
Abstract. Background: Clinical studies have shown that
temozolomide (TMZ) and irinotecan demonstrate activity in
high grade astrocytic tumors (HGAT). However, the optimal
schedule of administration is unknown. Patients and Methods:
In the present study, a total of 45 HGAT patients, 38 with
glioblastoma multiforme (GBM) and 7 with anaplastic
astrocytoma (AA), were treated with TMZ, 150 mg/m2 on days
1-5, followed by irinotecan, 150 mg/m2 on days 6 and 17, every
4 weeks for 6 cycles or until the occurrence of unacceptable
toxicity or disease progression. Radiation therapy (60 Gy) was
initiated on the first day of treatment. Results: Twenty-two
patients completed six cycles of treatment. Most frequently
recorded side-effects included neutropenia (37%),
nausea/vomiting (66%), diarrhea (31%) and infection (44%).
Five episodes of vaso-occlusive disease, all of them fatal, were
observed. After a median follow-up of 49.8 months, median
progression-free survival for patients with GBM was 7.7
months, while median overall survival was 12.8 months. There
were six long-term survivors, three of them with GBM. Two out
of the five biomarkers studied, epidermal growth factor receptor
(EGFR) and vascular endothelial growth factor-C (VEGF-C),
were found to be overexpressed in 74% of the tumors, however
they had no predictive value for progression-free or overall
survival. Conclusion: The combination of TMZ and irinotecan,
as administered in this study, was accompanied by high rates

of toxicity, especially myelotoxicity and infection. Further
development of this regimen in the treatment of HGAT is not
recommended.

High grade astrocytic tumors (HGAT) account for 60% of
all primary brain tumors in adults and they are the third
and fourth leading causes of cancer-related mortality in
men between 15 and 55 years of age, and in women
between the ages of 15 and 34 years, respectively (1).
Approximately 17,000 new cases of primary brain tumors
occur in the USA and nearly 12,000 patients die of their
disease each year (2). Histologically, HGAT are separated
according to grade into anaplastic astrocytomas (AA) and
glioblastomas multiforme (GBM).

Surgical debulking followed by external beam radiotherapy
(RT) to approximately 60-65 Gy is considered the standard
treatment for HGAT. However, the role of post-radiation or
post-surgery chemotherapy for these patients remains
unclear. A meta-analysis of 16 published randomized trials
indicated a small (10%), but statistically significant increase
in 1-year survival rate with the addition of chemotherapy (3).
It is, therefore, apparent that new active drugs are needed to
improve the outcome of patients with HGAT.

Temozolomide (TMZ, Temodal®) is a novel oral alkylating
agent that has demonstrated efficacy in the treatment of a
variety of solid tumors, including primary malignant brain
tumors (4-6). Because of its small molecular weight, TMZ
efficiently crosses the blood brain barrier (7) and, for this
reason, is considered to be a promising agent against primary
brain tumors and secondary central nervous system
malignancies (8). TMZ has been extensively investigated in
the treatment of HGAT at first relapse with disease
progression, on a nitrosourea and procarbazine-containing
regimen (9). In addition, camptothecins are among the most
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active agents against brain tumor xenografts (10, 11).
Irinotecan (CTP-11, Campto®) has demonstrated encouraging
activity in phase II studies in patients with progressive or
recurrent HGAT (12, 13). Moreover, the combination of
irinotecan with alkylating agents including TMZ in tumor
xenografts derived from adult high-grade gliomas, showed a
supra-additive effect (14, 15). 

Motivated by the existing preclinical and clinical work
suggesting that the combination of TMZ and irinotecan is
an interesting regimen to be tested as first-line treatment
for HGAT, a feasibility study in such patients was
conducted. The primary end-points of the study were
progression-free survival (PFS), safety and tolerability.
Secondary end-points were response rate and overall
survival (OS). 

Patients and Methods

Patient eligibility. In order to be eligible for the study (HE 17/00),
patients were required to have a histologically proven HGAT, be
aged 15-75 years, have a performance status (PS)≤2 according to
the Eastern Cooperative Oncology Group (ECOG) scale, life
expectancy of at least 12 weeks, adequate bone marrow reserve and
adequate renal and liver function.

Tumor tissue was obtained for central review and translational
research studies. All histology was reviewed by one of the authors
(G.K.). The protocol was approved by the Hellenic Cooperative
Oncology Group (HeCOG) Protocol Review Committee and the
Institutional Review Board of the AHEPA Hospital, Aristotle
University of Thessaloniki, Greece. Each patient provided study-
specific written informed consent before entry to the protocol.

Patients were excluded from the study: if they had a second
malignancy, except for in situ carcinoma of the cervix or adequately
excised basal cell carcinoma of the skin; and, if they had a history
of atrial or ventricular arrhythmias, congestive heart failure, active
infection or other serious underlying medical conditions that
precluded the patient from receiving protocol treatment.

Treatment. The treatment was initiated within 2-4 weeks from the
initial operation. TMZ, 150 mg/m2, was given orally on days 1-5, and
irinotecan, 150 mg/m2 as a 90-min infusion, was administered on
days 6 and 17. Each cycle was repeated every 4 weeks. Patients were
treated with six cycles of chemotherapy, unless evidence of disease
progression or unacceptable toxicity occurred during this period.

Dolacentron was used as an antiemetic for all patients.
Corticosteroid dosing was left to the discretion of the treating
physician. Low molecular weight heparin was given prophylactically
during the whole treatment period especially to patients with
impaired PS. Valproic acid, oral administration of 500 mg three
times a day, was recommended as an anticonvulsant treatment for
patients with a history of seizures. However, eventually 21 patients
received valproic acid, while 8 received phenytoin and 8
oxcarbazepine. Since these drugs inhibit SN-38 conjugation and
possibly increase the effect of irinotecan, myelotoxicity was
monitored carefully.

Dose modifications. The doses of drugs were adjusted according to
the complete blood count (CBC), the platelets count and liver

function tests. The chemotherapy was only given when the absolute
neutrophil count (ANC) was ≥1,500/ÌL and the platelet count
≥100,000/ÌL on the day of treatment.

In the case of grade II-III neutropenia and/or grade II
thrombocytopenia, treatment was withheld until recovery and the
dose of both drugs was reduced to 125 mg/m2. In the case of grade
IV neutropenia and/or grade III-IV thrombocytopenia, the doses
of both irinotecan and TMZ were reduced to 100 mg/m2. If the
patients experienced any grade III non-hematological toxicity,
treatment was withheld until recovery to grade I or less, and both
drugs were given at a dose of 100 mg/m2. If a grade IV non-
hematological toxicity was recorded, then treatment was
discontinued permanently and the patient was taken off the study.

