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Prostate cancer often relapses during androgen-depletion therapy,
even under the castration condition in which circulating andro-
gens are drastically reduced. High expressions of androgen recep-
tor (AR) and genes involved in androgen metabolism indicate a
continued role for AR in castration-resistant prostate cancers
(CRPCs). There is increasing evidence that some amounts of 5a-
dihydrotestosterone (DHT) and other androgens are present suffi-
ciently to activate AR within CRPC tissues, and enzymes involved
in the androgen and steroid metabolism, such as 5a-steroid reduc-
tases, are activated in CRPCs. In this report, we screened eight nat-
ural 5x«DH-steroids to search for novel products of 5u-steroid
reductases, and identified 11-deoxycorticosterone (DOC) as a novel
substrate for 5a-steroid reductases in CRPCs. 11-Deoxycorticoster-
one (DOC) and 5a-dihydro-deoxycorticosterone (5¢DH-DOC) could
promote prostate cancer cell proliferation through AR activation,
and type 1 5a-steroid reductase (SRD5A1) could convert from DOC
to 5aDH-DOC. Sensitive liquid chromatography-tandem mass spec-
trometric analysis detected 52DH-DOC in some clinical CRPC tis-
sues. These findings implicated that under an extremely low level
of DHT, 5aDH-DOC and other products of 5a-steroid reductases
within CRPC tissues might activate the AR pathway for prostate

cancer cell proliferation and survival under castration. (Cancer Sci

2010; 101: 1897-1904)

P rostate cancer (PC) is the most common malignancy in men
and the second -leading cause of cancer-related death in
Western countries. " The androgen—androgen receptor (AR) sig-
naling pathway plays a central role in PC development and pro-
gression, and PC growth is androgen-stimulated. Androgen
depletion (castration) is usually effective for a limited duration
and eventually PC evolves to regam the ability to grow desplte
low levels of c1rcu1at1ng androgens.® This more aggressive and
castration-resistant phenotype has been termed castration-resis-
tant prostate cancer (CRPC). Treatment options for CRPC are
an unmet need with docetaxel bemg the only agent that has been
shown to prolonged survival,®® but its survival benefit is lim-
ited. Hence, many groups are now attempting various
approaches to identify novel molecular targets or signaling path-
ways that contribute to the CRPC phenotype and some strategies
are currently being tested in clinical trials in CRPC.*®

Several clinical observations have been offering clues that AR
signaling is still active and required in most CRPC. PSA (pros-
tate specific antigen) declines after the initiation of androgen-
depletion therapy (ADT), but a subsequent rise of PSA is
commonly the first sign of disease progression. This indicates
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that reactivation of AR signaling accompanies the development
of CRPC.*>*® Within several androgen-target tissues such as the
prostate, testosterone is converted to So-dihydrotestosterone
(DHT), which is the most potent natural androgen. Although
ADT can lead to a drastic reduction of the serum circulating tes-
tosterone level (to <5%), the intraprostatic concentration of DHT
remains at ~40% in CRPCs,”~'? indicating that CRPC cells pre-
serve their DHT level to maintain their AR signaling pathways
and survive under the castrated condition. The conversion from
testosterone to DHT is catalyzed by So-steroid reductase
enzymes, and three types of human Sa-steroid reductase
enzymes have been reported so far.* 1’ In the normal prostate and
benign prostate diseases, type 2 isozyme is expressed dominantly
and responsible for DHT production. On the other hand, in pros-
tate cancer tissues, the type 2 isozyme expression is dramatically
down-regulated and the expressions of types 1 and 3 isozymes
are up-regulated, indicating that type 1 and type 3 isozymes are
mainly responsible for DHT production in PC tlssues especially
in CRPCs under the castration condition."®'? Although the
biological significance and the mechanism of this switching
toward types 1 and 3 isozymes in CRPCs remain completely
unknown, the question then arises whether these So-steroid
reductase enzymes can produce other SaDH steroids to acti-
vate AR or other steroid receptors as well as DHT and may
provide some survival advantages to CRPC cells in the castration
condition.

In this study, we screened eight natural SaDH steroids for
candidates that could be produced by Sa-steroid reductases to
activate the AR signaling pathway in CRPCs, and identified 11-
deoxycorticosterone (DOC) as a novel substrate for Sa-steroid
reductases in CRPCs. We demonstrated that DOC and Sa-dihy-
dro-deoxycorticosterone (5«DH-DOC) could stimulate AR
activity in CRPC cells and type 1 So-steroid reductase could
convert from DOC to 5aDH-DOC in vitro and in vivo. Further-
more, we measured SaDH-DOC levels in clinical CRPC tissues,
and detected SaDH-DOC in some clinical CRPC tissues. These
findings implicated that under the castration condition, CRPC
cells might take advantage of SaDH-DOC and other products of
Sa-steroid reductases to maintain their AR pathway for their sur-
vival, and also they provide new insights in molecular mecha-
nisms of CRPC progression and some clues to develop new
therapeutic strategies for CRPC.
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Materials and Methods

Cell lines and clinical PC tissues. COS7 cell and four PC cell
lines (LNCaP, 22Rv1, PC-3, and DU-145) were purchased from
the American Type Culture Collection (ATCC, Rockville, MD,
USA). They were grown in Delbecco’s modified Eagle’s med-
ium with or without phenol red (Invitrogen, Carlsbad, CA,
USA); these media were supplemented with 10% fetal bovine
serum (FBS) or 10% charcoal/dextran-treated FBS (Hyclone,
Logan, UT, USA) and 1% antibiotic/antimycotic solution
(Sigma-Aldrich, St. Louis, MO, USA). Cells were maintained at
37°C in atmospheres of humidified air with 5% CO,. Clinical
CRPC tissues were obtained by autopsy and transurethral resec-
tion of prostate (TURP) at Kochi University Medical School,
Iwate Medical University, Kyoto Prefectural University of Med-
icine, and Okayama University Medical School with the appro-
priate informed consents, as described before,? and the tissues
included one liver metastasis, two lymphnode metastases, and
two bone metastases from autopsies. All patients were undergo-
ing the treatment of LH-RH agonist even after the emergence of
CRPC.

Steroid compounds. Steroid compounds used in this study
were purchased from Sigma or Steraloids (Newport, RI,
USA) and included: androstanedione (Sigma), cholestanone
(Steraloids), Sa-dihydrocorticosterone (Steraloids), So-dihydro-
cortisone  (Steraloids), Sa-dihydroprogesterone  (Sigama),
5a-dihydroDOC (Steraloids), 5a-dihydrocortisol (Steraloids),
Sa-dihydro-170H-progesterone  (Steraloids),  corticosterone
(Sigma), cortisone (Sigma), progesterone (Sigma), DOC
(Sigma), cortisol (Sigma). All steroids were dissolved by pure
ethanol.

MTT (3-[4,5-dimethylthiazol-2-yl}-2,5-diphenyltetrazolium bromide)
assays. Prostate cancer (PC) cells were cultured in the medium
containing 10% charcoal/dextran-treated FBS. Cell proliferation
assay was performed by plating 1.5 x 10° of 22Rvl cells,
2.0 X 10° of LNCaP cells, 4.0 x 10* of DU-145 cells, or
5.0 x 10* of PC-3 cells on six-well plates. Twenty-four hours
later, cells were treated with the indicated concentration of each
steroid and cultured for additional 72 h. Cell viability was
measured by MTT assay using Cell-Counting kit-8 (Dojindo,
Kumamoto, Japan). Absorbance at 490 nm and at 630 nm as a
reference was measured with a multi-label counter ARVO MX
(Perkin Elmer, Fremont, CA, USA). Each experiment was per-
formed six times.

