic traction, shape
memory nitinol alloy) are bound to become more efficient and more popular.
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One could also imagine digital assistance to guide operations, for example by
helping the operator identify the structures of the submucosa (vessels or muscular
layers) with augmented reality, in order to prevent complications.

PERFORATION WILL NOT BE SCARY ANYMORE

Although the current data are already reassuring (more than 97% success with
the endoscopic closure of small perforations of <5 mm), attitudes have not yet really
changed and perforation is still considered scary. However, based on these good per-
formances, we should progressively move toward simpler 12-hours surveillance for
successfully-closed perforations, without systematic CT scan or antibiotic therapy.
After overnight monitoring, endoscopic clip closure of perforation without symp-
toms should no longer justify imaging or surgery. In the future, it is likely that per-
forations will not be referred for surgery without an initial attempt at endoscopic
closure, and also as long as the patient remains asymptomatic after this closure.

THE AMBULATORY MANAGEMENT OF COLONIC INJURIES
SHOULD BE EXPANDED

The vast majority of submucosal dissections of the colon are performed under
general anesthesia with intubation. The very low morbidity reported in late 2021 in
the RESECT Colon protocol could change the practice with, on one hand, a reversal
to sedation without systematic intubation, and on the other hand, the generalization
of ambulatory management of lesions with an access to hospital beds in order to
monitor the patient for the first 12 hours in case of a perforation. Indeed, therapeutic
endoscopic procedures are less invasive than many surgical procedures performed in
an ambulatory setting, making the whole procedure more flexible.

EXPANDING SINGLE OR COMBINED ENDOSCOPIC
RESECTIONS WITH ADJUVANT TREATMENTS

A current trend is to downscale the risk of nodal metastasis in a context of T'1 lesion
in the absence of budding or lymphovascular infiltration. Simple monitoring might
become the first choice for these lesions, once they are endoscopically RO resected,
regardless of the depth of submucosal invasion. One step further, large transmural re-
sections could become possible (Full Thickness Resection Device), such as those that
already exist for small lesions. This would allow organ conservation with the use of pe-
rioperative chemotherapy to prevent local and distant metastases forT'1b or T2 lesions.
It is likely that combined treatments based on endoscopic resection and chemotherapy
will become standard therapy to avoid the current paradox of T1b tumors with pejo-
rative criteria referred for surgery (gold standard according to the French “Thesaurus
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National de Cancérologie Digestive’), while T2 tumors of the rectum that respond to
chemoradiotherapy can be treated conservatively with a watch and see attitude.

HISTOLOGY MUST ALSO EVOLVE TO REDUCE ITS BIAS

Today, endoscopic resection specimens are cut every 2 mm, and a single sec-
tion of a few micrometers (5-10 um) is therefore examined every 2 mm, i.e. about
0.5% of the tumor volume is explored. This represents a considerable sampling bias
and it explains why the conclusions will not necessarily reflect the most unfavorable
histology at the points of deep invasion. Histology, largely considered as the gold
standard, remains unfortunately the best option to analyze the tumor volume, but it
could dramatically improve if one could find ways to determine the position of the
deepest point of invasion of the tumor. If one day tumor scanners will be able to spot
the tumor invasion front with 3D-vision of the tumor volume, it would be interesting
to compare conventional pathology with 3D-optimized pathology. An artificial intel-
ligence algorithm could also probably detect the point of deepest invasion on digital
slides, as well as spot budding or lymphovascular invasion, thus allowing for patholo-
gists to focus their examination on the most advanced lesions instead of the dozens
of slides that reflect a small portion of the tumor and present a major sampling bias.

ECOLOENDOSCOPY:
THE NEED FOR SUSTAINABLE DEVELOPMENT!

Finally, and this is perhaps the most important for future generations, the zero
carbon impact of colonoscopy should be our goal for 2030. Indeed, we pollute a
lot, in particular with our disposable devices. The evolution of European regulations
for medical waste should lead to the recycling of the majority of our waste, which
is essential for reducing our environmental impact. Despite a stammering start ,
ecology is now firmly considered within the walls of endoscopy services, while these
services represented in 2020 the third largest polluter of the British health system E
The new generations now consider having such a high impact on the environment as
impossible and endoscopy of 2030 has no other future than to be green.

THE TRAINING IN 2030

More and more conferences will probably become virtual, in an ecological-res-
ponsible perspective, while trying to preserve some conviviality. While automated
colonoscopy devices without an operator currently do not seem possible in the near
future, better simulators are coming, equiped with force feedback or correctors that
limit unwanted movements of beginners, and could become effective assistance for
endoscopy learners.
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THERAPEUTIC COLONOSCOPY

CONCLUSION

There is no doubt that the nine years to come will be rich in innovations, and
that minimally-invasive endoscopic techniques will gain ground (except if one day, a
drug becomes available to destroy polyps without having to remove them). In 2030,
I think that the therapeutic colonoscopy will be simpler, perfomed in an ambula-
tory setting, without intubation, faster but still performed with the aim of achie-
ving RO, with lesser and controlled morbidity. Tomorrow’s endoscopy will be green,
concerned and involved in sustainable development, keeping in mind that our car-
bon footprint today is unacceptable with 3 kg of waste per patient per day, most of
it sent for incineration [¢.
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THE ROLE OF SURGERY FOR
THE TREATMENT OF COLORECTAL
CANCER ON THE 2030 HORIZON

Mehdi Karoui ',
' Université de Paris, Assistance Publique-Hépitaux de Paris,
Department of Digestive and Oncological Surgery,
Georges Pompidou European Hospital, Paris

« The roads of science are narrow, so that they who travel them,
must wither follow or meet one another. »

Samuel JoHNSON

Over the past thirty years, colorectal cancer surgery has undergone a revolu-
tion with the advent of minimally-invasive surgery, either laparoscopic or robotic.
Minimally-invasive surgery consists of performing an operation after creating a
pneumoperitoneum with CO, insufflated through a short incision, allowing the
introduction of a camera and microinstruments, thus reducing abdominal trau-
ma, postoperative pain and morbidity, while respecting the fundamental prin-
ciples of open surgery (laparotomy). Minimally-invasive surgery, coupled with
optimized perioperative care (prehabilitation, enhanced recovery after surgery
[ERAS], ambulatory surgery) makes it possible to reduce the length of hospita-
lization, improve the quality of life of operated patients and start adjuvant che-
motherapy earlier if necessary. Progress in the field of computing and robotics
with the development of artificial intelligence (AI), progress in the field of radio-
logy and gastrointestinal endoscopy, the development of targeted treatments in
oncology with the advent of immunotherapy, the evolution of radiotherapy and
new effective neoadjuvant treatments with chemotherapy and/or radiotherapy
will profoundly modify the technique and the role of surgery in colorectal cancer
care in the next 10 years.

TECHNICAL DEVELOPMENTS

By 2030, surgery will become increasingly minimally-invasive, computer-assisted,
guided by images, robotics and Al. It will be hybrid, combining radiology and inter-
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ventional endoscopy, inevitably leading to a transformation of operating theaters. The
use of virtual reality will make it possible to develop a virtual 3D model of the patient
(«avatar») from cross-sectional images, offering new possibilities for surgical planning
and for the simulation of the intervention before operating the «real» patient . This
model will also be superimposable over the real images of the patient at the time of the
operation, with augmented reality allowing the surgeon to better visualize and identify
anatomical structures, thus improving the surgical procedure. The introduction of Al
in the operating room could similarly assist the surgical procedure by providing ac-
cess to the large number of similar previously recorded interventions, facilitating the
automatic adaptation to anatomical variations . The concept of computer-assisted
surgery combining robotic automation and image guidance will facilitate the proce-
dure and optimize the surgeon’s performance. The performances of Al could also be
used to promote communication between the different actors present in the operating
room: surgeons, anesthesiologists and nurses, to coordinate their activity and also give
an alert in case of deviation of the procedure from the standards . These recordings
could also be used a posterior: to analyze the causes of complications and thus improve
the safety of interventions through the feedback of experience. Image capture techno-
logies and cameras fixed on the operator’s head, filming what the surgeon is looking
at, will not only allow a retrospective analysis of the surgical procedure, but will also
produce a new video-expertise, well-suited for training and for “computer vision” and
the identification of the different phases of surgery, thus helping in operative deci-
sion-making . An operative voice assistant (chatbot) will allow the surgeon to receive
information regarding the patient, and possibly, to obtain “advice” from Al through
visual identification of the different surgical phases . The use of "cobots" (an agile
version of the current surgical robots with 3-4 articulated arms with instruments and
a camera) will make it possible for the surgeon to be assisted during the procedure
(fluidity of movement, stabilization of the movements, practical assistance....) .

Improvement of the minimally-invasive approach, and in particular NOTES surgery
(Natural Orificial Trans Endoscopic Surgery), will push the current limits of minimally-in-
vasive surgery. NOTES surgery, which consists of a planned incision through the wall of
natural orifices to access the peritoneal cavity and perform a surgical intervention without
skin incision, will require the surgeon to acquire skills and expertise in interventional en-
doscopy. This hybrid minimally-invasive surgery (surgical endoscopy) will be based on a
close collaboration between surgeons and interventional endoscopists and will revolutio-
nize the management of colorectal cancer, which will lead to a reorganization of the opera-
ting room for the integration of one or more imaging and endoscopy systems.

EVOLUTION OF CONCEPT

To date, the standard of care for the treatment of colorectal cancer is based on
radical excision surgery (colectomy or proctectomy) with systematic lymph node dis-
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section. The rise of personalized medicine, with in particular the identification of mole-
cular tumor markers — microsatellite instability status (MSI), KRAS/BRAF mutations
— prognostic and predictive of treatment response, will have a major impact on defining
the role of surgery in the curative treatment of colorectal cancer. The proven efficacy
of immunotherapy in non-metastatic colorectal cancer with microsatellite instability
(MSI or dAMMR, Mismatch Repair deficient), leading to high rates of complete histo-
logical responses will in the years to come raise the question of the necessity to operate
on these patients or not . The encouraging data from neoadjuvant chemotherapy
trials on localized colorectal cancer & and anti-BRAF treatments associated with an-
ti-EGFR (Epidermal Growth Factor Receptor) and anti-MEK in metastatic situations
8] will also lead to the evaluation of the efficacy of these treatments in BRAF-mutated
non-metastatic patients. In addition, the results of induction chemotherapy trials and
consolidation with radiotherapy (TNT, Total Neoadjuvant Treatment) in rectal can-
cer, leading to high rates of complete response, will lead to the possibility of rectal
sparing (8). These data, coupled with the development of modern imaging, in particular
metabolic imaging, adapted for the prediction of treatment responses (PET-MRI for
example) will gradually lead to a shift from systematic radical organ excision to strate-
gies of organ preservation, with the objective of reducing morbidity and mortality and
improving the quality of life of patients without having a negative impact on oncolo-
gical results 4. This trend will also benefit from the progress in diagnostic endoscopy
(prediction of the complete response) and therapeutic endoscopy (endoscopic sub-
mucosal resection techniques for the histological analysis of previously treated areas).
The evolution of targeted radiotherapy — contact radiotherapy, brachytherapy — and
the intensification of neoadjuvant treatments will make it possible to propose organ
preservation strategies to a growing number of patients.

CONCLUSION

By 2030, colorectal cancer surgery will be minimally-invasive and it will be
based on the combined use of computer-assisted techniques, image building and
robotics with the aim of improving surgical results. Advances in surgery, interven-
tional endoscopy and radiology will make it possible to propose a new hybrid ap-
proach for the curative treatment of colorectal cancer. This new hybrid therapeutic
approach of «surgical endoscopy» justifies specific endoscopic and surgical training
for young surgeons and endoscopists, and it will require changes in the operating
room to integrate the necessary imaging and endoscopy tools. Finally, the effec-
tiveness of neoadjuvant treatments and the possibility of proposing targeted treat-
ments, based on the molecular status of tumors, will make it possible to no longer
propose systematic radical excision surgery and instead favor strategies of organ
preservation in colorectal cancer patients.
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WHAT WILL BE THE TARGETS AND THE
MODALITIES OF FUTURE CHEMOTHERAPIES
AND TARGETED THERAPIES?

Cindy Neuzillet
' Department of medical oncology, Institut Curie, Saint-Cloud, France

« The present is nothing but a hypothesis that has not yet been surmounted. »
Robert MUsIL

A BRIEF HISTORY OF CHEMOTHERAPIES
AND TARGETED THERAPIES BEFORE 2022

The management of metastatic colorectal cancer (CRC) has known a series of
revolutions over the past 30 years (figure I). Until the 1990s, CRC was regarded
as particularly chemoresistant, with limited anti-tumor activity of 5-fluorouracil
(5-FU). In the year 1990, the optimization of the administration of 5-FU with
the modulation of its activity using folinic acid (LV5FU2 scheme) has helped to
increase its efficacy . Then in the 2000s, bi-chemotherapy regimen combining
5-FU (or its oral form, capecitabine) with oxaliplatin (FOLFOX) and irinotecan
FOLFIRI), followed by tri-chemotherapy (FOLFIRINOX) have been developed
ﬁ. The trifluridine-tipiracile came later to increase the chemotherapeutic arsenal.
The years 2000 and 2010 witnessed the arrival of the first targeted therapies against
EGFR (Epidermal Growth Factor Receptor) - cetuximab, panitumumab - and an-
giogenesis - bevacizumab, aflibercept, regorafenib — most often assessed in association
with these chemotherapies . Overexpression of HER2 (2% of metastatic CRC) has
also emerged as a target for antibodies — trastuzumab, pertuzumab - and multikinase
inhibitors — lapatinib, tucatinib — , and more recently, for a new therapeutic class, i.e.
conjugated antibodies — trastuzumab deruxtecan. Moreover, the BRAFT°E mutation
(8-10 %), that was originally identified in malignant melanoma, was reported as a
prognostic marker in metastatic CRC, with a markedly reduced overall survival (OS)
(2-3 times lower than for the non-mutated tumors) and was found to be associated
with a specific phenotype (tumors of the right colon, often mucinous, more frequent-
ly found in elderly women with nodal and peritoneal metastases). It has become a
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target for the association of anti-BRAF and anti-EGFR molecules (encorafenib plus
cetuximab) . Finally, as discussed in the next chapter, CRC with microsatellite ins-
tability (MSI: 4-5%) have seen their management revolutionized by immunotherapies
(pembrolizumab, nivolumab plus ipilimumab) % . Thus, CRC has been stratified into
multiple molecular subentities accessible with specific therapeutic strategies .

