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Abstract

Background: Accurate risk (penetrance) estimates for associated phenotypes in carriers of a major disease gene
are important for genetic counselling of at-risk individuals. Population-specific estimates of penetrance are often
needed as well. Families ascertained from high-risk disease clinics provide substantial data to estimate penetrance
of a disease gene, but these estimates must be adjusted for possible specific sources of bias.

Methods: A cohort of 12 independently ascertained HNPCC families harbouring a founder MSH2 mutation was
identified from a cancer genetics clinic in St. John's, Newfoundland, Canada. Carrier status was known for 257
family members but phenotype information on up to 75 additional relatives with unknown carrier status was
available; using modified segregation models these additional individuals could be included in the analyses. Three
HNPCC-related phenotypes were evaluated as age at diagnosis of: any HNPCC cancer (first cancer), colorectal
cancer (CRC), and endometrial cancer (EC) for females.

Results: Lifetime (age 70) risk estimates for male and female carriers were similar for developing any HNPCC
cancer (Males = 97.6%, 95% Confidence Interval (C1)=(90.6%, 99.4%); Females = 93.6%, 95% CI=(85.1%,
98.4%)) but female carriers experienced substantially reduced lifetime risk for developing CRC compared to male
carriers (Females = 42.7%,95% Cl=(28.3%, 63.4%);Males = 82.6%, 95% Cl=(63.2%, 88.3%)). Female non-
carriers had very low lifetime risk for these two outcomes while male non-carriers had lifetime risks intermediate
to the female carriers and non-carriers. Female carriers had a lifetime risk of developing EC of 63.3% (95%
Cl=(12.6%, 92.6%)). Relative risks for developing any HNPCC cancer (carriers relative to non-carriers) were
substantially greater for females compared to their male counterparts (Females = 15.2, 95%Cl=(6.8, 33.5);



Males = 8.2, 95% Cl = (3.5, 16.9)).

Relative risks for developing CRC were substantially greater for females

compared to their male counterparts (Females = 11.9, 95%CI=(5.7, 28.6); Males = 4.3%, 95% Cl = (1.6, 5.8)).
However, the risk of developing CRC decreased with age among both genders.

Conclusions: The proposed modified segregation-based models used to estimate age-specific risks for HNPCC
phenotypes can reduce bias due to ascertainment and missing genotype information as well as provide estimates

of absolute and relative risks.

Background

Extensive knowledge about Mendelian disease genes
is accumulating as more are discovered, character-
ized and studied in high risk families. With this
accumulating knowledge comes the opportunity for
carriers to have improved surveillance and treatment
options so disease is detected at an early stage and
adverse outcomes are reduced. However, accurate
age-and sex-specific penetrance estimates are critical
for genetic counseling of at-risk individuals in order
to establish and evaluate disease control efforts. For
instance, risk models have recently been developed
to predict germline mutations linked to Lynch syn-
drome (hereditary nonpolyposis colorectal cancer or
HNPCC) but unlike existing models, these models
require a prior specification of the penetrance func-
tion to give accurate predictions. [1-3]

HNPCC is an example of an autosomal dominant
Mendelian disease which has seen remarkable im-
provements in associated morbidity and mortality in
recent years due to early identification, surveillance
and treatment of gene carriers. [4,5] It is caused
by a mutation in one of the mismatch repair genes:
MLH1, MSH2, MSH6 or PMS2 and accounts for
about 3% of all colorectal cancer (CRC) cases. [6]
Carriers of one of these mutations are at increased
lifetime risk of developing cancers of the colon, en-
dometrium, ovary, stomach, ureter, upper biliary
tract, skin, and brain. [7,8] Early age at onset is
another hallmark of this syndrome.

Studies of heritable genetic diseases are often con-
ducted using families with multiple affected indi-
viduals since high risk alleles are often rare in the
general population. However, families identified
through high risk disease clinics tend to be more
likely to carry the disease gene mutation and to have
phenotype information, compared to pedigrees iden-

tified through population-based sampling of affected
probands. Thus, families identified in clinic-based
designs may not be representative of the population
and ascertainment may be biased to more severe out-
comes. In addition to ascertainment issues, missing
genotype information can be problematic in these
pedigrees. Genetic testing may not be offered to
all family members based on an individual’s risk of
carrying the deleterious allele and some family mem-
bers may have already died without testing. Still
others may decline testing.

