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Summary

OBJECTIVE In situ metabolism and synthesis of
oestrogens are considered to play important roles in
the pathogenesis and development of human endome-
trial endometrioid adenocarcinoma. Approximately
3-5% of patients with these neoplasms are under age
40, some of whom have been treated with progestogen
alone as a primary therapy for both atypical endome-
trial hyperplasia and adenocarcinoma in order to
preserve their fertility. Medroxyprogesterone acetate
{MPA) has been used extensively in the treatment of
both breast and endemetrial disorders as an endocrine
therapy. However, details of the alterations of in sifu
oestrogen metabolism following progestogen treat-
ment have yet to be fuily elucidated.

DESIGN, PATIENTS AND MEASUREMENTS In this
study we examined the immunolocalization of 173-
hydroxysteroid dehydrogenase (17B-HSD) types 1 and 2,
oestrogen receptor (ER), progesterone receptor (PR)A +
PRB, PRB, and Ki67 in progestogen-treated endometrial
endometrioid adenocarcinoma (16 cases). We com-
pared our findings both prior to and following treatment.
These findings were then correlated with the treatment
outcome of individual patients in order to elucidate
factors associated with the response to treatment.
RESULTS 17B-HSD type 2 immunoreactivity was
detected in 8/16 cases examined, whereas 17p-HSD
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type 1 immuncreactivity was undetected in all cases
examined. 17f-HSD type 2 positive immunostaining,
PRA + PRB labelling index (LI}, and PRB/PRA + PRB
ratio were all significantly higher in cases responding
to the treatment than in those not responding. There
were no significant correlations between responsive
and nonresponsive cases for positive 175-HSD type 1
immunostaining, Ki67 LI, ER LI and age. There were
no significant differences in the positive immuno-
staining for 17p-HSD types 1 and 2, Ki67 LI, ER LI,
PRA + PRB LI, age and PRB/PRA + PRB ratio between
specimens taken prior to and following progestogen
treatment.

CONCLUSION These results suggest that in situ
abundance of 17p-HSD type 2 and PR, especially PRB,
can predict the possible response of patients with
endometrial carcinoma to progestogen freatment.

Endometrial endometrioid adenocarcinoma is one of the most
frequently occurring gynaecological neoplasms in developed
countries and its incidence has recently increased (Parker ef alf.,
1996). Approximately 3-5% of these patients are under age 40
{Gallup & Stock, 1984). The standard therapy for early endome-
trial carcinoma is established as staging laparotomy with total
abdominal hysterectomy and bilateral salpingo-oophorectomy,
which deprives these patients of any potential for fertility. There-
fore, a more conservative medical treatment is desirable in young
patients who wish to preserve their fertility. A number of patients
have been treated with progestin, especially medroxyprogester-
one acetate (MPA), alone as a primary endocrine therapy for
both atypical endometrial hyperplasia and adenocarcinoma. This
approach is by no means a standard therapy, but has been
supported by isolated reports of successful treatment in patients
desiring fertility (Gallup & Stock, 1984; Thornton ef al., 1985;
Kim et al., 1997; Randall & Kurman, 1997). However, it is
important to determine which subsets of patients may respond
to this mode of therapy, because of the possible side-effects of
MPA treatment (Roberts ef al., 1990; Izuo et al., 1981),

In endometrial endometrioid adenocarcinoma, in sity cestradiol-
173 (E2) availability has been demonstrated to contribute to
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the pathogenesis and development of endometrial proliferative
disorders, including endometrial hyperplasia and adenocarcinoma
(Lippman & Swain, 1992). The enzyme, 17B-hydroxysteroid
dehydrogenase (17B-HSD) catalyses the reversible interconversion
of cestrone (E1) and E2. Six isozymes encoded by distinctive
genes have been identified in human (Peltoketo et af., 1999),
of which 17B-HSD types 1 and 2 are mainly involved in in situ
cestrogen metabolism in the human endometrium (Miettinen
etal., 1996; Labric ef al,, 1997). 17B-HSD type 1 catalyses
the 17PB-reduction of biclogically inactive El to E2 (Peltoketo
et al., 1998), whereas 17B-HSD type 2 isozyme preferentially
catalyses the oxidation of E2 to E1 (Wu et al., 1993), Both 17p-
HSD types 1 and 2 regulate the local tissue levels of E2 and
modulate oestrogenic actions in oestrogen target tissues, such
as the endometrium.

The presence of the progesterone receptor (PR) is well-known
as a prerequisite for progesterone actions. To date, two PR isoforms
have been identified, PRA and PRB (Horwitz & Alexander,
1983; Savouret ef al., 1990). PRB is a 114-kDa protein, whereas
PRA is a 94-kDa protein that lacks 164 amino acids from the
N-terminus (Kastner et af., 1990). PRA and PRB are products
of a single gene and are translated from individual messenger
ribonucleic acid species under the control of distinct promotors
{Kastner ef al., 1990). The magnitude of transcriptional activa-
tion of PRB can be significantly greater than that of PRA (Meyer
ef al., 1990; Kumar et al., 1998). In addition, PRA can act as a
dominant répressor of PRB activation of progestogen-sensitive
repm:ter genes (Giangrande et al., 1997; Tung et al., 1993; Vegeto
et al., 1993), and similarly it can inhibit the transcriptional activity
of receptors for oestrogens, androgens, glucocorticoids and min-
eralocorticoids (Vegeto ef al., 1993; McDonnell ef al., 1994). Several
studies have demonstrated that the differences between these iso-
forms are not only promoter-specific, but also cell-specific (Meyer
ef al., 1990; Turcotte et al., 1991; Tung et al., 1993; Vegeto et al.,
1993). Therefore, alterations in the ratio of PRA to PRB in a
certain target tissue may modify the overall progesterone actions via
differential regulation of specific progesterone-responsive genes.

Therefore, in this study, we examined the immunolocal-
ization of 17B-HSD types 1 and 2, oestrogen receptor (ER),
PRA + PRB, PRB and Ki67 in progestogen-treated endometrial
carcinoma and then correlated these findings with the treatment
ouicome of individual patients. We also compared our findings
in these patients both prior to and following progestogen therapy
in order to examine the changes caused by this steroid therapy.

Materials and methods
Tissue preparation

Sixteen endometrial endometrioid adenocarcinomas (well-
differentiated type, FIGO stage 1a) all treated with MPA were
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obtained from surgical pathology files at Tohoku University
Hospital, Sendai, Japan between 1994 and 2001. All patients
examined had received neither irradiation nor chemotherapy prior
to hormonal therapy. Prior to the therapy, whole-wall endometrial
curretage was performed. After the patients gave informed
consent of the treatment, they started receiving continuous
MPA therapy (600 mg/day). Their lesions were evaluated via hyster-
oscopy and whole-wall endometrial curretage under anaesthesia
every 3 months following the start of therapy. Patients were
interpreted as having been regressed or responsive to treatment
if the endometrial biopsy specimens demonstrated a normal
endometrium or hyperplasia without atypia. On the other hand,
patients were interpreted as persistent or treatment failure if
the biopsy specimens demonstrated atypical hyperplasia or
adenocarcinoma. This treatment continued for at least 6 months.
The median length of treatment required for regression was
7 months, with a range of 3—12 menths. All available histological
slides from endometrial curretage were re-evaluated. Histopatho-
logical classification in each specimen was also re-evaluated
according to the 1988 FIGO histological grading system for
endometrial adenocarcinoma (International Federation of
Gynecology, 1989). The criteria of Kurman & Norris (1982) were
used to distinguish between atypical endometrial hyperplasia and
well-differentiated adenocarcinoma. The protocol in this study
was approved by the Ethical Committee at Tohoku University
School of Medicine. In this protocol, all patients survived and
three of them delivered full-term babies. They had no evidence
of recurrence 50, 39 and 6 months after conservative treatment,
respectively.

The specimens were all processed routinely (10% formalin
fixed for 2448 h), paraffin embedded and thin sectioned (3 pum).

Antibodies

17B-HSD type 1 antibody was a rabbit polyclonal antibody
against the enzyme purified from human placenta (Poutanen
efal,, 1992), and was kindly provided by Dr MH Poutanen
(University of Oulu, Qulu, Finland). The monoclonal antibody for
17B-HSD type 2, mAb-C2-12, was produced by immunizing
mice with a synthetic carboxyl-terminal peptide corresponding
to amino acids 375-387 of 17B-HSD type 2 (Moghrabi et al.,
1997), and was kindly provided by Dr S. Andersson (University
of Texas Southwestern Medical Center, Dallas, TX, USA).
Monoclonal antibodies for Ki67 (M1B1), ER (ER1D5), PRA +
B and PRB were purchased from Immunotech (Marseille,
France), Immunotech, Neo Markers (CA, USA) and Neo
Markers, respectively (Clarke et al., 1987; Mote et al., 1999).
Autoclave treatment was used as an antigen retrieval except
for immunostain of 17B-HSD type 1. Utilization of these
antibodies for immunohistochemistry has been reported previously
(Takeyama et al., 1993).
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Immunohistochemistry

Immunohistochemical analyses were performed employing the
streptavidin-biotin amplification method using a Histofine Kit
(Nichirei, Tokyo, Japan), and have been previously described in
detail (Takeyama et al., 1998). The antigen-antibody complex
was visualized with 3-3'-diaminobenzidine (DAB) solution
[1 mm DAB, 50 mM Tris—HCl buffer (pH 7-6), and 0-006% H,0,],
and counterstained with haematoxylin. Tissue sections from full-
term placentae were used as positive controls for 170-HSD
types 1 and 2 (Takeyama et al., 1998). As negative controls, normal
rabbit or mouse IgG was used instead of primary antibodies. No
specific immunoreactivity was detected in these tissue sections.

