
Abstract
Background Laboratory and clinical data suggest that

the anti-angiogenic agent, thalidomide, if combined

with cytotoxic agents, may be effective against recur-

rent glioblastoma multiforme (GBM).

Objectives: To determine 6-month progression-free

survival (6PFS) and toxicity of temozolomide plus

thalidomide in adults with recurrent GBM.

Patients and methods Eligible patients had recurrent

GBM after surgery, radiotherapy, and/or adjuvant

chemotherapy. Temozolomide was given at 150–

200 mg/m2/day on days 1–5 of each 28-day cycle.

Thalidomide was given orally at 400 mg at bedtime

(days 1–28) and increased to 1,200 mg as tolerated.

Patients were evaluated with magnetic resonance

imaging scans every 56 days. The study was designed to

detect an increase of the historical 6PFS for GBM from

10 to 30%.

Results Forty-four patients were enrolled, 43 were

evaluable for efficacy and safety. The study popu-

lation included 15 women, 29 men; median age was

53 years (range 32–84); median Karnofsky perfor-

mance status was 80% (range 60–100%). Thirty-six

(82%) patients were chemotherapy-naı̈ve. There

were 57 reports of toxicity of grade 3 or greater.

Non-fatal grade 3–4 granulocytopenia occurred in 15

patients (34%). The objective response rate was 7%.

The estimated probability of being progression-free

at 6 months with this therapy is 24% [95% confi-

dence interval (C.I.) 12–38%]. The median time to

progression is 15 weeks (95% C.I. 10–20 weeks).

There was no observed correlation between serum

levels of vascular endothelial growth factor, basic

fibroblast growth factor, and IL-8 and the 6PFS

outcome.

Conclusion This drug combination was reasonably

safe, but with little indication of improvement

compared to temozolomide alone.
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Introduction

Glioblastoma multiforme (GBM) is a rapidly growing,

malignant astrocytic tumor with high morbidity and

mortality [1]. The current management of GBM is

based on cytoreduction through surgery, radiotherapy,

and chemotherapy [2]. Despite this multidisciplinary

approach to treatment, median patient survival is

approximately 12 months. Two meta-analyses have

confirmed that systemic chemotherapy provides a

small yet statistically significant survival benefit [3, 4].

The most commonly used agents in these studies were

nitrosourea-based drugs.

In recurrent GBM, the median time to progression

(MTP) in a study of 225 patients treated with various

chemotherapy regimens (none of which were considered

particularly effective) was 9 weeks and the 6-month

progression-free survival (6PFS) was 15% [5]. N,N¢-Bis

(2-chloroethyl)-N-nitrosourea (BCNU), when used in

patients with recurrent GBM results in a time to pro-

gression (TTP) and 6PFS of 13.3 weeks and 17.5%,

respectively [6]. Single-agent TMZ in GBM at first

recurrence resulted in an objective response rate of

5.4%, median TTP of 12.4 weeks, and a 6PFS of 21% [7].

TMZ is a cytotoxic alkylating agent with modest

efficacy in patients with recurrent high-grade gliomas,

including GBM; it is relatively well-tolerated and has an

acceptable safety profile [7–13]. It demonstrated a

better 6PFS, overall survival (OS), and overall quality

of life compared to procarbazine in GBM patients [7].

Thalidomide (N-phthalylglutamic acid imide) is a

biological response modifier that may interfere with

angiogenesis through several potential mechanisms

[14, 15]. These include: inhibiting the expression of the

avb3 and avb5 integrin receptors [16], inhibiting pro-

duction or activity of TNF-alpha [17], basic fibroblast

growth factor (bFGF) [18–20], vascular endothelial

growth factor (VEGF) [20], vascular cell adhesion

molecule-1 [15–21], and E-selectin [15–21].

A robust blood supply is critical to the progression of

high-grade gliomas [22]. This is reflected in tumors by

the overexpression of VEGF [23], bFGF [24, 25], TGF-

b [23], the PDGFs [26], and the downregulation of the

angiogenesis inhibitor, thrombospondin [25–27]. Based

upon its in vitro and in vivo anti-angiogenic effects, we

chose to combine thalidomide with TMZ in recurrent

GBM looking for prolongation of 6PFS. Here we

present the results of this multicenter study.

