TABLE I.

Comparlson between tPSA and cPSA at vanous

cutoff values
. Cutoff Value {ng/mL})
Hybritech
- tPSA - cPSA .
>4.0 >3.4 >3.0 29 >28 >2.7
Cancer (n}) - : 250 237 250 251 252 255
Cancer missed (n) 18 31 18 17 16 13
False-positive (n) 380 326 352 367 378 382 .
No. vs. Hybritech tPSA :
Cancer missed ‘ +13 *=0 —1 -2 -5
False-positive results -54 —-28 -13 -2 +2

Key: PSA = prostate-specific antigen; tPSA = total PSA; cPSA = complexed PSA.

TABLE II.

Comparison of cPSA and tPSA specificities at 80%, 85%, 90%, and 95%
sensitivities in all cases X
80% Sensitivity 85% Sensitivity 90% Sensitivity 959% Sensitivity
Cutoff Specificity Cutoff ‘Specificity Cutoff Specificity Cutoff Specificity
(ng/mL) (%) (ng/mL) (%6) {(ng/mL) (%) (ng/mL) (%) -
cPSA 4,27 49.6 375 41.3 3.36 1 33.7 . 276 22.8
tPSA 5.55 435 4.95 36.8 4.35 27.6 3.85 18.5
P value 0.0239 0.0042 0.0439 0.0068

Abbreviations as in Table I

4.0 t0 6.0, 6.0 to 8.0, 8.0 to 10.0, and greater than
10.0, respectively. In men with cancer, the cPSA
value was greater than 8.3 ng/mL in 125 (46.6%)
and was the largest subgroup. In contrast, thé great-
est proportion of men without cancer (29.5%, n =
145; Fig. 1) had a cPSA value of 3.2 to 5.1 ng/mL..
We compared the number of patients with a
missed cancer or false-p051t1ve result betwéen the
tPSA and cPSA values (Table I). The number of
cancers missed and number of false-positive re-
sults using a tPSA cutoff value of 4.0 ng/mL was 18
and 380, respectively.” A cPSA threshold of 3.0
ng/ml provided equivalent sensitivity (93.2%) and
a better positive predictive value (39.6% _versus
41.5%) to a 4.0-ng/mL cutoff for tPSA in the Japa-
nese population. For the comparison in all cases,
the area under the curve for cPSA (0.741) was sig-
nificantly better than that for tPSA (0.721, P <0.001).
The performance characteristics with Tespect to
sensitivity and specificity for all cases are summa-
rized in Table II. At a sensitivity of 80% to 95%,
significant differences were found in the corre-
sponding specificities between tPSA and cPSA. Ata
" sensitivity of 90%, the specificity of cPSA improved
.6.1% compared with that of tPSA. In addition, we
- compared the performance characteristics with re-
spect to sensitivity and specificity in men with a
tPSA value between 4.01 and 10.00 ng/mL (Table
I11). Similar to the results in all cases, significant
differences were found in the corresponding spec-
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ificities between tPSA and cPSA at a sensitivity of
80% to 95%.

 COMMENT

To assess the utility of new serum markers, it is
necessary to analyze their performance in different
ethnic populations. The population of men in this
study was 100% Asian. In our study, the median
age for those with cancer was 71 years and was 68
years for those without cancer. In the study by
Partin: et al.,’0 the. study population was 87.9%
white. Consequently, those results mainly reflected .
the performance in one ethnic group. Comparing
the two patient populations, the median age for
men with and without cancer was 6 and 7 years
older, respectively, in our study. In addition, sub-

- stantial-differences in median age have been re- .

ported -in studies of different national or ethnic
populations.®1® Just as the incidence of prostate
cancer has been increasing in younger men in the
United States,!2 the same trend has been observed
with the use of PSA screening in Japan.!? Despite
the trend of the young age migration, the median
age in Japanese men with prostate cancer was st111
older than that in the United States. : -

The distribution of cPSA and tPSA- in the popu-
lation studied also influences the age distribution,
as well as the diagnostic performance of the serum
marker. To our knowledge, this is the first report of
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TABLE [ll. Comparison of cPSA and tPSA specificities at 80%, 85%, 90%, and 95%
sensitivities in men with total PSA value between 4.01 and 10.00 ng/mL

80% Sensitivity 85% Sensitivity 90% Sensitivity 95% Sensitivity
Cutoff Spéciﬁcity Cutoff Specificity Cutoff Specificity Cutoff Specificity
(ng/mL) (%) (ng/mL) (%) (ng/mL) (%) (ng/mL) (%)
cPSA 3.82 31.8 3.50 22.0 3.36 17.9 3.01 11.8
tPSA 5.05 247 475 17.6 455 12.2 425 5.7
P value 0.0030 0.0471 0.0025 <0.0001

Abbreviations as in Table I.

the distribution of cPSA in Japanese men with and

without prostate cancer using a urologic referral

population. In American and European countries,
PSA levels have been shifting downward and what
was once considered the traditional gray zone of
tPSA (4 to 10 ng/ml.) may how be 2 to 6 ng/ml..i0
In contrast to the study by Partin et al.,’0 most cPSA
levels in ‘men-with cancer wére more than 8.3
ng/mL (tPSA more than 10.0 ng/mL) in our study.

First, the difference in cPSA distribution between -

the two studies might be explained by the prostate
biopsy indication. In our study, biopsy was indi-
cated for a tPSA cutoff of 4.0 ng/mL if the DRE
findings were normal. In addition, the proportion
of clinical stage, pathologic outcome, and men
with urologic symptoms can be associated with the
distribution of tPSA and c¢PSA in a population.
Taneja et al.1* reported the distribution of clinical
stage and biopsy Gleason score in 410 men with
prostate cancer, with the aim of using cPSA as a
diagnostic and staging tool. The proportion of clin-
ical Stage T3 disease and biopsy Gleason score less
than 7 in their study was 4.0% and 57.6%, respec-
tively, compared .with corresponding values of
29% and 24% in our study. We speculate that the
striking difference in clinical stage and biopsy out-
comes resulted in- the distribution of the cPSA
range. Furthermore, the proportion of the total In-
ternational Prostate Symptom Score of 8 or more
was 58% in our study. Filella et al.}! demonstrated
the usefulness of cPSA and tPSA in the diagnosis of
prostate cancer in patients with urologic symp-
toms. In. their study, prostate symptoms were
present in.94 (47%) of 200 imen refeired to the
urologic practice, and the average tPSA level for
those with cancer was 11.60 +10.12 ng/mL (range
1.86 to 49). In our study, it was 18.3 = 19,5 ng/mL.
Despite the substantial differences in the average
tPSA value in those with cancer between the two
studies, that the PSA value in those with cancer was
based on a population with urinary symptoms re-
sults in a relatively greater range compared with
a screening population. Also, selection bias and
study population variances could potentially influ-
ence the optimal assay threshold values. .

-Previously, we established a preliminary optimal

UROLOGY 67 (2), 2006

cutoff cPSA value (2.8 hg/mlL) compared with a
tPSA threshold of 4.0 ng/mL.° In this study, a 3.0
ng/ml cPSA threshold should be considered the
potential cutoff value for comparative analysis of
cancers missed and false-positive cases using the
conventional 4.0-ng/mL tPSA threshold. In gen-
eral, the calculated 6ptimal cutoff value will change
depending on the population being studied. On the
basis of our previous study® and this study, how-
ever, we concluded that cPSA can bean alternative
to tPSA as the first-liie prostate cancer detection

+ testin the selected (hospital referral) Japanese pop-

ulation. This position has been supported by the
comparison of cPSA and tPSA specificities at a sen-
sitivity of 80% to 95% (Tables II and III). Our next
goal is to assess the optimal cutoff value of cPSA in
the screening population. :

. ACKNOWLEDGMEN.T. To Richard Babaian, M.D. (M.D. Ander-
son Cancer Center, Houston, Texas) for valuable comments
duri,ng‘ the preparation of this manﬁscript,_ .

N N REFERENCES ,

1. Allard WJ, Zhou Z, and Yeung KK: Novel immunoassay
for the medsuremerit of complexed prostate-specific antigen ini
serum. Clin Chéin 44: 1216-1223,.1998, /-3 o7 -

- 2. Djavan B, Remzi M, Zlotta AR, et al: Complexed pros-
tate-specific antigen, complexed prostate-specific antigen
density of total and transition zone, complexed/total prostate-
specific antigen ratio, free-to-total prostaté-specific antigen ra-
tio, density of total and fransition zoné prostate-specific anti-
gen? fesults of the prospective multicenter European trial.
Urology 60(suppl): 49, 2002. . L

-~ 3. Brawer MK, Cheli CD, Neaman IE, et al: Complexed
prostate specific antigen provides significant enhancement of
specificity compared with total prostate specific antigen for
detecting prostate cancer: J Urol 163: 1476-1480, 2000.