The clinical development of antiangiogenics has followed a different path from
anti-EGFR, anti-HER2 or anti-BRAF agents B

¢ antiangiogenics were developed on the basis of a concept that was once be-

lieved to be universal (the existence of an angiogenic switch), and tested as
early-line anti-metastatic agents without any companion biomarkers, and the
issue of biomarkers able to predict the response to these agents is still not
resolved to this day;

¢ anti-EGFR agents were developed as late-line anti-metastatic agents, with com-

panion biomarkers being progressively identified. After the initial erroneous
assumption that the response to anti-EGFR would be correlated to EGFR ex-
pression by immunohistochemistry (IHC), later studies identified the predic-
tive role of KRAS mutations. The spectrum of sensitive tumors was further
narrowed to those without mutations in exons 2, 3, 4 of KRAS and NRAS (i.e.
around 40% of metastatic CRCs), with the recent demonstration of the impact
of colonic location (a greater sensitivity of tumors of the left colon);

¢ anti-HER?2 agents were initially tested only in HER2-positive tumors (IHC

3+ or 2 +/positive ISH) on the basis of proof of concept obtained from breast
and stomach cancers;

¢ targeting BRAF alone, following the model of melanoma, was initially unsuc-

cessful, and it took basic studies to understand the role of EGFR-mediated
feedback in order to develop effective combinations against CRC.

These improvements have resulted in a steady increase in the rate of tumor res-
ponse and the OS of patients increased from a median of about 12 months in the
1990s to more than 30 months today .

In this chapter, we will present some leads for progress in the years to come in the
treatment of metastatic CRC with chemotherapy and targeted therapies.

Trastuzumab-
deruxtecan

Encorafenib
plus cetuximab
Pembrolizumab

Trifluridine
MSI

Trastuzumab plus lapatinib,
trastuzumab plus pertuzumab

Concept
of super wild-type
First data

Régorafenib

Aflibercept

Panitumumab

Bevacizumab
Cetuximab

TUMOR CELL TARGETING

5-FU-based chemotherapy remains the cornerstone of the treatment of metasta-
tic CRC and the basis for most combinations with targeted therapies, but today we
are witnessing the development of targeted strategies without chemotherapy, as is the
case for pembrolizumab or the combination of encorafenib + cetuximab, at least for
defined subsets of tumors with precise molecular alterations.

The identification of actionable subtypes of CRC (zable 1) has been a source of
progress in terms of survival, and this strategy is continuing with the identification

Antiangiogenics
Anti-EGFR
Anti-HER2
Anti-BRAF
Immunotherapy

FIGURE 1. History of the main advances in the treatment of colorectal cancer since the 1990s. MSI: microsatellite

instability.
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of new entities, some of them rare E For example, CRC bearing fusion transcripts
(NTRK, RET, ALK...), are extremely rare in the general population (<1%), but
specific inhibitors are available (eg. larotrectinib against NTRK). The rare occur-
rence of these alterations raises the problem of demonstrating the efficacy of these
therapeutic agents, considering that randomized phase III studies are not the most
suitable in this situation of precision medicine, but they still remain the reference
for authorities in charge of regulation. Thus, larotrectinib obtained the European
marketing authorization but its reimbursement for adult patients with a tumor
bearing a NTRK fusion has not been validated in France, based on the absence of
a control group of patients. However, the low frequency of this molecular alteration
(0.1-0.5%) would not reasonably permit this. This raises the question of alternative
criteria for judging the clinical benefit for these patients with orphan subentities of
CRC (the response rate?). Another issue is the benefit of the diagnostic tests if they
are perfomed in unselected patients. Indeed, the search for fusion transcripts does
not rely on DNA analysis, as is the case when looking for RAS or BRAF mutations,
but on RNA, and it uses specific panels of New Generation Sequencing (NGS),
that are costly, and it is therefore not feasible to perform systematic testing for all
patients. However, better molecular understanding of CRC has revealed that these
rare alterations can be enriched in certain groups of patients: fusion transcripts
are more frequent in MSI (5%) and even more so if they are RAS/BRAF wild-
type (going as high as 50% or more) . This echoes a broader concept in digestive
oncology, that when a strong driver oncogenic mutation is present, for example in
KRAS or BRAE, there is very little likelihood of identifying another potentially tar-
getable alteration. For example, in pancreatic cancers that carry a KRAS-activating
somatic mutation in more than 90% of the cases, fusion transcripts are almost ex-
clusively detected in patients without KRAS mutation. This allows the restriction
of the search for fusion transcripts using an NGS RNA panel to RAS wild-type
patients E A similar two step-strategy could be proposed for CRC, starting with
the search for RAS/BRAF mutations and the MSI and HER?2 status, to select the
patients that are the most likely to benefit from broad molecular DNA panels and
RNA panels (reserved for RAS/BRAF non-mutated), even if the cost of these ana-
lyses is bound to decrease in the coming years.

A further unresolved issue to date is the possibility of targeting KRAS mutations
that were long considered to be inaccessible to targeted therapies. In the recent years,
new inhibitors have been developed that target the KRAS G12C mutation (adagrasib,
sotorasib), based on the physicochemical characteristics of the cysteine amino-acid in
G12C g The targeting of this mutation was first developed against bronchial cancers,
where it is common (14 %), and where the inhibition of KRAS with an anti-G12C
molecule alone proved efficient (a response rate of around 40%). In contrast, similarly
to BRAF targeting, the anti-G12C monotherapy had lower results in CRC (a response
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rate of 10-20%), and co-targeting EGFR significantly increased their effect (40%),
forming the rationale for the current Phase III trial (KRYSTAL-10, NCT04793958)

. Nevertheless, G12C mutations are rare (4%) in CRC, and no effective inhibitors
against the most common mutations of KRAS (GI12D, G12V) exist to date, however
several molecules are in the process of pharmacological development.

An alternative solution to directly targeting KRAS is to instead target the cellular
vulnerabilities that this mutation induces, for example due to the replicative stress as-
sociated with it, especially when a TP53 mutation is also present. Cell cycle checkpoint
inhibitors (anti-WEE1) showed activity against CRC with KRAS and 7P53 mutations
(FOCUS-4C study) according to the concept of synthetic lethality, and other mole-
cules are in development (anti-ATR, anti-CHK) ().

Finally, an evaluation of the molecular status of a tumor with liquid biopsies is
not yet validated in the context of routine clinical practice, but prospective data are
accumulating and the sensitivity of the technologies used to detect mutations in
circulating tumor DNA (ctDNA) is increasing, which could in the near future help
in the analysis of the tumor RAS/BRAF status without tumour material . These
techniques could also be useful as tools for therapeutic monitoring by giving access
to the load of ctDNA and the detection of the emergence of resistance mutations.
Nevertheless, the clinical interest of these therapeutic strategies remains to be de-
monstrated with dedicated studies.

TARGETING THE MICROENVIRONMENT

Models of oncogenesis have evolved from being more cancer cell-centered to a
more global vision that integrates the tumor microenvironment . This led to the
development of antiangiogenics and more recently to immunotherapy.

Tumor cells should not be considered separately, but only in the context of their
microenvironment or stroma, a complex structure composed of extracellular matrix
and endothelial, immune, nerve and fibroblast cells. These cellular partners interact
with cancer cells and with each other via multiple mediators (intercellular contacts,
physical constraints, soluble factors, extracellular vesicles, metabolites ...) and modu-
late the proliferation, invasion and the resistance to treatments of cancer cells (12). It
is therefore essential to take them into consideration to better understand therapeutic
failures and to explore new therapeutic avenues.

CRC are heterogeneous entities both in terms of molecular alterations, and in
terms of the composition of their microenvironment, which can be fibrotic, vascula-
rized or inflammatory to various degrees. This characteristic appeared in the Consen-
sus Molecular Subtypes (CMS) classification proposed in 2015, where the CMS1
subtype corresponds to a subtype with a lymphocytic infiltrate, and CMS4 is a mesen-
chymal subtype with an abundant stroma, dense vascularization and inflammation
related to the activation of the TGFX-pathway .
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Just as there are multiple subpopulations of immune cells (for example, M1 macro-
phages in tumors with an antitumor phenotype, or M2 with a protumor phenotype),
different types of fibroblasts have been described with pro- or anti-tumor effeczﬁ.
Refining the classifications of these cells and achieving a better understanding of
their function is necessary in order to develop new therapeutic strategies designed to
specifically target the «bad» fibroblasts or possibly also reprogram them into «good»
fibroblasts.

Finally, a new partner has been identified in the tumor microenvironment in
recent year: the intratumoral microbiota. In addition to the bacteria that are pre-
sent in the digestive lumen (intestinal microbiota), bacteria can also be present
within tumors. Most often, intracellular bacteria are present within cancer cells or
immune cells, and are involved in the process of carcinogenesis (mutagenic action
of some bacterial toxins ), in the recruitment of inflammatory cells, and they
can also modulate tumor response to treatments . Among them, Fusobacterium
nucleatum is associated with colonic tumors mainly of the right colon and it is lin-
ked to poor prognosis. It has been shown that when this bacterium is detected in
the primary tumor, it is also commonly found in the metastases, thus forming an
ecosystem with the tumor and its stroma . These bacteria are emerging as a new
source of biomarkers and therapeutic targets.

The tumor microenvironment is overall rich in biological information and thera-
peutic potential. One of the major obstacles to its clinical analysis lies in the difficult
access to tumor material and the intratumoral and the interlesional heterogeneity in
each patient. Progress in the analysis of CT scans and MRI images, in particular with
the contribution of artificial intelligence (radiomics), and their coupling to functional
imaging - PET FDG, new probes and tracers (e.g., anti-FAP for fibroblasts) - and
their correlation with the pathological examination, should enable a better capture of
this heterogeneity in the cancer patient .

TARGETING THE HOST

Finally, advances in the treatment of metastatic CRC will also come from the im-
provement of supportive care. More than 10 years ago, it was demonstrated in lung
cancer that the patients with the longest survival are not those who received the most
chemotherapies, but those who received supportive care early on .

Supportive care covers all multidisciplinary interventions aimed at controlling the
symptoms related to the tumor or the treatments, in order to optimize their tolerance
and the patient’s quality of life. They include pain control, caring for secondary effects
of chemotherapy (nausea, bowel dysfunction, mucositis, neuropathy...), fatigue, anxiety,
thromboembolic complications, frailty in geriatrics and accompanying the entourage.

Nutritional support and physical activity are two major pillars of supportive care
of CRC. A chapter of the French national Thesaurus on gastrointestinal cancer was
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recently added in order to emphasize their importance . The majority of metasta-
tic CRC patients are malnourished at diagnosis, and this malnutrition has a negative
impact on all facets of the patient’s life: survival, quality of life, risk of treatment
complications, infections, hospitalization; and it is also associated with less effective
treatment. It can therefore be considered as a real loss of opportunity for the patients.

Undernutrition is reversible with therapeutic interventions at early stages but it
becomes refractory at later stages. Therefore, it is crucial to detect malnutrition as
early as possible (criteria of the French HAS, High Authority of Health, proposed in
2019 for patients under 70 years of age P48 and in 2021 for those above 70 4, and to
reassess it at each consultation and implement dietary interventions - dietary advice,
oral nutritional supplements, enteral nutrition, parenteral nutrition - and activity -
endurance exercises and muscle building - to overcome it .

These measures do not only improve the quality of life of patients by counterac-
ting malnutrition and fatigue, but they also play a role after the treatment of CRC.
Physical activity reduces the risk of recurrence, the overall mortality and CRC-re-
lated mortality in observational studies for patients with adjuvant treatment. A large
randomized trial (CHALLENGE, NCT00819208) is in progress.

CONCLUSION : THE IMPORTANCE
OF MOLECULAR STUDIES AND MULTIDISCIPLINARITY

Considerable progress has been made in recent decades in the management of
metastatic CRC. The progress was based on the advent of molecular analyses and
the development of targeted therapeutic strategies matching the alterations. Pros-
pects for the future rely on the rationalization of these tools, the promise of liquid
biopsies for non-invasive analyses, and the development of new inhibitors, in parti-
cular to target the “untargetable” KRAS.

It is also essential to leverage on ancillary studies using clinical trials to unders-
tand the mechanisms that allow tumors to escape these new therapies, in order to
develop new «catch-up» strategies. The second key word is the integration of the
tumor in its microenvironment (immune cells, fibroblasts, bacteria, as new leads for
therapeutic targets), and the need to achieve multidisciplinary care with supportive
care occupying a place that is as important as specific treatments.
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« The 1dea of the future is more fruitful than the future itself. »
Henri BERGsON

Nanomedicines are particles of nanometric size that can encapsulate one or more ac-
tive substances for their delivery to the pathological site of interest, increasing their be-
nefit/risk ratio. Nanomedicines can also amplify the activity of other therapies, such as
radiotherapy. Advances in this field have led to the emergence of nanomedicines with
multiple properties and advantages (figure 1) conferred by the variety of their com-
position, their architecture and surface properties. The surface of these particles can
be modified chemically, giving them specific targeting properties. All these properties
allow them to be good imaging agents that can be used as diagnostic, therapeutic or
theranostic agents by combining these two aspects within the same system.

