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Colorectal cancer
Evelien Dekker, Pieter J Tanis, Jasper L A Vleugels, Pashtoon M Kasi, Michael B Wallace

Several decades ago, colorectal cancer was infrequently diagnosed. Nowadays, it is the world’s fourth most deadly 
cancer with almost 900 000 deaths annually. Besides an ageing population and dietary habits of high-income countries, 
unfavourable risk factors such as obesity, lack of physical exercise, and smoking increase the risk of colorectal cancer. 
Advancements in pathophysiological understanding have increased the array of treatment options for local and 
advanced disease leading to individual treatment plans. Treatments include endoscopic and surgical local excision, 
downstaging preoperative radiotherapy and systemic therapy, extensive surgery for locoregional and metastatic 
disease, local ablative therapies for metastases, and palliative chemotherapy, targeted therapy, and immunotherapy. 
Although these new treatment options have doubled overall survival for advanced disease to 3 years, survival is still 
best for those with non-metastasised disease. As the disease only becomes symptomatic at an advanced stage, 
worldwide organised screening programmes are being implemented, which aim to increase early detection and 
reduce morbidity and mortality from colorectal cancer.

Epidemiology
Colorectal cancer accounts for approximately 10% of all 
annually diagnosed cancers and cancer-related deaths 
worldwide.1 It is the second most common cancer diag
nosed in women and third most in men. In women, 
incidence and mortality are approximately 25% lower 
than in men. These rates also vary geographically, with the 
highest rates seen in the most developed countries 
(�gure 1). With continuing progress in developing 
countries, the incidence of colorectal cancer worldwide is 
predicted to increase to 2•5 million new cases in 2035.1,3 
Stabilising and decreasing trends tend to be seen in highly 
developed countries only. These have been primarily 
attributed to nationwide screening programmes and 
increased uptake of colonoscopy in general, although 
lifestyle and dietary changes might also contribute.4 In 
contrast, a worrying rise in patients presenting with 
colorectal cancer younger than 50 years has been observed, 
especially rectal cancer and left-sided colon cancer.5�8 
Although genetic, lifestyle, obesity, and environmental 
factors might have some association, the exact reasons for 
this increase are not completely understood.

Risk factors
In epidemiological studies, male sex and increasing age 
have consistently shown strong associations with disease 
incidence. Both hereditary and environmental risk 
factors play a part in the development of colorectal cancer 
(�gure 2). Positive family history seems to have a part in 
approximately 10�20% of all patients with colorectal 
cancer,9 with varying risk depending on number and 
degree of a�ected relatives and age of colorectal cancer 
diagnosis.10 Based on twin and family studies, estimates 
for heritability of colorectal cancer range from 12% to 
35%.11,12 Although several genome-wide association 
studies of colorectal cancer have successfully identi�ed 
cancer susceptibility genes (common single-nucleotide 
polymorphisms) that are associated with colorectal 
cancer risk, most factors causing heritability are still 
elusive and subject to further study.13 A subgroup of 
approximately 5�7% of the patients with colorectal cancer 

is a�ected by a well de�ned hereditary colorectal cancer 
syndrome.14 Making the diagnosis is important as it 
provides the patient an optimal surveillance strategy to 
prevent colorectal cancer, an optimal surveillance for 
extracolonic cancers if applicable, optimal treatment in 
case of incident colorectal cancer, and appropriate 
surveillance advice for relatives at risk. Moreover, patients 
with long-standing in�ammatory bowel disease and 
those with a previous history of colorectal cancer or 
adenomas are at an increased risk for colorectal cancer 
and require adequate surveillance.15�17

Hereditary colorectal cancer syndromes can be sub
divided as non-polyposis (Lynch syndrome and familial 
colorectal cancer) and polyposis syndromes. The polyposis 
syndromes are more easily recognised as the physician is 
alerted by the number of polyps. The type of polyps might 
lead directly to the appropriate diagnosis. Lynch syn
drome, however, is frequently missed as those patients 
have few adenomas and those adenomas morphologically 
resemble sporadic lesions. Therefore, a systematic mole
cular analysis of tumour tissue in patients of any age or a 
subgroup of those younger than 70 years is now used to 
improve the diagnosis of this genetic syndrome. Lynch 

