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Abstract

Background: Adenosquamous carcinoma of the prostate (ASCP) is an extremely rare and aggressive prostate cancer
variant, whose genomic characteristics have not been elucidated. Although liquid biopsy of circulating tumor cells
(CTCs) is an emerging topic in oncology, no study has assessed CTCs in patients with ASCP.

Case presentation.

A 76-year-old man presented with discomfort in his urethra. His prostate-specific antigen (PSA) level was 13.37 ng/
mL. A computed tomography (CT) scan indicated a prostate mass with multiple lymph node and lung metastases.
The patient underwent transurethral resection of the prostate and prostatic needle biopsy; both specimens demon-
strated Gleason grade group 5 acinar adenocarcinoma of the prostate. Bone scintigraphy indicated bone metastasis in
the ischium. Combined androgen blockade was implemented, and his serum PSA level rapidly decreased to 0.01 ng/
mL. However, a CT scan 6 months after the initial diagnosis revealed worsening of the disease. The patient therefore
underwent repeated prostatic needle biopsy; its specimen demonstrated prostatic adenocarcinoma together with
squamous carcinoma components. As immunohistochemical analyses showed the tumor cells to be negative for
CD56, chromogranin A, synaptophysin, and PSA, the definitive diagnosis was ASCP. Although the patient underwent
chemotherapy (docetaxel and cabazitaxel), he died of the disease 3 months after the diagnosis of ASCP, or 13 months
after the initial diagnosis of prostatic adenocarcinoma. His PSA values remained < 0.2 ng/mL. CTCs from the patient’s
blood (collected before starting docetaxel) were analyzed and genomically assessed. It showed 5 cytokeratin (CK)*
CTCs, 14 CK™ CTCs, and 8 CTC clusters, per 10 mL. Next-generation sequencing identified a total of 14 mutations in 8
oncogenes or tumor suppressor genes: PIK3CB, APC, CDKN2A, PTEN, BRCA2, RB1, TP53, and CDK12. Of 14 mutations, 9
(64%) were detected on CK™ CTCs and 5 (36%) were detected on CK*™ CTCs.

Conclusions: This is the first report of CTC analysis and genomic assessment in ASCP. Although the prognosis of
ASCP is dismal due to lack of effective treatment, genomic analysis of CTCs might lead to effective treatment options
and improved survival.
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Background

Adenosquamous carcinoma of the prostate (ASCP)
is an extremely rare and aggressive prostate cancer
(PC) variant [1], with an age-adjusted incidence rate
of 0.03 cases per million per year [2]. A comprehen-
sive survey using the Surveillance, Epidemiology and
End Results (SEER) database between 1973 and 2008
detected only 27 cases of ASCP [2]. ASCP was first
described by Thompson in 1942 [3], and is defined by
the presence of both glandular and squamous com-
ponents [4, 5]. Among published ASCP cases [4-25],
two-thirds of patients had had prior androgen depriva-
tion therapy (ADT) and/or radiation therapy for acinar
adenocarcinoma of the prostate [4-6, 8-10, 13, 16, 17,
22], whereas the remaining one-third of patients were
considered de novo cases [7, 11, 12, 14, 15, 18-21, 23—
25]. Owing to its extreme rarity, little is known about
genomic characteristics of ASCP [13, 14, 26].

Liquid biopsy of, for example, circulating tumor
cells (CTCs) and cell-free DNA is an emerging topic in
oncology, and has been actively investigated in patients
with PC [27-29]. However, no study has assessed CTCs
in patients with ASCP, probably because of its extreme
rarity. The present study aimed to conduct a genomic
analysis of CTCs in a patient with ASCP, developed
after primary ADT for Gleason grade group 5 PC.