Radiotherapy (RT). RT was initiated two to four weeks after
surgery. A 6 MV linear accelerator was used in all cases. Patients
were put on steroids and continued on the same dose until one
week after the end of RT, with subsequent reduction at the
discretion of the physician. 

A treatment-planning CT scan, with reference marks made on
the patient’s head or immobilization device, was obtained. The
scan slice thickness was 0.5 cm through the region that
contained the target volume. The delineation of the target
volume was achieved with the aid of a preoperative CT/MRI
scan. The gross tumor volume (GTV) included the contrast-
enhancing residual tumor and the resected tumor cavity with no
margin. The planning target volume (PTV) was defined as the
GTV plus a 2.5 cm margin of adjacent areas of high disease risk.
The PTV was delineated on every CT slice and a 3D treatment
plan was constructed. If this was not possible, a 2D plan was
constructed on the slice where the maximum tumor diameter
was observed.

The dose was specified at the isocenter and it was prescribed at
the 90%-isodose. After the dose of 40 Gy, the target volume was
reduced encompassing the GTV plus 0.5 cm. A total dose of 60 Gy
with conventional fractionation (1.8-2.0 Gy daily, five days per
week) was administered. All fields were simulated and verification
films were taken.

Clinical and laboratory evaluation. Patients were monitored weekly
by CBC and were evaluated for toxicity on day 15 of the treatment.
Each patient was required to have pre- and post-surgery MRIs (at
least two weeks after the initial operation). The MRI was repeated
after the third and sixth cycle of chemotherapy for response
assessment. All imaging material pertinent for tumor response was
reviewed by one of the authors (A.K-F.). Response criteria were
those proposed by Macdonald et al. (16).

The National Cancer Institute Common Toxicity Criteria
(version 2.0) scale was used for toxicity grading. 

Immunohistochemistry (IHC). Tumor samples from 28 patients (24
with GBM and 4 with AA) were immunohistochemically studied for
COX-2, Epidermal Growth Factor Receptor (EGFR), Ki-67 (MIB-
1), PTEN and Vascular Endothelial Growth Factor-C (VEGF-C).
The source of the antibodies, the conditions of pre-treatment and
staining and the visualization systems are shown in Table I. Briefly,
two micron-thick paraffin sections were cut from representative
tissue blocks. The tissue sections were deparaffinized by overnight
incubation at 60ÆC and subsequent immersion in xylenes, and
rehydrated in descending ethanol baths. The slides were then
treated with 0.3% hydrogen peroxide in methanol for 20 min, in
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order to quench the endogenous peroxidase activity. Antigen
retrieval was performed by heating the slides in a sodium citrate
solution (pH 6.0), in a microwave oven or steamer. For EGFR
antigen unmasking, the slides were treated with proteinase K
(DakoCytomation) at 37ÆC for 10 min. Following antigen retrieval,
slides were washed in an adequate volume of buffer solution and
incubated for 10 min in a Powerblock (BioGenex), in order to block
nonspecific protein binding. Antibodies were diluted in antibody
diluent (DakoCytomation) and applied as shown in Table I. After a
1-hour incubation with specific visualization systems and additional
washings, the antigen-antibody complex was visualized using
diaminobenzidine (BioGenex) as a chromogen. Slides were
counterstained with Mayer’s hematoxylin, dehydrated and mounted.
Appropriate positive and negative control sections were stained in
parallel with those of the study. 

Scoring system for interpretation of immunohistochemical markers.
The evaluation of the immunostains was done by two independent
observers, one neuropathologist (G.K.) and one general pathologist
(M.B.), blinded as to the patient’s clinical characteristics and
survival data.
COX-2: For COX-2 the percentage of positive tumor cells was
determined semiquantitatively, by assessing the whole stained section.
Results were graded on a scale of 0 to 4, based on the percentage of
specific tumor cell staining, as described by Joki et al. (17): grade 0,
no staining reaction or <5% of the tumor cells stained positive; grade
1, ≥5% to <25% of the tumor cells; grade 2, ≥25% to <50% of the
tumor cells; grade 3, ≥50% to <75% of the tumor cells; grade 4,
≥75% of the tumor cells. The intensity of immunostaining was
determined as: 0, absence of staining; 1+, weak staining; and 2+,
strong staining. An immunoreactive score was calculated by
multiplying the grade derived from the percentage of positive cells by
the intensity of staining, as proposed by Krajevska et al.(18, 19). For
heterologous staining patterns, each component was scored
independently and the results were summed, as previously described
(17).
EGFR: EGFR immunostaining was graded as either absent or
present in single tumor cells, as previously described (20, 21). Extent
of staining was scored as 0 (0-5%), 1 (>5%-50%), 2 (>50%-90%)
and 3 (>90%), according to the percentage of immunoreactive
tumor cells (22). Only tumors included in the latter two groups were
considered as having EGFR overexpression (22).
Ki-67 (MIB-1): Ki-67 immunostaining was scored counting 500
neoplastic cells in 10 representative fields (hot points), using a high
power (x40) objective with a grid screen. All stained cells were
recorded as positive, independently of the staining intensity. The

percentage of positively stained cells, termed the proliferation
index, was calculated and recorded.
PTEN: PTEN immunohistochemical expression was evaluated
according to a previously established rank scale of 0 to 2 (23, 24).
Vascular endothelial cells were used as a control marker of staining
intensity. PTEN immunohistochemical expression in neoplastic
cells was graded as: 2, if their staining intensity was equal or higher
to that of endothelial cells; 1, if their staining intensity was reduced
compared to that of endothelial cells; and 0, if staining intensity
was undetectable in the tumor cells. Tumors with PTEN scoring of
0 or 1 were considered PTEN deficient. The percentage of
neoplastic cells was assessed by counting 100 cells in four different
x40 microscope fields. PTEN immunoreactivity in less than 5% of
the tumor cells was regarded as negative.
VEGF-C: The VEGF-C staining pattern was assessed semi-
quantitatively, taking into account the percentage of positive tumor
cells (at least 500 tumor cells were counted), which was termed the
labeling index (LI). LI was then used to classify tumor cells into
four grades: grade 0, LI <5%; grade 1, LI ≥5%-≤25%; grade 2,
LI >25%-≤50%; and grade 3 LI >50% (25). The intensity of
immunoreactivity was graded on a relative 3-tier rank scale as:
grade 1, slight or not detectable staining; grade 2, moderate
staining; and grade 3, intense staining. The immunoreactive score
for VEGF-C was calculated by multiplying the LI grade by the
intensity grade. Only tumors with an immunoreactive score ≥4
were considered as having VEGF-C overexpression.

