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1  |  INTRODUCTION

Pathogenic germline mutations in the Checkpoint ki-
nase 2 (CHEK2) gene have been shown to cause a mod-
erate increased risk of breast cancer, prostate cancer, and 
colon cancer.1– 5 Like most cancer predisposition genes, 
published cancer risk estimates are intended for hetero-
zygous carriers who carry one pathogenic variant. In 
other, better studied cancer predisposition genes such 
as BRCA2, ATM, and PALB2, individuals who carry two 
pathogenic variants in these genes (homozygous carri-
ers or compound heterozygous carriers) are known to 
have more severe cancer phenotypes and can also have 
other clinical features such as bone marrow failure, 
skeletal problems, and ataxia.6,7 Unlike these and other 
syndromes, CHEK2 is distinguished by not having a de-
fined recessive phenotype8 and there are little data about 
cancer risks for individuals who are biallelic carriers of 
CHEK2 pathogenic variants, meaning they carry two 
pathogenic variants in CHEK2.

In this report, we present a striking CHEK2 family 
with compound heterozygous frameshift variants in 
CHEK2.

2  |  CASE REPORT

The proband (indicated by the arrow on the pedigree, 
Figure 1) is a 37- year- old female with past medical history 
significant for gastroesophageal reflux disease (GERD), 
fatty liver, leiomyoma, history of ovarian cysts, anxiety, 
recurrent erosion of the cornea, and splenomegaly. She 
presented to her primary care provider with the complaint 
of noting that her left breast “felt different” without feel-
ing a discrete mass, since about a month prior to presenta-
tion. A mammogram was ordered and noted suspicious 
bilateral abnormalities and suspicious left intramammary 
and axillary lymph nodes. She underwent bilateral biop-
sies and left lymph node biopsy. Core biopsy of her right 
breast lesion showed ductal carcinoma in situ (DCIS), 
high nuclear grade with comedonecrosis and microcalci-
fications; Estrogen receptor (ER) 95% Positive, progester-
one receptor (PR) 93% Positive. Left breast biopsy showed 
invasive carcinoma with ductal and lobular features, pre-
liminary modified Bloom- Richardson grade 2; ER 87% 
positive, PR 2% positive, human epidermal growth fac-
tor receptor 2 (HER2) (3+) positive. Fine- needle aspira-
tion of her left intramammary lymph node was positive 
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Abstract
Pathogenic germline variants in the CHEK2 gene have been shown to cause a 
moderate increased risk of breast cancer. Here, we present a striking CHEK2 fam-
ily with a biallelic carrier of two frameshift pathogenic variants, to draw attention 
and to encourage a comprehensive genetic and cancer risk education for biallelic 
carriers of CHEK2 pathogenic variants.
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for adenocarcinoma. Her diagnosis was left Stage IIIA –  
T0- 2 N2 M0 or T3 N1- 2 M0 infiltrating ductal carcinoma, 
grade two (Intermediate) and right DCIS.

Given her young age at diagnosis, the patient under-
went germline genetic testing via a 15 breast cancer gene 
panel (ATM, BARD1, BRCA1, BRCA2, BRIP1, CDH1, 
CHEK2, FH, NBN, NF1, PALB2, PTEN, RAD50, STK11, 
TP53). The patient was found to carry biallelic CHEK2 
pathogenic variants: c.277del (p.Trp93Glyfs*17) and 
c.902del (p.Leu301Trpfs*3). Maternal ancestry reported 
as German, English, and Welsh, and paternal ancestry re-
ported as Russian and Western European.

She completed neoadjuvant chemotherapy with dose- 
dense doxorubicin and cyclophosphamide followed by 
paclitaxel with pertuzumab and trastuzumab. Patient 
then underwent bilateral mastectomies with left axillary 
lymph node dissection (ALND) and right sentinel lymph 
node biopsy (SLNB) and immediate tissue expander place-
ment. Pathology showed complete pathologic response 
with <0.1 cm of residual DCIS in both breasts. She then 
completed radiation therapy to the left chest wall/recon-
structed breast and regional lymph nodes. She is planned 
to continue on pertuzumab and trastuzumab for total of 
1  year of therapy and adjuvant endocrine therapy with 
ovarian suppression.

Proband's sister is a 39- year- old female with past medi-
cal history of corneal abrasions, acquired hypothyroidism, 
endometriosis who presented for a screening mammo-
gram at age 39 after her sister was diagnosed with breast 
cancer. She had imaging with biopsy that showed right 

grade 3 DCIS, multicentric –  cTis, cN0, cM0 ER 91%– 100% 
positive, PR 91%– 100% positive. Patient elected to have 
bilateral mastectomy. Patient underwent germline testing 
for the two pathogenic CHEK2 variants identified in her 
sister and was found to only carry the c.902del variant, not 
the c.277del variant.