Case presentation

A 76-year-old man presented to a local hospital with
discomfort in his urethra. His prostate-specific antigen
(PSA) level was 13.37 ng/mL. He had undergone per-
cutaneous coronary intervention for angina pectoris
3 years before. Based on a computed tomography (CT)
scan that indicated a prostatic mass (Fig. 1a), along with
bilateral hydronephrosis, multiple lymph node metasta-
ses, and multiple lung metastases, the patient immedi-
ately underwent transurethral resection of the prostate
and prostatic needle biopsy; both specimens showed dif-
fusely proliferating acinar adenocarcinoma with Gleason
scores of 54+4=9 and 545=10 (grade group 5). Tech-
netium-99m bone scintigraphy indicated bone metasta-
sis in the ischium (Fig. 1b). Tumor markers other than
PSA, including serum squamous cell carcinoma antigen
and neuron-specific enolase, were within normal lim-
its. Primary ADT with luteinizing hormone-releasing
hormone analogue plus bicalutamide (combined andro-
gen blockade) was implemented. Although his serum
PSA level rapidly decreased to 0.01 ng/mL, radiological
assessments (CT scan and bone scintigraphy) conducted
6 months after the initial diagnosis revealed worsening
of the primary site (Fig. 1c), and bone metastases in the
ribs, vertebrae, pelvic bones, and the skull (Fig. 1d). After
undergoing percutaneous cystostomy due to urinary
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Fig. 1 Images of a CT scan and b bone scintigraphy at the initial diagnosis of Gleason grade group 5 PC (PSA: 13.37 ng/mL), and those of ¢ CT scan
and d bone scintigraphy at the diagnosis of ASCP (PSA: 0.02 ng/mL), respectively. During the course, the prostatic mass grew remarkably (@ — c)
and the number of bone metastases increased (b — d), despite maintaining a low PSA level. Abbreviations: ASCP, adenosquamous carcinoma of the
prostate; CT, computed tomography; PC, prostate cancer; PSA, prostate-specific antigen
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retention, the patient was referred to our hospital for
further evaluation and treatment. Significant laboratory
investigations showed an elevated serum squamous cell
carcinoma antigen (30.2 ng/mL; normal range: 0—1.5 ng/
mL) and neuron-specific enolase (41.2 ng/mL; normal
range: 0—16.3 ng/mL). Serum PSA and testosterone lev-
els were maintained at 0.02 ng/mL and <0.03 ng/mlL,
respectively. Repeated prostatic needle biopsy was per-
formed, the specimen of which showed prostatic adeno-
carcinoma after treatment with ADT (the therapeutic
effect was judged to be Grade 1) together with squamous
carcinoma components (Fig. 2). Immunohistochemi-
cal analyses revealed that the tumor cells were negative
for CD56, chromogranin A, synaptophysin, and PSA.
Accordingly, the definitive diagnosis was ASCP. After
undergoing a transverse colostomy for rectal invasion of
the prostatic tumor, and palliative irradiation for neck
and pelvic bone metastases (8 Gy/1 Fr), the patient began
docetaxel chemotherapy (70 mg/m?). However, a CT scan
just a month after initiating chemotherapy showed local
progression of the prostatic tumor with invasion to the
cavernous body of the penis and worsening of multiple
lung and bone metastases. He then switched to cabazi-
taxel chemotherapy (20 mg/m?), along with pegfilgrastim
for primary prophylaxis for febrile neutropenia. How-
ever, he needed to immediately discontinue it because
of septic shock caused by scrotal abscess due to tumor

Fig. 2 A microscopic image of repeated prostatic needle

biopsy (hematoxylin and eosin stain), showing adenocarcinoma
components after treatment with ADT (therapeutic effect was judged
to be Grade 1), together with squamous carcinoma components. The
image was obtained using the following equipment and software:
microscope, BX53; objective lens, UPLXAPO; camera, DP27; adapter,
U-TV1XG and acquisition software, cellSens (Olympus Corporation,
Japan). The measured size and resolution at which the image was
acquired were 2448 x 1920 pixels and 96 pixels per inch, respectively.
Abbreviation: ADT, androgen deprivation therapy
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invasion. Although he recovered from septic shock fol-
lowing scrotal debridement and antibiotic treatment, he
eventually died 3 months after the diagnosis of ASCP, or
13 months after the initial diagnosis of prostatic adeno-
carcinoma. We followed the patient’s PSA values every
month, but they remained at <0.2 ng/mL.