Scoring of immunoreactivity

Evaluation of 17B-HSD types 1 and 2, ER, PRA + PRB, PRB,
and Ki67 tn gland or carcinoma cells was performed on high
power fields (x400) using a standard Light microscope. Two of
the authors (HU and TS8) simultaneously searched the entire
tissue sections and determined the most representative arcas
using double-headed light microscope. In all cases examined, a
total of more than 500 glandular or carcinoma cells from three
different representative fields were counted independently by the
same two authors above, and the percentage of immunoreactivity,
ie. labelling index (LI), was determined. Afier completely
reviewing the immunostained sections of each lesion, two of the
authors (HU and TS) independently divided the cases into the
following three groups: ++, more than 50% positive cells; +, 5—
50% positive cells; and —, less than 5% positive cells. Cases with
disconcordant results (interobserver differences with more than

Table 1 Patient summaries

5%) were simultanecusly re-evaluated by the same two authors
above using double-headed light microscope. In this study,
interobserver differences were less than 5%.

Statistical analyses

Values for PRB/PRA + PRB ratio and Lls of 17p-HSD types
1 and 2, ER, PRA + PRB, and Ki67 were summarized as a
mean 1 95% confidence interval (95% CI). Association between
responsive and nonrespensive cases, or between pre- and post-
treatment cases were evaluated using a Welch’s f~test. In this
study, P-values less than 0-05 were considered significant.

Results

Eleven of 16 patients demonstrated an initial response to MPA
treatment based on the results of biopsy specimens, but five of
16 patients were associated with persistent lesions. Details of
these patients are summarized in Table 1. 17B-HSD type 2
immunoreactivity was detected in the cytoplasm of carcinomatous
cells, but not in stromal cells (Fig. 1a and b). 178-HSD type 1
immunoreactivity was not detected in any of the cases examined.
ER, PRA + PRB {Fig. 2a and b), PRB (Fig. 3a and b) and Ki67
were detected in the nuclei of carcinomatous cells and/or stromal
cells in all the cases examined, respectively.

Comparison between responsive and
nonresponsive cases

Results are summarized in Table 2. 17p-HSD type 2
immunopositivity, PRA + PRB LI and PRB/PRA + PRB ratio in

Patient Age MPA treatment Treatment period (months) 17B-HSD type 2 expression PRA + PRB expression
1 38 Responsive 6 + +
2 37 Responsive 6 ++ ++
3 4 Responsive 6 + ++
4 3l Responsive 6 + +

5 29 Responsive 9 ++ +
6 29 Responsive 6 + ++
7 29 Responsive 12 - +
8 29 Responsive 6 + +
9 28 Responsive 6 - +
10 27 Responsive 9 - -
11 26 Responsive 6 + ++
12 I8 Nenresponsive 9 - -
13 36 Nonresponsive 12 - -
14 29 Noanresponsive 6 - +
15 26 Nonresponsive 6 - +
16 26 Nonresponsive [ - +

++, more than 50% positive cells; +, 5-55% positive cells; —, less than 5% positive cells.
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Fig. 1 Immunohistochemistry for 17-HSD type 2 in a
responsive case (a) and a nonresponsive case (b). Original
magnification >200.

Tesponsive pretreatment cases were significantly higher than
those in nonresponsive pretreatment cases, 17B-HSD type
2 LI (P<0-01; 263£207 vs. 08§+2-0), PRA+PRB LI
(P <005 4071168 ws. 173167), or PRB/PRA +PRB
ratio (P <0-02; 0-52 £ 0-15 vs. 0-32 % 0-12). There was no
significant correlation in 173-HSD type 1 LI, Ki67 LI, ER
LI and age between responsive and nonresponsive pretreat-
ment cases.

Comparison prior to and following treatment

Results are summarized in Table 3. 17P-HSD types 1 and 2
immunopositivity, Ki67 LI, ER LI, PRA +PRB LI and PRB/
PRA -+ PRB ratio were not significantly different prior to and
following prbgestogen therapy.
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Fig. 2 Immunohistochemistry for PRA + PRB in a responsive case (a)
and a nonresponsive ¢ase (b). Original magnification x200.

Discussion

Oestrogens, especially E2, have been demonstrated to contribute
greatly to the development and progression of a great majority
of endometrial endometrioid adenocarcinomas (Thomas, 1984).
Endometrial endometrioid adenocarcinoma in premenopausal
women accounts for approximately 5% of all cancer cases. Many
of these patients have also been shown to have irregular men-
strual cycles, chronic anovulation and infertility, as well as some
clinical symptoms of polycystic ovarian syndrome {Gallup &
Stock, 1984). These findings suggest that prolonged unopposed
oestrogen exposure may induce endometrial hyperplasia
progressing to endometrial carcinoma in these premenopausal
patients with endometrial endometrioid adenocarcinoma
{(Ferenczy & Gelfand, 1989). Therefore, it is very important to
study the details of these unopposed oestrogenic effects in
these patients. 173-HSD isozymes catalyse the interconversion
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Fig. 3 Immunchistochemistry for PRD in a responsive case (a) and a
nonresponsive case (b). Original magnification x200.

of E2 and E1, and thereby serve to modulate the tissue levels of
bioactive E2. 17B-HSD type 1 catalyses the 17P-reduction of
biologically inactive E1 to E2 (Pelioketo et al., 1998), whereas
178-HSD type 2 preferentially catalyses the oxidation: of E2 to
El (Wu et al.,, 1993). Therefore, the expression of 17-HSD
type 2 in proliferative glandular cells of endometrial disorders
may also represent one of the in situ defensive mechanisms in
modulating unopposed oestrogenic effects.

Progesterone has been demeonstrated to exert anticestrogenic
effects upon ocestrogenic stimuli in the human endometrium,
which may also indicate the possibility for progesterone therapy
in endometrial proliferative disorders (Clarke & Suthetland,
1990; Delingdisch, 1993; Ace & Okulicz, 1995). MPA treatment
has been proposed te be useful for the prevention of the
development and progression in seme patients with oestrogen-
related endometrial proliferative disorders (Niwa ef af., 1995).
Therefore, MPA has been occasionally administrated to patients

Table 2 Correlation between responsive and nonresponsive
pretreaiment cases

Responsive Nonresponsive

cases cases P-value
17B-HSD type 2 L1 263+ 20-7 08+2-0 <001
17B-HSD type 1 LI 09119 08120 NS
Ki67 L1 1914132 192+ 143 NS
ER LI 233+ 191 103 %53 NS
PRA +PRB LI 407+ 158 173267 <005
PRB/PRA+PRBratio 052+ 0-15 032+0-12 <002
Age 304432 31062 NS

All data are presented as mean  95% confidence interval
(95% CI).

Table 3 Correlation between pretreatment and post-treatment cases

Pretreatment  Post-treatment  P-value
17B-HSD type 2 LI 18:1+18-8 20:0£24.1 NS
17B-HSD type 1 LI 0515 10421 NS
Kis7 LI 2244+13-2 162+ 120 NS
ER LI 187+ 185 20:5 £ 16-7 NS
PRA+PRBLI 3120+ 17-5 3524202 NS
PRB/PRA + PRBratic (-43+£0-18 046 £ 015 NS

All data are presented as mean * 95% confidence interval
(95% CI).

with atypical endometrial hyperplasia and endometrioid adeno-
carcinoma of the well-differentiated type (Ferenczy & Gelfand,
1989; Kim ef al., 1997, Randall & Kurman, 1997).

Treatment of complex hyperplasia with or without atypia using
progestogens is a relatively well-established treatment and has
been administrated to many premenopausal patients with these
disorders (Ferenczy & Gelfand, 1989). However, MPA treatment
in patients diagnosed with endometrial endometrioid adenocar-
cinoma has been associated with a much lower rate of success
than that of hyperplasia, although these cases demonstrated PR
positivity (Randall & Kurman, 1997). Therefore, additional
factors may contribute to the prediction of treatment cutcome and
possible selection of patients. In this study, there was a statisti-
cally significant correlation in the response to MPA treatment of
patients not only in PR, but also in 173-HSD type 2 immuno-
reactive protein expression. These findings suggest that the
presence of not only PR but also 173-HSD type 2 may function
as possible indicators of MPA treatment in these patients. 17p-
HSD type 2 immunoreactivity has been reported in 75% of
endometrial hyperplasia and 37% of carcinoma cases, but not
178-HSD type 1 (Utsunomiya et al., 2001). Results from this
study were also consistent with those reported above.
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Progestogens have been reported to increase the rates of
conversion of 17f-oestradiol 1o cestrone and sulphurylate
oestrogens within the endometrium (Pack er al., 1979). There-
fore, the increase in 173-HSD type 2 expression during the
secretory phase may be caused by increased serum progesterone
levels following ovulation. Progestogens may therefore exert a
potent antioestrogenic effect in the endometrium by inducing
17B-HSD type 2 and thereby promotmg the regression of
endometrial proliferative disease.

It is alsc important to examine PR subsets when evaluating
progesterone effects, because hormeonal effects through PRA
and PRB can be different. In this study, there was a statistically
significant correlation between responsive and nonresponsive
cases in PRA + PRB LI and PRB/PRA + PRB ratio. Results of
recent studies investigating the expression of PR isoforms in
human breast carcinoma demonstrated that PRA was more fre-
quently expressed than PRB in 76% of the cases (Graham et al.,
1995). Low level PRB expression is constdered to cause decreased
transcriptional activity of progesterone-responsive genes including
those responsible for cell differentiation, thereby concentrating
uncpposed oestrogen stimulation. Kumar et al. (1998) reported
that low PRB expression is associated with endometrial cancer
cell lines with poor response to progestogen therapy. Therefore,
abundant PRB expression in carcinoma cells may be a necessary
prerequisite for successful MPA treatment. However, it is also
true that the loss of PRA has been reported to result in decreased
dominant negative inhibitory activity of ER and oestrogen-
dependcnt cell proliferation { Vegeto et al., 1993; McDonnell et al.,
1994), which suggests the involvement of PRA in antagonistic
effects of progesterone toward unopposed oestrogen stimuli.
These results suggest that MPA exerts its effects through both PRA
and PRB, possibly more predominantly through PRB. Further
investigations are required to clarify these complex sex steroid
interactions and their role in steroid-mediated pathogenesis.

