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Figure 4. Effect of survivin overexpression on gefitinib-induced apoptosis in EGFR mutation-positive NSCLC cells in vitro. A, parental (P) PC8 or
HCGC827 cells or corresponding sublines either stably overexpressing survivin (PC9S7, PC9S8, HCC8275886, and HCCB82787) or infected with the empty
retrovirus (PC3-Mock and HCC827-Mock) were cultured overnight in complete medium, after which cell lysates were prepared and subjected to
immunoblat analysis with antibodies to survivin or to f-actin. B, PC9 or HCC827 isogenic cell lines were incubated in the presence of the indicated
concentrations of gefitinib for 48 hours, after which cell lysates were prepared and subjected to immunoblot analysis with antibodies to phosphorylated (p) or
total forms of EGFR, AKT, or ERK, to survivin, to PARP, to caspase-3, or to §-actin. Data in A and B are representative of 3 independent experiments.
C, PC3 or HCC827 isogenic cell lines were incubated with gefitinib (0.1 umol/L) for the indicated times, after which the proportion of apoptotic cells was
determined by staining with Annexin V and propidium iodide followed by flow cytometry. Data are means = SE from 3 independent experiments.

*, P < 0,05 versus the corresponding value for cells infected with the empty retrovirus. D, PC8 or HCC827 isogenic cell lines were incubated with
gefitinib (0.1 umol/L) for the indicated times and then analyzed for celi cycle distribution by flow cytometry. Data are means of triplicates from
representative experiments that were repeated 3 times.

(28, 29). Given that downregulation of survivin through inhibi-
tion of the PI3K-AKT pathway was induced by EGFR-TKIs in
EGFR mutation—positive NSCLC cells and by HER2-targeting
agents in breast cancer cells positive for HER2 amplification,
the expression of survivin is likely dependent on PISK-AKT
signaling that operates downstream of receptor tyrosine
kinases and is essential for cell survival. This hypothesis is
further supported by the observation that transfection of
EGFR mutation—positive NSCLC cells with an siRNA specific

for EGFR mRNA resulted in marked inhibition of survivin
expression, whereas transfection of cells expressing wild-type
EGFR had no such effect (Supplementary Fig. 2). The PI3K-
AKT pathway has been implicated in the regulation of survivin
expression by cytokines, growth factors, and chemotherapeu-
tic drugs (8, 10, 30). Although no direct correlation has been
established between downregulation of survivin and inhibi-
tion of EGFR signaling, these previous findings support the
notion that inhibition of the EGFR-PI3K-AKT pathway
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Figure 5. Effect of gefitinib on the growth of EGFR mutation-positive NSCLC cells overexpressing survivin in vivo. A and B, nude mice with tumor
xenografts established by subcutaneous injection of HCC827-Mock or HCC827S7 cells, respectively, were treated daily for 4 weeks with vehicle (control)
or gefitinib (10 or 25 mg/kg). Tumor volume was determined at the indicated times after the onset of treatment. Data are means + SE of values from

6 mice per group. C, representative mice showing tumors at the end of the 4-week treatment period.

contributes to downregulation of survivin expression by
EGFR-TKIs in EGFR mutation—positive NSCLC cells.
Survivin has been implicated in resistance of cancer cells to
apoptosis, although the effect of survivin expression on gefi-
tinib-induced apoptosis in EGFR mutation-positive NSCLC
cells has not previously been examined. We have now shown
that survivin overexpression inhibited gefitinib-induced apop-
tosis in such cells. Inhibition of the PI3K-AKT and MEK-ERK
pathways was previously found to account for much of the
proapoptotic activity of EGFR-TKIs in EGFR mutation—posi-
tive NSCLC cells (31). We further found that overexpression of
survivin resulted in inhibition of apoptosis induced by a
combination of PI3K and MEK inhibitors in such cells (Sup-
plementary Fig. 3). Increased AKT activity as a result either of
the loss of PTEN or of expression of a conslitutively active

form of AKT was previously found Lo be associated with a
reduced sensitivity to EGFR-TKIs in EGFR mutation—positive
NSCLC cells (32). However, the principal molecular target
underlying the response to inhibition of PISK-AKT signaling
by EGFR-TKIs has remained to be elucidated. In the present
study, we show that the sensitivity of EGFR mutation—positive
NSCLC cells to EGFR-TKIs depends, at least in part, on
survivin downregulation through inhibition of the PI3K-
AKT pathway. In our xenograft model, we showed that survi-
vin overexpression inhibited the antitumor effect of gefitinib
on EGFR mutation-positive NSCLC cells. The extent of the
clinical benefit of EGFR-TKIs varies among NSCLC patients
harboring activating FGFR mutations, and the efficacy of these
drugs is limited by either de novo resistance or resistance
acquired after the onset of therapy (33). Although several
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mechanisms of acquired resistance have been described, it
vemains of clinical concern that molecular markers for
prediction of de novo resistance to these drugs have not been
well delineated (23, 34-38). It will therefore be of interest to
determine whether increased survivin expression in tumors is
clinically useful as a negative predictive marker of sensitivity
to EGFR-TKIs in patients with EGFR mutation-positive
NSCLC.

Our observations revealed that survivin overexpression did
not completely abolish gefitinib-induced apoptosis, suggest-
ing that another proapoptotic regulator activated after EGFR
inhibition might contribute to EGFR-TKI-induced apoptotic
cell death. Previous studies have shown that gefitinib induces
BIM expression via inhibition of the MEK-ERK pathway and
that BIM induction plays a key role in EGFR-TKI-induced
apoptosis in EGFR mutation—positive NSCLC cells (25-27). We
have now shown that inhibition of both survivin downregula-
tion and BIM induction attenuated gefitinib-induced apopto-
sis to a greater extent than did inhibition of either process
alone. The recent preclinical study showing that the combina-
tion of a PI3K inhibitor and a MEK inhibitor, but neither agent
alone, induced substantial growth inhibition in EGFR muta-
tion-positive NSCLC cells (31) supports the notion that both
the PI3K-AKT-survivin and MEK-ERK-BIM pathways contri-

bute independently to gefitinib-induced apoptosis in such
cells (Fig. 7).

In conclusion, we have shown that the EGFR-TKI gefitinib
downregulated survivin expression, likely through inhibition

EGFR-TKIs

<N

Inhibition of PI3K pathway

1

Downregulation of survivin

Inhibition of MEK pathway

l

BIM induction

Figure 7. Proposed model for the intracellular signaling underlying
EGFR-TKI-induced apoptosis in EGFR mutation-positive NSCLC cells.
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of PI3K-AKT signaling, and that this effect plays 4 key role in
gefitinib-induced apoptesis. Moreover, we found that survivin
downregulation and BIM induetion are independently
required for EGFR-TKI-induced apoplosis. Our resulls thus
show that simultancous upstream interruption of the PI3K-
AKT-survivin and MEK-ERK-BIM pathways mediates EGFR-
TKI-induced apoptosis.
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This prospective study used antibody suspension bead arrays to
identify biomarkers capable of predicting post-operative recur-
rence with distal metastasis in patients with colorectal cancer. One
hundred colorectal cancer patients who underwent surgery were
enrolled in this study. The median follow-up period was 3.9 years.
The pre-operative plasma concentrations of 24 angiogenesis-
related molecules were analyzed with regard to the TNM stage
and the development of post-operative recurrence. The concentra-
tions of half of the examined molecules (13/24) increased sig-
nificantly according to the TNM stage (P < 0.05). Meanwhile, a
multivariate logistic regression analysis revealed that the concen-
trations of vascular cell adhesion molecule 1 (VCAM-1) and plas-
minogen activator inhibitor-1 (PAI-1) were significantly higher in
the post-operative recurrence group. The VCAM-1 and PAI-1 model
discriminated post-operative recurrence with an area under the
curve of 0.82, a sensitivity of 0.75, and a specificity of 0.73. A
leave-one-out cross-validation was applied to the model to assess
the prediction performance, and the result indicated that the
cross-validated error rate was 12.5% (12/96). In conclusion, our
results demonstrate that antibody suspension bead arrays are a
powerful tool to screen biomarkers in the clinical setting, and the
plasma levels of VCAM-1 and PAI-1 together may be a promising
biomarker for predicting post-operative recurrence in patients
with colorectal cancer. (Cancer Sci 2010)

C olorectal cancer (CRC) is one of the leading causes of
death in Japan (http://ganjoho.nce.go.jp/public/statistics/
index.html) and Western countries.””’ Despile recent advances in
adjuvant chemotherapy and surgical techniques, 20-40% of
patients die because of melastasis after curative surgery.®
Tumor-node-metastasis (TNM) staging is well cstablished and
the most reliable system for predicting the outcome of CRC, In
particular, the TNM staging system works very well for predict-
ing the outcome of early stage T cancers and advanced stage TV
cancers. However, the 5-year survival rate varies from 44% (o
83% within TNM stage 111, indicating that a wide variation in
outcomes exists within cach stage as a result of biological heter-
ogeneity.”” Thus, highly accurate predictors of post-operative
recurrence are needed for patients with CRC who undergo cura-
tive surgery, as such predictors would likely contribute to the
further improvement of the 5-year survival rate by justifying the
addition of intensive adjuvant chemotherapy (o the therapeutic
regimens of subgroups with a high risk of post-operative recur-
rence. Therefore, the prediction of post-operative recurrence is
regarded as one of the most important research themes in clini-
cal settings and has been extensively studied, with particular
attention given to the investigation of various molecular prog-
nostic factors.

doi: 10.1111/.1349-7006.2010.01595.x
© 2010 Japanese Cancer Association

In addition to the TNM stage, the carcinoembryonic anligen
(CEA) level is routinely used to monitor recurrence in patients
with CRC.* A large clinical study demonstrated that pre-opera-
tive CEA levels provide prognostic information in addition to
that provided by the TNM slaging system and determined that
the pre-operative CEA level was an independent predictor of
survival and recurrence.™ However, the study concluded that
although an elevated pre-operative CEA level (>5 mg/mL) may
be correlated with a poor prognosis, the available data was
insufficient to support the use of the CEA level for determining
whether a patient should undergo adjuvant therapy.*’ Other
molecular markers, including the K-Ras mutation staws,®”
microsatellite instability,™ the loss of heterogeneity at 18g,
and p53,""" have been examined with regard to predicting the
outcome of subgroups; unfortunately, none of these molecular
markers are suitable for routine clinical use. Thus, further inves-
tigations of novel molecular markers ave eagerly awaited.

