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proteolysis for degradation of extracellular matrices
(ECM). This allows tumor cells to invade through tissue
stroma and subsequently to enter and spread via the blood
and lymphatic systems. Matrix metalloproteinases
(MMPs), including MMP-2 and 9 (gelatinase A and B).
are members of proteolytic enzymes which can degrade
native collagens and other ECM components [15].
Enhanced mRNA and protein levels of MMP-2 and/or 9
have been detected in a variety of human malignant
tumors. It is also noted that the urokinase-type plasmi-
nogen activator (uPA) plays an important role in the
invasion process [16]. The proteolytic cascade of ECM
components is triggered by the uPA-mediated conversion
of plasminogen to plasmin and the subsequent activation
of procollagenases {17].

The primary tumor with a high proportion of angiogenic
cells is likely to give rise to metastatic implants that are
already angiogenic. enabling them (o grow in lymphnodes
and distant organs [18]. Tumors that produce a higher level
of angiogenic factors may have a more aggressive behavior
than tumors negative for those factors in the process of
invasion and metastasis. It may be expected that the
expression of various angiogenic factors in tumor cells is
closely assoctated with invasive phenotype of the cells.
However, there have been very few reports on the co-
expression patterns of the genes implicated in angiogenesis
and tumor invasion [19].

In the present study., we investigated gene or protein
expression levels of various angiogenic factors and proteo-
lytic enzymes in cervical carcinoma cells and correlated
them with invasive activity of the cells. Moreover, we
sought to determine whether a different co-expression
pattern of those genes exists between tumor cells and
normal cervical tissues.

Materials and methods
Cell culune

Experiments were conducted using seven human
cervical squamous cell carcinoma (SKG-I, SKG-II.
SKG-IHa, SKG-1lIb. OMC-1, YUMOTO and QG-U)
and four adenocarcinoma (HOKUG. NUZ, OMC-4 and
CAC-1) cell lines. The OMC-1 [20] and OMC-4 [21] cell
lines were established in our laboratory. The SKG-I [22],
SKG-II [23]. SKG-Illa and SKG-1I1b [24] cell lines were
kindly provided by Dr. Shiro Nozawa, Keio University,
Tokyo. The YUMOTO (23], QG-U [26] and NUZ [27]
cell lines were kindly provided by Dr. Naotake Tanaka,
Chiba University. Chiba. The HOKUG {28] and CAC-]
[29] cell lines were provided by Dr. Isamu Ishiwata,
Ishiwata Hospital. Mito and Dr. Osamu Hayakawa,
Sapporo Medical College. Sapporo, respectively. All of
the 11 cell lines, except for the YUMOTO. QG-U and
NUZ cell lines. were maintained as monolayer cultures in

Ham’s F-12 medium (Flow Laboratories Inc., lrvine,
Scotland) supplemented with 10% fetal bovine serum
{(Mitsubishi Chemical Co., Tokyo) at 37°C in a humidi-
fied incubator with 5% CO- in air. The YUMOTO, QG-U
and NUZ cell lines were cultured in RPMI-1640 medium
(GIBCO BRL. Bethesda, MD) supplemented with 10%
fetal bovine serum as described above. The cells were
grown in 75-em” tissue culture flasks (Nunc, Roskilde,
Denmark). washed with phosphate-buffered saline (PBS)
and then harvested after a brief treatment with 0.1%
trypsin solution containing 0.02% EDTA (Flow). The cell
viability was determined by trypan blue dye exclusion
prior to use.

Protein solution of cervical carcinoma cells was prepared
from each cell Tine as previously described [30]. Briefly.
confluent monolayers of tumor cells grown in 10 em plastic
dishes (Corning 25010, lwaki Glass, Tokyo) were rinsed
twice with cold PBS and then lysed with modified RIPA
buffer (2 mM sodium orthovanadate. 50 mM NaF, 20 mM
HEPES, 150 mM NaCl, 1.5 mM MgCls, 5 mM sodium
pyrophosphate. 10% glycerol. 0.2% Triton X 100, 5 mM
EDTA, I mM PMSFE. 10 mg/ml leupeptin and 10 mg/ml
aprotinin). The protein concentration of each sample was
determined by using a DC protein Assay Kit (BioRad
Laboratories, Hercules, CA) and then stored at —80°C until
use.

Tissue sample

Normal cervical tissues were obtained from 14 women
who received hysterectomy under the diagnosis of uterine
myoma and were used for mRNA analysis with consent,
These tissues did not have any findings of cervical
neoplasms and consisted of normal epithelial and stromal
components, which was confirmed by pathological obser-
vation. Gene expression levels of these materials containing
both components were evaluated in total as previously
described by Van Trappen et al. [19]. All tissue samples
were immediately frozen in liquid nitrogen and then stored
at —80°C until use.

RNA isolation and ¢cDNA preparation

RNA was extracted from cell lines and homogenized
tissue samples by a combination of initial phenol/chloro-
form extraction according to the RNA STAT-60 protocol
(Tel-Test. Inc, Friendswood, TX) and then $V-total RNA
isolation kit extraction (Promega Corp. Madison. WI)
according to the supplier’s recommendation. Contaminat-
ing residual genomic DNA was removed by digestion
with RNase free DNase (Promega). ¢cDNAs were pre-
pared using at least 2 pg of total RNA and SUPER-
SCRIPT H reverse transcriptase (GIBCO BRL Life
Technologies, Gaithersburg, MD) with random hexamers
as primers and were finally dissolved in diethyl pyrocar-
bonate-treated water and then frozen at —20°C until use.
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Quantitative reverse transcription (RT)-PCR analysis

Quantitative PCR amplification was performed with a
LightCycler (Roche Diagnostics, Tokyo, Japan) according
to the method reported by Yamada et al. [31] with some
modifications for each target gene. As an internal control,
the expression of [3-actin mMRNA was measured. The primer
pairs and hybridization probes for total VEGF-A, VEGF-A
splicing variants (VEGF.;. VEGF,;; and VEGF ko),
VEGF-B, C and D. bFGF, dThdPase, MMP-2, uPA and
f-actin are shown m Table 1. Two microliters of ¢cDNA
aliquots was subjected to amplification in a 20 pul reaction
nixture containing 2 pl LightCycler-FastStart Mix (Taq
DNA polymerase, reaction buffer and deoxynucleoside
triphosphate mix; Roche Molecular Biochemicals, Man-
nheim. Germany). 1 ul sense and antisense primers (10 pM),
I ul hybridization probe R (8 pM), | ul hybridization probe
F (4 pM). 3 mM MgCl, and sterile distilled water. After an
initial denaturation at 95°C for 15 min, 40 cycles of
denaturation at 95°C for 10 s. annealing at 62°C for 10 s
and extension at 72°C for 10 s for the respective target genes
were carried out on a Roche LightCycler System. A
standard curve was generated using fluorescent data from
the serial dilutions of the plasmid including a single PCR
product for each gene. The gene expression levels were
expressed as 1000 x each target gene/[3-actin. Each analysis
was performed in triplicate.

Sancwich enzyme-linked immunosorbent assay (sandwich
ELISA) for VEGF-C and MMP-2

Protein solution of each cell line was assayed for VEGF-
C expression of tumor cells according to the method
reported by Weich et al. [32] with some modifications.
Briefly. 10 pg/ml of anti-human VEGF-C rabbit IgG 103
(IBL, Gunma, Japan) was used for coating, and the antigen-
affinity purified and horseradish-peroxidase (HRP)-conju-
gated antibody 408 (IBL) at 1 pg/ml was used as a detector
antibody. As a standard. recombinant human VEGF-C (IBL)
was used over a concentration range between 0.1 and 6.25
ng/ml. For visualization of the detector, tetra-methyl-
benzidine (Roche, Mannheim, Germany) was used. After
stopping the reaction with I M H-S0y, the absorbance was
measured at 450 nm by a microplate reader (Tosoh model
MPR-A4. Tokyo). Generally, the samples were analyzed 1n
different dilutions, measuring each dilution m triplicate.

