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CASE REPORT

Metastatic colorectal cancer as the primary 
phenotype in a hereditary breast and ovarian 
cancer patient with Germline BRCA1 mutation: 
a case report
Ying Liu1†, Jing Zhu2†, Xiao Wei3, Duoxia Yang4, Si Li4, Xiaoping Qian1† and Li Li1*† 

Abstract 

Hereditary breast and ovarian cancer (HBOC) syndrome has increased predisposition to breast and/or ovarian cancer, 
and 24% of families with HBOC were associated with the germline pathogenic variants in BRCA1/2. Timely diagnosis 
and identification of mutation carriers is of utmost importance to improve survival benefit and quality of life. Cancers 
that have been included into screening of BRCA1/2 associated HBOC included prostate and pancreatic cancers etc. In 
this case, we reported a patient who firstly presented symptoms of CRC and was finally diagnosed as BRCA1 associ-
ated HBOC with advanced peritoneal carcinoma. With strategies of cetuximab based treatment and olaparib, and 
debulking surgeries, she has achieved an overall survival (OS) > 35 months. The aim was to indicate that HBOC might 
also first present as CRC, and comprehensive next-generation sequencing analysis might be a key complement for 
screening and diagnose of HBOC.
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Background
Hereditary breast and ovarian cancer (HBOC) syndrome 
is defined as an increased predisposition to breast and/or 
ovarian cancer [1], and 24% of families with HBOC were 
associated with the germline pathogenic variants in the 
BRCA1/2 [2–4]. Among patients diagnosed with HBOC, 
the risk-reducing surgery and targeted treatments have 
significantly improved survival benefit and quality of life 
[5, 6]. Therefore, timely diagnosis and identification of 

mutation carriers is of utmost importance in treatment 
of HBOC. Besides breast and ovarian cancer, HBOC was 
also reported to have an increased risk of other cancers 
such as prostate and pancreatic cancers etc. [7], which 
have been included into the testing criteria for HBOC 
susceptibility genes [8]. While whether colorectal cancer 
should be included into screening of BRCA1/2 associated 
HBOC was not identified.

In this case, we reported a patient who first presented 
symptom of CRC and was finally diagnosed as BRCA1 
associated HBOC with advanced peritoneal carcinoma. 
With strategies of cetuximab based treatment and olapa-
rib, and debulking surgeries, she has achieved an overall 
survival (OS) > 35 months. The aim was to indicate that 
HBOC might also first present as metastatic CRC, and 
comprehensive next-generation sequencing (NGS) analy-
sis might be a key complement for screening and diag-
nose of HBOC or possible hereditary cancers.
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Fig. 1  Imagological and pathological examination at first admission and timeline of diagnose and treatment. A. Left: Sigmoid colon lesion on 
colonoscopy; Right: Rectal lesion on colonoscopy; B. Hematoxylin-eosin (H&E) image, original magnification× 200; C. Immunohistochemical 
staining for CK7 (+++), CDX-2 (+), SATB2 (+), Her2 (+), Ki67 (50%+), MLH1 (+), MSH2 (+), MSH6 (+) and PMS2 (+) (original magnification× 100). 
4-5 μm FFPE sections were used for IHC staining, antibodies used were listed in Table 1; D. Peritoneal lesion on CT (indicated by red arrow). E. 
Timeline of the patient’s diagnose and treatment, PFS is for progression-free survival
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Case presentation
A 62-year-old female patient was referred to our hospi-
tal on May 5, 2019 with complaints of less and narrow 
stool with hematochezia for 3 months. Colonoscopy 
showed multiple protuberant ulcer lesions in both sig-
moid colon and rectum (Fig. 1A), which was pathologi-
cally confirmed as poorly differentiated adenocarcinoma 
on Hematoxylin-eosin (H&E) (Fig.  1B). Immunohisto-
chemistry (IHC) staining of tissues from colonoscopy 
were positive for CK7 (+++), CDX-2 (+), SATB2 (+), 
Her2 (+), Ki67 (50%+), MLH1 (+), MSH2 (+), MSH6 
(+) and PMS2 (+) (Fig.  1C). The methods and materi-
als of IHC were given in legends and Table 1. No lesions 
were found in breast and ovary at admissions except for 
peritoneal lesions (Fig.  1D). At the same time, CDX-2 
(+) and SATB2 (+) was discussed as combination 
marker to discriminate colorectal carcinoma from other 
primary carcinoma [9, 10], and 19% of gastrointesti-
nal adenocarcinoma with CK7 (+) /CDX-2 (+) /SATB2 
(+) showed primary colorectal cancer [11]. Combined 
with the clinical manifestations, computed tomography 
(CT) scan, colonoscopy and pathological findings, the 
patient initially adopted treatment strategy for advanced 
colorectal cancer. The following targeted polymerase 
chain reaction (PCR) sequencing confirmed KRAS (−), 
NRAS (−), BRAF V600E (−). The patient subsequently 

received combination treatment of cetuximab, oxaliplatin 
and capecitabine (Fig.  1E). The disease showed partial 
response (near complete response).

