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Glossary of abbreviations

HNPCC — Hereditary nonpolyposis colorectal cancer
CRC - Colorectal cancer

MMR gene — Mismatch repair gene

FAP - Familial Adenomatous Polyposis

IQR —interquartile range

MSH - Mutation S homologue

MLH — Mutation L homologue

MSI — Microsatellite instability

IHC — Immunohistochemistry

5-FU — 5-Fluoro-uracil

GSH - Groote Schuur Hospital

UCT - University of Cape Town

TNM - classification — Tumour, Node, Metastasis-classification

Lynch syndrome family: Causative mutation identified



CHAPTER ONE: Literature Review

1.1 Introduction

The prevalence of colorectal cancer (CRC) places it in the top five cancers worldwide
and is the second most common cause of cancer related death. Developed populations
have a 5-6% lifetime risk of CRC(1). The South African Cancer Registry (last updated
2004) shows a 1/98 and 1/150 life time risk for developing CRC in males and females

respectively (2).

About 20% of all CRC displays some familial tendency, but in less than half of these,
there is a proven Mendelian inheritance(1). Hereditary nonpolyposis colorectal cancer
(HNPCC) is the most common inherited CRC and accounts for 2-5% of the total CRC
burden in the developed world(3)(4)(5).

In 1913 Aldred Warthin documented a family (family G) who appeared to have an
inherited pattern to mostly uterine and gastric cancers(6). In 1966 Henry Lynch
published his seminal paper about two Midwestern families (“N and M”) with a familial

grouping of cancers that resembled the syndrome that today carries his name(7).

HNPCC was first identified in South Africa in 1985 by a general practitioner who noted
an unusually large number of young patients in family clusters with CRC in the
Namaqualand and surrounding areas of the Northern Cape(8). The hereditary risk for
CRC in these families was confirmed when the specific genetic mutations responsible
were first identified in 1996(9)(10). These families form part of an active genetic
screening and colonoscopic surveillance programme led by the Colorectal Surgery Unit
and the Department of Human Genetics of the University of Cape Town. Up to
December 2010, 40 families with 14 different disease causing mutations formed part

of this programme.

The terminology surrounding this inherited cancer syndrome remains confusing. Most
authors refer to proven germline mutation positive (i.e. loss of MMR gene expression
or known MMR disease causing mutation) family members as having Lynch syndrome.

The remaining individuals fulfilling the Amsterdam Il criteria, but without detectable



mismatch match repair (MMR) gene mutations are classified as “Familial colorectal
cancer syndrome”(11). The clinical behaviour of these two groups of inherited cancers
is significantly different and will be discussed later. HNPCC is the term used originally
to distinguish on clinical grounds, HNPCC from Familial Adenomatous Polyposis (FAP).
It has fallen out of favour to some extent, but is still used to refer to Lynch syndrome

related CRC and will be used in that regard in this text.

1.2 Diagnosis and Genetics

The diagnosis of HNPCC in the pre-genetic testing era was based on a set of clinical
features formulated by the International Collaborative Group on HNPCC in 1991(12).
The Amsterdam | criteria (Box 1) formulated at this meeting focussed only on inherited
CRC. In recognition of the broader scope of inherited cancers in affected families,
these diagnostic criteria were revised in 1999 (Amsterdam Il criteria, Box 2)(13) to

include the spectrum of inherited extracolonic tumours also associated with HNPCC.

Box 1: Amsterdam | criteria

At least 3 relatives with colorectal cancer (CRC) plus all of the
following

¢ one relative should be a first degree relative of the other 2
e at least 2 successive generations should be affected

e atleast 1 tumour should be diagnosed before the age of
50yrs

Box 2: Amsterdam Il criteria

At least 3 relatives with colorectal cancer (CRC) or with a Lynch
syndrome-associated cancer: cancer of the endometrium, small
bowel, ureter or renal pelvis plus all of the following

e one relative should be a first degree relative of the other 2
e at least 2 successive generations should be affected

e atleast 1 tumour should be diagnosed before the age of
50yrs

e Familial adenomatous polyposis should be excluded in CRC
7
case




1.2.1 Mechanism of action:

HNPCC displays an autosomal dominant inheritance pattern. The genetic defect occurs
in a set of genes that encode for proteins (enzymes) responsible for the correction of
replication errors during somatic cell division. These enzymes of MMR(14)(1) genes
either identify and replace transcription mistakes or assist in the induction of cell
apoptosis if not correctable. Loss of this tumour suppressor ability plays a central role
in CRC tumourgenesis in HNPCC/Lynch syndrome. By 1993 molecular genetics were
able to identify the loci of the two most common germline mutations, MSH2 (mutS
homologue 2) and MLH1 (mutL homologue 1) on chromosomes 2p and 3p
respectively(15)(16). Subsequently further mutations have been identified. Currently
MLH1 (50%), MSH2 (39%), MSH6 (7%) and PMS2/PMS1/MLH3 (4%)(17) comprise what
are believed to be the causative mutations, with only the MLH1, MSH2, MSH6 and

sometimes PMS2 routinely tested for in suspected HNPCC.

1.2.2 Detection of HNPCC

1.2.2.1 Microsatellite instability

In tumour DNA the loss of MMR genes manifest as microsatellite instability (MSI)(18).
Microsatellites are predictable, multiple, usually noncoding sequences of mono - or
dinucleotide repeats on either side of segments of functional DNA. This repetitive
nature makes them highly susceptible to replication errors that lead to increased
variation (i.e. instability) in their length, making microsatellites useful markers for
diagnostic tests on CRC tumour tissue. An international standardised set of five (up to
10 in certain institutions) markers are used for MSI testing(19). Tumours are classified
as MSI-high (MSI-H) if 2 or more (or >30%) of the markers test for instability, MSI-low
(MSI-L) when 1 (or < 30%) and MSI-stable (MSI-S) if none show instability. MSI-H is
found in more than 90% of HNPCC CRC tumours(19) . MSI-H is also reported in 10-15%
of sporadic CRC secondary to hypermethalysation of both alleles of the MLH1
promotor during tumourgenesis, silencing their protein expression(20). The frequent

presence of the V60OE mutation of the BRAF proto-oncogene in sporadic CRC with



MSI-H can be used to exclude them from the HNPCC group. The use of MSl in
population based screening of all CRC specimens has been shown to be positive in
almost 20%(12,6% for only MSI-H ) of cases, but only 2,2% of them had a detectable
germline mutation(21). MSI testing therefore has a sensitivity of > 90%(22), but a low

specificity of about 20% for identifying MMR gene abnormalities.

1.2.2.2 iImmunohistochemistry:

Immunohistochemistry (IHC) techniques for detecting the loss of the specific MLH1,
MSH2, MSH6 and PMS2 proteins in CRC tumours have been developed to improve on
the sensitivity and specificity of MSI testing. Variable sensitivities and specificities for
IHC have been reported in the literature, ranging from as high as 92.3% and 100%(23)
respectively to a sensitivity as low as 48% in certain missense mutations of MLH1(24).
The one advantage of IHC is that it provides a more focused confirmatory test for a

germline mutation.

The Bethesda guidelines (Box 3) were developed in 1997 (revised 2004) to select
patients who present with CRC for further MSI and/or IHC testing in order to increase
the yield and reduce the cost of genetic testing of all CRC specimens(25). These
guidelines were much broader in order to detect individuals with HNPCC that fell
outside of Amsterdam Il criteria. The sensitivity of the Bethesda guidelines versus the
Amsterdam |l criteria for germline mutations is 89% versus 40%(11)(26). The positive
predictive value of the Bethesda guidelines compared to the Amsterdam criteria is 10-
20% and 50% respectively. Even broader inclusion criteria for tumour MSI/IHC have

been proposed(27). This will detect more mutations, but increase the overall cost.

1.2.2.3 Prognosis:

Patients with MSI-H( sporadic or inherited) CRC have been found to have a better
overall long term prognosis and also may not benefit from the use of adjuvant 5-
fluoro-uracil (5-FU) based chemotherapy regimens(28). This observation may add
some motivation to the argument of testing all CRC tumours for MSI, with the added

benefit of detecting an increased number of HNPCC individuals.



Box 3: Revised Bethesda criteria

Any of the following tumours should be tested for Microsatellite
instability or Immunohistochemistry for miss match repair genes

e Colorectal cancer (CRC) diagnosed in a patient before age 50

e Presence of synchronous, metachronous colorectal or other
Lynch syndrome-related tumours’ regardless of age

e CRC with MSI-high histology diagnosed in a patient before
age 60

e Patient with CRC and a first-degree relative with a Lynch
syndrome-related tumour, with one of the cancers diagnosed
before age 50

e Patient with CRC with 2 or more first- or second-degree
relatives with a Lynch syndrome-related tumour, regardless
of age

*
Colorectal, endometrial, stomach, ovarian, pancreas, renal pelvis, biliary

tract, brain and small bowel

None of the clinical or laboratory diagnostic guidelines or tools is 100% accurate in
detecting all mutation positive patients. The Cancer Genetics study consortium (USA)

has proposed a diagnostic algorithm to assist in this regard(29).