To date, the most marketed nanodrugs are lipid-based formulations, either with
liposomes incorporating anticancer drugs, such as Doxil(r), or vaccines against
Covid-19 from Pfizer or Moderna, which are lipid particles that deliver mRNA.

In the context of colorectal cancer, several clinical trials are currently underway
(tables 1 and 2) to test liposome-based therapy or other nano-objects in order to
address the issues of personalized medicine, especially in terms of targeting, drug
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NANOMEDICINE

administration and imaging. This chapter, written by members of the French Society
of Nanomedicine and the "Controlled Release Society BeNelLux & France Local
Chapter", is devoted to these aspects and shows how nanomedicine could contribute
to the management of colorectal cancer by 2030.

Protection of Reduced
the therapeutic dose

agent

Controlled RedL.u:.ed
release toxicity

Functionalization Targeting

of the surface

NANO-
TECHNOLOGIES

FiGURE 1. The advantages of nanodrugs that could improve the management of
colorectal cancer on the 2030 horizon.

NANOMEDICINE FOR TARGETING

One of main interests of nanomedicine in the treatment of colorectal carcinomas is
the possibility to target, either passively or actively, the tumor tissue to promote better
efficacy of drugs and limit their side effects on healthy tissues.

Passive targeting, also called EPR effect (Enhanced Permeability and Retention ef-
fect) describes the preferential accumulation of macromolecules within the tumor via
its vascular abnormalities. This principle is widely used by the liposome formulations
that are marketed for antineoplastic treatments. In particular, the phase II PEPCOL
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study (No. NCT01375816) (zable 1) i} has compared the FOLFIRI regimen to 5-fluo-
rouracil/leucovorin administration combined with PEP02 - a liposomal nanoparticle
formulation of irinotecan ] — as second line for the treatment of metastatic colorectal
cancer resistant to oxaliplatine. The safety profile was similar in both groups, and the
efficacy of the experimental treatment was superior to the FOLFIRI-1 regimen, and
comparable to the mFOLFIRI-3 regimen. Other nanoparticles, more concentrated in
active substances, such as nanocrystals, could in the future boost this strategy of passive
accumulation of antineoplastic treatment in tumors .

However, the EPR effect strongly depends on the tumor characteristics (size, loca-
tion, primary tumor versus metastases, etc.). To overcome this drawback, strategies of
active targeting of tumor cells have been proposed in preclinical studies in mouse mo-
dels of cancer based on colon cancer xenografts and/or i vizro models. These include
functionalizing nanodrugs with addressing molecules, such as monoclonal antibodies
directed against the VEGFR2 receptor % or aptamers (synthetic oligonucleotides that
interact with a specific ligand) directed against the mucin MUCI1 §].

These approaches of passive or active targeting could be used in addition to strate-
gies for local delivery d, to improve the management of metastases, for example in
peritoneal carcinosis, compared to intraperitoneal hyperthermic chemotherapy f¢]. For
example, it has been proposed in the literature to induce per-operative hyperthermia
during cytoreductive surgery by photoactivating gold nanoparticles combined with
5-fluorouracil, to restrict the chemohyperthermic treatment to the cells that have inter-
nalized the nanoparticles §J. In a mouse model of peritoneal carcinomatosis, the prefe-
rential accumulation of gold nanoparticles in the tumor nodules led to reduced toxicity
and better efficacy with greater tumor necrosis compared to 5-fluorouracil alone. The
same model was used to study the interest of delivering a therapeutic agent in extra-
cellular vesicles produced by mesenchymal stromal cells . Extracellular vesicles are
subcellular-scale bodies (40-5 000 nm) delineated by a lipid membrane, containing
proteins and nucleic acids, that are secreted by cells as vectors for intercellular commu-
nication. The principle is to take advantage of the inherent tropism of the extracellular
vesicles produced by mesenchymal stromal cells for tumors. Vectorization of the temo-
porfin photosensitizer in extracellular vesicles led to better targeting of tumor nodules
and improved efficacy compared to temoporfin alone or its liposomal formulation, with
a significant increase in the infiltration of tumor nodules by CD8+ T-lymphocytes .

NANOMEDICINE FACING THE CHALLENGE
OF ORAL ADMINISTRATION

Oral administration of drugs, when possible, should be favored because of its
ease of use, good acceptance and non-invasive character. In addition, the gas-
trointestinal tract represents a large absorption surface (300-400 m?). However,
several barriers limit the absorption of macromolecules: pH, lytic enzymes, the
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TaBLE 1. Examples of clinical trials using nanomedicine for colorectal cancer - completed clinical trials.
and/or with unpublished results, and trials not yet identified by a NCT reference are excluded.

NumeEro NCT

PHASE

CONTEXT

INTERVENTION

NUMBER

Trials that included pathologies other than colorectal cancer, not-completed trials

TumoRr ResPONSE RATE

SURVIVAL

SECURITY

g
w
5 ¢ 2 s 8
&5 £ = g
5 8 £ 5 £
NCTO01375816 | Il 2nd line treatment PEPO2 28 0 4 7 5-month median 10 severe side -
of metastatic colorectal cancer (nanoliposomal irinotecan) progression-free survival; | effects including g SS
after oxaliplatin + leucovorin + 5-fluorouracil; IV median overall survival 6 related to PEPO2 | - 9 E
14.6 months 52 8
Irinotecan + leucovorin 27 0 3 6 Median progression-free | 13 severe =
+ 5-fluorouracil; IV survival 6.8 months; side effects S 39
median overall survival é g -
10.5 months ke g {;fé
% S
NCT00043199 | I Treatment L-NDDP (aroplatin incorporated 20 0 1 3 14 N/A 17 side effects,
of metastatic colorectal cancer, into multilamellar liposomes); IV grade 3/4 55
unresectable or locally recurrent related to treat- }? W
and resistant to 5-fluorouracil/ ment =T
leucovorin or to capecitabine S 9
and irinotecan \; %
RORRG
NCT0201056 | Ib/Il Neoadjuvant therapy CRLX101 (nanoparticles 32 6 17 7 N/A 13 side effects, s
for locally-advanced containing camptothecin) IV (PCR) | moderate minimal grade 3/4 'g 8'
colorectal cancer in combination with a standard responses responses = S ™
regimen of neoadjuvant radio- (histology) (histology) . g §
chemotherapy (capecitabine p.o.) 3% 8
NCTO0170500 | la/lb Treatment Prodrug of mitomycin 58 0 0 15 21 Median overall survival 50 severe side 3’
of advanced colorectal cancer C encapsulated in pegylated 6.4 months effects, 'é 8'
refractory to chemotherapy liposomes +/- capecitabine including two = S !
+/- bevacizumab; IV possibly related - % g §
to treatment R S
NCT00361842 | I Treatment CPX-1 (liposome with irinote- 59 0 2 23 19 Mean progression-free 24 severe side >
of advanced colorectal cancer can-HCI and floxuridine); IV survival 4.69 months in effects > 0=
in second line after oxaliplatin irinotecan-naive patients 73 § _g 3 <
and/or irinotecan and 3.48 months —*E " g o§ § fé
in patients previously TLE: \g % § % LE °t§
exposed to irinotecan § g *—é é §_ TCC; %
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TABLE 2. Examples of clinical trials using nanomedicine for colorectal cancer — ongoing clinical trials.

trials and those not yet identified by a NCT reference are excluded

Trials that included pathologies other than colorectal cancer, already completed

Numero NCT STATUS CONTEXT EsTiMATED INTERVENTION PRIMARY OBJECTIVE(S) SECONDARY OBJECTIVE(S)
NUMBER
NCTO03774680 | Recruiting Treatment of colorectal cancer 30 Ethylcellulose polymer Study of the pharmacokinetics, N/A
nanoparticles coated biodistribution, and therapeutic
with octreotide encapsulating window of nanoparticles
Cetuximab of Cetuximab after oral
or IV administration
NCT04759820 | Recruiting /11 Intraoperative detection 298 Carbon nanoparticle suspension Number of lymph nodes detected, | Relapse-free survival at 1 year
of lymph nodes number of positive lymph nodes
detected depending on tumor
T status, ratio of positive lymph
Indocyanine green nodes
NCT03350945 | Unknown N/A Detection of tumor 150 Endoscopic implantation Time required Relapse-free survival
(latest update and lymph nodes of preoperative clips for tumor localization and overall survival at 5 years,
November 2017) rates of post-operative
complications, distance
Intraoperative endoscopy to the margins, number
of dissected lymph nodes,
length of hospitalization,
o g total duration of the operation,
of carbon nanoparticles bloSHilaes
NCT03563157 | In progress I/ Treatment of metastatic or recurrent 332 Anti-colorectal cancer vaccine NANT Side effects and severe side effects | Overall survival,
(recruitment colorectal cancer after treatment (combination of many treatments under treatment, progression-free duration of response,
completed) with fluoropyrimidine, oxaliplatin, including paclitaxel bound to albumin | survival, overall response rate disease control rate,
irinotecan, anti-VEGF +/- anti-EGFR nanoparticles) quality of life
according to RAS status
Regorafenib
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presence of mucus... Active Pharmaceutical Ingredients (APIs) generally have a li-
mited water solubility, stability and their ability to cross biological barriers is often
limited (classes 2 and 4 of the Biopharmaceutical Classification System ). In this
context, nanodrugs represent a promising strategy to encapsulate APIs, to protect
them from degradation in the gastrointestinal tract, to allow their oral administra-
tion. While no nanomedicines compatible with oral intake have reached the market
yet for the treatment of colorectal cancer, this application is widely described
in the literature .

Nanoparticles comprised of self-assembling squalene complexes - a lipid inter-
mediate of cholesterol biosynthesis — have been developed to encapsulate cisplatin
. In vitro, these nanoparticles were compared to non-encapsulated API, showing
more internalization of API by HT-29 cells and greater induction of apoptosis. After
oral administration in a mouse model of intestinal carcinogenesis, a greater reduc-
tion in the tumor mass and an increase in the maximum tolerated dose were obser-
ved compared to free cisplatin.

Another interesting example of an application of nanomedicine for the oral treat-
ment of colorectal cancer is the development of redox nanoparticles, consisting of a
core of nitroxide radicals with amphiphilic copolymer coating . Following in vivo
oral administration, these nanoparticles preferentially accumulate in the colon wit-
hout any systemic distribution, preventing any side effects of the nitroxide radicals.
The redox and anti-inflammatory activities were combined with conventional irino-
tecan therapy. This approach led to a reduction in tumor volume by suppressing in-
flammation around the tumor microenvironment and the side effects of irinotecan.

In order to improve the active targeting of tumor cells, nanoparticles based
on polylactic-co-glycolic acid adorned with a Fab’-siCD98 and encapsulating
camptothecin, have also been developed . These nanoparticles were included
in a chitosan/alginate hydrogel degraded in the gastrointestinal tract. siRNAs are
non-coding RNAs that destroy target mRNAs and prevent their translation into
proteins. The functionalization with the Fab-siRNA has been developed to reduce
the expression of CD98, a glycoprotein overexpressed in colon cancer cells. In vivo
studies in an orthotopic tumor model indicate that the Fab’-siCD98/camptothe-
cin-nanoparticles/hydrogel system is able to induce the specific release of nanopar-
ticles in the colonic lumen and facilitates the internalization of both APIs (siCD98
and camptothecin) in target cells, demonstrating significant potential for clinical
applications of combination therapies.

Finally, a formulation of siRNA encapsulated in lipid nanoparticles and suitable
for oral administration has been reported J¥§ recently.

Oral delivery is therefore an active field for the development of nanotechnology
and the management of digestive cancers.
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NANOMEDICINE FOR DIAGNOSTIC
AND THERANOSTIC APPROACHES

Besides their therapeutic potential, nanoparticles are also used for diagnostic ap-
plications in medical imaging. These nanoparticles are often injected intravenously
and serve as contrast agents for the detection of solid tumors, metastases or lymph
nodes. Sometimes, the detection is directly followed by a surgical procedure. The
type of nanoparticular contrast agent used depends on the imaging method (MRI,
ultrasound, fluorescence-based imaging).

Many iron oxide nanoparticles obtained authorization for use in humans as
contrast agents for MRI. Depending on their size and the nature of the polymer
covering their surface, their distribution in the body is specific. The larger ones
(>50 nm) have been used for the detection of liver tumors, while the smaller
ones (3-50 nm) are used for imaging of the lymphatic system or for angio-
graphy (blood vessel imaging). Nuclei other than protons, such as fluorine, can
be detected by MRI, and fluorinated contrast agents have been evaluated at the
preclinical level for the detection of solid tumors, for example in a mouse model
of colon cancer through CT26 cell transplantation . The company Celsense
! is also developing fluorinated contrast agents for stem cell detection and their
follow-up after administration.

Ultrasound can be used to visualize organs in real time. Suitable contrast agents
consist essentially of fluorinated gas microbubbles that are not strictly speaking
nanoparticles. However, these microbubbles can be condensed into nanodroplets
with improved stability, which prolongs their circulation . The nanodroplets can
be vaporized again under the effect of ultrasound. This vaporization can cause
sonoporation of the cells that are located close to the nanodroplets, an event that
could promote the entry of therapeutic molecules co-administered or co-encapsu-
lated in the nanodroplets .

Another technique, near-infrared fluorescence imaging (700-900 nm) is fre-
quently used in interventional surgery. Several fluorescent probes have been syn-
thesized for this region of the fluorescence spectrum. Indocyanine green (IG) is the
most commonly used, either in free form or encapsulated in nanoparticles. In the
context of colorectal cancer surgery, IG is used for the localization of tumors and
lymph nodes and intraoperative angiography . Clinical trials comparing free IG to
carbon nanoparticles as an assistance to laparoscopic surgery for colorectal cancer
are underway (No. NCT04759820 and NCT03350945) (zable 2).