MMP-2 expression of tumor cells was assayed accord-
ing to the method reported by Fujimoto et al. [33]. A
protein solution containing MMP-2 was mixed with 50 ng/
I anti-MMP-2 1gG (clone 43-3F9, Fuji, Toyama. Japan)
HRP conjugate in 10 mM sodium phosphate buffer (pH
7.0) containing 10 g/l bovine serum albumin, 0.1 M NaCl
and 10 mM EDTA; 0.1 ml aliquots of the nuxture was
transferred to each microplate well previously coated with
an anti-MMP-2 1gG (clone 75-7F7, Fuji). As a standard,
purified human MMP-2 (Fuji) was used. HRP activity

Table 1

Primers/probes sequences used in the real-time quantitative RT-PCR assays for 11 genes involved in angiogenesis and tumor invasion and the housckeeping gene B-actin

Antisense primers Hybridization probe F Hybridization probe R

Sense primers

Genes

ATTATGCGGATCAAACCTCACCAAGG

ATTATGCGGATCAAACCTCACCAAGG
ATTATGCGGATCAAACCTCACCAAGG

ACTGAGGAGTCCAACATCACCATGCA

ACTG

5-ACCGCCTCGGCTTGTCAC-3

5-CCCTGATGAGATCGAGTACATCTT-3

VEGF-A total

GGAGTCCAACATCACCATGCA

5'-GCCTCGGCTIGTCACATTTT-3
§"-AGCAAGGCCCACAGGGATTT-Y

5"-CCCTGATGAGATCGAGTACATCTT-3

121

165

189
VEGF-B

ACTGAGGAGTCCAACATCACCATGCA
ACTGAGGAGTCCAACATCACCATGCA

§-CCCTGATGAGATCGAGTACATCTT-3
5'-CCCTGATGAGATCGAGTACATC
5-TGACATCACCCATCCCACTC-3

ATTATGCGGATCAAACCTCACCAAGG

CAGGTGCCGGAAGCTGCGAA

5-AACGCTCCAGGACTTATACCG-3
§-CACCCTGCTGAGTCTGAAAA-
5-AATATGAAGGGACACAACGA-Y

3

GGGCTTAGAGCTCAACCCAGACACCT
GTTCCACCACCAAACATGCAGC
TCCTCTCCATTCCTTGGTGCGC

GTTACAGACGGCCATGTACGAACC

§-CCAGAAATCAACCCCTAAAT-Y
S-TTCACACCAGCTAAGGAGTC-¥

VEGF-C

GAGGCATCTGCAGCTAGAAGACATCCAT

CAGGGGATGGGTAAGACAGTCTATGGTAA  ACAGTCTACAGTCACAGCACATGGGAATT

5-AGTTTTCCTCATCTGCTCTG-3'
5'-TAAGGGAAGTCAGCATGTAA-Y

VEGF-D
bFGF

5-AAGAAGAGGAAGTCACAGAA-3
S-AATGTCATCCAGAGCCCAGA-Y
§-GTGGATGCCGCCTTTAACTG-Y

CTGCCACTCATCACAGCCTCCATTC
CTGGAATGCCATCCCCGATAACCT

GAGATGTGACAGCCACCGTGGACAG
GCTTTCCCAAGCTCATCGCAGATG

TTCCCTCCAAGGCCGCATGACT

5-TCCGAACTTAACGTCCACCA-3

dThdPase
MMP-2

uPA

5-AGCAGCCTAGCCAGTCGGAT-3'

TGACTGGAATTGTGAGCTGGGGC

5'-ATCCAGGGTAAGAAGTGTGA-3

5-CTGAAGTCACCACCAAAATG-¥
5'-CCAACCGCGAGAAGATGAC-3

GGACCTGGCTGGCCGGGACCTGA

CCTCCCCCATGCCATCCTGCGTC

5'-GGAAGGAAGGCTGGAAGAGT-3

P-actin

455
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bound on the plate was assayed by adding 100 il of 0.15 M
citric acid- sodium phosphate buffer containing 2.0 g/lo-
phenylenediamine and 0.02% H,O,. After stopping the
reaction with 1 M H-SO,, the absorbance was measured at
492 nm by a microplate reader. Each assay was performed in
triplicate.

Haptoinvasion assay

The mvasive activity of tumor cells was assayed in
Chemotaxicell culture chambers (Kurabo, Osaka) according
to the method reported by Albini et al. [34] with some
modifications as previously described [35]. Polyvinylpyr-
roridone-free polycarbonate filters with 8.0 um pore size
were precoated with 10 pg of fibronectin in a volume of 50
wl of PBS on the lower surface and dried overnight at room
temperature under a hood. The Matrigel diluted to 500 pg/
ml with cold PBS was then applied to the upper surface of
the filters (5 pg/filter) and dried again. Log-phase cell
cultures of tumor cells were harvested with 0.1% trypsin
containing 0.02% EDTA and resuspended to a final
concentration of 3.0 x 10°%ml in growth medium. 200 pl
of cell suspension was added to the upper compartment, and
600 pl of growth medium was immediately added to the
lower compartment. The chambers were then incubated for
24 h at 37°C in a 5% CO- air. The filters were fixed with
ethanol and stained with hematoxylin. The cells on the
upper surface of the filters were removed by wiping with a
cotton swab. The cells that had migrated to various areas of
the lower surface were manually counted under a micro-
scope at a magnification of 400. Each assay was performed
in triplicate.

Table 2

Statistical analysis

All statistical calculations were carried out using Stat-
View statistical software. The Spearman rank correlation
coefficient was used to analyze the relation between two
different values. The Mann- Whitney U test was used to
compare the gene expression levels between normal and
malignant cell samples. A level of P < 0.05 was accepted as
statistically significant.

Results

Gene co-expression patterns in cervical carcinoma cells and
normal cervical tissues

Real-time quantitative RT-PCR analysis was performed
on mRNA transcripts of 11 genes (total VEGF-A. VEGF, 5,
VEGF,4s, VEGF g9, VEGF-B. C and D, bFGF, dThdPase,
MMP-2 and uPA) involved in angiogenesis and tumor
invasion. Tables 2 and 3 show the Spearman correlation
matrices of gene co-expression patterns with coefficient
correlation (rho) and P values in cervical carcinoma cells
and normal cervical tissues, respectively. In malignant
cervical cells, significant co-expressions were found among
total VEGF-A and different VEGF-A splicing variants.
VEGF-B was also co-expressed with VEGF-A. There were
statistically significant correlations in gene expression levels
between VEGF 45 and dThdPase or VEGF-C' and MMP-2.
Significant co-expressions were also observed between uPA
and VEGF-A or MMP-2. There were no statistical differ-
ences in gene expression levels of various angiogenic

Spearman correlation matrix to assess gene co-expression (with tho and P values) in cervical carcinoma cells