Statistical models based on segregation methods
have been developed which can estimate age-specific
penetrance in these high risk families and can adjust
for ascertainment bias and missing genotype data.
Traditionally, segregation-based methods have been
used to fit genetic models to phenotype data col-
lected from pedigrees. These methods can easily
adjust for complex ascertainment when the rules of
sequential sampling of pedigrees are followed, infer
the missing genotypes using family structure and
evaluate whether another segregating gene might
be involved. [9,10] More precise estimates and con-
fidence intervals (CIs) can be obtained with these
methods compared to standard methods, since ad-
ditional genotyped individuals are included. When
the form of the disease risk (e.g., risk increasing or
decreasing with age or both) could vary for different
age-at-onset phenotypes, a general formulation of
the hazard function is necessary.

This paper addresses these key challenges in disease
risk estimation by using new statistical methods
in a study of 12 HNPCC families, who were as-
certained at a Newfoundland (NL) cancer genetics
clinic and who share a founder MSH2 mutation. In
Newfoundland, founder mutations causing autoso-
mal dominant disease, large family sizes over 8-10



generations and little in or out migration since the
founding settlements in the late 18" and early 19¢"
centuries [11] have enabled discoveries of phenotype
- genotype correlations in right arrhythmogenic ven-
tricular cardiomyopathy, [12] autosomal dominant
polycystic kidney disease, [13] and HNPCC. [14]
Risk estimates from other populations may not be
appropriate for these NL families who share lifestyle
and environmental factors in addition to the founder
mutation; each of these risk factors can substantially
affect the rates of penetrance. [15-18]

Methods
Family ascertainment and characteristics

Twelve families with hereditary CRC were indepen-
dently identified from the Medical Genetics Clinic at
Memorial University, St. John’s, NL, Canada, and
were confirmed as carrying the MSH2 mutation A
— T nt942+3. Based on their geographic proximity
in an isolated area of the province, as well as hav-
ing common haplotypes of a subset of at least five
microsatellite markers, it is assumed these families
have a common ancestor. See Green et al. (2002)
for additional details. [7] Data collected from these
families have been updated since that initial report,
including additional HNPCC outcomes and geno-
typing of family members.

DNA testing for the MSH2 mutation identified in-
dividuals as carriers or non-carriers. For those not
tested, family members who presented with an HN-
PCC cancer and were known to be at least at 50%
risk of being a carrier, or who had children known
to be carriers, were presumed to be carriers. All
other individuals were considered to have unknown
mutation status.

Statistical Methods

The clinical outcomes of interest (phenotypes) in
this study were age to diagnosis of CRC, age to di-
agnosis of first HNPCC cancer (included CRC, small
bowel, endometrium, ovary, gastric, urinary tract,
brain, and bile duct), and among the females, age to
diagnosis of endometrial cancer (EC). Lifetime risk

or penetrance at age 70 for these three outcomes is
of particular interest. Observations on participants
were censored at their age at last followup if no phe-
notypes were observed; after entering a screening
program; or for age to diagnosis of EC for females,
after having a hysterectomy/oophorectomy for non-
cancer reasons.

The Kaplan-Meier (KM) estimator is often used to
estimate age-specific penetrance but has known lim-
itations. [19] Although it is robust to the correlation
in outcomes among family members, it does not
correct for ascertainment bias associated with these
high risk families or infer missing genotype informa-
tion. We used the KM estimator to assess potential
bias and differences in cumulative risks across the
different mutation groups — particularly to compare
penetrance for those with known versus unknown
mutation status.

Modified segregation-based methods can account for
the non-random ascertainment of families as well as
missing genotype information. [9, 10, 20] We con-
sidered a general parametric form for the hazard
function, which adopted a Weibull baseline hazard
function. The generalized log-Burr hazard form
(see Appendix) includes the standard Weibull pro-
portional hazards model or the log-logistic model
as special cases. [21] The Weibull model is quite
flexible but does have a monotonic functional form
of the hazard whereas the log-logistic specification
does not. As Jenkins et al. (2006) found, risk can
increase and then decrease with age, so assuming
monotonicity for risk may not always be appropri-
ate. [22] With three clinical phenotypes of interest,
the general formulation permits appropriate func-
tional form choices for each outcome. Likelihood
ratio statistics were used to select a simpler model
(i.e., either Weibull or log-logistic) that was com-
patible with the general model. [23] All regression
models included the variables for sex and genotype
status and their interaction.

