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Abstract Thalidomide and procarbazine have demonstrated single agent activity against malignant gliomas
(MG). We evaluated the combination of thalidomide and
procarbazine with a single arm phase II trial in adults with
recurrent or progressive MG. Procarbazine was given at a
dose of 250 mg/m2/d 9 5day q 28 days. Thalidomide was
administered at a dose of 200 mg/day continuously.
Intrapatient dose escalation of thalidomide was attempted
(increase by 100 mg/day weekly as tolerated) to a maximum of 800 mg/day. The primary outcome was tumor
response, assessed by MRI and CT. Secondary outcomes
were progression free survival (PFS), overall survival (OS)
and toxicity. In addition, quality of life questionnaires were
performed at baseline and prior to each odd cycle in all
treated patients. Eighteen patients (median age of 50) were
accrued and received a total of 36 cycles (median 2) of

therapy. The median maximum thalidomide dose achieved
was 400 mg (range 0–800). No complete or partial
responses were seen. One patient (6%) experienced stable
disease, fourteen (78%) progressed as best response and
three (17%) were not evaluable for response. Median time
to progression was 2.1 months (95% CI, 1.5–2.5). Seventeen patients have died (one patient lost to follow-up after
progression); median survival from enrollment was
7.6 months (95% CI, 3.5–9.4). Grade 3/4 drug related
toxicity was minimal. Quality of life diminished over time.
The combination of thalidomide and procarbazine demonstrated no efficacy in this trial.
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Malignant gliomas (MG) account for the majority of primary brain tumors in adults with an estimated annual
incidence of 15,000 cases in the United States [1, 2].
Despite aggressive therapy with maximal surgical resection, radiotherapy, and chemotherapy with temozolomide
(TMZ), nearly all patients with malignant glioma will die
of their disease. The prognosis remains poor for patients
with recurrent disease with a median survival of only
25 weeks for recurrent glioblastoma multiforme (GBM)
and 40 weeks for recurrent anaplastic gliomas (grade III)
[3]. The 3-year survival rate for GBM is only 4–15% [2, 4].
Surgery followed by cranial irradiation remains the standard treatment for malignant gliomas, with an established
survival benefit gained through the use of systemic chemotherapy in patients with glioblastoma multiforme [5]. In
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the pre-temozolomide era, a published meta-analysis confirmed that systemic chemotherapy with nitrosourea-based
regimens was a marginally useful adjunctive therapy to
surgery followed by cranial irradiation in patients with
high-grade gliomas [6]. Following publication of the EORTC-NCIC study of temozolomide (TMZ) in patients with
newly diagnosed glioblastoma multiforme in 2005, concurrent radiation with TMZ followed by adjuvant monthly
TMZ became the ‘‘gold standard’’ first line therapy for
patients with newly diagnosed glioblastoma [7]. Although
TMZ has significantly prolonged survival when combined
with radiation, disease progression ultimately occurs in the
majority of patients. Unfortunately, few effective salvage
regimens are available for these patients at the time of
recurrence. A number of studies have failed to demonstrate
particular efficacy for nitrosoureas at progression or
recurrence including BCNU (Carmustine), ACNU
(Nimustine), Procarbazine, and Procarbazine, lomustine,
and vincristine (PCV). Bevacizumab, a monoclonal antibody that inhibits the activity of vascular endothelial
growth factor, has more recently demonstrated clinical
activity in patients with recurrent MG in phase II studies,
both as a single agent and when given in combination with
other chemotherapeutic drugs such as irinotecan. It was
approved as a single agent for this indication in 2009 [8, 9].
During the past few years, retreatment with temozolomide
using alternative or so-called metronomic treatment
schedules has also been studied and shown to have activity
in selected patients with recurrent glioma [10].
At the time this study was initiated in 2003, there were
no effective salvage therapies for patients with recurrent
MG. It was hypothesized that combining cytotoxic and
cytostatic agents without overlapping toxicities might
enhance antitumor effects with an acceptable side effect
profile of the regimen.
The highly vascular glioblastoma multiforme was an
early candidate tumor in which the efficacy of antiangiogenic therapies could be evaluated, and the beneficial
results seen with bevacizumab appears to validate the
utility of this approach in affected patients [8, 9]. Thalidomide (ThalomidÒ), the first clinically available oral agent
with antiangiogenic properties, exhibited activity against a
variety of malignancies, including myeloma, renal cell
carcinoma, Kaposi’s sarcoma, and glioblastoma multiforme [11–16]. It has been used as a single agent and in
combination with carmustine in the setting of recurrent
malignant glioma with a modest benefit [13, 17].
Procarbazine (MatulaneÒ), an oral alkylating agent that
readily crosses the intact blood–brain barrier, is FDA
approved for use in patients with high grade astrocytomas.
Procarbazine has been used as a single agent in patients
with MG at doses that range from 60 mg/m2/day for
14 days every month (total 1680 mg/m2 in 2 months) to
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150 mg/m2/day for 30 days every 60 days (total 4500 mg/
m2 in 2 months). It is a critical component of the ‘‘PCV’’
regimen (procarbazine, CCNU, and vincristine) which has
been used in clinical trials in Europe and North America in
patients with glioblastoma multiforme, anaplastic astrocytoma, and anaplastic oligodendroglioma [18–27].
Based on the established modest efficacy of each agent
in patients with gliomas and their mostly non-overlapping
toxicities, we conducted a phase II trial of the combination
of procarbazine and thalidomide in patients with progressive or recurrent MG.