Finally, over the past fifteen years, several studies have examined the possibility of
combining contrast agents with nanodrugs for theranostic applications (based on the
contraction of the words therapy and diagnosis). Theranostic systems are designed

1 www.celsense.com
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to track the biodistribution of nanodrugs to assess the extent of pathology, to deliver
the treatment and follow its effectiveness in time real. For example, paramagnetic
liposomes encapsulating combretastatin CA4P were used to target the tumor vas-
culature using an external magnet . The efficacy of targeting and the impact of
treatment on the tumor vasculature were thus evaluated by MRI.

CONCLUSION

Although it is not possible to predict which nanotherapies will be used in the
clinics for colorectal cancer by 2030, a few promising options, as discussed in earlier
sections, are emerging. Several clinical trials, mainly phase I and II, have been car-
ried out or are currently underway (zables 1 and 2). Upstream of human studies, the
aim of current research is to develop nanodrugs that could, alone or in combination,
allow:

1. active or passive targeting of primary tumors or their metastases;

2. approaches of personalized medicine and precision medicine;

3. oral administration of antineoplastic treatments;

4. reduction of the doses of treatments administered and the associated side

effects;

5. better detection of tumors using contrast agents combined with their thera-

peutic use;

6. the development of theranostic systems to improve the treatment monitoring

efficacy.

All these possibilities opened up by nanomedicine should encourage the pursuit
of research towards the clinical adaptation of nanomedicines in the years to come.
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WHAT IS THE FUTURE
OF BIOTHERAPIES?

IMMUNE THERAPIES AND CELLULAR THERAPIES

Jaafar Bennouna ',
' Service of medical oncology, Hospital Foch, Suresnes

« All failures of [biological] lfe attract and have attracted attention to life.
The current knowledge stems from the study of life failures »
Georges CANGUILHEM, in The Normal and the Pathological

MICROSATELLITE INSTABILITY AND COLORECTAL CANCER

Colorectal cancers (CRC) with microsatellite instability (MSI) are the product of
defective activity of the MMR (MisMatch Repair) system, a system that corrects DNA
mismatches. They are a source of Hereditary Non Polyposis Colon Cancer (HNPCC)
and occur when a germline mutation is present in one of four genes: MLH1, MSH2,
MSHG6 or PMS2. They occur in a sporadic manner when MLH1 expression becomes
silent through promoter methylation. Association with a BRAF mutation excludes a
germline origin (approximately 30% of MSI+ CRC). The incidence of MSI+ CRC is
around 15-20% at early, local stages, and only around 5% at the metastatic stage. Their
prognosis depends on the stage at diagnosis. Compared to microsatellite stable (MSS)
tumors, MSI status is associated with a favorable prognosis at early, localized stages. At
advanced stages, it is an element of poor prognosis, mainly due to the association with
BRAF mutation. MSI CRC are often found in the right colon, and they often present
poor cellular differentiation, mucinous, with sometimes isolated cells. Sporadic forms
are frequently diagnosed in elderly women.

MICROSATELLITE INSTABILITY PREDICTS TUMOR RESPONSE
TO IMMUNOTHERAPY

The Nobel prize for Medicine in 2018 was awarded to James Allison and Ta-
suku Honjo, two immunologists, for their study on the immune molecules CTLA-4
(cytotoxic T-lymphocyte-associated protein 4) and PD-1 (Programmed cell Death
Protein 1), respectively. During lymphocyte maturation in lymphoid organs, CTLA-
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4 competes with CD28, a costimulatory molecule for the binding of CD80 and CD86
on the surface of antigen-presenting cells. As a result, T cells become inactive and they
are unable to exert their cytotoxic activity. PD-1 is present on the surface of activated
T lymphocytes that infiltrate the tumor microenvironment and interacts with its ligand
PD-L1 that is expressed on the surface of cancer cells. Here, a negative signal is trans-
mitted that induces T lymphocyte anergy (figure I).

The pan-tumor use of immunotherapy is based on the use of anti-PD-1 or an-
ti-PD-L1 antibodies, eventually associated with anti-CTLA-4 antibodies.

The KEYNOTE-177 study, a randomized phase 3 study comparing pembrolizu-
mab, an anti-PD-1 antibody, to standard 5FU-based chemotherapy has established the
efficacy of immunotherapy in advanced MSI+ve colorectal cancers as first line . 307
patients were included, and the median progression-free survival (PFS) was 16.5 mon-
ths and 8.2 months [HR=0.60; confidence interval (CI) 95%: 0.45-0.80; p=0.0002]
with pembrolizumab vs standard chemotherapy, respectively. The median duration of
response was not reached in the experimental arm, while it was 10.6 months in the
standard arm. Overall, 60% of patients treated with chemotherapy later received an an-
ti-PD-1 or anti-PD-L1 antibody, explaining why no significant difference was observed
in terms of overall survival (OS) [HR=0.74 ; CI 95%: 0.53-1.03; p= 0.0359].

Analysis of the PFS curve with pembrolizumab demonstrates the existence of two
subgroups of patients:

1. patients with primary resistance to immunotherapy; 29.4% of patients pro-

gressed at 9 weeks;

2. patients with acquired resistance to immunotherapy, as can be estimated from
the differential % of patients without progression at 12 months (55%) and at 36
months (42%).

This already represents a revolution for CRC treatment. A third group can be qua-
lified as long responders, i.e. patients who remain progression-free at 36 months (42%)
and are sometimes cured.

The CheckMate 142, a non-randomized phase 2 study, demonstrated the efficacy
of nivolumab (anti-PD-1) + ipilimumab (anti-CTLA-4) in metastatic CRC patients
after chemotherapy failure, with a 74% PFS at 24 months . The CheckMate SHW
(NCT 04008030), randomized phase 3 trial has now completed its recruitment,
and it will answer the question regarding the possible benefit of adding an anti-CT-
LA-4 antibody (ipilimumab) to anti-PD-1 antibody (nivolumab) in this immunothe-
rapy-sensitive population.

The existence of a strong response to immunotherapy in CRC with microsatellite
instability is the consequence of a high mutational burden generating multiple tumor
neo-antigens, because of poorly-repaired DNA mismatches. The corresponding tumors
belong to the molecular subgroup CMS1 (Consensus Molecular Subtype) and they
are characterized by the presence of an inflammatory microenvironment enriched in
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FiGURE 1.The local anti-tumor immune response in the tumor tissue (T lympho-
cyte and cancer cell) and in lymphoid tissues (lymphocyte and dendritic cell).
MHC: Major Histocompatibility Complex; TCR: T Cell Receptor.
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cytotoxic T lymphocytes and NK (Natural Killer) cells. They have a high immunoscore,
a test that quantifies the infiltrate of cytotoxic T lymphocytes and memory cells within
the tumor and its invasion front . The immunoscore ranges from 0 to 4 (low to high
density for these two lymphocyte populations). It predicts higher PES at the local stage,
independently of the TNM.

Exhaustion of the immune response can nevertheless occur, for example via the loss
of expression of class I HLA (Human Leukocyte Antigen) molecules as is observed with
mutations in the b2 microglobulin gene. This can be observed in 30% of MSI tumors
and it occurs less frequently in microsatellite stable tumors .

IMMUNOTHERAPY IN COLORECTAL CANCER:
FAILURES AND OPPORTUNITIES

Besides tumors with MSI, 80 to 85% of all CRC emerge in a context of chromo-
somal instability. From an immunological point of view, these tumors correspond to
«cold tumorsy, i.e. with a reduced tumor mutational burden. Their immune pheno-
type is characterized by the predominance of Th2 (anti-inflammatory) lymphocytes
over Thl (pro-inflammatory) lymphocytes . The studies that were conducted with
anti-PD-1 antibodies in metastatic CRC with stable microsatellites (MSS) have
given disappointing results. For example, the KEYNOTE 028 study tested pembro-
lizumab in 137 patients with metastatic CRC after the failure of chemotherapy. A
single partial response was reported, corresponding to the one patient with a tumor
with microsatellite instabilitypa

As previously mentioned, the immunoscore reflects the peritumoral immune in-
filtration. It is elevated in 21% of MSS CRC . It is possible that only a subset of
MSS CRC may be sensitive to immunotherapy or therapeutic combinations inclu-
ding immune therapies. A Canadian randomized study compared durvalumab (an-
ti-PD-L1) + tremelimumab (anti-CTLA-4) with best supportive care in metastatic
CRC patients after multiple lines of treatment. Patients with an MSS tumor and a
high tumor mutational burden (>28 mutations per megabase) benefited the most in
terms of OS (HR=0.34; CI 90% : 0.18-0.63; p=0.004) .

Another study examining neoadjuvant indication found evidence for potential
efficacy of immunotherapy in MSS tumors g Nivolumab and ipilimumab were ad-
ministered before primary surgery. A histological response was observed in 100% of
patients (20/20) with MSI tumours. The rate of major histological responses (<10%
viable residual tumour) was 95% (19/20) and complete histological responses were
observed in 60% (12/19) of tumors. 27% of MSS tumors (4/15) had histological
tumor regression. The intensity of the CD8+ PD-1+ T lymphocyte infiltrate was
predictive of the response in MSS tumors.

Other combinations and immunotherapy protocols are currently in early testing,
with new immune checkpoint inhibitors. A phase 1 study combined an anti-LAG-3
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antibody (favezelimab) with pembrolizumab in previously-treated metastatic CRC.
Four partial responses and one complete response occured in a total population of
89 patients. The median duration of response was 10.6 months §J.

Chemotherapy has immunostimulant effects. Oxaliplatin induces an immunoge-
nic form of cancer cell death, which could facilitate the response of the immune
system toward the tumor cells and their antigens . Bevacizumab, an antibody
that binds to VEGF-A (Vascular Endothelial Growth Factor) normalizes the tumor
vasculature and might facilitate the access of T lymphocytes to the tumor, while also
promoting the maturation of dendritic cells that present tumor antigens to effector
cells of the adaptive immune system .

The results of a randomized phase 2 study were recently published. Patients
with metastatic CRC were treated with FOLFOXIRI + bevacizumab in the control
group, and compared to an experimental arm with added atezolizumab (an-
ti-PD-L1) . As expected, the MSI subgroup (n=13) benefited greatly from the
addition of atezolizumab, with a median PFS not reached in the experimental arm
vs 6.6 months in the control group [HR=0.11, 80% CI: 0.04-0.35]. For Patients
with MSS tumors (n=183), the median PFS was 11.4 months in the FOLFOXIRI
+ bevacizumab vs 12.9 months in the FOLFOXIRI + bevacizumab + atezolizumab
arm [HR=0.78 ; CI 80%: 0.62-0.90].

The LEAP-005 trial is a phase 2 study combining lenvantinib, a multi-tyrosine
kinase inhibitor with an anti-angiogenic effect with pembrolizumab. In a population
of 32 patients with advanced MSS CRC that received multiple lines of treatment,
the rate of objective response was 22% .

Beyond the analysis of efficacy, a major objective of these studies has been to
identify predictive biomarkers that would identify patients with the greatest benefit
and major responses to immune therapies. In addition to the biomarkers that we
have already mentioned (tumor mutational burden, infiltration with T cells, immu-
noscore), experimental data demonstrate the role played by the intestinal micro-
biota in the antitumor immune response. In malignant melanomas, patients that
respond to anti-PD-1 antibodies have a bacterial population that differs from that
of non-responders, characterized by an enrichment in Bifidobacterium longum, Col-
linsella aerofaciens and Enterococcus faecium, as determined from stool samples. This
beneficial intestinal microbiota promotes the migration of a dense CD8+ cytotoxic
T lymphocyte infiltrate in the microenvironment J¥}.

NEW IMMUNOTHERAPIES AND PERSPECTIVES

One of the new strategies is based on the modification of the immune system, with
the aim of effectively directing it against the tumor, for example via the infusion of
allogeneic or autologous T cells. The CAR-T cell technology consists of modifying T
cells with a Chimeric Antigen Receptor (CAR) constructed with an antibody frag-
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ment (scFV) that recognizes a membrane antigen present on the surface of tumor
cells, and with an intracellular domain from a signaling protein of T cells. A costimu-
lation domain (CD28) was fused to CD3( in the second generation of CAR-T cells.

The third generation of CAR-T cells includes two costimulation domains fused
to CD3(.

In colorectal cancer, CAR-T therapies that are being examined target for exa-
mple the ACE, MUC-1, guanylyl cyclase C (GUCY2C), TAG72 (tumor-associated
glycoprotein), HER2, EpCAM (Epithelial-cell adhesion molecule), as well as other
antigens expressed on the surface of colonic cancer cells .

Bispecific antibodies are currently under development. By targeting two epitopes
or antigens, for example CD3 and ACE, they can bridge T lymphocytes and tumor
cells. Many phase 1/2 trials examining the possibility of targeting different antigens
are underway.

The other approaches in immunotherapy consist of using vaccines that directly sti-
mulate the host immune response via the injection of antigenic peptides or dendritic
cells loaded with antigens. For the moment, the results are disappointing. The possi-
bility of combining these strategies with anti-PD-1 and anti-CTLA-4 to bypass the ef-
fect of the immunosuppressive tumor microenvironment is actively being considered.

CONCLUSION

Immunotherapy has an established efficacity against MSI CRC, which constitute
a therapeutic niche. Today’s challenge is to address MSS CRC, that represent the
vast majority of tumors and that are naturally resistant to immunotherapy. Strategies
to increase the efficacy of immunotherapy include double combinations of immuno-
therapy (anti-CTLA4 and anti-PD1), combinations with chemotherapies, with an-
ti-angiogenics or inhibitors of tyrosine kinases, such as MEK inhibitors. CAR-T cells,
bispecific antibodies or vaccines represent a new generation of immune therapies for
which clinical results are still lacking. Certainly, progress will depend on the identi-
fication of new biomarkers. Biomarkers are essential because the variability of the
response to immunotherapy is linked to the existence of an intra-tumor heterogeneity
present at different levels, i.e. the genome, the epigenome, the transcriptome and the
tumor microenvironment (figure 2). Extrinsic causes that constitute the exposome
and reflect our lifestyle, such as the exposure to dietary or chemical agents, psychoso-
cial stress, may also have a biological impact .
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# Vaccines: peptide antigens,
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FIGURE 2. Immune therapies, possible combinations and biomarkers: intrinsic

Role of the exposome (?):
+ diet,
# exposure to chemicals,
¢ air pollution,
¢ psychosocial stress,
+ physical activity,
# alcohol & tobacco,
+ drug exposure,
# presence of bacteria,
viruses.

factors and the exposome. MSI: Microsatellite Instability.