Oestrogen replacement therapy has been linked to the devel-
opment of endometrial endometrioid adenocarcinoma, and is
considered a risk factor, especially with long-term use ({lulka
etal, 1980; Genazzani, 1998). Whitehead and associates
reported that, if they added progestogens with the oestrogen
therapy in menopausal women, they could reduce significantly the
risk of the development of cystic or atypical hyperplasia of the
endometrium (Whitehead ef al., 1981). Therefore, progestogens
may exert an anticestrogenic effect on the endometrium. How-
ever, the combined oestrogen—progestogen regimen is associated
with greater increases in breast cancer risk than oestrogen alone
{Schairer et @!., 2000). In endometrial endometrioid adenocarci-
noma, 17B-HSD type 1 expression and activity were not detected,
(Utsunomiya et al., 2001) but nearly half of the cases of breast
cancer demonstrated 17B-HSD type 1 expression in carci-
noma cells, whereas 17B-HSD type 2 was not expressed
{Poutanen et af., 1992; Sasano ef al., 1996). 17p-HSD type 2 in
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the endometrium has been suggested to be induced by proges-
terone secreted from the corpus luteum during the secretory phase
via PR-mediated actions (Gurpide et al.,, 1977; Satyaswaroop et al.,
1982). 17B-HSD type 1 was also induced by progesterone in
the breast, predominantly catalysing the conversion of the less
potent El to the more potent E2 (Poutanen et al., 1995). There-
fore, different responses of the combined oestrogen--progestogen
regimen between breast and endometrial carcinoma may be related
to different patterns of 173-HSD isozyme expression.
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Docetaxel: an alternative taxane in ovarian cancer
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The taxanes paclitaxel and docetaxel are potent chemotherapeutic agents that block tubulin depolymernisation, l=ading to the
inhibition of microtubule dynamics and cell cycle arrest. Although docetaxel and paclitaxel share 2 mutual tubulin binding site,
mechanistic and pharmacological differences exist between these agents. For example, docetaxef has increased potency and an
improved therapeutic index compared with paclitaxel, and its short I-h infusion offers a substantiat clinical advantage over the
prolonged infusion curations required with paclitaxel. In clinical studies, dacetaxel monotherapy demonstrated good respense rates
and an acceptable toxicity profile in both paciitaxel- and platinum-refractory ovarian cancer patients. In particular, neurotoxicity — a
dominant side effect with both paclitaxel and cisplatin -— occurs at a low incidence with docetaxel, making docetaxel a promising
agent for combining cisplatin and other platinum compounds. In Phase || studies, the combination of docetaxel with either cisplatin or
carboplatin has yielded impressive response rates of 6274 and 81-87%, respectively. Furthermore, Phase Il data suggest that

docetaxel—carboplatin and paclitaxel—carboplatin are similardly efficacious with respect to progression-free survival and clinical

response, although neurctoxicity occurs more frequently with the paclitaxel regimen. While paclitaxel - carboplatin remains the
standard treatment for the management of advanced ovarian cancer, docetaxel - carboplatin appears to be a promising afternative,

® 2003 Cancer Research UK
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Ovarian cancer accounts for nearly 4% of cancers among women
and is the leading cause of gynaecological cancer death in the USA
(American Cancer Society, 2003). Indeed, the American Cancer
Society estimates that during 2003 a total of 25400 new cases of
ovarian cancer will be diagnosed in the USA, and that almost
14300 US women will die from this disease (American Cancer
Society, 2003). Platinum-based chemotherapy has been the
cornerstone of therapy for advanced ovarian carcinomas since
the activity — in the early 1980s — of cisplatin-based regimens in
ovarian cancer was first reported (Decker ef al, 1982; Lambert and
Berry, 1985; Kaye, 2000). Subsequently, platinum-based combina-
tion therapies have been shown to achieve higher clinical response
rates and longer progression-free intervals than alkylating agents
alone, or nonplatinum regimens, although the evidence for overall
survival benefit with such regimens — in cases of advanced ovarian
cancer — is less compelling (Aabo et al, 1998). More recently, two
large randomised trials, one conducted by the Gynecologic
Oncology Group (GOG) and the other by the European Qrganisa-
tion for Research and Treatment of Cancer (EORTC), have shown
that administration of the taxane paclitaxel in combination with
cisplatin significantly improves the duration of progression-free
survival and overall survival in women with advanced epithelial
ovarian cancer compared with cisplatin - cyclophosphamide ther-
apy (McGuire et al, 1996; Piccart et al, 2000). Paclitaxel - platinum
combinations are therefore replacing platinum-alkylating agent
regimens as standard first-line therapy in advanced ovarian cancer
{(Kaye, 2000). However, since both paclitaxel and cisplatin are
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particularly in terms of minimising the incidence and severity of peripheral neurcpathy.
British Jeurnal of Cancer (2003) 8% (Supp! 3), 59 -515. doit10.1038/5jbjc.6601495  www.bjcancer.com

neurotoxic, such combinations are associated with a high degree of
neuropathy. Two recently published large randomised trials have
shown that paclitaxel -carboplatin achieved comparable efficacy
and less toxicity compared with paclitaxel - cisplatin (du Bois et al,
2003; Ozols et al, 2003). It would therefore appear that paclitaxel -
carboplatin may provide another first-line chemotherapy regimen
for the treatment of advanced ovarian cancer.

Docetaxel is 2 newer member of the taxoid family, derived by a
semisynthetic process from the needles of the European Yew tree
Taxus baccata (Denis et al, 1990). This agent has shown significant
activity in a variety of cancers including breast, lung, ovarian, head
and neck, and gastric cancers. Like paclitaxel, docetaxel acts as a
spindle poison, promoting microtubulin assembly and stabilising
the polymers against depolymerisation, leading to the inhibition of
microtubule dynamics and cell cycle arrest {(Ringel and Horwitz,
1991). Although docetaxel and paclitaxel share a mutual tubulin
binding site, mechanistic and pharmacological differences exist.
For example, preclinical studies have shown that — compared
with paclitaxel — docetaxel is a stronger promoter of tubulin
polymerisation in vitro, has a longer intracellular half-life and
demonstrates greater activity in some tumour models (Barasoain
et al, 1991; Ringel and Horwitz, 1991; Bissery et al, 1995).

Docetaxel has demonstrated potent in vitro and in vivo cytotoxic
activity against a range of tumour types, particularly ovafian
cancer. Indeed, docetaxel was found to be 1.2-2.6 times more
cytotoxic than paclitaxel and over 1000 times more cytotoxic than
cisplatin or etoposide in ovarian carcinoma cell lines (Kelland and
Abel, 1992; Engblom ef al, 1997). Docetaxel has also been shown to
act synergistically with cisplatin and carboplatin in epithelial
ovarian cancer in vitro, and to have potent cytotoxic activity in
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ovarian cell lines that are resistant to these agents (Kelland and
Abel, 1992). Furthermore, there is incomplete cross-resistance
between paclitaxel and docetaxel in a range of in vitro human
tumour cell lines (including ovarian) (Hanauske ez al, 1992); and
in clinical trials, docetaxel 75 or 100 mgm™2 every 3 weeks has
been found to be an active second-line agent in patients refractory
to paclitaxel-based regimens (Verschraegen et al, 2000).

Docetaxel and paclitaxel also have substantially different toxicity
profiles. Of particular note, docetaxel is associated with only
minimal neurotoxicity, which has prompted interest in the use of
this agent as an alternative to paclitaxel for inclusion in platinum-
based regimens for the management of advanced ovarian cancer
(Markman et al, 2001; Vasey on behalf of the Scottish Gynaeco-
logical Cancer Trials Group, 2002). In the light of these
observations, this paper examines clinical experience to date with
docetaxel and discusses the potential of this drug as an alternative
to paclitaxel in the management of ovarian cancer.

DOCETAXEL MONOTHERAPY
Phase I trials

The clinical efficacy of docetaxel was first reported in Phase |
studies in patients with a range of solid tumours (including
ovarian cancer) resistant to standard chemotherapy in use at the
time of these early trials (Cortes and Pazdur, 1995). These studies
identified a short 1-h infusion as the optimal means of delivering
docetaxel (Aapro et al, 1992; Bissett et al, 1993; Extra et al, 1993;
Cortes and Pazdur, 1995) — offering a substantial clinical
advantage over paclitaxel, which requires longer infusion times
(3 or 24h). Neutropenia was the major toxicity reported with
docetaxel in Phase [ trials; this was dose- but not schedule-
dependent {Cortes and Pazdur, 1995). Other side effects included
mucositis, hypersensitivity reactions, asthenia and fluid retention,
although fluid retention is now routinely prevented by the
prophylactic administration of steroids (Cortes and Pazdur,
1995; Kaye et al, 1997; Piccart et al, 1997).

Phase II trials

The safety and efficacy of docetaxel 100 mgm™ administered
every 3 weeks as a 1-h intravenous infusion have been evaluated in

four Phase II trials in women with platinum-refractory advanced
ovarian cancer. Two of these studies were multicentre European
trials conducted by the Early Clinical Trials Group (ECTG) and the
Clinical Screening Group (CSG) of the EORTC, and two were
single-centre trials conducted in the USA by the MD Anderson
Cancer Center (MDACC) and the Memorial S$loan-Kettering
Cancer Center (MSKCC} (Aapro ef al, 1994; Francis et al, 1994;
Piccart et al, 1995; Kavanagh et al, 1996). A total of 340 patients
were included, all of whom had been previously treated with
cisplatin or carboplatin and had recurrent or progressive disease,
A summary of the characteristics of the patients enrolled in these
trials and their response to docetaxel therapy are provided in
Table 1.