4. Okihata K, Fritsche HA, Johnstor DA, et al: Can com-
plexed prostate-specific antigen and prostatic volume enhance
the prostate cancer detectioni in men with total PSA values
between 2.5 and 4.0 ng/mi? J Urol 165: 19301936, 2001.

. 5. Naya Y, Stamey TA, Cheli CD, et al: Can volume méa-
surement of the prostaté enhance the performance of com-
plexed prostate-specific antigen? Urology 60(suppl): 36-41,
2002, Lo etiie s nh

~-6. Horninger W, Cheli CD, Babaian RJ, et al: Complexed
prostate-specific antigen for early detection of prostate cancer -
in men with serum prostate-specific antigen levels of 2 to 4
nanograms per milliliter. Urology 60(suppl): 31-35, 2002.

7. Parsons KJ, Brawer MK, Cheli CD, et al: Complexed
prostate specific antigen (PSA) reduces unhecessary prostate

331




biopsies in the 2.6 to 4.0 ng/ml range of total PSA. BJU Int 94:
47-50, 2004. )

8. Martin B, Cheli CD, Ward LM, et al: Complexed PSA
performance for prostate cancer detection in an African-Amer-
ican population. Urology 62: 835-839, 2003.

9. Okihara K, Ukimura O, Nakamura T, et al: Can com-
plexed prostate specific antigen enhance prostate cancer de-
tection? Eur Urol 46: 57-64, 2004.

10. Partin AW, Brawer MK, Bartsch G, et al: Complexed
prostate specific antigen improves specificity for prostate can-
cer detection: results of a prospective multicenter clinical trial.
J Urol 170: 1787-1791, 2003,

11. Filella X, Truan D, Alcover ], et al: Comparison of sev-
eral combinations of free, complexed, and total PSA in the

332

7

diagnosis of prostate cancer in patients with urologic
symptoms. Urology 63: 1100-1104, 2004.

12. Jacobsen SJ, Katusic SK, Bergstralh EJ, et al: Incidence
of prostate cancer diagnosis in the eras before and after
serum prostate-specific antigen testing. JAMA 274: 1445-
1449, 1995. '

13. Okihara K, Nakanishi H, Nakamura T, et al: Clinical
characteristics of prostate cancer in the eras before and after
serum prostate-specific antigen testing in Japanese men. Int
J Urol 12: 662-667, 2005.

14. Taneja SS, Hsu EI, Cheli CD, et al: Complexed prostate-
specific antigen as a staging tool: results based on a multicenter
prospective evaluation of complexed prostate-specific antigen in
cancer diagnosis. Urology 60(suppl 4A): 10~17, 2002.

' UROLOGY 67 (2), 2006



Y
v

O RS ST GOR I £ ¢ % % BN BE 43 4

L3 BR

}§-'5‘AQ: 1
158
18

¥

18
18
20
21

B B B B3 DB
~E O D g N

3

O W

o fad a3 L) £

3y A 0 N3

A3
44
45

S
=~ 5

8

S S
i3

5 In
ot NI e L

(1

@mgmsﬁ:&@ S%Eg{ni%imﬁésé of Tﬁymiﬁyﬁm

SRR
&

Synthase Expression in Patients with
Prostate Cancer Undergoing Radical

Prostatectomy

{

Yongnan LI, Yoichi Mizutani, Takumi Shiraishi, Koji Okihara, Osamw@f&g&zwa,
Akihiro Kawauchi, Norio Nonomura, Masakazu Fukushima, ‘Foshiyuy i Sa%tai, and

Tsuneharu Whki

ORJECTIVES

Thymidylate synthase (TS), a key enzyme in DNA synthe%@, is ogerexpressed in a variety of
cancer cells. 5-Fluorouracil (5-FU), an.anticancer ageng szd clinically against various cancers, .
g T

including prostate cancer, inhibits DNA synthesis by b@%‘m

'S, In this study, we investigated

the expression of TS in prostate cancer and its progidsticignificance. Its association with the
expression of dihydropyrimidine dehydrogenase (@%I»D 72 principal enzyme in the degradation of
5-FU and pyrimidine nucleotides, was also examine? B,

METHODS

Fifty-two prostatic tissue specimens were o

btatped from patients who had undergone radical

prostatectomy for prostate cancer withoug;neoadjuvant hormonal thetapy. We analyzed the
cancerous tissue and normal prostatic tifsué nggfmens for TS expression using immunohisto-

chemistry.

RESULTS TS was expressed at greater levels i

fate cancer specimens than in the normal prostatic

tissue specimens. The patients witli¥prostaté cancer with negative TS expression had a longer
postoperative recurrence-free tage than“did those with positive expression during the 5 years of
follow-up. TS expression wa%rsigni: cantly decreased in patients who received neoadjuvant
hormonal therapy. No relagionship was found between the expression of TS and DPD. Patients

with prostate cancer wig
postoperative disease-fres
follow-up.
The results of the?

prognostic marké#for”

42

CONCLUSIONS

%fﬂuef negative TS or DPD expression had a significantly longer
e tin those with positive expression of both during the 5 years of

,es%“f?’?’??ﬁ'udy have shown for the first time that TS expression could be a
= Xp
Haglents with prostate cancer undergoing radical prostatectomy. In addi-

tion, the con11;:%£a§;@maf TS and DPD expression might also be helpful for the prediction of the
prognosis of%g% ¢nrs with prostate cancer.  UROLOGY xx: xxx, xxxx. © 2007 Elsevier Inc.

g 9

he anticancer aggAt, 5 ouracil (5-FU), is
used clinically agaiyst vazfous cancers, including
prostate cancer. 540 inpteagent infusion 5-FU has
demonstrated somesgffieneyfagainst hormone-tefractory
prostate cancer, afthresbonse rates up to 27% have been

reported.? Srm%gselﬁjgnacdve and requires intracellular
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conversion to S-fluoro-2'-deoxyuridine 5'-monophosphate.
5-Fluoro-2'-deoxyuridine 5’ -monophosphate exerts its cyto-
toxic activity through the formation of a ternary complex
with thymidylate synthase (TS) and 5,10-methylene-tetra-
hydrofolate, resulting in inhibition of TS and blockage of
the DNA synthetic process.45 TS is overexpressed in tumor
cells, which show high proliferative activity.6 Several stud-
ies examining the importance of TS expression have indi-
cated that TS expression predicts for overall outcome and
the response to 5-FU cytotoxic therapy in several major
tumor  types.”# Furthermore, the immunohistochemical
staining results for TS and dihydropyrimidine dehydroge-
nase (DPD) predict the response to 5-FUJ.1041

Qur previous studies on renal cell carcinoma and bladder
cancer showed that TS activity was-greater in the cancerous
tissue specimens than in the normal tissue samples and that

0090-4295 /x%/$32.00 1
doi:iQ.iOieﬁ.urology.QOOY.02,015
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Figure 1, Immunohistochemical staining for TS in normal prostaticsuend prostate cancer. Representative images of

tissue microarray samples with absent staining and strong
oytoplasm of cells as demonstrated by Immunohistochemist

were examined. TS expression confined to
magnification X200, (A) TS staining negative in

TSzexphe
i Origina
normal prostatic tissue, (B) Positive TS stalning (arrows) oizégew% in éﬁtoptasm of prostate cancer tissue,

cancer or renal cell carcinoma.!z!3 Reportedd:
activity in prostate cancer are limited, a
about the significance of TS in the b

cancer,

o

MATERIAL AND M%@S

Patlents %%?

We obtained 52 prostﬁg&;‘?‘@:’{ﬁm cispecimens with adjacent nor-
mal prostatic tissues'%f{,%%r;%%7 to 2005, The patients had not
undergone preopgrative ahdrogen-deprivation therapy or radio-
therapy. The mearpatiest age was 65 years (range 53 to 75).
The 2002 TNM systex‘i’ﬁ\:as used for pathologic staging.!4 The
pathologic stage was T2 in 38 patients and T3 in 14. The

Gleason grading system was used to determine the Gleason

score.! The Gleason score of the 52 specimens was grade 4/5 in
1 patient, 4/4in 1,430 9,3/5in 2,3/4in 18,3/3 in 8, 3/2 in
8,23in3,2/1in 1, and 1/2 in 1 patient. [n addition, prostate
cancer tissue from 48 patients who had undergone neoadjuvant
hormonal therapy were examined.