Statistical analysis. The primary objective of the study was to
evaluate the 6-month PFS rate. According to Fleming’s single-stage
design, assuming the expected 6-month PFS rate to be at least 70%
and the minimum acceptable rate 50%, a total of 37 patients would
provide 80% power to test the hypothesis, with a two-sided a=5%. 

Survival was estimated from the date of surgery to the date of
the last follow-up or until the patient's death. PFS was deemed as
the time between surgery and progression, documented clinically
and/or radiologically. Patients, who died from the disease without
having a documented progression, or from any cause during the
chemotherapy period or within a month from its completion, were
considered as events for the estimation of PFS. Time to treatment
failure (TTF) was calculated from surgery to the date of treatment
discontinuation for any reason, or disease progression, or death
from any cause during chemotherapy (or within a month from its
completion). 

Univariate Cox regression analysis was used to assess the
relationship between time to event end-points and immunohisto-
chemical markers.
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Table I. Primary antibodies used in the study.

Antigen Source Clone Pretreatment/Time/WB Dilution Incubation Visualization system

COX-2 (m, mab) Novocastra, U.K 4H12 CB, Steamer/20 min/TBS 1:80 O/N Super Sensitive Link-Label HRP (1)
EGFR (m, mab) Zymed Laboratories, U.S.A 31G7 Proteinase K/10 min/TBS 1:50 O/N LSAB (2)
Ki-67 (m, mab) DakoCytomation, DK MIB-1 CB, MW/21 min/TBS 1:40 O/N Super Sensitive Link-Label HRP (1)
PTEN (m, mab) Novocastra, U.K 28H6 CB, MW/15 min/PBS 1:150 1 h Super Sensitive Polymer-HRP (1)
VEGF-C (r, mab) Novocastra, U.K Z-CVC7 CB, Steamer/20 min/TBS 1:40 O/N Super Sensitive Link-Label HRP (1)

CB: citrate buffer; LSAB: labeled streptavidin biotin; m:mouse; mab: monoclonal antibody; MW: microwave; O/N: overnight; PBS: phosphate-
buffered saline; r: rabbit; TBS: Tris-buffered saline; WB: wash buffer (1): BioGenex; (2): DakoCytomation



Results

Patient population. From January 2001 until October 2003,
45 patients (38 with GBM and 7 with AA) entered the
study. Selected patient and tumor characteristics are shown
in Table II. Most of the patients presented with a PS of 0-1.

Compliance to treatment and toxicity. Twenty-two patients (17
out of 38 with GBM and 5 out of 7 with AA) completed six
cycles of treatment, while 23 patients discontinued treatment.
Selected treatment characteristics are shown in Table III.

Nine patients died during the treatment period: three
patients died from acute massive pulmonary embolism, one
of them at the end of the first cycle and the other two in the
period between the two irinotecan infusions of the third
cycle; two patients died from acute myocardial infarction
after the first and third cycle, respectively; a 63-year old
woman was admitted to the hospital after the third cycle

with febrile neutropenia and pneumonia and, despite the
appropriate treatment, she succumbed three days later from
sepsis; finally, three patients died from tumor progression.
Other reasons for treatment discontinuation were tumor
progression (10 patients), withdrawal of consent (1), moving
to another hospital (1) and long hospitalization for
Pneumocystis carinii pneumonia (PCP) (2). The latter
patients, even though they were taken off the study,
continued treatment with TMZ monotherapy.

The incidence of the various toxicities among the 45
registered patients is depicted in Table IV. Twenty-five
patients (56%) exhibited myelosuppression. Twenty-eight
episodes of infection were recorded in 20 patients. Among
them, three patients had fungal infections and six viral (one
of them developed herpes zoster in the face and was treated
successfully with Famciclovir). Two patients were diagnosed
with PCP, as previously stated. They were both treated
successfully with trimethoprime-sulfomethoxazole. In total,
17 patients were hospitalized, three because of febrile
neutropenia. Microorganisms isolated from blood, sputum
and urine were: Streptococcus in two cases, Staphylococcus
aureus in one, Escherichia coli in two and Pneumocystis
carinii in two. Seventeen patients were treated with
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Table II. Selected patient and tumor characteristics.

GBM AA

No. 38 7

Age
Median 58.5 47
Range 30-75.5 39-59
<58 17 (45%) 6 (86%)
≥58 21 (55%) 1 (14%)

N % N %

Gender
Men 26 68 6 86
Women 12 32 1 14

Performance status
0 13 34 1 14
1 13 34 5 71
2 11 29 1 14
3 1 3 - -

Hemisphere
Right 24 63 3 43
Left 14 37 3 43
Bilateral - - 1 14

Tumor location
Frontal 5 13 2 29
Temporal 13 34 3 43
Parietal 20 53 1 14
Occipital 7 18 1 14

Type of operation
Gross total resection 17 45 5 71
Subtotal resection 9 24 2 29
Biopsy 12 32 - -

Values are rounded up.
GBM: glioblastoma multiforme, AA: anaplastic astrocytoma.

Table III. Selected treatment characteristics (n=45).

Number of cycles delivered 194

Number of cycles per patient [n (%)]

1 5 (11)
2 3 (7)
3 11 (24)
4 2 (4)
5 2 (4)
6 22 (49)

Number of cycles at full dose 162
Number of cycles with delay 22
Median interval between cycles (days) 28
Number of cycles at full dose for TMZa 183
Number of cycles at full dose for irinotecan 164
DI of TMZ delivered

Median (mg/m2/day) 163
Range 37-188

RDI of TMZ
Median 0.87
Range 0.2-1.0

DI of irinotecan delivered
Median (mg/m2/day) 68
Range 41.5-76.9

RDI of irinotecan
Median 0.91
Range 0.5-1.0

a≥90% of the dose defined in the protocol.
TMZ: temozolomide, DI: dose intensity, RDI: relative dose intensity.



antibiotics. Additionally, G-CSF administration was
required in five patients at some time during the treatment
period and erythropoietin in six. Finally, three patients were
transfused with red blood cells.