Lancet 2019; 394: 1467�80

Department of 
Gastroenterology and 
Hepatology (Prof E Dekker PhD, 
J L A Vleugels PhD), Department 
of Surgery (Prof P J Tanis PhD), 
and Department of Internal 
Medicine (J L A Vleugels), 
Amsterdam University Medical 
Centers, Location Academic 
Medical Center, Amsterdam, 
Netherlands; Department of 
Medical Oncology, University 
of Iowa, Iowa City, IA, USA 
(P M Kasi MD); and Department 
of Gastroenterology and 
Hepatology, Mayo Clinic, 
Jacksonville, FL, USA 
(Prof M B Wallace MD)

Correspondence to: 
Prof Evelien Dekker, Department 
of Gastroenterology and 
Hepatology, Amsterdam 
University Medical Centers, 
Location Academic Medical 
Center, 1105 AZ Amsterdam, 
Netherlands 
e.dekker@amsterdamumc.nl

Search strategy and selection criteria

We identi�ed articles for this Seminar by searches of 
MEDLINE, Embase, and Cochrane databases, and references 
from relevant articles, with various combinations of the 
search terms �adenoma�, colon cancer�, �colorectal cancer�, 
�colorectal neoplasms�, �colorectal tumor�, �chromosomal 
instability�, �diagnosis�, �drug therapy�, �epidemiology�, 
�genomic instability�, �microsatellite instability�, �molecular 
pathogenesis�, �morbidity�, �mortality�, �prevention�, 
�prognosis�, �quality of life�, �radiotherapy�, �rectal cancer�, 
�risk factors�, �screening�, �serrated neoplasia�, �surgery�, 
�survival�, and �therapy�. We excluded articles solely reported 
in the form of abstracts or meeting reports. We included 
articles published only in English between Jan 1, 1980, 
and May 31, 2019.
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syndrome is caused by a dysfunction of the DNA 
mismatch repair system, characterised by expansion or 
contraction of microsatellite regions in the tumour 
compared with healthy tissue, called microsatellite 
instability (MSI), and found at molecular analysis. Also, 
these tumours show de�ciency of mismatch repair 
proteins on immunohistochemistry. However, MSI is 

not speci�c for Lynch syndrome, and approximately 15% 
of sporadic colorectal cancers also demonstrate MSI. 
Because of the accelerated adenoma�carcinoma pathway, 
patients with Lynch syndrome are advised to undergo 
frequent, 1�2 yearly, colonoscopy from age 20 years to 
25 years.14,18 Besides, these patients are also at an increased 
risk for endometrial cancer and other malignancies (eg, 

Figure �: Age-standardised cancer incidence (A) and mortality (B) rates for countries in �ve continents according to the latest WHO International Agency for Research on Cancer �gures1

Age-standardised rates (ASR) are summary measures of the rate that a population would have if it had a standard age structure. Standardisation is necessary when comparing several populations that 
di�er with respect to age because age has a powerful in�uence on the risk of being diagnosed with or dying from cancer. Dotted and dashed lines on maps represent approximate borderlines for which 
there might not yet be full agreement. Reproduced from Ferlay et al,† by permission of the International Agency for Research on Cancer.
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cancers of the small bowel, stomach, ovaries, renal pelvis 
and ureter, and hepatobiliary system).

Several, largely modi�able, environmental lifestyle 
factors increase colorectal cancer risk, such as smoking,19 
excessive alcohol intake,20 increased bodyweight,21 and 
red and processed meat intake.22 Although type 2 
diabetes and colorectal cancer share some of the same 
risk factors (such as obesity and physical inactivity), 
individuals with type 2 diabetes maintain their in
creased risk after correcting for these factors.23 Colonic 
microbiota research suggests that infection with speci�c 
bacterial species, such as Fusobacterium nucleatum and 
Bacteroides fragilis, might increase the risk for colorectal 
cancer.24�26