Stratified risk estimates were calculated by sex and
by mutation status for each phenotype and the cor-
responding 95% confidence intervals were calculated
by simulation. Specifically, 1,000 parameters sets
were simulated, assuming a multivariate normal dis-
tribution for the estimated parameters. The 95% CI
for the cumulative risk to a specific age (range 20-70
years) was estimated as the region between the 2.5t"



and 97.5'" percentiles of the distribution obtained
by substituting the sets of simulated parameters into
the penetrance function. [22]

To correct penetrance estimates for families ascer-
tained through an individual with cancer who also
satisfied high or intermediate familial risks, we used
an ascertainment-corrected retrospective (ACR)
likelihood approach. Correction was based on the
conditional probability of the observed genotypes
in the first degree relatives of the carrier proband,
given the observed presence or absence of disease
in each person, and corrected for the ascertainment
event (i.e. the diagnosis of cancer in the proband)
which caused the family to be sampled. [9, 10, 24]
We obtained the maximum likelihood estimates of
the needed parameters by maximizing this ACR
likelihood and then used the parameters to estimate
age-specific cumulative and relative risks for each
outcome, using the penetrance function in equa-
tion (2) of the Appendix. [9,10]. These modified
segregation methods based on an ACR likelihood
were implemented in the genetic software program,
Mendel. [25]

Results and Discussion

Description of Family Data Set

The number of family members with phenotype in-
formation varied from 146 (EC) to 313 (any HN-
PCC cancer) to 332 (CRC), with 129 males and 127
females having known genotypes (see Table 1). How-
ever, family members with unknown mutation status
often had a substantial number of outcomes. For
instance, nine of the 36 males with unknown car-
rier status were diagnosed with having any HNPCC
cancer. Excluding these family members who were
not genotyped and were not presumed carriers will
impact the risk estimates.

Table 1 about here

Kaplan-Meier estimator

In Figure 1, the standard Kaplan-Meier (KM) esti-
mator is used to estimate penetrance of the MSH2
gene in the development of any HNPCC cancer and
CRC, stratified by genotype status. What is striking
about the resulting complementary (1-KM) curves

is the substantial differences among the groups with
different genotype status. For development of any
HNPCC cancer and CRC, the carriers (denoted by
‘+’) and individuals with unknown genotype status
(denoted by ‘?’) have very similar age-specific risks
of developing any HNPCC cancer or CRC until age
35. From age 35 onwards, carriers have the highest
penetrance while the group with unknown genotype
status experience substantially less risk thereafter.
Non-carriers (‘—’) have very low penetrance at all
ages.

Figure 1 about here

When we further stratify by sex, very similar pat-
terns for developing any HNPCC cancer or CRC are
evident (Figure 2). In addition, females generally
have lower risks compared to their male counter-
parts within each genotype category for both out-
comes until around age 50. For all outcomes, large
jumps in the curves past age 50 are due to sparse
data. For estimation of the development of EC, car-
riers have similar risks to non-carriers and women
with unknown genotype status until age 40. Past
this age, female carriers exhibit an increasing risk
of nearly 40%. Women with unknown carrier status
and non-carriers have very low risks over their life-
times.

These KM plots suggest that missing genotype infor-
mation will likely bias the age-specific risk estimates
to varying degrees for each phenotype of interest.
To avoid this problem, we used a segregation-based
approach.

Figure 2 about here

Modified Segregation-based Methods

The general formulation for the hazard function
(shown in the Appendix and which included the in-
teraction term) yielded these findings:

e Any HNPCC cancer: log-likelihood value was
—689.7 and ¢ was 29600,

e CRC: log-likelihood value was —544.2 and ¢
was 3.1,



e EC: log-likelihood value was —346.8 and ¢ was
0.4.