Methods
Patient characteristics
Eligible patients included adults with progressive or
recurrent, histologically confirmed high grade glioma
(glioblastoma multiforme, anaplastic astrocytoma, anaplastic oligodendroglioma or anaplastic mixed oligoastrocytoma) who received prior radiation therapy with or
without chemotherapy. All patients had measurable evidence of tumor progression or recurrence on MRI or CT
imaging performed within 2 weeks of starting treatment.
Patients were required to have a complete recovery from
the toxicity of prior therapy. An interval of at least
3 months must have elapsed since the completion of the
most recent course of radiation therapy. At least 3 weeks
had elapsed since the completion of a non-nitrosourea
containing chemotherapy regimen and at least 6 weeks
must have elapsed since the completion of a nitrosourea
containing regimen. Eligible patients could have received
up to two prior chemotherapy regimens for their malignant
glioma. Additional eligibility criteria included an ECOG
performance status of C2; adequate hematologic (absolute
neutrophil count C 1500/mm3, platelets C 100,000/mm3),
renal (creatinine B 1.7 mg/dl), and hepatic (total bilirubin B 1.5 mg/dl, transaminases B 4 times above the upper
limits of norm) functions. Women of child-bearing potential were required to have a negative pregnancy test prior to
treatment and contraceptive measures were required as
outlined in the FDA-mandated System for Thalidomide
Education and Prescription Safety (S.T.E.P.S.Ò) Program.
The research protocol was approved by the Wake Forest
University Institutional Review Board. Patients provided
written informed consent.
Treatment
Treatment was initiated with procarbazine given at a dose
of 250 mg/m2 daily for 5 days, and repeated every 28 days
until tumor progression. This dose and schedule were based
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on a New Approaches to Brain Tumor Therapy (NABTT)
consortium dose escalation trial of procarbazine ongoing at
the time this study was initiated. From this trial, it was
known that the dose of 250 mg/m2 daily for 5 days was
below the maximum tolerated single agent procarbazine
dose for patients who were and those who were not taking
enzyme inducing antiepileptic drugs [27]. Thalidomide was
administered at a dose of 200 mg/day continuously
beginning on the first day of procarbazine administration.
Intrapatient dose escalation of Thalidomide was attempted
(increase by 100 mg/day weekly as tolerated) to a maximum of 800 mg/day. A single cycle of therapy consisted of
1 month of treatment (i.e., 5 days of procarbazine and
28 days of thalidomide) (Fig. 1).
Patient evaluations
Patients were reevaluated with history, physical, and laboratory studies at the completion of each 4 week cycle.
Repeat brain imaging studies were obtained after every two
completed cycles of therapy. Quality of life questionnaires
including the FACT-Br, the ‘‘Additional Concerns’’ module of the FACIT-F (Fatigue) and the Mini-Mental Status
Exam (MMSE) were performed at baseline and prior to
each odd cycle in all treated patients. All patients were
followed until death for disease-free and overall survival
endpoints. Toxicity was described as per version 2.0 of the
NCI Common Toxicity Criteria (CTC) for Toxicity and
Adverse Event Reporting.
Treatment response evaluations
Response to therapy was described as complete, partial, or
stable using the standardized Macdonald response criteria
[28]. Contrast enhanced MRI/CT scans and neurologic
examinations were used to determine response to therapy.
A complete response was defined as MRI/CT demonstration of complete disappearance of all enhancing tumor off