VEGFa  VEGF)5  VEGEss  VEGFgy  VEGF-B VEGF-C  VEGE-D  bIFGF dThdPase  MMP-2 uPA
VEGF g rtho 1.000
P value
VEGF |4 rho 0.95] 1.000
P value <{(1.0001
VEGF 45 vho 0.972 0.909 1.000
P value <0.0001 <0,000]
VEGFg  the 0.965 0.916 0.909 1.000
Pvalue  <0.0001 <0.0001 <(.0001
VEGF-B rho 0.713 0.664 0.797 0.664 1.000
P value 0.009 0.018 0.002 0.018
VEGF-C rho 0.368 0.291 0.406 0.403 0.123 1.000
P value 0.240 0.359 0.190 0.194 0.704
VEGF-D  tho —0.051 0.087 —0.094 —0.029 —0.022 —0.458 1.000
P value 0.876 0.788 0.77 0.929 0.946 0.135
bFGF rho 0.259 0.119 0.308 0.252 0.357 —0.070 0.051 1.000
P value 0.417 0.713 0.331 .430 0.255 0.829 0.876
dThdPase  rho 0.483 0.448 0.580 0.503 0.483 0.574 -0.392 0.028 1,000
P value 0.112 0.145 0.048 0.095 0.112 0.051 0.208 0.931
MMP-2 rho 0.345 0.373 0.303 0.465 0.070 0.635 —(.190 —0.063  0.359 1.000
P value 0.272 0.232 0.339 0.128 0.828 0.027 0.555 0.845  0.252
uPA rho 0.644 0.683 0.588 0.764 0.518 0.311 -0.123 0.235 0508 0.713 1.000
P value 0.024 0.014 0.044 0.004 0.084 0.326 0.702 0463 0.092 0.009
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Table 3
Spearman correlation matix to assess gene co-cxpression (with rho and /2 values) in normal cervical fissues .
VEGF  VEGFi:;  VEGEs  VIEGEFw  VEGE-B VLEGF-C VEGE-D - bFGE dThdPase  MMP-2  uPA
VEGF 0 1ho 1.000
P value
VEGE . tho 0.231 1.000
P value 0.471
VIGE s tho 0.657 0.322 1.000
P value 0.020 0.308
VEGYgy  tho 0.687 ~{(1.288 0.434 1.000
P value (.014 1.363 0.13%
VEGE-B tho 0.413 0.175 0.308 0.214 1.000
P value 0,183 0.587 0.331 0.505
VEGE-C rtho -0.2606 0.539 0.021 —0.363 —0.021 1.000
P valae 0.404 0.059 0.948 0.246 0.948
VEGF-D  tho —0.341 —0.470 ~.433 -0.112 0.233 —0.054 1.000
P value 0.278 0.123 0.160 0.72¢ 0.466 0.867
bFGE rho —0.130 —0.003 —0.035 —0.337 0.522 0.112 0.45% 1.000
P value 0.088 0.846 0914 0.284 0,082 0.729 0.134
dThdPase  rho 0.573 0.015 0.308 0.014 0.392 0.084 —0.387 —0.049 1000
P value 0.081 0.033 0.33] 0.965 0.208 0.795 0214 1.8K0
MMP-2 tho 0.294 —0.056 0.287 (1.320 0.552 0.280 0.420 0340 0.042 1.000
P value 0.354 0.863 0.366 0.310 0.063 1.379 0.174 0.280  0.897
uPA tho --0.301 0.266 —0.308 ~0.0306 —0.056 0.406 -0.108 —0.102 0.063 —-0.301 1.000
I value 0.342 0.404 (1.331 0.913 0.863 0.191 0.738 0.753  0.846 (.342

factors and proteinases between squamous and adenocarci-
noma cell lines. In normal cervical tissues, total VEGF-A
was co-expressed with VEGF,.s or VEGF4. Gene
expression levels of VEGF ., were also statistically
cotrelated with those of dThdPase. However. gene co-
expression was not observed among other angiogenic
factors and proteinases.

Correlation between VEGF-C' or MMP-2 expression and
invasive phenotvpe in cervical carcinoma cells

We then investigated the relationship between VEGF-C
or MMP-2 expression and in vitro invasive activity of
tumor cells estimated by haptoinvasion assay. As shown in
Figs. 1A and B, there was a statistically significant
correlation between VEGF-C gene or protein expression
and the number of invaded tumor cells, with a coefficient
correlation of 0.917 (£ < 0.0001) and 0.912 (P < 0.0001).
respectively. Gene or protein expression levels of MMP-2
in 11 cultured cervical carcinoma cells were also well
correlated with the number of invaded tumor cells (Figs.
1C and D), with a coefficient correlation of 0.671 (P =
0.0238) and 0.723 (P = 0.0120), respectively. However,
there was no statistical correlation between mRNA
expression levels of the other genes and invasive activity
of the cells.

Differences in transcript levels of the genes in normaul
cervical tissues and malignant cervical cells

Fig. 2 illustrates the transcript levels in normal cervical
tissues and malignant cervical cells for 11 genes involved in
angiogenesis and tumor invasion. All normal and malignant

cervical samples expressed various angiogenic factors and
proteinases examined. The gene expression levels of differ-
ent VEGF-A splicing variants were significantly higher in
malignant compared to benign samples (£ < 0.01). In
confrast, there was no statistical difference in mRNA
expression levels of VEGF-B. C and D between normal
cervical tissues and cervical carcinoma cells. The levels of
MMP-2 in malignant were higher than those in benign
samples (7 < 0.05), however. no statistical difference was
found in bFGF, dThdPase or uPA gene expression between
two groups.

Discussion

Various kinds of genes have now been identified which
are involved in both tumor neovascularization and inva-
sion. and most of them are also expressed to some extent
under normal physiologic conditions. In the present study.
combined analysis of real-time quantitaive RT-PCR with
correlation matrices of gene expression data revealed the
differences in gene co-expression patterns between malig-
nant and normal cervical samples. In cervical carcinoma
cells. significant co-expressions were found among total
VEGF-A and VEGF-A splicing variants (VEGF.,
VEGF s or VEGFgo). which is consistent with the
previous reports [19]. Moreover. VEGF-B was also co-
expressed with VEGF-A. VEGF-A binds with high affinity
1o two tyrosine kinase receptors on the cell membrane of
vascular endothelial cells; VEGF receptor (VEGFR)-1 (Flt-
1) and VEGFR-2 (KDR/Flk-1). Binding of VEGF-A
causes receptor dimerization followed by autophosphory-
lation of the receptor and signal transduction [2.3]. VEGE-
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Fig. 1. Comrelation between VEGE-C gene or protein expression and the number of invaded tumor cells (A or B) and between MMP-2 gene or protein
expression and the number of invaded tumor cells (C or D). respectively. l:ach point represents the mean of triplicates for each cell line.

B, one of the new VEGF family members, also binds to
Flt-1 and induces pleiotropic responses of endothelial cells
[H1]. The gene co-expression pattern of VEGF-A and B
may suggest their cooperative role for tumor angiogenesis.
Our present results further demonstrated statistical corre-
lations in gene expression levels between VEGF 45 and
dThdPase, VEGF-C and MMP-2. or uPA and VEGF-A or
MMP-2. Recent studies have reported that tumors exhibit-
ing higher expression levels of VEGF-A or VEGE-C
possess a higher metastatic potential [36 38]. dThdPase
expression is also considered to be strongly linked to the
process of tumor invasion and metastasis [35.39]. The
gene expression of angiogenic factors may be closely
associated with proteolytic and invasive properties of
cervical carcinoma cells. In contrast, there was no
statistical correlation in gene expression levels between
angiogenic factors and proteinases in normal cervical
tissues. Although gene co-expression was observed among
total VEGF-A, VEGF-A splicing variants and dThdPase.
angiogenesis may not be related to ECM degradation by
proteolytic enzymes in normal physiologic conditions,