1.3 Cancer Risk

The lifetime risk of CRC in subjects that fulfil the Amsterdam Il criteria varies between
60-85%(30). Higher (80-85%) lifetime risks were often quoted in past due to the
selection bias towards high risk families in certain studies(22). Better understanding of
the genetics of Lynch syndrome have shown that the individual cancer risk is
influenced by gender, the presence of a germline mutation, the type of MMR gene
abnormality and a family cancer history(29). MLH1 and MSH2 mutations have the
highest lifetime CRC risk of 70%, a median onset of 44 years(31) and slight male
predominance. This combination of characteristics makes MLH1 and MSH2 MMR gene

abnormalities responsible for the so called “Classic” Lynch syndrome(31) . Mutations
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of MSH6 and PMS2 produce a more “attenuated” form of Lynch syndrome with a
mean age of onset of 55 years in males and 57 years in females(22). The cumulative
lifetime risk for CRC in these males is not significantly different from the “Classic”
Lynch Syndrome, but for MSH6 positive female subjects the risk is only 30%(22). The
rest of the unique features of HNPCC are to some degree shared between all the MMR
gene mutations. A 70% or greater incidence of colon cancer proximal to the splenic
flexure(32) and an accelerated Adenoma-Carcinoma sequence of 2-3years (compared
to 8-10 years in sporadic CRC) are found(33). There is also a propensity towards
synchronous and metachronous CRC lesions(34). Familial colon cancer syndrome
displays an even longer onset delay (mean age 60 years), a lower total risk (standard
incidence ratio of 2.3 vs. 6.1 for CRC) and no increased risk for extracolonic
cancers(35). On histology the CRC associated with HNPCC most often shows poor
differentiation, signet or muscinous cell type, lymphocyte infiltrates and a medullary
growth pattern(36). These features in any CRC specimen should prompt the

pathologist to further investigate for HNPCC.

A range of extracolonic cancers are associated with Lynch syndrome. Endometrial
cancer is the most prevalent at a 30-70% lifetime risk at 70 years of age with MSH6
mutation positive females at 70% having the highest risk compared to other MMR
mutations(22). In decreasing order of risk ovarian (3-13%), gastric (2-13%), urinary
tract (1-12%), small bowel especially duodenum (4-7%), brain tumours, billiary tract

and pancreas cancers are all closely associated with Lynch syndrome(11) .

1.4 Colorectal Cancer Screening

The high risk of developing CRC in Lynch syndrome individuals compared to the
general population justifies a more intense programme than currently used for
population based CRC screening. The International Collaborative Group on hereditary
nonpolyposis colorectal cancer (ICG-HNPCC) proposed 2 yearly intervals between full

colonoscopies starting at 20-25 years and to be continued lifelong or until medically
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unfit for surgery(12). This protocol tries to encompass the features of rapid
progression from adenomatous polyps and the high percentage of proximal cancers so
unique to HNPCC. The later presentation of CRC in known MSH6 mutation positive
subjects and Familial Colorectal Cancer syndrome has prompted some authors to
suggest a screening programme with a later onset, but this is not yet universally
accepted(35)(22). The programme used by the GSH Colorectal Unit involves
surveillance colonoscopy every two years from 16-30 years of age and yearly there
after(9). Surveillance colonoscopies have been shown to improve disease free and
overall survival in HNPCC families through removal of adenomatous polyps. A Finnish
study conducted over 15 years in 22 high risk families ( Amsterdam Il criteria positive)
demonstrated a 62% reduction in CRC, 56% reduction if only mutation positive
individuals were considered, in screened compared to unscreened subjects from these
families(37). No CRC related deaths were reported in the surveillance group versus 8%
in the control group in the same families. The tumours detected were either Dukes A-B
CRC (25%) or adenomatous polyps (75%)(38)(39). A 70% reduction in the standardised
mortality ratio was shown over time after the introduction of surveillance
colonoscopies in the Dutch HNPCC registry(40) . South African data on MLH1 mutation
positive individuals followed for a mean of 5 years, report the development of CRC in
11% of subjects on surveillance compared to 27% in the no surveillance group. Similar
to the Finnish data, the cancers detected in the surveillance group were of a much
earlier stage. The median CRC free survival from birth improved significantly for the

subjects on surveillance (73 vs. 47 years; P=0.0089)(41).

The more rapid Adenoma-Carcinoma sequence in HNPCC combined with colonoscopy
miss rates for tumours and the lack of screening compliance can lead to the
development of interval CRC on surveillance. A Dutch study estimated the CRC risk on
surveillance over 10 years to be between 10-15%(42). In Finland, where for many years
a 3 year screening interval between colonoscopies was standard practice for those on
surveillance, the cumulative risk between 20 and 60 years of age was 34.6% in men
and 22.1% in females(43). The high incidence of CRC proximal to splenic flexure (up to
70%) makes a complete colonoscopy essential in HNPCC surveillance. Complete

colonoscopies, which entail reaching the caecum, are accomplished in 97% of cases
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done by experienced endoscopists. This figure can be as low as 54% if self-trained(44).
A 96% completion rate is achieved by the UCT colonoscopy unit in GSH as well as on
community outreach colonoscopies(45). The adenoma miss rate of same day
performed tandem colonoscopies varies between 15-24% for lesion less than 1 cm and
0-6% for larger adenomas(46)(47). The use of chromo-endoscopy, spraying colonic
epithelium with indigo carmine or methylene blue during colonoscopy, to increase
detection of small subtler adenomas against a background of normal colonic mucosa
has been suggested(48). Up to 25% of high risk CRC subjects deviate significantly from
proposed surveillance regimens(49) . Surveillance colonoscopies improve overall and

cancer free survival, but the above factors show it not to be fail safe.

Virtual colonography, via computer tomography (CT) or magnetic resonance imaging
(MRI), makes use of new technology to avoid the morbidity associated with the
invasive nature of repeated colonoscopies. CT colonography has been found
comparable to standard colonoscopy in the detection of CRC, but superior in
completion rate (96.7 vs. 86%) and inferior in identifying small adenomas (only 46% of
adenomas < 5mm found on colonoscopy)(50). CT also has the disadvantage of
repeated radiation exposure in patients requiring long term surveillance. MR
colonography in mutation positive HNPCC subjects detected all lesions larger than
1cm, but none smaller(51). Both investigations need to be followed by a colonoscopy

with polypectomy in cases with detected lesions.

1.5 Surgical Management Options

The American Society of Colon and Rectal Surgeons recommends for HNPCC
individuals with more than one advanced adenoma (larger than 1 cm, villous
architecture or high grade dysplasia) or cancer a total colectomy and ileorectal
anastomosis(with lifelong rectal surveillance) or a proctocolectomy and ileo-anal
pouch for rectal lesions(52) . Following surgery there remains a 12% risk of developing
rectal cancer over 12 years; requiring ongoing, although easier, surveillance(53).
Segmental resections are discouraged due to the high risk of synchronous (18%) and

metachronous disease (45% over 10 years)(34). Limited resections have been
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associated with a higher risk of a second CRC(54). Data from the colorectal unit in GSH
reported a 20% 5 year and 41% 15year risk of metachronous lesions in their population
of HNPCC patients. CRC related deaths occurred in 33% of the segmental resection
group and 10% in those undergoing total colectomy(55). The survival benefit in years
for extended colectomy compared to a limited resection is 2.3 years(56). Sygnal et al
used a mathematical model to predict that a total colectomy done prophylactically at
age 25 has the longest survival benefit. No increase in life expectancy was found if the
surgery was done at detection of CRC or adenomatous polyps compared to
surveillance in HNPCC subjects(57). Quality of life considerations are important in
comparing prophylactic surgical strategies to ongoing surveillance in HNPCC subjects
with no or only premalignant lesions (adenomatous polyps). The quality of life post
total colectomy has only been studied in FAP and concluded that the procedure was
safe with minimal disturbance in stool habits(58). The median age of this study group
was 28 years versus 44 years(31) in most HNPCC individuals receiving a total
colectomy. Even this much younger group had on average 4.2 stools per day that may
be worse in older people with a poorer sphincter function. The up to 9.5% incidence in
hospital admission for adhesive small bowel obstruction post open total colectomy
further complicates the decision making regarding prophylactic surgery in a remote
population(59). With no clear guidelines(60), the timing and type of procedure should
be based upon patient factors including age, co-morbidity, sphincter function and

compliance with a surveillance programme(61).