The local human investigations committee approved this
study, and all patients provided informed consent.

2

immunohistochemistry for TS and DPD

TS and DPD expression was examined by immunchistochem-
istry, as previously described.516 The sections were incubated
with monoclonal antibody TS106 (1:500, dilution, Tatho Phar-
maceutical, Saitama, Japan) or incubated with polyclonal rabbit
antibody against human DPD (1:2000 dilution, Taiho Phar-
maceutical) overnight at 4°C. The secondary antibody was
visualized with diaminobenzedine.

Evaluation of T8 and DPD Expression

The intensity of the immunoreactivity for TS and DPD was
evaluated in normal prostatic tissue and prostate cancer
tissue from the same slide in each case. At least 10 high-
power fields at 400X magnification were chosen randomly,
and more than 1000 carcinoma cells were counted for each
section. A pathologist who was unaware of the clinicopath-
ologic data and clinical outcomes of the patients examined
cytoplasmic TS and DPD staining results. The intensity of TS and
DPD was graded from O to 3, and the extent was graded as foeal
(less than 25% of tumor staining positive) or diffuse (more than
25% of tumor staining positive).5 A score of O or 1 was regarded as

negative expression, and a score of 2 or 3 as positive expression.

Figure 1 shows representative examples; Fig. 1A shows a TS.
negative normal prostate specimen and Fig. 1B TS-positive pros-
tate cancer. :

Statistical Analysis
For statistical analysis, the Student ¢ test and chi-square test
were used. Biochemical recurrence was defined as a postopera-

UROLOGY xx (), xxxx

o L3 B3

g v g S N N S D O8O O B O O
\3N?:&%?Q?-;l()J?\)-A{;‘)({}m”‘\fﬁ}(}?

(e ppe sy
ERLBERREEE

87

[
&

84

20

4

e
L4

83
84
95
©6
97

£
W

88

100

47y



5o Lok B3 e

{5

ING b o oh el b il o wdh wid i (3 L3 wd L
i O

O8O0 N O 1D B 03 B2

34
33

[STIER IS TN
et

Q.a:.? Fa

| tapraid3/urkurl/urlurl/url00507 /url2254d07z | rohanj | S=1 | 3/18/07 | 22:45 | Art: 12254 []

>
5 S 5 8

Gy ratipafawith (5 Pasitive Tupayy
-
S

a

Noroul Prusixte Prostute Caxewr
{R=52) fiws)
Spechnen

(W) Fatients with ‘15 Resitlye Fumor

Glewson seure <

Glomarsenrerd
{n~2)) {30

Gleswngratie

L]

4

204

FrepRatients with TS Fyelrive Tumur

I
(nw38)
Hinge

Figure 2. Expression of TS in normal %; stat 2.lissue and
prostate cancer, Percentage of TS exgaress on.getected by
immunchistochemical assay as desctibed in Material and
Methods section. (A) "P <0.0002¥8#syS%ormal prostatic
tissue; (B) "P = 0.0047 versus fleasoriscore less than 7

disease; and (C) P = 0.01&%\%&5%@5\@ T2.

5

tive serum prostaterspecLﬁ%angeﬂ’gSA) level of 0.1 ng/mlL or
more.}? The postoperaﬁﬂg\y%; eeuiyence-free rate was determined
using the Kaplan-Méwer tigthod. The influence of each variable
on the recurrence-free*fate Was analyzed by multivariate anal-
ysis of a Cox propmrtxons? thazard model. P <0.03 was consid-
ered significant. S

RESULTS

TS Expression in Prostate Cancer and Normal
Prostatic Tissue

TS was expressed in the cytoplasm of both normal prostatic
tissue and prostate cancer cells, TS expression was detected
in 35 (67%) of 52 prostate cancer samples (Fig. 2A). In
contrast, TS expression was detected in 5 (9%) of the 52

UROLOGY xx (x), xxxx

normal prostatic tissue specimens. In addition, the intensity
of cells that reacted with TS antibodies was significantly
greater in the prostate cancer specimens than in the normal
prostate samples (P <0.0001, data not shown).

TS Expression iy Relation to Pathologic Features
and Tumor Stage

The staining percentage of TS expression was greater in
patients with Gleason score 7 or greater disease (26 of 31,
83%) than that for patients with Gleason score less than
7 disease (9 of 21, 42%; Fig. 2B)#1t was also greater in
Stage T3 tumor (14 of 14, 180%¥ than in Stage T2
tumors (21 of 38, 55%; Fxg 26). %,

Relationship Between Té&i \:%ssion and
Postoperative Recuge?%“e,z ree Rate and-Between-
T-S—aﬂd—wa—ﬁmms%&nwam&osmparatwe
Reeurreawe«ﬁee%te»;mpahents with

Prostate Canceﬁi

Patients with pto%ag@ cancer undergoing radical prosta-
tectomy alﬁgf rere eévaluated to determine the postop-
erative clinfésf course. From these results, patients with
plostar%ance%%ere divided into two groups—those with
pos;;nve TS, expression and those with negative TS ex-

5 years of follow-up, patients with negative

Pressin
@gg expréssion had a greater recurrence-free rate com-

‘Pt dgﬁth those with positive TS expression (P =

O O183; Fig. 3A). Using Cox regression analysis for the 52 73

patients, TS expression seemed to be independent prog-
ndstic indicator (P = 0.021 on multivariate analysis).
The patients were also divided according to the Gleason
grade and preoperative serum PSA level at baseline, and
the recurrence-free rate of the groups with different TS
expression status were analyzed, In Gleason score less than
7 cancer, the TS-negative group had a significantly greater
5-year recurrence-free rate than did the TS-positive group
(Fig. 3B). In those with Gleason score 7 or greater cancer,
no significant difference was found (Fig. 3C). In those with
a PSA of 10 ng/mL or less at baseline, the 5-year recurrence-
free rate of TS-negative patients tended to be greater than
that of TS-positive patients. However, statistical signifi-
cance was not reached (Fig. 3D). In those with a PSA level
greatet than 10 ng/mL, the TS-negative group had a signif-
icantly greater 5-year recurrence-free rate compared with
the TS-positive group (Fig. 3E). These findings indicate that
the TS expression level in prostate cancer could he a prog-
nostic indicator, with negative TS expression a good prog-
nostic sign.

Effect of Neoadjuvant Hormonal Therapy on T8
Exprassion in Prostate Cancer

The expression of TS in patients with prostate cancer was
greater after radical prostatectomy alone than that after
radical prostatectomy plus necadjuvant hormonal ther-

apy (32 of 52, 61% versus 18 of 48, 37%; Fig. 4A). For r4

patients with Stage T2 prostate cancer, positive TS ex-
pression in those who underwent neoadjuvant hormonal
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therapy (9 of 38, 23%) was less than that in patients who
underwent radical prostatectory alone (21 of 38, 55%; Fig.

4B). However, no significant difference was found in those .

with Stage T3 prostate cancer (14 of 14, 100% versus. 10 of
10, 100%; Fig. 4C). With Gleason score less than 7 prostate
cancer, positive TS expression in patients with radical pros-
tatectomy alone (9 of 21, 42%) was significantly greater
than that in patients who had undergone neoadjuvant hor-
monal therapy (1 of 13, 7%; Fig. 4D). A significant differ-
ence was also observed in patients with Gleason score 7 or
greater prostate cancer between those who underwent rad-
. ical prostatectomy alone (26 of 31, 83%) and those who also
received neoadjuvant hormonal therapy (18 of 35, 51%;
Fig. 4E).

These findings suggest that neoadjuvant hormonal
therapy might downregulate TS expression in prostate
cancer, especially Stage T2 prostate cancer and Gleason
scote less than 7 disease.