We next examined the correlation between gene expres-
sion levels of angiogenic factors and proteinases and in vitro
invasive activity of cervical carcinoma cells. Interestingly.
VEGF-C and MMP-2 gene expression was closely asso-
ciated with the number of invaded tumor cells. Moreover,
their protein expression was also well cotrelated with
invasive activity of the cells. VEGF-C is a ligand for
VEGFR-3 (Flt-4), a tyrosine kinase receptor which is
predominantly expressed in the endothelium of lymphatic
vessels [10]. Experimental results with the VEGF-C-trans-
genic mouse have shown that VEGF-C expression is
associated with hyperplasia of lymphatic vessels [40]. Thus,
VEGF-C is ranked first as a lymphoangiogenic factor,
which induces lymphatic proliferation and spread of solid
tumors. Recently, some investigators have demonstrated the
close correlation between VEGF-C expression and lym-
phatic invasion and tymphnode metastasis in a variety of
human malignant tumors [41 43]. Moreover, it is generally
accepted that tumor cell invasion into the lymphatic vessels
is established by the destruction of stroma around the
lymphatic vessels via activation of matrix-digesting
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Lig. 2. Transcript levels (target gene/Js-actin) of the genes implicated in angiogenesis and tumor invasion in normal cervical tissues and cultured cervical
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enzymes, which are produced by tumor cells or fibroblasts
[44]. Therefore. it could be expected that VEGF-C
expression in tumor cells is linked to invasive phenotype
of the cells. Our experimental results on the correlation
among VEGF-C, MMP-2 and invasiveness suggest that
cervical carcinoma cells producing VEGF-C may have a
higher invasive and metastatic potential because of their
capacity to pass through tissue barriers by degrading ECM
with MMP-2.

Finally, we compared the transcript levels of angiogenic
factors and proteinases between normal cervical tissues and
cultured cervical carcinoma cells. The gene expression
levels of different VEGF-A splicing variants and MMP-2
were higher in malignant compared to benign samples,
however, no statistical difference was found in other genes
examined. Van Trappen et al. [19] reported that VEGF-A
isoforms (VEGF,>; and VEGF,45), VEGF-C and MMP-9

gene expression were significantly increased in malignant
compared to normal cervical tissues and that there was no
significant difference in mRNA expression levels of
VEGF 49, bFGF and MMP-2 between two groups. They
used malignant cervical tissue samples surgically obtained
from the patients. The discrepancy might be due to the
differences of materials and culture conditions. It has been
demonstrated that VEGF-A is essential for the initial but not
for continued growth of human breast carcinomas and that
other angiogenic factors can substitute for VEGF-A during
disease progression [45]. In the present study. transcript
levels of VEGF-A splicing variants were increased in
cervical carcinoma cells compared to normal cervical tissues
but not associated with the invasive activity of tumor cells
as described above, VEGF-A isoforms might be involved in
the process leading to the transformation of normal cervical
cells rather than in the development of cervical carcinomas.
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In conclusion, gene co-expression analysis revealed the
significant correlation between angiogenic factors and
proteinases in cervical carcinoma cells but not in normal
cervical tissues. Among the genes examined. VEGF-C and
MMP-2 were closely related to invasive phenotype of tumor
cells, whereas VEGF-A isoforms were considered to be
involved in cervical carcinogenesis. Further studies are
needed to clarify the molecular events that coregulate the
genes implicated in angiogenesis and tumor invasion.
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Carboplatin hypersensitivity induced by low-dose
paclitaxel/carboplatin in multiple platinum-treated

patients with recurrent ovarian cancer
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Abstract. Watanabe Y, Nakai H, Ueda H, Nozaki K, Hoshiai H. Car-
boplatin hypersensitivily induced by low-dose paclitaxel/carboplatin in
multiple platinum-treated patients with recurrent ovarian cancer. Inf |
Gynecol Cancer 2005;15:224-227.

We report five cases of carboplatin (CBDCA) hypersensitivity after
weekly low-dose paclitaxel (60 mg/m*}/CBDCA (area under the concen-
tration curve = 2) therapy in patients with recurrent ovarian cancer re-
ceiving multiple platinum-based chemotherapy. Paclitaxel and CBDCA
therapy was indicated as second-line chemotherapy in one patient and
as third line in four patients with recurrent disease. The range of pre-
viously administered total CBDCA was 2582-9589 mg, and the CBDCA
area under the concentration curve of the first treatment exhibited ap-
propriate intensity (mean, 1.92 % 0.10; range, 1.76-2.10) in all patients.
Howeves, one patient exhibited severe hypersensitivity reactions in-
cluding cardiac arrest and apnea, and another four patients developed
eruptions, hypotension, and tachycardia soon after administration of
CBDCA. Our report suggested that CBDCA hypersensitivity was corre-
lated with the total dose of previously administered platinum agents
and that CBDCA should be excluded in patients who have received
multiple platinum-based chemotherapy, even in platinum-sensitive ca-
ses, because CBDCA hypersensitivity can occur even with low-dose
CBDCA administration.

KEYWORDS: CBDCA, hypersensitivity, recurrent ovarian cancer, weckly
low-dose chemotherapy.

Recent large phase-lII comparative clinical trials have
indicated that combination chemotherapy with car-
boplatin (CBDCA) and paclitaxel (TC therapy) is an
effective chemoregimen for patients with advanced
epithelial ovarian cancer'”. Moreover, it has also been

Address correspondence and reprint requests to: Yoh Watanabe,
MD, PhD, Department of Obstetrics and Gynecology, Kinki tni-
versity School of Medicine, 377-2 Ohno-Higashi, Osakasayama,
Osaka 589-6511, Japan. Email: watanabe@med kindat ac.jp

reported that TC therapy is effective even as a second-
line therapy in recurrent epithelial ovarian cancer®®.
Generally, patients with advanced ovarian cancer have
received multiple courses of platinum agent as first-,
second-, and occasionally third-line platinum-based
chemotherapy, and it is well known that the main ad-
verse effects of platinum agents are bone marrow sup-
pression, gastrointestinal toxicity, and neurotoxicity.
Although they are rare events, previous mports‘“’
have described hypersensitivity reactions to platinum
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agents as an issue during multiple platinum-based
chemotherapy regimens. They reported that the fre-
quency of hypersensitivity reaction was 15% in pa-
tients receiving CBDCA for treatment every 3 weeks
with the area under the concentration curve (AUC) =
5 or almost 300 mg/m? of CBDCA. Since 2000, we
have indicated weekly paclitaxel and CBDCA therapy
(WTC) with 3 weeks of administration followed by a
1-week break, for patients with recurrent epithelial
ovarian cancer, as second-line chemotherapy. How-
ever, if patients requested WTC even as third-line che-
motherapy, we administered this treatment under the
condition that the platinum-free interval was over
6 months, to develop a therapeutic level of chemo-
therapy while preventing neurotoxicity under fully
informed consent. We report the clinical features of
those CBDCA hypersensitivity cases receiving weekly
low-dose CBDCA-based chemotherapy.

Materials and methods

To begin WTC, a 60-min intravenous administration of
20 mg dexamethazone, 3 mg 5-HT; receptor antago-
nist, 50 mg ranitidine hydrochloride, and 50 mg of oral
diphenhydramine was given before administration of
paclitaxel and CBDCA. The treatment dose of pacli-
taxel and CBNDCA was divided into three of the stand-
ard TC (paclitaxel at 180 mg/m?, CBDCA AUC = 6):
paclitaxel at 60 mg/m” (equal to the per-week paclitaxel
dose intensity in the GOG 1117 study), CBDCA AUC =
2 (Calvert's formula). After premedication, CBDCA
was administered over 60 min followed by 60 min of
paclitaxel treatment. All hypersensitivity cases had
previously received platinum-based chemotherapy
every 3 weeks for a total of six courses of 175 mg/m?
paclitaxel and CBDCA AUC — 5, 500 mg/m* of
cyclophosphamide and 70 mg/m” of cisplatin, or 500
mg/m?* of cyclophosphamide and CBDCA AUC = 5
therapy. Four patienls were receiving the present
WTC as third-line chemotherapy, and one 72-year-
old patient received this regimen as second-line che-
motherapy for recurrent disease. Previously, three
patients had received 18 courses of the same WTC
schedule; the range of the previously administered to-
tal dose of CBDCA before hypersensitivity occurred
was 2582-9589 mg, and all cases had platinum-free
intervals longer than 6 months before WTC. Pretreat-
ment performance status according to the criteria of
the [astern Cooperative Oncology Group and hema-
tologic and nonhematologic status according to the
criteria of the National Cancer Institutec Common Tox-
icity were all within grade 1. The mean CBDCA AUC
calculated by nine-point blood samples in the first

opening treatment course was entirely within the ap-
proximate value (1.92 £ 0,01; range, 1.76-2.10).