Response to treatment and survival. Best response rates are
shown in Table V. Eleven patients, all with GBM, were not
evaluated for the response to treatment: seven died before
having an MRI, which was planned, according to the
protocol, after the third cycle, one moved to another
hospital after the second cycle, one demonstrated early
deterioration of his clinical condition, one had a gross total
resection and for one patient there were no MRI films
available for review. Median duration of PR and SD was
12.4 months (range: 3.28-61.21 + months) and the
corresponding times for AA were 7.57, 15.28, 32.39, 40.72,
49.80 and 61.18, respectively.

After a median follow-up of 49.8 months (range,
1.38–61.21+), 35 out of the 38 patients with GBM (92%) have
progressed, and died. Among the 7 patients with AA, four
patients have progressed so far and three of them have died.
In patients with GBM, median PFS was 7.7 months [range:
1.38–61.21+, 95% confidence interval (CI): 1.22–14.19],
median TTF was 4.19 months (range: 0.72–61.21+, 95% CI:
2.27–6.13), while median survival was 12.79 months (range:
1.38-61.21+, 95% CI: 10.37–15.20, Figure 1).

Tumor biomarker expression analysis. Individual data of the
IHC assessed protein expression in 28 patients are given in
Table VI.

COX-2: COX-2 protein expression was detected by IHC in
all tissue samples tested (Figure 2a). The staining pattern
was cytoplasmic, whereas granular staining was also
detected in a small number of tumor cells. GBM tumors
showed a large range of distribution and intensity of staining
(range from 1 to 7 as expressed by immunoreactive score)
whereas, all of the AA tumors tested showed high
immunoreactive scores (≥7 in 4 out of 4 cases).
EGFR: EGFR was immunohistochemically detected in the
cytoplasm and membrane of neoplastic cells in 24 out of 28
cases (86%) (Figure 2b). However, EGFR overexpression
was noticed in 18 out of 24 (75%) of GBM and in 2 out of
4 of AA patients.
Ki-67 (MIB-1): The proliferation index estimated by the
expression of Ki-67 ranged from 5% to 80% for the entire
study group. Particularly, in the AA tumors the expression
of Ki-67 ranged from 5% to 12% of tumor cells, while in the
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Table IV. Incidence, N (%), of various toxicities (N=45).

Grade

1 2 3 4 5

Anemia 5 (11) 4 (9) 1 (2) 0 0
Neutropenia 9 (20) 2 (4) 6 (13) 0 0
Leukopenia 9 (20) 7 (16) 6 (13) 0 0
Thrombocytopenia 4 (9) 3 (7) 3 (7) 0 0
Nausea and Vomiting 20 (44) 10 (22) 0 0 0
Diarrhea 8 (18) 5 (11) 1 (2) 0 0
Constipation 9 (20) 3 (7) 0 0 0
Anorexia 5 (11) 1 (2) 0 0 0
Alopeciaa 1 (2) 5 (11) 8 (18) 0 0
Allergic reactions 1 (2) 3 (7) 0 0 0
Gastritis 3 (7) 2 (4) 0 0 0
Stomatitis 0 2 (4) 0 0 0
Infection 3 (7) 2 (4) 14 (31) 0 1 (2)
Fatigue 3 (7) 7 (16) 0 0 0
Dizziness 2 (4) 0 0 0 0
Athralgias 0 1 (2) 0 0 0

aOutside the irradiation field.

Table V. Best response data.

GBM (N=38) AA (N=7)

N(%) 95% CI N

PR 3 (8%) 1.7-21.4 1
SD 14 (37%) 21.8-54 5
PD 10 (26%) 13.4-43.1 1
NE 11 (29%) 15.4-45.9 0

Values were rounded up. GBM: Glioblastoma multiforme, AA:
Anaplastic astrocytoma, CI: confidence interval, PR: partial response,
SD: stable disease, PD: progressive disease, NE: non-evaluable.

Figure 1. Progression-free survival ( ) and overall survival ( ) of
patients with GBM.



GBM tumors the mitotic activity was higher, as expected,
ranging from 5% to 80%. Seven out of the 24 GBM tumors
showed a Ki-67 proliferation index of >30%.
PTEN: Staining for PTEN demonstrated nuclear positivity
in all cases (Figure 2c). The immunoreaction was equal or
increased compared to that of endothelial cells in all 28
tumors. The percentage of stained tumor cells ranged from
30% to over 95%. 
VEGF-C: VEGF-C overexpression (immunoreactive score
≥4) was detected in 20 out of 27 cases (74%) (Figure 2d),
more specifically in 17 out of 23 (74%) of the GBM tumors
and in 3 out of 4 of the AA tumors. The staining pattern
was cytoplasmic. Eleven out of the 23 GBM tumors (48%)
and 3 out of the 4 AA tumors showed an immunoreactive
score of ≥6.

None of the aforementioned immunohistochemical
markers had any predictive value for OS, PFS or TTF
(p>0.05 in all cases).

Discussion

The prognosis usually associated with the diagnosis and
local treatment of HGAT continuously prompts
investigators towards the evaluation of more effective and
well-tolerated adjuvant treatment regimens. In the present
study our experience with post-operative administration of
TMZ and irinotecan in such patients is reported. To our
knowledge this is one of the first studies reporting on the
efficacy of this combined modality treatment in patients
with newly diagnosed HGAT. 

TMZ has proven efficacy when given to patients with
newly diagnosed GBM. In the pivotal study by Stupp et al.
(26) in patients with GBM, it has been clearly demonstrated
that concomitant administration of RT and TMZ, followed
by adjuvant TMZ for six months, had improved survival of
patients with GBM compared to which had been achieved
by RT alone. Median OS of patients treated with combined
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Table VI. Characteristics, protein expression and survival of a cohort of 28 patients with HGAT.