Prognostic Significance of Combined TS and

DPD Evaluation

DPD is the initial and rate-limiting enzyme in the three-
step pathway of pyrimidine nucleotide catabolism.!8 In
contrast, TS is an important enzyme in pyrimidine nu-
cleotides synthesis. Kornmann et al.19 teported that the
combination of TS and DPD expression correlated highly

at baseline, and the recurrence-free rate of the groups with
different TS and DPD expression were analyzed. In those
with Gleason score less than 7 cancer, the TS-negative
group had a significantly greater 5-year recurrence-free rate
than did the TS-positive group (Fig. 3G). In patients with
Gleason score 7 or greater cancer, no significant difference
was found (Fig. 3H). In patients with a PSA level of 10
ng/mL or less, the 5-year recurrence-free rate of the TS-
negative group tended to be greater than that of the TS-
positive group. However, statistical significance was not
reached (Fig. 31). In those with a PSA level greater than 10
ng/ml, the TS-negative group 4d %&signiﬁcandy greater
5-year recurrence-free rate than“dat of the TS-positive

group (Fig. 3)). %ﬁ% %
eﬂ.&\% ) :
COMMENT ¢ ™%
The role of TS ex%es%@n in:prostate cancer has not been

previously studied. Multivariate analysis revealed that
the TS expressi%nﬂ;p"%gﬁ%ywas an independent prognostic
indicator oﬂ%ﬁ%&%at@%ancer. These results suggest that TS
expressiorr%aﬁ ents with prostate cancer might provide
additional prognostic information beyond the orthodox
clinic,faé@z%(} pathologic prognostic markers. Ichikawa
et a0 repofted that patients with colorectal tumor with

bgth Fom HPD and low TS survived longer than did

with survival. We examined the association between TS @{’%@%%wim tumor having the other patterns of TS and

and DPD expression in patients with prostate cancer. No
significant association was observed between the levels of
TS and DPD expression using the chi-square test (data
not shown). %

We then examined the prognostic significance%of a
combination of TS and DPD expression usit}g?&;“f(g%plﬁi—'
Meier analysis. On the basis of TS and DPD &xpgessigh,
the 52 patients were stratified categorized as"?f'flgif{ng
positive expression of both TS and DP nd4ifésthers,
We found a significant difference hets te%;hese two
groups (P = 0.0108; Fig. 3F). Patlent a;m;? positive
expression of both TS and DPD _haéda greater rate of

. N
postoperative recurrence. The @aﬁents%a

185 were divided
using the Gleason grade and preéggmggg serum PSA level
gy&ﬁ@% f&w
L

s
R es(?%ression. Consistent with our findings, the com-

bined evaluation of TS and DPD expression might pre-
‘digt the prognosis more accurately than using one marker
in patients with prostate cancer, These data also reflect
the report by Jakob et al.!! that immunohistochemistry
such as reverse transcriptase polymerase chain reaction is
a suitable method to determine the correlation between
TS and DPD expression and histopathologic tumor re-
gression. However, the precise mechanisms for this rela-
tionship remain unclear at present. Additional studies are
necessary to examine the mechanisms.

The benefit of hormonal therapy against advanced
prostate cancer has been widely accepted. In addition,
the antitumor effect is very high. Because TS is the key

T _ .
Figure 3, Relationship bef’i’%{eel%”‘?g expression and postoperative recurrence-free rate in patients with prostate cancer and
relationship betweeﬁ%];@éﬁé%ﬂPD expression and postoperative recurrence-free rate in patients with prostate cancer.
Postoperative recﬁ@xﬁ%@yee rate of 52 patients with prostate cancer undergoing radical prostatectomy alone was

2,

greater for paticfs, with

determined usipg Kap } eier method. (A) Patlents categorized by TS expression. Recurrence-free rate was significantly

negative TS expression than for those with positive expression (P = 0,0183). (B) Patients

categorized by TS e%pression of Gleason score less than 7 disease. Recurrence-free rate was significantly greater for
patients with negative TS expression than for those with positive expression (P = 0.0256). (C) Patients categorized by TS

expression of Gleason score 7 or worse, No significant difference observed between two groups of patients (P = 0.2722)
(D) Patients categorized by TS expression of preoperative serum PSA level of 10 ng/mL or less, No significant difference

observed between two groups of patients (P = 0.2296). (E) Patients categorized by TS expression of preoperative serum
PSA level greater than 10 ng/mL. Recurrence-free rate significantly greater for patients with negative TS expression than for
those with positive expression (P = 0.0344). Patients (n = 52) categorized as having positive expression of both TS and
DPD (b} and all others (a). {F) Significant difference in recurrence rate between two groups (P = 0.0108). (G) Patients with
Gleason score less than 7 disease. (H) Patients with Gleason score of 7 or more. (I} Patients with tumor with preoperative
serum PSA level of 10 ng/mL or less. (J) Patients with tumor and preoperative serum PSA level greater than 10 ng/mL.
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Figure 4. TS expression 'T‘?Fﬂ%@ros ate cancer with/without neoadjuvant hormonal therapy according to stage and Gleason
grade of prostate cfﬁﬁ@%@’expression in prostate cancer specimens evaluated by immunohistochemical assay as

described in Mateﬁ%%%??%ethods section. (A) "P = 0.0049 versus not administered. (B) Patients with Stage T2 disease
noLa

("P=0.0078 vgssus

ministered). (C) Patients with Stage T3 tumor, (D) Patients with Gleason score less than 7 tumor

("P = 0.0259 vef%é%ggot administered). (E) Patients with Gleason score 7 or greater tumor ("P = 0.0036 versus hot

administered).

enzyme in the process of DNA synthesis, we believe it is
reasonable to assume that this was the reason the TS
expression was greater in the in the prostate cancer
specimens of the patients treated without neoadjuvant
hormonal therapy than in those treated with surgery and
neoadjuvant hormonal therapy. Furthermore, hormonal

therapy might directly downregulate TS expression. A

B

study by Ogasawara et al.2! showed that in nude mouse
MCF-7 breast cancer xenografts, tumor TS levels were
reduced by treatment with a pure antiestrogen. Hung
et al.? also reported that the Ki-67 proliferation index
was significantly greater in TS-positive tumors than in
TS-negative tumors, suggesting that TS-negative tu-
mors might have a low rate of cell proliferation.
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TS is a key encyme for pyrimidine synthesis. DPD is an
important pyrimidine salvage enzyme, No correlation was
found between DPD and TS expression in colorectal
cancer.2%?3 We reported that no correlation was found
between the TS and DPD activity levels in bladder
carcinoma!??* or renal cell carcinoma.’3 Qur data in
prostate cancer are consistent with these results.

Immunohistochemical staining for TS and DPD pre-
dict the response to 5-FU.101L Previous studies of several
cancers have demonstrated that the TS expression level
predicted the response to 5-FU-based chemotherapy.45
Greater TS expression was accompanied by a greater
response rate to 5-FU-containing chemotherapy. Most of
the administrated 5-FU is degraded through the catabolic
pathway with DPD.18 DPD activity is highly associated
with 5-FU pharmacokinetics.?s The efficacy of 5-FU is
related to the plasma level of this agent, which is in-
versely associated with the DPD activity level.2S Qur
previous report demonstrated that primary cultured renal
cell carcinoma cells with both high TS activity and low
DPD activity were more sensitive to 5-FU than those
with either low TS activity or high DPD activity.26 These
findings suggest that the TS and DPD expression levels in
prostate cancer could be important predictive indicators
for 5-FU efficacy. However, other factors might be more
important, including the rate of degradation, carrier pro-
tein level, and so forth, although the principle TS and

DPD expression 1evels might predict the response to 4

5-FU.

CONCLUSIONS

The results of our study have demonstrated ,55@ 3
expression was significantly greater in the can@ggoﬁr 3-
tate and that positive TS expression was asge atf’éli &ﬁtb
a worse prognosis. These findings suggestﬁfatyﬁuegassess»
ment of TS expression might be use%n@fﬁve manage-
ment of prostate cancer. Because TS,:;;e essior could be
used as a prognostic parameter in p*at' ts with prostate
cancer, an accurate prediction oﬁzi%? oSty might help to
select patients for more intensi¥e surgical, hormonal, or
chemotherapeutic approach@s %mgl»gdmg 5-FU, Addi-
tional prospective studies de warganted to define the role
of TS in selecting patieg ts”%fm aﬁvamt therapy for pros-
tate cancer. ;%% S
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Long-term results of first-line sequentjal high-dose carboplatin,
etoposide and ifosfamide chemotherapy with peripheral blood

stem cell support for patients with advanced testicular germ
cell tumor

Tsuneharu Miki,! Yoichi Mizutani,! Hideyuki Akaza,? Seiichiro Ozono,® Taiji Tsukamoto,* Toshiro Terachi,’
Katsusuke Naito,* Norio Nonomura,’ Isao Hara,® Osamu Yoshida® and The Japan Blood Cell Transplantation Study
Group for Testicular Germ Cell Tumor*

-'Department of Urology, Kyoto Prefectural University of Medicine, Graduate School of Medical Seiences, Kyoto, ZDepartment of Urology, University of
Tsukuba, School of Medicine, Ibaragi, *Department of Urology, Hamamatsu University School of Medicine, Shizuoka, “Department of Urology, Sapporo
Medical University, Hokkaido, *Department of Urology, School of Medicine, Tokai University, Kanagawa, ‘Department of Urology, Yamaguchi University,
School of Medicine, Yamaguchi, "Department of Urology, Osaka University, Graduate School of Medicine, Faculty of Medicine, Osaka, *Department of Urology,
Kobe University, Graduate School of Medicine, School of Medicine, Hyogo, and "Nara Medical University, Nara, Japan