Dual_ luciferase assays. Twenty-four hours after plating
3 x 10° cells of 22Rv1, DU-145, and PC-3 or 5 x 10° cells of
LNCaP on six-well plates in the media with 10% charcoal/dex-
tran-treated FBS, 22Rv1, DU-145, or PC-3 cells were co-trans-
fected by FuGENE6 (Roche, Basel, Switzerland) with 0.5 pg of
pGL3-PSA luciferase reporter plasmid and 0.1 pg of Renila
luciferase expression plasmid serving as an internal control. As
for LNCaP, Lipoectamine 2000 (Invitrogen) was used as a trans-
fection reagent. Human AR expression plasmid pSG5-AR (wild
type), pSV-ARmut T877S, or mock vector (provided by Dr.
Chang at University of Rochester Medical Center) was co-trans-
fected to PC-3 cells, and 24 h after transfection, cells were trea-
ted with the indicated concentration of each steroid. Cells were
harvested 48 h after addition of the steroid and lysed by the lysis
buffer (Dual-Luciferase Reporter Assay System; Promega,
Madison, WI, USA). The luciferase activity was quantified by a
luminometer, and the results were normalized by Renila lucifer-
ase activity. To examine the specificity of AR activation by each
steroid, 10 uyM of bicalutamide (Sigma-Aldrich) was added
30 min before the cells were treated with each steroid.

Small-interfering RNA (siRNA) to SRD5A7. To inhibit SRD5A 1
expression in PC cells efficiently and specifically, we synthe-
sized RNA duplexes corresponding to the target sequence of
SRD5AI (siSRD5A1: 5-GAGCCAUUGUGCAGUGUAUTT-3

1898

and 5-AUACACUGCACAAUGGCUCTT-3"), as well as con-
trol RNA duplex (siEGFP: 5-GAAGCAGCACGACUUCUUC-
TT-3’ and 5-GAAGAAGUCGUGCUGCUUCTT-3). 1.8 x 10°
of 22RV1 cells onto a 10-cm dish were transfected with a final
concentration of 100 nmol/L of RNA duplex using Lipofecta-
min RNAIMAX (Invitrogen) according to the manufacturer’s
instructions. Forty-eight hours after transfection, total RNAs
were extracted from the transfected cells to evaluate the knock-
down effects by semi-quantitative RT-PCR. The primer
sequences were 5-TTGGCTTGACTCAGGATTTA-3’ and 5'-
ATGCTATCACCTCCCCTGTG-3" for f-actin (ACTB) as an
internal control; 5- CCTGTTTGTTCTTTGTTGATTGAA-3’
and 5-CCAGATGAGATGATAAGGCAAAG-3’ for SRD3AI;
and 5-TTTAATCAGGCCCTGTCTGC-3’ and 5-GGGGTAT-
AGAAATGGAATGGAGA-3’ for SRD5A3. Forty-eight hours
after transfection, MTT assays were performed as described
above. For 5Sa-steroid reductase assay in vitro, 48 h after trans-
fection, the cells were treated with 107 M DOC, and after 1 h
of incubation, their conditioned media were collected to mea-
sure their SuDH-DOC levels by liquid chromatography-tandem
mass spectrometry (LC-MS/MS) as described below.

In-vivo 5a-steroid reductase reaction. To construct the expres-
sion vectors for SRD5A1 and SRDS5A3, the entire coding
sequences of SRD5AI (GenBank accession no. NM_001047)
and SRD5A3 (GenBank accession no. NM_024592) were ampli-
fied by PCR using Prime STAR DNA polymerase (Takara,
Kyoto, Japan). COS7 cells were transfected with each of HA-
tagged expression vectors (SRD5A1, SRD5A3, and mock). The
expressions of exogenous SRD5A1 and SRD5A3 were evalu-
ated by western blot analysis using anti-HA tag antibody
(Sigma-Aldrich). Fortgr-eight hours after the transfection, cells
were treated with 107 M DOC, and after 1 h of incubation, the
conditioned media were harvested. 5So-Dihydro-deoxycortico-
sterone (50DH-DOC) levels were measured by LC-MS/MS
described below. To inhibit So-steroid reductase activity, we
added 1 pM dutasteride (provided by GlaxoSmithKline, Middle-
sex, UK) to the media 30 min before DOC treatment.

Quantitative analysis of 5«DH-DOC and DHT by LC-
MS/MS. Sa-Dihydrotestosterone (DHT? measurement by LC-
MS/MS was described previously.’" One ng of DHT-d3
[17,16,16—2H3]-DHT and 1 ng of Corticosterone-d8 as an inter-
nal standard was added to the individual homogenized cells or
the conditioned media, which was extracted with ether. The
organic layer was evaporated and the extracts were dissolved in
1 mL of 20% acetonitrile-H,O in an ultrasonic bath and applied
to a 3-mL Bond Elut C18 cartridge column (Varian, Harbor
City, CA, USA). These columns were then washed successively
with 1 mL water and 3 mL of 30% acetonitrile-H,O, and the
steroidal fraction was eluted with 2.5 mL of 70% acetonitrile—
H,0 and dried using a centrifugal evaporator. To increase the
sensitivity of MS analysis, the dried steroidal fraction was
reacted with 50 pL reagent mixture (50 mg 2-methyl-6-nitro-
benzoic anhydride, 20 mg 4-dimethyl-aminopyridine, and
50 mg picolinic acid in 1 mL tetrahydrofuran) and 15 pL trieth-
ylamine for 60 min at room temperature. The reaction mixture
diluted with 1% acetic acid was applied to a 3-mL Bond Elut
C18 cartridge column. The columns were washed with distilled
water and 30% acetonitrile-H,O, and the steroidal fraction was
eluted with 3 mL of 70% acetonitrile—-H,O. The collected frac-
tion was evaporated and dissolved in 100 pL of 40% acetoni-
trile-H,O. Ten millilittes was applied to the LC-MS/MS
instrument: AP14000 QTRAP (Applied Biosystems, Foster City,
CA, USA) equipped with an ESI ion source and a Shimadzu
high-performance liquid chromatography (HPLC) system
(Shimazu, Kyoto, Japan). The HPLC column was a Cadenza
CD-C18 (150 x 2 mm, inner diameter 3 um; Imtakt, Kyoto,
Japan). The mobile phase consisting of acetonitrile-methanol
(50:50 v/v, solvent A) and 0.1% formic acid (solvent B) was
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Table 1. Summary of the growth-promoting effects of eight 5aDH steroids and their precursors

R
’
1
0
— a o X - o 5
4-ene-3-oxosteroid Z S il 5a-DH-3-oxosteroid Z S =10
] = > a- ~ = =5 o

Androstenedione

Androstenedione

Cholestenone

5o-Dihydrocholestanone

Corticosterone

5a-Dihydrocholestanone

Cortisone 5a.-Dihydrocortisone
Progesterone 5a:-Dihydrocholestanone
DOC 5c.-DihydroDOC

Cortisol S5a-Dihydrocortisol

170H-progesterone

5a.-Dihydro-170H-progesterone

10-10 109 10-8 107 >10-7 or NS

The gradient color in each column indicates the concentration of each steroid which shows a statistically significant growth-promoting
effect on prostate cancer cells. White indicates a statistically significant growth-promoting effect at the concentration of 10~° or not

significant (NS). DOC, 11-deoxycorticosterone.

used with a gradient elution of A:B = 60:40-100:0) at a flow
rate of 0.4 mL/min. The electrospray (ESI)/MS conditions were
as follows: spray voltage, 3300V; Collison gas, 1.5 psi (gas
pressure) nitrogen; curtain gas nitrogen, 11 psi (gas pressure);
ion source temperature, 600°C; and ion polarity, positive. For
5aDH-DOC determination, m/z 333.3 was activated as a precur-
sor ion, and the product m/z 279.2 ions were monitored. The
produced ion mass monitored for the internal standards was m/z
125.1. The assay was validated to ensure that the result was
within the 20% range of accuracy and precision. The lower limit
value for 5aDH-DOC was 1 pg.