Fig. 1 Treatment plan with
distribution of patients enrolled

all glucocorticoids with a stable or improving neurologic
examination, for a minimum of 8 weeks. A partial
response required greater than or equal to 50% reduction in
enhancing tumor volume on contrast enhanced MRI/CT
scan [i.e., C50% decrease in the sum of the products of the
longest perpendicular diameters of indicator lesions(s)], on
a stable or decreasing dose of glucocorticoids, with a stable
or improving neurologic examination, for a minimum of
8 weeks. Progressive disease was defined as progressive
neurologic abnormalities not explained by causes unrelated
to tumor progression or a greater than 25% increase in
enhancing tumor volume by MRI/CT scan [i.e., C25%
increase in the sum of the products of the longest perpendicular diameters of indicator lesions(s)]. Mixed response
of regression and progression was considered progressive
disease as was the development of a new lesion. Stable
disease was defined on MRI/CT volumetrics that did not
meet the criteria for complete response, partial response or
progressive disease.
Statistical methods
This study was originally designed as a two-stage phase II
trial to evaluate objective tumor response rate (estimated as
the proportion of partial and complete responders among
all evaluable patients). Toxicity, time to progression, survival and quality of life were secondary outcome measures.
Toxicity was assessed throughout the study. Quality of life
was quantified using the FACT-Br, FACIT-F (additional
concerns module) and MMSE forms at baseline and every
2 months. A maximum sample size of 55 evaluable
patients was needed to test the null hypothesis that the
response rate was B15% versus the alternative hypothesis
that the response rate was C30%. Twenty-three patients
were targeted for accrual in the first stage, and an additional 32 patients were to be accrued if more than 3 of the
first 23 evaluable patients responded to therapy. The study
was ultimately stopped early for futility after none of the

4 pts completed
> 3 cycles

18 Patients with
Recurrent or
Progressive
Malignant Glioma

Procarbazine 250 mg/m2/d x 5d po
+
Thalidomide 200 mg/d po
(Intrapatient dose escalation by 100mg
every week to max. dose 800 mg/d as
tolerated)

Cycle repeats q 28 days until
progression. Response assessment
every 2 cycles

13 pts completed
< 3 cycles

123

Author's personal copy
614

first 18 patients accrued showed evidence of tumor
response and statistical modeling suggested that it was
highly unlikely that further accruals would result in a need
to progress to a second stage.
Descriptive statistics (means, standard deviations, frequencies, etc.,) are used to summarize pretreatment patient
characteristics and the outcome measures mentioned
above. Kaplan–Meier methods were used to estimate the
time to progression and survival distributions. Previous
studies had shown that the median time to progression and
survival in these patients was approximately 10 and
30 weeks, respectively. Median estimates with 95% confidence intervals were calculated for descriptive comparison with these values.

Results
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Table 1 Patient characteristics
Characteristic

# (%)

Total

18 (100)

Age
Median (range)
C60 years

50 (27–63)
4 (22)

Diagnosis
Glioblastoma multiforme

14 (78)

Anaplastic astrocytoma

3 (17)

Anaplastic oligoastrocytoma

1 (5)

Gender
Female
Male
Race

7 (39)
11 (61)

Black

3 (17)

White

15 (83)

Performance status

Patients and treatment
A total of 18 patients (11 men) with recurrent or progressive malignant glioma were enrolled (median age 50 years,
range 27–63, accrual from December 2003 to October
2006). Patient characteristics are listed in Table 1. Histologic diagnoses of enrolled patients included glioblastoma
multiforme (14), anaplastic astrocytoma (3) and anaplastic
oligoastrocytoma (1). Sixteen patients had a PS of 1 or less,
with two patients with a PS of 2. All of the patients had
previously received radiation and chemotherapy. Following enrollment on this trial, 1 patient (6%) became sick
after registration and did not receive any chemotherapy, 16
(89%) received 1–3 courses of treatment, and 1 (6%)
received 9 courses (Fig. 1). The median number of courses
received was 2. Twelve patients (67%) were able to have a
Thalidomide dose escalation; the median maximum Thalidomide dose achieved was 400 mg (range 0–800).

