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Bullet Points

e Current clinicopathologic risk factors of cancer risk in 11BD are insufficient.

e An optimal colonic IIBD risk factor should: 1) prevent cancer by distinguishing
progressors from nonprogressors, and 2) uniformly involve rectal mucosa to obviate the
major problem of sampling error in present-day surveillance.

e Molecular biomarkers, particularly preclonal genomic markers such as FISH, telomeres,
and anaphase bridges, along with gene hypermethylation, in retrospective trials show
promise towards these ideal biomarker goals.

Introduction:

IIBD confers an increased risk of intestinal cancer (1,2). Clinical management options are
suboptimal and include lifelong intensive endoscopic biopsy surveillance versus prophylactic
colectomy (3). These pose serious difficulties for patients and physicians alike, and they are
inaccurate, and expensive (3). Considering that approximately 90% of 11BD patients will never
develop neoplasia, the great majority of these efforts are wasted. Better understanding of the
earliest steps of UC tumorigenesis may uncover improved diagnostic markers to target the subset
of patients at highest risk for cancer. Of at least equal importance, such markers could also save

the large majority with limited risk from unnecessary procedures. Several molecular biomarkers

show promise toward this end and will be reviewed.

Existing Cancer Risk Markers in 11BD:
The existing risk factors for cancer in I1BD are clinicopathologic and include extensive disease of
greater than eight years duration, coexistent primary sclerosing cholangitis, family history of colon

cancer, and emerging data reimplicating the severity of inflammatory activity (1-7). Unfortunately,
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these markers have poor sensitivities and specificities, and there remains a great need for improved

detection of neoplastic risk in 1IBD to prevent incurable cancer.

The current gold standard biomarker for cancer risk in 11BD, against which all new markers must
be measured, is histologic dysplasia. Despite its reign as the gold standard, dysplasia also has
serious flaws as a biomarker. The natural history of dysplasia in 11BD remains largely unknown,
as none of the available longitudinal clinical series have obtained sufficient biopsies from the
followed patients to achieve high degrees of confidence in the extent or grade of dysplasia (8).
Observer variability by pathologists in the histologic diagnosis of dysplasia is an inescapable
problem. This is due to the wide spectrum of morphologic changes in [IBD tumorigenesis,
without precisely definable diagnostic cutoffs for the histologic categories. Similarly, distinction

of neoplasia from inflammatory change adds considerably to the challenge.

Probably the most important problem with dysplasia as our gold standard biomarker of cancer risk
is sampling error within the large surface area of the colonic mucosa. Using standard colonoscopy,
an estimated minimum of 33 jumbo biopsies is required to detect dysplasia with even 90%
confidence (9). Unfortunately, few clinicians take this many biopsies (10-11), rendering typical
surveillance colonoscopy analagous to breast cancer screening via mammaography of only a single
breast. While recent studies show that most dysplastic lesions in 1IBD are endoscopically visible
on routine “white light” colonoscopy, a still highly significant percentage of dysplasias and even
cancers in 1IBD remain grossly undetectable by trained endoscopists, ranging from 12.1% to
38.6% in reported recent series (12-14). Chromoendoscopy, confocal endomicroscopy, trimodal

imaging, and other new endoscopic methodologies show promise for improved targeting of
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dysplasia with reduction of sampling error, but this remains an area of active investigation and is

not yet standard practice (15-18).

A pancolonic mucosal biomarker would circumvent sampling error altogether. Further, a
pancolonic abnormality would also necessarily involve the most distal rectal mucosa and would
therefore be accessible to far less invasive means than full colonoscopy. Nothing approaching this
goal is available clinically at present, but molecular biomarkers, along with improved endoscopic

methods, are showing promise.

Molecular Markers of Cancer Risk in 1IBD:
Most of what is known about genomic biomarkers in [IBD neoplasia derives from studies of UC.
Little is known about Crohn’s disease at present, so that the remainder of the discussion will focus

on the available data in UC.

Genetic biomarkers have been clearly shown to predate morphologic dysplasia in UC
tumorigenesis. Thus, genetic alterations are detectable in biopsies that remain negative for
dysplasia and are at considerable distances from dysplasia. Thus, while UC cancers arise from
pre-invasive dysplasias (9,19,20) these develop in still larger genetically abnormal fields that often
exhibit aneuploidy (9,21), numerous different single gene alterations such as p53 alterations
(22-25), microsatellite instability (MSI) (26-28), genomic and transcriptomic alterations detected
high density array profiling (29-33), DNA fingerprinting alterations (34-36) and gene
hypermethylation (37-40). Using these techniques, investigators have found that genomic,

epigenetic and expression alterations are early steps in UC neoplasia that in some studies can even
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be detected in non-dysplastic, diploid biopsies that are far distant from neoplasia. As such, these
molecular changes predate morphologic neoplasia and show promise as biomarkers of neoplastic

risk.

A limitation of the above assays is that their detection thresholds usually require clonal expansion
of the targeted cell population being tested. This means that at least 20-50% or more of the tested
cells must harbor the abnormality for detection. As such, clonal events are necessarily more
advanced lesions than alterations that affect small or “preclonal” cell populations (<10% of cells)
or even individual cells that such clonal assays could never detect. Further, few of the above
markers have been found to involve sufficiently broad fields, particularly the rectum, to serve as

ideal pancolonic screening assays.

