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Combination Chemotherapy with Carmustine and Cisplatin
Followed by Procarbazine, Lomustine, and Vincristine for

Adult High-Grade Astrocytoma

Chi-Ting Liau, MD; Kuo-Chen Wei1, MD; Chen-Kan Tseng2, MD; Shih-Ming Jung3, MD

Background: We have reported that carmustine (BCNU) and cisplatin administered before,
during, and after radiotherapy did not improve the survival of patients with
high-grade astrocytomas and were associated with more serious toxicities
than radiotherapy plus BCNU. In an attempt to improve survival, we studied
a combination regimen procarbazine, lomustine, and vincristine (PCV) after
radiotherapy in addition to BCNU and cisplatin during radiotherapy. 

Methods: From 1994 through 1998, 42 patients were enrolled in the study. Of these, 20
had glioblastoma multiforme and 22 had anaplastic astrocytoma. The
patients had a median age of 48.5 years. All patients had subtotal or total
resection, or biopsy as the initial procedure. Then, all patients were treated
with BCNU and cisplatin concurrently during radiotherapy followed by PCV
after radiotherapy. 

Results: The median time to follow up for survivors was 13.8 months (range, 1.7-
108.2 months). The median time to tumor progression was 7.2 months
(range, 0-88.7 months) and median survival time was 13.3 months (range,
1.7-88.7 months). The only factor that had a conventionally significant effect
on the overall survival was resectability. Patients who had received
subtotal/total resection had a longer median survival compared with patients
who had received biopsy only (18.0 vs. 9.5 months). This combined modali-
ty treatment program was associated with reversible grade 3 to 4 hematologi-
cal toxicity in 10 patients, with grade 3 ototoxicity in one patient and grade 2
neurotoxicity in one patient.

Conclusion: A combination of BCNU and cisplatin with cranial irradiation followed by
PCV was moderately toxic and appeared to offer no obvious survival advan-
tages compared with radiotherapy plus BCNU and cisplatin alone.
(Chang Gung Med J 2005;28:16-23)

Key words: chemotherapy, radiotherapy, glioblastoma multiforme, anaplastic astrocytoma.

From the Division of Hematology Oncology, Department of Internal Medicine; 1Division of Neurosurgery, Department of Surgery;
2Department of Radiation Oncology; 3Department of Pathology, Chang Gung Memorial Hospital, Taipei.
Received: May 12, 2004; Accepted: Nov. 18, 2004
Address for reprints: Dr. Chi-Ting Liau, Division of Hematology-Oncology, Department of Internal Medicine, Chang Gung
Memorial Hospital. 5, Fushing Rd., Gueishen Shiang, Taoyuan, Taiwan 333 R.O.C. Tel.: 886-3-3281200 ext. 2524; Fax: 886-3-
3278211; E-mail: gerson@ms2.hinet.net

Primary central nervous system malignancies rep-
resent less than 2% of all malignant diseases and

of these more than 40% are malignant gliomas.
Conventional treatment of patients with malignant
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gliomas (grade 3 and 4 cerebral astrocytoma) con-
sists of surgery and radiotherapy with median sur-
vival of 9 to 12 months.(1,2) However, despite tumor
resection and radiotherapy, the disease recurs largely
at the primary site. There are few long-term sur-
vivors.

The value of chemotherapy after standard post-
operative external beam radiation in the treatment of
malignant gliomas remains controversial. Several tri-
als of chemotherapy combined with surgery and
radiotherapy have shown only marginal benefits
from the added drugs.(3-7) A meta-analysis of 16 ran-
domized studies suggested that chemotherapy was
advantageous for patients with malignant gliomas
and should be considered part of the standard thera-
peutic regimen.(8) The most widely employed agents
were the nitrosoureas (carmustine [BCNU] and
lomustine [CCNU]). Nitrosoureas were shown to be
promising and were considered as the most active
agents. During the past decade, there has been con-
siderable interest in using the combinations of
BCNU and cisplatin or carboplatin to increase
response rates.(9-11) Cisplatin was selected because of
its definite, albeit low, activity against recurrent
astrocytomas in phase II studies, its ability to con-
centrate in intracerebral tumors, and its radiosensitiz-
ing properties.(12) We reported on a combination of
72-hour infusions of BCNU and cisplatin adminis-
tered before, during, and after cranial irradiation in
1995. However, this regimen resulted in moderate
toxicity and there was a lack of apparent survival
benefits compared with radiation therapy plus BCNU
alone.(13) One team of researchers demonstrated that
72-hour infusions of BCNU and cisplatin followed
by radiation did not improve survival and were asso-
ciated with more serious toxicities than standard
therapy.(14) A regimen using procarbazine, lomustine
(CCNU), and vincristine (PCV) could be given as an
outpatient treatment and was known to be of limited
toxicity. Procarbazine had benefits similar to
nitrosoureas when used in an adjuvant setting.
Vincristine displayed some activity as a single agent
against gliomas. The PCV regimen was considered
the most effective combination chemotherapy with
superiority over BCNU for anaplastic gliomas,(15) but
a Medical Research Council (MRC) randomized trial
showed no benefits to PCV chemotherapy.(16)