0

2 (11)

1

14 (78)

2

2 (11)

Prior treatment
Chemotherapy

17 (94)

RT

18 (100)

Courses received
0

1 (6)

1

8 (44)

2

5 (28)

3

3 (17)

9

1 (6)

Treatment efficacy
No complete or partial responses were seen. One patient
(6%) experienced stable disease, fourteen (78%) progressed as best response, and three (17%) were not
evaluable for response. (One patient did not receive any
therapy and two went off study before reevaluation.)
Median time to progression was 2.1 months (95% CI,
1.1–3.6) with median survival of 6.4 months (95% CI,
2.9–9.4) (Fig. 2).

Fig. 2 Kaplan–Meier estimates of overall survival and progressionfree survival

Toxicity
Few Grade 3 and 4 toxicities were observed (Table 2). Two
patients (12%) developed grade 3–4 leukopenia with one
episode of neutropenia. Other SAEs include 4 patients
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(24%) with grade 3–4 fatigue/weakness. Grade 3 neurotoxicity was documented in 4 (24%) patients. Neurologic
deterioration included patients that had vision changes,
aphasia, and mental slowing. Drug-related toxicities in this
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Table 2 Serious adverse events (N = 17)
Toxicity

Grade 3

Grade 4

Weakness

2

1

Deep venous thrombosis

0

1

Neurologic deterioration

4

0

Constipation

1

0

Depression

1

0

Somnolence/fatigue

4

0

Neuropathy

1

0

Neutropenia

1

1

treatment cohort were without clinical consequence; no
patient withdrew from the trial as a result of drug toxicity.
Quality of life and cognitive outcomes are summarized
in Table 3. At baseline, 17 patients completed the FACT-G
with a mean score of 80.1 (SD = 17.6). This score is
similar to that reported by Cella and colleagues in the
standardization sample for the FACT [29]. There was a
significant attrition rate from baseline to 2 months
(40–80 days following baseline) at which time only nine
patients completed the QOL instruments or MMSE as a
result of disease progression. As seen in Table 3, the
MMSE and almost all QOL scores declined in patients with
serial measurements during the first 2 months. The brain
and fatigue subscales had the greatest declines, decreasing
by over 20% from baseline. It is unclear whether these
changes were due to progressive disease or the impact of
treatment.

Discussion
This was an open-label, single institution study of thalidomide and procarbazine in patients with histologically

proven progressive or recurrent malignant glioma conducted prior to the availability of bevacizumab. The results
of this study suggest that the combination of thalidomide
and procarbazine has no clinical activity in recurrent
malignant glioma when given at the dose and schedule
tested in this trial.
Procarbazine and thalidomide were selected for evaluation based on their modest single agent activity and
mostly non-overlapping toxicities in prior studies in
patients with malignant brain tumors. In a phase II study,
Fine et al. treated 36 patients with recurrent high-grade
glioma with thalidomide escalated by 200 mg/day every
2 weeks to a final daily dose of 1200 mg; there were two
partial responders, two minor responders, and 12 patients
with stable disease. Eight patients were alive greater than
1 year after starting thalidomide, although the majority had
tumor progression [13]. Similarly, Marx et al. [30] started
patients at a dose of 100 mg/day and escalated to 500 mg/
day. Of 38 evaluable patients, two achieved response and
16 had transient disease stabilization.
Procarbazine has been used in combination as part of the
‘‘standard treatment’’ arm in several large brain tumor
studies. The Radiation Therapy Oncology Group (RTOG)
protocol 9402 used PCV in patients with low grade glioma
and reported an improved PFS in WHO grade II LGG who
received RT ? PCV versus RT alone. After 2 years, the
addition of PCV to RT conferred both a significant OS and
PFS advantage, and reduced the risk of death by 48% and
progression by 55% [31]. The NABTT CNS consortium
performed a two-arm dose escalation study of single agent
procarbazine in patients who were receiving and those who
were not receiving enzyme inducing antiepileptic drugs
(EIAED) [27]. Forty-nine adult patients with recurrent
high-grade glioma were enrolled and received procarbazine
orally for 5 consecutive days each month. Dose escalation
between cohorts utilized the continual reassessment

Table 3 Quality of life and cognitive measures at baseline and follow-up
QoL/cognitive measure

All patients—baseline\

Patients with baseline and follow-up data

N

Mean (SD)

N

Baseline mean (SD)

Follow-up mean (SD)

P value

Physical

17

21.0 (6.7)

8

19.8 (7.7)

15.9 (6.9)

0.16

Social

17

24.1 (3.4)

7

24.3 (3.2)

24.2 (4.3)

0.96

Emotional

17

18.5 (4.4)

7

18.6 (3.5)

15.9 (6.0)