Overall response rates across the four individual trials ranged
from 26 to 40% (Kaye et al, 1997). When response data from the
four trials were pooled, there were 14 complete responses and 79
partial responses among the 315 evaluable patients, giving an
overall response rate of 30% (95% confidence intervals (CI}: 19-
36%) (Kaye et al, 1997). Importantly, docetaxel maintained this
high response rate even in the most platinum-refractory patients,
with an overall response rate of 28% (95% Cl: 19-36%) in the 155
patients with a treatment-free interval of less than 4 months. The
median duration of response and the median survival in the four
individual trials ranged from 4.5 to 6.7 months and from 8 to 10.4
months, respectively. The overall response rates obtained with
docetaxel in these four Phase 1I studies compare favourably with
the 22% response rate reported with paclitaxel in a large
population-based study in women with platinum-refractory

_ disease (Trimble ef al, 1993).

The toxicity profile of docetaxel was similar across the four trials
and reflected observations made in the Phase I studies, Neutro-
penia was the most frequently reported grade 111-1V toxicity (90~
96% of patients) and was followed by severe flujd retention, which
was experienced by 8-12% of patients. However, none of these
studies included steroid prophylaxis, which has since been shown
to reduce significantly the incidence and severity of fluid retention,
and also the frequency of treatment discontinuation due to this
adverse event. Consequently, routine premedication with a steroid
{e.g. dexamethasone) has been incorporated in subsequent
docetaxel studies. Other grade III-IV toxicities reported in the
four Phase II trials in advanced ovarian cancer included acute
hypersensitivity (7-10% of patients), diarrhoea (6-10%),

Table | Efficacy of docetaxel 100mgm™2 every 3 weeks in women with recurrent or progressive ovanan cancer previously treated with platinum

compounds: results from four Phase 1l studies (adapted from Kaye et of, 1997)

Study
ECTG CsSG MDACC MSKCC

Patient choracteristics

No. of patients
Treated 132 124 59 25
Bvaluable for efficacy 16 121 55 23

Medhan age range] (years} 54 30-75] 37 35-76] 58 26-70) 59 36-73]

Interval since prior platinum therapy (% of patients)

0-4 months 30 38 100 83
4-12 months 35 62 — 7
> |12 months 35 — — —_

Response to therapy (evaluable pepulation}

Response rates (% of patients) :
Complete response 3 7 5 0
Partial response 25 19 35 35
No change 41 36 38 43

Median response duration range] {months) 67 4.1-174) 58 14-135] 45 1-12] 50 3-9]

Median survival (months) 84 104 10 8

CSG =Clnical Screening Group; ECTG = Early Clinical Trials Group; MDACC = MD Anderson Cancer Center; MSKCC = Memorial Sloan—Kettering Cancer Center,
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dermatitis (4-8%) and stomatitis ((#~5%). From these Phase II
studies, it can be concluded that docetaxel demonstrates
significant clinical activity against advanced ovarian cancer and
has a different spectrum of toxicity to paclitaxel, which is
commonly associated with neuropathy and myalgia.

Phase II trials using low-dose docetaxel

As an alternative to administering prophylactic steroids to reduce
the degree of fluid retention, Japanese studies have tended to use
lower doses of docetaxel than those used in European and
American trials. In a Phase I study conducted in Japan in patients
with solid tumours, the maximum tolerated dose of docetaxel
without premedication ranged between 70 and 90 mgm™* (Taguchi
et al, 1994). On this basis, the Japanese Phase II programme for
docetaxel was initiated at a dose of 60 mg m™>. However, while this
dose generated good response rates in women with breast cancer,
results in ovarian cancer were disappointing (only one partial
response and no complete responses in 36 evaluable patients)
(Noda et al, 1994}. In a subsequent Phase II pilot study, the dose of
docetaxel was increased to 70 mgm™? every 3 weeks in Japanese
women with platinum-pretreated advanced ovarian cancer. This
resulted in an acceptable tolerability profile and delivered a
response rate of 24% in the 25 evaluable patients (Fujiwara ef al,
1999). )

The clinical efficacy and tolerability of docetaxel 70mgm™
every 3 weeks in advanced ovarian cancer have since been
confirmed in a larger Phase II study in Japan (Katsumata et al,
2000). Here, 60 women previously treated with platinum-based
therapies received a median of four courses of docetaxel, 98% of
which were given without the need for dose reduction. Response
was achieved in 25% of platinum-refractory patients (within 0-6
months of the platinum-free interval) and 33% of platinum-
sensitive patients {within 6 and more months of the platinum-free
interval); the overall response rate was 28% for all patients
combined. Haematological effects were the main toxicities
associated with therapy and were recorded at frequencies similar
to those observed in European and US Phase II programmes.
However, nonhaematological toxicities tended to be milder than
had been reported with higher docetaxel dosages. In particular,
there was a low incidence of severe hypersensitivity reactions or
fluid retention, despite the fact that steroid prophylaxis was not
given in this or any other Japanese Phase II trial. Given that the
response rates achieved in this trial were similar to those achieved
in the higher-dose European and US trials, reducing the docetaxel
dosage to 70mgm™> may be the preferred chemotherapeutic
approach in patients for whom steroid premedication is imap-
propriate,

2

DOCETAXEL-PLATINUM: AN ALTERNATIVE
FIRST-LINE THERAPY

Overview of docetaxel- cisplatin trials

As mentioned previously, the superiority of paclitaxel - cisplatin
regimens as first-line chemotherapy over cisplatin-cyclopho-
sphamide therapy (the previous standard of care) has been
established in two large randomised trials in women with advanced
epithelial ovarian cancer (McGuire et al, 1996; Piccart et al, 2000).
One of the major limitations of this combination is that both
paclitaxel and cisplatin are neurotoxic, and co-administration of
these two agents can result in a high incidence of peripheral
neuropathy. This has led several groups, including the French
Group d'Investigateurs Nationaux pour PEtude des Cancers
Ovariens (GINECO), the Russian RAMS group and the Scottish
Gynaecological Clinical Trials Group (SGCTG), to evaluate the
potential of docetaxel as an alternative taxoid to paclitaxel for use

© 2003 Cancer Research UK
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in combination with cisplatin in this patient population (Guastalla
et al, 1999; Vasey et al, 1999; Gorbounova et al, 2000). In each of
these studies, docetaxel 75mgm™? and cisplatin 75 mgm ™2 were
administered every 3 weeks for six courses with routine steroid
premedication.

In an interim analysis of the Russian RAMS study, the overall
rate of clinical response to docetaxel-cisplatin among the 38
evaluable patients was 73.6%, of which 42.1% were complete
responses and 31.5% partial responses {Gorbounova et al, 2000);
four patients experienced a pathological complete response. In the
GINECO ftrial, docetaxel - cisplatin was associated with a patholo-
gical complete response in 21% of the 43 evaluable patients, and a
disease-free survival of 16 months after a median 16 months
follow-up (Guastalla et al, 1999). In both trials, docetaxel - cisplatin
had an acceptable tolerability profile. No unexpected toxicities
were reported (neutropenia was the most common adverse event)
and the rates of neurological toxicity and fluid retention were low.

The SGCTG trial differed from the RAMS and GINECO studies
in that patients were divided into two treatment cohorts: one
receiving cisplatin 75 mgm™2 plus docetaxel 75mgm™> (n=49),
the other receiving cisplatin 75 mgm™ plus docetaxel 85mgm™2
{n=>51) (Vasey et al, 1999). In addition, the study was designed
primarily to assess the toxicity of the docetaxel-cisplatin
combination, its primary end point being the proportion of
patients who discontinued therapy because of fluid retention. Only
two-thirds of patients completed the full six courses of therapy,
with half of all patient withdrawals being attributed to treatment-
related toxicity. However, no patients withdrew because of fluid
retention and only 14 patients (14%}) developed peripheral cedema
requiring diuretics, which confirmed previous reports that
premedication with a 5-day course of corticosteroids reduces the
severity of this adverse event. The incidence of moderate to severe
peripheral neuropathy was low (6% grade III). Among the 39
patients who were available for assessment of clinical response
after three or six cycles of chemotherapy, 38% had a complete
response and 31% a partial response.

Overview of docetaxel -carboplatin trials

There is now a large body of evidence to suggest that in patients
with ovarian cancer, carboplatin provides comparable antitumour
activity to cisplatin, but with significantly less toxicity when given
as monotherapy or in combination with other agents (Aabo et al,
1998). The addition of carboplatin to a taxane regimen was
expected to result in less emesis and neurotoxicity than cisplatin-
taxane therapy, although concerns were expressed that the
combined myelotoxicity of carboplatin and a taxane might result
in significant myelosuppression, necessitating dose reduction.
However, experience with paclitaxel - carboplatin has shown that
the two agents can be given safely without reduction in the dosage
of either component (Kaye, 2000; du Bois ef al, 2003). Indeed, it
appears that carboplatin-associated thrombocytopenia is reduced
by co-administration of paclitaxel — an effect thought to oceur at
the level of the megakaryocyte rather than by a general
pharmacokinetic interaction (Kaye, 2000). Given these promising
results, a series of Phase I/II trials have been conducted to assess
docetaxel - catboplatin regimens in this setting, and Phase 1] trials
are underway.

Phase I/II experience

In a recent Phase I trial of docetaxel and carboplatin as first-line
therapy, 22 patients with ovarian cancer were given docetaxel as a
1-h infusion immediately followed by a I-h infusion of carboplatin
{Hatae et al, 2002). Dose-limiting toxicities of febrile neutropenia
and grade IV diarrhoea were seen at the dose level of docetaxel
75mgm~> and carboplatin AUC 6. Pharmacokinetic data for
docetaxel were similar to those reported for docetaxel adminis-
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tered as a single agent, and no pharmacokinetic drug-drug
interactions were seen. The recommended doses were determined
as docetaxel 75mgm™ plus carboplatin AUC 5 or docetaxel
70mgm™? plus carboplatin AUC 6.