Ohjective:  Standard chemotherapy shows relatively low lang-term survival in patlents with poor-risk testicular germ cell tumor (GCT). First-line
high-dose chemotherapy {HD-CT) may Improve the result. High-dose carboplatin, etoposlide, Ifosfamide chematherapy followed by autologous
peripheral blood stem cell transplantation (PBSCT) was investigated as first-line chemotherapy in patients with advanced testicular GCT,
Methods:  Flifty-five previously untreated testicular GCT patlents with Indlana ‘advanced disease’ criterla recelved three cycles of bleomycin,
etoposide and cisplatin (BEP) followed by one cycle of HD-CT plus PBSCT, If elevated serum tumor markers were chserved after three cycles of
the BEP regimen. : L '

Results:  Thirty patients were treated with BEP alone, because tha tumor markerls) declined to normal range. Twenty-five patients received BEP
and HD-CT. One patient died of rhabdomyolysis due to HD-CT. Three and six {13% and 25%) out of 24 patients treated with BEP and HD-CT achieved
marker-negative and marker-positive partial responses, respectively, The ather patients achleved no change, Fifteen (63%] are alive and 14 {58%}
are {ree of disezse at a median follow-up time of 54 manths. Severe toxicity included treatment-related death (4%), ,
Conclusions:  HD-CT with peripheral stem cell support can be successfully applied In a multicenter setting, HD-CT demonstrated modest
anticancer activity for Japanese patients with advanced testicular GCT and was well tolerated, This regimen might be examined for further

investigation in randomized trials in first-ine chemotherapy for patients with poor-tisk testicular GCT,

Key wards:  chemotherapy, germ cell tumor, high-dose, peripheral blood stem cell transplantation (PBSCT), testls,

Introduction

Cisplatin-based combination chemotherapy has improved the progno-
sis of patients with metastatic germ cell tumor (GCT), and the long-
term cwre rate is approximately R0%.? Tlowever, paticnts with the
‘advanced disease’ criteria according to the Indiana University classi-
fication or the ‘poor prognosia® eriteria of the International Germ Cell

Carrespondencet Tsuneharu Miki, MD, Department of Urology, Kyoto Pre-
fectural University of Medicine, Kawaramachi-THrokoji, Kamigya-ku, Kyato
602-8566, Japan. Email: tmiki@koto.kpu-m.ac.jp

*Japan Blood Cell Transplantation Study Group for Testicular Germ Cell
Teimor: Sapporo Medical University, Yamagata University, Toholw University,
Jichi Medical School, Univeraity of Tsukuba, Ibaraki Prefectural Centeal
Hospital, Chiba University, The Jikei University, Nippon Medical School,
Tokyo Women's Medical University, Kyorin University. Nagaoka Chuo
General Ilospilal, Niipata Cancer Center, Nugoya Daini Red Cruss lospital,
Shiga University of Medical Science, Nara Medical Univetsity, Kyoto Uni-
versity, Kyoto Prefectural Undversity of Medicine, Ajseileai Yamnshina Haspi-
tal, Kansai Medical University, Osaka.University, Osalea City University,

Seichokai Fuchu Hospital, Japanese Red Cross. Wakayama Medical Center,

Kobe University, Kobe City General Hospital, Kawasaki Medical School,
Hiroshima University, Yamaguchi Uniy'ers ity, Ekime University, Undversity of
the Ryukyu.

Received 30 Janvary 2006; accepted 19 July 2006.

54

Cuncer Collaborative Group classification show survival rates of only -
50-60% following standard-dose cisplatin-based chemotherapy, ™
Several attempts have been undertaken to improve the outcome of this
patient group, including the use of double-dose cisplatin regimens or
alternating dose-dense chemotherapy sequences,** However, doubling
the dose of cisplatin did ot fead to an improved ontcome as compared
wilh a standurd cisplutin-dose regimen, Recently, high-dose chemo-
therapy (HD-CT) followed by sutologous peripheral stem cell support
or sutologous bone marrow support has also been studied jn thesc
patients.*" The rationale for the use of HD-CT in patients with GCT is
bascd on preclinical and clinical data suggesting a dosc~responsc rela-
tionship for certain drugs used in the treatment of GCT, particularly for
etoposide and ifosfamide.”* Dose finding stadics in the high-dosc
setting, vsvally using a combination of carboplatin, etoposide and
cyclophosphamide, ifosfamide, or thiotepa, have been conducted in
heavily pretreated patients with relapsed or refractory diseage,’4

Although single center phase II trils hiave feported 2-year survival
rates of 70-80% using first-ine HD-CT approaches in poor prognosis
patients, results of large phase Il trials or phase 11 trials are Jacking >
Tn addition, it is unclear at present whether the reported survival rates
of 70-80% are maintained with longer follow up. The present study
investigated the long-term results of fiest-line HD-CT with autologous
stem cell support in Japanese patients with advanced testicular GCT in
& multicenter setting. Patients with relapsed testeular GCT were
excluded in this study, '
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High-dose chemotherapy for testicular GCT

Methaods
Patients

Fifty-five patients with advanced testicular GCT were entered onto this
institational review board-approved prospective trial between March
1996 and December 1999, All patients gave informed consent before
they were enrolled onto the study.

Eligibility included ‘advanced disease’ criteria according to the
Indiana classification.? According to the Intemational Germ Cell
Cancer Collaborative Group (IGCCCG) criteria, the numbers of good,
intermediate and poor prognosis were 7, 26 and 22, respectively, All
patients had histologically confirmed testicular GCT and no prior che-
motherapy. Patients were also required to have a pretreatment leukocyte
count greater than 3000/uL, pretreatment platelet count greater than
100 000/uL, glomerular filtration rate of 60 mL/min or higher, and
serum creatinine level less than or equal to 1.5 times the uppet level of
the institutional norm.

Before chemotherapy, each patient was evaluated with a history and
physical examination, chest radiography, computed tomography (CT)
of the abdomen/pelvis, and scroening chemistries, which included
serum tumor markers (alpha-fetoprotein [AFP], human chorionic
gonadotropin-} [HCG-B] and lactate dehydrogenase [LDH]). CT of
chest or brain and bone scintigraphy were performed as indicated. All
patients had chest CT, if chest X-ray suggested metastases.

Mobilization and harvest of peripheral blood stem
cells

A dose of 5pgkg of recombinant human granulocyle colony-‘

stimulating factor (G-CSF) was given to each patients s.c. once daily
from the day of the nadir of neutrophil count after bleomycin, etoposide
and cisplatin (BEP) combination chemotherapy. After white blood cells
(WBC) recovered to 5000/UL, leukapheresis collections of peripheral
blood stem cells were carried out for 2-3 consecutive days using a CS
3000 blood cell separator (Baxter Limited, Deerfields, IL, USA). A
total volume of 1013 L of blood was processed in each patient. Mono-
nuclear cells containing hematopoietic sterm/progenitor cells were cryo-
preserved in liquid nitrogen, The target harvest was more than 2.0 x 10°
CD34-positive nucleated cells/kg patient bodyweight.

Cenventional-dose chemotherapy

All patients were treated with three cycles of BEP as inductjon chemo-
therapy. The doses of anticancer agents, treafment schedule and
treatment-related toxicity have been described previously (bleomyein
30 mg, i, days 2,9, 16; etoposide 100 mg/né, i.v, days 1-5; cisplatin
20 mgh?®, i.v,, days 1~5).1 After three eycles of BEP therapy, patients
whose tumor marker(s) were still elevated received one cycle of
HD-CT with peripheral blood stem cell transplantation (PBSCT). Ifthe
serum tumor markers declined to normal range, the patients did not
receive HD-CT.

High-dose chemotherapy

For treatihent with HD-CT and autologous PBSCT, performance status
0 or 1 was required, HD-CT consisted of 1250 mg/m? of carboplatin,
1500 mg/im? of etoposide, and 7.5 g/m? of ifosphamide followed by
300 mg/m® of Mesna (bolus i.v every 8%, days 1-5). HD-CT was
administered in five divided doses from day ~7 to day ~3. PBSCT was
given i.v. on day 0. All patients received § pg/ke of G-CSF s.c., begin-
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ning the day following PBSCT and continuing until neutrophil count
recovery. If all abnormally elevated serum tumor marker values
returned to normal, surgery was performed when it was necessary to
resect residual tumors.

