Everolimus in Advanced Gastric Cancer

second-line advanced gastric carcinoma trials,***>***® everolimus

monotherapy exhibits less bone marrow suppression in this setting.
These results suggest that everolimus monotherapy is suitable for use
on an outpatient basis.

PK analyses in this trial suggested that although the rate of oral
absorption seems to be faster in patients who had undergone gastrec-
tomy compared with patients who did not [as evidenced by a higher
Conax and AUC .4 and shorter T, ], no differences in the extent of
oral absorption were observed because the mean C,;,, and steady-state
AUC over the dosing interval values were similar between patients
with and without gastrectomy. Further investigation is needed be-
cause the sample size of this study is limited. In conclusion, everolimus
monotherapy showed a promising rate of disease control and was well
tolerated in previously treated patients with advanced gastric cancer,
warranting further evaluation in a phase 111 trial of everolimus mono-
therapy in this population.
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Abstract

Purpose  First-line chemotherapy (Cx-1) in advanced gas-
tric cancer (AGC) provides survival benefit. However, it is
unclear who should proceed to second-line chemotherapy
(Cx-2).

Methods We reviewed patients who received Cx-2 for
AGC following progressive disease after Cx-1 from 2000
to 2005 at the National Cancer Center Hospital, Tokyo. To
evaluate the prognostic factors in Cx-2, Cox regression
multivariate analysis was performed.

Results Of 995 patients who received Cx-1 in this study
period, 466 met the eligibility criteria. The median progres-
sion-free survival in Cx-1 (PFS-1) was 133 days. The
median survival time from the date of starting second-line
chemotherapy (MST-2) was 207 days. Multivariate analy-
sis revealed that the factors affecting short survival time in
Cx-2 were poor performance status (>2), low serum albu-
min level (<3.5 mg/dL), elevated C-reactive protein level
(>1.0 mg/dL), patients with bone, liver or peritoneal
metastasis, and patients without previous gastrectomy
(p <0.01). PFS-1 was an independent prognostic factor for
survival (PFS-1 <120, MST-2 133 days, PFS-1 >120,
MST-2 258 days, hazard ratio 0.71, 95% confidence interval
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0.58-0.86, p <0.01). The Cx-2 regimen (irinotecan vs.
taxane) did not correlate with survival.

Conclusion PFS-1 is one of the prognostic factors of Cx-2
in patients with AGC.

Keywords Advanced gastric cancer - Second-line
chemotherapy - Prognostic factor - Time to progression -
Survival

Introduction

Gastric cancer is the fourth most common malignancy with
approximately 940,000 new patients in the world and ranks
second in all causes of death from cancer, with about
700,000 confirmed deaths annually (Kamangar et al. 2006).
In 2002, there were about 100,000 gastric cancer patients in
Japan and roughly half died from the malignancy in the
same year.

For the first-line chemotherapy (Cx-1) of advanced gas-
tric cancer (AGC), some randomized controlled trials have
revealed survival benefit (Glimelius etal. 1997; Pyrhonen
etal. 1995). Combination chemotherapy with fluorouracil
(FU) (including S-1 and capecitabine) and platinum analogs
(e.g., cisplatin and oxaliplatin) is presently the most widely
accepted regimen for Cx-1 (Glimelius et al. 1997; Koizumi
etal. 2008; Ohtsu etal. 2003; Pyrhonen etal. 1995; Ross
et al. 2002; Vanhoefer et al. 2000). Although there is still no
established second-line chemotherapy (Cx-2) for AGC,
some promising agents such as irinotecan, taxane, and cis-
platin have been used (Boku et al. 1999; Kodera et al. 2007;
Lee et al. 2007; Shirao et al. 1997; Sulkes et al. 1994).

Several potential prognostic factors for short survival time
in Cx-1 have been proposed. These include performance sta-
tus (PS) >2, presence of liver or peritoneal metastasis, and
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elevated alkaline phosphatase (ALP) level >100 U/L (Chau
et al. 2004; Louvet et al. 2003; Yamamura et al. 2002). Ichi-
kawa and Sasaki (2006) suggested that the response to Cx-1
affects progression-free survival and overall survival. How-
ever, the prognostic factors in Cx-2 remain unclarified.

In the present study, we determined the prognostic fac-
tors of survival at the start of Cx-2. Identification of these
factors may assist oncologist in selecting patients for subse-
quent chemotherapy following progressive disease in Cx-1.

Patients and methods
Patient population

We extracted AGC cases meeting the eligibility criteria from
the database of the National Cancer Center Hospital in
Tokyo. The eligibility criteria were as follows (1) histologi-
cally proven gastric adenocarcinoma and received Cx-2 after
Cx-1 failure due to progressive disease (PD) between Janu-
ary 2000 and December 2005, (2) <75 years of age, with an
Eastern Cooperative Oncology Group (ECOG) PS range of
0-2 at the start of Cx-1, (3) maintained adequate main organ
function for chemotherapy when Cx-1 was started. Adequate
main organ function was indicated by the following: serum
creatinine level <1.5 mg/dL; serum asparate aminotransfer-
ase (AST) level <100 U/L; alanine aminotransferase (ALT)
level <100 U/L; white blood cell count (WBC) >3.0 x 10/
pL but <12.0 x 10°/uL; platelet count >100 x 10°/pL; total
bilirubin <1.5 mg/dL; able to take oral medication; no symp-
toms of brain metastasis or pleural effusion.

Data collection

Chart reviews for all patients were performed to obtain labo-
ratory data on Cx-1 and Cx-2, chemotherapy regimens,
treatment duration, and reason for chemotherapy discontin-
uation. Data included the following: WBC, hemoglobin,
platelet count, ALP, lactate dehydrogenase (LDH), AST,
ALT, serum creatinine, C-reactive protein (CRP), bilirubin,
metastatic site (liver, peritoneum, and bone), number of
metastatic sites, and tumor differentiation on histopathology.
Baseline characteristics such as sex, age, PS and history of
previous gastrectomy when starting Cx-2 were also evaluated.
This study was conducted in accordance with Japanese
ethics guidelines for clinical and epidemiological studies,
which took effect in August 2007.

Chemotherapy regimens and treatment evaluation

Chemotherapy regimens were divided as follows: (1) Tax-
ane-based: paclitaxel or docetaxel, (2) Irinotecan-based: iri-
notecan monotherapy, or combination with S-1, mitomycin

@ Springer

C, or cisplatin, (3) 5FU-based: oral S-1 monotherapy or
combination with cisplatin; continuous 5-FU infusion or
combination with methotrexate.

In Cx-1, PD was defined as clinical progression (e.g.,
increased ascites or pleural effusion; deteriorated general
condition due to bone metastasis; elevated tumor marker
level) or radiographic progression according to response
evaluation criteria in solid tumors.

Statistical analysis

Univariate and multivariate analyses were performed using
the Cox regression model to determine the prognostic fac-
tors for survival. Hazard ratio (HR) and 95% confidence
interval (CI) were also determined. Progression-free survival
in first-line chemotherapy (PFS-1) was defined as the inter-
val between the start of first-line chemotherapy to recogni-
tion of PD. Overall survival (OS) was defined as the interval
between the start of chemotherapy to death or the date of last
follow-up. Median survival time in patients who received
first-line chemotherapy (MST-1) was calculated by the
median interval from the start of first-line chemotherapy to
death. Median survival time in patients who received sec-
ond-line chemotherapy (MST-2) was the median interval
from the start of second-line chemotherapy to death. PFS-1
was dichotomized according to the median PFS-1. Statistical
significance was set at alpha = 0.05 for a two-sided test. OS
and PFS were estimated by the Kaplan—Meier method.