The Bio-Plex suspension array system (Bio-Rad Laboratories,
Hercules, CA, USA) utilizes a series of color-coded beads, each
of which is coupled to a unique antibody specific for a biochem-
ical marker. This assay is capable of measuring the levels of
multiple targets in a single well of a 96-well microplate using as
little as 12.5 pL of serum, plasma, or other matrix. Tn the present
study, 24 angiogenesis-related markers from this assay panel
were used to evaluate plasma proteins and their potential associ-
ations with disease progression and the recurrence of CRC,

Materials and Methods

Patient selection. Patients with histologically confirmed colo-
rectal cancer who were between the ages of 20 and 80 years and
who were scheduled to undergo surgery were eligible for enroll-
ment in this study. Additional inclusion criteria included an
Eastern Cooperative Oncology Group performance status of
0-2. All the patients in this series underwent surgery. This pro-
spective study was approved by the Institutional Review Board
of the National Cancer Center Hospital and written informed
consent was obtained from all the patients.

Clinical and pathologic features, Clinical features including
age, sex, primary site ol tumor, histologic type of tumor, TNM
stage, and post-operative recurrence were recorded. A patholo-
gist reviewed the microscopic slides. Post-operative recurrence
was defined when distant metastasis was observed. The median
follow-up period of post-operative recurrence was 3.9 years.
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Preparation of plasma samples. Two milliliters of whole blood
were collected into EDTA-containing tubes before surgery
(within 2 weeks) and were centrifuged at 1500 g for 10 mwin to
obtain the plasma samples. The samples were stored at =80°C
until further use.

Angiogenesis-related molecules. The 24 plasma markers used
in this study were as follows: interleukin 6 receptor (TL-6R),
matrix metallopeptidase 9 (MMP-9), TIMP metallopeptidase
inhibitor 1 (TIMP-1), TIMP metallopeptidase inhibitor 2 (TIMP-
2), endostatin, P-selectin, intercellular adhesion molecule 1
(ICAM-1), vascular cell adhesion molecule 1 (VCAM-1). Tie-2,
plasminogen activator inhibitor-1 (PAI-1), macrophage igra-
tion intlubitory factor (MIF), plasminogen activator urokinase
receptor (WPAR), angiopoietin 2 (Ang-2), tollistatin, hepatocyte
growth factor (HGF). interleukin 8 (IL-8), colony stimulating
factor 3 (G-CSF), platelet-derived growth factor beta polypep-
tide (PDGF-BB). vascular endothelial growth factor (VEGF),
leptin, platelet/endothelial cell adhesion molecule (PECAM-1),
interfeukin 12 (IL-12), fibroblast growth factor 2 (FGF-basic),
and tumor necrosis [actor (TNF-2). Ang-2, Follistatin, The nine
markers of HGF, IL-§, PDGF-BB, VEGEF, Leptin, PECAM-1,
and G-CSF are commercially available as the Humnan Premixed

Angiogenesis (9) panel (Bio-Rad Taboratories). The others are

available for customization or in developing markers.

Antibody suspension bead arrays system. The plasma concen-
trations of each molecule were measured using a Bio-Plex sus-
pension array systein (Bio-Rad Laboratories), which permits the
simultaneous measurement of multiple circulating proteins in a
single well using only 12.5 pL of plasma. The assay was per-
tormed according to the manufacturer’s instructions and a previ-
ously described method. """ All plasma samples were diluted |
in 4 with the appropriate diluents prior to assay. The samples
were tested in duplicate.

Statistical analysis. The correlations between the plasma
concentrations and the TNM stages were analyzed using a
linear trend analysis and the proportional odds model. In the lin-
ear lrend analysis, we used a one-way anova model with a linear
contrast, which consisted of the TMN stage scores. A r-tesl was
used to compare the post-operative recurrence and the no recur-
rence groups. In the multivariate analysis. an analysis was per-
formed for all the plasma markers but not for the clinical
variables because (0o many explanatory variables for the sample
size were included in this study. A logistic regression analysis
was used to examine statistical differences according to post-
operative recurrence and a stepwise method was used to select
the most usetul explanatory parameters.  Analyses  were
performed using SAS software version 9.1.3 (SAS Institute,
Cary, NC, USA). A P-value of <0.05 was considered slatisti-
cally significant,

Results

Patient results. A (otal of 100 consecutive palients were
enrolled in this study. The median age of the enrolled patients
was 59 years (range, 3(-79 years). Among them, 96 patients
received curative operations and four patients had distal metas-
tasis and received palliative operations. Eleven patients devel-
oped recurrences with distal metastasis during the follow-up
period. Table | summarizes the characteristics of the patients
and their tumors.

Plasma concentrations of 24 angiogenesis-related molecules.
We measured the plasma concentrations of 24 angiogencsis-
related molecules: [L-6R, MMP-9, TIMP-1, TIMP-2, endostatin,
P-sclectin, ICAM-1, VCAM-1, Tie-2, PAI-l, MIF. uPAR,
Ang-2, follistatin, HGF, TL-8, G-CSF, PDGF-BB. VEGF. leptin,
PECAM-1, IL.-12, FGF-basic, and TNF-» (Table 2). Overall,
98.5% of the plasma samples were successfully quantified using
a standard curve.
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Table 1.  Patient characteristics
Curative ope,
Characteristics . . Palliative ope. Total
Rec+ Rec—
Age (years)
>60 6 42 2 50
<60 5 43 2 50
Sex
Male 3 54 3 65
Female 8 31 1 35
Primary site
Colon 8 40 1 49
Rectum 3 45 3 51
Hist. type
Well diff 8 59 3 70
Others 3 26 1 30
TNM stage
| i 26 - 27
] 2 22 - 24
n 8 37 - 45
v - - 4 4
Total 11 a5 A 100

Hist. type, histology of primary tumor; Rec+, post-operative
recurrence (+); Rec—, post-operative recurrence (-).

Tumor-node-metastasis (TNM) stage and plasma concentrations
of angiogenesis-related molecules. The TNM stage can be
accurately used to stratify patients at a high risk for cancer pro-
gression and is thought to reflect the malignant potential of each
tumor. To estimate the contributions of the angiogenesis-related
molecules to the malignant potentials of the tumors, we exam-
ined the correlation between the plasma concentrations of each
molecule and the TNM stage. A linear wend analysis showed
that the plasima concentrations of' 13 molecules increased signifi-
cantly with ao increasing TNM stage (P < 0.05): IL-6R, TIMP-
[, TIMP-2, P-sclectin, Tie-2, PAIL-1, uPAR, Ang-2, follistatin,
HGF, IL-8, PDGF-BB, and VEGF (Table 3). Next, we per-
forimed au exploratory multivariate analysis using a proportional
odds model with the TNM stage (I-1V) assigned as the objective
variable and each of the angiogenesis-related molecules
assigned as explanatory vaviables. The multivariate analysis
identified TIMP-1, P-seiectin, Ang-2, HGF, 1L.-8, PDGF-BB,
and VEGF as being significantly correlated with the TNM stage.
These results indicated that the plasma concentrations of several
molecules increased significantly with an increasing TNM stage,
strongly suggesting that these molecules might be candidate
biomarkers for an unfavorable outcome in patients with CRC.

Post-operative recurrence and plasma concentrations of
angiogenesis-related molecules. To predict post-operative recur-
rence using this system, we analyzed the 96 patients with CRC
who underwent curative operations, excluding the four patients
with distal metastasis. Among these 96 patients, || developed
recurrences during the follow-up period; the remaining 85
patients did not show any signs of recurrence. When the plasma
levels of the angiogenesis-related molecules were compared
between the patients with recurrences and those without recur-
rences, /(-tests demonstrated that the plasma concentrations
of TL-6R (63.2 £ 13.8 and 51.3 = [7.0 ng/mL, respectively),
P-selectin (76.1 = 24.4 and 60.0 = 24.8 ng/mL, respectively),
VCAM-I (163.9 £ 61.0 and 134.6 + 35.0 ng/mL,  respec-
tively), and PAI-1 (28.2 = [5.4 and 19.8 + 10.2 ng/mL, respec-
tively) were significantly higher among the patients with
recurrences (Fig. la-d, Table 4). A multivariate logistic regres-
sion analysis revealed that the plasmu concentrations of VCAM-
| and PAI-1 were significantly higher among the patients with
recurrences (P = 0.039 and P = 0.028, respectively). A stepwise
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Table 2. Plasma concentrations of 24 angiogenesis-related molecules  Table 3. Tumor-node-metastasis  (TNM)  stage and  plasma
in 100 colorectal cancers concentrations in 100 colorectal cancers