Results

A total of 23 patients were treated with WTC (14 pa-
tients as second-line and nine as third-line chemother-
apy). The effects of WTC for patients with recurrent
ovarian cancer were 64.3% in second-line (complete
response: B, partial response: 3) and 33.3% in third-line
(PR: 3) treatments, while five cases (four patients in
third-line and one patient in second-line chemo-
therapy) developed CBDCA hypersensilivily among
those receiving WTC (Table 1). All the hypersen-
sitivity reactions occurred immediately after CBDCA
administration but not during paclilaxel admin-
istration. Four patients recovered from symptoms
within 10 min after stopping CBDCA administration,
but one patient required respiratory assistance with
intubation in an intensive care unit due to sudden
apnea and cardiac arrest after fainting. Except in one
patient with a severe hypersensitivity reaction, symp-
toms were hypotension {mean drop in blood pressure,
29 + 3 mm Hg in systalic, 14 + 8 mm Hg in diastolic),
dyspnea (mean Sa0,, 67.3 + 3.7 cm H,0), nausea, and
eruption. Except for the one severe hypersensitivity
patient, the other four patients were treated with a 2-
week break after the hypersensitivity reaction with an
initial 60 mg/m? of single paclitaxel therapy after giv-
ing the informed consent. These four palienls have
been able to continue treatment with more than six
courses weekly of 80 mg/m” of single paclitaxel ther-
apy without further hypersensitivity reactions, and
two patients (one second line and one third line) ach-
ieved PR from the weekly single paclitaxel treatment.
The frequency of CBDCA hypersensitivity by weekly
low-dose therapy has been estimated as 44.4% (4/9) in
third-line chemotherapy and 7.1% in sccond-line (1/
14) chemotherapy.

Discussion

Primary ovarian epithelial cancer is known as a che-
maosensitive gynecological malignancy, and recent reg-
imens have achieved an almost 75% overall responsc
rate and a 40% complete response rate’”, Therefore,
patienls with ovarian cancer occasionally receive mul-
tiple platinum-based chemotherapy, especially pa-
tients with a platinum-free interval of longer than 6
months. However, after multiple platinum-based che-
motherapy, hypersensitivity reaction to CBDCA is a
noteworthy adverse effect. Although the details of the
cause remain unknown, recent studies have reported
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Table 1. Characteristics of CBDCA hypersensitivity cases

Number of chemotherapy

Case Age Symptoms (prior regimens)

PHI Total CBDCA (Total CDDP) AUC of CBDCA

1 58 Eruption Third line (CT, TC-3)
Hypotension
Tachycardia
Dyspnea
Eruption
Hypotension
Tachycardia
Eruption
Hypotension
Tachycardia
4 72 Erupticn

I Iypotension
Tachycardia
Dyspnea
Cardiac arrest
Hypotension
Apnea

Third line (CC, WTC)

Third line (C1, WTC)

Second line (TC-3)

Third line (1C-3, WTC)

7 months 6991 mg (1300 mg) 210

8 months 3780 mg 1.98

10 months 5344 mg (1036 mg) 192

9 months 2582 mg, 1.76

15 months 9589 mg 1.81

WTC, weekly taxol (60 mg/m®) + carboplatin (AUC — 2); CF, cyclophosphamide (500 mg/m?) + cisplatin (70 mg/m?); CC, cyclo-
phosphamide (500 mg/m®) + carboplatin (AUC = 5); TC-3, every 3 weeks taxol {175 mg/mz)—+ carboplatin (AUC = 5). PHL, plati-
num-free interval, CBDCA, carboplatin; CDDP, cisplatin; Total CBDCA, prior total carboplatin administration before
hypersensitivity; Total CDDP, prior total cisplatin administration before hypersensilivity; AUC, area under the concentration curve.

interesting facts regarding CBDCA hypersensitivity.
Polyzos et al.® reported that CBDCA hypersensitivity
was found in 16% and indicated that 62.5% of these
cases showed mild reactions. They also reported that
there was no hypersensitivity reaction in a group re-
ceiving intraperitoneal CBDCA treatment, and in
33.3% of these patients, treatment could be replaced
by cisplatin. Furthermore, Robinson et al.” reported
the utility of desensitization for CBDCA hyper-
sensitivity by low-dose exposure to CBDCA. However,
Markman ¢t al.” expressed some doubts about de-
sensitization and re-administration of platinum agents
based on clinical experiences. In our cases, the mean
practical weekly administered CBDCA during the
course that caused a hypersensitivity reaction was
195.6 + 26.3 mg (range, 160-260 myg), and all cases ex-
hibited hypersensitivity reactions within 1 min after
CBDCA administration (roughly estimated mean
administered CBDCA dose until hypersensitivity re-
action accurred was 2.17 + 0.29 mg). Moreover, al-
though CBDCA AUC was examined when initiating
the course of WTC, the administered CBDCA AUC
was confirmed as the approximate dose. Therefore, i
was thought that the utility of CBDCA desensitization
could not be expected because the present cases ex-
hibited CBDCA hypersensitivity after administration
of less than 2 mg of CBDCA. The incidence of CBDCA
hypersensitivity after weekly low-dose CBDCA ther-
apy remains unknown because all previous reports re-
garding CBDCA hypersensitivity involved a CBDCA

2008 1GCS, International Journal of Gunecological Cancer 15, 224-227

treatment showing AUC 5-6. Yu et al."" reported that
the risk of hypersensitivity in children with brain tu-
mors treated weekly with 175 mg/m? of CBDCA
would increase because CBDCA hypersensitivity was
observed in 11.1% receiving weekly treatment and in
0.7% on the monthly schedule. However, in the pres-
ent series of adult patients with recurrent ovanan can-
cer, hypersensitivity reaction occurred in only one
elderly patient receiving second-line chemotherapy,
and the frequency of hypersensitivily was increased in
third-line chemotherapy. These results suggest that the
risk of CBDCA hypersensitivity is not correlated to a
definite amount or administration schedule but to the
prior accumulated dosce of the CBDCA. Moreover, it
was also suggested that CBDCA hypersensitivity
could be considered as platinum toxicosis because
all the patients showed hypersensitivity reaction after
administration of premedication, including dexametha-
zone for preventing allergic reactions. Although the ef-
ficacy of third-line chemotherapy for patients with
recurrent ovarian cancer has not been established, the
present report suggests that WTC is a safe treatment
regimen as second-line chemotherapy for such pa-
tients after considering the risk of CBDCA hyper-
sensitivity. Mareover, it remains unknown whether
the pretreatment dose of CDDP affects CBDCA hyper-
sensitivity and how much CBDCA will influence the
hypersensitivity reaction because five out of nine
(35.6%) patients who received third-line WTC treat-
ment did not sustain CBDCA hypersensitivity even
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though they received full courses of WTC. However,
consideration should be given to the fact that among
the present CBDCA hypersensitivity cases, four pa-
tients (80.0%) were receiving WTC as third-line che-
motherapy and three (60.0%) had previously received
over 5000 mg of CBDCA. Therefore, intensive ob-
servation is necessary during CBDCA-based chemo-
therapy in such patients. Furthermore, exclusion of
CBDCA might be recommended in patients who have
already received multiple platinum-based chemo-
therapies, for treatment safety. even if the patients are
identified as platinum sensitive.
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ABSTRACT

Objective: Doxorubicin, irinotecan and etoposide

controls were ketoconazole, 20uM, a potet

are all associated with the debilitating side-effects
of nausea and vomiting, thereby necessitating
concomitant antiemetic therapy. However, this may
increass the potential for drug—drug interactions
by inhibition or induction of the cytochrome P450
enzymes. A study was underfaken to investigate
the effects of the 5-HT -receptor antagonist
granisetron on the metabolism of doxorubicln,
irinotecan and etoposide / vitro in human liver
microsomal preparations.