Results
Baseline characteristics of patients

Of 995 patients who received Cx-1 in the study period, 466
met the eligibility criteria. Patient clinical characteristics at
the start of Cx-2 are shown in Table 1. The median age of
the patients was 60 years. S-1 monotherapy was the most
commonly used regimen in Cx-1 of 178 patients (38.2%).
Only eight patients underwent S-1 plus cisplatin combina-
tion chemotherapy (1.7%). The median PFS-1 was 129 days
(95% CI 119-142 days) (Table 1). In Cx-2, taxane alone
(n=201) and irinotecan with or without cisplatin (n = 141)
were the most frequently used chemotherapeutic agents.

Survival analysis

MST-1 was 371 days (95% CI 340418 days) (Fig. 1) and
MST-2 was 207 days (95% CI 182-227 days). MST-2 was
significantly longer in the group with PFS-1 >120 than in
the group with PFS <120 (Fig. 2) [i.e., 258 days (95% CI
229-287) and 133 days (95% CI 117-156), respectively
(p <0.001)].
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Table 1 Baseline characteristics Table 1 continued
Characteristic No. % Characteristic No. %
Age (years) 5-Fluorouracil/Methotrexate 31
Median 60 5-Fluorouracil only 9
Range 22-73 5-Fluorouracil/Cisplatin 4
Sex Others 8 1.7
Male 305 65.5 Monotherapy 285 61.2
Female 161 34.5 Combination chemotherapy 181 38.8
Performance status Serum albumin (mg/dL)
<1 396 85.0 Median 3.5
=2 70 15.0 Range 1.7-4.7
Tumor differentiation Alkaline phosphatase (mg/dL)
Intestinal 313 67.2 Median 299
Diffuse 145 31.1 Range 34-9,656
Undetermined 8 1.7 Total birilubin (mg/dL)
Recurrence or metastasis Median 0.6
Recurrence 132 28.3 Range 0.1-8.8
Primary metastasis 334 1.7 Hemoglobin (g/dL)
Previous gastrectomy Median 10.9
Yes 201 43.1 Range 5.3-108
No 265 56.9 White blood cell count (x 103)/1,[L
Number of metastatic site Median 6.3
<3 414 88.8 Range 2.4-253
>3 52 11.2 Platelet count (x 10%)/uL
Peritoneal metastasis Median 27.85
Yes 211 45.3 Range 1.9-116.1
No 255 54.7 Lactate dehydrogenase (IU/L) (normal range 119-229)
Bone metastasis Median 252
Yes 42 9.0 Range 10.3-9,300
No 424 91.0 Serum creatinine (mg/dL)
Liver metastasis Median 0.8
Yes 169 36.3 Range 0.3-2.8
No 297 63.7 Asparate aminotransferase (IU/L)
First-line treatment Median 25
S1 only 178 38.2 Range 1-646
5-Fluorouracil only 97 20.8 Alanine aminotransferase (IU/L)
Cisplatin/Irrinotecan 80 17.2 Median 18
Methotrexate/5-Fluorouracl 90 19.3 Range 4-246
Others 21 4.5 C-reactive protein (mg/dL)
Second-line treatment Median 0.6
Taxane base 201 43.1 Range 0.1-25.9
Paclitaxel 182 Progression-free survival in first-line chemotherapy (days)
Docetaxel 19 Median 129
Irinotecan base 141 30.3 Range 6-1,199
Irinotecan/Cisplatin 108
i stecanMiaMpin 2 Univariate and multivariate analyses
Irinotecan/S1 or Irinotecan only 4
5-Fluorouracil base 116 249 Table 2 shows the results of the univariate analysis for
ST only 66 survival from the start of Cx-2. The following data were
S1/Cisplatin 6

significantly correlated with shorter survival time: PFS-1
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Fig. 1 Overall survival (OS) and progression-free survival (PFS)
from the start of first-line chemotherapy
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Fig. 2 Overall survival from the start of second-line chemotherapy.
Orange line progression-free survival of first-line chemotherapy (PFS-
1) >120 days; green line PFS-1 <120 days

<120 days, ECOG PS >2, site of metastasis >3, presence of
peritoneal or bone metastasis, serum albumin <3.5 mg/dL,
ALP >360 mg/dL, LDH >250 IU/L (above the normal
range), bilirubin >1 mg/dL, AST >40 IU/L, ALT >40 IU/L,
CRP >1.0 mg/dL, and WBC >6.5 x 10%/uL. In the Cx-2
regimen, neither irinotecan nor taxane affected survival
(irinotecan vs. taxane; HR 0.95; p = 0.62). We further
analyzed monotherapy versus combination therapy in
second-line treatment, which failed to detect the relation to
survival in Cx-2.

Cox multivariate analysis included all variables that
were found to have prognostic significance in univariate
analysis. The results of the analysis identified the following
eight independent prognostic factors that correlated with
shorter survival time in Cx-2: PFS-1 <120 days (HR 0.71;
p <0.001); PS >2 (HR 0.51; p < 0.001); history of no previ-
ous gastrectomy (HR 0.78; p = 0.02); presence of perito-
neal or bone metastasis (HR 0.60; p < 0.001 and HR 0.48;
p < 0.001, respectively); presence of liver metastasis (HR
0.76; p=0.02); serum albumin <3.5 mg/dL (HR 0.65;
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p <0.001);
(Table 3).
We also performed Cox regression analysis for the Cx-2
regimens to potentially identify predictive factors for sur-
vival in Cx-2; however, these factors showed no indepen-
dent prognostic significance for survival (data not shown).

CRP >10mg/dL (HR 065 p<0.001)

Discussion

We identified the following eight factors affecting the sur-
vival of AGC patients in Cx-2: PFS-1, PS, history of previ-
ous gastrectomy, peritoneal, liver, or bone metastasis,
serum albumin, and CRP.

There are several studies that have described prognostic
factors for the survival of AGC patients in Cx-1. These
include PS, liver or peritoneal metastasis, elevated ALP
level, and number of metastatic site (Chau et al. 2004; Lee
etal. 2007; Louvet et al. 2003; Yamamura et al. 2002).
Response to Cx-1 was previously reported to correlate with
PFS-1 and survival from Cx-1 (r = 0.56, 0.47, respectively)
(Ichikawa and Sasaki 2006). However, the prognostic fac-
tors for Cx-2 remain to be determined. In the present study,
patients with longer PFS-1 had longer MST-2, resulting in .
longer survival from the start of Cx-1. Since gastric cancer
consists of a heterogeneous population of neoplastic cells,
tumor growth rate and the chemosensitivity of each tumor
may vary. Longer PFS-1 in AGC may identify a chemosen-
sitive cohort from this heterogeneous cell population.