The efficacy and safety of docetaxel-carboplatin regimens as
first-line therapy for epithelial ovarian cancer were first reported
by the SGCTG group (Vasey ef al, 2001). Their feasibility study
included 139 eligible patients (median age 56 years; 79% FIGO
stage III/IV at presentation) treated at one of five docetaxel-
cisplatin dosage levels, with docetaxel doses ranging between 60
and 85mgm™*, and carboplatin doses ranging between an area
under the concentration-time curve (AUC) of 5 and 7mgml™".
Treatment was administered every 3 weeks for six planned cycles,
with a 3-day prophylactic dexamethasone regimen. The overall
clinical/radiological response rate was 66, and 75% of patients had
a CA125 response. Median progression-free survival was 16.6
months at a median follow-up of 19 months. Response to therapy
at each of the five dosage levels is shown in Figure 1. The incidence
of neurotoxicity was extremely low and no patients were removed
from the study as a direct result of this side effect. Indeed, grade I/
III sensory neurotoxicity was reported by fewer than 6% of
patients and there were no cases of motor neuropathy of severity
greater than grade I; these rates of neuropathy are substantially
lower than those reported with paclitaxel - carboplatin regimens. A
summary of the neuropathic toxicities reported at the various
dosage levels is provided in Figure 2. As anticipated, neutropenia
was the major dose-limiting toxicity. CTC grade IV neutropenia
occurred in 75% of patients; however, in only 4% of patients was
this effect associated with sepsis, and prophylactic antibiotics or
growth factors were not routinely required. Grade IV thrombocy-
topenia was seen in only 4.2% of patients and there were no cases
of thrombocytopenic haemorrhage, which suggests that the
platelet-sparing effect of paclitaxel when given with carboplatin
also extends to docetaxel and is therefore most probably a class
effect of the taxoids. On the basis of these results, the dosage
regimens recommended by the SGCTG for further trials were
docetaxel 75 mgm™? plus carboplatin AUC 5 or 6.

The activity .and safety of docetaxel 70-75mgm~? plus
carboplatin to AUC 5-6 every 3 weeks in women with stage I1I-

M Progressive disease Opartial response
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] I
90 7 .
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g 601
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E 50 1
k<]
R 40
30 .
20 -
10
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Figure 1 Response rates to first-line docetaxel (D) —carboplatin (C)

therapy in a dose-finding study of D 60-85mgm™ 2and C AUC 5-7 in
women with ovarian cancer (73 evaluable for respense) (Vasey et df, 2001).
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IV ovarian cancer have been confirmed in three other Phase II
studies involving a total of 66 women, 50 of whom were
chemonaive and 16 of whom had received prior platinum-based
therapy (Table 2) (Meyer et al, 1999; Kolevska et al, 2001; Vorobiof
et al, 2001). In these studies, 27-52% of patients achieved a
complete response and 29-53% a partial response following
docetaxel -~ carboplatin therapy, with overall response rates ranging
from 81 to 87% (Table 2) (Meyer et al, 1999; Kolevska et al, 2001;
Vorobiof et al, 2001). These response rates suggest that this
docetaxel - carboplatin regimen is at least as effective as docetax-
el-cisplatin regimens.

In all of the studies, neutropenia was the major toxicity.
Neurotoxicity was reported ‘in two of the three studies, but the
incidence was very low: Kolevska et al (2001} reported grade I
neuropathy in seven out of 19 patients, whereas Meyer et al (1999)
reported grade II neuropathy in two out of 26 patients and grade I
neuropathy in 15 out of 26 patients (no cases of grade Il or
above). Survival and quality of life data have been reported for one
of the three studies — Kolevska and colleagues found that first-line
therapy with docetaxel 70 mgm™2 plus carboplatm to AUC 6 every
21 days was associated with a median progression-free survival of
13.1 months in women with cancer of the ovaries, fallopian tube or
peritoneum (at the time of the report, median overall survival had
not been reached: 9.2 4 months) (Kolevska et al, 2001). Over the
course of the study, 50% of patients experienced a 10-point
improvement in the Punctional Living Index: Cancer (FLIC}
quality of life questionnaire, with 25% experiencing no change and
25% experiencing a 10-point deterioration in FLIC score (Kolevska

et al, 2001).

Markman et al (2001) have reported similarly high Jesponse
rates in a Phase II study employing a lower 60 mgm™* dose of
docetaxel (Table 2). A total of 50 women with cancer of the ovary
and fallopian tube and primary cancer of the peritoneum were
treated with docetaxel 60 mgm™? plus carboplatin AUC 6 every 3
weeks for six cycles, The vast majority of patients were chemonaive
(94%) and had stage III-1V disease (88%). Of the 42 patients
evaluable for efficacy, 34 (81%) demonstrated objective evidence of
a response, with similar response rates being noted in patients with
ovarian cancer and those with primary peritoneal cancer. At the
time of publication, median progression-free survival had not been
reached, but was greater than 16 months. Grade IV neutropenia
was the most common toxicity (occurring in 64% of patients) and
neuropathy was reported by only three patients (grade I=1; grade
1 =2). Hypersensitivity reactions were relatively common (34%)
but did not result in the discontinuation of therapy.
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Figure 2 Incidence of neuropathic toxicities reported during first-line

docetaxel (D) carboplatin (C) therapy in a dose-finding study of D 60—
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for safety) (Vasey et of, 2001).
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Phase I trial vs paclitaxel

The efficacy and toxicity profile of docetaxel - carboplatin has been
directly compared with that of paclitaxel - carboplatin as first-line
therapy for stage Ic-1V epithelial ovarian cancer in an interna-
tional Phase III randomised trial conducted by the SGCTG. The
trial, named SCOTROC (Scottish Randomised Trial in Ovarian
Cancer), enrolled 1077 chemonaive patients between Qctober 1998
and May 2000 from 83 centres in 10 countries. Patients were
treated with carboplatin to AUC 5 plus either docetaxel 75 mgm™?
infused over 1 h or paclitaxel 175 mg m™% infused over 3 b, Survival
and longer-term toxicity results were presented at ASCO 2002
(Vasey on behalf of the Scottish Gynaecological Cancer Trials
Group, 2002). These results demonstrate that while the paclitaxel
and docetaxel regimens are of similar efficacy, there are significant
toxicity differences between the two therapies. The median
reported follow-up in surviving patients was 21 menths, with
94% followed up for more than 1 year. Docetaxel-carboplatin
achieved similar median progression-free survival to paclitaxel-
carboplatin (15.1 vs 15.4 months) and clinical response rates (66 vs
62%), but the duration of follow-up is currently insufficient to
allow survival comparisons. Nevertheless, paclitaxel -carboplatin
was associated with a significantly higher rate of grade I/l
sensory neuropathy than docetaxel-carboplatin (30 vs 11%; P<
0.01), while docetaxel-carboplatin resulted in a significantly
higher incidence of grade II/IV neutropenia (94 vs 82%;
P<0.001) and febrile neutropenia {10 vs 2%; P <0.001), although
these events were predictable and easily managed (Vasey on behalf
of the Scottish Gynaecological Cancer Trials Group, 2002). Global
quality of life parameters based on the EORTC QLQ-C30
instrument were comparable in both arms. However, using the
ovarian-specific module OV-028 (Cull et al, 2001), patients
reported significantly less severe symptoms of neurotoxicity
(using a score based on tingling in hands or feet and numbness
in fingers or toes) with docetaxel - carboplatin than with paclitax-
el-carboplatin during treatment and also 6 months after
randomisation (both P<0.001).

SUMMARY

Over the last few years, the combination of a platinum compound
such as cisplatin or carboplatin with paclitaxel has emerged as

REFERENCES

Aabo K, Adams M, Adnitt P, Alberts DS, Barley V, Bell DR, Bianchi U, Bolis
G, Brady MF, Brodovsky HS, Bruckner H, Buyse M, Canetta R, Chylak V,
Cohen CJ, Celombo N, Conte PF, Crowther D, Edmenson JH, Gennatas
C, Gilbey E, Gore M, Guthrie D, Yeap BY (1998) Chemotherapy in
advanced ovarian cancer: four systematic meta-analyses of individual
patient data from 37 randomized trials. Advanced Ovarian Cancer
Trialists’ Group. Br J Cancer 78: 1479~1487

Aapre MS, Pujade-Lauraine E, Lhommé C, Fumoleau F, Kerbrat P, Lentz
M-A, Azli N (1994) EORTC Clinical Screening Group: phase II study of
Taxotere in ovarian cancer {Abstract). Ann Oncol 5{Suppl 5): 508

Aapro MS, Zulian G, Alberto P, Brurnc R, Oulid-Aissa D, Le Bail N (1992)
Phase I and pharmacokinetic study of RP 556976 in a new ethanol-free
formulation of Taxotere. Ann Oncol 3: 53

American Cancer Society {2003} What are the key statistics about ovarian
cancer! Available from: URL: http://www.cancer.org/docroot/CRI/con-
tent/CRI_2_4_1X_ What_are_the_key_statistics_for_ovarian_cancer_33.
asplsitearea= accessed 6 July 2003]

Barasoain 1, De Ines C, Diaz F (1991) Interaction of tubulin and cellular
microtubules with Taxotere (RP 56976), a new semisynthetic analog of
Taxol (Abstract). Proc AACR 32: 1952

Bissery MC, Vrignaud P, Lavelle F {1995} Preclinical profile of docetaxel
(Taxotere), efficacy as a single agent and in combination. Semin Oncol
22:3-6

British Journal of Cancer (2003) 89(Suppl 3), 59-515

standard chemotherapy for advanced ovarian cancer (Kaye, 2000).
Notwithstanding the clinical and survival benefits afforded by
these new regimens compared with previous therapies, mortality
from advanced ovarian cancer is high. Thus, research into new
agents and new combinations continues apace with the objective of
improving overall survival and reducing treatment-related toxicity.
Docetaxel offers an alternative taxoid treatment to paclitaxel for
use in this setting. Indeed, there is preclinical evidence that
docetaxel has greater antitumour potency and a better therapeutic
index than paclitaxel (Bissery et al, 1995), and its short L-h
infusion also offers a substantial clinical advantage over the 3- or
24-h infusion times required for paclitaxel. In clinical studies,
docetaxel monotherapy has demonstrated good response rates and
an acceptable toxicity profile in both paclitaxel- and platinum-
refractory ovarian cancer patients (Kavanagh et al, 1996; Kaye et al,
1997; Verschraegen et al, 2000). Of particular note, neurotoxicity
(a dominant side effect with both paclitaxel and cisplatin) is
infrequent and mild with docetaxel, which implies that this drug is
a promising new taxane for use in combination with cisplatin and
other platinum compounds.