Bennouna, J, in :

CRC 2030




REFERENCES

1. André T, Shiu KK, Kim TW, et al. Pembrolizumab in Microsatellite- Instabi-
lity-High Advanced Colorectal Cancer. N Engl J Med 2020 ; 383 : 2207-18.

2. Lenz H]J, Van Cutsem E, Limon ML, ez al. First-Line Nivolumab Plus Low-
Dose Ipilimumab for Microsatellite Instability-High/Mismatch Repair-Defi-
cient Metastatic Colorectal Cancer: The Phase II CheckMate 142 Study. ¥ Clin
Omncol 2021 ; epub. doi : 10.1200/JC0O.21.01015.

3. Pages F, Mlecnik B, Marliot F, ez al. International validation of the consensus
Immunoscore for the classification of colon cancer: a prognostic and accuracy
study. Lancer 2018 ;391 : 2128-39.

4. Kloor M, Michel S, Buckowitz B, ez al. Beta2-microglobulin mutations in mi-
crosatellite unstable colorectal tumors. Int ¥ Cancer 2007 5 121 : 454-8.

5. Thorsson V, Gibbs DL, Brown SD, er al. The Immune Landscape of Cancer.
Immumniry 2018 ; 48 : 812-30.

6. O’Neil BH, Wallmark JM, Lorente D, et al. Safety and antitumor activity of
the anti-PD-1 antibody pembrolizumab in patients with advanced colorectal
carcinoma. PL0oS One 2017 ;12 : e0189848.

7. Chen EX, Jonker DJ, Loree JM, et al. Effect of Combined Immune Checkpoint
Inhibition vs Best Supportive Care Alone in Patients With Advanced Colorectal
Cancer: The Canadian Cancer Trials Group CO.26 Study. JAMA Oncol ; 6 :
831-8.

8. Chalabi M, Fanchi LF, Dijkstra KK, er al. Neoadjuvant immunotherapy leads
to pathological responses in MMR-proficient and MMR-deficient early-stage
colon cancers. Nat Med 2020 ;26 : 566-76.

9. Garralda E, Sukari An Lakhani N, et al. A phase 1 first-in-human study of
the anti-LAG-3 antibody MK4280 (favezelimab) plus pembrolizumab in pre-
viously treated, advanced microsatellite stable colorectal cancer. ¥ Clin Oncol
2021 ;39 : 15_suppl, 3584 (abstract)

10. Wang W, Wu L, Zhang ], er al. Chemoimmunotherapy by combining oxali-
platin with immune checkpoint blockades reduced tumor burden in colorectal
cancer animal model. Biochem Biophys Res Commun 2016 ; 487 : 1-7.

11. Limagne E, Euvrard R, Thibaudin M, et al. Accumulation of MDSC and
Th17 Cells in Patients with Metastatic Colorectal Cancer Predicts the Efficacy
of a FOLFOX-Bevacizumab Drug Treatment Regimen. Cancer Res 2016 ;76 :
5241-52.

12. Cremolini C, Rossini D, Antoniotti C, ez al. FOLFOXIRI plus bevacizumab
(bev) plus atezolizumab (atezo) versus FOLFOXIRI plus bev as first-line treat-
ment of unresectable metastatic colorectal cancer (mCRC) patients: Results of

Bennouna, J, in :
@RE2030

. CRCHORIZON 2030

the phase II randomized AtezoTRIBE study by GONO. Ann Oncol 2021 ; 32 :
S1294-S5 (abstract).

13. Gomez-Roca C, Yanez E, Im SA, er al. EAP-005: A phase II multicohort
study of lenvatinib plus pembrolizumab in patients with previously treated se-
lected solid tumors—Results from the colorectal cancer cohort. ¥ Clin Oncol
2021 ;39 : 3_suppl, 94 (abstract).

14. MatsonV, Fessler J, Bao R, er al. The commensal microbiome is associated
with anti-PD-1 efficacy in metastatic melanoma patients. Science 2018 ; 359
104-8.

15. Aparicio C, Belver M, Enriquez L, ez al. Cell Therapy for Colorectal Cancer:
The Promise of Chimeric Antigen Receptor (CAR)-T Cells. Int ¥ Mol Sci 2021 ;
22:11781.

16. Morad G, Helmink BA, Sharma P, ez al. Hallmarks of response, resistance,
and toxicity to immune checkpoint blockade. Cell 2021 ; 184 : 5309-37.

Bennouna, J, in :
(CIRE 210510)




B CRC2030 T “ug -



. CRCHORIZON 2030

PREVENTION, SCREENING
AND THERAPEUTIC INNOVATION

IN COLORECTAL CANCER IN FRANCE
WHAT STRATEGIES FOR 2030?

Daniel Benamouzig ', Jean-Marc Sabaté 2, Robert Benamouzig ?,
' Sciences Po, Center for Sociology of Organizations & Health Chair,
CNRS Paris
2 Department of gastroenterology and digestive oncology,
Avicenne Hospital, Bobigny

« The future is only the present that needs to be put in order. »

Antoine DE SAINT-EXUPERY

In France, nearly 3.3 million people were treated for cancer in 2019, either considered
as "active" disease or "under surveillance", and more than 160,000 people died from
it (29% of all deaths). Between 2015 and 2019, the number of cancer patients treated
incHealth expenditure related to cancer represents 12% of total health expenditure, i.e.
20.1 billion euros in 2019 . Cancer represents a dynamic item of health expenditure
with an increase of 20% between 2015 and 2019.This increase is not only linked to the
number of patients, it can also be explained by the increase in the average cost of treat-
ment. Average health expenditure per patient treated for cancer increased by 11.4%
between 2015 and 2019.This increase is directly related to the cost of anticancer drugs
and in particular to the development of immunotherapies, whose annual cost is close to
100,000 euros per year, per patient.

Colorectal cancer is the third most common cancer in France and the second in
terms of mortality. Each year, it afflicts around 1% of insured people for a global cost
of care, as estimated by health insurance, of around 1.7 billion euros in 2019.The costs
of the medical care of colorectal cancer are mainly related to the cost of hospitalization
and treatment.

Prior to 2004, the average cost for the first year of care varied from 17,000 euros
for stage I cancers to 36,000 euros for stage IV cancers . Compared to this period,
during which inexpensive chemotherapies based on 5-FU were mainly used, current
treatments increase survival by several months or even several years in some patients.
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The estimated cost of «old» treatments (5-FU alone or combined) was around 500 eu-
ros per semester. It is currently sometimes higher than 50,000 euros per semester, i.e.
multiplied by a factor of 100.

Between 2015 and 2019, health expenditures for colorectal cancers have evolved
differently depending on the status of the cancer as being «active» or «under surveil-
lance». Healthcare expenditures for active colorectal cancer have only increased by
2.5%, compared to the increase in the number of people treated (+10% over the pe-
riod). This situation may be linked to a higher representation of early stage cancers, the
treatment of which is less costly. Healthcare expenditures for colorectal cancers under
surveillance have increased by 20% over the same period. Most of the costs are seen
during the initial phase of treatment, but they are also significant in the final stages of
the disease. A study carried out in 2015 on 15,361 patients with colorectal cancer who
died during the same year reported that cancer was the cause of death in 84% of cases
with estimated expenditure of around 48,000 euros during the last year, a large part of
which was devoted to the last month of life .

In order to control these costs, two complementary levers are potentially actionable:
more effective prevention and better economic regulation of therapeutic innovations.

DEVELOPPING AND ORGANIZING PRECISE PREVENTION

As with other cancers, prevention and screening are major strategic elements to re-
duce the burden. Screening has long been the preferred, if not exclusive, public action
tool in the prevention of colorectal cancer. Within a few years, it could evolve toward
greater personalization, while various preventive actions are expected to have increas-
ing importance in addition to screening.

Towards better, targeted-screening

Screening is a major lever in the prevention of colorectal cancers. It should remain
so because screening allows for the detection of early cancerous lesions in a context
where the stage at diagnosis is a key element of prognosis: for early-stage cancer, either
stage I or II, patient survival is as high as 90% at 5 years, whereas it is only 11% when
the cancer is diagnosed at a metastatic stage.

However, for the past decades, organized screening for colorectal cancer has been
difficult to implement in France and it only reaches part of the target population.
Screening actions come up against organisational, social and behavioral obstacles. The
participation of the population in the different screening actions varies depending on
the region considered, the specificities of the population considered (lower participa-
tion in men compared to women, population in economic precarity or geographic iso-
lation). Even when subjects participate in screening, a phenomenon known as fatigue
occurs after several negative tests that reduces the participation rate in screening in lat-
er years. In 2018-2019, participation in organized colorectal cancer screening reached
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only 30.5% of the target population in France. However, this rate does not include
the part of the population already covered by a colonoscopy performed over the last
five to ten years, a proportion that probably varies between 10 and 25% of the target
population depending on the territory. Overall, the rate is clearly below the target of
65%, leaving France well behind leading European countries, such as the Netherlands
and the United Kingdom.

The actions that are currently being evaluated mobilize two types of strategies:
one-step strategies, with an upfront colonoscopy, and two-step strategies, starting
with the search for occult blood in the stool, with or without molecular testing,
rectosigmoidoscopy, a blood test or other procedures, colonoscopy being performed
as a second step. According to a recent evaluation, the two-stage strategy with initial
fecal occult blood testing is the most cost-effective in France and should remain so.
The search for fecal DNA abnormalities associated with the search for occult blood
or upfront colonoscopy improves the efficiency of screening, but does not reach the
cost-effectiveness threshold that would be required in the general population in the
French context. The role of fecal bacterial signatures for the screening of colorectal
cancer still needs to be assessed.

In the years to come, improving adherence, the effectiveness of screening and its
efficiency could be attained by more precise targeting of the population and by direct-
ing actions toward precarious or geographically-isolated populations. The current age
limits could be revised, whether it be the lower limit of 50 years or the upper limit of
75 years. Digital awareness tools as well as the mobilization of social networks could
be used to increase the participation in screening . Incentives can also be imagined.
In North-America, some health insurers aim to increase participation in screening by
giving financial incentives, such as gift certificates of 20 Euros for those who perform a
fecal test and 100 euros for a colonoscopy .\While doing this in France might not be
possible, a deeper and up-to-date reflection on the behavioral restraint and the motiva-
tions that favor the adherence of individuals to testing and examinations could increase
participation in screening.

Organized screening programs will likely undergo changes toward more person-
alized screening for colorectal cancer. While maintaining the principles of organized
screening in the general population, the aim would be to move from mass screening to
targeted screening, paying more attention to at risk populations. This should not lead
to the renouncement of organized screening, for the benefit, for example, of individual
or opportunistic diagnoses.

Regarding organized screening, the increasing use of big data in health and
organizational simplifications are to be implemented. The optimized use of big
data, such as for example the National Health Data System (Systéme National des
données de Santé, SNDS) could help to improve prevention. Linking data from
routine biological examinations, which are not yet integrated with other health
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data, will make it possible to identify the developments in exposure to risk factors
in some patients and it may then be possible to provide them with targeted infor-
mation, promoting earlier diagnosis.

Finally, it should be possible to access tests without having to first consult a general
practitioner, the access to which is sometimes difficult. Accessing tests through other
health professionals, even those who are not at all or little involved today, could also
improve participation. The involvement of biologists, pharmacists or nurses deserves
to be evaluated.

Screening for colorectal cancer should take place in a health system with better-co-
ordinated health professionals, with better coordination between outpatient and hos-
pital care. The rapid access to ambulatory examinations and in particular colonoscopy,
and if necessary to a healthcare pathway, will require a reinforcement of the collabora-
tions between private medical practice and hospitals, which are sometimes precarious
in certain areas.

Prevention that is less medicated

Screening is now the preferred strategy for colorectal cancer. Even though it leads
to earlier diagnosis and a better prognosis, it occurs relatively late, once preneoplastic
lesions have evolved. In the rationale of public health, prevention that is less directly as-
sociated with medical care and more with the life context will significantly improve the
health benefits for individuals. Protective factors / risk factors have been better defined
and their specific contribution has been measured in recent years E This knowledge
should allow upstream interventions and hopefully behavioral changes.

The diversification of prevention strategies will allow a move from predominantly
medical prevention, oriented toward the diagnosis and early management of the dis-
ease, towards a broader approach that promotes a «healthy lifestyle» and the mainte-
nance of a good health status. The two approaches are complementary. This diversifi-
cation of actions will make it possible to involve new actors, new knowledge and new
instruments for prevention, leading to multi-professional prevention and going beyond
the scope of the health professions alone. These challenges were recently clarified with-
in the framework of the ten-year cancer control strategy for the decade to come [j.

Decrease in smoking and alcohol consumption as well as the promotion of pro-
tective nutritional factors and physical activity are considered major levers for the
prevention of colorectal cancer. Changes in lifestyle and diet in a context of rapid
changes in eating habits (the quest for healthier diets) will likely lead to a reduction
in overweight and obesity of around 20% by 2030. The role of the intestinal micro-
biota seems important and is currently being investigated 5 This trajectory requires
the voluntarism of many actors involved in different sectors, starting from food con-
sumers themselves, who are likely the only ones in a position to really influence the
strategy of the food industry.
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The role of environmental factors other than nutritional factors was recently
better defined thanks to research that aimed to explore the effects of exposure to
multiple agents (i.e. the so called "cocktails"). Precise prevention based on better
knowledge of the exposome and individual exposure factors could make it possible
to identify the risk profiles of almost any individual, according to their former ex-
posures. Better detection of cancer clusters could permit the identification of new
carcinogenic agents.