Materials and methods

Eligibility

Eligible patients had a histologically proven diagnosis

of GBM or gliosarcoma with unequivocal progression

by magnetic resonance imaging (MRI) scan. Patho-

logical material was not centrally reviewed, but origi-

nal pathological material was reviewed by the

neuropathologist at each participating NABTC insti-

tution and met criteria to be classified as World Health

Organization grade IV GBM. Eligible patients had

progression after radiation therapy (RT); no more than

one adjuvant chemotherapy; no more than one treat-

ment with chemotherapy for recurrence, no prior TMZ

or thalidomide, and a baseline brain MRI/CT scan

within 14 days prior to registration. Patients must have

recovered from the toxic effects of prior therapy and

be at least 2 weeks from vincristine, 6 weeks from ni-

trosoureas, and 3 weeks from other chemotherapies. In

addition, patients had to be ‡18 years old with a life

expectancy ‡8 weeks and a Karnofsky performance

status (KPS) ‡60; normal renal, liver, and bone mar-

row function; further, no evidence of pregnancy, active

use of contraception methods, and written informed

consent were required to participate in the study. Pa-

tients were excluded if they did not fulfill any of the

inclusion criteria, or had an active infection, a con-

current illness obscuring toxicity or dangerously alter-

ing drug metabolism, or a history of any other cancer

(except non-melanoma skin cancer and carcinoma in

situ of the cervix), unless in complete remission and off

therapy for that disease for >3 years.

Endpoints

The primary endpoint for evaluable patients in this

study was the proportion of patients surviving without

evidence of disease progression at least 6 months from

the date of first drug dose (6PFS). The secondary end-

points included MTP, OS, radiographic response, and

change in serum levels of bFGF, VEGF, and IL-8 before

and after treatment, and toxicity of the therapy. Patients

were evaluable for response if there was bidimensional,

measurable enhancing disease on baseline MRI scans

and had initiated treatment with TMZ and thalidomide.

Assuming no increase in steroid dose in the preceding

evaluation, complete response (CR) was the total

disappearance of the tumor by neuroimaging. Partial

response (PR) was a decrease of ‡50% in the product of

two diameters in the enhancing tumor. Minor response

(MR) was a decrease of < 50% in the product of two

diameters in the enhancing tumor. Stable disease (SD)
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meant no change in the scan, and progressive disease

was a >25% increase in tumor area. Toxicity was graded

according to the National Cancer Institute Toxicity

Criteria, Version 2.0.

Assays

Enzyme-linked immunosorbent assays (ELISA) were

performed to measure VEGF, IL-8, and bFGF on

stored serum samples from patients enrolled in the

study. Samples were collected prior to beginning

therapy and prior to each new course of therapy (every

28 days) and stored at -80�C. ELISA assays were per-

formed according to the manufacturer’s (R&D Sys-

tems, Minneapolis, MN, USA) instructions.

Treatment plan

Patients took TMZ 150–200 mg/m2 orally once a day

for five consecutive days every 28 days. The starting

dose for chemotherapy-naı̈ve patients was 200 mg/m2/

day; patients who had previous chemotherapy started at

150 mg/m2/day. Patients received thalidomide 400 mg

orally at bedtime for 28 consecutive days. Thalidomide

dose was adjusted upward to 1,200 mg/day if patients

were able to tolerate increased doses. Subsequent

courses of TMZ and thalidomide were administered

every 4 weeks unless the patient had not recovered

from treatment-related adverse events from a previous

course. Treatment continued until recurrence or

progression, unacceptable toxicity, or to a maximum of

24 courses.

Statistical considerations

The historical values for comparison are from a

database of 225 patients with recurrent GBM enrolled

in eight previous phase II studies [5]. The overall

proportion of patients with GBM remaining alive and

free from progression at 6 months was 15% [95%

confidence interval (C.I.) 10–19%]. The lower bound

of this C.I. was selected as the level of no interest

with the level of interest being a success rate of 30%.

The intent was to enroll 40 patients and declare suc-

cess if 6 or more patients were progression-free at

6 months, providing an a = 0.1 and b = 0.05. Because

the trial permitted entry of more than 40 patients to

allow for possible ineligible patients, the final patient

number differed from what was intended. Therefore

the results are presented in the form of a point esti-

mate and C.I.s. The method of Kaplan and Meier was

used to estimate TTP. For the purpose of assessment

of 6PFS, a patient was considered a failure if they

were not known to have been a success. For the

purpose of the Kaplan–Meier estimate, patients not

known to have progressed by the end of the study or

prior to alternative therapy were censored as of the

last on-protocol assessment date.

Results

Seven participating institutions enrolled 44 patients.

Patient registration began on 16th June 2000, and

ended on 11th December 2000. The demographic and

treatment characteristics of enrolled patients are sum-

marized in Table 1. All patients had recurrent GBM

after surgery (gross total or subtotal resection in 94% of

cases) followed by external beam RT without concur-

rent chemotherapy. Eight of these patients had also

been treated with chemotherapy before recurrence or

at progression prior to enrollment in this study. Six

patients had a KPS of 60, while the rest scored 70 or

above at trial registration. One patient refused treat-

ment after enrollment and was not evaluable for re-

sponse and survival. All patients received the maximum

dose of TMZ except three, who received a dose of

150 mg/m2. The median of the highest daily dose of

thalidomide for all patients was 600 mg; the lowest dose

was 200 mg and the highest dose was 1,200 mg.