Evaluation procedurss

Serum tumor markers were determined before each treatment cycle and
4 weeks afler the end of therapy, Evaluation of measurable disease by
radiographic means was performed after HD-CT cycle and 4-6 weeks
after the end of treatment. Subsequent follow-up tests including CT
scans, serum tumor marker values and routine blood tests wers per-
formed at 3-month intervals during the first 2 years and then every
6 months up to 5 years of follow up,

Response to first-line HD-CT was defined according to World Health
Organization (WHO) criteria.”” Complete response (CR) was defined as
the disappearance of all evidence of disease for at least 6 weeks when
documented by imaging and all tumor markers. Partial response (PR)
was defined as at least 50% reduction in the product of perpendicular
diameters of each indicator lesion. PR was divided into two categories,
partial response with tumor marker normalization (PR™) and marker
positive partial response (PR™), Progressive disease (PD) was defined
as 25% increase in the product from any lesion or the appearance of any
new lesion. No change (NC) was defined as that which did not meet any
of the above criteria. NC was also divided to two categories, no change
with tumor marker normalization (NC™) and marker positive no

change (NC™), Response and duration of survival were measured from
thie date of initiation of HD-CT,

Statistical analysis

Disease-specific survival was determined by the Kaplan-Meier
method. For statistical analysis, a % test was used.

Results
Patient characteristics

Fifty-five patients, ranging in age 16~51 years (median, 27 years), were
entered into this trial, Patient characteristics are summarized in
Table la. Approximately 75% of all patients had lung metastasis and
involvement of abdominal lymph nodes. Liver metastasis was present
in 20% of putients. Four percent of patients had bone metastasis and 7%
had central nervous system metastasis at diagnosis. Their histological
types of GCT were four pure seminomas and 51 non-seminomas, '

Response and supvival

Five of 55 patients treated with three cycles of BEP achieved CR,
Twenty-five of 50 patients who achieved PR or NC by induction BEP
had normal concentrations of serum tumor markers. These 30 patients
received another cycle of BEP therapy .

Thus, following three cycles of induction BEP therapy, the remain-
ing 25 patients whose tumor market(s) (AFP, HCG-B and/or lactate
dehydrogenase [LDH]) were still elevated when treated with one cycle
of HD-CT with PBSCT. The patient characteristics are summarized in
Table 1b. According to the IGCCCQ criteria, the numbers of good,
intermediate and poor prognoses were 1, 11 and 13, respectively,

- Because one patlent died of thabdomyolysis due to HD-CT, 24 patients

were available to evaluate, Table 2 and Figure | summatize the
outcome data. No patient achieved CR afier one cycle of HD-CT. In all,
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Fig. 1 Disease-specific survival of testicular germ cell tumor (GCT)
patients treated with high-dose chemotherapy (HD-CT). Dissase-speciiic
survival rate was determined by the Kaplan~Meier method.

nine (38%) of 24 patients achieved PR. Marker-negative PR were
achieved in only three patients, Fifteen NC and no PD were observed,

Seven patients showed high serum levels of AFP before HD-CT. The
serum levels of AFP in six patients decreased after chemotherapy, but
the levels in three patients were higher than normal range. In addition,
serum AFP levels i one patient increased after HID-CT. Nineteen
patients had high levels of serum HCG-. The high serum HCG-B
levels in five patients became less than the sensitivity of examination
after HD-CT. Although the levels of serum HCG-B in 11 patients
decreased after HD-CT, the serum levels were higher than normal
range. The increased and same serum HCG-B levels in one and two
patients were observed after HD-CT. Five patients demonstrated high
serum LDH levels, The serum LDH level in three patients decreased to
normal range after HD-CT, and the levels in the other two patients
decreased, but to more than nérmal range.

Seventeen of 24 patients underwent operations for residual turors.
The patients included eight PR (marker-negative PR, three; marker-
positive PR, five) and nine NC (marker-negative NC, four; marker-
pasitive NC, five). Salvage surgery was performed for 10 patients (five
PR and five NC) with positive marker(s). The pathological examina-
tions revealed nine necrosis (marker-negative, three; marker-positive,
six), one mature teratoma (marker-negative, one) and seven viable
malignant tumors (marker-negative, three; marker-positive, four),

Twenty-one patients received additional therapy after first-line
HD-CT and/or surgica] resection of residual masses. Three patients
teceived additional HD-CT, and nine patients received salvage chemo-
therapy with VIP (etoposide, ifosfamide and cisplatin), taxo] or camp-
tothecin, and radiation.
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The median duration of follow up is- 54 months with a tange of
9-80 months, Fourteen patients are currently alive and free of GCT
and one patient remains alive with disease, All six patients with
marker-positive status afler HD-CT, whose pathological examinations
of salvage surgery revealed necrosis, are alive, Nine have died of
disease. The 3-year and 5-year survival rates were approximately 75%
and 63%, respectively (Fig. 1), There was no correlation between sut-
vival and various characteristics (Table 3.

Adverss effects

Table 4 describes the toxicity in this study according to the WHO scale,
There was a toxia death caused by thabdomyolysis due to HD-CT,
Neutropenia was significant in all patients, and all patients except
one experienced WHO grade 4 neutyopenia. Nine patients had neutro-
penia witl fever, The median duration of neutropertia less than 500/uL,
was 9 days (8-15 days). All patients received G-CSE and the median

duration of use of G-CSF was 11 days (8-21 days). Similarly, grade.
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2-4 thrombocytopenia/anemia were reported in all patients. The
median duration of thrombacytopenia less than 20 000/uL, was 9 days
(0-18 days). All patients received platelet transfusions during HD-CT.
"The median amount of platelet transfusion was 55 units (20-200 units).
‘Twenty patients received red blood cell transfusions during the chemo-
therapy, The median amount of transfusion was 4 units (0~11 units).
Discontinuity of chemotherapy was not necessary for this hematologi-
cal toxicity, :

As expected, the other most common non-hematological side-effects
were mucositis and nausea/vomiting. Diarrhes was also common. The
most frequent grade 3/4 complications were nausea/vomiting, which
were sufficiently controlled with anti-emetic therapy. Severe neurotox-
icity was rare,

No specific investigations regarding late toxi city have yet been
performed. At present, no patient developed therapy-related secondary
leukemia,

Blscussion

This study on first-line chemotherapy with HD-CT/PBSCT consisting
of carboplatin, etoposide and ifosfamide was carried out in cooperation
with 30 centers within the Japan Blood Cell Transplantation Study
Group, The objectives of this trial were to determine the outcome,
feasibility and toxicity of HD-CT/PBSCT in a multicenter setting. The
rationale for HD-CT is based on the assumption that the front-line use
of HD-CT may induce cell death in a higher fraction of sensitive and
intermediate-sensitive GCT befors drug resistance develops, This
assumption is based on the cbservation in several solid tumor types
including lymphomas and testicular cancer, that applying chemo-
therapy with a higher dose-intensity may lead to improved outcome, 519
Several phase II studies on the use of first-line HD-CT in testicular
GCT have investigated schedules consisting of two to three standard.
dose cycles followed by high-dose cycles.*" These phase II studies
have reported 2-year survival rates of 70-80% following first-line
HD-CT, indicating that a 15-20% survival advantage may be achiev-
able with first-line HD-CT as compared with standard BEP therapy,*4!
In the phase II study, Motzer ef al, demonstrated that first-line high-
dose éhemoﬂ:grapy is well tolerated, and suggested a survival advan-
tage following this spproach compared to a historjcal control group
treated with vinblastine, actinomycin-D, cyclophosphamide, cisplatin
and bleomycin® In a subsequent trial by the same investigators, poor
prognosis patients with insufficient marker decline following two
cycles of standard-dose VIP therapy received two cycles of high-dose
carboplatin, etoposide and cyclophosphamide therapy followed by
autologous stem cell support. Among 58 patients traated with this
approach, 50% remained disease-free as compared to 25% of control
patients who only received standard-dose therapy.!® The present study
demanstrated that first-line HD-CT with PBSCT achieved a 37.5%
response rate, with NC in another 62.5% of patients, and that the 2-year
survival rate was 75% following this chemotherapy. This result is
comparable to those phase I studies. ’