These results suggest that different models are ap-
propriate for each phenotype. Likelihood ratio test
statistics confirmed that the general model formula-
tion was consistent with the Weibull model for any
HNPCC cancer (p-value = 0.27), the log-logistic
model for CRC (p-value = 0.19) as well as for EC
(p-value = 0.39).

Based on these selected models for each pheno-
type, we estimated the penetrance functions using
the corresponding parameter estimates. The esti-
mated penetrance functions, stratified by sex and
mutation status, are displayed in Figure 3. The
age-related risk of developing any HNPCC cancer
for carriers increases quickly after age 25, with fe-
males experiencing slightly lower risks than males
over their lifetimes. The age-related risks for non-
carriers are substantially lower than the risks for the
carriers past 25 years of age, with male non-carriers
experiencing greater lifetime risk than the female
non-carriers. Cumulative risk for CRC was not
surprisingly highest for males, compared to their fe-
male counterparts. For instance, lifetime CRC risk
estimates for male carriers was 82.6% (95% CI =
(63.2%, 88.3%)) whereas for female carriers it was
42.7% (95% CI = (28.3%, 63.4%)). The 95% ClIs
drawn at ages 30, 50 and 70 reveal that within each
gender class, carriers have statistically significant
higher risk than non-carriers but within each carrier
class, males and females have similar ranges of plau-
sible values. Table 2 provides the point and 95% CI
estimates of the penetrance for any HNPCC cancer,
CRC and EC at ages 30, 50 and 70 (lifetime risk).

Table 2 about here
Figure 3 about here

Endometrial cancer results reveal a relatively low
cumulative risk to age 50 (19.2%) for female car-
riers which rises sharply to 63.3% by age 70. For
non-carriers, risk was essentially zero throughout
the women’s lifetimes. The low number of women
diagnosed with EC resulted in greater estimation
uncertainty, so the confidence intervals are some-
what wide and overlapping.

In addition to the absolute risk estimates obtained

with the modified segregation analyses, the relative
risks (RR) for developing any HNPCC cancer and
CRC were also calculated (Equation 2, Appendix).
Table 3 presents the risks for carriers relative to
non-carriers, stratified by sex. For age at onset of
any HNPCC cancer, the Weibull model was again
adopted so the RR are automatically constant with
respect to age. The interaction between carrier sta-
tus and sex was significant in this model. Although
males had higher absolute risks compared to females
regardless of carrier class, female carriers had double
the relative risks (15.2), compared to male carriers
(8.2). The wide 95% CI for the female carriers (6.8,
33.5), however, suggests a lack of precision; it also
overlaps with the corresponding ones for the male
carriers (3.5, 16.9) indicating no statistically signif-
icant difference between them. The scant number
of events in female non-carriers meant RR estimates
for EC were not estimable.

Table 3 about here

For age at onset of CRC, the log-logistic model
was adopted so risks could vary with age. Overall,
the risk for female carriers relative to female non-
carriers was higher than for male carriers relative
to male non-carriers over the entire age range con-
sidered. At age 30, the RR for male carriers, 18.2
(95% CI=(6.8, 36.7)) was nearly the same as for
female carriers, 19.7 (95% CI=(8.5, 45.6)). But by
age 70, the relative risk for male carriers (4.3, 95%
CI=(1.6, 5.8)) was one third the relative risk for
female carriers (11.9, 95% CI=(5.7, 28.6)). Thus,
female carriers had greater relative risks of devel-
oping CRC compared to their male counterparts
through out their adult lifetimes; this risk difference
became substantial by age 70.

Discussion

Our paper confirmed the relatively high penetrance
associated with MSH2 gene mutations in these NL
HNPCC families for various phenotypes, including
CRC. Several studies have previously evaluated the
risk of developing CRC among identified MMR gene
mutation carriers in HNPCC families, where the risk
to age 70 ranged from 22% to 100%. [7,15-18,26-31]
Some studies suggested different risks associated



with MLH1 and MSH2 [16, 28] while others re-
ported males having nearly twice the risk of fe-
males [15, 16, 18]; these differences were not con-
sistent across studies. The lower penetrance re-
ported among females suggests they are somehow
protected from CRC, perhaps due to environmen-
tal/reproductive factors unique to women or to a
sex-linked modifier gene.