The incorporation of docetaxel into first-line platinum-contain-
ing regimens for advanced ovarian cancer has produced successful
results. In Phase II studies, overall response rates of 69-74% were
achieved with docetaxel 7Smgm™ plus cisplatin 75mgm™%
corresponding rates with docetaxel 75 mgm™2 and carboplatin to
AUC 5-6 were 81 -87%. The docetaxel - carboplatin combination
proved to be better tolerated than the docetaxel-cisplatin
combination (Vasey et al, 1999, 2001). A Phase III trial comparing
docetaxel -carboplatin with paclitaxel-carboplatin suggests that

" the two taxane regimens are equally efficacious, but demonstrate

clear toxicity differences (Vasey on behalf of the Scottish
Gynaecological Cancer Trials Group, 2002). In particular, paclitax-
el - carboplatin produced significantly more neurotoxicity, leading
to early treatment discontinuation compared with docetaxel-
carboplatin. While paclitaxel - carboplatin is currently the standard
chemotherapy in the clinical setting, docetaxel - carboplatin is an
impressive alternative. It appears that certain patient groups -~ for
example, patients at high risk of developing treatment-related
neurotoXicity - may benefit from receiving docetaxel as an
alternative to paclitaxel in platinum-based regimens (Markman
et al, 2001; Vasey on behalf of the Scottish Gynaecological Cancer
Trials Group, 2002).

Bissett D, Setanoians A, Cassidy J, Graham MA, Chadwick GA, Wilson P,
Auzannet V, Le Bail N, Kaye SB, Kerr DJ (1993) Phase I and
pharmacokinetic study of taxotere (RP 56976) administered as a 24-
hour infusion. Cancer Res 53: 523-527

Cortes JE, Pazdur R {1995) Docetaxel. J Clin Oncol 13: 2643 -2655

Cull A, Howat 8, Greimel E, Waldenstrom AC, Arraras J, Kudelka A,
Chauvenet L, Gould A {2001) Development of a European Organization
for Research and Treatment of Cancer questionnaire module to assess
the quality of life of ovarian cancer patients in clinical trials: a progress
report. Eur ] Cancer 37: 47-53

Decker DG, Fleming TR, Malkasian Jr GD, Webb M, Jeffries JA, Edmonson
JH (1982) Cyclophosphamide plus cis-platinum in combination: treat-
ment program for stage III or 1V ovarian carcinoma. Obstet Gynecol 60:
481 - 487

Denis N, Correa A, Greene AE (1990} An improved synthesis of the taxol
side chain and of RP 56976. ] Org Chem 55: 1957 - 1959 )

du Bois A, Liick H, Meier W, Adams H-P, Mébus V, Costa S, Bauknecht T,
Richter B, Warm M, Schréder W, Olbricht 8, Nitz U, Jackisch C, Emons
G, Wagner U, Kuhn W, Phisterer ] (2003) A randomized clinical trial of
cisplatin/paclitaxel versus carboplatin/paclitaxel as first-line treatment of
ovarian cancer. J] Natl Cancer Inst 95: 1320-1329

Engblom P, Rantanen V, Kulmala J, Heiskanen ], Grenman § (1997) Taxane
sensitivity of ovarian carcinoma in vitro. Anticancer Res 17: 2475 -2479

© 2003 Cancer Research UK

— 375 —



Extra JM, Rousseaun F, Bruno R, Clavel M, Le Bail N, Marty M (1993) Phase 1
and pharmacokinetic study of Taxotere (RP 56976; NSC 628503} given as
a short intravenous infusion. Cancer Res 53: 1037-1042

Francis P, Schneider J, Hann L, Balmaceda C, Barakat R, Phillips M, Hakes
T (1994) Phase II trial of docetaxel in patients with platinum-refractory
advanced ovarian cancer. | Clin Oncol 12: 2301 -2308

Fujiwara K, Kohno [, Tanaka K, Ogita §, Sasaki Y, Hirabayashi K, Yakushiji
M, Tsunematsu R, Terashima Y, Taguchi T, Ohashi Y, Noda K {1999)
Phase II dose escalation: a novel approach to balancing efficacy and
toxicity of anticancer agents. Japanese Docetaxel Ovarian Cancer Study
Group. Anticancer Res 19: 639-644

Gorbounova V, Khokhlova S, Orel N (2000) Docetaxel and cisplatin as first-
line chemotherapy in patients with advanced ovarian cancer (Abstract).
Proc Am Soc Clin Oncol 20: 1536

Guastalla JP, Ferrero JM, Dieras V (1999) Cisplatin - docetaxel {Taxotere) in
first line treatment of advanced ovarian cancer (OC): a GINECO phase I1
trial (Abstract). Proc Am Se¢ Clin Oncol 18: 1448 ’

Hanauske AR, Degen D, Hilsenbeck SG, Bissery MC, Von Heff DD (1992)
Effects of Taxotere and taxol on in vitro colony formation of freshly
explanted human tumor cells. Anticancer Drugs 3: 121 -124

Hatae M, Onishi Y, Nakamura T, Katsumata N, Watanabe T, Andoh M,
Kuzuya K, Nawa A, Nakanishi T (2002} Phase I and pharmacckinetic
study of docetaxel and carboplatin in epithelial ovarian cancer
{Abstract). Proc Am Sec Clin Oncol 21; 2527

Katsumata N, Tsunematsu R, Tanaka K, Terashima Y, Ogita §, Hoshiai H,
Kohno 1, Hirabayashi X, Yakushiji M, Noda K, Taguchi T (2000} A phase
II trial of docetaxel in platinum pre-treated patients with advanced
epithelial ovarian cancer: a Japanese cooperative study. Ann Oncol 11t
15311536

Kavanagh JJ, Kudelka AP, de Leon CG, Tresukosol D, Hord M, Finnegan
MB, Kim EE, Varma D, Forman A, Cchen P, Edwards CL, Freedman RS,
Verschraegen CF (1996} Phase II study of docetaxel in patients with
epithelial ovarian carcinoma refractory to platinum. Clin Cancer Res 2:
837-842

Kaye SB (2000) Intravenous chemotherapy for ovarian cancer — the state
of the art? Int | Gynecol Cancer 10: 1925

Kaye $B, Piccart M, Francis P, Kavanagh J (1997) Phase II trials of docetazel
{Taxotere) in advanced ovarian cancer - an updated overview. Eur |
Cancer 33: 2167-2170

Kelland LR, Abel G (1992) Comparative in vitro cytotoxicity of taxol and

" Taxotere against cisplatin-sensitive and -resistant human ovarian
carcinoma cell lines. Cancer Chemother Pharmacel 30: 444 - 450

Kolevska T, Smith D, Wertheim I (2001} A phase II study of docetaxel and
carboplatin in the treatment of sub-optimally debulked stage III and IV
ovatian cancer (Abstract). Proc Am Sec Clin Oncol 20: 2497

Lambert HE, Berry R] (1985) High dose cisplatin compared with high dose
cyclophosphamide in the management of advanced epithelial ovarian
cancer (FIGO stages III and IV): report fromm the North Thames
Cooperative Group. BMJ (Clin Res Ed) 290: 889 - 893

Markman M, Kennedy A, Webster K, Peterson G, Kulp B, Belinson J (2001}
Combination chemotherapy with carboplatin and docetaxel in the
treatment of cancers of the ovary and fallopian tube and primary
carcinoma of the peritoneum. J Clin Oncol 1%: 1901 -1905

McGuire WP, Hoskins W], Brady MF, Kucera PR, Partridge EE, Look KY,
Clarke-Pearson DL, Davidson M (1996) Cyclophosphamide and cisplatin
compared with paclitaxel and cisplatin in patients with stage Il and
stage IV ovarian cancer. N Engl ] Med 334: 1-6

Meyer A, Huober JB, Goerner R (1999} Chemotherapy with carboplatin/
docetaxel and recurrent epithelial ovarian cancer (Abstract). Proc Am Soc
Clin Oncol 20: 1465

© 2003 Cancer Research UK

Docetaxel: an alternative taxane in ovarian cancer
N Katsumata

@

Neda K, Terajima Y, Ogita Y, Kono 1, Hirabayashi K, Yakushiji M, Taguchi
T (1994) Phase II clinical study of RP56976 (docetaxel} in patients with
carcinoma ovarii or carcinoma colli uteri. Gan To Kagaku Ryoho 21:
2471-2477

Ozols RF, Bundy BN, Greer BE, Fowler ]M, Clarke-Pearson D, Burger RA,
Mannel RS, DeGeest K, Harterbach EM, Baergen R, Gynecologic
Oncology Group (2003) Phase I trial of carboplatin and paclitaxel
compared with cisplatin and paclitaxel in patients with optimally
resected stage III ovarian cancer: a Gynecologic Oncology Group study.
J Clin Oncol 21: 3194 -3200