Pathogenesis
Most cancers arise from a polyp. This process begins 
with an aberrant crypt, evolving into a neoplastic 
precursor lesion (a polyp), and eventual progressing to 
colorectal cancer over an estimated 10�15 year period. 
The cell of origin for the majority of colorectal cancers is 
currently assumed to be a stem cell or stem-cell-like 
cell.27,28 These cancer stem cells are the result of progres
sive accumulation of genetic and epigenetic alterations 
that inactivate tumour-suppressor genes and activate 
oncogenes. Cancer stem cells reside in the base of the 
colonic crypts and are essential for the initiation and 
maintenance of a tumour.27,28 Investigating the regulatory 
mechanisms that control the growth of these cancer 
stem cells is a promising area of investigation for 
possible therapeutic agents and preventive treatment.29,30

Globally, there are two major distinct precursor lesion 
pathways (�gure 3): the traditional adenoma�carcinoma 
pathway (also referred to as the chromosomal instability 
sequence) leading to 70�90% of colorectal cancers, and 
the serrated neoplasia pathway (10�20% of colorectal 
cancers). These pathways represent distinct multiple 
genetic and epigenetic events in a rather sequential 
order.32 Chromosomal instability phenotypes typically 
develop following genomic events initiated by an APC 
mutation, followed by RAS activation or function loss of 
TP53. Conversely, the serrated neoplasia pathway is 
associated with RAS and RAF mutations, and epigenetic 
instability, characterised by the CpG island methylation 
phenotype, leading to microsatellite stable and instable 
cancers. Further genome-wide studies have also identi�ed 
newer markers and phenotypic subtypes on the basis of 
mutations present (eg, presence of polymerase-� or POLE 
mutations or mismatch repair de�ciency [dMMR]) 
leading to a hypermutated phenotype.

Left-sided versus right-sided disease
Molecular features of right-sided (proximal) colon 
cancers are di�erent when compared with left-sided 
(distal) colon cancers and rectal cancers (�gure 4). Apart 
from molecular di�erences, embryological, biological, 
and anatomical differences exist between left-sided and 

Figure �: List of modi�able and non-modi�able risk factors for colorectal cancer
Although data for some risk factors (eg, smoking and processed meat consumption) are convincing, other factors 
(eg, menopausal hormone therapy) exist, for which data are more suggestive. NSAIDs=non-steroidal 
anti-in�ammatory drugs.
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Figure �: Colorectal cancer development pathways
Conventional adenomas progress by the sequential accumulation of genetic mutations and chromosomal 
instability causing microsatellite stable tumours (A). The sessile serrated neoplasia pathway is often, but not 
always, initiated by genetic mutation of BRAF or KRAS genes but then progresses by methylation of tumour 
suppressing genes (CpG island methylator phenotype [CIMP]; B). Both microsatellite stable and unstable tumours 
can result, depending on the genes epigenetically silenced as the lesions progress. Microsatellite instability is the 
result of defective DNA repair through inactivation of mismatch repair genes and is epitomised by the germline 
mutation of mismatch repair genes that is also seen in Lynch syndrome (C). There is some overlap between 
microsatellite stable and instable pathways. Comparatively, little is known about the traditional serrated pathway, 
but evidence is accumulating that this is a distinct molecular subtype. Adapted from reference 31, by permission of 
East and colleagues. FAP=familial adenomatous polyposis.

Adenoma–carcinoma pathway 
(70–90%)

Microsatellite stable colorectal 
cancer 

FAP Sporadic Traditional 
serrated

Lynch syndrome

Germline mutation in MMR 
genes

Sessile 
serrated

Serrated neoplasia pathway 
(10–20%)

Microsatellite instability 
(2–7%)

Germline 
APC 
mutation

APC 
mutation

KRAS and
BRAF

SMAD�

TP��

Microsatellite stable and 
instable colorectal cancer 

Microsatellite instable 
colorectal cancer 

KRAS and 
BRAF 
mutation

BRAF 
mutation

MGMT MSH�,�

MLH� MLH�,�

CIMP PMS�,�

A B C



Seminar

1470	 www.thelancet.com   Vol 394   October 19, 2019

right-sided colorectal cancer. Sidedness has a key role, 
particularly in the metastatic setting and is increasingly 
being recognised as a predictive marker of response to 
anti-EGFR drugs.33,34

Consensus molecular subtypes
In 2014, on the basis of gene expression, colorectal cancer 
was classi�ed into four molecular subtypes (consensus 
molecular subtypes [CMS] 1�4).35 The genes or pathways 
implicated are unique to each CMS (MSI immune [CMS1], 
canonical [CMS2], metabolic [CMS3], and mesenchymal 
[CMS4]). Right-sided colorectal cancers are more often 
MSI-immune and metabolic tumours.36 Although the 
sidedness and mutation status (RAS or RAF) of tumours 
are factors that help to choose systemic treatments, the 
CMS classi�cation is being explored in clinical trials as a 
prognostic or predictive marker.