1.6 Conclusion

The long-term strategy for an HNPCC individual remains unclear. Surveillance
colonoscopy with polypectomy of adenomas has been shown to decrease mortality
and prolong cancer free survival(38)(41). Mathematical models demonstrated a
survival benefit of early total colectomy over ongoing surveillance(57). This debate is
further fuelled by the absence of clear reproducible pathology criteria to distinguish
low from high grade dysplasia in colonic adenomatous polyps, leading to inter

observer variability(62). This complicates surgical decision making based on the degree
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of dysplasia reported on adenomatous polyps found during surveillance

colonoscopy(52).

A large percentage of the HNPCC population being investigated by the GSH Colorectal
Unit and the Department of Human Genetics at UCT is resident in remote areas of the
Northern Cape(8)(63)(10)(45). These resource poor communities pose other
challenges above and beyond the pure clinical ones stated previously that influences
decision making regarding surveillance versus surgery when considering the individual
with benign adenomatous polyps and HNPCC. Limited access to healthcare (especially
specialists), lack of transport, poor education and general lower socio-economic status
adds to this burden. The research into this isolated population of HNPCC is unique in

the literature.

The purpose of this study therefore is to document and review the natural history of
adenomatous polyps in our HNPCC cohort combined with the outcomes of our current
surgical or endoscopic management of these patients. Analysis of this data will add to
the growing body of evidence in relation to this disease with specific reference to its
South African context. This will assist in adapting existing management protocols for

application in our setting.
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CHAPTER TWO: Aim and Objectives

2.1 Aim

The aim of this study was to determine the colorectal cancer free survival of
individuals with Lynch Syndrome and found to have benign adenomatous polyps on

routine surveillance colonoscopy.

2.2 Objectives

Primary Objective: To compare the cancer free survival of biopsy proven benign
adenomatous polyps in HNPCC patients receiving colonic resection with those on

continued surveillance colonoscopy and endoscopic polyp removal.
Secondary Objectives:

A. Surgical group:

1. To determine a relationship between the grade of dysplasia in the
adenomatous polyps and the identification of an unexpected cancer in the

resected specimen.

2. To determine the relationship between the number of adenomatous polyps

and the risk of an unexpected cancer in the resected specimen.

3. To determine the relationship between the anatomical location of the polyp

and the risk of an unexpected cancer in the resected specimen.

4. To determine the relationship between the size of the adenomatous polyp

and the risk of an unsuspected cancer in the resected specimen.

B. Surveillance group:

1. To determine the time span to the development of colon cancer on

continued colonoscopic surveillance.
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CHAPTER THREE: Methodology

3.1 Study design:

This study is a retrospective review of a prospectively collected patient cohort from
the Groote Schuur Colorectal Unit and UCT Department of Human Genetic’s HNPCC
registry. All patients with a known germline mutation of MLH1 or MSH2 underwent
surveillance colonoscopies. The protocol at the GSH Colorectal Unit is 2-yearly
colonoscopies from 16-30 years and yearly thereafter(9) . The patients entered the
study after an index colonoscopy detected a benign adenomatous polyp(s). There was
no protocol dictating management when adenomatous polyps were identified. All
polyps were removed at colonoscopy. Further management consisted of both
colectomy and ileorectal anastomosis or continued surveillance. The decision was at
the discretion of the treating physician and/or the choice of the patient. The surgical
specimens were evaluated for unexpected cancer in what was preoperatively
presumed to be a resection for benign disease. The surveillance group continued
regular colonoscopies with removal of all further polyps. A 96% completion rate is
achieved by the UCT colonoscopy unit in GSH as well as on community outreach

colonoscopies(45), and all endoscopists have undergone supervised training.

3.2 Study population:

All patients known with the MLH1 and MSH2 HNPCC mutation in the UCT Registry up
to 31 December 2010.

17



3.3 Sample size and method:

All mutation positive HNPCC individuals found to have adenomatous polyps on
surveillance colonoscopy. Sample size was limited by the number of patients in the

registry.

3.4 Inclusion criteria:

HNPCC mutation positive individuals with histologically proven benign adenomatous

polyps removed during surveillance colonoscopy.

3.5 Exclusion criteria:

1. Biopsy proven colon cancer on first surveillance colonoscopy.
2. Any form of previous colorectal surgery for malignant disease.
3. History of colorectal cancer.

4. <18 years of age

3.6 Outcome variables:

1. Detection of unexpected cancer on resected colon specimen.

2. Development of cancer on surveillance colonoscopy.

3.7 Determinant variables:

1. Gender

2. Age at first colonoscopy that showed adenomatous polyp.

3. Specific mismatch repair (MMR) gene mutation.

18



e Distinguish between MLH1 and MSH2 only via genetic testing.

e This excludes other forms of MMR gene mutations and subjects with

Familial Colorectal cancer syndrome.

4. Grade of polyps on biopsy taken at colonoscopy

e The pathological specimens are histologically classified as high or low grade

dysplasia via light microscopy.

o All histology reports are reviewed by a qualified specialist anatomical

pathologist.

5. Number of polyps on colonoscopy

6. Anatomical location of polyps on colonoscopy

e The anatomical location as visualised by endoscopist is divided into
ascending colon, transverse colon, descending colon, sigmoid colon and

rectum.

7. Size of polyps found on colonoscopy

e Size estimated by endoscopist at colonoscopy in millimeters.

e For comparison polyps divided into less than 10mm and 10mm or greater.

e Where the report did not record the size of the polyp it was captured in the

study database as “not recorded”.

8. Histology of any resected specimens.
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e Reporting of malignancy according to the American Joint Committee on

Cancer (AJCC) 2010 TNM (tumour, node, metastasis)-classification.

e The position of any detected cancer to be correlated with preceding polyp

removal/ biopsy at endoscopy.

9. Duration between surveillance colonoscopies in years.

10. Duration from index colonoscopy to detection of cancer on biopsy while on

surveillance.

3.8 Ethical considerations:

Patient information was collected in such a way as to protect confidentiality
throughout the study. Numeric codes were assigned to individuals to maintain
anonymity. All subjects received formal counselling and signed written consent for
genetic testing and surveillance colonoscopy as part of a larger ethics approved study
by the UCT Department of Genetics and Colorectal Surgery Unit (HREC 474/2011). The
study adhered to the guidelines of the 2008 Helsinki declaration(64).

3.9 Statistical analysis:

Measures of central tendency and spread where calculated as the mean with standard
deviation for normally distributed data and median with interquartile range for non-
normally distributed data. Hypothesis tests were performed on numeric data using the
unpaired T-test and on categorical data using the Chi-square test. If the assumptions
for the Chi-square test were not met the Fishers-exact test was used instead. All
hypothesis tests were two-sided with the level of significance set at 0.05 after
Bonferroni adjustment for multiple comparisons. All statistical analysis was performed
using R version 2.13.1 (The R Foundation for Statistical Computing).

20



3.10 Cost:

All costs incurred during this study were funded by the investigator.
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CHAPTER FOUR: Results

4.1 Description of cohort

The UCT Department of Human Genetics and Colorectal Surgery Unit HNPCC registry
identified 318 individuals with known disease causing mutations (MLH1 and MSH2)
from 36 families. Fifty one subjects (Diagram 1) entered the study between 1986 up to
and including December 2010 after a surveillance (index) colonoscopy detected a
histologically proven adenomatous polyp. Twenty four males (47.1%) and 27 females
(52.9%) with a mean age of 42 years (SD 10, Range 23-73) met the entry criteria. The
MLH1 and MSH2 mutations were identified in 46 (90.2%) and 5 (9.8%) of the 51

patients respectively (Table 1).

The 51 subjects underwent a total of 95 colonoscopies from 1986 to December 2010,
during a total of 74 years of patient follow-up. The median number of colonoscopies

per person was 1 (range 1-6), with 30 (59%) only ever undergoing a single colonoscopy.

Seventy six polyps were detected in total. Fifty six colonoscopies identified 1
adenomatous polyp each and 10 colonoscopies identified 2 polyps each. The surgical
group yielded 36 polyps and the surveillance group 40 polyps. The median number of

adenomatous polyps detected per patient was 1 (range 1-5, IQR 1-2).

Of the 76 polyps identified 27 were positioned in the ascending colon, 28 in the
transverse colon, 2 in the descending colon, 9 in the sigmoid colon and 10 in the
rectum. Seventy two percent of all the polyps were detected proximal to the

descending colon.