Study Histology Gender Age Survival PFS TTF MIB-1 COX-2 VEGF-C EGFR  PTEN
number (years) (months) (%) grade LI grade expression % 

x INT x INT of cells*

170009 GBM M 66 15.1 15.1 15.1 20 2 1 1 80
170018 GBM F 70 15.0 11.1 11.1 13 3 1 2 60
170006 GBM M 58 61.2+ 61.2+ 61.2+ 38 1 4 2 40
170013 GBM M 56 2.6 2.6 2.1 32 6 4 0 80
170026 GBM M 55 12.3 3.5 3.5 8 1 3 3 60
170027 GBM M 47 9.6 2.8 2.8 20 1 4 3 90
170005 GBM M 73 13.5 13.5 0.7 38 2 1 2 30
170029 GBM M 61 13.9 4.3 4.1 18 2 6 0 >95
170022 GBM F 53 39.3 39.3 39.3 10 5 6 1 >95
170032 GBM M 54 19.5 19.5 4.3 45 1 6 2 90
170036 GBM M 65 6.2 6.2 3.5 75 6 4 3 50
170008 GBM F 51 3.3 3.3 3.1 18 3 3 3 70
170046 GBM F 30 30.1+ 30.1+ 30.1+ 18 6 4 3 90
170017 GBM M 59 1.8 1.8 1.3 18 1 6 3 70
170040 GBM M 50 11.9 11.9 11.9 20 4 9 2 80
170043 GBM F 63 2.95 2.95 2.85 8 6 9 2 >95
170001 GBM M 76 4.3 4.3 3.9 5 7 4 2 >95
170021 GBM F 59 4.2 4.2 4.1 25 7 9 2 90
170014 GBM F 52 2.9 2.9 2.9 6 7 9 2 80
170042 GBM F 35 17.3 12.4 12.4 67 6 6 2 >95
170044 GBM M 67 7.8 2.0 2.0 80 7 6 1 >95
170020 GBM M 64 4.1 1.5 1.3 23 6 9 3 50
170016 GBM M 41 16.5 9.8 9.8 15 6 2 3 60
170019 GBM M 60 22.1 22.1 22.1 30 1 ND 0 >95
170003 AA M 41 61.2+ 61.2+ 61.2+ 12 8 9 2 60
170028 AA M 47 49.8+ 49.8+ 49.8+ 9 7 1 1 70
170045 AA M 46 32.4+ 32.4+ 32.4+ 5 8 9 0 >95
170024 AA M 58 9.0 2.75 2.2 8 7 6 2 >95

HGAT: High grade astrocytic tumors, GBM: Glioblastoma multiforme, AA: Anaplastic astrocytoma, PFS: progression-free survival, TTF: Time
to treatment failure, LI: Labeling index, INT: Intensity, ND: Not done.
*All cases were graded as 2.



treatment had been 14.6 months, significantly longer than
the 12.1 months that had been reported with RT
monotherapy. These results were in accordance with those
from a Greek randomized phase II trial (27). The latter trial
had made use of an intensified adjuvant treatment,
administering TMZ 150 mg/m2 for five days, after RT every
2 weeks. The schedule of TMZ administration and duration
of chemotherapy are two issues still under debate. In a new
ongoing randomized trial, we are currently exploring the
impact of adjuvant TMZ treatment prolongation from six to
twelve months on the survival of patients with HGAT.

According to our protocol patients with AA were also
eligible to enter the present study. It is well established
that AA patients have a more protracted natural history
than patients with GBM. However, it is reasonable that
patients with AA should be treated with combined
chemotherapy and RT as well, since a meta-analysis of 12
randomized trials comparing RT with or without
chemotherapy had suggested that chemotherapy appeared
to have a similar survival benefit for patients with AA and
GBM (28, 29).

It is unclear why the response rate achieved in our study
with the combination of TMZ and irinotecan appears to be
inferior to that reported with TMZ monotherapy. Patient
selection, differences in drug scheduling and dosing, or
simply strictly applied response criteria may have been
responsible for this discrepancy. The schedule of
administration of irinotecan immediately after the
completion of the 5-day course of TMZ was selected
because, at the time when this protocol was designed, there
were no clinical data on the concomitant use of TMZ and
irinotecan with RT. Furthermore, the administration of only
two doses of irinotecan per cycle was chosen, because
frequent admissions to the hospital are tiresome for these
patients, who usually have low PS and difficulty in
complying with tedious treatment schedules. Notably,
median survival in other studies with TMZ monotherapy
has been similar to that reported in our patients. However,
comparisons between different phase II studies are
dangerous, since they may lead to erroneous conclusions. 

Chemotherapy in our study was accompanied by
considerable toxicity. The most commonly recorded side-
effects were myelotoxicity, nausea/vomiting and diarrhea,
mostly due to the addition of irinotecan. The high incidence
of myelotoxicity could be attributed to the concomitant
administration of anticonvulsants, since, to some extent,
anticonvulsants interfere with the metabolism of irinotecan
and alter its toxic profile. Pharmacokinetic studies have
shown that concomitant administration of certain
anticonvulsants with irinotecan produces reduced exposure
to the active irinotecan metabolite SN-38 (12). Therefore,
the use of anticonvulsants should be limited to patients with
a documented history of seizures. 

It is worthwhile mentioning, that patients with GBM
are at risk of developing two other life-threatening
medical conditions, i.e., infections and vaso-occlusive
disease. Twenty-eight episodes of infection, most of them
of mild to moderate severity, were recorded. Of note,
there were three cases of pneumonia, one of them fatal,
in an older patient who was admitted to the hospital
because of febrile neutropenia. The microorganisms
isolated in the other two cases of pneumonia were
Pneumocystis carinnii. The high incidence of infections
among patients with HGAT could probably be attributed
to the impaired physical condition of these patients and
to the prolonged use of corticosteroids. Immuno-
compromized patients are more susceptible to the
development of opportunistic infections, such as PCP,
and, therefore, are candidates for some form of
chemoprophylaxis. Stupp et al. (26) observed two cases of
PCP and they subsequently decided to introduce
prophylactic pentamidine inhalations to their patients
during the concomitant treatment phase. No additional
opportunistic infections occurred following the
introduction of this therapeutic policy. Nevertheless, the
possibility that the high rate of infections observed in the
present study was due to the combined TMZ/irinotecan
chemotherapy regimen cannot be excluded.

Moreover, despite the fact that almost all of our patients
received prophylactic low-molecular weight heparin, six
patients developed vaso-occlusive disease, four of them
fatal. It has been reported that thromboembolic events
occur frequently in patients with HGAT and contribute to
the high mortality associated with this disease. Biochemical
factors, such as access to the systemic circulation of tissue
factor (TF), the receptor of factor VII/VIIa and a key
player in the initial phase of coagulation (30), VEGF
release by the glioma cells (31), increased circulating levels
of plasminogen activator inhibitor-1 (PAI-1) (32), or
clinical factors, such as immobility, surgery, or
administration of chemotherapy (33, 34), may all
predispose these patients to thromboembolism. The role
of prophylactic use of anticoagulants is currently under
intensive clinical testing. 