Our study confirmed a gender-specific effect on the
risk of developing CRC with a higher lifetime risk
in males than females (82.6% vs. 42.7% by age 70).
Our study also underlined the relative importance of
other cancers in these large Newfoundland families.
Women are susceptible to developing endometrial
cancer with a penetrance close to 63.3% by age 70
and when considering all HNPCC-related cancers,
the lifetime risks in males and females carriers were
similarly very high, 97.6% and 93.6%, respectively.
Interestingly, our study also showed that the relative
effect of MSH2 on CRC for males and females com-
bined as measured by the hazard ratio, decreases
with age (from 17.7 at age 30 to 7.1 at age 70, re-
sults not shown). Such an effect was also suggested
in Jenkins et al. [22] and in a very recent study from
Ontario. [9]

To illustrate the importance of having specific pen-
etrance estimates for the HNPCC families in New-
foundland (NL), we estimated both the probability
of being a MSH2 mutation carrier and the prob-
ability of developing CRC and EC in cancer-free
individuals in Family 1 from our sample. These
probabilities can be computed for any family mem-
ber, i.e. the counselee, and are conditional on the
observed phenotypes and genotypes in the family.
Gender- and age-specific penetrance are used to
derive a posterior probability of being a mutation
carrier and then the disease risk estimate is calcu-
lated as a weighted average over the mutation status,
where the weights are the mutation carrier probabil-
ities. [32] Computations were carried out using the
package MMRpro in the R library BayesMendel. [32]
We compared the probability of being a mutation
carrier and of developing the two outcomes for a
selected counselee using either publically available
penetrance estimates for MSH2 [1] or the penetrance
estimates obtained from our own analyses of the NL
family data set.

Figure 4 about here

We chose individual 48 in family 1 as the counselee
(see Figure 4) . This is a woman who is cancer free
to age 48 and is a mutation carrier. Her mother (the
proband in the family) had an endometrial cancer
(EC) at age 47 and a colorectal cancer (CRC) at age
67 and was a confirmed mutation carrier. First, we
ignore the counselee’s mutation status. Assuming a
mutation prevalence varying from 0.1% to 1% in the
Newfoundland population, the carrier probability for
the counselee ranged from 37% to 41% when using
our derived penetrance estimates and was close to
43% when using the published estimates. The prob-
ability of developing CRC and EC by age 83 for this
person was 18% and 28%, respectively, when using
our penetrance estimates and 12% and 19%, respec-
tively, when using the published estimates. Next,
we assumed the couselee’s mutation status is known.
The probability of developing CRC and EC by age
83 was 42% and T0%, respectively, when using our
penetrance estimates but only 22% and 40%, re-
spectively, when using the published penetrance es-
timates. These risk estimates were not sensitive to
the mutation prevalence. Thus, using our calculated
penetrance values, we found both the carrier prob-
ability and development of both phenotypes to be
quite different compared to those values obtained
using published data from other populations.

Our paper also demonstrates the strength of the
modified segregation-based analysis to estimate the
penetrance of HNPCC-related cancers in these large
Newfoundland families. First, unlike the classi-
cal Kaplan-Meier estimator, this approach can infer
missing genotypes by using the Mendelian transmis-
sion probabilities and genealogical relationships. As
a consequence, the segregation-based analysis was
able to use information on up to 75 additional rela-
tives, resulting in more precise and potentially less
biased penetrance estimates. Second, the modified
segregation-based analysis can correct for ascertain-
ment when families were recruited through several
affected individuals. Our recent simulation stud-
ies [9] have shown that the inference through the
ascertainment-corrected likelihood approach that we
proposed was nearly unbiased for various types of
family-based designs (population- and clinic-based)
and genetic models (including one- and two-gene
models). Finally, segregation-based methods allow
several parametric hazard functions to be consid-



ered. We proposed a generalized log-Burr formu-
lation of this function, which includes the Weibull
or log-logistic forms as particular cases, so a better
fit of the cumulative risk function results.

