
Response to Evans et al.

We appreciate the comments by Evans et al. on our paper
entitled “MSH6 and PMS2 germ-line pathogenic variants
implicated in Lynch syndrome are associated with breast
cancer.” We agree with many of the limitations outlined in
their letter to the editor, and we have previously discussed
these limitations in the discussion of our original article as
well as in our response to ten Broeke et al.1,2 We will therefore
limit our response to the points Evans et al.3 raise that we
have not previously addressed.
In our paper, we reported standardized incidence ratios

(SIRs), not odds ratios (ORs) as stated by Evans et al. The
main difference between the two is whether an internal or
external reference population is used. As we described in our
paper, we calculated SIRs based on population-based
incidence rates from SEER and caution that the calculated
SIRs may be biased given that our study population was
predominantly comprised of women with a personal or family
history of breast cancer. Nevertheless, the SIRs published for
our cohort are very similar to the ORs reported by other
similar studies. For example, our findings were consistent
with those of Couch et al.,4 which Evans et al. consider “a
more appropriate use of panel data” with an OR= 1.93 (95%
confidence interval [CI], 1.16–3.27) forMSH6, compared with
our SIR of 2.11 (95% CI, 1.56–2.86). We acknowledge that
PMS2 poses greater analytic challenges because of the highly
homologous pseudogene that may have led to genotyping
inaccuracies in some studies and lower penetrance. The data
supporting the association of breast cancer with PMS2 is not
as consistent as the data supporting association of breast
cancer with MSH6. We previously addressed the comparison
of our results to previous studies of PMS2 available at the time
of publication in our response to ten Broeke et al.2,5

As already discussed in our original paper, we acknowledge
that our estimates of cumulative incidence may be over-
estimated given our retrospective study design, and we fully
agree that estimates of cumulative incidence need to be
confirmed by prospective validation, ideally using population-
based methods for mutation estimates.
Evans et al. postulate that we “ignore(d) most of the

negative evidence available”; however, both publications cited
in support of this statement were published after our
manuscript was submitted.6,7 Had either paper with evidence
suggesting lack of association been available prior to
submission of our manuscript, we would have included the
published data within the discussion of our manuscript. The
Møller et al.6 publication using data from the Prospective
Lynch Syndrome Database, while new, still suffers from the

limitations discussed in our response to ten Broeke et al.2 In
brief, this prospective cohort is also subject to ascertainment
bias due to increased colorectal cancer risk and established
clinical criteria for Lynch syndrome8 and is not likely to
represent true population-based ascertainment of all indivi-
duals with a MSH6 and PMS2 pathogenic variant. This
ascertainment method has likely resulted in a lower than
expected number of MSH6 and PMS2 pathogenic variants as
evidenced by comparison with the estimated general popula-
tion frequencies reported by Win et al.6,9 Additionally, the
Prospective Lynch Syndrome Database (www.lscarisk.com)
clearly states that due to the small number of PMS2 carriers,
risk estimates should be interpreted with caution and are
insufficient for reliable conclusions. With regard to the ten
Broeke et al. (2018) publication, the lack of replication of their
previously published elevated PMS2 SIR, 2.92 (95% CI,
2.17–3.92) for breast cancer was published after acceptance of
our manuscript and suggests the need for additional studies of
PMS2 in particular.5,7

Rarely is any one study completely free of ascertainment
bias, not even prospective studies. We have acknowledged
that our referral population is enriched for all types of cancer,
so if the increased risk of breast cancer were only due to the
relatively high frequency of these two genes, then we would
have expected to see an increased risk for other cancers, not
just breast, as well. We attempted to account for the
ascertainment bias in a number of ways, and acknowledge it
in the limitations of our study.1 Furthermore, we specifically
observed the increased breast cancer risk only withMSH6 and
PMS2 and not with MLH1 or MSH2 although all patients
were ascertained by the same method.
As we discussed in our paper and response to ten Broeke

et al., our data showed a modest but statistically significant
increased risk for breast cancer for both MSH6 and PMS2
with SIRs of 2.11 (95% CI, 1.56–2.86) and 2.92 (95% CI,
2.17–3.92), respectively. We strongly agree that the evidence
needed to change clinical management is not derived from
any single study, rather through robust replication, ideally
with prospective unselected individuals that may be available
through unselected, population-based biobanks that are
linked to cancer registries. We are gratified that our paper
has stimulated discussion and debate and hope other groups
continue to investigate the association of breast cancer with
some molecular subtypes of Lynch syndrome.
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