While after about 10 months’ treatment, computed 
tomography (CT) scan revealed the enlargement of rec-
tal lesion (Fig. 2A). The patient underwent a laparoscopic 
excision of rectal lesions on April 13, 2020. The second 
pathological examination was performed. Instead of aris-
ing from the muscular to serosal layer, which was the 
characteristic of primary colorectal cancer [12], the gross 
examination of surgical sample observed tumor tissues 
growing from the serosal layer, which indicate meta-
static colorectal cancer (Fig. 2A&B). Further IHC staining 
revealed a status of Villin (−), CK7 (+++), CK20 (−), ER 
(++), PAX8 (+++), SATB2 (−) and CDX-2 (−) (Fig. 2C). 
Combined with results of the gross examination, IHC 
staining and imaging-observed lesions, she was further 
diagnosed as primary peritoneal carcinoma. To further 
clarify the molecular results, the surgical specimens were 
subjected to College of American Pathologists (CAP)-
accredited laboratory for DNA-based NGS analysis (520 
genes). The results showed that the patient harbored ger-
mline mutation in BRCA1 (c.5470_5477delATT​GGG​CA, 
p.lle1824AspfsX3). Investigation of family history and 
NGS analysis (Table 2) showed that, the mother and sis-
ter were both diagnosed with breast cancer, and the father 
was diagnosed with prostate cancer. The cancer predispo-
sition genes testing (28 gene-panel，College of American 
Pathologists (CAP)-accredited laboratory) was performed 
for the mother and brother. The same germline BRCA1 
mutation was detected with the mothers’ plasma sample. 
Our patient was finally diagnosed as HBOC, presenting 
peritoneal carcinoma with colorectal metastasis.

The patient started olaparib treatment (300 mg orally, 
twice daily) on July 30, 2020. She then achieved partial 
response and a progression-free survival (PFS) of 14 months 
(Figs.  1E, 2D&E). During the maintenance treatment on 
olaparib after debulking surgery post-progression, a newly 
onset lesions in the right ovary was confirmed (Fig. 2E) on 
December 20, 2021. The patient received total abdomi-
nal hysterectomy bilateral salpingo oophorectomy with 
infracolic omentectomy. The IHC staining showed results 
of Her2 (Br)-, ERCC1 (+), ER (+), PR (−), P53 (+), Ki67 
(30%+), P16 (+), WT1 (+), CD31 (+), D2-40 (scattered+) 
(Fig. 2F). A high-grade fallopian tube adenocarcinoma was 
thus considered. The patient then adopted combination of 
docetaxel and carboplatin and intraperitoneal injection of 
vardenafil since January 2022.

Discussion
In this case we reported a patient with HBOC and pre-
sented initial symptom of metastatic colorectal can-
cer. HBOC was firstly brought up in 1866, when French 

Table 1  Antibodies used in this study

Antibody Dilution Pretreatment Source

CK7 1: 200 EDTA9.0 Zhong Shan, Beijing, China

CDX-2 1: 200 EDTA9.0 Zhong Shan, Beijing, China

SATB2 Universal EDTA9.0 Zhong Shan, Beijing, China

Her2 Universal EDTA9.0 Roche Diagnostics, Basel, 
Switzerland

Ki67 1: 400 EDTA9.0 Zhong Shan, Beijing, China

MLH1 Universal EDTA9.0 Dako Denmark A/S, Denmark

MSH2 Universal EDTA9.0 Dako Denmark A/S, Denmark

MSH6 Universal EDTA9.0 Dako Denmark A/S, Denmark

PMS2 Universal EDTA9.0 Dako Denmark A/S, Denmark

Villin Universal EDTA9.0 Zhong Shan, Beijing, China

CK20 Universal EDTA9.0 Zhong Shan, Beijing, China

ER Universal EDTA9.0 Roche Diagnostics, Basel, 
Switzerland

PAX8 Universal EDTA9.0 Zhong Shan, Beijing, China

ERCC1 1: 200 EDTA9.0 Zhong Shan, Beijing, China

PR Universal EDTA9.0 Roche Diagnostics, Basel, 
Switzerland

P53 1: 200 EDTA9.0 Zhong Shan, Beijing, China

P16 1: 200 EDTA9.0 Zhong Shan, Beijing, China

WT1 1: 100 EDTA9.0 Mai Xin, Fuzhou, China

CD31 1: 200 EDTA9.0 Dako Denmark A/S, Denmark

D2-40 1: 200 EDTA9.0 Dako Denmark A/S, Denmark
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physician Pierre P B reported a family with a familial 
predisposition to breast cancer. However, it was not until 
1994 and 1995, BRCA1 and BRCA2, DNA repair genes, 
were confirmed as the genetic defect to be associated 
with HBOC [2, 3]. In families with HBOC, the patho-
genic mutations in BRCA1 and BRCA2 contributed to 
near 25% of HBOC cases in total [4]. Specially in women, 
BRCA1 or BRCA2 mutations result in a 57-65% or 

45-55% risk of developing breast cancer by age 70 years, 
and a lifetime risk of 39-44% or 11-18% of developing 
ovarian cancer, respectively [1]. And that the pheno-
types of HBOC in BRCA1/BRCA2 mutation carriers are 
reported to have an age-dependent penetrance [5]. So, 
genetic testing for early diagnosis of HBOC is important.