The only randomized study investigating HD-CT as part of the first
line chemotherapy for poor-risk GCT applied HD-CT with autologous
bone marrow transplantation as consolidation after fhree cycles at
standard doses was by Chevreau et 2/2° In this study, patients received
four cycles of cisplatin, etoposide, vinblastipe and bleomycin (PVeVB)
at standard doses or three cycles of PVeVB followed by one cycle of
high-dose cisplatin, etoposide and cyclophosphamide, This study failed
to demonstrate a survival advantage for the high-dose group. The
tesults of this tral are difficult to interpret, because the standard
regimen contained double dose cisplatin, with spproximately 30% of
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the patients randomized to the high-dose treatment arm not completing
high-dose therapy because of loxicity or early death. Another study has
conducted a matched pair analysis including 456 patients in which
first-line HD-CT was compared with standard-dose chemotherapy.™ An
11% improvement in the 2-year overall survival rate was demonstrated
in the HD-CT group and a multivariate analysis revealed the use of
first-line HD-CT to be an independent positive predictive factor for
improved survival. One recent phase III randomized controlled frial
failed to show improvement of three cycles of standard-dose VIP
chemotherapy followed by one cycle of HD-CT (carboplatin, etoposide
and cyclophosphamide) compared with four cycles of VIP standard-
dose chemotherapy for advanced GCT.® These findings suggest that
first-line HD-CT might be more effective against poor prognosis tes-
ticular GCT than standard-dose chemotherapy. However, these data
including the present study are limited, and large randomized clinical
trials are necessary. There are two ongoing randomized cliniceal studies
comparing multicycles of HD-CT with standard-dose chemotherapy
(four cycles of BEP) for patients with poor prognostic GCT. HD-CT
arms are two cycles of BEP followed by HD-CT (carboplatin, etoposide
and cyclophosphamide), and one cycle of VIP followed by three cycles
of HD-CT (VIP), respectively, These studies will clarify the role of
HD-CT for GCT. :

Overall toxicity was acceptable and the feasibility of this HD-CT
regimen was demonstrated. As expected , all patients except one devel-
oped grade 4 neutropenia, but all of them recovered fully due to the
stem cell support and G-CSF adiministration, Other hematological
toxicity was also universal, but was quite manageable, Although plate-
let transfusions were required in all patients, there was no evidence of
cumulative thrombocytopenia, No patient was removed from this study
because of hematological adverse effects, Apart from hematological
toxicity, side-effects consisted mainly of gastrointestinal events, Gas-
trointestinal side-effects were mostly manageable by supportive treat-
ments such as anti-emetic therapy, Rhabdomyolysis was fatal only in
one patient (4%). No septic death occurred during this study, Symp-
tomatic acute severe ototoxicity, nephrotoxicity or peripheral neuropa-
thy, which are common cisplatin-related toxicities, were rare.

Considering the high cure rate of GCT patients afer first-line
HD-CT, late toxicity is of particular interest, The previous report
showed that 10% of patients suffered from late effects, mainly com-
pensated renal failure and peripheral neuropathy.”® In this study, no
specific investigations regarding persistent late complications have yet
been performed and therefore the incidence of late complications is
unclear, However, no patient developed a therapy-related leukemia,
which is an already-described serious late complication following high
curnulative etoposide doses,

The results observed for the 24 poor prognesis GCT patients with a
median follow up of nearly 4 years, demonstrate a 5-year disease-
specific survival rate of 63%. Following standacd-dose therapy, it has
been known that relapses occurring more than 2 years after therapy are
rare. This appears to be similar for patients receiving first-line HD-CT
with only 12.5% of relapses occurring beyond 2 years.

The major gosl of investigation for patients with poor-risk testicular
GCT is identification of more effective chemotherapy. The results con-
ducted at multiple centers in this study suggest that first-line HD-CT
plus stem cell support for poor-risk testicular GCT might have a modest
improved treatment outcome. In addition, this dose-intense chemo-
therapy is associated with relatively high but acceptable toxicity,
Furthermore, there is only a minimal risk for severe late toxicity or
secondary chemotherapy-induced cancer. However, it is necessary to
define the optimal regimen for further studies. Moreover, the identifi-
cation of prognostic factors for first-line HD-CT is needed and may be
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applied to select patients for a favorable treatment outcome, although
HD-CT is effective for relapsed testicular GCT#
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Clinical efficacy of alternative antiandrogen therapy in
Japanese men with relapsed prostate cancer after first-line
hormonal therapy |

Koji Okihara‘; Osamu Ukimura, Noriyuki Kanemitsu, Yoichi Mizutani, Akihiro Kawauchi, Tsuneharn Miki and
Kyoto Prefectural University of Medicine Prostate Cancer Research Group

Department of Urology, Kyoto Prefectural University of Medicine, Kyoto, Japan

Background: To confirm the effectiveness of alternative antiandrogen therapy (AAT) in Japanese patients wnth prostate cancer relapse after
first-line hormonal therapy.

Methods: A total of 80 patients who had successive serum prostate-specific antigen (PSA) progression after first-line hormonal therapy
{luteinizing hormone-releasing hormone agonist alone: 21 cases; combined antiandrogen blockade therapy: 59 cases) were enrolled. We
evaluated the positive ratio of antiandrogen withdrawal syndrome (AWS), the PSA responses with second- and third-line AAT, and cause-specific
survival in terms of the effectiveness of AAT.

Results: The overall positive AWS ratio after first-line therapy was 33%, while that after second-line therapy was 7%. There was no correlation
between the first-line PSA response and the positive AWS. Of the 10 positive and the 20 negative AWS cases, secondary antiandrogen
administration was effective in 50% and 60% of cases, respectively. The positive PSA responders at second- and third-line therapy were 51% and
13%, respectively. For second-line therapy, the effective rates from steroidal to non-steroidal, from non-steroidal to non-steroidal antiandrogen,
and from non-steroidal to steroidal were 83%, 43%, and 14%, respectively. The cause-specific surv:val of the second-| hne responders was
significantly better than that of the non-responders.

Conclusion: There was a substantial number of patients who found second-line AAT to be modestly effective. Flutamide was effective as an

alternative antiandrogen for the patients’ relapse treatment with bicalutamide in Japanese men.

Key words: alternative a-ntiandrogen, antiandrogen withdrawal syndro'me, prostate cancer, relapse.

Introduction

The incidence, as well as the mortality of prostate cancer in Japan, is
still lower than those in Western countries.! However, prostate cancer is
becoming a major public health concern in Japan because the age-
adjusted incidence of this malignancy rapidly increased 6.5-fold
between 1975 and 1998.2 The age-adjusted mortality rate also increased
4.3-fold between 1980 and 2000. In addition to the increasing incidence
and mortality rate, 40% of all registered Japanese prostate cancer cases
(= 4529) in 2000* were diagnosed at >75-years-old and =~ 20% of the
men were newly diagnosed with metastatic disease. Considering the
high incidence and mortality specifically in elderly Japanese men and
the substantial number with metastatic disease, antiandrogen therapy
still plays a major role in treating prostate cancer. However, most
patients with locally advanced or metastatic disease relapse after initial
treatment with castration or combined androgen blockade (CAB)
therapy. In 1997, Scher et al. reported that 38.5% of patients with

progressive disease who relapsed after treatment with flutamide

responded to alternative antiandrogen. therapy (AAT).* Thereafter,
Kojima efal. reported the clinical efficacy of AAT in 70 Japanese
patients with prostate cancer.’

The aim of this study is to confirm the efficacy of AAT and to
compare effectiveness in terms of steroidal and non-steroidal antlan-
drogen administration.
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Materials and methods

A total of 80 Japanese patients with histologically proven prostate
cancer were enrolled from January 1999 to December 2004. The
patients” age ranged from 52-86 years (mean =+ SD: 71.7 * 8.4 years).

- The median prostate-specific antigen (PSA) ranged from 7.7—

8710 ng/mL (mean * SD: 868 = 1741 ng/mL). The follow-up time
was 21-150 months (median: 42 months). All the patients were treated )
with hormonal therapy and had disease progression after first-line:
hormonal therapy (luteinizing hormone-releasing hormone [LH-RH]
agonist alone: 21 cases, CAB therapy: 59 cases). Of the 59 cases with
CAB, 53 cases received non-steroidal antiandrogen (flutamide [FLT],
375 mg daily: 22 cases; bicalutamide [BCL], 80 mg daily: 31 cases).
The remaining six cases received steroidal antiandrogen (chlormadi-
none acetate [CMA], 100 mg daily).

We obtained institutional review board approval with the aim of
retrospectively reviewing the patients” medical records. No patient had
received prior therapy, including irradiation and cytotoxic theraples
The relevant pauent characteristics are listed in Table 1. To analyse the
responses to AAT in comparison with an equivalent group of Japanese
men, we applied similar evaluative criteria to those in the report by
Kojima et al.’

Definition of serum prostate-specific antigen
responses at 3 months after first-line androgen
deprivation therapy

Y
1 A complete response (CR): normalization of PSA level (<4.0 ng/
mL).