Recently, Catalano et al. (2008) have reported five cli-
nico-pathological factors affecting the survival of 175
AGC patients in Cx-2. These included PS, PES-1 dura-
tion, hemoglobin, carcino embryonic antigen level, and
number of metastatic sites. Their results also suggested
that PFS-1 duration (HR 1.79, 95% CI 1.39-2.80,
p<0.0001) and PS (HR 1.79; 95% CI 1.16-2.77;
p = 0.008) were independent prognostic factors for short
survival time in Cx-2. PS has been identified as a prognos-
tic factor in AGCs in several trials (Catalano et al. 2008;
Koizumi et al. 2008) and also in other cancers (Bellmunt
et al. 2002; Janisch et al. 1994; Sargent et al. 2009). PFS-
1 was additionally identified as a prognostic factor in Cat-
alano et al’s analysis as well as in ours. Therefore, we
conducted additional analysis focusing on two factors,
namely, PS and PFS-1. Poor PS (>2) with PFS-1
<120 days was considered to indicate dismal prognosis,
with an MST-2 of only 60 days (95% CI 41-73 days)
(data not shown). We consider that this cohort may not
have survival benefit when using Cx-2.

In Japan, the standard Cx-1 for AGC includes S-1 and
cisplatin (Koizumi et al. 2008), and most patients with good
PS proceed to Cx-2. Although there is still no evidence that
Cx-2 provides survival benefit in clinical practice, irinotecan
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Tab!e 2 Univariate analysis on HR 95% ClI p value
survival
PFS-1 >120 versus <120 0.64 0.53-0.77 <0.01
Age >60 versus <60 0.89 0.74-1.07 0.22
Sex Male versus Female 0.95 0.78-1.16 0.61
PS 0-1 versus 2—4 0.36 0.28-0.47 <0.01
Histopathology Intestinal versus Diffuse 1.08 0.89-1.32 0.43
Unclassified versus Diffuse 1.32 0.64-2.69 0.45
Previous gastrectomy Yes versus No 0.65 0.54-0.79 <0.01
Number of metastatic site 3< versus 3> 0.54 0.40-0.72 <0.01
Peritoneal metastasis No versus Yes 0.71 0.59-0.86 <0.01
Bone metastasis No versus Yes 0.58 0.42-0.80 <0.01
Liver metastasis No versus Yes 0.86 0.71-1.04 0.12
Serum albumin (mg/dL) >3.5 versus <3.5 0.44 0.37-0.54 <0.01
ALP (mg/dL) <360 versus >360 0.60 0.49-0.72 <0.01
Total bilirubin (mg/dL) <1 versus >1 0.77 0.60-0.98 0.03
Hemoglobin (g/dL) >11 versus <11 0.86 0.71-1.03 0.10
WBC (x 10 (/uL) <6.5 versus >6.5 0.77 0.64-0.92 <0.01
Platelet count (x 10%) (/uL) >15 versus <15 0.88 0.63-1.23 0.45
LDH (I1U/L) <250 versus >250 0.73 0.61-0.88 <0.01
Serum creatinine (mg/dL) >1 versus <l 0.95 0.75-1.20 0.65
PFS-1 progression-free survival AST (IU/L) <40 versus >40 0.63 0.51-0.78 <0.01
in first-line chemotherapy, PS ALT (IU/L) <40 versus >40 0.71 0.55-0.90 <0.01
Eif‘;z:gﬁz;f:}];/géiﬂiz' C-reactive protein (mg/dL) <? versus >1 0.44 0.36-0.53 <0.01
blood cell, LDH lactate dehydro- Second-line treatment Irinotecan base versus Taxane base 0.95 0.76-1.18 0.62
genase, AST asparate amino- Others versus Taxane base 0.98 0.78-1.23 0.85
transferase, ALT alanine Combination chemotherapy 1.11 0.92-1.34 0.29

aminotransferase, AR hazard ra-
tio, CI confidence interval

versus Monotherapy

Table 3 Multivariate analysis on survival

HR 95%Cl pvalue

PFS-1 >120 versus <120 0.71 0.58-0.86 <0.001
Performance status ~ 0-1 versus 2-4  0.51 0.38-0.69 <0.001
Previous gastrectomy Yes versus No 0.78 0.64-0.96  0.02
Peritoneal metastasis No versus Yes 0.60 0.49-0.74 <0.001
No versus Yes 0.48 0.33-0.67 <0.001
No versus Yes 0.76 0.60-0.95 0.02

Bone metastasis
Liver metastasis

Albumin (mg/dL) >3.5 versus<3.5 0.65 0.53-0.81 <0.001
ALP (mg/dL) <360 versus >360 0.83 0.66-1.02  0.08
CRP (mg/dL) <l versus >1 0.65 0.52-0.80 <0.001

PFS-1 progression-free survival in first-line chemotherapy, ALP alka-
line phosphatase, CRP C-reactive protein, HR hazard ratio, C/ confi-
dence interval

or taxane containing regimen is commonly used for Cx-2
(Boku et al. 1999; Kodera et al. 2007; Shirao etal. 1997;
Sulkes et al. 1994). In our analysis, patients who received
irinotecan tended to have liver metastasis but not peritoneal
metastasis (data not shown); however, the prognosis of these
patient groups was not significantly different. In the early
1990s when Cx-2 was not widely used, the median survival

time of AGC patients was nearly 7 months (Ohtsu et al.
2003). A recent trial conducted in Japan suggested that
median survival time was prolonged to almost 1 year with
the same regimens of Cx-1 used previously (Koizumi et al.
2008). This prolongation may be attributed to changes in the
Cx-2 regimen. In the JCOG9205 study, the median survival
time of patients receiving the 5-FU arm was 7.1 months;
however, this time increased to 9.0 months in the
JCOG9912 study (Boku etal. 2009). These results imply
that the Cx-2 regimen improved survival. Taken together,
we believe that Cx-2 may show benefit for selected patients.

Because of the retrospective nature of the present analysis,
some considerations must be taken into account in inter-
preting our findings. First, the regimens used may not be
valid in other facilities or countries where S-1 is not used as
standard chemotherapy for AGC. Second, PFS-1 may pos-
sibly become a substitute potential prognostic factor in
Cx-1, that is, patients with poor PS or other risks when
starting Cx-1 may have shorter PFS-1 than those without.
To exclude this possibility, we did not include patients with
poor organ function, advance age (over 75 years), and inad-
equate bone marrow function in Cx-1 from the cohort. Never-
theless, the results of our analysis are important from three
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aspects. First, our findings can be used as a basis for
excluding patients who will not likely benefit from subse-
quent chemotherapy following disease progression after
Cx-1. Second, our results may help oncologists in providing
advice to patients regarding their potential survival. Third,
the present data suggest the need to stratify future studies of
Cx-2 to adequately assess treatment response and survival
data.

In conclusion, we demonstrated that PFS-1 is an inde-
pendent prognostic factor for survival in Cx-2. Survival
benefit from Cx-2 may be limited for patients with PFS-1
<120 days and other risk factors. Physicians should care-
fully consider PFS-1 and PS, as well as other potential vari-
ables, when considering Cx-2 and advising patients about
the potential risks, harms and benefit of CX-2 for AGC.

Conflict of interest statement None declared.
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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; 101: 1886-1890)

‘ olorectal cancer (CRC) is one of the leading causes of

death in Japan (http://ganjoho.ncc.go.jp/public/statistics/
index.html) and Western countries.'”’ Despite recent advances in
adjuvant chemotherapy and surgical techniques, 20-40% of
patients die because of metastasis after curative surgery.?)
Tumor-node-metastasis (TNM) staging is well established 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 I cancers and advanced stage 1V
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 each 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 to 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.