Progression-free survival

Forty-three patients were evaluable and included in

the analysis. All but two patients have progressed. One

Table 1 Distribution of demographic variables in NABTC99-04

Variable N

Number of patients 44
Median age in years (range) 53 (32–84)
Median KPS (range) 80 (60–100)
Gender (M/F, n) 29/15
‡1 previous chemotherapy (%) 8 (18)

Extent of initial resection (%)
Gross total or subtotal 55
Partial 39
Biopsy 6

Accrual by center
MD Anderson Cancer Center 17
University of California, San Francisco 10
University of Pittsburgh Medical Center 7
University of California, Los Angeles 5
Dana Farber Cancer Institute 3
University of Michigan 1
Memorial Sloan-Kettering Cancer Center 1

KPS Karnofsky performance score
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of those that did not progress died on study. Death was

thought to be due to pulmonary embolism and not

tumor progression. This patient is considered a failure

for the primary analysis. For the estimation of TTP,

and the associated Kaplan–Meier curves, this patient is

censored for time of progression at time of death

(9 weeks). Nine patients had times of progression

occurring after 26 weeks. One patient was declared to

have progressed at 27.6 weeks due to scan timing. The

remaining times of progression were 34, 43, 45, 46, 48,

54, 81, and 103 weeks with one patient censored

172 weeks after starting the study. The original goal for

defining success was 6 patients out of 40. We had 10

out of 43 (23%, 95% C.I. 12–38%) progression-free at

6 months. If a 90% one-sided C.I. were used—consis-

tent with the original selection of alpha of 0.1 and a

planned one-tailed test—the lower bound for that C.I.

would be 15%. The Kaplan–Meier estimate of the

probability of being progression-free at 6 months with

this therapy is 24% and the Kaplan–Meier curve of

progression-free survival is depicted in Fig. 1. The

MTP is 15 weeks (95% C.I. 10–20 weeks).

Radiographic response

In the 43 patients evaluable for radiographic response

(one patient never initiated treatment after enroll-

ment), the median time to response was 56 days. There

were no CRs. Three patients (7%) had a PR, three

(7%) had a MR, 19 (44%) had SD, and 18 (42%)

progressed through treatment.

Serum growth factor assays

Based upon another study evaluating thalidomide in

glioma [28] we chose to look for change in serum levels

of markers at 4 weeks after enrollment. Baseline and

follow-up levels of VEGF, bFGF, and IL-8 were

available from 20 patients. The remainder of the pa-

tients either did not have initial or follow-up samples

available or the samples were outside the sample time

window determined to be the most informative. Median

baseline serum VEGF level was 366 pg/ml (range 62–

815 pg/ml), and median change from baseline was

–22 pg/ml (range 0 to +651). Median baseline serum

bFGF level was 10 pg/ml (range 1.6–25.1 pg/ml) and

the median change from baseline was 0.67 pg/ml (range

0–86.9 pg/ml). Median baseline serum IL-8 level

was 0.0 pg/ml (range 0–187.2 pg/ml), and the median

change from baseline was 0 pg/ml (range 0–82.8 pg/ml).

There was no indication of an association of any of the

tested serum growth factor levels with outcome.

Adverse effects

Safety data are reported for the 43 patients who re-

ceived the treatment. There was one patient death

while on study, felt not to be treatment-related. Two

other deaths were recorded within 30 days after dis-

continuation of the study drugs. These were also felt

not to be treatment-related. Most adverse effects were

grades 1–2. There were ten reports of grade-4 toxicity.

The adverse effects by organ and grade are in Table 2.

Discussion

Based upon the known modest efficacy of TMZ and the

potential anti-angiogenic properties of thalidomide, we

chose to study this combination in patients with recur-

rent GBM. The results indicate an improved outcome

compared to the 10% success rate that was to be

excluded. Based on the results of this trial a study using

this combination plus radiotherapy was subsequently

initiated and has been reported [29]. In that trial the

combination showed some efficacy, but no indication

that thalidomide added to the efficacy of TMZ alone.

It appears that the same is true for treatment of

recurrent GBM, since TMZ alone resulted in an esti-

mated 6-month PFS rate of 21% in GBM patients

treated at time of first relapse [7]. While in this study

patients could have had up to one prior chemotherapy,

it does not appear that the addition of thalidomide to

TMZ adds substantially to the success of TMZ alone in

recurrent GBM. Thus, we consider that while some

modest efficacy was seen in this trial, this combination

of agents, at this dose and schedule, is not worthy of

further investigation in the setting of recurrent GBM.
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Fig. 1 Kaplan–Meier curve of progression-free survival, n = 43
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Further, analysis of plasma levels of VEGF, bFGF, and

IL-8 did not show any correlation with efficacy as had

been previously demonstrated [28].