In an attempt to improve the survival of patients
with high-grade astrocytomas, we researched a com-

bination regimen program consisting of intravenous
BCNU and cisplatin given as outpatient treatment
concurrently with radiotherapy followed by PCV
after radiotherapy. 

METHODS

There were five eligibility requirements for
patients in this study. The first requirement was a
histologic diagnosis confirmed at surgery (subtotal or
total tumor resection) or stereotactic biopsy, and
tumors were classified as either anaplastic astrocy-
toma (AA) or glioblastoma multiforme (GBM). Each
tumor was scored according to the presence or
absence of the following four morphological criteria
including: nuclear atypia, mitosis, endothelial prolif-
eration, and necrosis. Each criterion was given a 0 or
1 score according to its presence or absence, and the
cumulated score of the four items was translated into
a grade as follows: 0 criterion = grade 1; 1 criterion
= grade 2; 2 criteria = grade 3 (AA); and 3 or 4 crite-
ria = grade 4 (GBM).(17) The second requirement was
age below 75 years with good performance status
(ECOG 0-2) and no previous chemotherapy or radio-
therapy. The third requirement was the time from
diagnosis to treatment must be less than 4 weeks
with life expectancy of more than 6 weeks. The
fourth requirement was normal complete blood
count, platelet count, blood biochemistry, urinalysis,
and prothrombin time. The fifth requirement was the
absence of a psychiatric disorder. 

The tumor resection was extended to the margin
when clear appearance of gray-white matter was
encountered under microscopic magnification, or
under stereotactic localization guidance. The tumor
resection at the functional cortex, such as motor, sen-
sory, or language, was limited under the guidance of
a somato-sensory evoked potentials cortical func-
tional mapping technique. A gross excision might be
obtained if the tumor did not encroach on the func-
tional cortex. 

After surgery, the chemotherapy protocol con-
sisted of BCNU 100 mg/m2 intravenous infusion for
2 hours every 4 weeks and cisplatin 50 mg/m2 intra-
venous infusion for 3 hours every 2 weeks during the
course of radiotherapy. The first cycle of the PCV
regimen commenced 3 to 4 weeks after completion
of radiotherapy. Each cycle involved procarbazine at
100 mg/m2 orally on days 1 to 10, CCNU at 100
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mg/m2 orally on day 1, and vincristine at 1.5 mg/m2

(maximum of 2 mg) intravenously on day 1. This
was repeated every 6 weeks to a maximum of 4
cycles. Nausea and emesis were treated with meto-
clopramide, diphenhydramine, ondansetron, and dex-
amethasone. Corticosteroids were permitted in the
minimal doses required to maintain the patient in an
optimal neurologic condition. Anticonvulsants were
used as medically indicated.  

Radiation therapy was administered to patients
on a 6 or 10 MV linear accelerator. Computerized
radiation treatment planning was utilized in all cases.
The treatment consisted of a single daily fraction of
180-200 cGy to the isocenter, either by opposed lat-
eral whole brain portals or 3D conformal radiothera-
py to the tumor bed with a 2-cm safety margin to a
total dose 4000-5000 cGy, followed by a boost to the
site of bulk disease with a limited margin to 6000-
6500 cGy.

All patients in the study were evaluated initially
by clinical and neurologic examinations and baseline
cranial computed tomography (CT). All patients
were followed up with neurologic examinations
every 4 to 8 weeks and CT every 8 weeks. Time to
tumor progression was measured from the date of
surgery or biopsy to the date when the patient was
determined to have progressive disease. Survival was
measured from the date of surgery or biopsy to death
or the last date of follow-up. The Kaplan-Meier pro-
duction limit estimation method was used to estimate
the survival times of different prognostic factors and
a log rank test was used to detect the differences
among them. Toxicities were monitored with a
biweekly complete blood count and serum creatinine
before each cycle of chemotherapy. When progres-
sive disease was confirmed, patients were offered
either additional surgery or chemotherapy according
to their clinical status and the inclination of their pri-
mary care physicians.