Research design and methods: Doxorubicin,
20uM, irinotecan, 10 uM, and etoposide, 50uM,
were incubated in the presence of grardsetron,
0nM, 200V, 200k and 2000nM, in human liver
microsomal preparations (250u9). The levels of
unchanged doxorubicin, irinotecan and etoposide
in the incubation mixture were determined by
high-performance liquid chromatography. Positive

inhibitor of CYP3A metabolism, for irinotecan and
etoposide and quercitrin, 2mM, a potent inhibitor
of aldo-keto reductase, for doxorubicin.

Resuifs: In the absence of granisetron,
unchanged doxorubicin, irinotecan and etoposide
lavels decreased by 34.2 £ 5.5%, 21.3 £ 2.9% and
13.4 + 1.6% of control. respectively. Ketoconazole
prevented the breakdown of both irinotecan and
stoposide, while quercitrin inhibited the breakdown
of doxorublcin. Granisetron had no effect on the rate
of reduction of doxorubicin, isinotecan or etopaoside.

Conclusions: The results from this study
suggest that granisetron neither inhibits nor
induces the enzymes involved in the metabolism
of doxorubicin, irinotecan or etoposide. Thus,
granisetron ¢an be used safely to treat nausea and
vomiting induced by these agents with minimal
risk of drug~drug interactions.

introduction

The anthracycline doxorubicin has been used for many
vears in combination with other cytotoxic agents for
the treatment of a wide range of solid tumours and
haematologic malignancies. More recently, lipesomal
doxorubicin has appeared as a new cytotoxic agent for
the treatment of patients with advanced' or relapsed?
ovarian cancer. Moreover, etoposide has been recognized
as an effective agent for the treatment of lymphoma’,
metastatic testicular cancer!, small cell lung cancer

Paper 2865

and relapsed ovarian cancer?, while irinotecan hydrate
is widely used with S-fluorouracil for the treatment
of advanced colorectal cancer’ and advanced ovarian
cancer®, Furthermore, all these antineoplastic agents
are recommended as salvage chemotherapy for relapsed
epithelial ovarian cancer by the National Comprehensive
Cancer Network Treatment Guidelines. However, all
these agents may induce the debilitating symptoms
of nausea and vomiting that are commonly associated
with antineoplastic chemotherapy. Fortunately, the
development of the 5-HT -receptor antagonists for the
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prevention and treaument of chemotherapy-induced
emesis has enabled many patients to achieve good
control of this side-effect’.

Granisetron is a potent and selective antagonist at the 5-
HT, receptor®. Clinical trials have shown that it controls
nausea and vomiting in patients undergoing moderately or
severely emetogenic chemotherapy™"', while granisetron
given with a corticosteroid enhances antiemetic efficacy
further®. However, concomitant administration of
supportive care agents with antineoplastic drugs increases
the risk of drug~drug interactions via the cytochrome
P450 (CYP) system". Furthermore, the majority (60%)
of cancer patients are aged 65years and over and
approximately 80% of them have comorbid conditions
for which they are taking prescription medications *'*. A
recent study in patients with advanced cancer indicated
that the potential for drug-drug interactions increases
with age, number of concomitant medications and length
of hospital stay'®, Although all the patients in the study
were suffering from advanced cancer, and may have been
experiencing specific problems related to the stage of
their disease, the study indicates that there is considerable
potential for drug-drug interactions in elderly patients
with cancer. This may compromise treatment efficacy or
increase drug-related toxicity.

Doxorubicin is metabolized to doxorubicinol by cyto-
plasmic aldo-keto reductase, and both doxorubicin
and doxorubicinol are further metabolized by CYP
enzymes'’. The major metabolic pathway of etoposide
is J'-demethylation by CYP3A4", while oxidation of
the piperidinylpiperidine side chain of irinotecan hy
CYP3A4 produces the relatively inactive oxidative
metabolites 7-ethyl-10-[4-N-(5-aminopentanoic acid)-
1-piperidino] curbonyloxycamptothecin and 7-ethyl-
10-(4-amino-1-piperidino) carbonyloxycamptothecin®.
The metabolism of granisetron is also mediated via the
CYP3A subfamily to produce the major metabolite
7-hydroxygranisetron and also a smaller amount of
9-desmethylgranisetron®. The role of the CYP3A
isoenzymes in the metabolism of granisetron, therefore,
raises the potential for drug—drug interactions between
granisetron and any other agent metabolized through the
same enzyme pathway.

Granisetron does not appear to inhibit the activities of
CYPIA2Z, CYP2A6, CYP2BG, CYP2C9/8, CYP2CI9,
CYP2D6, CYP2E1 or CYP3A at concentrations up to
250uM®. Furthermore, experience from our laboratory
suggests that granisetron has no effect on the in
vitro metabolism in human liver microsomes of either
paclitaxel or docetaxel, both of which are also metabol-
ized by CYP3A4%. To further evaluate the potential for
granisetron interactions with chemotherapeutic agents,
the present study investigated the effects of granisetron
on the in vitro metabolism of doxorubicin, irinotecan
and etoposide in human liver microsomes.
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Methods
Chemicals

Granisetron was obtained from Chugai Pharmaceutical
Co., Ltd. (Tokyo, Japan). Irinotecan and SN-38, a
potent inhibitor of topoisomerase I, were obtained from
Yakult Honsha Co., Ltd. {Tokyo, Japan). Doxorubicin,
etoposide, (S)-(+)-camptothecin, ethyletoposide,
daunorubicin and quercitrin were obtained from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan) and
ketoconazole was from Biomol Research Laboratories,
Inc. (Plymouth Meeting, PA, USA). All other reagents
were purchased from commercial sousces and were of
the highest grade.

Human liver microsomes

Four batches of pooled human liver microsomes (Inter-
national Institute for the Advancement of Medicine:
{IAM, Scranton, PA, USA), collected from 15 donors,
were used. They were preserved at -80°C until the time
of use.

Analytical procedures

Human liver microsomes, 250 pg, were incubated at
37°C in the presence of 0.1 M potassium phosphate
buffer (pH 7.4) and 0.1 mM reduced nicotinamide
adenine dinucleotide phosphate (NADPH) in
a final volume of 0.5 mL. Preliminary experiments
determined the incubation time and the concentration
of doxorubicin, irinotecan and etoposide. Based on the
findings of these studies, granisetron ((inal concentration
20 nM, 200 nM and 2000 nM) was incubated with the
human liver microsome preparation in combination
with either doxorubicin, 20 uM, for 4 h, irinotecan,
10 uM, for 60 min or etoposide, 50uM, for 2h.
The levels of unchanged doxorubicin, irinotecan and
etoposide in the incubation mixtures were determined
by high-performance liquid chromatography (HPLC).
Ketoconazole, 20 uM, a potent inhibitor of CYP3A4,
served as a positive control for irinotecan and etoposide,
while quercitrin, 2 mM, a potent inhibitor of aldo-keto
reductase, served as a positive control for doxorubicin.