Cancer S¢i | August 2010 | vol. 101 | no.8 | 1886-1890

In addition to the TNM stage, the carcinoembryonic antigen
(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 staging 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” status,®”’
microsatellite instability.® the loss of heterogeneity at 18¢.”
and p33.""? 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 are 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. In 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 of 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 min to
obtain the plasma samples. The samples were stored at —80°C
until further usc.

Angiogenesis-related molecules. The 24 plasma markers used
in this study were as follows: interleukin 6 receptor (IL-OR),
matrix metallopeptidase 9 (MMP-9). TIMP metallopeptidase
inhibitor 1 (TIMP-1). TIMP metallopeptidase inhibitor 2 (TIMP-
2), endostatin, P-selectin, intercellular adhesion molecule |
(ICAM-1), vascular cell adhesion molecule 1 (VCAM-1), Tie-2.
plasminogen activator inhibitor-1 (PAI-1). macrophage migra-
tion inhibitory factor (MIF), plasminogen activator urokinase
receptor (uPAR), angiopoietin 2 (Ang-2), follistatin. 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).
interleukin 12 (IL-12), fibroblast growth factor 2 (FGF-basic),
and tumor necrosis factor (TNF-at). Ang-2, Follistatin, The nine
markers of HGF, 1L-8, PDGF-BB, VEGF, Leptin, PECAM-1.
and G-CSF are commercially available as the Human Premixed
Angiogenesis (9) panel (Bio-Rad Laboratories). 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 system (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-
formed 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
lincar trend analysis and the proportional odds model. In the Tin-
ear trend analysis, we used a one-way anova model with a linear
contrast, which consisted of the TMN stage scores. A f-test 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 oo 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 useful 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 statisti-
cally significant.

Results

Patient results. A total of 100 consecutive patients were
enrolled in this study. The median age of the enrolled patients
was 59 years (range. 31-79 ycars). Among them, 96 patients
received curative operations and four patients had distal metas-
tasis and reccived 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 angiogenesis-
related molecules: IL-6R. MMP-9. TIMP-1, TIMP-2, endostatin,
P-sclectin, ICAM-1, VCAM-1. Tie-2, PAI-1. MIF. uPAR,
Ang-2, follistatin, HGF. IL-8, G-CSF. PDGF-BB. VEGF, leptin.
PECAM-1. IL-12. FGF-basic, and TNF-o (Table 2). Overall,
98.5% of the plasma samples were successfully quantified using
a standard curve.

Yamada et al.

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
| 1 26 - 27
1l 2 22 - 24
1 8 37 - 45
Y% - - 4 4
Total 1 85 4 100

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 trend analysis showed
that the plasma concentrations of 13 molecules increased signifi-
cantly with an increasing TNM stage (P < 0.05): IL-6R, TIMP-
1. TIMP-2, P-sclectin, Tie-2. PAI-1. uPAR, Ang-2. follistatin.
HGF. IL-8, PDGF-BB. and VEGF (Table 3). Next, we per-
formed an 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 variables. The multivariate analysis
identified TIMP-1, P-selectin, Ang-2, HGF, IL-§, 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, 11 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, f-tests demonstrated that the plasma concentrations
of IL-6R (63.2 = 13.8 and 51.3 £ 17.0 ng/mL. respectively),
P-selectin (76.1 = 24.4 and 60.0 = 24.8 ng/mL., respectively),
VCAM-1 (163.9 = 61.0 and 134.6 = 35.0 ng/mL.,  respec-
tively), and PAI-1 (28.2 = 15.4 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 plasma concentrations of VCAM-
1 and PAI-1 were significantly higher among the patients with
recurrences (P = 0.039 and P = 0.028. respectively). A stepwise

Cancer Sci | August 2010 | vol. 101 | no.8 | 1887
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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 e Average (SD) 25% —m-——r Molecules

pg/mL Median  75% | 1l 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 41 MMP-9 34 50 28 33 n.s. n.s.
TIMP-1 44-283 117 (35) 96 118 135 TIMP-1 107 122 114 185 <0.0001 0.02
TIMP-2 9-47 24 (5) 21 24 28 TIMP-2 24 24 24 33 0.003 n.s.
Endostatin 90-456 187 (64) 140 177 223 Endostatin 184 198 182 201 n.s. n.s.
P-selectin 0-164 64 (27) 48’ 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. ns.
IL-12 0-32 5 (6) 2 3 6 IL-12 3 8 5 5 n.s. ns.
FGF-basic 0-235 21 (30) 4 13 25 FGF-basic 19 32 16 28 n.s. n.s.
TNF-o 0-72 4 (9) 1 2 4 TNF-a 4 6 3 2 n.s. n.s.

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;
PDGF-BB, platelet-derived growth factor beta polypeptide; PECAM-1,
platelet/endothelial cell adhesion molecule; TNF-o, tumor necrosis
factor; VEGF, vascular endothelial growth factor.

method selected VCAM-1 and PAI-1 as the most useful explan-
atory 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 successfully discriminated post-operative
recurrence, with an area under the curve (AUC) of 0.82. a sensi-
tivity 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). In stage 111 patients. the prediction model had a sensi-
tivity of 0.625 (5/8) and a specificity of 0.865 (32/37) for pre-
dicting post-operative recurrence (Fig. S2). On the other hand.
when apparent distal metastases of CRCs were applied to the
VCAM-1/PAI-I prediction model, three out of four metastatic
cases were determined as “‘recurrence (+) cases’ . These results
suggest that apparent metastatic tumors could be discriminated
using the model. Although a validation study is necessary. our
results raise the possibility that the combined use of the pre-
operative plasma concentrations of VCAM-1 and PAI-1 might
be useful for predicting post-operative recurrence in patients
with CRC. Finally, we retrospectively analyzed the plasma PAI-
I concentrations 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 significantly different between

1888

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-o, tumor
necrosis factor; VEGF, vascular endothelial growth factor.

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

Discussion

Vascular cell adhesion molecule I (VCAM-1)/CDI106 is a mem-
ber of the Ig superfamily and encodes a cell surface sialoglyco-
protein expressed by cytlokine-activated endothelium. This type
I membrane protein mediates leukocyte-endothelial cell adhe-
sion and signal transduction. and may play a role in the develop-
ment of atherosclerosis''? and rheumatoid arthritis.'* In the
field of oncology, accumulating evidence S%gests that VCAM-
1 is associated with a poor outcome."" """ Recently, Shariat
et al"® reported that standard clinical variables alone exhibited
an accuracy ol 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-BI1. sIL-6R, IL-6, VCAM-1, VEGF. endoglin, and
uPA increased the predictive 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-1 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

doi: 10.1111/}.1349-7006.2010.01595.x
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Fig. 1. The concentrations of (a) interleukin 6 receptor (IL-6R),

(b) P-selectin, () 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 90%, 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