Piccart M], Bertelsen K, James K, Cassidy J, Mangioni C, Simonsen E,
Steart G, Kaye S, Vergote I, Blom R, Grimshaw R, Atkinson RJ,
Swenerton KD, Trope C, Nardi M, Kaern ], Tumolo 3, Timmers P, Roy
JA, Lhoas F, Lindvall B, Bacon M, Birt A, Andersen JE, Zee B, Paul J,
Baron B, Pecorelli S (2000) Randomized intergroup trial of cisplatin-
paclitaxel versus cisplatin - cyclophosphamide in women with advanced
epithelial ovarian cancer: three-year results. J Natl Cancer Inst 92:
699 -708

Piccart MJ, Gore M, Ten Bokkel HW, Van Oosterom A, Verweij J, Wanders
J, Franklin H, Bayssas M, Kaye § (1995) Docetaxel: an active new drug for
treatment of advanced epithelial ovarian cancer. ] Natl Cancer Inst 87
676-681

Piccart M, Klijn ], Paridaens R, Nooij M, Mauriac L, Coleman R, Bontenbal
M, Awada A, Selleslags ], Van Vreckem A, Van Glabbeke M (1997)
Corticosteroids significantly delay the onset of docetaxel-induced fluid
retention: final results of a randomized study of the European
Organization for Research and Treatment of Cancer Investigational
Drug Branch for Breast Cancer. J Clin Oncol 15: 3149 -3155

Ringel I, Horwitz SB (1991) Studies with RP 56976 (Taxotere): a
semisynthetic analogue of taxol. J Natl Cancer Inst 83: 288-291

Taguchi T, Furue H, Niitani H (1994) Phase I clinical trial of RP 56976

{docetaxel), a new anticancer drug. Jpn J Cancer Chemother 21: 1997 -
2005

Trimble EL, Adams JD, Vena D, Hawkins M], Friedman MA, Fisherman JS,
Christian MC, Canetta R, Onetto N, Hayn R (1993) Paclitaxel for
platinum-refractory ovarian cancer: results from the first 1,000 patients

“registered to National Cancer Institute Treatment Referral Center 9103. J
Clin Oncol 11: 2405-2410

Vasey PA, on behalf of the Scottish Gynaecological Cancer Trials
Group {2002) Survival and longer-term toxicity results of the SCOTROC
study: docetaxel - carboplatin (DC) vs paclitaxel - carboplatin (PC) in
epithelial ovarian cancer (EQOC) (Abstract). Proc Am Soc Clin Oncol
20: 804

Vasey PA, Atkinson R, Coleman R, Crawford M, Cruickshank M, Eggleton
P, Fleming D, Graham }, Parkin D, Paul J, Reed NS, Kaye SB (2001)
Docetaxel - carboplatin as first line chemotherapy for epithelial ovarian
cancer. Br J Cancer 84: 170-178

Vasey PA, Paul J, Birt A, Junor EJ, Reed NS, Symonds RP,
Atkinson R, Graham ], Crawford $M, Coleman R, Thomas H,
Davis ], Eggleton SP, Kaye SB (1999) Docetaxel and cisplatin in
combination as first-line chemotherapy for advanced epithelial ovarian
cancer. Scottish Gynaecological Cancer Trials Group. J Clin Oncol 17:
2069 -2080

Verschraegen CF, Sittisomwong T, Kudelka AP, Guedes E, Steger M,
Nelson-Taylor T, Vincent M, Rogers R, Atkinson EN, Kavanagh JJ (2000}
Docetaxel for patients with paclitaxel-resistant Milllerian carcinoma. f
Clin Oncol 18: 2733-2739

Vorobiof D, Rapoport B, Mahomed R (2001) A phase II first line study of
docetaxel and carboplatin (CBDCA) in patients with ovarian cancer
(Abstract). Proc Amt Soc Clin Oncol 20: 880

British Journal of Cancer (2003) 89(Supp! 3), $9-5I5

— 376 —

S15



Jpn J Clin Oncol 2003,33(6)309-313

Standardization of the Body Surface Area (BSA) Formula to Calculate
the Dose of Anticancer Agents in Japan

Tsutomu Kouno, Noriyuki Katsumata, Hirofumi Mukai, Masashi Ando and Toru Watanabe

Department of Medical Oncology, National Cancer Center Hospital, Tokyo, Japan

Received January 19, 2003; accepted May 28, 2003

Background: The importance of deciding the appropriate dose of anticancer agents cannot be
overemphasized. Body surface area (BSA) has been used to calculate the dose in anticancer
therapy since the 1950s. Japanese oncologists, often use their own Japaneses BSA formula
instead of western BSA formulae. However, it is not widely known that some discrepancies
exist between the BSA products of the Japanese and western styles. On the other hand,
recently dose-calculations according to BSA were criticized from the standpoint of pharmaco-
kinetics (PK). Lately, we have had many opportunities for international collaborations, which
make it necessary to review these BSA formulae, and the BSA-based dosing method. A unified
BSA formula in cancer therapy is needed in Japan.

Methods: We searched and compiled frequently used BSA formulae across the world using
the MEDLINE search, oncology text, a web search on cancer clinical trial groups, and person-
ally communicated with medical oncologists from western countries. Using these formulae, we
calculated BSA for a typical Japanese individual, and compared their products. We calculated
BSA using these formulae for individuals of widely varying physique, from 140 to 185 cm in
height, and from 30 to 96 kg in weight, and estimated the amount of discrepancies among them.
Results: Among the various BSA formulae used in western countries, the DuBois formula is
the standard. In Japan, the Fujimoto formula has been used frequently. The Fujimoto formula
was based on a study of 201 Japanese subjects in 1949. For the average Japanese individual,
the BSA calculated using the Fujimoto formula was about 3% lower than that which was calcu-
lated by western formulae. The BSA calculated for all heights and body weights using the Fuji-
moto formula, ranged between 0.7 and 4.8% less than those calculated by using the DuBois
formula. The other western formulae showed larger discrepancies than the Fujimoto and
DuBois fermulae,

Conclusion: BSA-based dosing has failed to standardize the variation in PK for most anti-
cancer agents, and individual dosing techniques are currently being investigated. However,
~ until their clinical utilities are confirmed, it is necessary to depend on the BSA-based calculation
for determining the dose of most anticancer agents. The DuBois formula, which is the western
standard formula, is validated to a greater exten! and its accuracy has been confirmed more
than others, including the Fujimoto formula. We recommend the use of the DuBois formula
instead of the Fujimolo formula in cancer chemctherapy and propose the standardization of
this formula in Japan.

Key words: body surface area — dose — calculation — pharmacolkinetics — anticancer agents

INTRODUCTION

It is very important to determine the appropriate dose of anti-
cancer agents. Individuals have varying abilities to metabolize
and eliminate drugs, and therefore the same dose of anticancer

For all reprints and correspondence: Tsutomu Kouno, National Cancer Center
Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-00435, Japan.
Fax: +81-(0)3-3542-3815,

agents will have different pharmacokinetics (PK) and pharma-
codynamics (PD). In addition, there is a presumed narrow
therapeutic index for most anticancer agents. Reducing the
dose of these agents not only reduces toxicity but also the
effects on the tumor, This has been shown in breast cancer
(1,2), testicular cancer (3), lymphoma (4), and other cancers.
It is necessary to balance the ability of the normal tissue to
withstand insult and the intrinsic sensitivity of the tumor.
Selecting doses of anticancer agents to treat cancer patients
can be a challenging decision for medical oncologists.

© 2003 Foundation for Promotion of Cancer Research
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310 Standardization of BSA formula in Japan

Table 1. Search results on the BSA formulae

Author Year of publication No. of Patients Formula

DuBois and DuBois (7) 1916 9 BSA = 0,007184 x HNT5 x Wo4s

Boyd 1935 411 BSA =0.017827 x HO5 x Wo4838

Gehan and George (9) 1970 401 BSA =0.0235 x F154226 ¢ 031458

Haycock et al. (10} 1978 81 BSA =0.02465 x H0-39646 5 W0 3378

Mosteller {15) 1987 . BSA = VH x W/3600

Takahira (5) 1925 Unknown BSA = 0.007241 x H72 x Wo42s
BSA = 0008883 x HO6ES x W44

Fujimoto (5) 1968 201

*Conducted by modifying the Gehan and George formula.

In cancer chemotherapy, the doses of chemotherapeutic
agents are generally calculated using the body surface area
{BSA). Various studies have estimated BSA, and currently sev-
eral BSA formulae are being used across the world. In Japan,
the Fujimoto BSA formula (5), is often used to calculate the
dose of anticancer agents in practice or in clinical trials. The
Fyjimoto formula was first reported approximately forty years
ago, and has been subject to the criticism that it may not be
suitable for modern Japanese people. Recently, we have had
several opportunities for international collaborations and thus
we need to standardize the BSA formula. Therefore, we
reviewed the BSA formulae and BSA-based anticancer agent
dosing, and examined the validity of the Japanese BSA
formula.

METHODS

We searched and compiled the frequently used BSA formulae
across the world using the MEDLINE search, oncology text, a
web search on cancer clinical trial groups, and personally com-
municated with medical oncologists from western countries.
Using these formulae we calculated BSA for a typical Japanese
individual, and compared their products. We performed calcu-
lations using these formulae for individuals of widely varying
physique ranging from 140 to 185 cm in height, and from 30 to
96 kg in weight, and estimated the amount of discrepancies
among them.