Range Percentile TNM stage Univariate  Multivariate
Molecules - Average (SD)  25% Molecules .e o - — —

pg/mL Median 75% | It 1] v P-value P-value
IL-6R 23-149 54 (18) 42 52 62 IL-6R 50 57 52 76 0.01 n.s.
MMP-9 6-189 35 (27) 20 27 49 MMP-9 34 50 28 33 n.s. n.s.
TIMP-1 44-283 117 (35) 96 118 135 TIMP-1 107 122 14 185 <0.0001 0.02
TIMP-2 9-47 24 (5) 21 24 28 TIMP-2 24 24 24 33 0.003 ns.
Endostatin 90-456 187 (64) 140 177 223 Endostatin 184 198 182 201 n.s. ns.
P-selectin 0-164 64 (27) 43 62 78 P-selectin 56 67 63 109 0.0003 0.04
ICAM-1 103-605 282 (81) 225 270 317 ICAM-1 276 315 266 298 n.s. n.s.
VCAM-1 76-333 138 (40) 110 135 163 VCAM-1 135 136 141 144 n.s. n.s.
Tie-2 9-1070 143 (164) 48 73 182 Tie-2 116 162 129 375 0.005 n.s.
PAI-1 3-65 21 (12) 14 19 26 PAI-1 18 24 21 38 0.003 n.s.
MIF 0-120 53 (26) 44 59 69 MIF 53 55 51 78 n.s. n.s.
uPAR 1-130 24 (23) 8 15 37  uPAR 20 27 22 53 0.01 n.s.
Ang-2 0-6147 1381 (1337) 415 938 2197 Ang-2 978 1458 1447 2914 0.007 0.03
Follistatin 235-2903 924 (614) 502 686 1197 Follistatin 778 953 928 1704 0.006 n.s.
HGF 201-12213 2700 (2516) 1076 1628 3930 HGF 1933 2932 2803 5342 0.01 0.04
IL-8 5-234 52 (41) 24 34 74 IL-8 38 56 53 108 0.002 0.02
G-CSF 0-4775 832 (1133) 79 247 1161 G-CSF 595 1114 797 1132 n.s. n.s.
PDGF-BB 6-6219 737 (831) 220 439 922  PDGF-BB 442 822 802 1483 0.02 0.03
VEGF 0-724 186 (164) 67 120 262 VEGF 129 209 192 375 0.006 0.03
Leptin 0-32847 3155 (4433) 1149 2134 3851 Leptin 3236 2815 3235 3752 n.s. n.s.
PECAM-1 1188-15837 5562 (3472) 2901 4487 7348 PECAM-1 5026 5914 5625 6356 n.s. n.s.
IL-12 0-32 5 (6) 2 3 6 IL-12 2 8 5 S n.s. n.s.
FGF-basic 0-235 21 (30) 4 13 25 FGF-basic 19 32 16 28 n.s, n.s.
TNF- 0-72 4 (9) 1 2 4 TNF-%« 4 6 3 2 n.s. n.s.

The concentrations are ng/mL for interleukin 6 receptor (IL-6R),
matrix metzllopeptidase 9 (MMP-9), TIMP metallopeptidase inhibitor 1
(TIMP-1), TIMP-2, endostatin, P-selectin, intercellular adhesion
molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), Tie-
2, plasminogen activator inhibitor-1 (PAI-1), macrophage migration
inhibitory factor (MIF), and plasminogen activator urokinase receptor
(UPAR), and the others are pg/mL. FGF-basic, fibroblast growth factor
2; G-CSF, colony stimulating factor 3; HGF, hepatocyte growth factor;
PDGF-BB, platelet-derived growth factor beta polypeptide; PECAM-1,
platelet/endothelial cell adhesion molecule; TNF-», tumor necrosis
factor; VEGF, vascular endothelial growth factor.

method selected VCAM-1 and PAIT-1 as the most useful explan-
alory parameters, suggesting that the combination of these two
molecules might synergistically improve the prediction of post-
operative recurrence. Finally, a prediction model incorporating
VCAM-1 and PAI-1 successlully discriminated post-operative
recurrence, with an area under the curve (AUC) of (.82, a sensi-
Livity of 0.75, and a specificity of 0.73 (Fig. 2a). To assess the
prediction performance, a leave-one-out cross-validation was
applied to the model. The cross-validated error rate was 12.5%
(12/96). Tn stage TI1 patients, the prediction model had a sensi-
tivity of 0.625 (5/8) and a specificity ot 0.865 (32/37) for pre-
dicting post-operative recwrrence (Fig. §2). On the other hund,
when apparent distal metastases ol CRCs were applied (o he
VCAM-I/PAI-I prediction model, three out of four metastatic
cases were determined as “'recurrence (+) cases’’. These resulls
suggest that apparent metastatic tumors could be discriminaled
using the model. Although a validation swdy is necessary, our
resulls raise the possibility that the combined use of the pre-
operative plasma concentrations ol VCAM-1 and PAI-1 might
be useful for predicting post-operative recurrence in patients
with CRC. Finally, we retrospectively analyzed the plasma PAT-
I copcentrations of metastatic and non-metastatic CRC in
another study of an independent cohort using conventional
ELISA. The plasma concentrations in the metastatic CRC
patients were significantly higher than those in the non-meta-
static patients (P = 0.005), even in the independent cohort
(Fig. S1). The CEA level was not signiticantly different between
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Values indicate the average. Univariate: linear trend analysis,
multivariate: proportional odds model. The concentrations are ng/mL
for interleukin 6 receptor (IL-6R), matrix metallopeptidase 9 (MMP-9),
TIMP metallopeptidase inhibitor 1 (TIMP-1), TIMP-2, endostatin,
P-selectin, intercellular adhesion molecule 1 (ICAM-1), vascular cell
adhesion molecule 1 (VCAM-1), Tie-2, plasminogen activator inhibitor-
1 (PAI-1), macrophage migration inhibitory factor (MIF), and
plasminogen activator urokinase receptor (uPAR), and the others are
pg/mL. FGF-basic, fibroblast growth factor 2; G-CSF, colony
stimulating factor 3; HGF, hepatocyte growth factor; n.s., not
significant; PDGF-BB, platelet-derived growth factor beta polypeptide;
PECAM-1, platelet/endothelial cell adhesion molecule; TNF-%, tumor
necrosis factor; VEGF, vascular endothelial growth factor,

the recurrence (+) versus the recurrence (—) groups (P = 0.335)
in our study.

Discussion

Vascular cell adhesion molecute | (VCAM-1)/CD106 is a mem-
ber of the Tg superfamily and encodes a cell surface sialoglyco-
protein expressed by cytokine-activated endothelium. This type
[ membrane protein mediates leukocyte-endothelial cell adhe-
sion and signal transduction, and may play a role in the develop-
7 7 sl 12) " . . s o 0] 3
ment of atherosclerosis’ =~ and rheumatoid arthritis."” In the
field of oncology, accumulating evidence sl%vgcsts that VCAM-
I is associated with a poor outcome.'*! Recently, Shaciat
et al.""™® reported that standard clinical variables alone exhibited
an accuracy of 71.6% for predicting the risk of biochemical
recurrence following a radical prostatectomy in patients with
prostate cancer, whereas the addition of preoperative blood lev-
els of TGF-BI, sIL-6R, IL-6, VCAM-1, VEGF, endoglin. and
uPA increased the prediclive accuracy by 15-86.6%. Vascular
endothelial growth factor (VEGF) and uPA were not significant
predictors of post-operative recurrence in our data set for CRC,
but VCAM-I and sIL-6R were significant, consistent with Shari-
at’s study. The mechanism by which VCAM-1 mediates an
unfavorable phenotype remains unclear, but the most probable
explanation is that the tumor cells escape T-cell immunity by

Cancer Sci | 2010 | 3
© 2010 japanese Cancer Association



(@) {b)
(ngiml) fagimil |

100 IL-6R 150, P-selectin

Plasmaconc.
g G
Plasmaconc

~
=

=
S

2

]

o
Rec. - * Rec. - *

Fig. 1.

() (d)
(||g]m\L[ VCAM-1 (ng/n;;! PAI-1
J g
o c
8 200 4 § 50
g * E
2 %
2 100 o i

0 0
Rec. - + Rec. - +

The concentrations of (a) interleukin 6 receptor (IL-6R), (b) P-selectin, (c) vascular cell adhesion molecule 1 (VCAM-1), and (d)

plasminogen activator inhibitor-1 (PAI-1) were significantly higher in the recurrence group in colorectal cancer. The upper bar, box, and lower
bar represent the 890%, 75%, 50%, 25% and 10% percentiles. The plasma concentrations of each molecule were measured using a Bio-Plex

suspension array system. Rec, recurrence.

Table 4. Results of multivariate analysis for recurrence after curative
surgery in 96 colorectal cancers

Recurrence* Univariate Multivariate
Molecules t-test Logistic Stepwise
+ - s B —
P-value P-value P-value

IL-6R 63 51 0.03 n.s.

MMP-9 37 35 n.s. n.s.

TIMP-1 119 13 n.s. n.s.

TIMP-2 25 24 n.s. n.s.

Endostatin 193 186 n.s. n.s.

P-selectin 6 60 0.04 n.s.

ICAM-1 285 281 n.s. n.s.

VCAM-1 164 135 0.02 0.039 0.009
Tie-2 183 127 n.s. n.s.

PAI-1 28.3 19.8 0.02 0.005 0.005
MIF 64 51 n.s. n.s.

uPAR 30 21 n.s. n.s.

Ang-2 1514 1292 n.s. n.s.

Follistatin 962 883 ns. n.s.

HGF 3155 2517 n.s. n.s.

IL-8 53 49 n.s. n.s.

G-CSF 892 810 n.s. n.s.

PDGF-BB 972 671 n.s. n.s.

VEGF 21 174 n.s. n.s.

Leptin 2623 3196 n.s. n.s.

PECAM-1 6159 5447 n.s. n.s.