Fifty one of the 76 identified polyps had size documented at colonoscopy. Forty polyps
were smaller than 10mm and 11 polyps (in 10 patients) were 10mm or larger
according to the estimation of the endoscopist. On histology 52 of the 76
adenomatous polyps were graded as low grade and 24 as high grade. The 24 high

grade polyps were detected in 20 patients.

22



Table 1: Demographic and genetic characteristics of the cohort

Total Cancer No Cancer P-value
(N =51) (N=6) (N = 45)

Mean Age * in 42 50 41 0.05
years (SD) (10) (20) (8)
Gender 0.4

Male (%) 24 (47.1) 4(66.7) 20(44.4)

Female (%) 27 (52.9) 2(33.3) 25(55.6)
MMR gene 0.5
mutation

MLH1 (%) 46(90.2) 5(83.3) 41(91.1)

MSH2 (%) 5(9.8) 1(16.7) 4(8.9)

*at index colonoscopy
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Diagram 1
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4.2 Surgical group

Twenty four patients underwent elective surgical resection of the colon for what was
preoperatively expected to be for benign disease (Table 2). Eighteen had surgery on
detection of an adenomatous polyp on the first available elective list (Immediate
surgery), while a further 6 had at least one subsequent surveillance colonoscopy

before the decision to proceed to resection was made (Delayed surgery).

The age, gender, MMR gene mutation subtype, number and location of the polyps was
not statistically different from the group on continued surveillance (Table 3). All the
patients (10 in total) with polyps with a documented size at colonoscopy of 10mm or
more received surgical resection. Patients with high grade polyps at any time during
surveillance proceeded to surgery in 16 of 20 cases. Fifteen patients (62.5%) had high
grade polyps in the colonoscopy directly preceding surgery and nine (37.5%) of the
surgical patients had low grade polyps. In the surgical group size equal or greater than
10mm and high grade polyp percentage were the only variables reaching statistical

significance compared to the surveillance group (both p<0.001).

Size of 10mm or larger and/or high grade polyps combined were documented in 17
(70.8%) of the 24 patients in the surgical group at the colonoscopy before surgical
resection. Eleven (45.8%) patients had no identifiable abnormalities (no polyps or
malignancy) on final histology of the colectomy specimen. Five unexpected cancers
were discovered in the 24 resected specimens. Unexpected colorectal malignancies did
not occur more often in patients with high (20%) compared to low (22%) grade polyps

(p=0.6).

Table 2: Surgical group

Total (N = 24) High Grade (N=15) Low Grade (N=9)
Immediate surgery 18 12 6
Delayed surgery 6 3 3
Unexpected cancer 5 3(20%) 2(22%)
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4.3 Surveillance group

Twenty seven patients selected ongoing surveillance. One proceeded to surgical
resection after developing colorectal cancer while on surveillance. Twelve (44.4%) of
the 27 patients on surveillance received only a single index colonoscopy, 7 had 2
colonoscopies, 2 had 3 colonoscopies, 4 had 4 colonoscopies and 2 patients had 5 and
6 surveillance colonoscopies respectively. Of the 12 patients with a single colonoscopy
only 2 were lost to follow-up, while the remainder (10) were awaiting their next

surveillance colonoscopy beyond December 2010.

No study subject with a polyp identified to be equal to or larger than 10mm in size at

colonoscopy received non-operative care (Table 3).

Four of 20 patients with a high grade adenomatous polyp identified at any time were
continued on ongoing surveillance and polypectomy. Two of these patients showed
resolution of the high grade polyps on subsequent colonoscopies, while the third was

lost to follow-up.

The fourth was the only patient, as mentioned above, to develop colorectal cancer
while on surveillance. The cancer was detected in a 67 year old female at the patient’s
fourth colonoscopy over a period of 6 years. The malignancy was found 1 year after a
routine surveillance colonoscopy detected a HG polyp at the same site. This sigmoid

tumour was a T2 N1 adenocarcinoma.

26



Table 3: Surgical versus Surveillance group comparison

Surgical group Surveillance group P-value
(N=24) (N=27)
Mean Age* in years 42 42 0.7
(SD) (12) (10)
Gender 0.5
Male (%) 13(54.2) 11(40.8)
Female (%) 11(45.8) 16(59.2)
MMR gene mutation 0.4
MLH1 (%) 23(95.8) 23(85.2)
MSH2 (%) 1(4.2) 4(14.8)
Polyp Grade <0.001*
LG Polyps only (%) 8(33.3) 23(85.2)
At least 1 HG Polyp (%) 16(66.7) 4(14.8)
Polyp Size <0.001*
All Polyps <10mm only 7(29.2) 23(85.2)
(%)
At least 1 polyp >10mm 10(41.6) 0(0)
(%)
Never documented (%) 7(29.2) 4(14.8)

*at index colonoscopy; # = corrected for multiple comparisons; HG = high grade; LG = low grade; SD = standard

deviation

4.4 Colorectal cancers

The cohort yielded 6 cancers in total over 74 patient follow-up years (Table 4). Five
patients were found to have unexpected cancers (3 receiving immediate and 2 delayed
surgery) and one developed cancer while on surveillance. The mean age of this cancer
subgroup was 50 years (SD 20, range 29-72), compared to 42 years of the whole cohort
(Table 1). All the unexpected cancers were at the same site as the preceding
endoscopic polyp removal/biopsy that showed benign disease. No synchronous

cancers were detected. Four patients had high grade polyps in the surveillance
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colonoscopy immediately prior to cancer detection compared to 2 with low grade
polyps in the most recent colonoscopy. One of these patients with a low grade polyp
had a high grade polyp identified in a colonoscopy 8 years previously at the same site

as the cancer and was continued on surveillance at that time (Table 4).

Table 4: Cases of Colorectal Cancer

Position Polyp Grade Polyp Size Stage of cancer
1 Transverse colon Low Not recorded T2N1 (1/8 nodes)
2 Transverse colon High >=10mm T1NO
3 Ascending colon High >= 10mm T2NO
4 Ascending colon Low Not recorded T2NO
5 Ascending colon High Not recorded T2N1 (1/28 nodes)
6 Sigmoid colon” High Not recorded T2N1

developed cancer on surveillance

These six patients were significantly different to the non-cancer patients in the cohort
with regards to age (p=0.05, not corrected for multiple comparisons, Table 1) and
proportion of high grade polyps (p=0.05, corrected for multiple comparisons, Table 5).
No significant difference was found regarding gender, mutation subtype, number,
position or size of polyps to distinguish those that developed cancer from those that

remained cancer free at the end of the observation period.

All the cancers were early (T1-2) and only 2 of the six patients had node positive
disease. The two patients receiving delayed surgical resection as well as the patient
that developed cancer on surveillance each experienced a six year time lapse in

between index colonoscopy and detection of colorectal cancer.
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Table 5: Comparison of Colorectal Cancer versus Cancer Free survivors in the Cohort

Total group | Cancer | No Cancer | P-value

(N=51) (N=6) (N=45)

Polyp Grade 0.05*
LG polyps only (%) 31(62) 1(16.7) 30(66.7)
At least 1 HG polyp (%) 20(38) 5(83.3) 15(33.3)

Polyp Size 0.1*
All Polyps <10mm (%) 30(58.8) 0(0) 30(66.7)
At least 1 polyp >10mm (%) 10(19.6) 2(33.3) 8(17.8)
Never documented (%) 11(21.6) 4(66.7) 7(15.5)

# = corrected for multiple comparisons; HG = high grade; LG = low grade

The median cancer free survival from the index colonoscopy for the total cohort is 8

years (Graph 1). The comparative Kaplan Meier estimate of cancer free survival

between surgical and surveillance groups reached statistical significance (p=0.04) in

favour of surveillance (Graph 2). The median colorectal cancer free survival from index

colonoscopy is 7 years in the surgical group and not reached in the surveillance group.

The surgical group is right censored to zero within 8 years and explains the steep drop

off on graph 2.

29



Graph 1: Kaplan Meier estimate of total cohort cancer free survival
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Graph 2: Comparative Kaplan Meier estimate of Surveillance and Surgical group
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CHAPTER FIVE: Discussion

HNPCC is the most common inherited colorectal cancer and is responsible for 2-5% of
the total colorectal cancer burden(3)(4)(5). The resource-limited origin of the GSH
Colorectal Department and the UCT Department of Human genetics HNPCC registry is
unique in the literature. Fifty one known mutation positive HNPCC patients entered
this study when benign adenomatous polyp(s) was detected on routine surveillance
colonoscopy. The composition of this group is comparable to similar cohorts in Europe
and North America regarding patient age, gender and polyp position(31)(32). The
MMR gene mutation distribution favouring MLH1 (90.2%) has been described

previously in this population(41).

