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Molecularly confirmed Li-Fraumeni-like syndrome in a
patient with breast cancer and a low pre-test probability for
harboring a germline CHEK2 truncation
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Introduction

Next generation sequencing (NGS) affords patients the potential
opportunity to receive highly targeted therapies if actionable genetic
abnormalities are identified in their tumors. Currently, nearly all
available approved targeted therapies target oncogene products as
opposed to replacing deficient tumor suppressor gene (TSG) products.
Generally, replacing deficient TSG products in a malignancy is
presumed to only be effective if there is near total lack of expression
of a particular normal TSG product, as would occur with LOH for the
particular TSG.

Molecularly defined, Li-Fraumeni syndrome is due to inheritance
of a mutated TP53 [1,2]. Li-Fraumeni syndrome patients are at
particularly increased risk of developing breast cancers, brain tumors,
leukemia and adrenal cortical cancers [2-4]. Because the normal protein
expressed by the TSG checkpoint kinase 2 (CHEK2) activates TP53,
lack of expression of CHEK2 is thought to in many ways be tantamount
to lack of expression of normal TP53. Therefore, germline alterations
in the CHEK?2 gene result in what has been described as “Li-Fraumeni-
like” syndrome and patients would be expected to have increased risk
of a variety of cancers [1-4].

Here, I describe a patient whose breast cancer harbored a
truncation in CHEK2, ¢.1100del. The relatively high mutation allelic
frequency (MAF) confirmed LOH of CHEK?2 as the gatekeeper event
in tumorigenesis. The particular CHEK?2 alteration and the roughly
50% frequency of that mutation seen in germline testing confirmed
that the patient is of a molecularly diagnosed Li-Fraumeni-like family.
Although estimating the risk for Li-Fraumeni-like related cancers
when the ¢.1000del CHEK?2 is discovered in a patient with a high pre-
test probability of harboring the truncation is fairly well defined, the
penetrance in the described patient (with no clearly significant family
history of Li-Fraumeni-like associated cancers and therefore a low pre-
test probability) is more problematic.

Case report

CCis a 66 year old woman who underwent a left-sided mastectomy
and sentinel lymph node evaluation for a T2NO (Stage IIA) ER
positive, PR positive, HER2 positive (IHC 3+) invasive ductal breast
adenocarcinoma in September 2015 and received adjuvant systemic
therapy with docetaxel/carboplatin/trastuzumab/pertuzumab and, after
completing the chemotherapy, initiated aromatase inhibitor therapy.

Family history (FH) included a maternal aunt with ovarian cancer
(age 60), a brother with multiple myeloma (age 64) and a maternal
aunt (age 82) and a paternal half-sister (age unknown) with colorectal
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cancers.

Next generation sequencing (NGS) of her cancer demonstrated
a genomic alteration in CHEK2 T367fs*15 (c.1100del) (Foundation
Medicine, Inc, Cambridge, MA 02141). Germline testing showed
the same deleterious alteration (Myriad Genetics, Salt Lake City, UT,
84108).

Based on these results, the unreported mutation allelic frequencies
(MAF) =71% for the breast cancer (Foundation Medicine) and MAF
=49.6% (Myriad Genetics) were obtained for the CHEK2 alteration.

Discussion

The CHEK2 TSG product primarily functions to activate TP53 and
induce cells to undergo cell-cycle arrest or apotopsis. Lack of expression
of functional CHEK2 would be considered a gatekeeper event in
transformation to malignancy. Lack of expression can be secondary to
inheritance of ¢.1100del CHEK2 followed by inactivation of expression
of wild-type (WT) CHEK2 genes in a normal breast cell or through
somatic mutations or inactivation of WT genes in a normal breast cell
[2-4]. The later events appear to be far less common in breast cancer.
For example, it is estimated that grossly reduced or absent CHEK2
protein expression is seen in only 4 to 14% of familial breast tumors
from CHEK2 non-carriers [5,6]. A study of 10, 860 breast cancer cases
and 9,065 controls from 10 case-control studies in 5 countries found a
CHEK?2 variant in 1.9% of all cases and 0.7% of controls. The authors
concluded that the 1100 delC allele confers roughly a twofold elevation
in breast cancer risk in women unselected for family history [7]. In the
UK, the absolute cumulative risk of breast cancer among 1100 delC
allele carriers was roughly 13.7 % by the age of 70 compared to 6.1% of
non-carriers [7].