IL-12 4 5 n.s. n.s.

FGF-basic 16 22 n.s. n.s.

TNF-x 4 4 n.s. n.s.

*Values indicate the average. Recurrence, post-operative recurrence;
logistic, logistic regression model. The concentrations are ng/mL for
interleukin & receptor (IL-6R), matrix metallopeptidase 9 (MMP-9),
TIMP metallopeptidase inhibitor 1 (TIMP-1), TIMP-2, endostatin,
P-selectin, intercellular adhesion molecule 1 (ICAM-1), vascular cell
adhesion molecule 1 (VCAM-1), Tie-2, plasminagen activator inhibitor-
1 (PAI-1), macrophage migration inhibitory factor (MIF), and
plasminogen activator urokinase receptor (UPAR), and the others are
pg/mL. FGF-basic, fibroblast growth factor 2; G-CSF, colony
stimulating factor 3; HGF, hepatocyte growth factor; n.s., not
significant; PDGF-BB, platelet-derived growth factor beta polypeptide;
PECAM-1, platelet/endothelial cell adhesion molecule; TNF-», tumor
necrosis factor; VEGF, vascular endothelial growth factor.

overexpressing the endothelial cell adhesion molecule VCAM-
I, which normally mediates leukocyte extravasation (o sites of
tissue inflammation."”

Plasminogen  activator  inhibitor-1 ~ (PAI-1)/SERPINEI
belongs o the plasmin/plasminogen system and is secreted
into the blood. where it prevents the gencration of plasmin,

VCAM-1 and PAI-1 model
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Fig. 2. The receiver—operator curve (ROC) for post-operative
recurrence. A stepwise method selected vascular cell adhesion

molecule 1 (VCAM-1) and plasminogen activator inhibitor-1 (PAI-1) as
the most useful explanatory parameters; these two molecules were
subsequently used to construct a prediction model. The ROC indicates
the results of this model, which was capable of discriminating post-
operative recurrence with an area under the curve (AUC) of 0.82, a
sensitivity of 0.75, and a specificity of 0.73.

promoting the persistence and expansion of thrombi.*” Plas-
minogen activator inhibitor-1 (PAT-1) is known as tumor biolog-
ical prognostic factor and has been thomughl}f validated with
regard (o ifs clinical ulility in breast cancer. 2122 The 2007
Breast Tumor Markers Guidelines recommend that uPA/PAI-|
be measured using an ELISA with a minimum of 300 mg of
{resh or [rozen breast cancer tissue for delermining the progno-
sis of patients with newly diagnosed, node-negalive breast can-
cer. Furthermore, CMF-based adjuvant chemotherapy provides a
substantial benefit, compared with observation alone, in patients
with 4 high risk of recurrence as determined by the presence of
high levels of uPA and PAI-1.%?¥ Previous reports have demon-
strated that higher levels of PAI-1, but not PAI-2, are associated
with large tumors, metastatic stage, and a worse prognosis in
paticats with CRC.**>% Our study differed in that it evaluated
the clinical parameter of post-operative recurrence in a prospec-
tive study. The biological mechanism by which PAI-1 promotes
tumor progression is thought to involve a reduction in cell
adhcsion o the extracellular matrix as a consequence of excess
PAI-1 interfering with uPAR binding (o vitronectin, thercby
facilitating cell invasion and migration.?” Interestingly, accu-
mulating data indicate that both VCAM-1 and PAI-1 promote
tumor metastasis and cellular adhesion. These activities are
likely involved in post-operative recuirence. We plan (o perform

doi: 10.1111/.1349-7006.2010.01595 x
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a validation study to predict post-operative recutrence using the
plasma concentrations of VCAM-1 and PAI-1 in the near future.
In conclusion, we have demounstrated that a combination pre-
diction model based on the plasma concenwations of VCAM-|
and PAI-1 was a useful biomarker for predicting post-operative
recutrence in patients with colorectal cancer. Our strategy.
which utilizes a multiplex immunoassay system, may be a
powerlul ol for identifying biomarkers in clinical setiings.
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Objectives. The purpose of this study was to identify genes that predict progression-free survival (PES) in
advanced epithelial ovarian cancer (aEOC) receiving standard therapy.
Methods. We performed microarray analysis on laser microdissected aEOC cells. All cases received staging

laparotomy and adjuvant chemotherapy (carboplatin + paclitaxel) as primary therapy.

gﬂ:‘;;d; s Results, Microarray analysis identified 50 genes differentially expressed between tumors of patients with
Prognosis no evidence of disease (NED) or evidence of disease (ED) (p<0.001). Six genes (13%) were located at 8q24,
Amplification and 9 genes (19.6%), at 20q11-13, The ratio of selected gene set/analyzed gene set in chromosomes 8 and 20
Biomarkes are significantly higher than that in other chromosome regions (6/606 vs. 32/13656, p—0.01) and (12/383
Carboplatin vs. 32/13656, p=13x 10 '®). We speculate that the abnormal chromosomal distribution is due to genomic
Paclitexal alteration and that these genes may play an important rale in aEOC and choose GNAS (GNAS complex locus,
NM_000516) on 20q13 based on the p value and fold change. Genomic PCR of aEOC cells also showed that
amplification of GNAS was significantly correlated with unfavorable PFS (p=0.011). Real-time guantitative
RT-PCR analysis of independent samples revealed that high mRNA expression levels of the GNAS genes,
located at chromosome 20q13, was significantly unfavorable indicators of progression-free survival (PFS).

Finally, GNAS amplification was an independent prognostic factor for PFS.
Conclusions. Our results suggest that GNAS gene amplification may be an independent, qualitative, and

reproducible biomarker of PFS in aEOC.

© 2010 Elsevier Inc. All rights reserved.
Introduction chemotherapy resistance. In contrast, small nubers of patients with

Epithelial ovarian cancer (EOC) remains the most common cause of
cancer death in women and the leading cause of death from gynecologic
cancer. Early diagnosis of EOC is extremely difficult because most
patients with early-stage disease are asymptomatic, so that 80% of
patients present with advanced disease. Standard therapy includes
surgical procedures (bilateral adnexectomy + hysterectomy + greater
omentectomy) with staging laparotomy, debulking surgery, and
postoperative chemotherapy using a combination of platinum and
taxane. In 70% of advanced EOC (aEOC) patients, complete clinical
responses are achieved; however, tumor recurs in most patients within
1 to 2 years after diagnosis and death is due to the development of

* Couresponding author Department of Obstetrics and Gynecology, School of
Medicine, Keio University School of Medicine, 35 Shinanomachi, Shinjyuku-ku,
Tokyo, 160-8582, Japan, Fax: | 81 3 3353 0249,

E-mail address: hisud@scitc keio ac jp (H Tsuda)

00490-8258/% - see front matter © 2010 Elsevier Inc. All rights reserved
doi: 101016/ yayna 201004 010

aEOC are cured by standard therapy. Although several clinical features
are associated with poor prognosis, including poor performance status,
suboptimal debulking surgery, clear cell or mucinous histology. high
histologic grade, old age, or slow decrease in serum CA125 during
adjuvant chemotherapy, reliable predictive biomarkers for aEOC are stilt
lacking, If such markers could be established, patients who are likely to
relapse and die of disease might be identified. These patients would be
appropriate candidates for experimental approaches using novel
anticancer drugs or new combination chemotherapy.,

Recently, molecular diagnostic methods have been developed and
BAX or BRCA1 have been reported to be predictive biomarker for aEOC
[1.2]. We also previously reported that abnormalities of cell cycle
regulators are predictive prognostic indicators for EOC [ 3], Similarly,
gene expression profiles or array comparative genomic hybridization
(aCGH) has been reported to offer predictive/prognostic information
for aEOC [4-7]. However, in order to identify useful predictive
biomarkers for EOC, it is important that the marlers should be tested
in the context of standard therapy. [n addition, the histology of the
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tumors should be considered because clear cell and mucinous types
are usually more chemoresistant than other histologic types [8.9].

[n this study, we used oligonucleotide microarrays combined with
RNA isolated from wmicrodissected tumor tissue to identify new
proguostic biomarkers for aEOC patients receiving standard therapy.
We excluded clear cell or mucinous tumaors from our analysis based
on the chemosensitivity.

Materials and methods

Patients and samples

Subjects eligible for this study were patients with histologically
confirmed stage llc-1V EQOC (excluding mucinous and clear cell types)
receiving standard therapy. Histologic grade was delermined using
WHQO grading system. Additional inclusion criteria included an Eastern
Cooperative Oncology Group performance status of 0 to 2. Exclusion
criteria included a history of prior chemotherapy or major surgery. All
patients received standard surgery and chemotherapy using carboplatin
and paclitaxel. Standard surgery was bilateral aduexectomy, hysterec-
tomy, and greater omentectomy with staging laparotomy and debulking
surgery. Thirty-three 3EQC patients were enrolled for microarray
analysis, and an additional 107 patients were for real-time PCR analysis.
The progression-fiee survival (PFS) was defined from the date of
primary surgery to the date of the first occurrence of any of the following
everlts: appearance of any new lesions, tumar progression, elevation of
the CA125 level to at least two times the upper limit of normal or a nadir
CA125 level, or death from any cause. The patients were determined (o
be no evidence of disease (NED) or evidence of discase (ED) at the
disease progression or final visit. The study was approved by the
Institutional Review Board of the Osaka City General Hospital and School
of Medicine, Keio University, and written informed consent was
obtained from all patients. Tumor specimens were obtained at operation
and were immediately stored at —80 °C,

Study design

One hundred and forty aEOC samples were cvaluated. The samples
were divided between microarray analysis (it=33) and a real-time
PCR analysis (n=107). Microarray analysis was performed using 33
samples, and candidate genes showing significant correlation with
disease progression were identified. The GNAS gene was evaluated in
an independent set of 107 samples, and PFS was predicted using the
results of real-time PCR analyses of bothh mRNA and DNA.