The decision to proceed to surgical resection was taken in 70.8% in accordance with
guidelines published by the American Society of Colon and Rectal surgeons (i.e.
adenomatous polyps 10mm or larger, high grade dysplasia or villous architecture)(52).
This finding was supported by size (equal or greater than 10mm) and polyp grade (High
grade) that reached comparative statistical significance (p <0.001) in favour of the
surgical group. No residual evidence of an adenomatous polyp was detected in 42.5%
of final colectomy specimens demonstrating complete removal by preceding
endoscopic polypectomy. The remote nature of our HNPCC population and potential of
poor follow-up could have favoured surgery above ongoing surveillance in these

patients.

Unexpected cancers were found in equal proportion in patients with high and low
grade polyps in the colonoscopy directly preceding surgical resection (20% and 22%
respectively, p=0.6 ). Unexpected colorectal cancer at surgery that preoperatively was
thought to be for benign disease in HNPCC has not been documented in the literature.
In this study 1 out of 5 patients in the surgical group harboured a malignancy in a
biopsy proven benign adenomatous polyp. The conclusions that could be drawn from
this are limited by the small numbers and paucity of information regarding the
motivation for surgery in each individual patient. Clinical suspicion of malignancy by
the treating surgeon could have overridden final polyp histology and deemed the

biopsy to be non-representative. Despite the lack of statistical significance (p=0.1), due
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to the poor documentation of polyp size, the observation of a minimum of 33% of
patients with unexpected CRC having polyps > 10mm compared to 17.8% of patients

without CRC is an important clinical observation.

GSH Colorectal Unit performs biannual colonoscopies from 16-30 years and yearly
there after(9) . This combined with a sponsored rural mobile colonoscopy outreach
program aims to increase compliance of surveillance equal to the published norm.
Only 2 participants of the surveillance group were deemed to be lost to follow-up.
Most recent guidelines suggest two-yearly colonoscopies from 20-25 years of
age(12)(11). Previously published data from this unit showed a 96% completion
rate(45) . Only one patient from this cohort developed cancer while on surveillance
colonoscopy and polypectomy. This is in keeping with the high quality endoscopy
service offered. The limited follow-up of the surveillance group is demonstrated by 10
(37%) of the 27 patients still awaiting their second colonoscopy. Similar prevalence
(20%, 1/5 for all grades of polyps) of malignancy hidden in the benign polyps was not
seen in the surveillance group compared to the surgical group illustrated by the low
rate of transformation to overt malignancy. This suggests that other factors influenced
surgical decision making and accounted for the high rate of unexpected cancer in the

surgical group.

Stupart et al have shown a significant cancer free survival benefit in all MLH1 mutation
positive patients on surveillance versus no surveillance from the same population as
this study(41). Dutch(42), Finnish(43) and our own published data looked at
surveillance and cancer free survival in the HNPCC population as a whole and did not

specifically focus like this study on the subgroup with known adenomatous polyps .

The aim of this study was to determine the cancer free survival of these mutation
positive individuals after detection of a benign adenomatous colorectal polyp. The
median cancer free survival for the cohort from index colonoscopy was found to be 8
years. The primary outcome of cancer free survival was significantly less for the
surgical compared to the surveillance group. This higher rate of unexpected cancer in
the surgical group (1 out of 5 selected for surgery) seems to be confounded by the

indication for the surgery. The surgical group had significantly more high grade polyps
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(p<0.001) and significantly more large polyps (P<0.001) than the surveillance group
suggesting that the clinical decision to opt for surgery as opposed to continued
surveillance was based on an appropriately high index of clinical suspicion of potential
cancer. Ignoring this possible selection bias towards surgery this study still shows that
more than 1 out of 10 patients (6 cancers in the total of 51 patients) diagnosed with a
benign adenomatous polyp will go on to develop a colorectal cancer over a mean

period of 8 years from detection of benign adenomatous polyp.

As would be expected, following the natural history of HNPCC and CRC the mean age
of the cancer group was significantly older than the non-cancer group (51 compared to
40 years); however there was no difference in those that received surgical
management versus surveillance. Considering that almost half of the patients on
surveillance colonoscopy have not yet been in follow-up long enough to have received
a second colonoscopy; the continued follow-up of this cohort over-time as they age
has the potential to continue contributing valuable observational evidence in the
absence of a randomized controlled trial as to the most suitable management strategy

for this population of HNPCC/Lynch Syndrome patients.
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CHAPTER SIX: Conclusion

A large percentage of the GSH colorectal unit’s HNPCC population is resident in remote
areas of the Northern Cape. This cohort showed a good level of compliance to
surveillance colonoscopy after adenomatous polyp detection in spite of limited access
to medical care. Data, with limitations, from this study is also in support for possible
earlier surgical intervention with equal proportion of high and low grade polyps
leading to an unexpected colorectal cancer. The significant data is still in support of
high grade polyps and size of 10mm or greater to be followed by total colectomy and
ileo-rectal anastomosis. Our HNPCC population live in poor communities with often
inadequate sanitation services that need to be considered with the long term

morbidity of a total colectomy.

More data is still needed to guide our decision making in regard to surgery versus
continued surveillance on detection of a colorectal adenomatous polyp. Until then the
management of patients with HNPPC/Lynch Syndrome should be conducted by a
multidisciplinary team consisting of colorectal surgeons, gastroenterologists,
geneticists and social workers in consultation with a well informed and properly

counselled patient.

35



CHAPTER SEVEN: References

(References produced in Vancouver style via Mendeley citation manager)

1. Lynch H., De la Chapelle A. Hereditary colorectal cancer. New England Journal of

Medicine. 2003;348(1):919-32.

2. South African Cancer Registry 2004 [Internet]. Available from:
http://www.cansa.org.za/cause_data/images/1056/Cancer_Registry_2004.pdf

3. Aaltonen LA, Salovaara R, Kristo P, Canzian F, Hemminki A, Peltomé&ki P, et al.
Incidence of hereditary nonpolyposis colorectal cancer and the feasibility of
molecular screening for the disease. New England Journal of Medicine. Mass

Medical Soc; 1998;338(21):1481-7.

4, Rustgi AK. Hereditary Gastrointestinal polyposis and Nonpolyposis Syndromes.

New England Journal of Medicine. 1994;331(25):1694-702.

5. Lynch HT, Chapelle AD. Genetic susceptibility to non-polyposis colorectal cancer.

Journal of Medical Genetics. 1999;36:801-18.

6. Warthin A. Heredity with reference to carcinoma: as shown by the study of the
cases examined in the pathological laboratory of the university of Michigan,

1895-1913. Archives of Internal Medicine. 1913;12(05):546-55.

7. Lynch H, Shaw M, Magnuson C, Larsen A, Krush A. Hereditary Factors in Cancer:
Study of Two Large Midwestern Kindreds. Archives of Internal Medicine.

1966;117(2):206-12.

8. Goldblatt J, Madden M, Bosshoff P, Wallis C, Price S. Hereditary non-polyposis

colorectal cancer m. The South African Medical Journal. 1990;77:42—4.

9. Goldberg P, Madden M, Harocopos C. In a resource-poor country, mutation

identification has the potential to reduce the cost of family management for

36



10.

11.

12.

13.

14.

15.

16.

17.

hereditary nonpolyposis colorectal cancer. Diseases of the Colon & Rectum;

1998;41(10):1250-3.

Ramesar R, Madden M, Felix R, Harocopos C, Westbrook C, Jones G, et al.
Molecular Genetics improves the management of Hereditary Nonpolyposis

Colorectal Cancer. The South African Medical Journal. 2000;90:709-14.

Vasen H, Moslein G, Alonso A. Guidelines for the clinical management of Lynch
syndrome (hereditary non-polyposis cancer). Journal of Medical Genetics.

2007;44:353-62.

Vasen H, Mecklin J, Meera Khan P, Lynch H. The International Collaborative
Group on Hereditary Non-Polyposis Colorectal Cancer (ICG-HNPCC). Diseases of
the Colon & Rectum. 1991;34(5):424-5.

Vasen H, Watson P, Mecklin J-P, Lynch H. New Clinical Criteria for Hereditary
Nonpolyposis Colorectal Cancer (HNPCC, Lynch Syndrome) Proposed by the
International Collaborative Group on HNPCC. Gastroenterology. 1999;116:1453—
6.

Burt R, Neklason DW. Genetic testing for inherited colon cancer.

Gastroenterology. Elsevier; 2005;128(6):1696—-716.