Diagnosis
Clinical symptoms
Patients can present with a wide range of signs and 
symptoms such as occult or overt rectal bleeding, change 
in bowel habits, anaemia, or abdominal pain. However, 
colorectal cancer is largely an asymptomatic disease 
until it reaches an advanced stage. By contrast, rectal 
bleeding is a common symptom of both benign and 
malignant causes, and therefore additional risk factors 
might be needed to help identify those people who 
should undergo further investigation by colonoscopy. 
New onset rectal bleeding should generally prompt 
colonoscopy in individuals aged 45 years or older. 
In younger patients, additional factors are used to 
identify those at highest risk for colorectal cancer 

(eg, having a family history of colorectal cancer, change 
in bowel habits, unexplained weight loss, and blood 
mixed with the stool as opposed to blood on the surface 
of the stool).37

Endoscopy
For diagnosing colorectal cancer, colonoscopy is the 
method of choice. Colonoscopic identi�cation of 
advanced lesions is relatively straightforward, but early 
colorectal cancers might appear as very subtle mucosal 
lesions (eg, an innocuous �at laterally spreading polyp; 
�gure 5). To ensure detection, these lesions require 
careful and complete mucosal inspection and optimal 
bowel preparation. These and other factors, like adenoma 
detection by an endoscopist, have been associated with 
the risk of developing colorectal cancer after colonoscopy 
(postcolonoscopy colorectal cancers) and are used as 
quality indicators for colonoscopy.38�40

Imaging
CT colonography is used as a complementary imaging 
method for the diagnosis of polyps and colorectal cancer 
(eg, after incomplete or inadequate colonoscopy). 
Imaging methods however are mostly used for accurate 
locoregional and distant staging. In rectal cancer, loco
regional staging is routinely done by MRI, and guides 
further treatment decisions.42 Locoregional staging for 
colon cancer has become more important as neoadjuvant 
systemic therapy has the potential to downsize locally 
advanced tumours. CT scans are routinely used for this 
purpose, although with restrictive accuracy.43 Distant 
staging of liver and lungs is routinely done with CT, with 
an increasing role of MRI for further determination of 
liver lesions. PET-CT imaging is increasingly being used 
but its exact role for staging and assessment of disease 
burden in advanced cases is still debated.44

Laboratory
In addition to obtaining a complete blood count, all guide
lines recommend checking carcinoembryonic antigen 
concentrations at the time of diagnosis.45 An elevated 
baseline carcinoembryonic antigen concentration is 
associated with worse prognosis, and concentrations that 
do not normalise in the postoperative phase might indicate 
residual disease.

Pathology
Histology is still the basis for pathological staging and 
subsequent management. Besides the classic TNM stag
ing, histological subtyping, grading, and histological 
assessment of lymphatic, perineural, and venous invasion, 
the value of a multitude of tumour-based markers 
(including mismatch�repair testing and immunoscore) is 
increasingly being recognised.44,46�48 Universal mismatch�
repair testing is being adopted not only for the 
identi�cation of Lynch syndrome, but also because of 
implications for adjuvant �uoropyrimidine-based therapy, 

Figure �: Di�erences in right-sided versus left-sided colon and rectum
Simplistic schematic representation or right-sided colon (cecum, ascending colon, hepatic �exure) versus left-sided 
colon (splenic �exure, descending colon, sigmoid, rectosigmoid) and rectum representing a continuum of changes 
secondary to di�erent embryological origin. Arbitrarily, two thirds of transverse colon are considered right-sided. 
The �gure is a simplistic cartoon re�ecting the heterogeneity and the continuum of changes seen in patients with 
colorectal cancers. *Please note that the prognosis of overall being worse for right-sided colon cancers does not 
apply to all stages of cancers and is primarily seen in metastatic setting with respect to response to anti-EGFR and 
anti-VEGF therapies. With more of the right-sided tumours being MSI-high, although historically these tumours 
had worse prognosis because of being relatively resistant to chemotherapy, they now have immunotherapy as an 
option. Therefore, the outcomes for these tumours are evolving and changing. CMS=consensus molecular 
subtypes. MSI=microsatellite instability.
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and the potential of identifying patients with metastatic 
colorectal cancer who would bene�t from immuno
therapy.48 Mismatch�repair testing is done by immuno
histochemistry, and most institutions resort to 
PCR-based MSI testing only if the results are equivocal. 
RAS and RAF mutations regulate proliferation, 
apoptosis, and angiogenesis and have an evolving role as 
prognostic and predictive markers in the treatment of 
colorectal cancer.49�51