Proband's father is a 67- year- old male with a past med-
ical history of recurrent erosion of cornea, senile nuclear 
sclerosis, and hypertension. He was diagnosed with pros-
tate adenocarcinoma at 60 years old, Gleason score 6 and 
was treated by a robot assisted laparoscopic prostatectomy. 
He also had a colonoscopy with tubular adenoma. He un-
derwent cascade germline testing for both familial CHEK2 
variants that revealed only the c.902del variant.

Proband's mother is a 69- year- old female with a past 
medical history of type II diabetes and hypertension who 
presented with a right breast mass and nipple discharge 
after the diagnosis of breast cancer in her two daughters. 
Imaging and biopsy were performed. She was diagnosed 
with invasive ductal carcinoma, stage IA (pT1c, pN1a, 
cM0) grade one; ER 91%– 100% positive, PR 91%– 100% 
positive, HER2 negative. Patient underwent right mastec-
tomy with ALND; pathology showed invasive ductal carci-
noma, 16 mm with background DCIS. 2/20 LNs involved. 
Oncotype score was 13; no chemotherapy recommended. 
Adjuvant radiation to the chest wall and supraclavicular 
and infraclavicular lymph nodes was completed. Adjuvant 
endocrine therapy was initiated. She underwent cascade 
germline testing for both familial CHEK2 variants that re-
vealed only the c.277del variant.

F I G U R E  1  Family pedigree. Proband is marked with arrow head.
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The proband's 35- year- old brother has not undergone 
germline testing and reportedly has not been diagnosed 
with any cancers at the time of this paper.

3  |  DISCUSSION

In this report, we have presented a striking CHEK2 fam-
ily with compound heterozygous frameshift mutations 
in CHEK2, c.277del (p.Trp93Glyfs*17) and c.902del 
(p.Leu301Trpfs*3).

The majority of current research and literature 
about CHEK2 pathogenic variants is on heterozygous 
frameshift variants, specifically the c.1100delC variant. 
Frameshift variants are thought to impose a lifetime risk 
of 20%– 40% for a first breast cancer and an increased 
risk of a second primary breast cancer being up to 29%.5,9 
This cancer risk estimation is thought to be due to the 
type of variant of CHEK2, a patient's ancestry, a family 
history of breast cancer, and the age at cancer diagno-
sis in the family.5,10 The c.1100delC is a founder variant 
and is present in at least 1.1% of individuals of Northern 
and Eastern European ancestry.11 Missense variants of 
CHEK2 (such as the p.I157T variant) are less clear but 
seem to be of lower penetrance. Specifically, the risk for 
female breast cancer appears to be lower.12 Other frame-
shift variants, like the ones reported in this family, are 
assumed to have similar cancer risks as the c.1100delC 
variant.

There are little data about cancer risks for individu-
als who are biallelic carriers of CHEK2 pathogenic vari-
ants, especially the biallelic non- c.1100delC carriers. 
Paperna et al. have previously reported three patients 
with homozygous pathogenic variant of CHEK2. One of 
these patients had presented with multiple different neo-
plasms of different origins.13 In a study, evaluating 2554 
Dutch independent familial non- BRCA1/2 breast cancer 
cases, Adank et al. identified 8 homozygotes carriers of 
CHEK2*1100delC. They demonstrated that the female 
homozygotes carriers of CHEK2*1100delC had a greater 
than twofold increased breast cancer risk compared to fa-
milial heterozygotes CHEK2*1100delC carriers.14 Another 
study found that biallelic carriers of pathogenic variants 
of CHEK2 were significantly more likely to have one pri-
mary breast cancer, be diagnosed with breast cancer at or 
before age 50, and have a second breast cancer diagnosis 
as compared to monoallelic carriers. Of note, in this latter 
study, 16 out of 31 were trans c.1100delC. Additionally, 
the authors suggest that biallelic carriers of CHEK2 patho-
genic variants could have breast cancer risks higher than 
those associated with pathogenic variants in in BRCA1 or 
BRCA2.15 In present study, the proband, who is the bial-
lelic carriers of two non- c.1100delC CHEK2 pathogenic 

variants, presented at a younger age and more advanced 
stage compared to her family members.