Peltomaki P, Aaltonen L, Sistonen P, Pylkkanen L. Genetic mapping of a locus

predisposing to human colorectal cancer. Science. 1993;260(5109):810-2.

Lindblom A, Tannergard P, Werelius B, Nordenskjold M. Genetic mapping of a
second locus predisposing to hereditary non-polyposis colon cancer. Nature

Genetics. 1993;5(3):279-82.

Peltomadki P, Vasen H. Mutations associated with HNPCC predisposition --
Update of ICG-HNPCC/INSIGHT mutation database. Disease Markers. 2004
Jan;20(4-5):269-76.

37



18.

19.

20.

21.

22.

23.

24.

lonov Y, Peinado M, Malkhosyan S, Shibata D, M. P. Ubiquitous somatic
mutations in simple repeated sequences reveal a new mechanism for colonic

carcinogenesis. Nature. 1993;363(6429):558-61.

Boland C, Thibodeau S, SHamilton S et al. Instability for Cancer Detection and
Familial Predisposition: Development of International Criteria for the
Determination of Microsatellite Instability in Colorectal Cancer. Cancer research.

1998;58:5248-57.

Cunningham JM, Christensen ER, Tester DJ, Instability M, Burgart LJ, Thibodeau
SN, et al. Hypermethylation of the hMLH1 Promoter in Colon Cancer with
Microsatellite Instability Hypermethylation of the hMLHI Promoter in Colon
Cancer with. Cancer Research. 1998;58:3455-60.

Hampel H, Frankel WL, Martin E, Arnold M, Khanduja K, Kuebler P, et al.
Screening for the Lynch syndrome (hereditary nonpolyposis colorectal cancer).

New England Journal of Medicine. Mass Medical Soc; 2005;352(18):1851-60.

Hendriks Y, Wagner A, Morreau H, Menko F, Stormorken A, Quehenberger F, et
al. Cancer risk in hereditary nonpolyposis colorectal cancer due to MSH6
mutations: impact on counseling and surveillance. Gastroenterology. Elsevier;

2004;127(1):17-25.

Lindor NM, Burgart LJ, Leontovich O, Goldberg RM, Cunningham JM, Sargent DJ,
et al. Testing in Phenotyping Colorectal Tumors. Journal of Clinical Oncology.

2002;20(4):1043-8.

De Jong AE, Van Puijenbroek M, Hendriks Y. Microsatellite Instability ,
Immunohistochemistry , and Additional PMS2 Staining in Suspected Hereditary
Nonpolyposis Colorectal Cancer Microsatellite Instability,
Immunohistochemistry , and Additional PMS2 Staining in Suspected Hereditary
Nonpolyposis C. Clinical Cancer Research. 2004;10:972-80.

38



25.

26.

27.

28.

29.

30.

31.

32.

Umar A, Boland CR, Terdiman JP, Syngal S, De A. Revised Bethesda Guidelines
for Hereditary Nonpolyposis Colorectal Cancer (Lynch Syndrome) and
Micorsatellite Instability. Journal of the National Cancer Institute.

2004;96(4):261-8.

Kievit W, de Bruin J, Adang E, Ligtenberg M, Nagengast F, Hoogerbrugge N, et al.
Current clinical selection strategies for identification of hereditary non-polyposis
colorectal cancer families are inadequate : a meta-analysis. Clinical Genetics.

2004;56:308-16.

Kievit W, De Bruin J, Adang E, Severens J, Kleibeuker J, Sijmons R, et al. Cost
effectiveness of a new strategy to identify HNPCC patients. Gut. BMJ Publishing
Group Ltd and British Society of Gastroenterology; 2005;54(1):97-102.

Ribic C, Sargent D, Moore M, Thibodeau S, French A, Goldberg R, et al. Tumor
Microsatellite-Instability Status as a Predictor of Benefit from Fluorouracil-Based
Adjuvant Chemotherapy for Colon Cancer. New England Journal of Medicine.

2003;349(3):247-57.

Lindor N, Petersen G, Hadley D, Miesfeldt S, Lu K, Lynch P. Recommendations
for the care of individuals with an inherited predisposition to Lynch syndrome.

JAMA: the journal of. 2006;296(12):1507-17.

Vasen H, Wijnen T, Menko F, Kleibeuker J, Taal B, Griffioen G, et al. Cancer Risk
in Families With Hereditary Nonpolyposis Colorectal Cancer Diagnosed by

Mutation Analysis. Gastroenterology. 1996;110:1020-7.

Desai T, Barkel D. Syndromic colon cancer: Lynch syndrome and familial
adenomatous polyposis. Gastroenterology Clinics of North America.

2008;37:47-72.

De Vos tot Nederveen Cappel W, Nagengast FM, Griffioen G, Menko FH, Taal
BG, Kleibeuker JH, et al. Surveillance for Hereditary Nonpolyposis Colorectal

Cancer. Diseases of the Colon & Rectum. 2002;45(12):1588-94.

39



33.

34,

35.

36.

37.

38.

39.

40.

41.

Ahlquist D. Aggressive polyps in hereditary nonpolyposis colorectal cancer:

targets for screening. Gastroenterology. 1995;108(5):1590-2.

Fitzgibbons R, Lynch H, Stanislav G, Watson P, Lanspa S, Marcus J, et al.
Recognition and treatment of patients with hereditary nonpolyposis colon

cancer (Lynch syndromes | and Il). Annals of Surgery. 1987;206(3):289-94.

Lindor NM, Rabe K, Petersen GM, Haile R, Casey G, Baron J, et al. Lower cancer
incidence in Amsterdam-I criteria families without mismatch repair deficiency.
JAMA: the journal of the American Medical Association. Am Med Assoc;

2005;293(16):1979-85.

Merg A, Lynch H, Lynch J. Hereditary colorectal cancer--part Il. Current Problems

in Surgery. 2005;42(4):267—-333.

Jarvinen HJ, Mecklin JP, Sistonen P. Screening reduces colorectal cancer rate in
families with hereditary nonpolyposis colorectal cancer. Gastroenterology. 1995

May;108(5):1405-11.

Jarvinen HJ, Aarnio M, Mustonen H, Aktan-Collan K, Aaltonen LA, Peltomadki P, et
al. Controlled 15-Year Trial on Screening for Colorectal Cancer in Families With
Hereditary Nonpolyposis Colorectal Cancer. Gastroenterology. 2000;118:829—-
34.

Mecklin JP, Jarvinen HJ. Surveillance in Lynch syndrome. Familial Cancer.

Springer; 2005;4(3):267-71.

De Jong AE, Hendriks YMC, Kleibeuker JH, Boer SYDE, Cats A, Griffioen G, et al.
Decrease in Mortality in Lynch Syndrome Families because of Surveillance.

Gastroenterology. 2006;130:665— 671.

Stupart DA, Goldberg PA, Algar U, Ramesar R. Surveillance colonoscopy
improves survival in a cohort of subjects with a single mismatch repair gene

mutation. Colorectal Disease. 2009;11:126-30.

40



42.

43.

44,

45.

46.

47.

48.

49.

Vasen H, Nagengast F, Meera Khan P. Interval cancers in hereditary non-

polyposis colorectal cancer (Lynch syndrome). Lancet. 1995;345:1183-4.

Mecklin JP, Aarnio M, Ldara E, Kairaluoma MV, Pylvandinen K, Peltomaki P, et al.
Development of colorectal tumors in colonoscopic surveillance in Lynch

syndrome. Gastroenterology. Elsevier; 2007;133(4):1093-8.

Lieberman DA, Weiss DG, Bond JH, Ahnen DJ, Garewal H, Chejfec G. Use of
colonoscopy to screen asymtomatic adults for colorectal cancer. New England

Journal of Medicine. 2000;343(3):162-8.

Anderson D, Goldberg P, Algar U. Mobile colonoscopic surveillance provides
quality care for hereditary nonpolyposis colorectal carcinoma families in South

Africa. Colorectal Disease. 2007;9:509-14.

Hixson L, Fennerty M, Sampliner R, McGee D, Garewal H. Prospective study of
the frequency and size distribution of polyps missed by colonoscopy. Journal of

the National Cancer Institute. 1990;82(22):1769-72.

Rex DK, Cutler CS, Lemmel GT, Rahmani EY, Clark DW, Helper DJ, et al.
Colonoscopic Miss Rates of Adenomas Determined by Back-to-Back

Colonoscopies. Gastroenterology. 1997;112:24-8.

Hurlstone DP, Karajeh M, Cross SS, McAlindon ME, Brown S, Hunter MD, et al.
The role of high-magnification-chromoscopic colonoscopy in hereditary
nonpolyposis colorectal cancer screening: a prospective “back-to-back”
endoscopic study. The American journal of gastroenterology. 2005

Oct;100(10):2167-73.