For the aforementioned reasons, our results differ
somewhat from those published by Green et al. [7]
who used the Kaplan-Meier estimator on an earlier
version of the data. For example, their penetrance
estimates for CRC were 92% and 64% by age 70 in
males and female carriers, respectively, compared to
83% and 43% in our study. The main difference is
likely to be due to the treatment of the relatives
with unknown genotypes. Omitting this category or
combining it with the non-carriers would result in an
overestimation of the penetrance in MSH2 carriers,
whereas the correct penetrance estimate should be
a weighted average over the missing data. It should
also be mentioned that Green et al. [7] did not cor-
rect for ascertainment and so the estimates are valid
only for their clinic-based sample and/or for families
with the same pattern of cancer risks.

Our results also differ from those of Quehenberger
et al.(2005), even though both studies adjusted for
ascertainment of high-risk families using a retrospec-
tive likelihood approach and used modified segrega-
tion methods to infer missing genotypes. [30] Several
important differences might explain the lower risk es-
timates these authors found in their data. Although
they had substantially more data for the three phe-
notypes they considered (CRC, EC and Minor HN-
PCC site; n=1304 for MSH2 families), they com-
bined families segregating either hMLH1 or MSH2
alleles (number of individuals analysed was 2392).
They also had proportionally more missing genotype
information (68.3% (67.5%) in MSH2 (combined)
families versus 21.8% in our data), and all families
likely did not share the same founder mutation.

In addition to the study population differences,
methodological differences might also be relevant.
Quehenberger et al. assumed a fixed population al-
lele frequency, adopted polynomial functions (con-
stant or quadratic) for the logarithm of the cancer-
and sex- specific relative hazard rates and a piece-
wise constant non-carrier baseline hazard rate with
kernel smoother based on the Netherlands Cancer
Registry incidence data, and used a competing risk
model. In particular, competing risk model esti-
mates are affected by the rates of all phenotypes un-

der consideration, which are also likely not indepen-
dent for HNPCC cancers. Absolute risk estimates
for the time to first HNPCC cancer from our study
(Table 2, first two rows) can be compared to their
combined (CRC 4+ EC +MC) age dependent cause
specific cumulative risks (Table 4, second row, last
two columns): our risk estimates at ages 30, 50 and
70 years are consistently higher for both male and
female carriers although both approaches had wide
95% confidence intervals. Relative risks for time to
first CRC (Table 3 in both studies) suggest decreas-
ing risk over lifetimes, with our study estimating a
smaller range of values and different values for males
and females.

Conclusions

In summary, the risk estimates we obtained using a
modified segregation approach within a general haz-
ard framework are adjusted for ascertainment of the
family members and can include those family mem-
bers with missing genotype information. Thus, this
novel and flexible approach reduces several sources of
bias in the penetrance estimates for HNPCC-related
phenotypes.

Although many sources of bias have been reduced in
this study, several limitations may still exist. First,
the sample size is relatively small for a risk estima-
tion study and the confidence intervals were often
wide, especially for estimating gender-specific pen-
etrances. This problem was only partly overcome
by using the modified segregation-based approach.
Second, inaccuracy of cancer diagnosis or screening
history might introduce error because some cases or
dates of entry into screening programs could not be
confirmed. Further work on the impact of screen-
ing is warranted. Lastly, we did not adjust our
analysis for competing risks nor try to model specif-
ically the correlation between the different HNPCC-
related cancers or other sources of familial correla-
tion besides the MSH2 mutation. Phenotypic het-
erogeneity and multiple phenotypes also pose chal-
lenges. We are planning to investigate these issues
in some future work.
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Figures

Figure 1 - Kaplan-Meier estimates of penetrance for any HNPCC and CRC

Kaplan-Meier estimates of age-specific cumulative risks of any hereditary nonpolyposis colorectal cancer (a)
and colorectal cancer (b) stratified by three mutation groups: mutation positive (+), unknown (7) and
mutation negative (—).

Figure 2 - Kaplan-Meier estimates of penetrance for any HNPCC, CRC and EC

Kaplan-Meier estimates of age-specific cumulative risks of hereditary nonpolyposis colorectal cancer-related
cancers [(a) any hereditary nonpolyposis colorectal cancer, (b) colorectal cancer, (c) endometrial cancer]
stratified by sex and three mutation groups: mutation positive (+), unknown (?) and mutation negative

(=)-

Figure 3 - Segregation model estimates of penetrance for any HNPCC, CRC and EC

Age-specific cumulative risks and 95% confidence intervals of hereditary nonpolyposis colorectal cancer re-
lated cancers [(a) any hereditary nonpolyposis colorectal cancer, (b) colorectal cancer, (c) endometrial cancer]
among mutation carriers and non-carriers specified by gender, based on the segregation analyses.