HPLC conditions

The LC-10A System (Shimadzu Co., Tokyo, Japan)
was used as the determination device with an Inertsil
separation column (150 X 4.6mm internal diameter,
Sum, GL Sciences Inc., Tokyo, Japan) with a guard
column [Guard Pal Inserts Nova Pak C18, Waters Co.,
Milford, CT, USA).

HPLC for determination of doxorubicin was performed
according to the method of de Bruijn et al.Z. The flow
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rate of the mobile phase was set at 1.25mL/min, column
temperature was 50°C and the wavelength for UV
detection was 480mm. Retention times for unchanged
doxorubicin and daunorubicin in the human liver micro-
some preparations were 8.5 min and 22 min, respectively,
and the concentrations of doxorubicin and daunorubicin
were calculated using the area under the peak. The limit
of detection for doxorubicin was 0.3 M.

HPLC for determination of irinotecan was performed
according to the method of Haaz et al.#. The flow rate
of the mobile phase was set at 1.0mL/min, column
temperature was room temperature and the wavelength
for UV detection was 355nm. Retention times for
unchanged irinotecan, its active metabolite SN-38 and
camptothecin in the human liver microsome preparations
were 17min, 29min and 28min, respectively, and the
concentrations of irinotecan, SN-38 and camptothecin
were calculated using the area under the peak. The limit
of detection for irinotecan was 0.3 uM.

HPLC for determination of etoposide was performed
accarding to the method of Kawashiro et al.®. The flow
rate of the mobile phase was set at 1.0 mL/min, column
temperature was room temperature and the wavelength
for UV detection was 288nm. Retention times for
unchanged etoposide and ethyletoposide in the human
liver microsume preparations were 8.5 min and 16 min,
respectively, and the concentrations of etoposide and

-

B
2
-
4

ethyletoposide were calculated using the area under the
peak. The limit of detection for etoposide was 1.5 uM.

Statistical analysis

The data were analysed using one-way analysis of
variance (ANOVA), followed by Bonferroni's multiple
t-test. A value of p < 0.05 was classed as significant.

Results

All data are the mean * SE of four determinations.

Doxorubicin

Preliminary experiments established optimum conditions
of 4-h incubation time with doxoruhicin concentrations
of 10uM (Figure 1A). In the presence of NADPH, quer-
citrin, 2mM, inhibited aldo-keto reductase metabolism
and prevented the breakdown of doxorubicin in the
human microsomal preparations (Figure 2A). In the
absence of granisetron, the amount of unchanged doxo-
rubicin (10uM) in the incubation mixture decreased by
34.2 £5.5% (Figure 2A). Granisetron, 20nM, 200nM
and 2000nM, had no effect on the rate of doxorubicin
reduction (p > 0.05; Figure 2A).
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Figure 1. Effect of incubation time on metabolism (upper panel) and concentration in human liver microsomes (lower
panel) of (a} doxorubicin, (b) irinotecan and (c) etoposide
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Irinotecan and etoposide

Optimum conditions established by preliminary cxperi-
ments were 60-min incubation time with concentrations
of irinotecan, 10uM (Figure 1B), and 2-h incubation
time with concentrations of etoposide, S0uM (Figure
1C). In the presence of NADPH, ketoconazole, 20uM,
inhibited CYP3A4 metabolism and prevented the
breakdown of irinotecan (Figure 2B) and etoposide
(Figure 2C) in thc human microsomal preparations. In
the absence of granisetron, the amount of unchanged
irinotecan (10uM) in the incubation mixture decreased
by 21.3 £2.9% (Figure 2B}, while that of unchanged
etoposide (50uM) decreased by 13.4+ 1.6% (Figure
2C). Granisetron, 20nM, 2000M and 2000nM, had no
effect on the rates of reduction of irinotecan (p > 0.03;
Figure 2B) or etoposide (p > 0.05; Figure 2C).

Discussion

The 5-HT,-receptor antagonist, granisetron, is metabol-
ized primarily via the CYP3A isoenzymes. Bloomer et al.
have previously demcenstrated that granisetron at concen-
trations hetween 0.5pM and 250puM did not inhibit
the activity of a number of CYP isoenzymes®, and the
present study has confirmed that it neither inhibits
nor induces the enzymes involved in the metabolism
of doxorubicin, irinotecan and etoposide in an in vitro
human liver microsomal preparation. These results
further cxtend the knowledge from a previous study,
which found that granisetron did nqt alter the in vitro
metabolism of docetaxel or paclitaxel in human liver
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microsomes™. In the present study, granisetron did not
interact with the hreakdown of doxorubicin, irinotecan
or etoposide, even when present at concentrations up to
60-told higher than the maximum plasma concentrations
that have been reported in vivo®.

Ketoconazole is known to be a potent, selective
inhibitor of the CYP3A isoenzymes, with a K of less
than 1uM*. Consistent with this, the present study
found that ketoconazole, 20uM, was a potent inhibitor
of the metabolism of irinotecan and etoposide, hoth
of which are metabolized by CYP3Ad4. Additionally,
quercitrin, which is an inhibitor of aldo-keto reductase,
completely inhibited the reduction of doxorubicin. In
contrast, granisetron had no effect on the metabolism
of the three study agents.

Sixty per cent of cancer patients are classed as elderly
(over 65 years of age} and, as such, have an increased risk
of suffering from declining organ function and a number
of comorbid conditions'*". As a result, they will often
consume multiple medications'®: indeed, 78% of patients
aged over 65 years are estimated to be taking prescription
medications, while 39% consume five or more drugs*.
The risk of drug-drug interactions has been shown to
increase with age and concomitant medications's, and
is estimated to be over 509 when a patient is receiving
five medications, rising to a 100% probability with seven
or more medications™. It is, therefore, essential that the
potential for drug—drug interactions is minimized through
identification of offending agents or the use of agents
with no known drug—drug interactions.

Current antiemetic guidelines recommend the prophyl-
actic administration of a 5-HT -receptor antagonist
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in combination with dexamethasone and aprepitant
for highly emetogenic chemotherapy, and a 3-HT.-
receptor antagonist in combination with dexamethasone
for moderately emetogenic chemotherapy”. Among
the currently available 5-HT, antagonists, granisetron
is metabolized exclusively by the CYP3A isoenzymes.
In contrast, ondansetron is metabolized by CYP2D6,
CYPIA2 and to a small extent CYPIAL, in addition
to the CYP3A isoenzyme'. Consequently, there is a
potential for multiple drug-drug interactions between
ondansetron and other agents that are also metabolized by
any of these isoenzymes, and there have been a number
of documented drug-drug interactions with this agent™ ™.
Furthermore, dolasetron and tropisetron are also both
metabolized in part by members of the CYP3A group, in
addition to CYP2D6. This is of particular concern given
that CYP2D6 is subject to genetic polymorphism™",

As doxorubicin, irinotecan and etoposide are all
associated with the debilitating side~effects of nausea and
vomiting, an antiemetic agent is indicated for patients
undergoing treatment with any of these drugs. However,
consideration must be given to the choice of antiemetic
agent and its potential for drug-drug interactions. The
present study suggests that granisetron can be used to treat
nausea and vomiting induced by antineoplastic regimens
that include doxorubicin, irinotecan or etoposide, with
minimal risk of drug-drug interactions.

Conclusions

This study indicates that the 5-HT -receptor antagonist
granisetron neither inhibits nor induces cnzymes
involved in the metabolism of doxorubicin, irinotecan
and etoposide. The use of granisetron for the treatment
of nausea and vomiting should, therefore, limit the
potential for drug-drug interactions.
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Abstract

Objective. Although paclitaxel and carboplatin therapy (TC) is an established effective standard regimen for patients with ovarian cancer,
both treatment delay for hematologic toxicity and discontinuation of treatment due to neurotoxicity have occasionally been reported. To
achieve therapeutic density, we evaluated the usefulness of weekly low-dose TC therapy (WTC) in patients with platinum-sensitive (median
PFI was 1.4 + 2.7 months) recurrent epithelial ovarian cancer.