0.24

Functional

17

16.5 (7.5)

7

13.6 (6.3)

13.4 (7.3)

0.93

FACT-G

17

80.1 (17.6)

7

75.6 (17.8)

70.5 (21.9)

0.45

Brain subscale

16

47.1 (12.7)

6

46.0 (5.1)

36.3 (14.8)

0.13

Fatigue subscale

17

32.6 (13.0)

7

33.6 (14.4)

23.9 (15.7)

0.05

MMSE

18

25.0 (6.1)

8

25.0 (5.8)

21.8 (12.1)

0.33

Follow-up measures were assessed between 40 and 80 days following baseline
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method for determining subsequent dose levels. The
maximum tolerated dose was 393 mg/m2/day on the
?EIAED arm and 334 mg/m2/day on the -EIAED arm.
Four (8%) partial responses were seen and the median time
to progression was only 2 months. The median overall
survival for all patients accrued was 6.5 months.
The use of an angiogenesis inhibitor and cytotoxic
chemotherapy was hypothesized to be of potential benefit
for patients with GBM. One of the first trials to use thalidomide in combination with a cytotoxic agent utilized
carmustine. Fine et al. [17] enrolled 38 patients receiving
the combination treatment and reported a 24% radiographic
objective response rate. Glass et al. performed a phase I/II
study of carboplatin and thalidomide in patients with
recurrent glioblastoma multiforme. Five of 46 evaluable
patients demonstrated partial responses with this therapy
while 26 patients had stable disease. The mean survival of
patients on this study was 40 weeks [15]. Baumann et al.
used thalidomide in combination with temozolomide versus single agent thalidomide alone. They found that the
combination was more effective than thalidomide alone
with a median survival of 103 weeks for the combination
therapy versus 63 weeks for single agent thalidomide [32].
Groves et al. [33] tested the combination of thalidomide
with TMZ in recurrent GBM with minimal improvement in
outcome versus TMZ alone. Puduvalli et al. [34] reported a
phase II trial with the use of irinotecan and thalidomide in
recurrent GBM and found a PFS-6 rate that was superior to
that observed in historical controls, with 8 of 32 being
progression-free at 6 months. However, other studies have
not shown promising results with combination based thalidomide therapy. Fadul et al. [35] reported a study of irinotecan and thalidomide that showed limited activity while
Chang et al. [36] found no survival advantage with TMZ
and thalidomide added to XRT when compared with historical studies of XRT in combination with nitrosoureabased chemotherapy.
Since the completion of our study, another thalidomide
analogue was introduced into clinical trials. Lenalidomide
was used in a 28 patient phase I study by Fine et al. where
there was an observed increased risk of thromboembolic
disease. There were no objective radiographic responses
seen in any of the treated patients. The median time to
tumor progression was less than 2 months and only 12.5%
of patients were progression-free at 6 months [37]. In a
pediatric phase I study of lenalidomide for recurrent,
refractory, or progressive CNS tumors, Warren et al. found
both objective responses and long-term stable disease,
primarily in low grade gliomas.
Overall, our study reports no activity with the use of
procarbazine and thalidomide in patients with recurrent
glioma. A prolonged cytostatic effect was not apparent as
all patients had early evidence of progressive disease. In
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addition, MMSE and QOL scores declined in patients with
serial measurements during the study period. It is unclear
whether these changes were due to progressive disease or
the impact of treatment.
Unfortunately, these results provide no evidence that the
combination of procarbazine and thalidomide tested provides any advantage over the limited efficacy seen when
these drugs are used as single agents in patients with
recurrent glioma. Although alternate prolonged dosing
strategies of procarbazine could potentially be used in
combination with daily thalidomide, concerns about
increased toxicity—particularly fatigue, peripheral neurotoxicity and potentially myelosuppression—led us to use a
shorter duration of procarbazine administration in this trial.
This approach was also felt to minimize the dietary
restrictions (and subsequent quality of life impact) required
while patients are taking procarbazine. Furthermore, following the development of bevacizumab and other selectively targeted therapies with effective antiangiogenic
activity in patients with malignant brain tumors, there
appears to be little, if any, reason to further evaluate thalidomide—a drug with multiple potential mechanisms of
action including modest antiangiogenic effects—in this
patient population. In light of these findings, it is unlikely
that any dose or schedule of the combination of thalidomide and procarbazine will provide enough of a benefit to
patients with recurrent GBM to merit further clinical
evaluation.
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