Results

5aDH Steroids stimulated PC cell growth. For this analysis,
we selected eight Sa-DH-oxosteroids (5aDH steroids) that were
reported to be present naturally in the human body (Table 1). To
investigate whether they could stimulate PC cell proliferation,
we treated four sets of PC cell lines (22Rv1, LNCaP, DU-145,
and PC-3) with serial concentration of eight 5o-DH-oxosteroids.
Simultaneously, we treated the four PC cell lines with their
precursors 4-ene-3-oxosteroids, which were expected to be
converted to S5a-DH-oxosteroids by endogenous S5o-steroid
reductases in PC cells, and examined their growth-promoting
effect in the same way. As shown in Figure laic treatment of
5aDH-DOC and SaDH-progesterone at 107" M or lower
concentration showed some growth-promoting effect on both
22Rvl and LNCaP cells which expressed AR, but not on

Uemura et al.

DU-145 and PC-3 cells which did not express AR. Their precur-
sor steroids (DOC and progesterone) also showed significant
growth-promoting effect on AR-positive 22Rvl and LNCaP
cells, but not on AR-negative PC-3 and DU-145 cells
(Fig. 1b,d). These findings indicate that 56«DH-DOC and 56¢DH-
progesterone could be good candidates to stimulate PC prolifer-
ation through AR activation. On the other hand, corticosterone
and cortisol had a positive effect in proliferating cells of
AR-negative DU-145, as well as LNCaP or 22RV1 cells
(Fig. Sla,c), and this effect on AR-negative DU-145 cells might
be mediated by other steroid receptors, rather than AR. Their
5oDH steroids did not show any significant growth-promoting
effect on PC cell lines (Fig. S1b,d). These data are summarized
in Table 1.

5a-Dihydro-deoxycorticosterone (5aDH-DOC) activated wild-
type AR more efficiently than DOC. Focusing on 5¢DH-DOC
and SaDH-progesterone, to evaluate their direct ability to stimu-
late AR transactivation activity, we transfected LNCaP cells and
22Rv1 cells with a luciferase plasmid (pGL3-PSA) driven by
the PSA enhancer which included androgen response elements,
and compared the luciferase activity reflecting AR transactiva-
tion activity by the treatment of these 5oDH-steroids and their
putative precursors. LNCaP cells and 22Rv1 cells expressed
mutant AR (T877A and H874Y, respectively) and mutant AR
has been re;lnorted to respond to steroids differently from wild-
type AR."*'® Then, to evaluate their effects on wild-type AR,
we also co-transfected AR-null PC-3 cells with wild-type AR or
mutant AR (T877S) and examined the transactivation activity of

Cancer Sci | August2010 | vol. 101 | no.8 | 1899
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251 251 their precursors. 5a-Dihydro-deoxycorticosterone
(50DH-DOC) (a) and 5aDH-progesterone (c) at
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207 201 promoting effect on both androgen receptor (AR)-
4 8 positive prostate cancer (PC) cell lines 22Rv1 and
< < I LNCaP, but did not on AR-negative PC cells DU-145
151 157 and PC-3. (b,d) Their 4-ene-3-oxosteroids (DOC and
progesterone) had also some ability to stimulate
104 101 @ 4 ﬁv;.,_.r.éa‘j cell proliferation. Prostate cancer (PC) cells were
’ ’ v treated with the indicated concentration of each
steroid (x-axis, 107'°-10° M) and 72 h later, MTT
054 05+ (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide) assay was performed. Y-axis: absorbance
(ABS) at 490 nm (MTT assay), and at 630 nm as a
0 0 reference, measured with a microplate reader. Each

0 10 10° 10° 107 10
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AR by each of the steroids. As shown in Figure 2(a), both
5¢DH-DOC and DOC at 10~ M or lower concentration showed
some level of AR transactivation in LNCaP cells (mutant
AR: T877A) and 22Rv1 cells (mutant AR: H874Y). 5a-Dihy-
dro-deoxycorticosterone (5aDH-DOC) and DOC treatment
showed transactivation of wild-type AR (Fig. 2b, left) and
mutant AR (Fig. 2b, right) which was introduced in AR-null
PC-3 cells, although they did not show any transactivation activ-
ity in mock-transfected PC-3 cells (Fig. 2b, lower). These trans-
activation activities were blocked by the AR antagonist
bicalutamide (BCL), confirming that they were caused via AR,
regardless of its mutation status. Interestingly, 5aDH-DOC
showed more impact on the transactivation activity of wild-type
AR than DOC (Fig. 2b, left), while 5aDH-DOC did not show
any advantageous impact on the transactivation activity of
mutant AR (T877S) over DOC (Fig. 2b, right). This was consis-
tent with the findings that 5aDH-DOC showed less effect on the
transactivation of mutant ARs in LNCaP cells and 22Rv1 cells
than DOC. On the other hand, 50DH-progesterone and other So-
DH-oxosteroids did not show such a characteristic feature to
induce AR transactivation (Fig. 2c,d for 5oDH-progesterone,
and data are not shown as for other SaDH-steorids), except for
DHT. These findings suggest that the conversion from DOC to

1900

0 107 10° 10° 107 10°¢
M)

assay was tested six times and the means x SD were
plotted.

50DH-DOC by S5o-steroid reductases could provide some
advantageous effects on AR transactivation to PC cells with
wild-type AR, as well as the conversion from testosterone to
DHT. Most of CRPC cells showed overexpression of wild-type
AR, not mutant AR,"® and these effects of SuDH-DOC on
wild-type AR might be beneficial for CRPC cells. Thus we
focused on 5aDH-DOC and DOC in further experiments.

Type 1 5a-steroid reductase (SRD5A1) was responsible for
5aDH-DOC production in PC cells. In PC tissues, especially
CRPC tissues, type 1 (SRD5A1) and type 3 (SRD5A3) isozymes
are up-regulated and dominant'""'¥ and also their expressions
were observed in all available PC cell lines (Fig. S2). They are
likely to be responsible for DHT and other SaDH-steroid pro-
duction in PC tissues. To investigate which of type 1 and/or
type 3 is responsible for 5aDH-DOC production in PC cells,
COS7 cells were transfected with each of HA-tagged expression
vectors (SRD5A1, SRD5A3, and mock, Fig. 3a) and the cells
were treated with 107 M DOC. One hour after incubation under
107 M DOC, the conditioned media were harvested to measure
the amounts of 5aDH-DOC by sensitive LC-MS/MS analysis.
As a result, a much higher amount of SaDH-DOC was observed
in the cells that overexpressed SRD5A1 than in the SRD5A3 or
mock-transfected (Fig. 3b) cells. The production of S¢DH-DOC

doi: 10.1111/.1349-7006.2010.01620.x
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were blocked by antiandrogen bicalutamide (BCL). 1.8{ — Progesterone
Each assay was tested six times and the means = SD T 16] == 50DH progesterone T 0. —— Progesterone
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test. (c) 22Rv1 cells were transfected with pGL3-PSA 2 | >
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concentration (x-axis) of 5aDH-progesterone and 0.2
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six times and the means+SD were plotted. 0 100 10®° 10°® 107 10 0 10 10®° 10 107 10
*P < 0.05, **P < 0.01 by Student’s t-test. M) ™)

was inhibited by pre-treatment of 1 pM dutasteride which could
inhibit the activity of SRD5A1 (Fig. 3c). These findings indi-
cated that SRD5A1 could be responsible for SaDH-DOC pro-
duction in vitro.