VCAM-1 and PAI-1 model

surgery in 96 colorectal cancers ! .
Recurrence* Univariate Multivariate o
08
Molecules t-test Logistic Stepwise
+ =
P-value  P-value P-value é’ 06
>
IL-6R 63 51 0.03 n.s. =
MMP-9 37 35 n.s. n.s. g 0.4
TIMP-1 119 113 n.s. n.s. (7]
TIMP-2 25 24 n.s. n.s.
Endostatin 193 186 ns. n.s. 02
P-selectin 76 60 0.04 n.s.
ICAM-1 285 281 n.s. n.s. 0
VCAM-1 164 135 0.02 0.039 0.009 o 0.2 04 06 08 1
Tie-2 183 127 n.s. ns. False positive
PAI-1 28.3 19.8 0.02 0.005 0.005
MIF 64 51 n.s. n.s. Fig. 2. The receiver-operator curve (ROC) for post-operative
uPAR 30 21 n.s. n.s. recurrence. A stepwise method selected vascular cell adhesion
Ang-2 1514 1292 fig his molecule 1 (VCAM-1) and plasminogen activator inhibitor-1 (PAI-1) as
Follistati 962 833 - - the most useful explanatory parameters; these two molecules were
oflistatin n-s. n.s. subsequently used to construct a prediction model. The ROC indicates
HGF 3155 2517 n.s. n.s. the results of this model, which was capable of discriminating post-
IL-8 53 49 n.s. ns. operative recurrence with an area under the curve (AUC) of 0.82, a
G-CSF 892 810 n.s. ns. sensitivity of 0.75, and a specificity of 0.73.
PDGF-BB 972 671 n.s. n.s.
VEGF 211 174 n.s. n.s.
Leptin 2623 3196 n.s. n.s. . . . . .
PECAM-1 6159 5447 s iy promoting the persistence and expansion of thrombi.® Plas-
112 4 5 ns ns minogen activator inhibitor-1 (PAI-1) is known as tumor biolog-
FGF-basic 16 2 N i ical prognostic factor and has been lhoroughly validated wnh
TNF-o a 4 ik ns regard to its clinical utility in breast cancer.*"**" The 2007

Breast Tumor Markers Guidelines recommend that uPA/PAI-1

*Values indicate the average. Recurrence, post-operative recurrence;
logistic, logistic regression 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.

overexplessinn the endothelial cell adhesion molecule VCAM-
, which normally medlates leukocyte extravasation to sites of
ussue inflammation."'

Plasminogen  activator inhibitor-1 ~ (PAl-1)/SERPINEI
belongs to the plasmin/plasminogen system and is secreted
into the blood. where it prevents the generation of plasmin.

Yamada et al.

be measured using an ELISA with a minimum of 300 mg of
fresh or frozen breast cancer tissue for determining the progno-
sis of patients with newly diagnosed. node-negative breast can-
cer. Furthermore, CMF-based adjuvant chemotherapy provides a
substantial benefit. compared with observation alone, in patients
with a high risk of recurrence as delcrmmed by the presence of
high lcve]s of uPA and PAI-1.*® Previous reports have demon-
slrated that higher levels of PAI-1, but not PAI-2, are associated
with large tumors, metastatic stage, and a worse prognosis in
patients ‘with CRC' 24726 Our sludv differed in that it evaluated
the clinical parameter ol 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
adhesion to the extracellular matrix as a consequence of excess
PAI-1 interfering with uPAR binding to vitronectin, thereby
facilitating cell invasion and migration. N Interestingly. accu-
mulating data indicate that both VCAM 1 and PAI-1 promote
tumor metastasis and cellular adhesion. These activities arc
likely involved in post-operative recurrence. We plan to perform

Cancer Sci | August 2010 | vol 101 | no.8 | 1889
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a validation study to predict post-operative recurrence using the
plasma concentrations of VCAM-1 and PAI-1 in the near future.
In conclusion, we have demonstrated that a combination pre-
diction model based on the plasma concentrations of VCAM-1
and PAI-1 was a useful biomarker for predicting post-operative
recurrence in patients with colorectal cancer. Our strategy.
which utilizes a multiplex immunoassay system, may be a
powerful tool for identifying biomarkers in clinical settings.
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Objective: Temsirolimus (CCI-779) is a novel inhibitor of the mammalian target of rapamyein.
This Phase 1 study was aimed at investigating the maximum-tolerated dose, toxicity, pharma-
cokinetics and antitumor activity in Japanese patients with advanced solid tumors.

Methods: Temsirolimus was given as a 30 min intravenous infusion once a week. Patients
with solid tumors not amenable to standard forms of treatment were eligible. Dose escalation
of temsirolimus was planned from 15, 45, 80 to 165 mg/m?. The pharmacokinetics of
temsirolimus and sirolimus in whole blood were examined for cycles 1, 2, 4 and 5 of
treatment.

Results: Ten patients (median age 60.5 years; range 41-69 years) with advanced solid
tumors were enrolled. Their primary cancers were renal cell carcinoma (five patients), lung
cancer (three patients) and colorectal cancer (two patients). The major toxicities were
hypophosphatemia diarrhea, hyperglycemia, stomatitis, pyrexia, elevated aspartate amino-
transferase, rash, reduced neutrophil count, elevated alanine aminotransferase, anorexia,
hypertriglyceridemia and somnolence. Two of three patients who received temsirolimus
45 mg/m? developed dose-limiting toxicities of Grade 3 stomatitis (one patient) and Grade
3 diarrhea (two patients). The maximum-tolerated dose was 15 mg/m2. The peak blood
concentrations of temsirolimus and sirolimus, a major active metabolite, increased in a dose-
dependent manner. The area under the concentration-versus-time curve of sirolimus, but not
temsirolimus, increased in a dose-dependent manner.

Conclusions: The recommended dose for Phase 2 clinical studies of temsirolimus in
Japanese patients with advanced solid tumors is 15 mg/m? intravenously once a week.

Key words: Phase | study — CCI-779 — temsivolimus — advanced solid tumor

INTRODUCTION

Temsirolimus (CCI-779), a novel inhibitor of mammalian
target of rapamycin (mTOR), is an ester analogue of the
immunosuppressive agent sirolimus (rapamycin, trade name:
Rapamune®, sale: Pfizer Inc.), which was approved for the
prophylaxis of organ rejection in patients receiving renal
transplants in the USA. Temsirolimus inhibits several key
signal transduction pathways regulating G1 phase of the cell
cycle by inhibiting the activity of mTOR, a cell cycle regu-
latory kinase, and ultimately blocks progression from Gl to
S phase of the cell cycle (1). Temsirolimus is also reported

to show an inhibitory effect on the growth of various tumor
cells, especially on the tumor cells with mutation or deletion
of PTEN (phosphatase and tensin homolog deleted on
chromosome 10) tumor suppressor gene (2—10)).

On the basis of the inhibitory effect of temsirolimus on
the growth of tumor cells in preclinical studies, clinical
studies of temsirolimus have been conducted in patients with
a variety of malignant tumors, including advanced renal cell
carcinoma (13—20,22.23). In the USA, temsirolimus has
been approved for the treatment of advanced renal cell carci-
noma. In Europe, temsirolimus has been approved for the

¢ The Author (2010). Published by Oxford University Press. All rights reserved.
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first-line treatment of patients with advanced renal cell carci-
noma who have at least three of six poor prognostic factors
(Trade name: Torisel®, INN: temsirolimus, sale: Pfizer Inc.
(21.,24)). The recommended dose of temsirolimus is 25 mg/
body infused intravenously over a 30—60 min period once a
week.