Accordingly, the role of public authorities is also bound to evolve. Today, it is limit-
ed to the organization of screening, but tomorrow its intervention tools and regulation
are likely to become more diverse. New public action tools, such as the nutritional rec-
ommendations of the National Nutrition and Health Program (Programme National
Nutrition et Santé, PNNS) or the Nutriscore, are already changing the food industry,
the way it designs and produces food. Regulations that apply to risky products, such as
ultra-processed foods, and advertising, in particular intended for the youngest people,
will need to be reinforced. Regarding the environment, the enforcement of European
regulations on chemical products is going to lead to a better control of chemical risks.
Whether it be actions related to the environment or food, they should be based on
better research organization, relying on labelling of dedicated prevention research cen-
ters as well as specific actions that would rely on already-established networks, such as
those that already exist in the field of nutrition.

The role of health insurance is likely to evolve from the historical organization that
contributes to reimbursement and shift toward an organizer of coordinated prevention,
the support of public and administrative authorities for personalized prevention.

The expected effects will go beyond only the prevention of colorectal cancer, and
will be part of a broader attempt to prevent cancers and other lifestyle-related pathol-
ogies, such as diabetes or cardiovascular diseases. Alliances with other medical special-
ties will therefore be possible and should be favored with the rationale of «multi-pathol-
ogy» prevention, by adjusting prevention toward the interest of the public rather than
the capacity of detection of the healthcare system.

Communication to the general public will require both positive actions, promoting
the appropriation of messages and people’s empowerment, and negative actions to
fight "fake news" conveyed by social networks. The mobilization of the French edu-
cational apparatus, including public schools, will also be developed. Quantified ob-
jectives have been issued with an expected reduction in the number of preventable
colorectal cancers by about a third by 2040. This national plan will be enforced at the
European level by a "European cancer beating plan".

COPING WITH THE INCREASING COSTS OF TREATMENT

The management of colorectal cancer benefits from several therapeutic innova-
tions, which illustrates the dynamism of research and responsiveness of pharmaceu-
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tical companies in terms of development. Targeted therapies, immune therapies, bio-
therapies, gene or cell therapies and possibly mRNA vaccines will offer real therapeutic
advances to patients. Nevertheless, the cost of these innovations raises the question of
their financial sustainability, considering the legitimate demand of patients, profession-
als and manufacturers and the principles of universal health insurance. Furthermore,
the corresponding pharmaceutical costs come in addition to those of other innova-
tions, including new devices necessary for surgery, such as laparoscopic instruments
or surgical robots.

The legal system that organizes the financing of French social security (Lois de
financement de la sécurité sociale, LFSS) makes budget constraints explicit and may
lead to fear that new expensive molecules might be financed to the detriment of other
items, and ultimately to the detriment of other treatments/other diseases. These issues
have been recognized for about ten years and are the subject of public debates, includ-
ing during parliamentary meetings devoted to cancer. They are also perceived by the
general population, as shown in the Viavoice survey in 2017, in which 89% of respon-
dents said they were attached to the current social model, and 42% feared that it could
no longer guarantee universal access to innovative treatments to all in the future

A system under pressure

These tensions have been taken into account since the first 2009-2013 cancer plan.
In 2009, the Economic Committee for Health Products, responsible for setting drug
prices, estimated that the acceptable cost of innovative treatments should be capped at
50,000 euros per product, per patient and per year. The decision to cover the cost of
new molecules is based on the clinical benefit assessed in terms of survival or median
duration of progression-free survival, the response rate and/or relative risk of toxici-
ty, or even the number of years of life gained expressed as quality-adjusted life year,
QALY. In the context of negotiation with manufacturers, decisions to set prices also
take into account possible savings made on specific medical consumptions after the
implementation of particular treatments and, in a less obvious manner, the calculation
of the efficiency, expressed as an incremental cost-effectiveness ratio (ICER) calculat-
ed by the French High Authority for Health.

Pharmaceutical innovation interacts with the organization of medical care at differ-
ent levels. At the beginning of the healthcare pathway, public health insurance pointed
out in 2018 that the implementation of new screening tests from 2015 had enabled a
10% increase in the number of patients treated. At the other end of the trajectory, the
effectiveness of the therapies prolongs the lifespan of the treated patients by several
months or years, and therefore the duration of use of therapeutics, sometimes to the
point that their use could become chronic. New molecules can also reduce the impact
of healthcare management, as was for example shown with Hepatitis C, whose costs
of care initially rose sharply, before decreasing. The mRNA vaccine technologies that
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have been successfully implemented for SARS-CoV-2 are now being explored in the
field of cancer and could possibly have an impact within a few years.

Irrespective of these innovations, financial sustainability requires verifying that the
use of available resources is optimized. Good practice still needs to be reinforced, for
example with a virtuous follow-up of national recommendations, such as those from
the Thesaurus National de Cancérologie Digestive (TNCD), that are proposed by
the various multidisciplinary meetings. Compared to these recommendations, some
patients are still undertreated, while other patients are treated and followed in a ques-
tionable way. This represents a small percentage of patients, but it could represent a
source for cost optimization.

Faced with the increasing costs of pharmaceutical treatments, several other options
can be considered. Certain orientations are the continuation of the existing evolutions
initiated over the past twenty years. Other options may introduce major changes, be-
yond the case of colorectal cancer or cancers in terms of drug regulation. These issues
are not specific to France and they apply to at least the whole of Europe. Whatever the
options considered, they do not only require new institutional arrangements, which are
necessarily political, but also the involvement of stakeholders and patient representa-
tives. Discussions with public authorities and companies also require the involvement
of professionals. Regarding colorectal cancer, the discussions could be organized with-
in the framework of a professional organisation, at least at the national level, and ideally
in the European context.

Contractual regulation and optimization according to efficiency

The first option is to promote collective choices on the basis of effectiveness of the
therapies assessed. A possible approach would be to differentiate priorities according
to efficiency, leading to collectively covering only real therapeutic progress. For this,
a reference threshold, implicit or explicit, could be defined with the calculation of the
cost per year of life gained with an acceptable quality of life. With the creation of the
NICE (National Institute for Health and Care Excellence) in 1999, the British pro-
ceeded in this direction for different types of diseases. In terms of cancer therapy, how-
ever, this scenario remains fairly virtual: the British have given up on it by considering
other dedicated funding systems, thus avoiding the often highly publicized social and
human dilemmas. The French "Haute Autorité de Santé" gradually acquired econom-
ic power from 2004, and this type of arbitration has never been seriously implemented
in France. It would only allow marginal regulation of the prices without supporting
significant innovations. Along this line, it should be noted that data on the efficacy of
colorectal cancer treatments are still relatively scarce.

The second option would be to strengthen contractual arrangements linking pri-
vate firms and public authorities, as payers for certain particularly expensive drugs.
Price-volume negotiations between public authorities and private companies place
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France in a contractual system reputed to be relatively efficient compared to other
countries, but this approach remains global and it is not the most transparent jl).
Another contractual avenue is that of performance-based payment via agreements be-
tween payers and hospitals for highly-expensive drugs that are not used systematically.
A pay-for-performance strategy in digestive oncology led by Medicare in the US has
not demonstrated its benefit in terms of cost reduction, eventhough a reduction in the
use of the emergency department was initially observed . However, in this Ameri-
can experiment, it led to an increase in the relevance and the quality of care. It is not
certain that such freedom is possible in the French system, which is more regulated. In
general, this type of agreement runs in the long-term and it is generally more beneficial
for manufacturers than for funders.

Shifting property rights and regulating the two types of manufacturers

A third, more radical option can also be considered. It would aim to shift the
boundary of property rights regarding innovation. While this border is well established,
the distribution between public and private actors is not intangible. On the one hand,
innovation must be rewarded with appropriate financing, guaranteeing the continu-
ation of the private investments necessary for future progress. Private actors are also
essential for ensuring the development, the industrial process and marketing of inno-
vative products. On the other hand, public actors are also very present during initial
research, during clinical research and they contribute to the solvency of the manage-
ment of innovations. In recent years, large pharmaceutical companies have increas-
ingly outsourced the initial development of innovative therapies to small startups, that
often arise from public research. This leads to an inflation of costs which are no longer
only related to the «true» costs of development and clinical research, and instead take
into account the valuations of intermediary companies that generate large profits. Thus
the collective investment in public research appears to be at least partially exploited
for the benefit of private companies, in a sector whose overall profitability exceeds that
of all the other economic sectors. One could imagine a displacement of the boundar-
ies between public and private spheres, especially over time: a significant part of the
profit would go to the industry, until payoff and investment return, then other indus-
trial actors would take over. These actors would not necessarily be state-based. They
could be private and would work under guaranteed conditions within the framework
of agreements defined by public authorities. Two types of manufacturers would exist:
innovation manufacturers, that will be able to count on significant, attractive and rapid
gains, but only for a limited period of time (which would encourage them to pursue
their search for other innovations); and generalization industries, whose prospects for
gains would be lower but for a longer time and guaranteed by public contracts. For a
number of innovations, France would probably have a good position on this second
type of market. The main tool of action here would be regulatory: allowing sovereign
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industrial players to find their place by limiting the exclusive rights of exploitation of
industrial innovators. The exact boundaries of this new system remain to be defined, in
particular the transition from one sector to another. The experience acquired in terms
of contractual regulation could favor the implementation of this type of orientation,
which may be less radical in practice than it appears in principle.

CONCLUSION

The explosion of costs linked to therapeutic progress requires a revision of actions
and established dogmas. Prevention is a major lever for action, but it is still under-
exploited. Inequalities linked to social status or geography should be the subject of
corrective actions, both in terms of prevention and management, because the current
universalist systems (high reimbursement and little remaining cost) does not guarantee
equivalent support for all. The role of patients has gradually increased in recent years,
and it will need to be further strengthened. The dissemination of erroneous informa-
tion can limit the benefits of progress by restricting the use of healthcare. Past devel-
opments reveal the need for new professional and interprofessional connections. In
addition to the requirement of collective organization, it is important to confront new
knowledge and professional practices and achieve the necessary changes. These links
will need to be strengthened through new collegial, pluralistic and open organizations.

The relationship with manufacturers needs to be revisited, including at the profes-
sional level. Manufacturers can be allies but their positions should not determine the
strategic orientations. The emergence of two classes of industries with different roles
should be encouraged within the framework of new regulation, adapted to the specific
rationale of innovation.
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. CRCHORIZON 2030

THE ROLE OF THE GASTROENTEROLOGIST
IN THE MEDICAL CARE
OF COLORECTAL CANCER
IN RELATION TO OTHER SPECIALTIES

Pierre Michel ',
' Gastroenterology Service, Hospital Charles Nicolle Hospital,
Rouen, France

« The future cannot be predicted. It is prepared. »

Maurice BLONDEL

The issue of the contribution of the gastroenterologist in the medical care of colorectal
cancer should be contextualized. Why is this question relevant today?

To answer this question, it is necessary to remember the recent history of medical
specialties. Until recently, which corresponds to the end of the 20th century, the degree
of medical doctor gave the right to exert the entire field of medicine, i.e. the physician
was an omni-practitioner. This model was suited to the development of medicine in
the first half of the 20th century, but it became progressively obsolete because of the
fast pace of evolution of knowledge, the diversity and the complexity of the technical
procedures and the quality requirements. The scientific development of medicine led
to a virtuous circle of quality with its key steps of evaluation, certification and specia-
lization. A form of industrialization of medicine has led to the current model that we
know today at the beginning of the 21th century, with its organization and financial
compensation. Medicine is now sectored, specialized and divided into a series of tasks
and acts, according to the industrial methodology, as initially theorized by the Ameri-
can engineer F-W Taylor at the end of the 19th century .

In France, the practical implementation of this approach has been acted by the
law of the 23rd of December 1982, that was implemented in 1985. This evolution has
profoundly changed the organization of the medical world with the creation of medical
specialty degrees (Diplomes d’études spécialisées, DES) that define the competence of
doctors within a specialty . Since 1985, at the end of their third cycle of medical stu-
dies, traditionally called "internship", students receive a degree with a field of compe-
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tence that is limited to their specialty. A medical doctor that specialized in hepatogas-
troenterology who graduated after 1989 (at that time, after a 4 year DES) is different
from his elders who were omniphysicians, with an additional specialization. The 2017
law further accentuated the burst of medical activity with 44 different DES .

On a technical ground, the goal of improving the medical service provided to the
population has been reached. However, this evolution also had a number of adverse
consequences. The creation of specialties with limited skill fields has created edge ef-
fects, with competence limits that are often artificially defined. The existence of bor-
ders between specialties can be a source of conflict of jurisdiction. These conflicts are
facilitated by the rigid borders that are sometimes artificially defined in a world in
constant evolution.

Colorectal cancer is a good example of this situation. How many medical special-
ties (DES) can claim all or part of the management of the pathological spectrum of
colorectal cancer?

1. The general practitioner, for the detection and monitoring of patients with co-

lorectal cancer and palliative care.

2. The radiologist, who participates in the evaluation of tumor staging and ad-
vocates a possible non-invasive diagnosis, for example by virtual colonoscopy.

3. The digestive surgeon, claiming the right to perform endoscopy based on the
rationale that endoscopy is performed by surgeons in other countries in the
world.

4. The oncologist, defending the idea that cancer treatment is too specialized to
be performed by someone else.

5. The palliative care doctor, whose early intervention is justified by the potential-
ly fatal outcome of the disease.

6. The hepatogastroenterologist, who claims the medical care of all diseases of
the digestive system and defends a global and long-term vision of the disease,
including the diagnosis of the disease as well as its prevention and screening.