CTC analysis along with genomic assessment was per-
formed using the patient’s blood sample, collected before
starting docetaxel chemotherapy. The protocol of the
CTC analysis was approved by the Institutional Review
Board of Life Science Research Laboratory, Tosoh Cor-
poration (Protocols LS18-02 and LS19-02) and Kyorin
University School of Medicine (approval number 1205).
The patient provided written informed consent prior to
sample collection. Because we will report the details of
this CTC analysis in another paper, which is currently
under preparation, we will provide only a brief descrip-
tion of the procedure here. First, red blood cell lysis was
performed on the patient’s blood sample, using a lysing
solution. Second, negative enrichment of the tumor cells
was conducted by depleting the white blood cells, using
CD45 and CD15 Dynabeads (Thermo Fisher Scientific,
US). Third, the suspension of tumor cell-enriched mono-
nucleated cells was loaded into the CTC detection device,
and a suitable voltage was applied to entrap cells in the
microwells, using dielectrophoretic force [30]. Fourth,
the cell chambers were immunostained for cytokera-
tin (CK, an epithelial marker) and CD45 (a white blood
cell marker), and with diamidino-2-phenylindole (DAPI,
a nuclear stain). Images of immunofluorescent staining
of each microwell were captured and analyzed using a
custom-made software. Fifth, tumor cells were isolated
from the microwells by a micromanipulated aspirator
and released into respective tubes. Last, for the genomic
analysis of isolated single tumor cells, whole-genome
amplification (WGA) was carried out with the Amplil™
WGA Kit (Silicon Biosystems, Bologna, Italy). After
confirming success of the WGA by gel electrophoresis,
next-generation sequencing (NGS) was conducted using
the Ion Ampliseq" Cancer Hotspot Panel v2 (Thermo
Fisher Scientific), which can survey hotspot regions of 50
oncogenes and tumor suppressor genes. The clinical sig-
nificance of detected mutations (i.e. variant classification)
was assessed using multiple public databases (e.g. Clin-
Var, OncoKB, etc.) in a comprehensive manner.

Table 1 summarizes results of CTC analysis and
genomic analysis of CTCs in the present case. The speci-
men showed 5 CKt CTCs, 14 CK~ CTCs, and 8 CTC
clusters per 10 mL (Table 1A). The NGS identified a
total of 14 mutations in 8 oncogenes or tumor suppres-
sor genes: PIK3CB, APC, CDKN2A, PTEN, BRCA2,
RBI, TP53, and CDKI2. Of 14 mutations, 9 (64%) were
detected on CK~ CTCs and 5 (36%) were detected on
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Table 1 Results of (A) CTC analysis and (B) genomic analysis of CTCs in this case

(A)

CTC type Number of detections

CTC-CKt 5CTCs/10 mL

CTC-CK™ 14 CTCs/10 mL

CTC-cluster 8 clusters/10 mL

(B)

Chromosome Position Reference Alteration Gene Type of variant, protein change (if any) Variant CKstatus Allele

classification frequency
(%)

3 138699065 A T PIK3CB Missense variant, p.L.50M, p.L538M VUS CK* 52

3 138699162 T G PIK3CB Intronic variant Vus CK™ 21.1

5 112840058 ATT A APC Frameshift variant, p.L1471fs, p.L1489fs LP CK* 10.5

9 21974504 G T CDKN2A Intronic variant Vvus CK~ 47.3

10 87925549 ATACAATC A PTEN Frameshift variant, p.Y68fs, p.Y241fs VUS CK™ 184

10 87933078 G T PTEN Missense variant, p.D107Y, p.D280Y LP CK™ 53

13 32362653 T A BRCA2 Missense variant, p.C2646S VUS CcK* 31.6

13 48381316 T A RB1 Stop-gain variant, p.L523X LP CK~ 52.6

17 7673794 C T TP53 Missense variant, p.A144T, p.A117T, LP CK* 26
p.A237T, p.A276T