On the basis of the above results, a Phase 1 study was
also conducted in Japan to investigate the safety, tolerability,
pharmacokinetics and antitumor activity of temsirolimus in
patients with advanced solid tumors. Two different temsiroli-
mus schedules were used in US, European and international
studies (daily for 5 days every second week and once a
week) and showed that temsirolimus was well tolerated and
had antitumor activity (14,15,22,23). The weekly adminis-
tration was chosen for the conduct of this clinical study in
Japan because this is the schedule that has been approved in
the USA and Europe and it is a more convenient schedule
for patients than daily for 5 days every second week.

PATIENTS AND METHODS
Stupy DESIGN

This was an open-label, single-center, Phase 1 study. The
primary objective was to investigate the safety and tolerabil-
ity of temsirolimus administered by a 30 min intravenous
infusion once a week. The secondary objective was to collect
preliminary data of the pharmacokinetics and antitumor
activity of temsirolimus.

The study protocol was approved by the institutional
review board of the National Cancer Center, and the study
was conducted from October 2002 to March 2005 in accord-
ance with Good Clinical Practice.

PATIENTS

Patients were enrolled in the study only if they met the fol-
lowing entry criteria:

Inclusion criteria were: (i) histologically and cytologically
confirmed diagnosis of advanced solid tumors; (ii) refractory
to standard therapy or no appropriate therapy: (iii) measurable
lesion; (iv) at least 4 weeks since any prior chemotherapy. hor-
monal therapy, radiation therapy and/or surgery, and any other
investigational agent use (at least 6 weeks since nitrosoureca
and mitomycin C): (v) available to be hospitalized from the
day before the first administration through the fourth week;
(vi) age >20 and <75 years at the time of consent; (vii) neu-
trophil count >1500/mm?, platelet count >100 000/mm®.
hemoglobin >8.5 g/dl: (viii) adequate renal function: serum
creatinine < 1.5 mg/dl, creatinine clearance (24 h method)
>50 ml/min; (ix) adequate hepatic function: total bilirubin
<2 mg/dl, glutamic oxaloacetic transaminase (aspartate ami-
notransferase, AST) and glutamic pyruvic transaminase
(alanine aminotransferase, ALT) < 3 times the institutional
upper limit of the normal range: (x) serum cholesterol
<350 mg/dl. triglyceride <500 mg/dl; (xi) performance status

Jpn J Clin Oncol 2010;40(8) 733

0—2; (xii) estimated life expectancy of at least 3 months and
(xiii) written informed consent for the study.

Exclusion criteria were: (i) concomitant use of CYP3A4
inhibitors or inducers, such as anticonvulsants and rifampi-
cin, where the treatment could not be discontinued or
switched to a different medication; (ii) symptomatic brain
metastasis; (iii) positive HIV antibody, HBs antigen or HCV
antibody: (iv) infection requiring systemic medication; (V)
complications that were difficult to control by medication or
other therapies; (vi) use of immunosuppressive agents within
3 weeks prior to enrollment; (vii) regular use of steroids;
(viii) concurrent angina, myocardial infarction within
6 months prior to starting study or heart disease that was
difficult to control with medication or other therapies; (ix)
history of hypersensitivity to diphenhydramine or its structu-
rally related antihistamine drugs; (x) history of hypersensitiv-
ity to polysorbate 80 or polyethylene glycol contained in the
diluent of the investigational drug, (xi) women who were
pregnant or lactating, or not willing to use acceptable contra-
ception during the study and for at least 3 months following
the last study drug administration and (xii) inappropriate
patients for the study for any other reason such as screening
test results by the investigator.

DOSAGE AND ADMINISTRATION

Temsirolimus was supplied by Wyeth K.K. (Tokyo, Japan)
in Sml vials for intravenous injection; each contained
25 mg/ml of temsirolimus, co-packaged with a specific
diluent.

Diphenhydramine, an antihistamine drug, was intrave-
nously infused at a dose of 30 mg over 30 min ~1 h before
the temsirolimus administration to prevent hypersensitivity
reactions. Approximately 30 min after the diphenhydramine
infusion, temsirolimus was administered by a 30 min intrave-
nous infusion.

The doses of temsirolimus were 15, 45, 80 or 165 mg/m”.
The 15, 45 and 165 mg/m” doses correspond to flat doses of
25, 75 and 250 mg. The latter were used once a week in a
Phase 2 clinical study in kidney cancer patients and toler-
ability and efficacy were observed at all doses (14). Thus,
these doses were used in this study of Japanese patients. In
addition, 80 mg/m* was used as an intermediate dose
between 45 and 165 mg/m? so that there would not be a
3.7-fold increase in dose in the escalation. Temsirolimus was
administered once a week as used previously (14,15,22) and
at least three administrations were planned. The fourth or
subsequent administrations of temsirolimus were allowed to
continue until tumor progression or unacceptable toxicity
occurred.

DoSE ESCALATION METHOD

On the basis of the Guidelines for Clinical Evaluation of
Anticancer Drugs (! 1), three patients were administered tem-
sirolimus in each dose group. Additional patients were
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734 Phase | study of temsirolimus in solid tumors

treated at that dose level or dose escalation was performed
according to the number of patients with unacceptable
toxicity.

DEFINITION OF DOSE-LIMITING ToxICITY

Tolerability of temsirolimus was assesscd on the basis of the
safety evaluation of the initial three-weekly administrations.
When the following events rclated to temsirolimus occurred
before the fourth administration, the event was defined as
unacceptable toxicity: (i) Grade 3 or 4 non-hematologic tox-
icity (exclusion: nausea or vomiting without the use of
appropriate antiemetic drugs, and serum triglycerides
<1500 mg/dl recovering to Grade 2 by the next week), (ii)
Grade 4 thrombocytopenia, (iii) Grade 4 neutropenia lasting
5 days or more, (iv) Grade 4 febrile neutropenia or (v) delay
of administration for 2 weeks or more due to prolonged
toxicity.

The severity of toxicities was assessed according to
National Cancer Institute Common Toxicity Criteria
(NCI-CTC Version 2.0, 30 April 1999).

EFFICACY EVALUATION

On the basis of the guidclines of Response Evaluation
Criteria in Solid Tumors (RECIST) (12), best overall
response was assessed.

PHARMACOKINETICS

Blood samples were collected at 0, 0.25, 0.5, 1, 2, 4, 6, 24,
72, 96 and 168 h (just before the time of second adminis-
tration) after the first administration of temsirolimus and at
the time of fifth administration (168 h after the fourth admin-
istration). Blood concentrations of temsirolimus and siroli-
mus, a major active metabolite, were measured by Taylor
Technology Inc. (NJ, USA) using a validated liquid chrom-
atography/tandem mass spectrometry method. The limit of
detection was 0.25 ng/ml for each compound. The pharmaco-
kinetic parameters of temsirolimus and sirolimus in whole
blood. including maximum concentration (Cp,y). time to
maximum concentration (7., terminal half-life (7,,,), area
under the concentration-versus-time curve (AUC), apparent
clearance (corrected for unknown fraction of drug metab-
olized; CL/f,,) and apparent volume of distribution at steady
state (Vd,e/fim), were calculated using a non-compartmental
analysis technique.

RESULTS
PATIENTS” CHARACTERISTICS

Ten patients with solid tumors were enrolled in this study
(Table ). The median age was 60.5 years with a range of
4169 years. All patients had at least one prior chemother-
apy and seven patients also had surgery for primary tumors.