Tables
Table 1 - Description of NL Family Data Set

Table 1: Number of each phenotype per subgroup based on sex and mutation status

Descriptive Statistics

Group Any HNPCCT CRCH ECA
cancer
Events n Events n Events n
Males
Carriers™ 40 78 36 78 - -
Non-carriers 2 51 1 51 - -
Unknowns 9 36 5 46 - -
Females
Carriers* 40 76 17 76 16 75
Non-carriers 1 51 0 51 0 51
Unknowns 7 21 2 30 1 20
Family Members with Phenotype Information 313 332 146

* includes known carriers and presumed carriers, n = number of relatives
T HNPCC = hereditary nonpolyposis colorectal cancer

¥ CRC = colorectal cancer, & EC = endometrial cancer
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Table 2 - Penetrance and 95% Confidence Interval Estimates

Table 2: Penetrance estimates (percent) at ages 30, 50 and 70 by carrier status and sex, with corresponding
95% confidence intervals. Estimates based on the specified hazard function for age at diagnosis of any
hereditary nonpolyposis colorectal cancer (any HNPCC cancer), colorectal cancer (CRC) and endometrial
cancer (EC)

Group Age 30 (95 % CI) Age 50 (95 % CI) Age 70 (95 % CI)

Any HNPCC cancer (Weibull)

Male Carrier 87(5.1,13.2)  68.2(53.3,77.8)  97.6 (90.6, 99.4)
Female Carrier 6.5 (4.1,10.7)  57.1 (45.7, 70.1) 93.6 (85.1, 98.4)
Male Non-carrier 1.1 (05, 3.1) 129 ( 74,29.4)  36.3 (22.7, 68.3)
Female Non-carrier 0.4 (0.2, 1.1) 5.4 ( 2.6, 11.1) 16.5 ( 8.3, 32.1)
CRC (Log-logistic)
Male Carrier 9.9 (3.3,15.3)  58.9 (34.4, 67.1)  82.6 (63.2, 83.3)
Female Carrier 1.7 (0.8, 3.9) 18 4 (10. 7 31.8) 42.7 (28.3, 63.4)
Male Non-carrier 0.5 (0.1, 1.2) 7(1 11 9) 19 1(6.1,31.9)
Female Non-carrier 0.1 (0.0, 0.3) 1(04, 3.0) 6 (1.5, 9.7)
EC (Log-logistic)
Female Carriers 0.3 (0.0, 3.7) 19.2 (1.6, 59.7) 63.3 (12.6, 92.6)
Female Non-carriers 0.0 (0.0, 0.1) 0.3 (0.0, 2.5) 1.9 ( 0.3, 18.0)
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Table 3 - Hazard Ratio and 95% Confidence Interval Estimates

Table 3: Hazard ratio estimates at ages 30, 50 and 70 in mutation carriers compared with mutation non-
carriers by sex, with corresponding 95% confidence intervals. Estimates based on the specified hazard
function for age at diagnosis of any hereditary nonpolyposis colorectal cancer and colorectal cancer

Group Age 30 (95% CI) Age 50 (95% CI) Age 70 (95% CI)

Any HNPCC cancer
(Weibull)
Male 8.2 (3.5, 16.9) 8.2 (3.5, 16.9) 8.2 (3.5, 16.9)
Female 15.2 (6.8, 33.5) 15.2 (6.8, 33.5) 15.2 (6.8, 33.5)

CRC
(Log logistic)
Male  18.2 (6.8, 36.7) 8.8 (26,12.7) 4.3 (16, 5.8)
Female  19.7 (8.5,45.6)  16.5 (7.4,38.1)  11.9 (5.7, 28.6)

HNPCC = hereditary nonpolyposis colorectal cancer

CRC = colorectal cancer

Additional Files
Appendix — General hazard specification for parametric regression model
The formulation of the hazard function based on a generalized log-Burr specification of the survival function.
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