17 7673799 A G TP53 Missense variant, p.V142A, pV115A, LP CK™ 15.7
PV235A, pV274A

17 7675161 G C TP53 Missense variant, p.P19A, p.P112A, LP CK~ 184
p.P151A

17 7676397 AG A TP53 Frameshift variant, p.P27fs LP CK™ 13.2

17 7687968 C A TP53 Intronic variant VuUs CK~ 28.9

17 39531218 T TG CDK12 Frameshift variant, p.W1450fs, p W1459s P Kt 7.9

Bold: Allele frequency >20%

Abbreviations: CK, cytokeratin; CTC, circulating tumor cell; LP, likely pathogenic; VUS, variant of uncertain significance

CK* CTCs. Five of 14 (36%) mutations showed an allele
frequency of >20% (Table 1B).

Discussion and conclusion

To our knowledge, this is the first report of analysis and
genomic assessment of CTCs in a patient with ASCP.
ASCP is an extremely rare, aggressive variant of PC [1],
with an age-adjusted incidence rate of 0.03 cases per mil-
lion per year [2]. A comprehensive survey using the SEER
database between 1973 and 2008 detected only 27 cases
of ASCP [2]. According to a recent analysis on rare his-
tological variants of PC using the National Cancer Data-
base, ASCP accounted for 0.003% (n=45) of all cases
(n=1,345,618) with PC diagnosed between 2004 and
2015 [1]. ASCP is histologically defined by the presence
of both glandular and squamous components [4, 5]. Two-
thirds of ASCP patients reportedly had had prior ADT
and/or radiation therapy for acinar adenocarcinoma
of the prostate [4-6, 8-10, 13, 16, 17, 22], whereas the
remaining one-third of patients were considered de novo
cases (7, 11, 12, 14, 15, 18-21, 23-25]. The present case

developed after primary ADT for Gleason grade group 5
PC.

Because of its extreme rarity, little is known about the
molecular genetics of ASCP [13, 14, 26]. An early study
reported that both glandular and squamous components
showed strong immunohistochemical expression of p53
[13]. Another analysis of ASCP DNA reported that the
squamous component was aneuploid and tetraploid, and
that the adenocarcinoma component was diploid; the
non-diploid pattern predicted an aggressive course [14].
More recently, a study of gene fusion in rare aggressive
PC variants (n=19), including ASCP (n=7) [26], found
that the frequency of ERG fusion in rare PC variants
was similar to that of conventional PC (47%); that ERG
immunohistochemistry for detecting rearrangement is
less sensitive for variant histology than conventional PC;
and that adenosquamous and sarcomatoid variants can
particularly occur together [26].

Liquid biopsy using, for example, CTCs and cell-
free DNA is an emerging topic in oncology [27-29].
Notably, Antonarakis et al. reported that detection of
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androgen-receptor splice variant 7 (AR-V7) in CTCs
from patients with castration-resistant PC might be asso-
ciated with resistance to enzalutamide and abiraterone
[28]. More recently, Okegawa et al. analyzed CTCs from
98 patients with castration-resistant PC who received
abiraterone or enzalutamide, and reported that both
the presence of CTC clusters and AR-V7* CTC clusters
were important predictors of drug response and disease
outcome [29]. However, no study has performed CTC
analysis of ASCP because of its extreme rarity. The CTC
analysis of the present case showed 5 CK* CTGCs, 14
CK™ CTCs, and 8 CTC clusters per 10 mL (Table 1A). An
early study that assessed CTCs in metastatic castration-
resistant PC showed that patients with>5 CTCs/7.5 mL
(6.7 CTCs/10 mL) had significantly worse overall survival
[27]. In addition, the aforementioned study by Okegawa
et al. reported that the presence of CTC clusters is a pre-
dictor of worse outcome. Furthermore, as many as 14
CK™ CTCs per 10 mL were detected in the present case:
CK™ CTCs are believed to be derived from epithelial—
mesenchymal transition and to be thus more invasive and
mobile than CK* CTCs; our novel CTC detection device
enabled the detection of CK™ CTCs, which was difficult
by conventional devices like CellSearch®. Collectively, the
above CTC results might reflect the patient’s advanced
disease stage and aggressive nature of ASCP.