Microdissection

Microdissection was performed as described previously. [n brief,
frozen sections (6 pun) prepared from tumor tissue specimens were
affixed to glass slides and stained by Histogene LCM Frozen Section
Staining Kit (Arcturus Engineering, Mountain View, CA). Stained
sections were microdissected using a PixCell lle LCM system (Arcturus
Engineering, Mountain View, CA), Tumor cells and adjacent non-
tumor stromal cells were visualized under the microscope and tumor
cells selectively released by activation of the laser. Approximately
15,000 tumor cells were dissected in each case.

RNA and DNA extraction and amplification

Total RNA and DNA extractions were performed using the Picolure
RNA Isolation Kit and PicoPure DNA Extraction Kit according to the
manufacturer's instructions {Arcturus Engineering, Mountain View,
CA). RNA was amplified using a modified single-round T7 RNA
amplification protocol. In brief, total RNA (600 ng) was first incubated
with 1t of T7 primer(5-GCATTAGCGGCCGCGAAATTAATACGACT-
CACTATAGCGGAGATTTTTTTTTTTTTITTTTVN-3", 200 ng/l) in a total
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volume of 50 W for 3 min at 70 °C. First-strand c¢cDNA synthesis was
then performed by incubating 5 pl of primer-anneaied sample and 5
of first strand master mix containing 2 Ul of 5x first-strand buffer, 1l
of 0.1 M DTT, 0.5t of DEPC water, 0.5p1 10 mM dNTP mix, 0.5
RNase inhibitor, and 0.5 ji of MMLV reverse transcriptase (200 U/pl)
for 1 h and 15min at 37°C. Subsequently, second-strand ¢cDNA
syathesis was performed by incubating the 10 W first-strand reaction
with 65 1 of second master mix, which contained 46 nt DEPC water,
154 5 xsecond-strand buffer, 1.5 p of 10 mM dNTP mix, 0.5l of
Escherichio coli DNA ligase (10 U/w), 1.5 E. coli DNA polymerase [
(10U/p0), and 0.5 p E. coli RNase H {2 U/}, for 2 b at 16 °C, and then
for 15 min at 70 °C. The entire 75w cONA sample was loaded onto a
ChromaSpin TE-200 spin colunm (BD Biosciences, San Diego, CA), which
was centrifuged for Smin at 2900 rpm (700xg) in an Eppendorf
centrifuge. Purified cDNA was collected, lyophilized, dissolved in 8 pl of
RNase-free water, and incubated at 70°C for [0 min. In vitro
transcription was subsequently performed by incubating the 8 pl post-
lyophilization cDNA product with 12.2 Wl of master mix containing 2 p
of 10x T7 reaction buffer, 6 W of 25 mM NTP Mix, 2 pl of 100 mM DTT,
0.2 il of RNasc inhibitor (40 U/mi), and 2 [l of T7 RNA polymerase for
3 hat 37 °C. The amplified RNA was purified on an RNeasy mini column
(Qiagen, Valencia, CA) as per the manufacturer's protocol. The purified
amplified RNA was quantified using RiboGreen RNA Quantitation
Reagent (Molecular Probes, Eugene, OR).

Oligonucleotide microarray analysis

The microarray procedure was petformed according to Affymetrix
protocols (Sauta Clara, CA). In brief, total RNA extracted from tumor
samples was checked for quality using an Agilent 2100 Bioanalyzer
(Agilent Technologies, Waldbronn, Germany) and cRNA was synthe-
sized using the GeneChip 3’-Amplification Reagents One-Cycle cDNA
Synthesis Kit (Affymetrix). The labeled cRNAs were then purified and
used for construction of probes. Hybridization was petformed using
the Affymetrix GeneChip HG-U133 Plus2.0 array for 16 h at 45*C,
Signal intensities were measured using a GeneChip Scanner3000
(Affymetrix) and converted to numerical data using the GeneChip
Operating Softwace, Ver.l (Affymetrix).

DNA copy nuniber analysis

The method has been described previvusly [5,10]. From array data,
we focused on 20q11-13 lod for further examination, because we
thouglit that 20q11-13 loci are amplified in the ED group. We chose
GNAS (GNAS complex locus, NM_000516) on 20q13 based on the p
value and fold change. Results were normalized to the amount of
RH78455 of chromosoime 5q22.2 as genomic internal control locus.
Regarding the internal DNA copy number control, we selected the
genonic region of chromosome 5q, which is less frequently received the
genomic alterations in ovarian cancers referred to previous report[11-
13]. Next, we checlced 10 primers (D55818, D55409, D55349, D55346,
D55519, N558422, STSR33609, RH46186, RH78455, RH68508) of chiro-
mosome 5 region accerding to database of sequence tagged sites (STSs,
http://www.ncbi.nlminih.gov/unists). Among them, RH78455 was
most specific and reproducible primers, then we used it as internal
DNA copy nunber control. The DNA was quantified using the Power
SYBR Green PCR Master Mix {Applied Biosystemns) and 7900HT Fast
Real-time PCR systein (Applied Biosystems) and reported relative to the
control primer, The control DNA (or standard DNA copy numbers was
purchased from [nvitrogen (Carlsbad, CA). The PCR conditions were as
follows: one cycle of denaturation at 95 “C for 10 min, followed by 40
cycles at 95 °C for 15s and 60 °C for 60 s. If copy number was » 1.5
relative to the chromosome control, we judged that there was
amplification [5]). The primers used for estimating DNA copy numbers
were as follows: GNAS: SHGC59923-FW: 5-GGG IGG GCTTTT GIT CTT
TG-3, SHGC59923-RW: 5-AGG CAT AAA CGG GGG AGA TT-3, and
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Fig. 1. (A) Fifty genes differentially expressed between tumors in ED and NED patients, Dendrogram for clustering genes using centered correlation and average linkage. Red circles
indicate NED cases. (B) The chromosome distribution of the entire gene set and the selected subset of 50 genes. Among genes, which are located on chromosome 8 and 20, 50 genes
are frequently selected in aEOC.



E. Tominaga et al. ; Gynecologic Oncology 118 (2010) 160-166 163

Table 1
Identification of 50 candidale PFS-1elated genes fron microarray analysis

No.  Name Symbol Cytoband lFold Difference  P’robe Set
1 Zinc finger, MYM-type 4 ZMYM4 Chi:1p32-p34 1.6 202050 s _at
2 Putative homeoclomain transcriprion factor 1 PHTF1 Chr:1pi3 15 205702 at
| Protein phosphatase 1, regulatory (inhibitor) subunit 8 PPPIR8 Chr:1p35 1.8 207830_s_at
4 AT-rich interactive domain | A (SWI-like) ARIDIA Chr:1p35.3 1.8 212152 x at
5 NIF3 NCGG1 interacting factor 3-like 1 (S, pombe) NIF3LI Chr:2q33 1.6 218133 s_at
G General transcription factor UIC, polypeptide3, 102 kDa GTF3C3 Chr:2q33.1 1.5 218343 s_at
% Cell division cycle associated 7 CDCA7 Chr:2q31 0.4 230060_at
8 Chromosome 3 open reading frame 63 C301163 Chi:3pla3 1.9 209284 5 _at
9 Glutaredoxin (thioltransferase) GIRX Chr:5q14 03 206662 at
10 Dual specificity phosphatase 22 DUSP22 Chi:6p25.3 05 218845_at
11 RWD domain containing 1 RWDD1 Chr:6q13-q22.33 0.5 219598 s_at
12 Lymphocyte antigen 6 complex, locus E LY6E Chr:8924.3 3 202145 _at
13 Zinc finger protein 7 ZNF7 Chr:8q24 16 205089 at
14 Fuse-binding protein-interacting repressor SIAHBP1 Chr:8q24.2-qter 18 209899 s at
15 MAF 1 homolog (S. cerevisiae) MAFI1 Chr:8q24.3 18 222998 at
16 COMM domain containing 5///COMM domain containing 5 COMMD5 Chr:8g24-qter 18 224387 at
17 Exosome component 4 EXOSC4 Chr:8q24.3 1.7 58696_at
18 Spectrin, alpha, non-erythrocytic 1 (alpha-fodrin) SPTAN1 Chr:9q33-¢34 2 208611 s at
19 vav 2 oncogene VAV2 Chr:9q34.1 06 226063 at
20 Glutathione S-transferase amega 1 GSTO1 Chr:10q25.1 06 201470_at
21 PAP-associated domain containing | PAPD1 Chr:10p11.23 1.8 229676_at
22 Cofilin 1 (non-muscle) CFLY Chr:11q13 24 1555730_a_at
23 Activating transcription factor 7 interacting protein ATF7IP Chr:12p13.1 1.6 218987 ar
24 Ribosomal protein $6 kinase, 90 kDa, polypeptide 5 RPS6KAS Chr:14q31-q32.1 0.5 204633 _s_at
25 Vacuolar protein sorting 39 (yeast) VPS39 Chr:15q15.1 1.6 212156_at
26 ADP-ribosylation factor-like 2 binding protein ARL2BP Chr:16q13 1.5 202092_s_at
27 Pratein phosphatase 4 (formerly X), catalytic subunit PPP4AC Chr:16p12-16p11 1.9 208932_at
28 Polymerase (RNA) Il (DNA-directed) polypeptide A, 220 kDa POLR2A Chr:17p13.1 18 202725 _at
29 Thioredoxin-like 1 TXNL1 Chr:18q21.31 06 201588_at
30 Small nuclear ribonuclcoprotein polypeptide A SNRPA Chr:19q13.1 17 201770 at
3 GNAS complex locus GNAS Chr:20q13.3 1.4 200780_x_at
32 Adhesion regulating molecule 1 ADRM1 Chr:20q13.33 16 201281 _art
33 Ribophorin Il RPN2 Chr:20q12-q13.1 19 208689 s at
34 Chromosome 20 open reading (rame 111 C200rft11i Chr:20g13.11 ) 209020 _at
35 GNAS complex locus GNAS Chr:20q13.3 108 211858 x at
36 Transient receptor potential cation channel, subfamily C, member 4-associated protein TRPC4AP Chr:20q11.22 1.7 212059_s_ac
37 Additional sex combs like 1 (Drosophila) ASXL1 Chr:20q11.1 17 212238_at
38 GNAS complex locus GNAS Chr:20q13.3 18 214548 x_at
39 GNAS complex locus GNAS Chr:20q13.3 16 217673 _x_at
40 TH1-like (Drosophila) THIL Chr:20q13 17 220607 x at
4 Ayntaxin 16 STX16 Chr:20q13.32 17 221499 _s_at
42 A idase, beta A, ly I-like MANBAL Chr:20q11.23-q12 1.5 224689 ar
43 Tetratricopeptide repeat domain 3 TTC3 Chr:21422.2 15 210645_s_at
44 Solute carrier lamily 25 (mitochondrial carrier; peroxisomal membrane protein, 34 kDa), ~ SLC25A17 Chr:22q13.2 0.6 211754_s_at
member 17
45  Translocase of outer mitochondrial membrane 34 TOMM34 1.6 201870_at
46 7 202377 _at
47 Hypothetical protein MGC10850 MCC10850 05 223707 _at
48 Transcribed locus 1.6 231101 _at
49 Armadillo repeat containing, X-linked 2 ARMCX2 Chr:Xq21.33-q22.2 28 203404 at
50 0.7 AFFX-r2-Ec-
bioB-M_at