2 A partial response (PR): >50% decrease in the PSA level compared

to'the initial PSA level but >4.0 ng/mL.
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Table 1 Clinical characteristics of the enrolled patients

Characteristic . N (%)

Gleason score:

5-7 - 45(56)
&-10 35{44)
T category:
T2 6 (8)
13 54 (67)
T4 ' . ' 20 {25}
N category: -
NO : 49 {61)
N1 31(39)
M categgry:
Mo ) 30(38)
M1 , 50(62)
Clinical stage:
< : : 26 {32)
D1 - .8(10)

p2. . 46 (58)

3 Progression of disease (PD): >25% increase in the PSA level com-
pared with the initial level.
4 No change: defined as between PR and PD.

Definition of prostate-specific: antigen progression'
and antiandrogen withdrawal syndrome

Prostate-specific antigen progression was defined as three successive
PSA level increases. After PSA progression, primary antiandrogen
administration’ was discontinued in all the 59 cases with CAB
(>4 weeks for FLT and CMA, >8 weeks for BCL), while-the LH-RH
analog. agonist continued. The positive antiandrogen withdrawal syn-
drome (AWS) was defined as >50% decrease of the PSA level com-
pared with that at the time of discontinuing the primary antiandrogen.

Prostate-specific antigen evaluation after
alternative antiandrogen therapy

The PSA responders at second- and third-line therapy were classified as
those who had a 50% decrease of the PSA level at the end of first- and
second-line antiandrogen therapy, respectively.

Definition of response duration

' Response duration was defined as the ﬁme from the start of hormonal

therapy until progression.

Statistical analyses

For the statistical analysis of data, the Student’s #-test, 2 test or Fisher’s
exact test were applied using StatView software (SAS Institute, Cary,
NC, USA). The statistical significance was defined as P < 0.05. To
compare the cause-specific survival rates, Kaplan-Meier curves were
constructed.

© 2007 The Japanese Urological Association

. Results

Of the enrolled 80 patients, 35 cases (43.7%) had CR of the PSA level
at 3 months after first-line therapy (47.6%, 10/21) with the LH-RH
agonist alone, compared with 42.3% (25/59) with CAB therapy
(P=0.79). Of the 21 cases with the LH-RH agonist alone and the 59
cases with CAB therapy, 95.2% (20/21) and 94.9% (56/59) reached CR
or PR, respectively. Of the 76 patients with CR or PR of the PSA. level,
there was no significant difference in the duration of Tesponse
for first-line hormonal therapy between the LH-RH agonist-alone
group (223 £23.0months) and the CAB therapy  group
(10.7 = 11.9 months). In addition, there was no significant difference
in the duration of the response based on steroidal or non-steroidal
antiandrogen administration (CAB using BCL: 7.6 = 7.8 months,
CAB using FLT: 13.9* 14.7months, CAB using CMA:
17.0 = 17.5 months).

Relationship between first-line prostate-specific

" - antigen response and positive antlandrogen

withdrawal syndrome rate after primary
antiandrogen and second alternative therapy

- A total of 30 cases (51%, 30/59) could be evaluated for the AWS rate.

after primary antiandrogen therapy. The remaining 29 cases were
excluded because of the shortage of observation for the AWS. Second-

. ary antiandrogen (FLT or CMA) was started <8 weeks after the discon-

tinuing of BCL in 27 (93%) of the 29 cases.

‘We compared the positive AWS rate after primary antiandrogen and
the second alternative therapy in terms of the PSA response. Of the 30
cases that were evaluated for the AWS rate, the PSA decreased to PR or
CR (>50%) in 10 cases (33%, response of duration mean * SD:
6.7 * 4.0 months). Of the 15 patients, one patient (7%) responded to
the second-line antiandrogen withdrawal and the positive AWS was not
observed in any of the three cases after the third-line hormonal therapy
was discontinued. Comparing the CR cases with the PR cases, there
were no significant differences in the positive AWS rate (CR: 32%,
6/19; PR: 36%, 4/11) or in the duration of the antiandrogen withdrawal
response (CR: 6.6 = 4.7 months; PR: 85 + 4.4 months). The posiﬁve
AWS rates in men treated with CMA, FLT, and BCL were 40% @/5),.
33% (2/6), and 32% (6/19), respectively. There were no significant
differences between the AWS responses and the antiandrogens.

Of the 10 positive and the 20 negative AWS cases, 'secondary anti-
androgen was effective in five (50%) and 12 (60%) cases, respectively.

* There was no significant difference between the AWS response and the

effect of subsequent hormonal therapy. In our series, the AWS response

_could not predict the effect of subsequent hormonal therapy.

Efficacy of second-line and third—l‘ine
antiandrogen therapy

To compare our series with the previous report by Kojima et al.5 simul-
taneously, we set the two figures (Fig. 12,b) based on the efficacy of
AAT against relapsed prostate cancer. The- effective.rate in men who
were given additional steroidal or non-steroidal antiandrogen after
androgen suppression monotherapy was 71% in our seres. In our
series, the effective rates from CMA to non-steroidal antiandrogen
(FLT or BCL) and from non-steroidal antiandrogen to CMA were 83%
(5/6) and 14% (1/7), respectively. The rates from FLT to BCL and from
BCL to FLT were 53% (9/17) and 38% (11/29), respectively. The
change in antiandrogen from second-line to third-line is shown in
Figure 1b. Of the 15 cases, the effective rate was 13% in our series,
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a)
First-line Second-Line Effectiveness (%) Duration of
: response* (mos.)
as. —>  MABwithCMA T sno (e0%) 15.8%5.6
§ MAB with FLT 45 (80%) 107260
MAB with BCL 5/6  (83%) 29.2%6.4.
MAB with CMA =~ MAB with FLT ) 33 (100%) 12.0%7.1
~™ MAB with BCL 23 (6% 43x21
MAB with FIT =~ —> MABwith CMA - Us  (20%) 45
~S MAB with BCL N7 (63%) 55549
MABwith BCL —> MAB with FLT w28 (38%) 51+52
MABwithCMA - . oz (0%
4180 (51%) 8.6+4.6
b)
Second-Line Third-Line Effectiveness (%) Duration  of
response* {mos. )
MABwith CMA = —> MAB with FLT o1 (0% Fig. 1 Efficacy of alternative antiandrogen
s MAB with BCL U3 (33%) 52 therapy in the enrolled patients. (a) Change of
350 antiandrogen between first- and second-line
MAR wi MAB wi 3% . .
FRET 2 4B with BCL us +8 therapy. *, duration of the response to
MARB with CMA os (0% - _ .
second-line therapy (months). (b} Change of
MAB with BCL —_— MAB with CMA. [ %1 (0% antiandrogen between second- and third-line
) ~ MAB with FLT o1 (0% therapy. **, duration of response to third-line
Total 215 (13%) 50 therapy (months).

while that in Kojima eral was 29.4% (5/17).5 In our series, no
responder was treated with CMA as third-line therapy (0/7).

Cause-specific survival in terms of the response to
second-line therapy

Similar to the results in the previous report,’ the survival of second-line
responders in all cases (stages C, D1, and D2) was significantly better
than that of the non-responders (5-year survival rates = 91.7% and
62.2%, respectively; P =0.002) (Fig. 22). In the cases with stages D1
and D2 alone, there was also a significant difference between the
responders and non-responders (5-year survival rates=80.0% and
53.0%, respectively; P=0.012) (Fig.2b). Comparing the PSA
response during first-line therapy between the responders and non-
responders, the proportion of responders in second-line therapy who
had achieved PSA CR (PSA response at 3 months starting after first-
line therapy; 18/26) was statistically higher than those without CR
(12/40, P=0.004).

Discussion

In the previous studies, a substantial amount of AWS responses has

been reported in mén with advanced prostate cancer prior to the starting .

of AAT>® However, the positive response rates were widely ranged
.based on the dosage of the primary or secondary antiandrogen admin-
istration. Kojima ef al. speculated that a low daily dose of FLT in Japan
induced 2 lower positive AWS response.’ As described, all the subjects
in this study were Japanese and daily doses for FLT, BCL, and CMA
were very similar to those in the previous study.® Furthermore, in terms
of the characteristics of the enrolled patients, there were no significant
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Fig.2 Cause-specific survival in terms of the response to second-line
therapy. {a) All patients whose stages were C, D1, and D2. The survival was
evaluated from the time of progression of the first-line therapy. (b} Patients
with stage D1 and D2 alone. The survival was evaluated from the time of -
progression of the first-line therapy. )
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