RESULTS

There were two method groups calculating BSA. The first
group utilized both body height and weight. These had the
same functional form, that is, BSA = a0xH* x W2, with differ-
ent coefficient values. The BSA calculations of the second
group did not utilize the preceding formula, and chiefly uti-
lized only body weight. The latter formulae have not been
utilized in calculating the dose of anticancer agents because of
their inaccuracy (6). Our search results showed seven repre-
sentative BSA formulae of the former type (Table 1). Among
them, the DuBois and DuBois (7), Boyd (8), Gehan and
George (GG) (9), Haycock, Schwarta and Wistosky (10) and

Mosteller (11) formulae were from westem countries, while
the Takahira and Fujimoto formulae (5) were from Japan.
Among the clinical trial groups, for example, the Southwest
Oncology Group (SWOG), described in ifs policy that the BSA
can be determined from weight and height using a nomogram
found in standard references (12). The DuBois formula has
been used as the standard formula in western countries (13).
The Cancer Therapy Evaluation Program (CTEP) in the United
States of America has decided not to recommend any particular
formula to be used for BSA-based dose calculation in NCI-
sponsored treatment trials (12). The Gynecology Oncology
Group’s (GOG) statistical and data center has adopted western
formulae such as the DuBois, Mosteller, Gehan, and Haycock
formulae (14), whereas the Japan Clinical Oncology Group
(JCOG) has adopted the Japanese Fujimoto formula (15).

For example, in the case of a patient whose height was 170
cm and body mass index was 22 kg/m?, the BSA calculations
using the western formulae and the Takahira formula resulted
in similar products, that is, ranging between 1.73-1.75 m? (the
DuBois formula was at 1.74 m?), However, for the same
example, the BSA calculated using the Fujimoto formula was
1.69 m2, which was about 3% lower than the others,

Figure 1 graphically displays the discrepancies between the
respective formulae and the Fujimoto formula, which is fre-
quently utilized in Japan. Compared to the Fujimoto formula,
the Boyd, GG Haycock and Mosteller formulae have a ten-
dency to overestimate the BSA of short and obese patients and
to underestimate it for tall and thin patients. Among these
examples, the maximal overestimation was 0.2 m? by the GG
formula and the maximal underestimation was 0.096 m? by the
Haycock formula. The discrepancies between the DuBois and
Fujimoto formulae ranged between 0.013 m? (0.9%) in the
shortest and most obese patient (140 cm, 96 kg) and 0.061 m2
(4.7%) in the tallest and thinnest patient (185 cm, 30 kg). This
discrepancy between the DuBois and Fujimoto formulae was
smaller than the discrepancies between other western formulae
and the Fujimoto formula,
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312 Standardization of BSA formula in Japan

DISCUSSION

in 1916, DuBois and DuBois reported the BSA formula with
direct measurements of nine subjects including a 36-year-old
cretin, with an underdeveloped physique, a 12-year-old boy, a
tall, thin adult male, and a short, obese adult female (7). In
1935, Boyd reported a formula as a result of investigating 411
subjects (8). In 1970, Gehan and George reported another
formula based on the study of 401 subjects (9), and in 1978,
Haycock, Schwarta and Wistosky reported another formula
based on the measurements of 81 Caucasian, African American
and Hispanic subjects (10). In 1984, Martin et al. determined
the BSA from 20 aged cadaver subjects by planimetry on paper
tracings of dissected skin and compared the measured surface
area with the BSA predicted by the DuBois formula. They con-
cluded that the predicted BSA did not differ significantly from
the measured surface area and recommended continued use of
the DuBois formula (16). In 1987, Mosteller modified the GG
formula and simplified it to enable calculation using a pocket
calculator (11). This formula has become popular because it is
easy to use: In 1992, Wang et al. attempied to determine the
accuracy of the BSA formulae proposed in these studies and
examined their applicability to patient populations such as
neonates and parturients (6). They directly measured the sur-
face area with 60 pregnant women (34 to 40 week gestation)
and 148 neonates, Regardless of these highly varying statures,
the DuBois formula and other western formulae adequately
predicted the measured surface area and they finally recom-
mended the DuBois formula as a standard formula. However,
their study did not include the Japanese formulae described
below. .

In Japan, Takahira et al. (in Fujimoto et al., Ref. 5) consid-
ered the DuBois formula inappropriate for Japanese individu-
als and constructed a new formula based on predetermined
conditions, in 1925, In 1968, Fujimoto et al. (5) reported their
formula with the direct measurement of 201 subjects, dividing
them into three major age groups, namely, infants, children and
adults. The Fujimoto formula for adults is one of the most com-
monly used formulae to calculate the dose of anticancer agents
in Japan.

For a typical case where the height was 170 cm and the
body mass index was 22 kg/m2, the five western formulae and
the Takahira formula calculations resulted in similar BSA
products. However, compared with the other fermulae, only
the Fujimoto formula underestimated BSA by about 3%.
Therefore, it was suggested that the anticancer agents might
be underdosed in Japanese patients when using the Fujimoto
formula.

BSA was calculated for individuals of widely varying
physique from 140 1o 185 cm in height, and from 30 to 96 kg
in weight. The amount of discrepancies among these formulac
was estimated. Since Japanese oncologists frequently use the
Fujimoto formula, we evaluated the discrepancies between the
Fujimoto formula and the six other formulae. Compared to the
Fujimoto formula, the Boyd, GG, Haycock and Mosteller for-
mulae have a tendency to overestimate the BSA of short and

obese patients and to underestimate it for tall and thin patients.
The diserepancy between the Fujimoto and DuBois formulae
was telatively smaller than the discrepancies between the
Fujimoto formula and other western formulae.

At present, dose calculations of most anticancer agents are
made using BSA. BSA-based cancer chemotherapy began
about a half century ago. In 1958, Pinkel (17,18) examined
previous studies and determined the conventional pediatric and
adult doses for five cytotoxic agents (Mercaptopurine, Meth-
otrexate, Mechlorethamine, Triethylenethiophosphomide, and
Actinomyein), For the same drugs, the appropriate therapeutic
dose, for experimental animals was also determined from
literature. These doses, per unit BSA, were calculated using
a tepresentative BSA, estimated using the DuBois formula
for humans (7), and for the Meeh’s formula for animals (5),
which were then compared. It was found that similar values for
the doses per unit surface arca were obtained for each agent.
Then, the use of BSA was recommended for performing dose
calculations in chemotherapy. Since the publication of this
report, the use of BSA for dose calculations of cytotoxic
chemotherapy has become a standard practice.

However, this BS A-based dose calculation was recently crit-
icized (19-22) because it {ailed to standardize the interpatient
variation in PK. PK was analyzed in etoposide (23), calbo-
platin (24), epirubicin (25), paclitaxel (20), cisplatin (26),
CMF (cyclophosmamide, methoterexate, and 5-fluorouracil)
(27) and the other anticancer agents or combinations thereof
and showed significant interpatient variability regardless of
BSA-based dose calculations. With regards to cisplatin, Felix
reported a mean plasma clearance of unbounded cisplatin with
an interpatient variability of 25.6% (in Moore et al., Ref. 26)
and showed that BSA-based dosing did not decrease the varia-
bility of unbounded cisplatin clearance. However, Bruno et al.
(in Calvert et al., Ref. 28) showed that the variation of
docetaxel clearance correlated with BSA. On the whole, most
investigators reported that BSA did not correlate with the PK
of most anticancer agents.

Besides the BSA-based calculations, several other individual
dosing techniques have also been investigated. Calvert et al.
(28) showed that the glomerular filtration rate (GFR) alone can
predict area under the curve (AUC) for calboplatin, independ-
ent of BSA. The dose-calculation formula using patients’ GFR
was devised to predict AUC for calboplatin. Yamamoto et al.
(29) reported that docetaxel clearance did not correlate to BSA
and showed that it could be predicted by measuring 6-p-
hydroxycortisol after cortisol administration. The possibility of
a decrease in the variability of PK and PD by individual dosing
of docetaxel is currently being investigated in a prospective
trial. However, the complexity of metabolism and elimination
of most other cytotoxic drugs makes the deviation of simple
formulae difficult, and definitive evidence is awaited. )

Therapeutic drug monitoring {TDM) and pharmacological
adaptive control has been investigated for some anticancer
agents. Methotrexate was one such example. Evans et al. (30)
showed, in a prospective trial, that adjusting the dose of metho-
trexate with TDM to account for the patient’s ability to clear
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the drug could decrease the variability of PK and moreover, it
could improve continuous complete remission in children with
B-lineage acute lymphoblastic leukemia. However, TDM can
be utilized in the second or later course of chemotherapy
because the PK data of the previous course is necessary. There-
fore, this technique cannot be used to dctermine the initial
dose, unless a test dose is administered, Further, the introduc-
tion of TDM into clinical practice would be difficult because of
its cost and inconvenience. Until these problems are overcome
or individual dosing techniques are developed, we have to
depend on the BSA-based dose calculations for most anti-
cancer agents, ’

To summarize, the Fujimoto formula is frequently used in
Japan. Though this formula was proposed over {orty years ago,
with the study of 206 Japanese patients, no recent studies have
supported the validity of this formula, especially with regard to
the modern Japanese physique which has become similar to
that of people in western countries. The Takahira formuta is not
popular and has not been validated. As mentioned above, the
results of the Boyd, GG and Haycock formulae showed larger
discrepancies as compared with the Fujimoto and DuBois
formulac. The DuBois formula has been a standard formula in
western countries. Several studies have validated the accuracy
of this formula (6,16,19). There was a relatively small discrep-
ancy between the Fujimoto and DuBois formulae. However,
the possibility of anticancer agents being underdosed is higher
in the Fujimoto formula compared to the DuBois formula. In
this age of intenational collaboration there is a need for a uni-
versal cancer treatment. It is therefore necessary to standardize
the BSA formula to avoid the complexity of using multiple
formulae, We recommend the DuBois formula as the standard
BSA formula {o calculate the dose of anticancer agents in
Japan.
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