Bleiker EM, Menko FH, Taal BG, Kluijt I, Wever LDV, Gerritsma M, et al. The role
of high-magnification-chromoscopic colonoscopy in hereditary nonpolyposis
colorectal cancer screening: a prospective “back-to-back” endoscopic study.

Gastroenterology. 2005 Feb;128(2):280-7.

41



50.

51.

52.

53.

54.

55.

56.

57.

White T, Avery G, Kennan N, Syed A, Hartley J, Monson J. Virtual colonoscopy vs
conventional colonoscopy in patients at high risk of colorectal cancer—a
prospective trial of 150 patients. Colorectal Disease. Wiley Online Library;

2009;11(2):138-45.

Lim E, Leung C, Pitman A, Stella D, Brown G, Slattery M, et al. Magnetic
resonance colonography for colorectal cancer screening in patients with Lynch

syndrome gene mutation. Familial Cancer. 2010;9:555-61.

Church J, Simmang C, others. Practice parameters for the treatment of patients
with dominantly inherited colorectal cancer (familial adenomatous polyposis
and hereditary nonpolyposis colorectal cancer). Diseases of the colon and

rectum. 2003;46(8):1001-12.

Rodriguez-Bigas M, Vasen H, Pekka-Mecklin J, Myrhgj T, Rozen P, Bertario L, et
al. Rectal cancer risk in hereditary nonpolyposis colorectal cancer after
abdominal colectomy. International Collaborative Group on HNPCC. Annals of

Surgery. 1997;225(2):202-7.

Natarajan N, Watson P, Silva-Lopez E, Lynch HT. Comparison of extended
colectomy and limited resection in patients with Lynch syndrome. Diseases of

the Colon & Rectum. 2010;53(1):77-82.

Stupart D, Goldberg P, Baigrie RJ, Algar U, Ramesar R. Surgery for colonic cancer
in HNPCC: total vs segmental colectomy. Colorectal disease. 2011

Dec;13(12):1395-9.

De Vos tot Nederveen Cappel W, Buskens E, Van Duijvendijk P, Cats A, Menko F,
Griffioen G, et al. Decision analysis in the surgical treatment of colorectal cancer
due to a mismatch repair gene defect. Gut. BMJ Publishing Group Ltd and British
Society of Gastroenterology; 2003;52(12):1752.

Syngal S, Weeks JC, Schrag D, Garber JE, Kuntz KM. Benefits of colonoscopic

surveillance and prophylactic colectomy in patients with hereditary

42



58.

59.

60.

61.

62.

63.

64.

nonpolyposis colorectal cancer mutations. Annals of internal medicine. Am Coll

Physicians; 1998;129(10):787-96.

Church J, Fazio V, Lavery |, Oakley J, Milsom J, McGannon E. Quality of life after
prophylactic colectomy and ileorectal anastomosis in patients with familial

adenomatous polyposis. Diseases of the Colon & Rectum. 1996;39(12):1404-8.

Barmparas G, Branco B, Schniiriger B, Lam L, Inaba K, Demetriades D. The
incidence and risk factors of post-laparotomy adhesive small bowel obstruction.

Journal of gastrointestinal surgery. 2010 Oct;14(10):1619-28.

You YN, Lakhani VT, Wells SA. The Role of Prophylactic Surgery in Cancer
Prevention. World Journal of Surgery. 2007;31:450-64.

Celentano V, Luglio G, Antonelli G. Prophylactic surgery in Lynch syndrome.

Techniques in Coloproctology. 2011;15(2):129-34.

Odze R, Rex D, Goldblum J, Appelman H. Should HGD or Degree of Villous
Changes in Colon Polyps Be Reported ? American Journal of Gastroenterology.

2008;103:1327-33.

Goldberg P, Grobellaar J, Kotze M, Harocopos C, Marx M, De Jong G, et al.
Guidelines for management of hereditary colorectal cancer. The South African

Medical Journal. 2000;90:703-5.

WMA Declaration of Helsinki - Ethical Principles for Medical Research Involving
Human Subjects [Internet]. 2008. Available from:

http://www.wma.net/en/30publications/10policies/b3/index.html

43



CHAPTER EIGHT: Appendices

8.1 Abstract

CANCER FREE SURVIVAL IN MUTATION POSITIVE HNPCC INDIVIDUALS
WITH COLORECTAL ADENOMATOUS POLYPS IDENTIFIED ON
SURVEILLANCE COLONOSCOPY

Investigator: Dr Oostewalt Swart
Supervisor: Prof PA Goldberg
Introduction:

HNPCC (hereditary nonpolyposis colorectal cancer) is the most common inherited
colorectal cancer (CRC) and is responsible for 2-5% of the total CRC burden. The
management of a histologically benign adenomatous polyp detected on surveillance
colonoscopy remains unresolved.

Aim:
The aim of this study was to determine the cancer free survival of individuals

indentified with HNPCC via genetic testing and found to have benign adenomatous

polyps on routine surveillance colonoscopy

Methodology:

This study was a retrospective review of a patient cohort from the Groote Schuur
Colorectal Unit and UCT Department of Genetic’s HNPCC registry up to December
2010. The decision on surgery or continued surveillance after polyp detection was at
the discretion of the treating physician and/or the choice of the patient. The surgical
group were evaluated for unexpected cancer in the surgical specimens. The
surveillance group continued regular colonoscopies, with polyp removal, to

detect/exclude transformation to cancer.

Results:

In the surgical group size equal or greater than 10mm and high grade polyp

percentage were the only variables reaching statistical significance compared to the
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surveillance group (both p<0.001). Five unexpected cancers were discovered in the 24
resected specimens. Unexpected colorectal malignancies did not occur more often in
patients with high (20%) compared to low (22%) grade polyps (p = 0.6). The median
cancer free survival from the index colonoscopy for the total cohort is 8 years. The
comparative Kaplan Meier estimate of cancer free survival between surgical and

surveillance groups reached statistical significance (p=0.0416) in favour of surveillance.

Conclusion:

Data, with limitations, from this study supports possible earlier surgical intervention
with equal proportion of high and low grade polyps leading to an unexpected

colorectal cancer.
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8.2 Ethics Approval

6 UNIVERSITY OF CAPE TOWN
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Department of Surgery
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University of Cape Town
Dear Dr Swart
RE: PROJECT 2011/016
PROJECT TITLE: Cancer free survival in mutation positive HNPCC individuals with
Colorectal Adenomatous Polyps indentified on surveillance
colonoscopy
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pleased to inform you that the committee approved the study.
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“CUR MISSION i3 o be an outstending teaching and research unbvsrsily,
educating for e and addressing the challenges Tacing our seciety ”

46



Facuity of Health Suienoes
Hurmaes Rusearch Egios Conmities
Rooes E55-24 Groose Sehuur Hoapitad Qld Main Suilding
Caerwatory THI8
M 8§ Avelding - Tel §mmm Fuw: (820100884001
wemall sussepals snefdiongivct s xe
14 Qutubver 2091
HREC REF 412014
O O Sware, L33, Prod B Qoidiery
Cheneen Bagmey Basgow Gestroedersiogy it
{lsceprasst of Medolne
e

Toaer Ly Baaeet,

PFROJECT TITLE: CANCER FREE SURVIVAL I NUTATION POSITIVE BNFCC SDIVIDUALS WiTs
COLERECTAL ADERNOMATOUS POLYPS IDENTIFIED ON SURVEILLANCE
LOLOROSCOPY

Thte word Tor Sebentiing vour seweosiady 50 e Faouty of Healh Sdesoss Hornes Bessonh Bios Doaersitios
B i plessire oo g that o Bibes. Comeniiis fus forealy S0000wed the ahowe-raetioned stugy
Approest B grented wotil 30 Cotolber 2012

Pipase e B s proreey seeerl EFMEUET ¥ the msaireh oonlapes begorat e ey Sake Plaase
stk o et surresipy of Todingse 1 e rrpiste S ol Wl e Ser ol DO S T e S s o
R IFHEO Y

FHaus S0k It P ongeieg sihiosy ooeriind oF I SR PR O e s pors ety of e priec Bl e tigaine
Sease guobs the HREC, REF & all your coresspondents.

i Brgeraly ‘ «““M?