Management
Endoscopic treatment
Some early cancers are amenable to local treatment 
only. The incidence of these early colorectal cancers 
have increased because of colorectal cancer screening 
programmes. Upon diagnosis, malignant polyps might 
be resected endoscopically in an en-bloc manner, thus 
allowing for a precise assessment of high-risk features 
(submucosal invasion depth, di�erentiation, lymphatic 
invasion, and tumour budding) and deep and lateral 
margins by the pathologist. The decision on adjuvant 
surgery with mesenteric lymphadenectomy is chal
lenging and depends on the estimated oncological and 
operative risk, and the preferences of the patient.

Depending on its size, appropriate endoscopic resec
tion techniques for T1 cancers (�gure 6) are en-bloc 
endoscopic mucosal resection, endoscopic submucosal 
dissection, and endoscopic full-thickness resection. The 
last two techniques should be considered when there is a 
high suspicion of super�cial submucosal invasion, to be 
assessed on the basis of mucosal pit pattern analysis, 
polyp morphology, and other endoscopic aspects of the 
colorectal lesion.52�54 These resection techniques require 
substantial technical skills55 and should be done in 
centres with such expertise.56 Doctors and patients 
should be aware that endoscopic resection is a viable 
option for many large polyps and T1 cancers. Several 
studies have suggested that endoscopic removal is both 
safer and less expensive than surgery.57�60 Unfortunately, 
many patients with such a lesion are still referred for 
surgery without discussion of endoscopic resection 
options.61,62

Surgical treatment
Surgery is the cornerstone of curative intent treatment. 
Quality of colorectal cancer resection is crucial and can be 
assessed with objective parameters. Postoperative imaging 
studies have shown that surgical quality could be further 
optimised,63 stressing the importance of training and 
specialisation of surgeons.

Surgery for colon cancer has been optimised by the use 
of sharp dissection along the embryological planes 
within the mesofascial interface, according to the so-
called complete mesocolic excision principle. A still 
controversial topic is the extent of lymphadenectomy, 
because no evidence shows the bene�cial impact of 
extensive (D3) versus more limited (D2) dissection on 

oncological outcome and it might increase morbidity.64 
Laparoscopy has become the standard technique for 
colon cancer in many countries worldwide, with proven 
short-term bene�ts in randomised trials and population 
studies.

Surgery for rectal cancer is more complex related to 
the accessibility and intricate anatomy of the pelvis. 
Total mesorectal excision is the standard oncological 
approach to rectal cancer, and extent of resection further 
depends on involvement of the sphincter complex and 
other surrounding structures. In rectal cancer, the role 
of conventional multiport laparoscopy is still debated.65 
Transanal minimally invasive total mesorectal excision 
and robot-assisted laparoscopic total mesorectal excision 
might improve results for mid-rectal and distal rectal 
cancer, but these techniques require a high degree of 
expertise and still have to prove additional value.66,67

Colorectal cancer can also present as an emergency 
with obstruction or perforation. Colonic obstruction can 
be relieved by a decompressing colostomy or endoscopic 

Figure �: High-de�nition images of a �at, lateral-spreading polyp
(A) High-de�nition white light image. (B) Close-up view, using narrow band 
imaging�an endoscopic imaging technique that highlights the mucosal surface 
and can help with detection and di�erentiation of colonic lesions. The yellow 
dotted lines indicate the borders of the lesion.

A

B



Seminar

1472	 www.thelancet.com   Vol 394   October 19, 2019

stenting, after which staging and patient status can be 
optimised. Decision for stenting should be multi
disciplinary since it can limit the later use of anti-VEGF 
drugs due to risk of perforation.