Except for breast and ovarian cancer, patients with 
BRCA1/2 associated HBOC also showed higher risk of 

Fig. 2  Re-diagnose of primary peritoneal cancer and progression on olaparib. A. Progression of rectal lesion after treatment of cetuximab, 
oxaliplatin and capecitabine for colorectal cancer, rectal lesion indicated by red arrow; B. Hematoxylin-eosin (H&E) staining pictures with the surgical 
sample. Original magnification× 200; C. Immunohistochemical staining results of Villin (−), CK7 (+++), CK20 (−), ER (++), PAX8 (+++), SATB2 (−) 
and CDX-2 (−) (original magnification× 100). Antibodies used were listed in Table 1; D. Left: CT scan showing enlarged abdominal lymph nodes 
(indicated by red arrow); Right: CT scan showing a partial response (PR) after 14 months of olaparib treatment; E. CT scan showing newly onset 
space occupying lesion (indicated by red arrow) in the right ovary. F. Immunohistochemical staining results of Her2(Br)-, ERCC1 (+), ER (+), PR (−), 
P53 (+), Ki67 (30%+), P16 (+), WT1 (+), CD31 (+), D2-40 (scattered+) (original magnification× 100). Antibodies used were listed in Table 1
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prostate cancer, uterine cancer, pancreatic cancer mela-
noma [7, 8]. In our case, although the patient was diag-
nosed as primary peritoneal carcinoma with colorectal 
metastasis, metastatic colorectal cancer was identified 
as the primary phenotype, which was barely reported. 
Due to the preliminary pathological examination with 
endoscopic specimens, no prior history of breast can-
cer and/or ovarian cancer in this patient and CRC was 
not formally included for HBOC screening, it is dif-
ficulty for accurate diagnosis in clinical practice. This 
case enlightened us that it might be helpful to perform 
further screening for BRCA1/2 associated HBOC among 
patients with CRC to fulfil early diagnose.

In this case, the gross examination on surgical samples 
of colorectal lesions gave us important leads on advanced 
CRC with peritoneal metastasis. We should also pay 
attention to IHC markers for CRC, since CK7(−) and 
CDX-2(+)/SATB2(+) were both reported to identify 
primary CRC with considerable accuracy [9, 13]. While, 
triple positive was observed during the patient’s first 
diagnose, however, primary CRC was finally excluded. 
The roles of CK7(−) and CDX-2(+)/SATB2(+) in diag-
nosing of CRC worth pondering. A comprehensive illus-
tration on spectrum of primary cancer types in CK7(+)/
CDX-2(+)/SATB2(+) tumors might assist in primary 
tumor identification as well.

Meanwhile, DNA-based NGS could be a key comple-
ment for screening and diagnose of HBOC, as well as 
other possible hereditary syndromes [14]. For instance, 
one of familial CRC, Lynch syndrome was associated with 
alterations in 4 DNA miss-match repair genes (MSH2, 
MLH1, MSH6 and PMS2). A comprehensive analysis of 
germline and somatic gene alteration could help with the 
early diagnose and matching the individualized manage-
ment approach. In our case, the same germline BRCA1 
was detected in our patient and observed in the mother 
with breast cancer. No concurrent germline altera-
tions were detected. This provided important evidence 

of HBOC (Table  2). The patient then achieved a PFS of 
14 months from olaparib. The first line cetuximab based 
treatment administrated under diagnose of CRC also 
brought a PFS of 10 months, it might also attribute to the 
anti-tumor effect of platin-based chemotherapy for ovar-
ian cancer [15]. This indicated that the regimen might also 
be an adoptive therapy for this group of patients before 
conclusion of HBOC was drawn. Finally, the patient 
achieved an OS > 35 months before submission.

Conclusion
In summary, our case presented a rare case of meta-
static colorectal cancer as the primary phenotype of 
BRCA1 associated HBOC and benefited from PARP 
(poly (ADP-ribose) polymerase) inhibitor of olaparib. 
Including susceptive CRC into screening criteria of 
BRCA1 associated HBOC might be essential to give a 
precise management strategy.
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Table 2  Family history and gene mutations detected by NGS

Member History of cancer Germline mutation of BRCA1 Concurrent mutation

Patient Peritoneal carcinoma, fallopian tube adenocar-
cinoma, metastatic colorectal cancer

BRCA1 (c.5470_5477delATT​GGG​CA, p.lle1824AspfsX3) Somatic mutation:
TP53 (p. Tyr220Cys)
VHL (p. Ser65Ala)
NF1 (exon41-46del)
FGF3 (p. Ala107Pro)
KMT2A (p. Asp649Asn)
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Mother Breast cancer BRCA1 (c.5470_5477delATT​GGG​CA, p.lle1824AspfsX3) Not performed

Father Prostate cancer (Died) – –

Sister Breast cancer (Died) – –

Brother None Wild-type Not performed
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