There have now been four prospective phase II

studies evaluating thalidomide either as a single agent

or in combination with other anti-neoplastic treat-

ments in patients with recurrent GBM from which

outcome data can be extracted [28, 30, 31]. Results

from these studies and the current report are summa-

rized in Table 3. In terms of toxicity, we identified 54

discreet grade 3 or 4 toxicities in 30 of 43 patients

(70%) as compared to the 50% incidence of grade 3 or

4 toxicities in adult anaplastic glioma patients treated

at recurrence [32].

In the present trial, the radiographic response rate

was about the same as that published previously for

single-agent thalidomide in recurrent disease [28]. And

the 6PFS was close to that for the thalidomide plus

BCNU combination reported for recurrent disease

[31]. The study’s primary endpoint, 6PFS, was higher

than our historical comparator value of 15% [5], and

slightly improved over the results of single-agent TMZ

in recurrent GBM (21%) [7].

The present study was conceived prior to the avail-

ability of data on the use of radiotherapy plus con-

comitant and adjuvant TMZ in GBM [33] and the

accompanying suggestion of the influence of the

O6-methylguanine-DNA methyltransferase (MGMT)

gene promoter hypermethylation on survival outcomes

[34]. These data have changed the standard of care for

the newly diagnosed GBM patient such that essentially

all newly diagnosed GBM patients are now treated

with TMZ along with their radiotherapy followed by at

least 6 months of TMZ as maintenance. Because of this

change in standard of care, studies such as the one

reported here are now infeasible due to patients’ prior

TMZ exposure. Although, as the MGMT promoter

hypermethylation issue is sorted out, there may be a

Table 2 Treatment-related toxicity

Toxicity Grade Total

1 2 3 4 5

Thrombocytopenia 13 5 1 1 20
Neutropenia 11 4 11 4 30
Neurologicala 6 13 9 1 29
Gastrointestinalb 9 18 3 1 31
Fatigue 4 15 3 22
Headache 7 4 1 12
Thrombosis 7 1 8
Skin 8 3 1 12
Laboratoryc 6 6 4 16
Otherd 8 6 4 2 3e 23
Total 72 74 44 10 3 203

Each patient counted only once at level of worst toxicity in each category.
a Includes (grade 3 or greater): confusion, decreased consciousness, motor changes, depression, weakness, syncope, seizure.
b Includes (grade 3 or greater): abdominal pain, constipation, diarrhea.
c Includes (grade 3 or greater): elevated liver enzymes, hypokalemia, hyponatremia.
d Includes (grade 3 or greater): bleeding, constitutional symptoms, fever, infection, pneumonitis, second malignancy (felt unrelated to
treatment).
e All constitutional symptoms (all grade 5 toxicities felt unrelated to treatment).

Table 3 Phase II studies evaluating thalidomide as a single agent or combined with cytotoxic chemotherapy for recurrent GBM

Author Patient # Add’l Tx OR% 6-month PFS PFS/TTP (weeks)

Fine et al. [28] 39 (25 GBM) None 6% PR 4% 10
6% MR

33% SD
Marx et al. [30] 42 None 5% PR 18% 11

42% SD
Fine et al. [31] 40 (38 GBM) BCNU 22% OR 27.5% 14.8
Current study 43 TMZ 7% PR 24% 15

OR% objective response percentage, PFS progression-free survival, TTP time to progression
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role for higher dose or more chronic dose TMZ with or

without additional agents in the setting of recurrent

GBM.

Taken as a whole, this and the other phase II studies

reported to date demonstrate that thalidomide has only

minimal single-agent activity, and may modestly

augment the effects of the cytotoxic agents BCNU

and TMZ in patients with recurrent GBM. These

improvements are small and could be due to small

sample sizes or institution accrual biases. Further, this

possible benefit comes at the price of an increase in

grade 3 and 4 toxicities. The apparent minimal benefi-

cial effect of thalidomide, even though clearly inade-

quate, still leaves open the possibility of its study in

GBM patients. Combination studies of thalidomide

with other anti-angiogenic agents targeting alternative

pro-angiogenic pathways might show synergy and more

efficacy. Further, newer thalidomide-like molecules

with less systemic toxicity, may allow for higher dosing

and potentially better anti-angiogenic and anti-glioma

activity. Lastly, a more complete understanding of gli-

oma biology and the mechanisms of action of thalido-

mide and its congeners may assist in choosing patients

with a higher likelihood of experiencing benefit from

this class of agents.
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