Subsequently, to evaluate the endogenous activity of SRD5A1
for 5aDH-DOC, 22Rv1 cells were treated with siRNA duplex
specific to SRD5AI1 (siSRD5A1) or the control siRNA duplex
(siIEGFP). Reverse transcription (RT)-PCR validated the knockdown

Uemura et al.

effect by siSRD5A1 (Fig. 4a), and siSRD5A1 treatment sup-
pressed the cell viability of 22Rv1 cells, compared with the con-
trol siEGFP (Fig. 4b, P < 0.01). The amount of 50DH-DOC
production was also significantly decreased in the conditioned
media of 22Rv1 of which SRD5A1 was knocked down (Fig. 4c,
P < 0.01). These findings suggest that SRD5A1 is likely to play
some important roles in converting DOC to 5aDH-DOC in PC
cells, as well as PC cell viability.
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Fig. 3. Type 1 5a-steroid reductase (SRD5A1) was responsible for the production of 5a-dihydro-deoxycorticosterone (5aDH-DOC). (a) COS7 cells
were transfected with SRD5A1, SRD5A3, or mock vector and the expression of exogenous SRD5A1 and SRD5A3 were evaluated by western blot
analysis using anti-HA tag antibody. (b) The transfected cells were treated with 1075 M 11-deoxycorticosterone (DOC), and after 1 h of
incubation, the conditioned media were harvested. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis of the media
specifically detected the production of 5aDH-DOC which was converted from DOC in COS7 cells overexpressing SRD5A1 (middle panel), but not
in COS7 cells overexpressing SRD5A3 (lower panel) or mock cells (upper panel). These experiments were performed in duplicate (right and left

panels). () 1-uM Dutasteride treatment inhibited 5aDH-DOC production in COS7 cells transfected with SRD5A1 vector. 5a-Dihydro-
deoxycorticosterone (5uDH-DOC)was detected by LC-MS/MS and these experiments were performed in duplicate (right and left panels).

5a-Dihydro-deoxycorticosterone (5«DH-DOC) was detected in
clinical CRPC tissues by LC-MS/MS. To prove the presence of
5aDH-DOC in clinical CRPC tissues, we extracted steroid
fractions from 13 fresh frozen CRPC tissues and measured the
intratumoral 50DH-DOC and DHT levels by the sensitive
LC-MS/MS analysis we established here. As expected, the
intratumoral DHT level in all CRPC samples was below
1000 pg/g tissues, and Se«DH-DOC was detected in eight out of
13 CRPC tissues (Fig. 4d). We did not find any clinical features
of these 50DH-DOC-positive CRPCs. Interestingly, SoDH-
DOC-positive CRPCs had a comparatively lower level of DHT,
and the level of 5aDH-DOC was significantly inversely corre-
lated to the DHT level within CRPC tissues (Pearson
r =-0.5727, P < 0.05).

Discussion

Several molecular events that drive the progression to the castra-
tion-resistant state have been proposed and extensively

1902

reviewed.>%15-17 Ope of the key and main mechanisms is over-
expression of wild-type AR with or without amplification of the
AR gene, which is commonly observed in clinical
CRPCs.®'>1319 On the other hand, AR mutations allow AR
activation by low androgen levels or by other endogenous ste-
roids such as corticosteroids and antiandrogens,(zo' > but the
incidence of AR mutation is <20% in clinical CRPCs.""® In this
study, we searched for novel SaDH steroids that could have any
potential to stimulate PC cell growth as well as AR activity, and
among them, we here focused on 5aDH-DOC and demonstrated
that it could stimulate wild-type AR preferentially rather than
mutant AR, and type 1 Sa-steroid reductase overexpressed in
CRPC cells could be responsible for 5aDH-DOC production.
These findings indicate that 50DH-DOC and other unknown
products of Sa-steroid reductases (type 1 and type 3) could acti-
vate AR under extremely low levels of DHT in some CRPC
cases and provide some survival advantages to PC cells,
although the concentration of 5¢DH-DOC we here showed
was relatively lower than that of DHT. In situ steroidogenesis

doi: 10.1111/.1349-7006.2010.01620.x
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(P < 0.01, Student’s t-test). Y-axis, absorbance (ABS)
at 490 nm (MTT assay), and at 630 nm as a reference,
measured with a microplate reader. (c) Suppression

siSRD5A1 siEGFP siSRD5A1 siEGFP

of SRD5AT expression by siSRD5A1 reduced 5a- (d)

dihydro-deoxycorticosterone (5aDH-DOC) production _16 . S
in 22Rv1 cells (P < 0.01, Student's t-test). 5a-Dihydro- g4 .

deoxycorticosterone (5aDH-DOC) in the media was 2 A’

measured by liquid chromatography-tandem mass ';12 L *

spectrometry (LC-MS/MS) analysis. (d) Detection of 310 N =
5¢DH-DOC and DHT in 13 clinical CRPC tissues. 2 g -

5a-Dihydro-deoxycorticosterone  (5¢DH-DOC) was 8 61®- === ]
detected by sensitive LC-MS/MS in clinical CRPC Q 41

tissues. 5a-Dihydrotestosterone (DHT) was also P )

measured by sensitive LC-MS/MS in the same tissues, 3 2 [ - :

and the level of 54DH-DOC was inversely correlated © 0 - - ‘
with the low level of DHT concentration (Pearson 0 500 1000
r=-0.5727, P < 0.05). DHT (pg/g tissue)

including this Sa-steroid reduction is likely to be one of the key
mechanisms of CRPC development and a good molecular target
for CRPC treatment.

In the standard steroidogenesis pathway, the testes provide
the major source of androgens, particularly testosterone. Alter-
natively, prostate cells can convert adrenal-derived steroids,
such as androstenediol and DHEA (dehydroepiandrosterone),
to testosterone by 17B-hydroxysteroid dehydrogenase and
3B-hydroxysteroid = dehydrogenase.'”?** Currently, there is
increasing evidence that PC cells can synthesize androgens
de novo mstead of recelvmg them through the blood-
stream."”"*> This concept is supported by the fact that expres-
sions of several enzymes re )pons1ble for steroid synthesis were
up-regulated in CRPCs*?® and they are likely to play some
critical roles in the CRPC phenotype. Among them, cyto-
chrome P17 (CYP17) catalyzes the key reactions to androgen
and estrogen biosynthesis and its selective inhibitor, abirater-
one, is now in clinical trlals for CRPCs, showing significant
antitumor activity in CRPCs,*® indicating that CRPCs remain
dependent on ligand-activated AR signaling, and also these
findings suggest that such steroids or androgen metabolism
enzymes could be potential molecular therapeutic targets for
CRPCs. Among several steroid metabolism enzymes altered in
CRPCs, 5a-steroid reductases mostly contribute to both the
standard steroidogenesis pathway (testosterone to DHT), and
the alternative steroidogenesis pathway which is likely to be
activated when testosterone are not available from the blood
circulation.’ ) In addition to DHT, other various types of
steroids can be subject to the reduction of 5o-steroid reducta-
ses to acquire more potentlals as functional steroids or mod-
ify/change their functions.®” Neuroendocrine cells in the
brain highly express type 1 So-steroid reductase (SRD5A1)
and produce several neurosteroids such as SaDH-progesterone,
allopregnolone (ALLO), and tetrahydrodeoxycorticosterone
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androgen receptor (AR)-negative DU-145 cells, as well as LNCaP or 22RV1 cells. 5¢DH-Corticosterone (b} and SoaDH-cortisol (d) did not show
any significant growth-promoting effect on prostate cancer (PC) cell lines. Prostate cancer (PC) cells were treated with indicated concentration of
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as a reference, measured with a microplate reader. Each assay was tested six times and the means * SD. were plotted.