chromosome 5¢22.2;: RH78455-FW: 5-TCC TGC AAA CAT TTA AAC TCC
A-3,RH78455-RW: 5-AAC AGC AAC TGT TTT TTC CCC-3. Finally, for PCR,
1.5-fold was used as the cutoff for amplification, respectively [5].

Real-time quantitative RT-PCR for mRNA expression

In addition, mRNA expression levels were validated for GNAS (GNAS
complex locus, NM_000516) on chromosome 20q13. All results were
normalized to the amount of glyceraldehyde 3 phosplhate dehydroge-
nase (GAPD, NM_002046). RNA was converted to ¢cDNA using a
GeneAmp RNA PCR Core kit (Applied Biosystems, Foster City, CA). The
cDNAs were quantified using the Power SYBR Cireen PCR Master Mix
(Applied Biosystems) and 7900HT Fast Real-time PCR system (Applied
Biosystems) and reported relative to the GAPD expression levels. The
PCR conditions were as follows: one cycle of denaturation at 95 °C for
10 min, followed by 40 cycles at 95 °C for 15, and 60 °C for 60 5. To
amplify the target genes, all of the primers used for real-time RT-PCR
were purchased from Takara (Yotsukaichi, Japan), which is the major
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company of molecular biology in Japan. We are frequently using their
primers [ 14-16], and we consider that the primmers are reliable one.
GNAS-FW: 5-TGT ACA AGC AGT TAA TCA CCC ACC A-3, RW: 5-TCT GTA
GGC CGC CTT AAG CTT TC-3, GAPD-FW: 5-GCA CCG TCA AGG CTC AGA
AC-3, RW: 5-ATG GTG GTG AAG ACG CCA GT-3. Finally, we determined
the case as overexpression when the relative mRNA expression is larger
than median relative mRNA expression in all cases.

Statistical analysis

The microarray analysis was performed using the BRB Array Tools
software ver. 3.3.0 (http://www linus.nci.nih.gov/BRB-ArrayTools
html) developed by Dr. Richard Simon and Dr, Ainy Peng. In brief, a log
base 2 transformation was applied to the raw microarray data, and
global normalization was used to calculate the median over the entire
array. Genes were excluded if the percentage of data missing or
filtered out exceeded 20% or if less than 20 % of expression data had at
least a 1.5-fold change in either direction from the median value.
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The 16,121 genes that passed the filtering criteria were then con-
sidered for further analysis. The (-test (p<0.001) was used to identify the
genes differentially expressed between NED and ED. Clustering for 50
identified genes used centered correlation and average linkage.

Both mRNA and DNA copy numbers were validated using real-
time PCR in the 107 independent cases of EOC. PFS was calculated by
the Kaplan-Meier method. Univariate and multivariate Cox's propor-
tional hazard test was applied to identify variables associated with
PFS. A p value of <0.05 was considered to be significant (SAS software
ver. 9.1.3; SAS Institute Inc., Cary, NC).

Results
Clinical backgrounds of 140 EOC

The clinical backgrounds of the 33 aEOC samples used for array
analysis are as follows: median age (54 years: range 33-80), stage (I[:4,
1119, 1V:10), histologic types (endometrioid: 4, serous: 22, undifferen-
tiated: 7), histologic grade (1+2:9, 3:24), and operalion status
(optimal: 14, suboptimal:19). The median follow-up period is 907 days
(range: 292-2136 days), and 11 patients are alive without relapse.

The clinical backgrounds of 107 aEOC samples assayed for real-time
PCR are as follows: median age (54 years: range 29-85), stage (II:12,
[11:74, 1Iv:21), histologic types (endometrioid: 27, serous: 61, undiffer-
entiated: 19), histologic grade ( 1-+2:46, 3:61), operation status (optimal:
61, suboptimal: 46). The median follow-up period is 699 days (range:
92-2885 days) and 49 patients are alive without relapse.

Identification of 50 candidate disease progression-related genes by
© microarray analysis

To identify candidate disease progression-related genes from
54,675 transcripts, microarray analysis was performed on a training
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Fig. 2. The relationship between amplification and expression status of GNAS and PFS.
(A) The relationship between copy number change of GNAS and PFS. (B) The relationship
between mRNA expression of GNAS and PFS,
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Table 2
Relationship between gene amplification and clinical factors.
Clinical Factor GNAS
Frequency p Value
Age
Young 30%(16/53) 0.999
old 30%(16/53)
Grade
142 33%(15/45) 0.689
3 28%(17/61)
Operation
Optimal 26%(16/61) 0.392
Suboptimal 36%(16/45)

set of 33 samples, A total of 16,121 genes passed the filtering criteria
and were further analyzed. Fifty genes were significantly correlated
with disease progression, with a p value of<0.001 (Fig. 1A, Table 1).
The chromosome distribution of the gene set analyzed and a selected
subset are shown in Fig. 1B. Fifty selected genes on chromosome 8 and
20 show a higher than expected chromosomal distribution (Fig. 1B).
Of these 50 genes, 6 are located at chromosome 8q24 and 9 (12
probes) at 20q11-13, The ratio of selected gene set/analyzed gene set
in chromosome 20 is significantly higher than that in other
chromosome regions (12/383 vs. 32/13656, p=1.3%107'%) and
the selected gene set/analyzed gene set in chromosome 8 is
significantly higher than that in other chromosome regions (6/606
vs. 32/13656, p=0.01). We speculate that the abnormal chromo-
somal distribution is due to genomic alteration and that these genes
may play an important role in aEQC.

The results suggested that 8¢q24 and 20q11-13 loci are amplified in
the ED group and that this might be related to treatment of aEOC.

Relationship between GNAS gene amplification and PFS

DNA marker is thought to be more reliable and qualitative than RNA,
because RNA expression changes according to the condition and
environment of cancer cells. Therefore, we focused on detecting
genomic alterations of chromosome 20q11-13 loci using real-time
quantitative PCR on the 107 independent validation samples. The
amplification of GNAS is significantly related to poor PFS (p=0.011)
(Fig. 2A). GNAS shows gain of gene copy number rates of 30% (32/106),
respectively. Corvelations between amplification of GNAS and clinical
factors are shown in Table 2. There are no significant associations
between gene amplification at this loci and clinical factors such as age,
histological grade, histologic type, and operation status. In addition, we
performed multivariate Cox's proportional hazard test to identify
variables including age, histologic grade, debulking status, histologic
type, and GNAS copy number change associated with PFS. Finally, GNAS
amplification was independent prognostic factor in aEOC (Table 3).

Table 3
Univariate and multivariate analysis of the effect of various prognostic factors on PFS,

Univariate Multivariate
Variable®  Hazards 95% Cl p Hazards 95% CI p
Ratio” Ratio”
GNAS 2.035 1.164-3.558 0013 1906 1.081-3.36 0.026
Age 0.975 0.563-1.688 0927 0.765 0.434-1348 0.354
Histologic  1.376 0.774-2.447 0.277 1.248 0.697-2.233 022
grade
Debulking 0.26 0.143-0.471  <0.001 0256 0.139-0493  <0.001
status

* GNAS: amplification vs. non-amplification, AGE: >median vs, <median, histologic
grade: G3 vs. G1 1 2, debulking status: optitnal vs, suboptimal.

Y Hazard ratio vefers to risk of survival, with values- 1.0 indicating reduced risk, C1,
confidence interval,
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Relationship between GNAS gene expression and PFS

Of the 107 independent samples, RNA from 62 was available for
real-time RT-PCR analysis. There are no significant associations
between GNAS expression and clinical factors such as age, histological
grade, and operation status. GNAS expression correlates significantly
with PFS of aEOC (p=0.03) (l'ig. 28).