RESULTS

From January 1994 through June 1998, 42
patients were enrolled in the study and treated at
Chang Gung Memorial Hospital. The patient group
consisted of 26 men and 16 women aged 17 to 74
years. Patient characteristics are listed in Table 1. All
patients in the study were evaluated for toxicity to
the combined therapy. The median number of cycles

of BCNU and cisplatin was 2.5 (range, 1 to 3 cycles)
and 4.5 (range, 2 to 6 cycles), respectively. The
median number of cycles of PCV was 2.0 (range, 0
to 4 cycles). Eighteen (42%) patients received fewer
than two cycles of PCV due to early deterioration of
the patients' conditions and/or the refusal by the
patients or their families to continue treatment. All
42 patients received radiotherapy. The total dose
received ranged from 24 Gy to 68 Gy, with median
dose at 60 Gy. Four of the patients (9.5%) had
incomplete treatment because the accumulated dose
was less than 50 Gy at the last visit for radiotherapy.

The median follow-up time was 13.8 months
(range, 1.7 to 108.2 months, as of May 31, 2003),
and 37 deaths had been reported. The median time to
progression was 7.2 months (range, 0 to 88.7
months). The median survival for the entire group of
patients in the study was 13.3 months (range, 1.7 to
88.7 months) (Fig. 1). The median survival for four
patients who received incomplete radiotherapy with
dose less than 50 Gy was 5.1 months, compared to
15.1 months when dose more than 50 Gy was given
(p=0.0094). The only factor that had a conventional-
ly significant effect on overall survival was

Table 1. Patient Characteristics, N=42

Characteristics No. of patients (%)
Gender

Male 26 (61.9%)
Female 16 (35.7%)

Median age in years 48.5 (range, 17-74)
Performance status (ECOG)

0 2 (4.8%)
1 27 (64.3%)
2 13 (31.0%)

Histology
Anaplastic astrocytoma 22 (52.4%)
Glioblastoma multiforme 20 (47.6%)

Locations of tumor
Left hemisphere 18 (42.9%)
Right hemisphere 19 (45.2%)
Bilateral hemisphere 3 (7.1%)
Corpus callosum 1 (2.4%)
Suprasellar area 1 (2.4%)

Extent of neurosurgery
Biopsy only 10 (23.8%)
Subtotal resection 19 (45.2%)
Total resection 13 (31.0%)

Median radiation dose 60 Gy (range, 24-68 Gy) 

Abbreviation: ECOG: Eastern Cooperative Oncology Group.
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resectability. Patients who received a subtotal/total
resection had longer overall survival (18.0 months)
compared with patients who received biopsy only
(9.5 months; p=0.0031) (Fig. 2). The median sur-
vival time was 12.0 months for the patients with
subtotal resection and 19.9 months for the patients
with total resection. There was no evidence of sur-
vival differences between the two groups (p=0.387).
The median survival time was 11.5 months for the
patients with GBM and 15.7 months for the patients
with AA. Again, there was no evidence of survival
differences between these patients (p=0.2968).

Toxicity was evaluated using the World Health
Organization (WHO) grading system. The maximum
WHO grade over all cycles of chemotherapy
received is listed in Table 2. All patients developed
alopecia in the irradiated area; otherwise, the most
common side effects were related to chemotherapy
but not radiotherapy. Nausea and vomiting universal-
ly accompanied cisplatin infusion, but were success-

fully controlled with ondansetron and dexametha-
sone. Leukopenia was the major problem. Three
patients required reduction in the dosage of BCNU
and cisplatin. One patient developed peripheral neu-
rotoxicity and hearing impairment after five cycles of
cisplatin, and three patients had associated reversible
nephrotoxicity. No treatment-related deaths occurred.

DISCUSSION

In this study, we reviewed 42 malignant glioma
patients who were treated with BCNU and cisplatin
during radiotherapy and PCV after radiotherapy. The
median survival time was 13.3 months. The results
did not disclose any obvious survival advantages as
compared with previous treatment protocol.

The role of chemotherapy in addition to radio-
therapy in the first-line treatment of supratentorial
malignant gliomas remains controversial. A Brain
Tumor Study Group (BTSG) study showed the com-
bination of BCNU plus radiotherapy produced mod-
est benefits in long-term (18-month) survival as
compared with radiotherapy alone.(1,18) From the stud-
ies of various combinations of radiation therapy and
adjuvant chemotherapy reported thus far, the stan-
dard treatment to which other therapies should be
compared is still a single daily fraction irradiation to
a total dose of 60 Gy plus adjuvant BCNU. The pre-
liminary experience using BCNU and cisplatin pre-
sented by Grossman et al. for newly diagnosed cases
of high-grade astrocytoma has shown this to be an
exciting regimen.(9) However, the results of our previ-
ous study and an Eastern Cooperative Oncology
Group (ECOG) trial using the same regimen failed toFig. 1 Overall survival for all patients (N=42).