Fig. S2. Semi-quantitative RT-PCR showed that all of the prostate cancer (PC) cell lines we used expressed type 3 So-steroid reductase (SRD5A1)

and SRD3JAI. Expression of B-actin (ACTB) served as the quantitative control.
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Community-based prostate cancer screening in Japan:
Predicting factors for positive repeat biopsy
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Objectives: To assess possible predictors in determining criteria for repeat biopsy in a prostate cancer screening
population.

Methods: A total of 50 207 men over 55 years-of-age have participated in a prostate cancer screening program in
Otokuni, Kyoto, Japan for 12 years. Transperineal systematic biopsy was carried out in case of positive digital rectal
examination {DRE) or positive transrectal ultrasonography (TRUS) or a prostate-specific antigen (PSA) value greater than
10.0 ng/mL. For those with a PSA level from 4.1 to 10.0 ng/mL, and negative DRE and TRUS findings, biopsy was indicated
only when PSA density (PSAD) was greater than 0.15. The same indication was applied for the repeat biopsy.

Results: A repeat biopsy after an interval of more than 2 years was carried out in 140 patients and was positive in 50
(36%) patients. The PSA value at the diagnosis of cancer declined from the initial value in six (12%) patients. On multivariate
logistic regression analysis, PSA velocity (PSAV) as well as PSAD and DRE findings at latest screening were independent
predictors for positive repeat-biopsy outcome. The odds ratio {95% confidence intervals) of PSAV >0.48, latest PSAD >0.33
and positive latest DRE were 4.17 (1.05-18.5), 4.15 (1.31-14.0), and 3.62 (1.06-13.2), respectively. A combination of three
variables defined as positive if any of these were positive, reduced 31% of unnecessary biopsies while missing 8% of low

volume, low grade cancers.

Conclusions: A combination of latest PSAD, PSAV and positive DRE at latest screening might help to reduce unneces-
sary repeat biopsies in high-risk patients with an initial negative biopsy.

Key words: prostate cancer screening, prostate-specific antigen density, prostate-specific antigen velocity, repeat

biopsy.

Introduction

Although prostate cancer is one of the most frequent cancers
and accounts for approximately 20% of cancer mortalitics
for men living in Western countries, it is the fifth leading
incidence of male neoplasm and accounts for just 4.5% of
cancer mortalities in Japanese males.! However, with rapid
population aging and Westernization of the diet, the prostate
cancer mortality rate has increased in Japan, and it is
expected to increase by 2.8-fold in 2020 compared with
2000.! The number of patients with prostate cancer is also
expected to become the second most frequent cancer in
Japanese males, counting about 80 000 in 2020.!

The rapid increase in the number of patients with prostate
cancer is partly as a result of the marked rise in the imple-
mentation of a prostate cancer screening program by the
local government. According to a survey by the Japanese
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Foundation for Prostate Research, the prostate cancer
screening program was provided for approximately 14% of

districts in 2000, but this percentage increased to 71% in a
similar survey after 6 years. With this rapid spread of
prostate-specific antigen (PSA)-based screening and the
increase in the number of screened patients, a necessity
arose to establish an appropriate quality control scheme for
the follow-up of screened patients with a negative initial
prostate biopsy.

There have recently been a number of reports on predic-
tors for a positive repeat prostate biopsy in patients on an
outpatient-referral basis. On prostate mass screening, unlike
outpatient referral basis, a clarification to select screened
patients for repeat biopsy needs to be balanced by cost and
survival benefit. For this purpose, a validation of the screen-
ing system and its modification, if necessary, are extremely
important.

We have carried out primary prostate cancer screening
based on the PSA level in fixed local government since 1995,
The objective of the present study was to extract predictors of
positive repeat biopsy in a screening population and to obtain
future guidance for our screening system.
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Methods
Screening system

Prostate screening is carried out annually in the Otokuni
District, which is located to the south of Kyoto City and
consists of two cities and one town (Nagaokakyo City, Muko
City and Oyamazaki Town). According to a census, the total
population of the Otokuni District as of 1 October 2005 was
148 567, of whom 72 222 were males, and 23 114 (32%) of
the males were aged 55 years and above.

The subjects of the present study were males aged
55 years or more who desired screening for prostate cancer
who had undergone general health screening in September
to October each year since 1995. Primary prostate cancer
screening used the examination of serum PSA alone with a
cut-off level of 4.0 ng/mL. The serum PSA level was deter-
mined using Delfia PSA assay kit in all subjects. The health
administrative organization or private medical facilities in
the Otokuni District advised the screened patients with a
serum PSA level of 4.1 ng/mL or above to undergo second-
ary screening at a core hospital (Kyoto Saiseikai Hospital).
The second screening, including prostate biopsy, was
carried out by urologists in Kyoto Saiseikai Hospital under
the health insurance system. In the secondary screening,
digital rectal examination (DRE) was carried out by one
urologist (K.K.) who was a voting member of the Japanese
Urological Transrectal ultrasonography
(TRUS) of the prostate was carried out using an ultrasound
machine equipped with a chair-type scanner (SSD-520,
Aloca, Tokyo, Japan), and prostate volume (PV) was
obtained by the step-sectioned method. For screened
patients with a PSA level between 4.1 and 10.0 ng/mL, PSA
density (PSAD)? was calculated as PSA divided by PV.

When screened patients had positive DRE or positive
TRUS or a PSA value greater than 10.0 ng/mL, prostate
biopsy was routinely carried out. For a screened patient who
had a PSA level from 4.1 to 10.0 ng/mL, and negative DRE
and TRUS findings, a biopsy was indicated only when his
PSAD was greater than 0.15. For screened patients with a
negative DRE, negative TRUS and PSAD equal to or less
than 0.15, consecutive annual prostate screening participa-
tion was recommended. The same indication was applied for
the repeat biopsy.

For those indicated for prostate biopsy, transperineal
prostate biopsy was carried out under local anesthesia. Sys-
tematic sextant biopsy technique was applied between 1995
and 2001. Since 2002, an additional sample has been taken
from the far lateral region in each lobe (systematic octant
biopsy).

Because this screening system was established in 1995,
free to total PSA ratio and high-grade prostatic intraepithe-
lial neoplasia (HGPIN) or atypical small acinar proliferation
(ASAP) on the initial biopsy were not considered to indicate
repeat biopsy for patients with a negative initial biopsy.

Association.
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Consequently, age and PV at initial biopsy, DRE findings,
TRUS findings, serum PSA levels, and PSAD values at the
initial and latest biopsies, as well as the time interval and
PSA velocity (PSAV) between the initial and latest biopsies
were evaluated as predictors for positive repeat biopsy.