In the era of molecular oncology an increasing number of
translational research studies aim to identify molecular
markers with prognostic or treatment-specific predictive
value. In the present study, the expression of five such
markers, which have been implicated in the malignant
process of human gliomas was evaluated immunohisto-
chemically. However, our results should be interpreted
cautiously, given the relatively small sample size and the
retrospective nature of the study. 

COX-2 expression has been previously detected in
human gliomas (17, 35). In our study, there was
considerable heterogeneity in COX-2 expression,
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Figure 2. continued
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Figure 2. Immunochistochemical expression of (a) COX-2, (b) EGFR, (c) PTEN and (d) VEGF-C in the tumors of patients with HGAT (x 40).



especially in patients with GBM. These findings are in line
with those reported by other investigators in gliomas (17)
and colon cancer (36). EGFR is frequently overexpressed
in human gliomas (20). In the present study, EGFR
overexpression was seen in 18 out of the 24 (75%) GBM
patients, which was similar to that reported by Bredel et
al.(22), whereas EGFR overexpression was seen in 2 out
of the 4 AA patients. Our results are similar to previous
observations that EGFR is overexpressed in 40%-50% of
GBM tumors but only in 10% of AA tumors, suggesting
that EGFR overexpression is a late event in glial tumor
development (37, 38).

PTEN is a tumor suppressor gene, implicated to play a
role in the progression of many human cancers (39). Loss
of PTEN expression has been reported in human gliomas
(36, 40) and in other carcinomas (24, 41). Although PTEN
does not have a nuclear localization signal, PTEN protein
has been immunohistochemically detected in the cytoplasm
and cell membrane, as well as in the nucleus. In the present
study, PTEN nuclear positivity in, virtually, all of our tumor
samples was observed. Accordingly, no reduction in
immuno-histochemical expression of PTEN was detected,
whereas other investigators using different PTEN
antibodies successfully detected reduced PTEN
immunoreactivity in up to 50% of GBM tumor samples
(42). This may be due to the specificity of the monoclonal
antibody used in our study, which recognizes an epitope
located approximately 200 aminoacids from the C-terminus
region of the PTEN protein. 

VEGF-C is a member of a family of growth factors
involved in the regulation of angiogenesis. In brain
tumors, VEGF-C mRNA expression detected by PCR has
been reported in medulloblastomas, astrocytomas (43, 44)
and glioblastoma cell lines (45). It was believed that
activation of VEGFR-3 by its ligand VEGF-C was
restricted predominantly to the endothelial cell lining in
lymphatic vessels (46, 47). However, it has been recently
reported that activation of this receptor may also enhance
cancer cell mobility and invasiveness and contribute to
the promotion of tumor cell metastasis (48). The role of
VEGF-C expression in the biology of gliomas has been
poorly investigated. In a study by Jenny et al. (49), it was
found that at least 50% of the cells expressing VEGF-C
were monocytes or macrophages, as opposed to tumor
cells. Whether VEGF-C is implicated in the inflammatory
process or in tumor angiogenesis in GBM is still
unknown. 

In our study increased VEGF-C expression (immuno-
reactive score ≥4) was detected in tumor tissues from 17
out of the 23 GBM (74%) and in three out of the four AA
patients. However, specific correlations between VEGF-C
expression and the other immunohistochemical markers
could not be identified. 

Several clinical studies have reported different findings
regarding the prognostic or predictive significance of
molecular markers. Small sample size in most of the
published series, or other confounding factors, such as
patient selection, extension of surgery, post-operative
treatment, or methodological differences may account for
the conflicting data. This may also be the case in our study.

In conclusion, the present study has shown that post-
operative administration of combined modality treatment
with RT and chemotherapy with TMZ and irinotecan was
feasible in patients with HGAT, but was accompanied by high
rates of toxicity. Neutropenia, nausea/vomiting and diarrhea
were the most common side effects. Of note, the major health
problem for these patients remains the occurrence of vaso-
occlusive disease and opportunistic infections. Physicians
dealing with the treatment of these patients should take these
medical conditions into serious consideration and adopt
aggressive preventive therapeutic policies. It does not appear
from the present study that irinotecan has a synergistic or
even an additive effect with TMZ in the treatment of patients
with HGAT. Further development of this regimen, at least as
used in the present study is not recommended. 

Acknowledgements

The authors would like to thank Mrs. Sonia Chalkidou for
statistical analysis, Mrs. Evita Fragou for monitoring the study and
Mrs. Stella Dallidou for secretarial assistance. 

References

1 Fine HA: The basis for current treatment recommendations for
malignant gliomas (Review). J Neurooncol 20: 111-120, 1994. 

2 Walker AE, Robins M and Weinfeld FD: Epidemiology of
brain tumors: the national survery of intracranial neoplasms.
Neurology 35: 219-226, 1985.

3 Fine HA, Dear KB, Loeffler JS, Black PM and Canellos GP:
Meta-analysis of radiation therapy with and without adjuvant
chemotherapy for malignant gliomas in adults. Cancer 71: 2585-
2597, 1993. 

4 O'Reilly SM, Newlands ES, Glaser MG, Brampton M, Rice-
Edwards JM, Illingworth RD, Richards PG, Kennard C,
Colquhoun IR, Lewis P and Stevens MFG: Temozolomide: a
new cytotoxic agent with promising activity against primary
brain tumors. Eur J Cancer 29: 940-942, 1993. 

5 Newlands ES, O'Reilly SM, Glaser MG, Bower M, Evans H,
Brock C, Brampton MH, Colquhoun I, Lewis P, Rice-Edwards
JM, Illingworth RD and Richards PG: The Charing Cross
Hospital experience with temozolomide in patients with
gliomas. Eur J Cancer 32A: 2236-2241, 1996. 

6 Newlands ES, Stevens MF, Wedge SR, Wheelhouse RT and
Brock C: Temozolomide: a review of its discovery, chemical
properties, pre-clinical development and clinical trials (Review).
Cancer Treat Rev 23: 35-61, 1997. 

7 Patel M, McCully C, Godwin K and Balis F: Plasma and
cerebrospinal pharmacokinetics of temozolomide. Proc Am Soc
Clin Oncol 14: 461a, 1995.

ANTICANCER RESEARCH 26: 4675-4686 (2006)

4684



8 Abrey L, Olson J, Boutros D, Mack M, Rodavitch A, Raizer J
and Malkin M: A phase II study of temozolomide for recurrent
brain metastases. Proc Am Soc Clin Oncol 19: 166a (Abstr
643), 2000.