In our present study, prior to the proband and her sis-
ter's diagnosis of breast cancer, only their paternal family 
history met the current criteria set by NCCN guidelines 
for germline testing for hereditary prostate cancer. Their 
maternal family history was not suspicious for hereditary 
cancer and did not meet the criteria for germline testing 
for hereditary cancer, per available information provided 
by the patient. Therefore, further research regarding the 
risk stratification for biallelic carriers is essential due to 
the possible significant implications for treatment of an 
initial breast malignancy and cancer surveillance for un-
affected biallelic carriers. Current breast cancer screen-
ing guidelines in NCCN include breast mammography 
with consideration of tomosynthesis and consideration of 
breast MRI starting by age 40 are stated for monoallelic 
heterozygous carriers only. Unfortunately, there has not 
been enough information to incorporate a risk stratifica-
tion and surveillance guidelines for biallelic carriers. If 
the risk of developing breast cancer for biallelic carriers of 
CHEK2 pathogenic variants is truly in the high- risk range, 
similar to that of a BRCA gene mutation, these women 
are likely not being offered appropriate high- risk breast 
screening young enough, nor being offered risk reducing 
surgery including bilateral mastectomies. Cybulski et al. 
have estimated the lifetime risk of breast cancer for het-
erozygote carriers of CHEK2 pathogenic variants to be 
20% for a woman with no family history of breast cancer, 
and 28%, 34%, and 44% for a woman with one second- 
degree relative affected, with one first- degree relative af-
fected, and with both a first-  and second- degree relative 
affected, respectively.10 Therefore, they recommended ad-
dition of magnetic resonance imaging (MRI) for screening 
as well as chemoprevention with Tamoxifen for carriers 
of pathogenic variants of CHEK2 with a family history of 
breast cancer.10

Another interesting finding in the review of this fam-
ily pedigree is the occurrence of cutaneous melanoma at 
the age of 79 in maternal grandmother of the proband 
and non- Hodgkin lymphoma at the age of 80 in her pa-
ternal grandfather. The maternal grandmother of the pro-
band could have been a carrier of the pathogenic variant 
c.277del. A few previous studies have evaluated the risk of 
cutaneous melanoma in CHEK2 pathogenic variant carri-
ers. Of the six different studies that were reviewed by Bui 
et al.16 in 2020, one large study has demonstrated a statis-
tically significant twofold risk of melanoma in individuals 
with the CHEK2*1100delC variant but the other five other 
studies did not show an association. Association between 
the pathogenic variant c.277del and malignant melanoma 
requires further investigations. Previous studies have sug-
gested association between CHEK2 variants and analyzed 
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hereditary CHEK2 variants and non- Hodgkin lymphoma. 
A study in 2015 evaluated the coding sequence of the 
CHEK2 gene in a large group of non- Hodgkin lymphoma 
patients, and found that CHEK2 variants could modify 
the risk and clinical course of non- Hodgkin lymphoma.17 
Specifically, they showed that the I157T variant had statis-
tically significant association with an increased risk, and 
the c.319 + 43dupA alteration was the only variant asso-
ciated with a significant decrease in risk of non- Hodgkin 
lymphoma.

Furthermore, to our knowledge, there is no published 
information regarding prostate cancer risks for biallelic 
carriers of CHEK2 pathogenic variants. Additionally, 
other cancers have been reported in association with 
CHEK2 pathogenic variants, but have not been statisti-
cally significant in their risk correlation to be added to cur-
rent screening guideline recommendations by NCCN for 
CHEK2 heterozygous carriers.8,18,19 Cancer risk manage-
ment per national practice guidelines is based on lifetime 
cancer risks, and further research is needed to understand 
the interactions of moderate penetrance genes and family 
history on lifetime cancer risk. When providing a patient 
with an accurate cancer risk assessment with moderate 
risk genes, the family history of cancer should be assessed 
to guide risk assessment and screening for the family.

Regarding the patients that were presented in this re-
port, the following surveillance has been recommended at 
this time; The proband and her sister were recommended 
to have colonoscopies every 5 years and annual chest wall 
examinations (since both had bilateral mastectomies). 
Mother was recommended to have colonoscopies every 
5 years and her surveillance for breast cancer is pending 
her completion of her breast cancer treatment. Father 
was recommended to have annual PSA and colonoscopies 
every 5 years.

4  |  CONCLUSION

This report draws attention to compound heterozygous 
carriers of pathogenic variant CHEK2 and to encourage a 
comprehensive genetic and cancer risk education to give 
patients the ability to choose the most appropriate treat-
ment and surveillance options for them given the many 
confounding factors at work in this assessment.
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