Table 1. Paticnis’ characteristics

Number of patents (7 = 10)

Sex
Male 6
Female 4
Age (ycars)
>40 to <50 2
>50to <60 2
>60to <70 6

Median (range)
60.5 (41-69) 10
Performance status

0

~

1 8
Number of prior

1 3
Chemotherapy

2-3 2
Regimens

>4 5
Prior treatment

Chemotherapy ]

Chemotherapy + radiation 2

Chemotherapy + surgery 7
Primary cancer

Renal cell carcinoma 5

Lung cancer 1

Small cell Tung cancer |

Non-small cell lung cancer 1

Sigmoid colon cancer 1

Colorectal cancer 1

The primary cancer of five patients was renal cell carcinoma.
Three patients had lung cancer and two had colon/colorectal
cancer. With regard to prior chemotherapy, five patients had
received four or more regimens.

Dost EscALATION AND UNACCEPTABLE TOXICITY

The starting dose of 15 mg/m”> was administered to three
patients. One subject discontinued temsirolimus treatment
after the first administration because of Grade 4 gastrointesti-
nal perforation. The Efficacy and Safety Evaluation
Committec determined that this adverse event was not an
unacceptable toxicity, and the patient was excluded from tol-
erability evaluation and another patient was enrolled. The
other three patients in the 15 mg/m* dose group did not
develop unacceptable toxicity and the escalated dose of
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45 mg/m’ was administered to three patients. Two of them
developed unacceptable toxicity. Grade 3 stomatitis and diar-
rhea occurred in one patient and Grade 3 diarrhea occurred
in the other patient. According to the prescribed procedure,
further dose escalation was discontinued, and three
additional patients were enrolled in the starting dose of
15 mg/m? to confirm tolerability. None of these three
additional patients developed unacceptable toxicity. From
these results, temsirolimus administered as a monotherapy
once a week at an intravenous dose of 15 mg/m? was judged
to be acceptable.

In the 15 mg/m? dose group, six of seven patients received
three or more weekly administrations of temsirolimus. Three
received 15-, 26- and 47-weekly administrations. The patient
in the 45 mg/m? dose group who did not have unacceptable
toxicity received four-weekly administrations  of
temsirolimus.

ToxicITEs

All patients (10/10) experienced at least one adverse event
related to temsirolimus administration (Table 2). A greater
percentage of patients who received temsirolimus 45 mg/m?
experienced Grade 3 or 4 adverse events (100%) than those
who received 15 mg/m? (29%).

Temsirolimus-related adverse events of any grade that
occurred in any cycle in at least six patients were hypopho-
sphatemia (90.0%), diarrhea (80.0%), hyperglycemia
(80.0%), stomatitis (70.0%), pyrexia (70.0%), elevated AST
(70.0%), rash (70.0%), reduced neutrophil count (60.0%),
elevated ALT (60.0%), anorexia (60.0%), hypertriglyceride-
mia (60.0%) and somnolence (60.0%) (Table 2).

The adverse events of Grade 3 or higher that were related
to temsirolimus treatment are as follows. In the period from
the first to the third dose of temsirolimus, two patients had
diarrhea and one patient each had a perforated digestive
tract, stomatitis, malaise, hyperglycemia, hypokalemia or
hypophosphatemia (Table 2). In the fourth and subsequent
administrations, two patients had supraventricular arrhythmia
and one each had pulmonary infection and hypercholestero-
lemia. The perforated digestive tract, malaise, hypercholes-
terolemia and supraventricular arrhythmia (one patient)
occurred in the 15 mg/m2 group and the diarrhea, stomatitis,
hyperglycemia, hypophosphatemia, hypokalemia, pulmonary
infection and supraventricular arrhythmia (one patient)
occurred in the 45 mg/m? group. These adverse events
resolved when temsirolimus treatment was stopped and the
patients were treated appropriately.

For Grade 2 or lower adverse events of hemoglobin
decreased, hematocrit decreased, alkaline phosphatase
increased, epistaxis and onychia, the frequency of occurrence
increased with the number of administrations of temsiroli-
mus. However, for the adverse events of Grade 3 or higher,
the frequency of occurrence did not increase with the
number of administrations.

Jpn J Clin Oncol 2010,40(8) 735

The reasons for discontinuing temsirolimus treatment in
this trial were adverse cvents (four patients), progressive
disease (PD; five patients) and other (one patient). Diarrhea,
perforated digestive tract, stomatitis and supraventricular
arrhythmia were the adverse events that led to discontinu-
ation. No patients died in this trial.

ANTITUMOR ACTIVITY

All 10 patients who received temsirolimus were eligible for
this study and were included in efficacy evaluation. Eight
patients had stable disease (SD) and two patients had PD as
their best overall responses. Of those with SD, 71% (5/7)
received temsirolimus 15 mg/m2 and 100% (3/3) received
temsirolimus 45 mg/m?. The median length of SD was 35
days (range 20+ to 371 days, Table 3). Three patients with
renal cell carcinoma who received temsirolimus 15 mg/m?
had a long period of SD (113—371 days).

PHARMACOKINETICS

Whole blood samples were collected from seven patients in
the 15 mg/m? dose group and three patients in the 45 mg/m?
dose group for measurement of concentrations of temsiroli-
mus and sirolimus. After the intravenous infusion of temsiro-
limus was completed, concentrations of temsirolimus in
whole blood decreased more rapidly than those of sirolimus.
After a single dose of temsirolimus, mean C,,,,, for temsiroli-
mus increased in a dose-dependent manner but mean AUC
did not (Table 4). Mean Vd, for temsirolimus increased
with increasing dose from 83.85 | after the 15 mg/m?* dose to
162.9 1 after the 45 mg/m? dose. Mean CL also increased
with increasing dose (8.48 I/h after 15 mg/m? and 27.19 I/h
after 45 mg/m*). Mean terminal half-life for temsirolimus
was 14.77 and 13.47 h for 15 and 45 mg/m?, respectively.
After a single dose of temsirolimus, sirolimus mean Cyay
and AUC were increased with increasing dose; however,
they did not increase in a dose-proportional manner
(Table 4). A similar dose-proportional increase in sirolimus
was observed in the previous study (22). Mean Vd./f;,, and
CL/f also appeared to increase with increasing dose. Mean
terminal half-life for sirolimus was 67.04 and 59.15 h for 15
and 45 mg/m?. respectively, and, therefore, was longer than
t12 for temsirolimus. After a single dose of temsirolimus,
mean AUC,,, also exhibited a dose-dependent increase.
Mean AUC,,;, was 2.94 after the 15 mg/m? dose and 4.79
after the 45 mg/m? dose. Inter-subject variability was gener-
ally modest after single and multiple doses of temsirolimus.

