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Lynch syndrome (LS), also known as hereditary nonpoly-
posis colorectal cancer (HNPCC), is an autosomal domi-
nant genetic condition which predisposes patients to
several different types of cancer, most notably colorectal
cancer [1]. LS can be implicated in up to 5 % of colorectal
cancers (CRC), making it the most common form of
hereditary CRC [2]. However, in patients with early-onset
CRC this number can be up to 17 % [3]. There has been an
increased focus on early-onset CRC in general due to
recently demonstrated rising CRC incidence rates in this
group, although the underlying pathogenic factors are not
completely understood [4]. Timing of LS diagnosis in
suspected patients is critical, as early identification can
facilitate management decisions regarding surgical inter-
vention, colonoscopic surveillance and screening for extra-
colonic cancers. In addition, expedited germline genetic
testing can be offered to at-risk family members.

Recent guidelines suggest that all newly diagnosed
CRCs, regardless of patient age, can be considered for
evaluation for mismatch repair deficiency by microsatellite
instability (MSI) and/or immunohistochemistry (IHC)
testing for mismatch repair proteins [5]. Germline genetic
testing can follow in order to confirm LS and assess for
specific underlying mutations. When surgery is indicated,
the aforementioned testing should ideally occur preopera-
tively so that results can assist planning and decision
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making in the operating room [5]. Due to high rates of
metachronous CRC in LS patients undergoing partial colon
resections (16 % at 10 years, 41 % at 20 years and 62 % at
30 years), even in those undergoing colonoscopic surveil-
lance, colectomy with ileorectal anastomosis is recom-
mended [5, 6]. Studies have demonstrated the rate of
metachronous lesions to drop significantly (postoperative
risk is 0-3.4 %) when the recommended surgical inter-
vention was performed [6, 7]. Given this expanding
appreciation for the role that genetic analysis may play in
CRC surgical and medical management, the expectations
would be for a rise in genetic evaluation, unfortunately the
reality seems far from it.

A recent study utilizing CDC comparative effectiveness
research data conducted by our group evaluated the fre-
quency of MSI and THC testing in early-onset CRC patients
and availability of testing results preoperatively [8]. The
study, which was the first population-based study in the
USA to evaluate LS screening practices, took place in
Louisiana, which was recently demonstrated to have one of
the highest incidence rates of CRC in the USA and very
high rates of early-onset CRC, particularly in certain
regions [9]. Data collected from the Louisiana Tumor
Registry totaling 274 patients statewide <50 years of age
and diagnosed with CRC in 2011 were analyzed. They
found that in this young, high-risk population in which LS
screening rates would be expected to be the highest, MSI
and/or THC testing was performed in only 23 % of patients
with abnormalities found in 21.7 % of cases. Additionally,
of those with abnormal ITHC staining patterns, results were
suggestive of LS in 87.5 % of cases highlighting the high-
risk nature of the early-onset CRC population. Lastly, they
found that these results were available preoperatively only
16.9 % of the time due to testing being ordered infre-
quently on preoperative colonoscopy specimens or results
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returning after surgery took place. Hence due to the
potential of LS being diagnosed postoperatively or not
being diagnosed at all, the potential exists for patients to
undergo segmental resection, which could leave them
vulnerable to developing metachronous lesions. A strength
of this study was the fact that it was population-based,
representing care of all early-onset CRC patients in the
state at 61 distinct healthcare facilities.

The implications of not identifying LS in the proband
extend beyond the index cancer, namely screening for
extra-colonic cancers and inadequate LS screening in at-
risk family members. For example, with regard to the
former, females with LS are at significantly higher risk for
developing uterine cancer (upwards of 60 % lifetime risk),
and thus, early diagnosis is imperative for the purposes of
screening and/or early prophylactic surgical intervention,
e.g., total abdominal hysterectomy with bilateral salpingo-
oophorectomy [10].

Although gaps in LS management have been demon-
strated, the root cause needs further investigation. The
aforementioned study examined several testing factors
associated with an increased likelihood of undergoing LS
screening including family history of CRC, residence in an
urban setting and receiving care at a comprehensive cancer
center [8]. The positive effect of family history may be
obvious, but what can be made of urban location and
treatment center influence? One can deduce that most
likely there are multiple factors at play, namely access to
more experienced specialists and increased availability of
genetic testing and counseling. Moreover, it was found that
the majority of tumor analyses ordered originated from
only a few centers, suggesting a clustering of hereditary
CRC specialists or perhaps the positive impact that a few
influential providers can have on the approaches of their
colleagues. No matter the reasoning, these results suggest
that a targeted intervention on provider education at
underperforming centers may be an effective means at
closing the gap.

Overall, to make sense of this gap between recom-
mended best practices and their current implementation,
the problem can most productively be divided into two
separate issues: first, the overall low rate of MSI and/or
IHC testing and second, the rarity of having such results
available prior to surgery. To begin, providers simply may
not be well versed in interpreting results from MSI and/or
IHC testing and subsequent germline testing, or may not
have access to genetic counseling, all of which can prevent
test ordering. For physicians who do not regularly manage
hereditary cancer syndromes, the value of these tests for
specific high-risk populations may be minimized. As a
result, not only might overall rates of testing be decreased,
but surgery may take place prior to the return of results

@ Springer

which could help explain the second, previously raised
issue. Likewise, another barrier to accessing testing results
preoperatively may be physicians’ (or patients’) hesitance
in the face of malignancy to wait several weeks for a
protracted, two-step process of MSI and/or THC testing on
a colonoscopic specimen followed by germline genetic
testing. In addition, patient and provider concerns regard-
ing bowel function and quality of life after more extensive
surgery may limit the performance of more extensive sur-
gery even in the presence of abnormal testing. Those
undergoing more extensive colonic resection may poten-
tially experience increased stool frequency with a potential
impact on quality of life [11]. However, this must be bal-
anced with reduction in CRC risk that is achieved with
more extensive surgery. The aforementioned factors, when
considered in conjunction with the potential emotional and
psychological concerns of the risk of passing a hereditary
condition to family members, can potentially explain
hesitation to proceed with genetic valuation.

Each potential barrier needs to be further explored as to
better understand the factors involved in LS screening
implementation so that testing rates can be maximized
going forward. Genetic counseling is critical to incorporate
into the process as it not only benefits the proband, but
facilitates screening of at-risk family members. In the end,
a streamlined process that not only maximizes LS screen-
ing rates but optimizes the timing of availability of test
results will benefit patients and physicians alike. Impor-
tantly, a protocol-driven process needs to be implemented
so that MSI and/or IHC analysis and germline genetic
testing are processed as quickly as possible so that results
are made available preoperatively. This will likely involve
a multifactorial approach integrating providers, insurance
carriers and genetic testing companies. Even if in certain
cases patients and physicians are uncomfortable with more
extensive colonic resection, at least test results can be in
place preoperatively so a detailed risk/benefit discussion
can take place. As a streamlined process comes to fruition,
patients will become more in tune to their disease process
and physicians will have all the necessary information prior
to implementing both medical and surgical management
decisions.
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