Frrirnl Bk Aampmrne Moeriee PUERIORG AT
et fesen lisset IRB vwrber RO

Thig geeves 4 ooeline Sl te Doty of Ca agen Towwn Hirree Fosearch Eitias Cuee Qe sorrgling t Bs EF
Erwerimes S (Nl Reseaeon il 4 v Mool Rasesroh (e (098881 Yol g
Lrvug Sdrisiersies P ORAIRAL &&mww WM&Wmvs oy *;x e Geod TEskae Pobshie UB GO ey
hetpation &Hﬁm«wamw

The baege Regeah s Comrrtioe greesiiog Bus sppome 16 0 a0l i Wit S 100 saerennied Trinsnte
Cistetoens B3 Motp v Sunnce o6 Dot Uil BracSoe (ORI UGS st FUR Cocte Fatien Bagdalion Pt
N e MR

47



HUMAN RESEARCH
ETHICS COMMITIEE

02 0CT 202

Yor cRARIYAR

a UNIVERSITY OF CAPE TQWN

FACULTY OF HEALTH SCIENCES
Human Research Ethics Committee

FHS0174 Al enewal
Record ReviewszudluICollc : sitories/Databases/Registries
iy documentation described below..

P AN
‘Annual

€ ss.re‘
ﬁ%ggﬂ

R R 1N

\, -~
»

Signaxure Chmmerson of the mec

Date Signed

7’/"’/2/&

Principal Investigator to ccmplete the/follovélng
1. Protocol information

Date form submitted | 02 October 2012 !
HREC REF Number | 47472011 c;um Egmcs Appmval was ,;ang,d wa 30 October 2012
o mi tfzi' CANGER FREE SURVIVAL TN MUTATION POSTTIVE HNPGC INDIVIDUALS WITH GOLORECTAL
rotocol ttle. ADENOMATOUS POLYPS IDENTIFIED ON SURVEILLANGE COLONOSCOPY
Principal lnvéstigator Dr Oostewalt Swart
Depamﬁem 1.Office Department of Surgery/ Colorectal Surgery Unit
Intermnal Mail Address
1.1 Does thgs protocol receive US Federal funding? 0O Yes x No
2. Protocol status (tick v')
O | Research-related activities are ongoing &
x | ‘Data collection is complete, data analysis only O
3 Protocol summary i
Total number of reoords or specimens collected, reviewed or stored since the original 51 .
approval. .
Totat numbe: of records of saecmens oolfeched mwmd or stored since last progress N/A
report :
‘Have any msearch»ralatad outputs (e.g. publications, abstracts, confemnce x Yes 0O No
presentations) resulted from this research? if yes, please list and attach with
this report.”
4. Signature
Signature of Pl Date | 02 October 2012
Signature of Supervisor Dat
(f Pl is a student) ate
26 Juty 2012 ’ Page 1 of { FHS017

age
{Note: Please complete the Closure form (FHS019) i the study is completed within the approval period)

48



8.3 Research Proposal

CANCER FREE SURVIVAL IN MUTATION POSITIVE HNPCC INDIVIDUALS
WITH COLORECTAL ADENOMATOUS POLYPS IDENTIFIED ON
SURVEILLANCE COLONOSCOPY

INVESTIGATOR: Dr Oostewalt Swart

SUPERVISOR: Prof Paul Goldberg

LITERATURE REVIEW:

Hereditary nonpolyposis colorectal cancer (HNPCC) accounts for 3-5% of all colorectal
cancers in the developed world.™? It is an autosomal dominant disease with an
inherited germ line mutation of mismatch repair (MMR) genes>*: MLH1(50%),
MSH2(39%), MSH6(7%) and PMS1/PMS2/MLH3(5%)° . This leads to DNA replication
errors if followed by a subsequent somatic mutation of the remaining normal MMR
allele. HNPCC mutation positive individuals have a 60-85% lifetime risk for developing
colorectal cancer’” HNPCC has also shown an accelerated adenoma-carcinoma
sequence compared to sporadic colorectal cancer of 2-3years®®. The mean age of
developing colorectal cancer in HNPCC is 45 years; on average 20 years earlier than
sporadic colorectal cancers” The protocol at UCT is to do surveillance colonoscopy

every two years from 16-30 years of age and yearly there after” '*

The surgical options for HNPCC remain unclear. The American Society of Colon and
Rectal Surgeons recommends for HNPCC individuals with more than one advanced
adenoma or cancer a total colectomy and ileorectal anastomosis(with lifelong rectal
surveillance) or proctocolectomy and ilioanal pouch for rectal lesions'* .There is still a
12% risk of developing rectal carcinoma post colectomy. Segmental resections are
discouraged due to the high risk of metachronous and synchronous disease (45% and
18% over 10 years respectively)lz. Data from the Colorectal Unit in Groote Schuur
Hospital (GSH) reported a 20% 5 year and 41% 15 year risk of metachronous colonic

cancer in their HNPCC population®. Research has shown up to 29% of polyps under
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5mm are missed at colonoscopy *and an incomplete colonoscopy rate of 3% by
experienced endoscopists (up to 46% if self-trained)™. A 96% completion rate is
achieved by the UCT colonoscopy unit in GSH as well as on community outreach
colonoscopies™. In spite of this, prophylactic colectomies in patients without mucosal
lesions should not be done due to incomplete penetrance of the disease as well as the

mortality and especially morbidity associated with these procedures.

A concentration of HNPCC positive families was discovered in the 1980’s in
Namaqualand and surrounding areas of the Northern Cape’’ . These families have
formed part of an active genetic screening and colonoscopic surveillance program led
by the Colorectal Surgery unit and Department of Genetics of the University of Cape
Town. This is a resource poor and remote region with limited access to specialist
medical services that hampers regular follow-up. Earlier intervention in this group

might be justified.
AIM:

To determine the cancer free survival of individuals identified with HNPCC via genetic
testing; found to have benign adenomatous polyps on routine surveillance

colonoscopy.

OBJECTIVES:

Primary Objective:

To compare the cancer free survival of biopsy proven benign adenomatous polyps in
HNPCC patients receiving colonic resection with those on continued surveillance

colonoscopy.
Secondary Objectives:

A. Surgical group:

1. To determine a relationship between the grade of dysplasia in the

adenomatous polyps and the discovery of an unexpected cancer.
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2. To determine the relationship between the number of adenomatous polyps

and the chance of an unexpected cancer.

3. To determine the relationship between the anatomical location of the polyp

and the chance of an unexpected cancer.

B. Surveillance group:

1. The time span to the development of colon cancer on routine colonoscopic

surveillance.

METHODOLOGY:

Study design: Retrospective review of prospectively collected data of mutation
positive (specifically MLH1 and MSH2) HNPCC patients on the UCT HNPCC registry. All
these patients are offered surveillance colonoscopies. There is no protocol dictating
management when adenomatous polyps are indentified. The decision on surgery or
continued surveillance is at the discretion of the treating physician and/or the choice
of the patient. The surgical specimens are evaluated for unsuspected cancer in what is
preoperatively presumed to be a resection for benign disease. The surveillance group
continues regular colonoscopies with biopsy to detect/exclude the transformation of

the adenomatous polyps to cancer on biopsy.

Study population: All patients known with the MLH1 and MSH2 HNPCC mutation in

UCT Registry up to Dec 2010.

Sampling size and method: All mutation positive HNPCC individuals found to have

adenomatous polyps on surveillance colonoscopy. Sample size is limited by number of

patients in registry.

Inclusion criteria: HNPCC mutation positive individuals with histologically proven

benign adenomatous polyps on biopsy during surveillance colonoscopy.

Exclusion criteria:

1. Biopsy proven Colon Cancer on first surveillance colonoscopy.
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2. Any form of previous colorectal surgery for malignant disease.
3. History of colorectal cancer.
4. < 18years of age

Outcome variables:

1. Detection of unexpected cancer on resected colon specimen.
2. Development of cancer on surveillance colonoscopy.

Determinant variables:

1. Gender

2. Age at first colonoscopy that showed adenomatous polyps

3. Grade of polyps on biopsy taken at colonoscopy

4. Number of polyps on colonoscopy

5. Anatomical location of polyps on colonoscopy

6. Histology of any resected specimens

7. Time interval between colonoscopy surveillance

8. Time span from first colonoscopy to detection of cancer on biopsy.

Ethical aspects:

Patient information will be collected in such a way as to protect confidentiality
throughout the study. Al subjects received formal counselling and signed written
consent for genetic testing and surveillance colonoscopy. A large component of the
study population is resident in remote areas of the Northern Cape making tracing of
individuals for written informed consent for this study difficult. The study will adhere

to guidelines of the 2008 Helsinki declaration.
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Statistical analysis:

Initial descriptive statistics including measures of central tendency and variation will be
calculated using Excel by the study investigator. Any further Multivariate analysis or
Kaplan-Meier graph depiction of cancer free survival will be done in consultation with

a qualified statistician.
Cost:

Any cost will be funded by investigator.
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