Moreover, the process of Taylorism influences the scale of income and the recogni-
tion by putting the technical act and reasoning at the top of the pyramid to the detri-
ment of the human relationship. A direct consequence of this is a divestment of a large
portion of the medical world for human relationships, with less listening to the patient
and family. The relational field that is abandoned by the doctor is provided by other
professionals, such as nurses and psychologists, or even new self-invested disciplines
(coaches with various expertises, naturopaths, ...) who, over time, can become key
actors, especially if technical expertise and reasoning become even more dehumanized
by the explosion of artificial intelligence.

The quote by the philosopher Maurice Blondel "T#he future cannot be predicted.
It is prepared." offers a perspective for the years to come. To prepare for the coming
years, we need to anticipate the changes to come regarding prevention, screening
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and organization of care. We need to anticipate the available technologies to ex-
trapolate complex personalized strategies and question the role of the gastroente-
rologists and their training.

“Forecasts are difficult, especially regarding the furure™ said Pierre Dac. However, in a
2030 perspective, it is possible to anticipate a likely positioning of the main specialties
involved in colorectal cancer, including radiologists, surgeons and oncologists.

GASTROENTEROLOGISTS VERSUS RADIOLOGISTS

Regarding radiologists, technological competition exists between two methods for
the exploration of the colonic mucosa. These two technologies are colonoscopy, per-
formed under general anesthesia, which allows the precise exploration of the entire
colonic mucosa, and virtual colonoscopy (CT colonography), which allows for colonic
exploration without anesthesia. Colonoscopy has the advantage of directly examining
the mucosa, increasing the precision of the characterization of mucosal abnormalities,
and of course allowing for an eventual excision. CT colonography offers greater ac-
ceptability and sensitivity for the detection of mucosal lesions of significant size (>6
mm, or more certainly >10 mm). The most recent data in the literature suggest a
possible economic advantage of virtual colonoscopy, mainly because of its superior
acceptability . Despite several publications that advocate virtual colonoscopy publi-
shed in the last 10 years, this technology has not yet been established in France. The
need for non-invasive examination might be covered by the endoscopy unit, a possible
competitor to virtual colonoscopy . Therefore, on the 2030 horizon, the imaging
technologies should likely not directly compete with the technologies that are mastered
by the gastroenterologists for the screening and the diagnosis of neoplastic colorectal
lesions, i.e. colonoscopy and the colonic capsule.

GASTROENTEROLOGISTS VERSUS SURGEONS

Regarding surgeons, a key issue is the exclusive technical mastery. The technique
of digestive endoscopy was developed in France solely by gastroenterologists. In other
countries, such as in Italy or Germany, surgeons have also contributed to the deve-
lopment of endoscopy. Before the revision of the rules that apply to the third cycle of
medical studies in 2016, endoscopy teaching was only mentioned during the training
of gastroenterologists. Therefore, the only specialists allowed to perform endoscopic
procedures were gastroenterologists.

However, a well-organized campaign of lobbying led to the appearance of a new
option of surgical endoscopy in the training model of digestive surgeons in 2016. This
novelty was based on the alignment with other countries, in particular European coun-
tries and the evolution of surgery. This evolution was indeed marked by the develop-
ment of celioscopic surgery using rigid optics. The existence of a continuum between
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celioscopic surgery guided with optics and the endoscopy techniques was presented
to non-expert decision makers. The resemblance between the two techniques seemed
consistent to the authorities, that have retained the concept of a possible endoscopic
training for surgeons. The underlying reality is probably even more prosaic. Digestive
surgery suffers from a lack of attractiveness, being ranked at the 27th position in 2021
in the choice of specialties at the beginning of the third cycle of medical studies, while
hepatogastroenterology was ranked 13th. Over the past 10 years, the indications of
digestive surgery have been regularly discussed and their relevance has often been
questioned . Efficient medical treatments have reduced the indications of digestive
surgery, for example in the context of gastroesophageal reflux disease or sigmoid di-
verticulitis. The number of digestive surgeons might be too high regarding the indica-
tions for some procedures. For the people in charge of this discipline, it seemed urgent
to develop new activities for practitioners. Therefore, an open conflict exists that the
medical authorities will need to handle in the coming years. The image of the surgeon
remains strong in the public imagination, while that of the hepatogastroenterologist is
likely too vague to impose itself naturally when confronted with a simple but effective
argument. The gastroenterologists however master the training and thus the quality as-
sessment of endoscopy, therefore a limited impact on the discipline can be anticipated
on the 2030 horizon..

GASTROENTEROLOGISTS VERSUS ONCOLOGISTS

Regarding oncologists, the problem consists in the existence of a shared expertise.
The treatment of digestive cancers, which are diseases of the digestive apparatus, en-
ters by definition in the field of competence of hepatogastroenterology. Likewise, di-
gestive cancers are cancerous diseases, the management of which falls within the field
of competence of oncologists. There is an intersection between these two specialties.
This intersection underlines the fact that not all hepatogastroenterologists are compe-
tent to handle all digestive cancers, and conversely, that not all oncologists are compe-
tent to take care of all digestive cancers. This medical evidence however collides with
current regulations. It is easy to define a hepatogastroenterologist that is competent
in digestive oncology, by the existence of a degree called transversal training (FST) in
oncology, but there is no reciprocal recognition of hepatogastroenterological compe-
tence for general oncologists. This simple observation is already considered politically
incorrect... except for the patients!

Even more surprisingly, the French National Cancer Institute (INCa) broad-
casts incomplete information regarding cancer figures in France, by restricting the
number of doctors taking care of cancer patients to general oncologists pJ. This pre-
sentation masks the fact that there are more organ specialists that practice oncology
than there are general oncologists. A study carried out in 2012 and endorsed by INCa
showed that 79% of hepatogastroenterologists practiced oncology within the context
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of their digestive expertise, and that 32% were involved in the primary prescription
of chemotherapy J{l]. Currently, 30 to 40% of students in DES of gastroenterology
specialize in oncology. The clinical research activity is usually organized in the frame
of multidisciplinary coopoerative groups in which hepatogastroenterologists represent
the majority. In medical practice, in tertiary centers, specialists are often either hepa-
togastroenterologists specialized in oncology or oncologists who became competent in
gastroenterology. It is desirable that this situation continues because the organ special-
ties have gained a lot from their interaction with the culture of cancer, and oncology
has not lost anything from these close contacts with gastroenterologists. The access
to transversal specialized training (FST) is regulated by specialty, with around 30%
for gastroenterology, but with some fluctuations depending on the local pilot of the
FST, who is an oncology professor. The establishment of the oncology FST poses
a number of problems that are highlighted by intern unions and medical professors
of the different specialties (pneumologists, dermatologists, hepatogastroenterologists).
Certain aspects of the regulatory texts are a source of suboptimal situations and should
be revised. The coordination of FST should be collegially ensured by both oncologists
and organ specialists. This delicate situation is currently a source of tension and will
likely be detrimental to the quality of the care of patients with digestive cancer, if it is
not corrected by the 2030 horizon.

CONCLUSION

The current organization makes us consider our activities in a competitive world.
The best way to maintain our activities is to clearly define our values and the fields
of competence of our discipline. Applying a strong requirement for the quality of the
initial training and maintaining continuous training will allow us to contemplate the
future with confidence.
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MANAGING COLORECTAL CANCER
ON THE 2040 HORIZON

IS A LONG TERM VISION POSSIBLE?

Michel Robaszkiewicz !, Lucille Quénéhervé '
' Service of Gastroenterology,
CHU de Brest, France

« A book about the future can interest us only
if its prophecies look as though they might concervably come true. »
Aldous HUXLEY, foreword of A Brave New World

Considerable progress has been achieved in recent years regarding the manage-
ment of colorectal cancer (CRC). The next twenty years will see the convergence
of genetics, multi-omic analyses, digital technology, imaging, robotics and nano-
technology that will increase our understanding of how these cancers arise, how
to detect them at an earlier stage and propose effective treatments that are well
tolerated and adapted to each patient. In order to plan health policies and orient
research and its financing, it is necessary to understand the epidemiological trends
regarding CRC in the years to come.

CRC EPIDEMIOLOGY IN THE YEAR 2040

By 2040, substantial changes in cancer incidence and mortality will occur. In the
US, the most common tumors will be breast cancer, melanoma, lung cancer, followed
by CRC. According to the estimations, lung cancer will remain the leading cause of
cancer death followed by pancreatic cancer, liver cancer; CRC and breast cancer will
become the fourth and fifth most common causes of cancer-related death .

In 2020, WHO recorded 19.3 million new cases of cancer in the world, and it is
expected that the number will reach 28.4 millions by 2040. An increase of almost
50% of cancer cases is expected in the coming two decades if the current trends
are confirmed .

The increase in the number of new cases will be greater in countries with low or
intermediate income, where the survival rates are the lowest, due to the lack of re-
sources devoted to prevention. According to WHO, this is largely due to the limited
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sanitary resources of these countries, that have been mainly devoted to the fight
against infectious diseases and improving the health of the mother and child.

The trend is also relevant to CRC. Globally, the number of new cases of CRC
was 1.88 million in 2020 and it is expected to reach 3.07 millions by 2040 ; morta-
lity is expected to increase from 0.92 to 1.59 million deaths during the same period
(figure 1). The number of new cases is expected to increase the most in Asia and
Europe, with +700,000 cases and +130,000 cases, followed by Latin America and
North America, with +96,000 and +60,000 cases, respectively. The increase in the
number of cases will then be at 71% in Asia, 74% in Latin America, 25% in Europe
and 35% in North America. Africa will likely experience a doubling of the number
of new cases (60,000 in 2020, and 117,000 in 2040) (figure 2). The same trends will
likely be observed with CRC mortality.

Globalization, economic and social development of emerging countries, the
adoption of lifestyles and food-related behaviors inspired by high-income countries,
explain the increased incidence and mortality related to CRC that will be observed
in some parts of the world in the two decades to come. A study that examined the
human development index (HDI, a composite indicator of a country’s socio-econo-
mic development) and related it to geographical and time-trends regarding cancer
incidence and mortality showed that the incidence of CRC will be stable or in de-
cline in several populations with very high HDI, but that it will increase in countries
with high or medium HDI, due to the westernization and the social development and
economic life of the populations living in these countries .

In 2018, the International Agency for Research on Cancer (IARC) reported a
study aiming to estimate the proportion of new cancer cases attribuable to lifestyle or
environment-related risk factors . Among the CRC cases diagnosed in adults aged
>30 in France, 56% were attributable to exogenous risk factors in men and 40% in
women. The lifestyle determinants that had the highest impact on the risk of CRC
were food and alcohol, followed by overweight and obesity, smoking, a sedentary
lifestyle and reduced physical activity.

Among the challenges ahead, it will be important to favor primary prevention in
order to reduce these risk factors, considering that these measures also have multiple
other beneficial effects on public health beyond the prevention of CRC E Health
education, especially among young people, will be of major importance. Emphasis
should be put on the development of psycho-social skills to make individuals, in par-
ticular children, active learners and vectors of positive prevention messages. It has
been shown that risky behaviors regarding health are more frequent when individuals
have poorly developed psycho-social skills. It will also be necessary to tackle inequa-
lities between rich and poor countries, otherwise the difference in terms of mortality
among high-income countries that have adopted prevention and screening programs
and low-income countries will increase.
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FiGgure 1. Evolution of the incidence and mortality from colorectal cancer in
the world between 2020 and 2040. Source: WHO IARC. Cancer Tomorrow,
2020 . https://gco.iarc.fr/tomorrow/en/dataviz/isotype
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CANCER COLORECTAL IN YOUNG PEOPLE

Estimated number of new cases ) ) ) ) ) ) )
An increase in early-onset CRCs is expected in the coming years. Epidemio-

logical studies in several western countries, in particular in the US, show a very
significant increase in the incidence of CRC in young individuals , projected to
grow by over 90% between 2020 and 2030, and even above 120% for rectal cancer
in subjects between 20-30 years old. These cancers, defined by an occurrence be-
fore the age of 50, are diagnosed outside of the CRC screening programs. They are
usually diagnosed at advanced stages and are therefore of poor prognosis. They are
more often located in the distal colon, with poor cell differentiation and signet-ring
cells during histological examination, likely accounted for by specific risk factors
in these individuals @ Epidemiological studies have contributed to the identifica-
tion of some of the environmental parameters related to early-onset CRC, but the
knowledge of the mechanisms remains limited for this particular form of CRC.
The non-modifiable risk factors include male gender, Caucasian ethnicity, chro-
nic inflammatory bowel disease and family antecedents of CRC g The majority
of cases of early onset CRC occur sporadically and are related to environmental
or lifestyle factors. They can affect people who are obese as well as non-obese. A
number of behaviors may increase the probability of early-onset CRC, such as
western eating habits including red and processed meats, monosodium glutamate
consumption, titanium dioxide, high fructose-corn syrup, and synthetic dyes .
Lack of physical activity and/or alcohol consumption, a sedentary lifestyle, the use
of antibiotics, in particular during the first years of life, have also been identified as
risk factors. A recent hypothesis is that during pregnancy, stress factors and sleep
disorders in the mother may not only have consequences on the fetus but may also
induce epigenetic changes in children, by shaping the immune system as well as the
gut microbiome . The gut microbiome seems to be a central risk factor for ear-
ly-onset CRC. Longitudinal studies that address the hypothesis of a link between
microbial dysbiosis in early life and subsequent occurrence of CRC are required.
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Recent discoveries pave the way to research on environmental factors acting

FiGuUrE 2. Evolution of the incidence of colorectal cancer by continent between on the host and on the gut microbiome, as well as on the host-microbiome inte-
2020 and 2040. Source: WHO IARC. Cancer Tomorrow, 2020. https://gco. ractions and their contribution to the onset and progression of CRC. Overweight,
iarc.fr/tomorrow/en/dataviz/isotype obesity, reduced physical activity and the consumption of dietary fiber, sugar, red

and processed meat, as well as alcohol consumption influence the composition
of the gut microbiome . These factors are a source of dysbiosis that interferes
with the intermediate metabolism of intestinal epithelial cells and allow microbial
metabolites to enter the circulation. This promotes the recognition of bacterial
components by the innate and adaptive immune system and results in the pro-
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duction of pro-inflammatory cytokines. In patients with CRC, there is a lower
abundance of butyrate-producing bacteria, known to play a role in maintaining
intestinal homeostasis and immune tolerance (Firmicutes and Actinobacteria) and
an increased abundance in pro-carcinogenic taxa (such as Bacteroides, Escherichia,
Fusobacterium and Porphyromonas).