Calculation of PSAV

Similar to the definition by Etzioni et al.,’ PSAV was defined
as an absolute increase in PSA level per year from the initial
biopsy to the latest biopsy. Therefore, if a patient underwent
biopsies three times or more, and cancer was detected at the
latest biopsy, PSAV was calculated using PSA values at the
initial and latest biopsies. Additionally, if the PSA level at
the latest measurement was lower than the initial one, PSAV
was recorded as a negative value.

Statistical analysis

Analyses were carried out with JMP 8 software (SAS Insti-
tute, Cary, NC, USA). We used Wilcoxon rank-sum test to
compare a continuous variable within two populations. For
categorical parameters, Fischer’s exact test was applied.
P < 0.05 was considered to indicate a significant difference.
Receiver operating characteristic (ROC) curves and the
corresponding areas under the ROC curves (AUC) were
obtained to predict the positive repeat biopsy. The threshold
value for optimal sensitivity was defined using Youden index
(sensitivity + specificity — 1). Uni- and multivariate analysis
was carried out using logistic regression model and odds
ratios (OR) and 95% confidence intervals (CI) were given
for selected variables.

Results

A total of 50 207 people attended primary PSA screening
during 12 years between 1995 and 2006. As previously
described, the estimated exposure rate for PSA screening
was 65%.% Of those, the serum PSA concentration was
4.1 ng/mL or above in 3212 (6%) of all screened patients. Of
the screened patients with elevated PSA levels, 2176 (68%)
underwent secondary screening, and prostate cancer was
finally detected in 383 (18%). Of the 2176 screened patients
with elevated PSA levels, 1905 men (88%) visited a core
hospital (Kyoto Saiseikai Hospital) to receive secondary
screening. After DRE and TRUS, a total of 836 men (1136
times) underwent a prostate  biopsy over a period of
12 years, and 340 men (41%) were finally diagnosed with
prostate cancer at the hospital (Table 1).

Of the 836 men who underwent a prostate biopsy at the
hospital, repeat biopsies were carried out in 179 men (21%).
Of these, 72 (39%) were finally diagnosed with prostate
cancer. In the present study, we enrolled 140 of the 179 men
(78%) with a biopsy interval greater than or equal to 2 years
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Table 1 Number of biopsies and cancer detection rate

Number of biopsies (times)

PC Non-PC  Total (screened  Total number of

patients) biopsies (times)
1 268 389 657 657
2 53 58 111 222
3 11 26 37 11
4 6 11 17 68
5 1 8 9 45
6 1 2 3 18
7 0 1 1 7
8 0 1 1 8
Total number of screened patients 340 496 836 1136
Number of screened patients who underwent biopsy two or more times 72 107 179 479
Number of screened patients who underwent biopsies at 50" 90 140 401

an interval of 2 years or longer

PC, prostate cancer.

Table 2 Clinical parameters of positive and negative biopsy groups whose biopsy interval was longer or equal to 2 years

Cancer Non-cancer P-value statistics

No. patients 50 90

Mean * SD age (years) 73.8 £56 728 + 6.4 - 036 Wilcoxon rank-sum test
Mean = SD initial PSA (ng/mL) i 6.8k 3D 7.0+x39 0.82 Wilcoxon rank-sum test
Mean =+ SD latest PSA (ng/mL) 15,1195 10.2 £ 6.9 0.034 Wilcoxon rank-sum test
Mean * SD PSAV (ng/mL/year) 192+ 34 082*% 15 0.0011 Wilcoxon rank-sum test
Mean = SD initial PSAD (ng/mL/cc) 0.30 + 0.20 0.22 +0.08 <0.0001 Wilcoxon rank-sum test
Mean = SD latest PSAD (ng/mL/cc) 0.55 *+ 0.51 0.27 £ 0.21 <0.0001 Wilcoxon rank-sum test
Mean = SD time interval (years) 39+21 43 +22 0.23 Wilcoxon rank-sum test
Mean = SD prostate volume (cc) - 286*126 41.0 = 20.9 <0.0001 Wilcoxon rank-sum test
No. initial DRE positive (%) 14 (28%) 11 (12%) 0.023 - Fischer's exact test

No. latest DRE positive (%) 16 (32%) 9 (10%) 0.0022 Fischer’s exact test
No. initial TRUS positive (%) 17 (34%) 23 (26%) 033 Fischer’s exact test

No. latest TRUS positive (%) 14 (28%) 9 (10%) 0.0085 Fischer’s exact test

DRE, digital rectal examination; PSA, prostate-specific antigen; PSAD, prostate-specific antigen density; PSAV, prostate-specific

antigen velocity; TRUS, transrectal ultrasonography.

in order to exclude patients with a negative initial biopsy by
sampling error. Of the 140 men, 50 (36%) were finally
diagnosed with prostate cancer (Table 1). In the light of the
consecutive change in PSA values in the 140 cases, the latest
PSA value increased or decreased from the initial PSA value
in 118 (84%) and 22 (16%), respectively. Among patients
with decreased PSA from the initial value, cancer was
detected in 6 (12%) out of 50 cases.

Table 2 compares the clinical parameters between
patients with positive and negative biopsies. Of the variables
evaluated, significant differences were observed in PV at
initial biopsy, DRE findings and PSAD values at the initial

© 2010 The Japanese Urological Association

and latest biopsies, TRUS findings and serum PSA levels at
latest biopsies as well as PSAV between the initial and latest
biopsies.

Uni- and multivariate analyses to predict the positive
biopsy outcome are shown in Table 3. On univariate analy-
sis, a positive biopsy was significantly related to latest PSA
>7.4, initial PSAD >0.23, latest PSAD >0.33, PV <28.2 mL,
PSAV > 0.48, increased PSAD, and positive latest DRE and
TRUS findings. On multivariate analysis, a positive biopsy
was significantly related to latest PSAD >0.33, PSAV >0.48
and positive latest DRE. The odds ratio (95% CI) with a
threshold of PSAV >0.48 was the highest (4.17: 95% CI
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Table 3 Uni and multivariate logistic regression analysis to predict positive biopsy outcome in men undergoing repeat biopsy

Variables Univariate Optimal AUC Multivariate Odds ratio 95% Confidence
P-value cut-off value P-value intervals

Age 0.361 66 0.54689

Initial PSA 0.7336 6.8 0.51044

Latest PSA 0.0235 7.4 0.60867 0.5246 1.53 0.41,5.95

Initial PSAD 0.0001 0.23 0.70722 0.0673 25 0.94, 6.80

Latest PSAD <0.0001 0.33 0.78133 0.0154 4.15 1.31,14.0

Interval (years) 0.1937 3 0.5633

Prostate Volume <0.0001 28.2 0.72322 0.1289 2.23 0.79, 6.34

PSAV 0.004 0.48 0.66611 0.0417 417 1.05, 18.5

Latest DRE 0.0014 0.0397 3.62 1.06, 13.2

Latest TRUS 0.007 0.4523 1.61 0.47,5.90

Increased PSA 0.3598

Increased PSAD 0.0028 0.7788 1.19 0.35, 4.08

AUC, area under receiver operating characteristics curve; DRE, digital rectal examination; PSA, prostate-specific antigen; PSAD,
prostate-specific antigen density; PSAV, prostate-specific antigen velocity; TRUS, transrectal ultrasonography.

