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Background: Precision medicine based on genomic analysis of germline or tumor tissue is attracting attention.
However, there is no consensus on how to apply the results of genomic analysis to treatment.

Case presentation: A 59-year-old man diagnosed with metastatic prostate cancer was diagnosed with castration-
resistant prostate cancer. Although he was sequentially treated with enzalutamide and abiraterone, bone metastasis
progression was identified by skeletal scintigraphy. Therefore, we sequentially performed docetaxel therapy followed
by cabazitaxel. After the third cycle of cabazitaxel, his prostate-specific antigen level was stable at < 10 ng/mL, and no

The patient’s formalin-fixed paraffin-embedded tumor biopsy specimen underwent multiple-gene testing by
next-generation sequencing, which identified a FANCA homodeletion. No significant germline mutation was

Conclusions: We describe a case of aggressive, castration-resistant prostate cancer with FANCA homodeletion.
Genomic analysis of prostate cancer tissue can be useful to determine optimal treatment of such cancers.
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Introduction

Various drugs, such as second-generation antiandro-
gens, radium-223, and cabazitaxel, have been ap-
proved for treatment of castration-resistant prostate
cancer (CRPC) in many countries, including Japan.
However, the duration of response to these drugs is
limited to several months. Although precision medi-
cine based on genomic analysis of germline or tumor
tissue is attracting attention, there is no consensus on
how to apply the results of genomic analysis to
treatment.

Allelic imbalance of 16q, which includes FANCA gene,
is a known risk factor for cancer development or progres-
sion [1-3]. Recent studies have shown that DNA damage
repair gene variants are biomarkers for the response to
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poly (ADP)-ribose polymerase (PARP) inhibitors [4] but
are poor prognostic factors for prostate cancer [5].

We present a case of prostate cancer that was resistant
to second-generation antiandrogens and taxanes and
showed somatic loss of the homologous recombination
repair gene FANCA.

Case presentation

A 59-year-old man visited our hospital in July 2017
with an elevated level (88 ng/mL) of prostate-specific
antigen (PSA). He was diagnosed with prostatic
adenocarcinoma with a Gleason score of 4+5=9
(Fig. 1a) by prostate needle biopsy. Magnetic reson-
ance imaging (MRI) showed a prostate tumor invad-
ing the seminal vesicles (Fig. 1b), and skeletal
scintigraphy showed multiple bone metastases, includ-
ing the pubis, ischium, and left femur (Fig. 1c). He
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Fig. 1 a Representative figure showing the hematoxylin and eosin staining of the prostate needle-biopsy specimens. The enlarged picture shows
the tumor with Gleason patterns 4 and 5. Scale bar, 100 um. b Magnetic resonance imaging (MRI) showing a prostatic tumor invading the
seminal vesicles (arrow). ¢ Skeletal scintigraphy at diagnosis. d Skeletal scintigraphy after the sixth cycle of docetaxel. e Skeletal scintigraphy 5
months after enzalutamide was started. Bone metastases were exacerbated (arrow)
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started therapy with a gonadotropin-releasing hor-
mone (GnRH) antagonist, and subsequently, docetaxel
was added to the therapy for high-volume tumors.
Although his PSA level reduced to 3.37 ng/mL, it
started to increase gradually after the sixth cycle of
docetaxel, and he exhibited gross hematuria at two
months of treatment. MRI revealed progressive pros-
tate cancer invading the bladder. He started enzaluta-
mide, and his PSA level reduced from 7.08 to 3.16
ng/mL (55% reduction); however, progression of bone
metastases was detected by skeletal scintigraphy after
5months (Fig. 1d, e). Therefore, we sequentially
started cabazitaxel therapy. His PSA level was stable,
and no radiological progression was detected after the
third cycle of cabazitaxel (Additional file 1). Acquiring
cabazitaxel resistance was thought to be inevitable.
Genomic analysis of the tumor and germline genome
was performed because of patient’s concern about the
heritability of the condition to his sons. We per-
formed genomic analysis using both prostate needle-
biopsy tissue for somatic aberration and white blood
cells for germline aberration (Additional file 2). Next-
generation sequencing identified homodeletion of
FANCA in the tumor tissue. No significant germline

mutation of FANCA was identified in white blood cell
genome. Based on a copy number variations box plot
and variant allele frequency plot (Fig. 2), the cancer
had large subchromosomal deletions and allelic imbal-
ance, which are reported to be found in homologous-
recombination-impaired cancers [6].

Discussion

DNA double-strand breaks are a serious threat to cell
survival because they lead to a loss of chromosomal
content. There are two main repair pathways for
double-strand breaks: nonhomologous end joining and
homologous recombination. FANCA belongs to the
Fanconi anemia complementation group (FANC) fam-
ily and is known as one of the genes responsible for
Fanconi anemia [7]. It plays an important role in
DNA interstrand crosslinking in homologous recom-
bination repair [8].

Loss of FANCA function is associated with heredi-
tary breast and ovarian cancer [9, 10]. FANCA vari-
ants are a significant risk factor for breast cancer
among the population without BRCA1/2 loss [9]. Fur-
thermore, loss of FANCA is associated with a familial
history of prostate cancer [11, 12]. The National
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Fig. 2 a The horizontal axis corresponds to the examined genes, and the vertical axis corresponds to the copy number. b The horizontal axis
corresponds to the examined genes, and the vertical axis corresponds to the variant allele frequency
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Comprehensive Cancer Network prostate cancer
guideline recommends genetic counseling for patients
with prostate cancer and having BRCA1/2, ATM,
PALB2, or FANCA mutation [13].

Recently, the Gleason grade groupsbased on patho-
logical findings has been considered as a prognostic factor
for prostate cancer [14]. The World Health Organization
has accepted this grading system since 2016 [15]. In our
case, the Gleason grade group was 5, with an expected
poor prognosis. A previous study reported that the preva-
lence of DNA repair mutation involving FANCA was
higher in prostate cancer cases with high Gleason grade
groups than in cases with low Gleason grade groups [16].

While germline loss of FANCA function is known as a
causative variant for prostate cancer development, it has
also been reported that somatic variants in DNA repair
genes, including FANCA, are increased in metastatic
CRPC tissue [17, 18]. Our patient had no pathogenic
variants in the germline genome, and FANCA loss was
considered an acquired variant. In light of these facts,

we should investigate the genome not only of white
blood cells but also of primary and recurrent tumors, be-
cause genes for homologous recombination repair path-
ways can be mutated independently of the germline.
Ovarian cancer cells with disruption of the FANC-
BRCA2 pathway are highly sensitive to cisplati n[19]. In
prostate cancer cells, FANCA knockout is associated with
hypersensitivity to cisplatin [20]. In a phase 2 trial, CRPC
cases with FANCA homodeletion tended to respond well
to the PARP inhibitor olapari b[4]. Based on these find-
ings, although we performed cabazitaxel therapy for bone
metastasis progression, cisplatin-based chemotherapy or
PARP inhibitors may be more effective for our patient.

Conclusions

This report focuses on a case of aggressive CRPC with
FANCA homodeletion. Cisplatin-based chemotherapy or
PARP inhibitors can be an optimal treatment for CRPC
with deficiency in the homologous recombination pathway.
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Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
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Additional file 1: Figure S1. Time course of the patient’s PSA level and
treatment.

Additional file 2: Materials and Methods.
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