On the genomic analysis of CTCs in the present
case, the NGS identified 14 mutations in 8 oncogenes
or tumor suppressor genes: PIK3CB, APC, CDKNZ2A,
PTEN, BRCA2, RB1, TP53, and CDK12. Of thesel4 var-
iants, 9 (64%) were detected on CK~ CTCs and 5 (36%)
were detected on CKt CTCs. Furthermore, 5 of 14
(36%) mutations showed a high (>20%) allele frequency
(Table 1B). As suggested in a previous report [13], TP53
mutations were identified in 5 CTCs along with other
common oncogene or tumor suppressor gene muta-
tions. Notably, 4 of 5 TP53 mutations were classified as
“likely pathogenic (LP)” variants. Meanwhile, the other
mutation of TP53 with an allele frequency of 28.9%
(>20%) was an intronic variant which was classified
as a variant of uncertain significance (VUS). However,
several studies have reported that intronic variants of
the TP53 gene can be associated with increased risk of
developing cancer or worse survival outcomes by regu-
lating gene expression [31, 32]. Similarly, intronic vari-
ants with a high (>20%) allele frequency were identified
in the PIK3CB and CDKN2A genes. Aside from these,
it should be noted that a stop-gain variant classified as
“LP” with a remarkably high (52.6%) allele frequency
was detected in the RBI gene on a CK™ CTC. On the
other hand, given the BRCA2 mutation with a high
(>20%) allele frequency (albeit a VUS), Olaparib might
have been effective for the present case, although the
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patient passed before it could be used. Because ASCP
currently lacks effective treatment, its prognosis is dis-
mal, with a median cancer-specific survival period of
16 months [1, 2]. Although a recent case report sug-
gested the feasibility and possible efficacy of nivolumab
(with or without radiotherapy) for ASCP [24], further
evidence is warranted. Therefore, use of molecular-tar-
geted agents based on liquid biopsy findings might be a
promising treatment strategy for ASCP.

This study has several limitations. Since the detection
capability of liquid biopsy is currently developing [30],
its genomic analysis should be less comprehensive than
the conventional tissue biopsy. We therefore decided
to present all 14 mutations, including intronic variants,
detected by the Ion Ampliseq = Cancer Hotspot Panel v2
(Thermo Fisher Scientific). The panel can survey hotspot
regions of 50 oncogenes and tumor suppressor genes,
which, however, might be insufficient as a comprehen-
sive genomic profiling. Furthermore, variants with a low
allele frequency could include both false-positive results
(sequencing artifacts) and true variants which were
detected in a small fraction of the tumoral tissue. In addi-
tion, although a previous study suggested the clinical rel-
evance of DNA ploidy in ASCP [14], this study did not
assess the DNA ploidy.

In summary, we present a case of ASCP developed after
primary ADT for Gleason grade group 5 PC and report
results of CTC analysis and genomic analysis of CTCs in
an ASCP patient for the first time. Although the progno-
sis of ASCP is currently dismal because of a lack of effec-
tive treatment, genomic analysis of CTCs might offer
a potentially effective treatment, leading to improved
survival.
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