Table 4 Diagnostic performance for prostate-specific antigen velocity >0.48, latest prostate-specific antigen density >0.33,
positive latest digital rectal examination, and combination of the three variables to predict positive repeat biopsy

Parameters Sensitivity Specificity PPV NPV No. Bx saved No. Ca missed
PSAV >0.48 40/50, 80% 46/90, 51% 40/84, 48% 46/56, 82% 56/140, 40% 10/50, 20%
Latest PSAD >0.33 34/50, 68% 75190, 83% 34/49, 69% 75/91, 82% 91/140, 65% 16/50, 32%
Latest DRE (+) 16/50, 32% 81/90, 90% 16/25, 64% 81/115, 70% 115/140, 82% 34/50, 68%
Combination (+) 46/50, 92% 39/90, 43% 46/97, 47% 39/43,91% 43/140, 31% 4/50, 8%

PSA increase (+) 44/50, 88% 16/90, 18% 44/118,37% 16/22,73% 22/140, 16% 6/50, 12%
PSAD increase (+) 41/50, 82% 38/90, 42% 41/93, 44% 38/47,81% 471140, 34% 9/50, 18%

Bx, biopsies; Ca, cancers; DRE, digital rectal examination; NPV, negative predictive value; PPV, positive predictive value; PSA,
prostate-specific antigen; PSAD, prostate-specific antigen density; PSAV, prostate-specific antigen velocity.

1.05-18.5), followed by 4.15 (1.31-14.0) with a threshold of
PSAD >0.33 and 3.62 (1.06-13.2) with a positive latest
DRE.

Consequently, these three significant variables to predict
positive repeat biopsies were evaluated by using sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), number of biopsies saved and number of
cancers missed (Table 4). A combination of three variables
was defined as positive if any of them were positive. As the
result, a combination of the variables displayed 92% sensi-
tivity while saving 31% of biopsies. Among four patients
missed by the combination variable, three underwent radical
prostatectomy and showed low grade and small (<1 cc)
focus of organ confined cancers. Although the other patient
did not undergo prostatectomy because of his advanced age,
the biopsy result showed one positive core out of six for low
grade disease. In contrast, simple use of PSA increase and
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PSAD increase missed six (12%) and nine (18%) cancers,
respectively, including high grade and high volume cancers.

Discussion

For the quality control of the prostate cancer screening
system that has been developed over many years, the fol-
lowing are thought to be important: (i) the determination of
the screening interval based on the baseline PSA values at
primary screening; (ii) validity of the use of PSA-related
indices to enhance the diagnostic accuracy; and (iii) appro-
priate continual guidance to undergo screening for generally
asymptomatic patients who showed negative results on the
initial secondary screening (including prostate biopsy). The
Japanese Urological Association Guidelines on PSA-Based
Screening for Prostate Cancer was published in 2008,
which recommended the use of 4.0 ng/mL as a cut-off PSA

© 2010 The Japanese Urological Association
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level or age-specific PSA criterion for primary screening.
For the screening system in the Otokuni District, the cut-off
PSA level was set at 4.0 ng/mL, conforming to the recom-
mendation of the guidelines. However, the guidelines failed
to show the validity of PSA-related indices to select candi-
dates for repeat biopsy because of the insufficient evidence,
even in Western countries.’ Akakura® discussed the current
status regarding the follow-up of screened patients with
negative biopsy results in Japan. Unfortunately, repeat
biopsy strategy in the screening basis is left to the discretion
of each screening facility. The establishment of original
guidelines in Japan is necessary to improve the quality
control of prostate cancer screening.

A feature of our screening system is that the indication of
biopsy is set according to PSAD along with DRE and TRUS
findings. When this screening system was implemented in
1995, PSAD was reported to be an effective PSA-related
index to avoid unnecessary biopsies, and therefore, was
adopted to reduce the excessive number of screened patients
indicated for biopsy without a sufficient number of prostate
pathologists operating in the district.

After 12 years from the beginning of screening, an adop-
tion of PSAD as a screening criterion had been validated in
screened patients without indication for biopsy. Our previ-
ous results showed that needle biopsy was avoided as a
result of a low PSAD in 32% (289/894) of the screened
patients, and localized prostate cancer was detected in 23 of
them by subsequent biopsy.* The use of PSAD as a criterion
contributed to avoiding a substantial number of biopsies,
and the diagnosis of cancer could be made in a curable stage
for all patients exempt from biopsy. Therefore, the use of
PSAD to select patients for initial biopsy appeared to be
useful as an intervention factor for the quality control of
screening.

Table 5 shows factors reported to be predictive for posi-
tive repeat biopsy on a screening or outpatient-referral
basis.”"® Most of the reports involved biopsies carried out
on an outpatient-referral basis, and recent reports have rec-
ommended the use of various nomograms.'®'® Although
these nomograms would give a percentage of the chance of
positive repeat biopsy, they should be useful only for coun-
seling patients on whether they need repeat biopsy or not.
Our screening system requires a definite criterion to select
patients for repeat biopsy with acceptable sensitivity and
specificity. For this sense, our newly proposed criteria will
provide a guide to selecting patients for repeat biopsy, main-
taining a reasonable sensitivity while preventing a consider-
able number of unnecessary biopsies.

As for a screening population, only a few studies have
reported predictors for a positive repeat prostate biopsy.
Zackrisson ef al.”? reported that persistently elevated PSA
and low PV are useful predictors for positive repeat biopsy.
In some reports, PSA kinetics, including the PSAV, PSA
slope, and PSA doubling time (PSADT), were suggested to
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be useful predictors. The result in the current study showing
PSAD, PSAV and DRE as independent predictors for posi-
tive repeat biopsy corresponds to previous reports with
regard to an importance of prostate volume-related indices
and PSA kinetics. We did not include PSADT as a predictor,
because PSADT is calculated only for patients with
increased PSA. Furthermore, we found six (12%) cancers
missed in patients with decreased PSA. The use of DRE is
generally limited by various quality levels of the examiner;
however, the present study involved only one examiner for
DRE and therefore, the latest DRE appeared to be one of the
significant predictors.

Several limitations might apply to the present study. We
did not account for ASAP or HGPIN at initial biopsy as well
as free to total PSA ratio, which have been reported to be
risk factors for cancer on repeat biopsy. Thus, they should be
included in future studies. The present study included a
relatively small number of screened patients who underwent
repeat biopsies and our predictions are not perfect. Never-
theless, a combination of latest DRE findings, latest PSAD
>0.33 and PSAV >0.48 could reduce 31% of unnecessary
biopsies, while missing 8% of low volume, low grade
cancers and, therefore, seems to be applicable to selecting
candidates for repeat biopsy in our prostate cancer screening
system,

Conclusion

A decrease in the repeated PSA value cannot predict a
negative biopsy outcome under the established biopsy crite-
ria. Latest PSAD, PSAV and positive DRE at latest screen-
ing appeared to be significant predictors for prostate cancer.
The combination of these three variables might help to
reduce unnecessary repeat biopsies in the high-risk cohort
of patients with negative initial biopsies.
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Pattern of lymph node metastases of esophageal squamous cell carcinoma based
on the anatomical lymphatic drainage system

Y. Tachimori, Y. Nagai, N. Kanamori, N. Hokamura, H. Igaki
Esophageal Surgery Division, National Cancer Center Hospital, Tokyo, Japan