An ideal mucosal screening assay for cancer risk in 11BD would not only predate incurable cancer
and be objective, highly accurate, sensitive, specific and reproducible, but it would involve the
entire colon. This latter feature would obviate sampling error as the single most important
problem in present day UC colorectal cancer surveillance. ER gene hypermethylation, however,
shows promise towards this goal, as it has been found to involve rectal mucosa in 42.2% of UC
progressors versus 6.9% of UC non-progressors (38-39).

Theorizing that non-clonal genomic alterations might be even earlier and involve even broader
colonic fields than the aforementioned genetic alterations, investigators have also sought to
analyze non-clonal genomic alterations. Three additional non-clonal or pre-clonal alterations,
namely fluorescence in-situ hybridization (FISH) to detect chromosomal gains and losses,

telomere shortening assays, and anaphase bridge assays, have been investigated (41-45).
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Of these preclonal genomic assays, fluorescence in-situ hybridization (FISH) shows the most
promise to date, with near perfect sensitivity and specificity on ROC analysis with optimum
threshold cutoff for distinguishing UC progressors (n=14) from UC non-progressors (n=15)
(41-43). FISH was selected because of its ability to identify chromosomal alterations in single
interphase cells or small subpopulations of non-clonally expanded cells typically representing
much less than 10% of the total cell populations analyzed. FISH thus allows for the detection of
infrequent and possibly random changes predating clonal expansion. Specific FISH probes were
based on consistent chromosomal abnormalities from multiple UC progressors using the high
density genomic scanning technique of comparative genomic hybridization (CGH) on

non-dysplastic, diploid UC mucosa.

Similar to FISH, telomere shortening and anaphase bridge assays can also evaluate individual cells
and are therefore able to detect pre-clonal and earlier alterations in UC neoplasia (42-45).
Telomeres shorten with oxidative stress and with cell proliferation, both of which are elevated in
UC relative to normal colon (46-47). Telomere shortening promotes chromosomal end-to-end
fusion that results in chromosomal breakage during cell division at anaphase with subsequent arm
gains and losses in the daughter cells. Such chromosomal bridge-breakage-fusion cycles are
documented by the formation of anaphase bridges, in which two anaphase daughter nuclei remain
abnormally connected by a strand(s) of fused chromosome(s) during mitosis (47-51). Anaphase
bridges can be enriched in cell preparations by flow cytometric sorting of dividing cells (G2+M
phase of the cell cycle), with morphologic quantitation of bridged nuclei as the biomarker. ROC

analyses of these two assays show only slightly lesser performance as biomarker to distinguish UC
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progressors and non-progressors, again using largely single and rectal biopsies (42,43,45).

Thus, these three genomic pre-clonal assays, namely FISH, telomere shortening and anaphase
bridge development, in UC neoplasia can separately identify progressors from normal control
patients (41-43,45) and more importantly from non-progressor patients (42-43,45). More recently
this biomarker panel measured singly or in combination from the same biopsy was also shown to
differentiate well-characterized progressor and nonprogressor patients (43). Specifically, FISH
over four combined chromosomes, or telomere length combined with anaphase bridges, yielded
better discrimination of progressors and non-progressors than any assay separately. Additional
statistical rigor of ROC analysis and FISH entropy calculations further documented that UC
progressors can be distinguished from non-progressors. By ROC analysis, mean total entropy
combining all four chromosomes yielded a highly promising 100% sensitivity and 92% specificity
with optimum choice of threshold for distinguishing the tested cohort of UC progressors from

long-term UC non-progressors (43).

The preclonal genomic alterations discussed above used 1-2 random forceps biopsy samples from
UC progressors and non-progressors. These were obtained from the distal most (82.8% of tested
samples were rectal) non-dysplastic mucosa available from colectomies with simultaneous
diagnoses of dysplasia/cancer elsewhere (42,43). In fact, the tested non-dysplastic samples were
located an average 28 cm from the patients’ simultaneous cancers or dysplasias. Thus, the
abnormal genomic field appears to involve a large area, if not the entire colon of the tested UC
progressors. Such diffuse involvement is exciting, as it may fulfill, if true, an important

requirement for the ideal biomarker on UC colonic mucosa. Diffuse distribution would eliminate
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the sampling error that today is arguably the greatest problem facing the gold standard biopsy
surveillance for histologic dysplasia. As such, these genomic biomarkers could have profound
implications for future surveillance strategy in UC by preventing unnecessary colonoscopy in
non-progressor while better identifying the highest risk potential progressor group who could

benefit from intensive biopsy surveillance to detect dysplasia.

These retrospective studies demonstrate that the minority subset of UC patients (~10%) most
likely to benefit from intensive cancer surveillance and prevention strategies can be separately
identified from the much larger UC non-progressor majority (~90%). Conceivably, if the assays
perform as well in an ongoing prospective validation NIH ROL1 trial, UC patients could be tested
for these far less invasive genomic assays on minimal sampling limited to distal rectal mucosa.
Full colonoscopic biopsy surveillance for dysplasia would be reserved for patients with diagnostic
genomic alterations. Those without genomic alterations on periodic testing might be able to avoid
colonoscopy altogether. Further prospective confirmation, reproducibility testing, and
longitudinal analyses over time will be essential future investigations to assess the robustness of
these assays, the optimal numbers and sites for biopsy sampling, and the timing of testing onset

and testing intervals.
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