Fig. 2 Overall survival by extent of neurosurgery.

Table 2. Maximal Chemotherapy Toxicity (according to WHO
criteria), N=42 

No. of Patients
Grade

Toxicity 0 1 2 3 4

Anemia 26 8 4 3 1
Neutropenia 26 2 7 5 2
Thrombocytopenia 28 7 3 3 1
Nausea/vomiting 21 6 8 5 2
Nephrotoxicity 39 3 0 0 0
Peripheral neurotoxicity 41 0 1 0 0
Ototoxicity 41 0 0 1 0

Abbreviation: WHO: World Health organization.
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show increased survival benefits compared with radi-
ation therapy plus BCNU alone.(13,14) Although the
Northern California Oncology Group (NCOG)
reported superiority of combination chemotherapy
with PCV over BCNU alone in patients with AA,(15)

there did not seem to be any survival benefits to PCV
chemotherapy in recent trials.(16,19)

In our current study, we used the two potentially
active regimens consisting of BCNU and cisplatin
during radiotherapy and PCV after radiotherapy to
treat patients with malignant gliomas. The study con-
sisted of 42 evaluable patients and was a nonrandom-
ized trial. The results of our study showed that the
median time to progression of disease was 7.2
months and the median survival time was 13.3
months. The median survival of 13.3 months offered
no substantial survival advantage over the median
survival of patients who received conventional exter-
nal-beam radiation therapy alone,(20) radiation therapy
plus BCNU,(3) radiation therapy plus BCNU and cis-
platin,(13,14) or radiation therapy plus PCV.(15,16)

We are unsure as to why our data showed no
significant differences in the survival of AA and
GBM patients. This was not consistent with other
reports.(21) The relatively small sample size may be
part of the explanation. In fact, patients with AA had
a longer median survival time (15.7 months) than
patients with GBM (11.5 months). It certainly points
in a direction that is consistent with the experience of
others. It is also important to emphasize that five of
10 patients (50.0%) who had biopsies only showed
poor responses to the treatment, whereas only seven
of 32 patients (21.9%) who had subtotal or total
resection developed progressive disease within the
first 4 months of therapy. The extent of the neuro-
surgery had an impact on overall survival. The statis-
tically significant differences in survival between
those who had biopsies only and those who under-
went resection has already been well established. We
are unsure as to why there were no significant sur-
vival differences between patients who had subtotal
and total resections. The survival was 12.0 vs. 19.9
months for subtotal and total resection. The relative-
ly small sample size in our series may be a part of
the explanation. The data at least supports the theory
that surgery with complete excisional intent is impor-
tant as a debulking modality before aggressive treat-
ment. The results also point out that minimal residual
disease is more sensitive to radiotherapy. 

Toxic effects associated with the combined
agents of BCNU and cisplatin administered in con-
junction with radiation therapy were mild to moder-
ate. Leukopenia was the major problem. Three
patients had elevated serum creatinine after five
cycles of cisplatin. Ototoxicity from cisplatin
occurred in one patient who received five cycles of
cisplatin. The median number of cycles of PCV
chemotherapy was two (range, 0 to 4 cycles). In gen-
eral, the hematological toxicity of PCV was moder-
ate, and in particular, there was no grade 3 or 4 neu-
rotoxicity. Eighteen (42%) patients received less than
two cycles of PCV due to early deterioration of the
patients' conditions and/or refusal by the patients or
their families to continue treatment. 

The results of our trial indicated that there were
no survival benefits to justify the increased costs and
toxicities associated with these two potentially active
regimens consisting of BCNU and cisplatin during
radiotherapy and PCV after radiotherapy in patients
with newly diagnosed malignant gliomas. Given the
intensity of the BCNU, cisplatin, and PCV in this
protocol, these findings make it unlikely that these
agents can substantially affect this disease in an adju-
vant setting. Furthermore, on the basis of these
results, the likelihood of strategies using higher
doses of standard chemotherapy with bone marrow
or stem-cell rescue yielding positive results in the
phase III context would be expected to be low.(14)

In conclusion, a combination of BCNU and cis-
platin with cranial irradiation followed by PCV for
malignant gliomas is moderately toxic and appears to
offer no obvious survival advantages compared with
radiotherapy plus BCNU and cisplatin or any other
chemotherapy regimen. Before the results of novel
agents such as temozolomide or irinotecan become
available,(22,23) it is reasonable and appropriate not to
offer routine adjuvant chemotherapy to individual
patients until recurrence or participation in clinical
trials.
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