SUMMARY. The recent anatomical studies of the esophagus showed that submucosal longitudinal lymphatic
vessels connect to the superior mediastinal and the paracardial lymphatics and lymphatic routes to periesophageal
nodes originate from the muscle layer. Using clinical data for lymph node metastasis, we verify these anatomical
bases to clarify the rational areas of lymph node dissection in esophageal cancer surgery. Analysis was performed
on 356 consecutive patients who underwent esophagectomy with three-field dissection. Patients were divided into
those with tumor limited within the submucosal layer and those with tumor invading or penetrating the muscle layer.
Frequency of node metastasis was compared according to supraclavicular, upper mediastinum, mid-mediastinum,
lower mediastinum, perigastric and celiac areas. In patients with tumor limited to the submucosal layer, node
metastasis was more frequent in the upper mediastinum and perigastric area than the mid- or lower mediastinum.
Even in patients with tumor located in the lower esophagus, node metastasis was more frequent in the upper
mediastinum than the mid-mediastinum or lower mediastinum. In patients with tumor located in the mid-esophagus,
node metastasis was more frequent in the supraclavicular area than the mid-mediastinum or lower mediastinum. In
patients with tumor invading or penetrating the muscle layer, node metastasis in the mid- and lower mediastinum
increased dramatically, but was still less frequent than those in the upper mediastinum or the perigastric area.
Postoperative survival curves did not differ among the involved areas. The most predictive factor associated with
lymph node metastasis for postoperative survival was not the area of involved nodes, but the number of involved
nodes by multivariate analyses. These clinical results verify recent anatomical observations. The lack of difference
in survival rates among the involved areas suggests that these areas should be staged equivalently. For adequate
nodal staging, the upper mediastinum should be dissected for the lower esophageal tumor and supraclavicular areas
should be dissected for the mid-esophageal tumor even in patients with tumor limited to within the submucosal layer.

KEY WORDS: esophageal cancer, lymph node excision, lymphatic metastasis, neoplasm staging.

INTRODUCTION

Despite recent advances in multidisciplinary
approaches including radio- and chemotherapy,' sur-
gical resection remains the standard treatment for
potentially resectable esophageal carcinoma. Consid-
erable controversy remains regarding the extent of
lymph node dissection in esophageal cancer surgery.
Some favor more limited resection strategies such as
transhiatal resection or transthoracic resection with
minimal nodal dissection and hold that extended
nodal dissection offers no meaningful improvement
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in survival.>* Others have argued that three-field lym-
phadenectomy entailing nodal dissection along the
recurrent laryngeal nerves in the thoracic cavity
extending to the ‘third’ field in the neck improves
local disease control and possibly enhances
survival.*" A consistent operative strategy has yet to
be established.

Knowing the anatomical lymphatic drainage
system of the esophagus is crucial to achieving an
adequate field of dissection. The abundant lymphatic
channels in the lamina propria mucosae and submu-
cosa of the esophagus are well known from classic
descriptions.*'® A recent anatomical study by Kuge
et al. showed that long longitudinal lymphatic exten-
sion in the esophageal submucosa is very evident.!!
Another anatomical study showed a morphological
connection between submucosal lymphatic vessels in
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the proximal esophagus and recurrent nerve nodes in
the superior mediastinum.'”” These morphologies
suggest an explanation for anatomically distant
lymph nodes metastasis known as ‘skip metastasis’ in
thoracic esophageal cancer. Kuge et al. also reported
that lymphatic routes to periesophageal lymph nodes
usually originate from the intermuscular area of the
muscularis propria and lymphatic communication
between the submucosa and intermuscular area was
rarely apparent histologically."

The present retrospective study attempted to
verify these anatomical bases using clinical data of
lymph node metastasis. We analyzed the frequency of
involved nodes according to the areas of dissection.
We also analyzed the survival effects of dissection for
involved nodes to clarify the rational extent of lymph
node dissection during esophagectomy.

PATIENTS AND METHODS

We conducted a retrospective review of a prospective
database to identify patients with surgically resected
esophageal carcinoma at our institution from
January 2001 to December 2005. Analysis was per-
formed on 356 consecutive patients with esophageal
squamous cell carcinoma who underwent esophagec-
tomy with three-field dissection to compare areas
including the supraclavicular and celiac. During the
5-year study period, the incidence of adenocarcinoma
was <3% in our institution. The presence of supra-
clavicular and celiac nodal involvement was not con-
sidered a contraindication for resection whenever
potentially curative resections could be performed.
Patients who underwent palliative resection were
excluded, as three-field dissection was avoided. Six
patients with T4 tumor (pericardium, n = 3; dia-
phragm, n = 2; lung, n = 1) who underwent curative
resection with three-field dissection were included.
Patients who had a past history of neck dissection or
gastric surgery were excluded. Patients who had
received preoperative chemo- or chemoradiotherapy
were also excluded. To analyze the lymphatic routes
of the submucosa and intermuscular area, patients
were divided into those with tumor limited within the
submucosal layer (pT1) and those with tumor invad-
ing or penetrating the muscle layer (pT2-4).

Surgical resection consisted of transthoracic
esophagectomy with three-field lymphadenectomy,
which included all lymphovascular tissue along with
mediastinal lymph nodes from the superior mediasti-
nal nodes and nodes along both recurrent laryngeal
nerves to the hiatus. Upper abdominal lymphadenec-
tomy was performed to include the paracardial, lesser
curvature, left gastric, common hepatic, celiac, and
splenic nodes. Neck lymphadenectomy included
supraclavicular nodes located lateral to the jugular
veins.

Table 1 Patient demographics and tumor characteristics for 356
patients who underwent three-field esophagectomy for squamous
cell carcinoma of the esophagus

pTl pT2-4
n =127 (100%) n =229 (100%)

Mean age (range) 62.7 (41-80) 62.8 (45-83)
Male/Female 115/12 199/30
Tumor location

Upper 22(17.3) 33(14.4)

Mid 67 (52.8) 106 (46.3)

Lower 38(29.9) 90 (39.3)
T classification

(pathological)

pT1 127 (100) -

pT2 - 40(17.5)

pT3 - 183(79.9)

pT4 - 6(2.6)
N classification

(pathological)

pNO 69 (54.3) 41(17.9)

pN1 40 (31.5) 76(33.2)

pN2 15(11.8) 66 (28.8)

pN3 3(2.4) 46 (20.1)
M classification

(pathological)

pMO 116 (91.3) 19 (83.0)

pM1 (supraclavicular 11(8.7) 39(17.0)

node)

The frequency of lymph node metastasis was
compared according to the areas, comprising sup-
raclavicular area, upper mediastinum including
paratracheal nodes, nodes along both recurrent
laryngeal nerves and posterior mediastinal nodes,
mid-mediastinum including middle paraesophageal
nodes and subcarinal nodes, lower mediastinum
from the caudal margin of the inferior pulmonary
vein including lower paraesophageal nodes and dia-
phragmatic nodes, perigastric area including para-
cardial nodes and left gastric nodes and the celiac
area including common hepatic nodes, splenic nodes
and celiac nodes. The efficacy of dissection was esti-
mated by postoperative survival of patients with
involved nodes according to these areas.

Statistical analysis was performed using SPSS sta-
tistical software (SPSS, Chicago, IL, USA). Overall
survivals were analyzed using Kaplan-Meier
methods including all causes of death. The log-rank
test was used to determine the significance of survival
distributions among groups. Multivariate analyses
were performed by Cox regression. Results were con-
sidered significant for values of P < 0.05.

RESULTS

Patient demographics and tumor characteristics are
shown in Table 1. Frequency of lymph node metasta-
sis including supraclavicular node was 47.2% in
patients with pT1 tumor and 82.1% in patients with
pT2-4 tumor. Fifty patients were staged pM1 by
supraclavicular node metastasis.
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