Discussion

The platinum/taxanc regimen has improved the prognosis of EQC;
however, this remains poor. For this reason, it is very important to find
new prognostic markers for EOC receiving standard therapy, so that
future clinical trials can be focused on patients with a poor prognosis.
In this study, we used oligonucleotide microarrays to identify new
prognostic biomarkers for aEOC excluding clear cell or mucinous
types receiving standard therapy. In the past decade, several studies
have analyzed chromosomal imbalances using comparative genomic
hybridization (CGH) in EOC [10,17-20]. Arnold et al. investigated 47
malignant ovarian tumors and 2 ovarian tumors of low malignant
potential using CGH and demonstrated that common genetic changes
include DNA gains of chromosome arms 8¢24 (51%) and 20q13.2-qter
(40%) [10]. Iwabuchi et al. presented CGH data from 31 ovarian
carcinomas and reported that increased copy numbers were most
commonly observed in their cases at 3q26 (42%), 8q24 (35%), and
12q11.1-12 (25%) [17], while Sonoda et al. demonstrated that the
most frequent sites of copy number increase were 8q24.1 (56%) and
20q13.2-qter (48%) in tumor DNA from 25 malignant ovarian
carcinomas and 2 tumors of low malignant potential [18]. Tanner et
al. focused on 20q12-q13 amplification in 24 sporadic, 3 familial and 4
hereditary ovarian carcinomas, and 8 ovarian cancer cell lines [19].
They demonstrated high-level amplification of at least one of the five
non-syntenic regions at 20q12-q13.2 in 13 sporadic {54%) and in all
four hereditary tumors [19]. Hu et al. focused on ovarian serous
carcinomas and demonstrated DNA copy number gain at 8q22q24 and
20q12q13 in 60% and 45% of samples, respectively [20] In our study,
amplification rates of GNAS at 20q13 is 30%, respectively.

Furthermore, Tanner et al. showed a tendency toward correlation
between amplification and poor survival (not significant) and Hu et al.
reported that 20q12q13 amplification may indicate a high risk for
recurrence of serous ovarian cancer [19,20]. These reports included
various histologic types and stages and even cell lines as well as
primary and recurrent cases. Furthermore, they provide no informa-
tion on therapy or operation status, include small number of patients,
and do not perform validation assays. As it is well established that
patients with ovarian carcinoma of different histologic types vary in
their response to chemotherapy [8.9], it is important to take this into
account in testing new biomarkers for their utility in clinical practice.
In this study therefore, we focused on patients receiving standard
therapy, excluding those with mucinous and clear cell tumars, and
performed microarray analysis in 33 patients and validation assays in
107 patients.

Recent attempts to develop accurate predictors of clinical outcome
in ovarian cancer have focused on techniques that are capable of
assessing global gene status such as expression profiling and array
CGH [4-7|. Birrer et al. performed ohgonucleotide array CGH on 42
microdissected high-grade serous ovarian tumors and reported that
amplification at 5q31-5q35.3 exhibited the strongest correlation with
overall survival, identifying FGF-1 on 5q31 as a prognostic marker in
81 independent samples [7]. These data are not in agreement with our
own. However, Birrer et al.'s report provides no information about the
chemotherapy used, so that we speculate that prognostic biomarkers
may be dependent on the chemotherapeutic regimen. Spentzos et al.
also reported expression profiles for EOC and established a Chemo-
therapy Respouse Profile (CRP) and Ovarian Cancer Prognostic Profile
(OCPP) [4,6].
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We selected GNAS gene based on the p value and fold change in array
data and examined the amplification status of GNAS as prognostic
marker of aEOC. GNAS gene amplification was an independent
prognostic factor. The GNAS locus encodes the G (alpha) protein,
which stimulates the formation of cyclic AMP (cAMP). The cAMP
pathway mediates pleiotropic effects including regulation of apoptosis
and proliferation {21-23] and different genotypes of the single
nucleatide polymorphism (ANP) T393C in the GNAS gene predict the
clinical outcome of urothelial carcinoma, sporadic colorectal cancer,
renal cell carcinoma, and chronic lymphocytic leukemia [24-27].
However, the role of GNAS in EOC remains unclear.

[n conclusion, we identified amplification of GNAS on 20q13 as
markers of prognosis in patients with aEOC treated with standard
therapy. Our finding identifies qualitative and reproducible biomarker
to predict the PFS of aFOC.
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Abstract

Background Oxaliplatin is a third-generation platinum
compound and a key agent for the management of colorectal
cancer. Patients treated with oxaliplatin are at risk for
hypersensitivity reactions. We designed a modified premed-
ication regimen to prevent oxaliplatin-related hypersensitiv-
ity reactions and assessed if this approach is effective.
Methods A retrospective cohort study of patients with
advanced colorectal cancer who received modified FOL-
FOX6 (mFOLFOX6) was performed. Patients received
routine premedication with dexamethasone 8 mg and gra-
nisetron 3 mg for the first five cycles of mFOLFOX6.
From the sixth cycle onward, cohort | received the same
premedication, and cohort 2 received modified premedi-
cation (diphenhydramine 50 mg orally, followed by
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dexamethasone 20 mg. granisetron 3 mg, and famotidine
20 mg). We compared Lhe incidence of hypersensitivity
reactions, duration of treatment, and reasons for treatment
withdrawal between the two cohorts.

Results A total of 181 patients were studied (cohort 1, 81;
cohort 2, 100). Hypersensitivity reactions developed in 16
patients (20%) in cohort 1 and 7 (7.0%) in cohort 2
(P = 0.0153). The median number of cycles increased
from 9 in cohort 1 to 12 in cohort 2. Apart from progressive
disease, neurotoxicity was the reason for discontinuing
treatment in 20% of the patients in cohort I, as compared
with 53% in cohort 2.

Conclusion Increased doses of dexamecthasone and anti-
histamine significantly reduced oxaliplatin-related hyper-
sensitivity reactions. This effective approach should be
considered for all patients who receive FOLFOX, allowing
treatment to be completed as planned.

Colorectal cancer - FOLFOX -
Oxaliplatin -

Keywords

Hypersensitivity reaction - Premedication

Introduction

Oxaliplatin, a third-generation platinum derivative, in
combination with fluorouracil and leucovorin (FOLFOX) is
among the most effective chemotherapies for metastatic
colorectal cancer. The increasing use of oxaliplatin for
chemotherapy has led to an increased incidence of oxa-
liplatin-related hypersensitivity reactions. The MOSAIC
trial, in which more than [,100 patients with colorectal
cancer received S-fluorouracil with oxaliplatin in an adju-
vant setting, reported a 10.3% incidence of hypersensitivity
reactions, which were one of the major rcasons for dis-
continuing treatment [1].
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[lypersensitivity is defined as an unexpected reaction
inconsistent with a drug’s usual toxicity profile. Such
reactions usually occur during or immediately after treat-
ment. Once sensitized, patients have recurrent hypersensi-
tivity reactions on subsequent exposure to oxaliplatin.
Desensitization protocols have been designed to prevent
hypersensitivity reactions. Such protocols have allowed
successful rechallenge with oxaliplatin [2, 3]. However,
clinical criteria for rechallenge with oxaliplatin remain a
matter of debate. Reliable methods for predicting the risk
of severe hypersensitivity reactions to oxaliplatin have not
been established. The potential risks of rechallenge with
oxaliplatin after severe anaphylaxis should be weighed
against the expected benefits according to the specific
clinical situation.

Hypersensitivity reactions to platinum salts (cisplatin,
carboplatin) are classically type I (i.e., immediate) reac-
tions [4], the incidence of which increases with multiple
cycles of therapy [5]. The symptoms can resolve after
treatment with antihistamines and steroids. More recent
series have documented a considerably higher incidence of
hypersensitivity reactions, ranging between 8% and 19%
[6-10]. Besides these reports, studies assessing the pre-
ventative effect of premedication on oxaliplatin-related
hypersensitivity are scant,

We have designed a modificd premedication regimen,
which includes a higher dose of dexamethasone (20 mg)
plus an antihistamine. This dose of dexamethasone has been
shown to be safe and effective {or the prophylaxis of pac-
litaxel-associated hypersensitivity reactions [l1]. Dexa-
methasone (20 mg) can be administered intravenously for
desensitization against oxaliplatin hypersensitivity [3, 12].
These findings suggested that the prophylactic use of
dexamethasone (20 mg) would reduce the incidence or
severity of hypersensitivity reactions. We gave our modi-
fied regimen for premedication Lo patients with advanced
colorectal cancer after they had received five cycles of a
modified regimen of FOLFOX6 (mFOLFOX6) with stan-
dard premedication. We retrospectively compared the fre-
quencies of hypersensitivity reactions between patients who
received this modified premedication regimen with those
who received standard premedication tor the duration of
FOLFOX treatment to determine whether our regimen was
effective.

Patients and methods

Patient selection
This investigation was a retrospective cohort study of

patients with advanced colorectal cancer who received
modified FOLFOX6 (mFOLFOX6: oxaliplatin 85 mg/m*
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plus concurrent leucovorin 400 mg/m’ as a 2-h intrave-
nous infusion on day I, (ollowed by a bolus injection of
S-fluorouracil 400 mg/m® and by a 46-h continuous
intravenous infusion of S-fluorouracil 2,400 mg/mz,
repeated every 2 weeks) at Kinki University Hospital
from September 2005 through September 2009. Eligible
patients had to have adenocarcinoma of the colon or
rectum; unresectable metastases; adequate bone marrow,
liver, and kidney functions; a World Health Organization
performance status of 0-2; and an age of >18 years.
Patients who received five cycles of mFOILLFOX6 without
any allergic reactions were eligible. Patients with central
nervous system metastases, only bone metastases, second
malignancies, bowel obstruction, peripheral neuropathy
of grade 3 or higher, symptomatic angina pectoris, or
disease confined to previous radiation fields were
excluded.