9 Yung WK, Prados MD, Yaya-Tur R, Rosenfeld SS, Brada M,
Friedman HS, Albright R, Olson J, Chang SM, O'Neill AM,
Friedman AH, Bruner J, Yue N, Dugan M, Zaknoen S and Levin
VA: Multicenter phase II trials of temozolomide in patients with
anaplastic astrocytoma or anaplastic oligoastrocytoma at first
relapse. Temodal Brain Tumor Group. J Clin Oncol 17: 2762-
2771, 1999. 

10 Hare CB, Elion GB, Houghton PJ, Houghton JA, Keir S,
Marcelli SL, Bigner DD and Friedman HS: Therapeutic efficacy
of topoisomerase I inhibitor 7-ethyl-10-(4-[1-piperidino]-
1piperidino)-carbonyloxy-camptothecin against pediatric and
adult central nervous system tumor xenografts. Cancer
Chemother Pharmacol 39: 187-191, 1997. 

11 Friedman HS, Houghton PJ, Schold SC, Keir S and Bigner DD:
Activity of 9-dime-thylaminomethyl-10-hydroxycamptothecin
against pediatric and adult central nervous system tumor
xenografts. Cancer Chemother Pharmacol 34: 171-174, 1994. 

12 Buckner JC, Reid JM, Wright K, Kaufmann SH, Erlichman C,
Ames M, Cha S, O’Fallon JR, Schaaf LJ and Miller LL:
Irinotecan in the treatment of glioma patients: current and
future studies of the North Central Cancer Treatment Group.
Cancer 97(Suppl 9): 2352-2358, 2003. 

13 Friedman HS, Keir ST and Houghton PJ: The emerging role of
irinotecan (CPT-11) in the treatment of malignant glioma in
brain tumors (Review). Cancer 97(Suppl 9): 2359-2362, 2003. 

14 Houghton PJ, Stewart CF, Cheshire PJ, Richmond LB, Kirstein
MN, Poquette CA, Tan M, Fridman HS and Brent TP:
Antitumor activity of temozolomide combined with irinotecan
is partly independent of O6 – methylguanine – DNA
methyltransferase and mismatch repair phenotypes in xenograft
models. Clin Cancer Res 6: 4110-4118, 2000. 

15 Patel VJ, Elion GB, Houghton PJ, Keir S, Pegg AE, Johnson
SP, Dolan ME, Bigner DD and Friedman HS: Schedule-
dependent activity of temozolomide plus CPT-11 against a
human central nervous system tumor-derived xenograft. Clin
Cancer Res 6: 4154-4157, 2000. 

16 Macdonald DR, Cascino TL, Schold SC Jr and Cairncross JG:
Response criteria for phase II studies of supratentorial
malignant glioma. J Clin Oncol 7: 1277-1280, 1990.

17 Joki T, Heese O, Nikas DC, Bello L, Zhang J, Kraeft SK,
Seyfried NT, Abe T, Chen LB, Carroll RS and Black PM:
Expression of cyclooxygenase 2 (COX-2) in human glioma and
in vitro inhibition by a specific COX-2 inhibitor, NS-398. Cancer
Res 60: 4926-4931, 2000.

18 Krajewska M, Krajewski S, Epstein JI, Shabaik A, Sauvageot J,
Song K, Kitada S and Reed JC: Immunohistochemical analysis
of bcl-2, bax, bcl-X, and mcl-1 expression in prostate cancers.
Am J Pathol 148: 1567-1576, 1996. 

19 Krajewska M, Fenoglio-Preiser CM, Krajewski S, Song K,
Macdonald JS, Stemmerman G and Reed JC: Immunohisto-
chemical analysis of Bcl-2 family proteins in adenocarcinomas
of the stomach. Am J Pathol 149: 1449-1457, 1996. 

20 Heimberger AB, Hlatky R, Suki D, Yang D, Weinberg J, Gilbert
M, Sawaya R and Aldape K: Prognostic effect of epidermal
growth factor receptor and EGFRvIII in glioblastoma
multiforme patients. Clin Cancer Res 11: 1462-1466, 2005. 

21 Haas-Kogan DA, Prados MD, Tihan T, Eberhard DA, Jelluma
N, Arvold ND, Baumber R, Lamborn KR, Kapadia A, Malec
M, Berger MS and Stokoe D: Epidermal growth factor
receptor, protein kinase B/Akt, and glioma response to
erlotinib. J Natl Cancer Inst 97: 880-887, 2005. 

22 Bredel M, Pollack IF, Hamilton RL and James CD: Epidermal
growth factor receptor expression and gene amplification in
high-grade non-brainstem gliomas of childhood. Clin Cancer
Res 5: 1786-1792, 1999. 

23 Choe G, Horvath S, Cloughesy TF, Crosby K, Seligson D,
Palotie A, Inge L, Smith BL, Sawyers CL and Mischel PS:
Analysis of the phosphatidylinositol 3'-kinase signaling
pathway in glioblastoma patients in vivo. Cancer Res 63: 2742-
2746, 2003. 

24 Perren A, Weng LP, Boag AH, Ziebold U, Thakore K, Dahia
PL, Komminoth P, Lees JA, Mulligan LM, Mutter GL and Eng
C: Immunohistochemical evidence of loss of PTEN expression
in primary ductal adenocarcinomas of the breast. Am J Pathol
155: 1253-1260, 1999. 

25 Pan JW, Zhan RY, Tong Y, Zhou YQ and Zhang M: Expression
of endothelial nitric oxide synthase and vascular endothelial
growth factor in association with neovascularization in human
primary astrocytoma. J Zhejiang Univ Sci B 6: 693-698, 2005. 

26 Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B,
Taphoorn MJ, Belanger K, Brandes AA, Marosi C, Bogdahn U,
Curschmann J, Janzer RC, Ludwin SK, Gorlia T, Allgeier A,
Lacombe D, Cairncross JG, Eisenhauer E and Mirimanoff RO:
European Organisation for Research and Treatment of Cancer
Brain Tumor and Radiotherapy Groups; National Cancer
Institute of Canada Clinical Trials Group: Radiotherapy plus
concomitant and adjuvant temozolomide for glioblastoma. N
Engl J Med 352: 987-996, 2005.

27 Athanassiou H, Synodinou M, Maragoudakis E, Paraskevaidis
M, Verigos C, Misailidou D, Antonadou D, Saris G, Beroukas
K and Karageorgis P: Randomized phase II study of
temozolomide and radiotherapy compared with radiotherapy
alone in newly diagnosed glioblastoma multiforme. J Clin Oncol
23: 2372-2377, 2005. 