The gut microbiome could be modified as part of strategies to prevent CRC. It
is known that the modifications of the intestinal microbiome occur during the early
stages of colorectal carcinogenesis, and this may be used to identify individuals at
risk for colorectal adenoma. Changes in the microbiome could be used as a bio-
marker for early detection of CRC in the future and as a way to improve screening
strategies. The gut microbiome may also influence the effectiveness or toxicity of
therapeutic agents, including immunotherapies.

One goal of future research will be to better understand the complex interac-
tions established between the environment, tumor cells, the immune system and the
gut microbiome during colorectal carcinogenesis. This will require the integration
of epidemiological, microbiological and multi-omic data (genomic, metagenomic,
epigenetic, proteomic and metabolomic analyses). This approach will allow the exa-
mination of the impact of lifestyle-related factors, medications and environmental
exposure on the gut microbiome and the development and progression of cancer.

CRC MANAGEMENT IN THE YEAR 2040

The coming decades will witness progress in the fields of genetics, epigenetics,
genomics and immunotherapy, which will open up new avenues for the diagnosis
and treatment of CRC. Understanding the link between the genotype and pheno-
type will mark the beginning of an era of personalized medicine. In parallel with
the development of pharmacogenetics, we will witness the rise of pharmacoepigene-
tics . The main goal will be to take into account the patient’s particularities. The
healthcare pathways will gradually transform into personalized pathways, adapted
to each individual. This personalization of treatment will pave the way to precision
medicine. Every patient will have a digital avatar to integrate medical data in order to
offer the most suited treatment. Computer-assisted biosimulation will increase our
understanding of how molecules behave in the body of a patient, even before they
are introduced, and therefore allow the comparison of the responses of organisms to
different medical approaches .The i silico trials will not replace i vivo and i vitro
testing, but they will accelerate the development of treatments. Clinical research will
benefit from the potential of numerical simulation, by improving the design of trials,
the early identification of potential problems raised by a molecule and by reducing
their cost. The use of targeted therapies could involve 50% of patients in the years
to come, instead of the current 10 to 20%; this will require the reexamination of the
requirements for clinical trials. The challenge will also involve the processes of marke-
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ting and reimbursement, that will need to be adapted to the fast pace of therapeutic
innovation. Genomics will provide new avenues for the development of immunothera-
pies, including monoclonal antibodies, immune checkpoint inhibitors (ICI), adoptive
transfer of cells and anti-cancer vaccines. ICI have proved effective in patients with
microsatellite instability; however the majority of patients with CRC do not respond to
ICI due to insufficient activation of the immune system. New research will help to de-
sign vaccines against cancer and associate these vaccines with other therapies designed
to strengthen antitumor immunity. The study of tumor cell composition and tumor
heterogeneity will be facilitated by the progress of microfluidics and bioinformatics,
allowing individual analysis of thousands of cells. Single-cell analyses will allow the
multidimensional study of the genomic, transcriptomic, epigenomic and proteomic
characteristics of tumor cells and their microenvironment ﬁ

They will increase our understanding of the complex interactions between can-
cer cells and immune/stromal cells, in order to track the molecular mechanisms
involved in the response or resistance to immunotherapy. These techniques will be
essential for the conception of targeted treatments that will be adapted to the indi-
vidual situations of patients. Strategies combining nanotechnologies and immuno-
therapy will also be an important area of research . Nanoparticles can be used
as vectors to deliver an immune cargo to stimulate an immune response directed
against tumors. They could be used to bypass the immunosuppression induced
by the presence of cancer, and even to deliver antigens and adjuvants to memory
immune cells. In addition, multifunctional nanoparticles offer the possibility of
targeted delivery that can improve the efficacy of immunotherapy and reduce side
effects caused by non-specific administration. The specific targeting of immune
cells, in combination with real-time bio-imaging of the tumor tissue, opens a new
field of nanotechnology-based immunotheranostics. Nanoparticle-based carriers
will offer the possibility of modulating the microbiome by delivering live bacteria
to the digestive tract. However, several key challenges must be addressed; the sys-
tems used for the administration of nanoparticles will have to be biocompatible,
biodegradable and have low toxicity.

CONCLUSION

All these projects will require significant investments in high performance tech-
nological platforms. They will raise new challenges regarding archiving of biolo-
gical material, the storage of big data and the analysis of sensitive data. Another
challenge will be to establish fruitful collaboration, on the one hand, between aca-
demic researchers and private company employees to favor the emergence of new
therapies and, on the other hand, physicians. Translational research in cancerology
will be fostered by research consortia at the national and international levels. The
creation of computer platforms for health data, such as the Health Data Hub in
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France, will permit the storage and the use of medical and molecular data from
multiple sources, by providing project leaders an easy, unified and secure access to
these data. The complexity of the analysis and interpretation of the results will re-
quire active collaboration with computer scientists and mathematicians to extract
the relevant information. The conception of systems operating with large com-
puting capacity, artificial intelligence and algorithms of machine learning (deep
learning) will allow the synthesis and modeling of the big data to better understand
the tumor microenvironment and colorectal carcinogenesis, helping to make better
medical decisions. In this context, ethical criteria will become critical in the evalua-
tion and the dissemination of innovative therapeutics.
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PRIORITIES FOR RESEARCH

QUESTIONS TO ERIC VAN CUTSEM

Eric Van Cutsem is a head of Digestive Oncology
and Professor at the University of Leuven, Belgium

[HOW CAN TRANSLATIONAL RESEARCH BE PROMOTED?,

Great progress has been made in the knowledge and research on colorectal cancer,
leading to many therapeutic advances and to an improved outcome for patients
with colorectal cancer.

An important condition for progress is acquiring more integrated knowledge on all
factors that influence the pathogenesis, molecular biology, diagnosis and treatment
of colorectal cancer. In depth knowledge can only be acquired via fundamental and
clinical research projects. Crucial here is the link between fundamental and clinical
research via translational research.

Many aspects/conditions are important to fulfill : in depth knowledge of biology of
colorectal cancer ; multidisciplinary & multimodal approaches are needed ; impro-
ved diagnostic techniques (pathology, molecular biology, endoscopy, radiology) ;
personalization and individualization of patient management.

New innovative research projects and developments are needed. Here integration
of translational research is important so that the link between clinical and funda-
mental research can be made.

The starting point for these translational research projects are clinically-oriented
questions starting from the clinical needs and questions in relation to the patient
and the disease.
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HAT IS THE ROLE OF THE DOCTOR-RESEARCHER PARTNERSHIP

IN TRANSLATIONAL RESEARCH?

The physician involved in new innovative developments should have a creative and
innovative way of thinking on evidence-based guidelines and should be able to inte-
grate open scientific questions with a direct impact on the diagnosis and therapy of
patients with colorectal cancer.

A “partnership” between physician-researcher has therefore major advantages to
more concretely define the needs for research questions and to define these ques-
tions more concretely.

He/she is very well placed to integrate and implement the research questions into the
clinical management and can work out the feasibility of these clinical/translational
questions in the flow of patients with colorectal cancer.

In this process the evaluation of the impact of diagnostic and therapeutic strategies in
subgroups of colorectal cancer is very important. Indeed, it is more and more clear
that colorectal cancer is a heterogeneous disease, with different pathways involved in
the pathogenesis of colorectal cancer, with different genetic backgrounds, with diffe-
rent age groups, with different molecular characteristics and molecular subgroups
and with different immuno-phenotypes.

In order to understand these different aspects and patterns and to integrate the diffe-
rent dimensions, translational research projects are crucial.

HAT IS THE BEST WAY TO ASSESS THE EFFECTIVENESS OF MEDICAL DEVICES IN ONCOLOGY

D PROMOTE THEIR USE IN CLINICAL PRACTICE?

New developments and trial ideas should be evaluated and measured within the
clinical & translational trial by using adequate endpoints and should also be eva-
luated in clinical practice. Confirmation of the impact in Real World Projects/Trials
is equally important.

In order to understand the impact of clinical and translational research projects,
adequate evidence-based and innovative endpoints should be developed and used.
These trials and Real World Endpoints include evident endpoints, such as measuring
the impact on survival, progression free survival (disease control), response rate (tu-
mour regression) and patient reported endpoints (quality of life), as well as more
innovative research endpoints involved in translational research, such as biomarker
driven endpoints and pharmacodynamic endpoints, based on repetitive tumour
biopsies, liquid biopsies looking at circulating DNA and serum proteins.

HAT WILL BE THE PLACE OF IN SILICO CLINICAL RESEARCH IN THE DEVELOPMENT

(OF NEW THERAPEUTIC INDICATIONS?

In silico experiments are experiments performed using computers or via computer
simulation. In the future n silico experiments will probably be hypothesis generating
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in colorectal cancer and may be used in further research and screening for diagnostic
characteristics and for molecular & immunologic characteristics and patterns, but
will need validation in the real world clinical situations.

Indeed, the integration of Artificial Intelligence in pathology, endoscopy, radiology
and molecular biology of colorectal cancer is an emerging additional tool and is a
very promising method to detect patterns and to discover new pathways involved in
cancer development and growth.

HAT IS THE BEST WAY TO DEVELOP STRATEGIC, INDUSTRIAL OR ACADEMIC TRIALS?)

Both academic research and industrial research have specific goals and may there-
fore have different requirements and designs. Both types of trials are very important
and should have the goal of improving our knowledge & understanding of colorectal
pathogenesis, diagnostic tools and therapeutic modalities. But collaboration between
academia and the industry is very important in every aspect in view of the specific
background, knowledge, research capacities and expertise of academia and industry
and it is therefore clear that collaboration is crucial.

OW SHOULD ACADEMIC TRIALS BE DEVELOPED WHEN IT COMES

O EVALUATING A DRUG THAT IS ALREADY ON THE MARKET?

The initial goal of industry is to bring a new anticancer drug to the market.

Even if this is initially successful, further knowledge should be retrieved to demons-
trate the real impact in real world situations, and to understand the effect and activity
in specific subgroups (clinical and molecular subgroups) and also in other indica-
tions (other lines of treatment and other tumour types).

These projects may be driven and led by industry or by academia or in an ideal world
by a collaboration between the two. The final goal should indeed be improved out-
come and maximal benefit to patients with colorectal cancer or other cancers.

The art, as well as a great challenge, is therefore to find a model in which we can
collaborate and can trust the knowledge of academic AND industry trials and not
the knowledge of academic OR industry trials through a collaboration which leads
to a win-win scenario for everyone, and especially for patients with colorectal cancer.

HAT ABOUT THE DEVELOPMENT OF ACADEMIC TRIALS FOR NICHES

HAT INVOLVE FEW PATIENTS?

Trials on small subgroups of more frequent cancers and in rare cancers are challen-
ging, because of the increasing complexity, the increasing costs of research trials
and the difficulty of making clear, sound and solid assumptions that lead to strong
conclusions in trials.

Therefore, the development of these research trials should be done in a collabora-
tive manner between academia and industry, in which the scientific and operational
knowledge of the different partners should be respected. The financial limitations
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IVD solutions through partnership

and prospects for the potential financial impact of the trials should also be shared in MOSt

a transparent way. G rouv p

Upfront and transparent information sharing is therefore important and developing
the trials in real collaborative steering committees is crucial for successful studies with

great impact on the outcome of patients with colorectal cancer and other cancers. O ( ' f '
—
[How CAN WE RECONCILE THE SLOW PROGRESS IN CLINICAL RESEARCH AND THE NECESSITY e n S O 1
<

 PRIORITIES FORRESEARCH

TO RAPIDLY ASSESS NEW «BREAKTHROUGH» DRUGS IN EUROPE?

Since research projects are time- and money-consuming and since the fast evolution

of the progress in our scientific knowledge requires rapid and intense interactions, Immunological test l‘Of excellence fOf
dynamic models and fast implementation of clinical and translational research is ) (9 .
absolutely necessary in order to avoid that the trials become outdated and the results or ganlzed colorectal cancer screening

obsolete while the trials are ongoing, even before the results become available.
Therefore, dynamic steering committees need to work on accurate implementation
and follow-up plans of the trials.

[HOW TO INTEGRATE ACADEMIC CLINICAL RESEARCH FROM DIFFERENT EUROPEAN COUN-|

TRIES IN A CONTEXT OF DIFFERENT AND COMPLEX NATIONAL REGULATORY AUTHORITIES?

The EU Clinical Trials Directives aim to facilitate the internal market in medicinal
products within the European Union, while at the same time maintaining an appro-
priate level of protection for public health. It seeks to simplify and harmonize the
administrative provisions governing clinical trials in the European Community, by
establishing a clear, transparent procedure. However, they add an important layer of o
complexity and extra bureaucratic requirements and conditions on the trials, which qu‘ -
have the risk of slowing down the project. 3
Therefore, professionalization of the academic trial organization is needed, as well

as structured interactions with the various partners in trials and research projects.

d"c:m

D FINALLY, WHAT ARE THE CURRENT PRIORITIES IN TERMS OF RESEARCH

"
e

AND THE ORGANIZATION OF HEALTH CARE?|

It is crucial to structure health care around expertise and high volume and it is
essential to integrate in these clinical structures clinical and translational research
groups, which have both a clinical and a research task. Key players are certainly the
experienced clinicians/researchers who can also fall back and rely on fundamental
research teams and who are able to implement innovation in clinical & translational
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