DISCUSSION

This Phase 1 trial in Japanese patients with advanced solid
tumors showed that 15 mg/m2 temsirolimus infused intrave-
nously once a week was well tolerated. The result of evalu-
ation by dose groups demonstrated that none of the patients
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736 Phase 1 study of temsirolimus in solid tumors

Table 2. Temsirolimus-rclated adverse events, including laboratory abnormalitics, reported in any cycle in at least 30% of patients who received temsirolimus

Adverse cvent Temsirolimus 15 mg/m? (n = 7) Temsirolimus 45 mg/m?® (n = 3) Total (n=10)
All grades® (n) Grades 3 and All grades® (n) Grades 3 and All grades® (n) Grades 3 and
4% (n) 4% (n) 4% (n)

Any 7 2 3 3 10 5
Diarrhca 6 2 2 8 2
Nausca 2 | 3

Stomatitis 5 2 1 7 1
Vomiting 3 3

Malaise 2 | 3 5 1
Pyrexia 4 3 7

Pharyngitis 3 3

Weight loss 3 2 5

Anorexia 3 3 6

Dysgeusia 2 | 3

Somnolence 4 2 6

Hcadache 3 2 5

Nasal blceding 4 1 5

Rash k] 2 7

Flushing 3 2 5

Hypertension 3 | 4

Phlicbitis 3 3

Leukocytes decreased 2 3 5

Lymphocytes decreased 2 I 3

Monocytes increascd 2 | 3

Reduced neutrophil count 3 3 6

Platelets decreased 2 2 4

Hemoglobin decreased 3 2 5

Hematocrit decreased 3 I 4

Elcvated ALT 4 2 6

Elevated AST 5 2 7

Creatinine increased 2 2 4

LDH increascd 3 2 5

Alkaline phosphatasc increased 3 1 4
Hypcrcholesterolemia 4 1 I N 1
Hyperglycemia 5 3 8 |
Hypertriglyceridemia 5 | 6

Hypophosphatemia 6 3 9 |

e, . - . . e . ;
In the 15 m_wm2 group, onc paticnt cach had perforated digestive tract or supraventricular arrhythmia. In the 45 mg/m” group. one paticnt cach had
hypokalcmia, pulmonary infection or supraventricular arrhythmia. ALT. alanine aminotransferasc: AST. aspartatc aminotransferasc; LDH, lactate

dehydrogenase.
“NCI-CTC Ver 2.0.

in 15 mg/m? dose group experienced unacceptable toxicity,
whereas two of three patients experienced Grade 3 stomatitis
and diarrhea in 45 mg/m? dose group. For single doses of 15
or 45 mg/m*, the exposure of temsirolimus and its major

active metabolite sirolimus in whole blood increased in a
dose-dependent but subproportional manner. Inter-subject
variability between single (the first) and multiple (the fourth)
dosing periods was low. The pharmacokinetic parameters for
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temsirolimus and sirolimus that were measured in this study
were very similar to those measured in the Phase | study of
patients with solid tumors treated with intravenous

Table 3. Individual efficacy results of patients treated with temsirolimus

Temsirolimus Primary cancer Best Time to
dosc overall progression
response (days)

15 mg/m* Lung cancer PD 20
Colorectal cancer PD 20
Small cell lung cancer SD 20+
Sigmoid colon cancer SD 23+
Renal ccll carcinoma SD 113
Renal cell carcinoma SD 244
Renal ccell carcinoma SD 371

45 mg/m? Renal cell carcinoma SD 20+
Renal cell carcinoma SD 27+
Non-small ccll carcinoma SD 42+

SD, stable discasc: PD, progressive discasc.

Jpn J Clin Oncol 2010:40(8) 737

temsirolimus on a weekly schedule (22) and in the Phase 2
study of patients with renal cell carcinoma treated with tem-
sirolimus on a weekly schedule (14).

The common temsirolimus-related adverse events were
hypophosphatemia, diarrhea, hyperglycemia, stomatitis,
pyrexia, elevated AST, rash, reduced neutrophil count, elev-
ated ALT, anorexia, hypertriglyceridemia and somnolence.
These adverse events also have been reported in other
studies of patients treated with temsirolimus (14,15,22,23).
Because only 10 Japanese patients were treated in this study,
we cannot accurately determine whether the incidence of
these adverse events in this population is similar to the inci-
dence in populations in other studies.

In the Phase 3, international, interferon-a-controlled study
of temsirolimus conducted in patients with advanced renal
cell carcinoma, the patients administered temsirolimus alone
at the dose of 25 mg/body (15 mg/m?) demonstrated a sig-
nificant improvement in overall survival and progression-free
survival when compared with the patients administered
interferon-ac alone (15). There was no significant difference
in the objective response rate (percentage of patients with
complete and partial responses) for patients treated with
temsirolimus or interferon-o but patients treated with

Table 4. Pharmacokinetic parameters following intravenous administration of temsirolimus

Single dose

Multiple doses”

15 mg/m* 45 mg/m? 15 mg/m? 45 mg/m™

Temsirolimus (mean + SD)

Cinax (ng/ml) 1013.9 +316.3 1793.3 + 421.6 912.0 £ 50.0 1580.0

fmax (h) 0.51 4+ 0 0.34 £ 0.2 043 +£0.2 0.25

ty2 (h) 14.77 + 0.68 13.47 + 1.09 13.76 + 0.15 11.65

AUC (ng h/mh)* 2873 + 358 2750 4+ 250 2203 + 203 2403

CL (I/h) 8.48 + 1.73 27.19 + 6.37 11.54 + 1.30 24.66

Vdg (1) 83.85 £+ 1091 162.9 + 26.67 88.29 + 9.6l 153.4
Sirolimus (mean + SD)

Crnax (ng/ml) 89.1 +40.5 157.3 + 37.1 118.7 + 28.5 190.0

Tmax (h) 753 £ 113 187+ 1.9 2.03 + 1.7 0.52

112 (h) 67.04 + 17.37 59.15 + 28.94 71.36 + 12.24 35.33

AUC (ng h/mh* 8168 + 2089 13524 + 9763 9061 + 1788 7772

CL/fm (Vh) 3.05 + 0.61 7.1 4 3.41 241 +0.90 7.37

Vd/fm (1) 189.6 + 23.46 3252 + 1034 39.0 + 15.55 273.6
Composite

AUC wio 2.94 4+ 1.08 4.79 + 3.03 5.20 + 1.69 3.35

(sirolimus:temsirolimus)

AUCqyy (ng h/ml) 11041 4+ 1935 16274 + 9970 13583 + 2715 10469

SD. standard deviation: AUC, arca under the curve.

“Following the fourth administration.

PA blood sample from only onc patient was available.

“AUC for single dose means AUC,—,, and for multiple doses means AUC,—,.
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temsirolimus had a significantly higher clinical benefit rate
(percentage of patients with complete and partial responses
and SD for at least 24 weeks) than did patients treated with
interferon-o. Thus, long-term SD was an important com-
ponent of the temsirolimus responsc in patients with
advanced renal cell carcinoma. For patients treated with tem-
sirolimus, the objective response rate was 9% and the clini-
cal benefit rate was 32%. In this Phase | study, three (3)
patients with renal cell carcinoma had long-term SD lasting
113—371 days. The fact that 3 of 10 Japanese patients had
long-term SD and none had partial or complete responses
agrees with the results obtained in the Phase 3 study and
suggests that the antitumor activity of temsirolimus in
Japanese cancer patients is similar to that in renal cell carci-
noma patients of the international population.

From the above results, tolerability at 15 mg/m? was con-
firmed, and the recommended dose for Japanese patients
with advanced solid tumors was determined to be temsiroli-
mus 15 mg/m? as an intravenous infusion once a week.
Further clinical studies will be required to investigate the
safety and efficacy of temsirolimus in detail.
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