28 Stupp R, Hegi ME, van den Bent MJ, Mason WP, Weller M,
Mirimanoff RO and Cairncross JG, on behalf of the European
Organisation for Research and Treatment of Cancer Brain
Tumor and Radiotherapy Groups and the National Cancer
Institute of Canada Clinical Trials Group: Changing paradigms
– an update on the multidisciplinary management of malignant
glioma. Oncologist 11: 165-180, 2006.

29 Reardon DA, Rich JN, Friedman HS and Bigner DD: Recent
Advances in the treatment of malignant astrocytoma. JCO 10:
1253-1265, 2006.

30 Thoron L and Argit E: Hemostatic changes in patients with
brain tumors. J Neurooncol 22: 87-100, 1994.

31 Kornowski R, Pines A and Constantini S: Persistent activation
of thrombocytes in neurosurgical patients operated for primary
brain tumours. Acta Neurochir 121: 146-148, 1993.

32 Sciacca FL, Ciusani E, Silvani A et al: Genetic and plasma
markers of venous thromboembolism in patients with high
grade glioma. Clin Cancer Res 10: 1312-1317, 2004.

33 Brandes AA, Scelzi E, Salmistrro G, Ermani M, Carollo C,
Berti F, Zampieri P, Baiocchi C and Fiorentino MV: Incidence
of risk of thromboembolism during treatment of high-grade
gliomas: A prospective study. Eur J Cancer 33: 1592-1596, 1997.

Fountzilas et al: Chemotherapy in Patients with Malignant Astrocytomas

4685



34 Gerber DE, Grossman SA and Streiff MB: Management of
venous thromboembolism in patients with primary and
metastatic brain tumors. J Clin Oncol 24: 1310-1318, 2006. 

35 Deininger MH, Weller M, Streffer J, Mittelbronn M and
Meyermann R: Patterns of cyclooxygenase-1 and -2 expression in
human gliomas in vivo. Acta Neuropathol (Berl) 98: 240-244, 1999. 

36 Sano T, Lin H, Chen X, Langford LA, Koul D, Bondy ML,
Hess KR, Myers JN, Hong YK, Yung WK and Steck PA:
Differential expression of MMAC/PTEN in glioblastoma
multiforme: relationship to localization and prognosis. Cancer
Res 59: 1820-1824, 1999. 

37 Salomon DS, Brandt R, Ciardiello F and Normanno N:
Epidermal growth factor-related peptides and their receptors in
human malignancies. Crit Rev Oncol Hematol 19: 183-232, 1995. 

38 Halatsch ME, Schmidt U, Behnke-Mursch J, Unterberg A and
Wirtz CR: Epidermal growth factor receptor inhibition for the
treatment of glioblastoma multiforme and other malignant
brain tumours. Cancer Treat Rev 32: 74-89, 2006. 

39 Cantley LC and Neel BG: New insights into tumor suppression:
PTEN suppresses tumor formation by restraining the
phosphoinositide 3-kinase/AKT pathway. Proc Natl Acad Sci
USA 96: 4240-4245, 1999 (Review). 

40 Fults D and Pedone C: Immunocytochemical mapping of the
phosphatase and tensin homolog (PTEN/MMAC1) tumor
suppressor protein in human gliomas. Neuro-oncol 2: 71-79, 2000. 

41 Guanti G, Resta N, Simone C, Cariola F, Demma I, Fiorente P
and Gentile M: Involvement of PTEN mutations in the genetic
pathways of colorectal cancerogenesis. Hum Mol Genet 9: 283-
287, 2000.

42 Mellinghoff IK, Wang MY, Vivanco I, Haas-Kogan DA, Zhu
S, Dia EQ, Lu KV, Yoshimoto K, Huang JH, Chute DJ, Riggs
BL, Horvath S, Liau LM, Cavenee WK, Rao PN, Beroukhim
R, Peck TC, Lee JC, Sellers WR, Stokoe D, Prados M,
Cloughesy TF, Sawyers CL and Mischel PS: Molecular
determinants of the response of glioblastomas to EGFR kinase
inhibitors. N Engl J Med 353: 2012-2024, 2005. Erratum in: N
Engl J Med 354: 884, 2006. 

43 Huber H, Eggert A, Janss AJ, Wiewrodt R, Zhao H, Sutton
LN, Rorke LB, Phillips PC and Grotzer MA: Angiogenic
profile of childhood primitive neuroectodermal brain tumours/
medulloblastomas. Eur J Cancer 37(16): 2064-2072, 2001.

44 Gollmer JC, Ladoux A, Gioanni J, Paquis P, Dubreuil A,
Chatel M et al: Expression of vascular endothelial growth
factor-b in human astrocytomas. Neuro-oncology 2: 80-86, 2000.

45 Sawa H, Murakami H, Ohshima Y, Murakami M, Yamazaki I,
Tamura Y, Mima T, Satone A, Ide W, Hashimoto I and
Kamada H: Histone deacetylase inhibitors such as sodium
butyrate and trichostatin A inhibit vascular endothelial growth
factor (VEGF) secretion from human glioblastoma cells. Brain
Tumor Pathol 19: 77-81, 2002.

46 Nguyen M, Watanabe H, Budson AE, Richie JP, Hayes DF and
Folkman J: Elevated levels of an angiogenic peptide, basic
fibroblast growth factor, in the urine of patients with a wide
spectrum of cancers. J Natl Cancer Inst 86: 356-361, 1994. 

47 Giles FJ: The vascular endothelial growth factor (VEGF)
signalling pathway: a therapeutic target in patients with
hematologic malignancies. Oncologist 6(Suppl 5): 32-39, 2001.
Review.

48 Su JL, Yang PC, Shih JY, Yang CY, Wei LH, Hsieh CY, Chou
CH, Jeng YM, Wang MY, Chang KJ, Hung MC and Kuo ML:
The VEGF-C/Flt-4 axis promotes invasion and metastasis of
cancer cells. Cancer Cell 9: 209-223, 2006.

49 Jenny B, Harrison JA, Baetens D, Tille JC, Burkhardt K,
Mottaz H, Kiss JZ, Dietrich PY, De Tribolet N, Pizzolato GP
and Pepper MS: Expression and localization of VEGF-C and
VEGFR-3 in glioblastomas and haemangioblastomas. J Pathol
209: 34-43, 2006.

Received July 14, 2006
Accepted October 16, 2006

ANTICANCER RESEARCH 26: 4675-4686 (2006)

4686



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