Methods. A total of 25 patients were treated with paclitaxel at 60 mg/m” and carboplatin at AUC = 2 using 3 weekly courses with a 1-
week break schedule. Eighteen patients had assessable tumors for response, and the other seven patients were evaluated by CA-125-based
response. All of the patients were assessable for toxicity.

Results. The overall response rate (OR) based on WHO criteria was 84.2% (95% CT; 0.65-0.98), including nine complete responses (CR);
OR based on CA-125 was 85.7% (95% CI. 0.42-0.99), including 3 CR. The total response rate was 88.0% (95% C.L; 0.68-0.97). The
median progression-free survival of the patients was 3.5 months during the mean follow-up period of 21.9 £ 9.2 months. No patients had
grade 1 or higher thrombocytopenia, and although 44% of the patients developed neurotoxicity, all cases remained grade 1. Treatment delay
of over 7 days due to toxicity was observed in only two patients (16.0%) and in six cycles (1.3%) in a total of 451 cycles.

Conclusion. WTC combination. as used in this study, produced a high response rate with acceptable toxicity, and the optimal combination

in a weekly regimen remains to be determined.
€ 2004 Elsevier Inc. All rights reserved.

Kevwords: Weekly administration; Paclitaxel: CBDCA; Recurrent ovarian cancer

Introduction

Recently, the ICON 4 trial [1] demonstrated that
paclitaxel/platinum therapy was significantly superior in
achieving progression-free survival (PFS) and overall
survival compared to those achieved by conventional
nonpaclitaxel/platinum chemotherapy in patients with plat-
inum-sensitive recurrence. Therefore, paclitaxel and carbo-
platin (CBDCA) therapy (TC) is being developed as an
effective regimen not only for patients with primary

* Corresponding author. Department of Obstetrics and Gynecology.
Kinki University School of Medicine, 377-2 Ohno-Higashi, Osakasayama.
Osaka 589-8511. Japan. Fax: =81 72368 3745,
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epithelial ovarian cancer but also for platinum-sensitive
relapsed epithelial ovarian cancer. However, with treatment
by TC therapy, thrombocytopenia, alopecia, and neuro-
toxicity are frequently experienced as uncontrolled adverse
effects. In our departiment, several patients rejected con-
tinuation of TC therapy due to neurotoxicity, and several
patients rejected even starting TC therapy due to their
anxiety about neurotoxicity. These trends indicate that
thrombocytopenia, alopecia, and neurotoxicity, especially
sensory neurotoxicity, should be resolved while maintaining
therapeutic effects, dose intensity, and providing an incen-
tive for treatment and maintaining the patient’s quality of
life. Recently, several studies reported the efficacy of
weekly 1-h paclitaxel infusion therapy for advanced or
recurrent cancer.
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Weekly administration regimens afford theoretical
advantages based on cell cytokinetic effects of drug-
resistant clones by frequent exposure of cancer cells to
anti-neoplatic agents {2], while the weekly schedule was
also expected to offer less toxicity than the standard
schedule. Seidman et al. [3] treated 30 patients with
metastatic breast cancer with weekly paclitaxel infusion at
an initial dose of 100 mg/m” until disease progression, and
reported that the OR was 53%, the complete response rate
was 10%, 13.3% of grade 3/4 neutropenia, and 9.5% grade 3
neuropathy. They concluded that weekly paclitaxel infusion
therapy will be an attractive treatment alternative for
patients with metastatic breast cancer due to its high
therapeutic index. manageable toxicity, and convenient
administration schedule. As a second-line chemotherapy
for relapsed ovarian cancer, Abu-Rustam et al. [4] studied
the effects of weekly paclitaxel (60 100 mg/m”) as salvage
therapy for relapsed ovarian cancer, and reported an OR of
28.9%. Moreover, Markman et al. [5] evaluated a phase 1
study of weekly single-agent at 80 mg/m” of paclitaxel, and
reported that the OR was 25%. Recently, Havrilesky et al.
(6] performed a phase II study of WTC (T: 80 mg/m°, C:
AUC = 2) in recurrent ovarian and peritoneal cancers, and
reported an 82.8% OR and a 13.7-month median interval
until progression in platinum-sensitive patients and an 11.5-
month overall median interval until progression in platinum-
resistant patients. Moreover, Wu et al. [7] also reported the
results of WTC (T: 60 mg/mz, C: AUC = 2) for Chinese
patients with advanced ovarian cancer in comparison with
those on the monthly regimen. They reported that WTC
achieved 71.4% OR, and although there were no significant
differences in nonhematological toxicities between WTC
and the monthly regimen. delayed treatment, unanticipated
hospitalization, and G-CSF support were much less frequent
with WTC. Weekly fractionated platinum for recurrent
ovarian cancer has also been studied by several groups
[8-10]. Colombo et al. {9] and Cocconi et al. [ 10} conducted
randomized trial, compared weekly cisplatin to every-3-
week dosing, and reported the potential role for weekly
platinum therapy for recurrent ovarian cancer. Recently,
Belani et al. [11] reported that weekly paclitaxel with
nonfractionated CBDCA administration achieved the supe-
rior effects than weekly paclitaxel with fractionated
CBDCA in patients with stage HIB or IV non-small-cell
lung cancer. According to those reports, although the
addition of CBDCA will be needed to achieve a better
response rate, in the chemotherapy for advanced non-small-
cell lung cancer, it has been thought that nonfractionated
CBDCA administration was more favorable in weekly TC
regimen. However, in recurrent epithelial ovarian cancer,
phase I study of WTC with nonfractionated CBDCA was
just now underway, and only overall response was reported
[Rose et al., Proc Am Soc Clin Oncol 2003, Abstr. 1932].
Moreover, prior studies of WTC with fractionated CBDCA
[6,7} [Dunton CJ et al., Proc Am Soc Clin Oncol 2003,
Abstr. 1876] have achieved satisfactory effects both in the

OR and the PFS. According to the results of those trials, the
optimal dose and schedule for WTC therapy for recurrent
ovarian cancer remain unknown. Furthermore, there is some
possibility that the clinical role of fractionated CBDCA
administration would be different in chemosensitive tumor,
such as epithelial ovarian cancer. Thus, we have conducted
phase I study and pharmacokinetic study of WTC using
fractionated CBDCA subjected the same as in the recent
reports [6,7] from 2000 in Japanese patients with platinum-
sensitive recurrent ovarian cancer for further comparative
study to evaluate the clinical role of WTC.

Patients and methods
Treatment regimen

From October 2000 to August 2003, 25 patients with
relapsed epithelial ovarian cancer who had a greater than 6-
month platinum-free interval were treated using the WTC
regimen at the Department of Obstetrics and Gynecology at
Kinki University School of Medicine. In this study, we only
utilized patients who were first-line failures and platinum-
sensitive (platinum-free interval > 6 months) with a minimal
survival of 6 months. Fig. 1 shows the patient characteristics
of recurrent ovarian cancer. The treatment dose and
schedule of WTC consisted of paclitaxel (Taxol, Bristol
Meiers) at 60 mg/m? for 60 min, and CBDCA (Paraplatin,
Bristol Meiers) at AUC = 2 (Carvert’s formula) for 60 min,
at a weekly administration, for 3 weeks with a 1-week
break. The treatment dose was calculated by dividing the
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Fig. 1. Progression-free survival ot subjected patients. PFS: progression-
free survival. Mean follow-up period of patients was 21.9 + 9.1 months
(range: 6 37 months).