Chemotherapy and premedication

The patients were divided into two cohorts. In cohort 1,
patients received routine premedication for the first five
and subsequent cycles of mFOLLFOX6 from September
2005 through September 2007. In cohort 2, treated between
October 2007 and September 2009, patients similarly
received routine premedication for the first five cycles. The
premedication included routine antiemetic prophylaxis
with dexamethasone 8 mg and granisetron 3 mg in 50 ml
0.9% saline, given intravenously 15 min before oxaliplatin,
To reduce the risk of hypersensitivity reactions associated
with continued treatment, from the sixth cycle onward all
patients in cohort 2 received a modified premedication
regimen, consisting of diphenhydramine 50 mg given
orally 30 min before oxaliplatin, followed by dexametha-
sone 20 mg, granisetron 3 mg, and famotidine 20 mg in
50 ml saline, given intravenously 15 min  before
oxaliplatin.

Definition of allergic reactions

A hypersensitivity reaction to oxaliplatin was defined as
the development of at least one of the following signs or
symptoms after treatment with oxaliplatin: palmar ery-
thema, pruritus, urticaria, diffuse erythroderma, tachycar-
dia, angina, wheezing, facial or tongue edema, dyspnea,
hypertension, hypotension, respiratory arrest, anaphylaxis,
seizure, or death. Clinically significant respiratory com-
promise (wheezing associated with hypoxia or hypercarbia,
and respiratory arrest), clinically significant cardiovascular
compromise (angina, symptomatic hypotension or hyper-
tension, and cardiovascular collapse), anaphylaxis, seizure,
and death were all considered manifestations of a severe
allergic reaction.
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Study objectives and outcome measures

The primary objective of this study was to evaluate whe-
ther the modified premedication regimen reduced the
incidence of hypersensitivity reactions. The primary out-
come measure was the reduction in such reactions as
compared with routine premedication. Secondary objec-
tives were to evaluate the safety of the modified premedi-
cation regimen and to compare the duration of treatment
with mFOLFOX6 and the reasons for treatment discon-
tinuation between the two cohorts. Progressive disease was
excluded from the analysis of reasons for treatment
discontinuation.

Statistical analysis

A primary analysis was performed to compare cohorts |
and 2. To assess the effect of premedication on hypersen-
sitivity reactions to oxaliplatin in cohorts | and 2, we
calculated risk ratios and 95% confidence intervals (95%
CI). In addition, we calculated adjusted risk ratios with
95% CI for covariates (age, sex, diagnosis, prior treatment)
by performing a Poisson regression analysis. To assess the
effect of treatment exposure to the premedication on
hypersensitivity reactions to oxaliplatin in cohorts | and 2,
we compared the number of cycles between the cohorts
with the use of the Wilcoxon test. All tests were two-sided
with a significance level <0.05.

Results
Patient characteristics

The characteristics of the 181 eligible patients are listed in
Table 1 (81 in cohort | and 100 in cohort 2). The patients’
characteristics were well balanced between the cohorts,
except for bevacizumab, because bevacizumab was
approved in July 2007 in Japan. In 2007, bevacizumab was
introduced to Japan: we therefore assessed the number of
cycles administered for mFOLFOX6 alone in cohort |
(n=81) and for mFOLFOX6 alonc (n =49) and
mFOLFOX6 plus bevacizumab (n = 51) in cohort 2. No
patient in cohort 1 received bevacizumab, whereas nearly
half the patients in cohort 2 received bevacizumab. No
patient had a known history of allergy to a platinum salt.
Five patients had a history of drug allergy.

[ncidence of hypersensitivity reactions to oxaliplatin
[n cohort |, hypersensitivity reactions developed in 16

(20%) of 81 patients who received routine premedication
(Table 2). Six of these patients (7.4%) had manifestations
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Table 1 Patient characteristics

Routine Maoadified
premcdication premedication
(cohort 1) (cohort 2)
No. of patients 3l 100
Median age, years (range) 62 (29-82) 62 (34-84)
Sex
Male/female 53/28 66/34
Diagnosis
Colon - S1
Rectum 37 49
Line of therapy
First-line therapy 43 50
Second-line therapy 27 42
Third-line or subsequent therapy 11 8
mFOLFOX6 + bevacizumab 0 S1
Median cumulative oxaliplatin dose 414 419

for the first five cycles (mg/m?)

FOLFOX6 chemotherapy with oxaliplatin plus fluorouracil and
leucovorin

of severe allergic reactions. In cohort 2, hypersensitivity
reactions occurred in 7 (7.0%) of 100 patients who
received modified premedication (Table 2). Three of these
patients (3.0%) had manifestations of severe allergic
reactions. The incidence of hypersensitivity reactions dif-
fered significantly between the cohorts (risk ratio, 0.3544;
95% CIL. 0.1532-0.8196; P = 0.0153). Poisson regression
analysis yielded a risk ratio of 03581 (95% CI,
0.1541-0.8324; P = 0.0170) (Table 2). None of the
patients with a history of drug allergy had hypersensitivity
reactions.

Treatment exposure

The 81 patients in cohort 1 received a total of 382 cycles of
mFOLFOX6 (Table 2). The median number of cycles of
mFOLFOX6 was 9 (9 as first-line therapy, 9 as second-line
or subsequent therapy) (Table 3). The 100 patients in cohort
2 received a total of 781 cycles (Table 2). The median
number of cycles of mFOLFOX6 was 12 overall (Table 2).
The number of cycles differed significantly between the
cohorts on the Wilcoxon test (£ < 0.0001) (Table 2). In
cohort 2, the median number of cycles of mFOLFOX6
without bevacizumab was 11 (10 as first-line therapy, [ as
second-line or subsequent therapy) (Table 3). The median
number of cycles of mFOLFOX6 plus bevacizumab was 12
(12 as first-line therapy, 12 as second-line or subsequent
therapy) (Table 3). The number of cycles in patients who
additionally received bevacizumab did not differ signifi-
cantly on the Wilcoxon test. The reasons for treatment
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Table 2 Effect of premedication on incidence of hypersensitivity reactions to oxaliplatin

Incidence of Risk ratio (95% CI) (P value) Adjusted risk Incidence of Median P value
hypersensitivity ratio (95% CI) hypersensitivity  cycles
reactions/ (P value) reactions/total
total patients (%) cycles (%)
Routine premedication 16/81 (20) 0.3544 (0.1532-0.8196) 0.3581 (0.1541-0.8324) 16/382 (4.2) 9 <(0.0001
(cohort 1) (P =0.0153) (P =0.0170)
Modified premedication  7/100 (7.0) 7/781 (0.90) 12

(cohort 2)

CI confidence interval

Table 3 Effect of modified premedication on median number of treatment cycles

Cohort Regimen Line of therapy Median cycles of No. of
mBPOLIOX6 (range) patients
Routine premedication mFOLFOX6 First-line therapy 9 (6-17) 43
(cohort 1) Second-line or subsequent therapy 9 (6-22) 38
Modified premedication mFOLFOX6 First-line therapy 10 (6-28) 27
(cohort 2) Second-line or subsequent Ltherapy 11 (6-29) 22
mFOLFOX6 + bevacizumab First-line therapy 12 (7-31) 23
Second-line or subsequent therapy 12 (7-31) 28

discontinuation differed between the cohorts (Table 4). The
main reason for treatment discontinuation in cohort | was
hypersensitivity reactions (53%). Hypersensitivity was
the second reason for discontinuing treatment in 11% of
the patients in cohort 2. The main reason for treatment
discontinuation in cohort 2 was neurotoxicity (53%).
Neurotoxicity was the second reason for discontinuing
treatment in 20% of the patients in cohort 1.

Table 4 Reasons for treatiment discontinuation

Reasons for Routine Modified
discontinuation premedication premedication

(cohort 1) (cohort 2)

(n = 30) (n = 62)

No. of %  No. of %

patients patients
Neurotoxicity 6 20 33 53
Hypersensitivity reactions 16 53 7 |
Fatigue 0 0 3 4.8
Vomiting 0 0 2 3.2
Thrombocytopenia 0 0 ! 1.6
Febrile neutropenia 2 6.7 4 6.5
Liver dysfunction 2 67 0 0
Thrombosis 0 0 | 16
Diarrhea 0 0 | 1.6
Others 4 13 10 16

@ Springer

7

Safety

Modified premedication did not increase the incidence of
adverse effects related to the high dose of dexamethasone,
such as exacerbation of diabetes, osteoporosis, and com-
pression fracture. Diphenhydramine was associated with
mild somnolence in two patients, but this symptom
resotved promptly.

Discussion

The incidence of hypersensitivity reactions in cohort 1 was
similar to that in previous studies. Allergic reactions usu-
ally develop alter several infusions of oxaliplatin [13]. In
cohort 2 of our study, the use of modified premedication
decreased the incidence of hypersensitivity rcactions to
7.0%. Modified premecdication with increased doses of
dexamethasone and antihistamines thus reduced the inci-
dence of hypersensitivity reactions by 14 percentage points
as compared with cohort |, treated with routine premedi-
cation, Gowda et al. [9] evaluated the incidence of hyper-
sensitivity reactions to oxaliplatin and rcported 32
hypersensitivity reactions in 169 patients (incidence,
18.9%) who received oxaliplatin preceded by dexametha-
sone (10 mg) and ondansetron (Zofran, 8 mg). Brandi et al.
[7] reported that hypersensitivity reactions occurred in
18.1% of patients who received oxaliplatin preceded by
ondansetron. Other than these reports, studies assessing the