CC age of diagnosis and lack of a FH suggestive of a familial
syndrome (see above) would suggest that she is a non-carrier of
CHEK?2, and therefore not of a Li-Fraumeni-like family. 1100delC
CHEK?2 germline alterations have been associated particularly with an
increased risk of developing breast, prostate and kidney cancers and not
with ovarian cancer and apparently not (or minimally) with colorectal
cancer risk [3,8]. A literature search revealed no studies suggesting an
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association with multiple myeloma. Also, denovo mutations have very
rarely been reported [9].

However, the germline MAF of 49.6% confirms her to be of a
molecularly-defined Li-Fraumeni-like family. (Of note, there is also
evidence that germline CHEK2 alterations are associated with HER2
positive disease, as she had [10]). Per accepted guidelines, this diagnosis
would place her and other family members harboring the same germline
alteration at higher risk for a variety of cancers. . The pre-test probability
is the probability of the patient being proven to have the disease (in
this case, Li-Fraumeni-like syndrome) before having had the test. In
spite of this guideline, her very low pre-test probability of harboring
the CHEK? alteration that testing demonstrated raises the question of
whether the penetrance established in other carriers (who have a higher
pre-test probability) applies to this somewhat “incidentally” discovered
germline alteration carrier. The guidelines suggest that regardless of the
FH, screening and even prophylactic measures for carriers of nearly all
known cancer-associated genes be the same whether the patient has
a strong family history or not [11]. Paradoxically, if a patient with a
very high pre-test probability tests negative, it is recommended that the
screening approach to that patient be the same had they tested positive
for a mutation in the gene of concern [11].

Obtaining the unreported MAF from the tumor is also relevant to
the issue of the significance of the germline mutation in this patient
and her family as well. The MAF of 71% would appear to confirm loss
of heterozygosity as the mechanism. Had the MAF in the tumor been
less than 50%, it would remain possible that inactivation of expression
of WT CHEK?2 was still the gatekeeper molecular transforming event,
but with a lower MAF it would also be possible that the breast cancer
was sporadic. Had the cancer been sporadic, this would be further
evidence of, for example, linked polymorphisms protecting this Li-
Fraumeni-like patient and her family from the cancers associated with
the inherited CHEK2 alteration.

Finally, NGS sequencing is typically requested to identify
“actionable” molecular abnormalities. In the case of oncogenes, the
MAF is likely irrelevant if a targeted agent that inhibits the activity
of an expressed oncogene is available. On the other hand, agents that
target the lack of expressed normal TSG products presumably would
be effective only if the loss of the TSG product is near total in the
malignancy. Therefore, if there were a drug known to target the lost
TSG CHEK2 product, the CHEK2 MAF of 71% would suggest that
such an agent might be effective.

In summary, obtaining the unreported MAFs for both the identified
germline ¢.1100del CHEK?2 and the same CHEK? alteration identified
by NGS molecularly confirmed that this patient is of a Li-Fraumeni-like
family, although it is unclear as to whether she and other carriers in
her family might expect the same risk of Li-Fraumeni-like associated
cancers as Li-Fraumeni-like patients identified who have high pre-
test probabilities of harboring the CHEK2 germline mutation or meet
clinical criteria for Li-Fraumeni-like syndrome. Also, if there were a
targeted agent shown to replace lacking CHECK2 normal protein
product, the high MAF in the tumor of this patient would increase the
probability of efficacy compared to use in a tumor where the known
normal TSG CHEK2 product was expressed.
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