Radiotherapy for rectal cancers
As opposed to postoperative radiotherapy, several his
torical trials have shown the bene�t of preoperative 
radiotherapy in reducing the risk of local recurrence.68 The 
absolute risk reduction that is achieved by preoperative 
radiotherapy depends on the clinical stage and quality of 
surgery. This evidence has informed a tailored approach, 
with radiotherapy reserved for intermediate to high-risk 
cancers on the basis of MRI staging.69

Chemoradiotherapy is the most used therapy, with 
a dose of 45�50 gray in 25�28 fractions, and with a 
�uoropyrimidine as radiation sensitiser.70 Downsizing is 
achieved in most patients and complete response occurs 
in at least 15�20%. Time interval to surgery is still a 
subject of debate, but is generally 8�10 weeks.71,72 Dose 
intensi�cation of radiotherapy is the subject of studies, 
including addition of a local boost (NCT01951521). 
Short-course radiotherapy (5 × 5 Gy) has been a popular 
schedule in Europe for resectable rectal cancer. Although 
historically followed by immediate surgery, a 4�8 week 
interval with the advantage of downsizing is a valid alter
native; also for selected patients with locally advanced 
tumours or oligometastatic disease.73,74

The observation of complete clinical response after 
chemoradiotherapy has initiated rectal preserving treat
ment approaches, with omission of radical surgery and 
close surveillance�the so-called watch-and-wait strategy. 
Concerns have been expressed about the oncological 
safety, but data support such a strategy in selected 
patients with sustained complete clinical response.75 
Patients are increasingly asking for rectal preserving 
options, and the explicit patient preferences hamper 
conduct of randomised trials. If regrowth is detected in a 
timely way with an intensive surveillance programme 
with rectal examination, endoscopy, and MRI, salvage 
surgery is often achievable. Nevertheless, patients should 
know about uncertainty of recurrence during surveillance 
and functional impairment of the preserved rectum by 
chemoradiotherapy.

There is a paradoxical trend towards application of 
radiotherapy for early stage rectal cancers, otherwise 
being treated with total mesorectal excision surgery alone. 
This approach results in preservation of the rectum 
in about 50�60%.76,77 However, the remainder of patients 
who ultimately need radical surgery are overtreated with 
radiotherapy.78

Local treatment options for metastatic disease
One of the important developments in stage IV 
colorectal cancer is the increasing number of available 
local therapies for an increasing number of patient 
categories, aiming at long-term disease control and 
possible cure. Technical innovations have resulted in 
better local salvage of metastatic tumour localisations 
at acceptable morbidity.78 Although never proven in 
randomised trials, the value of eradicating or ablating 
restricted metastatic tumour localisations is generally 
agreed upon.

Liver surgery has evolved towards low-risk surgery for 
even extensive disease. Resection of liver metastases is 
increasingly considered within a multimodality approach 
with systemic treatment and other local ablative tech
niques.79 Radiofrequency ablation is still the preferred 
local ablative therapy for the liver, which can also be 
applied percutaneously. For larger lesions and those 
close to vascular structures, microwave ablation or 
stereotactic radiotherapy might be good alternatives. 
Local treatment of lung metastases is more controversial, 
with resection, stereotactic radiotherapy and radio
frequency ablation as available. Peritoneal metastases 
have long been considered as an untreatable condition. 
Cytroreductive surgery and hyperthermic intraperitoneal 
chemotherapy have resulted in improved survival in a 
subset of patients with limited disease,80 although the 
role of hyperthermic intraperitoneal chemotherapy in 
addition to cytroreductive surgery is unclear.

Systemic treatment
As an adjuvant therapy �uoropyrimidine-based chemo
therapy improves survival in resected stage III, and in a 

Figure �: White light and narrow band imaging of T1 colorectal cancer
Corresponding photographs of T1 colorectal cancers with white light (A and C) and narrow band imaging 
(B and D). Narrow band imaging can help with di�erentiating between the di�erent subtypes of colonic lesions 
(adenomas, hyperplastic polyps), and can also help with �nding areas within polyps that are suspicious for invasive 
growth (eg, T1 cancer).
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