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Abstract. Aim: Numerous chemotherapeutics are used in the
treatment of high-grade glioma (HGG). The purpose of this
study was to evaluate the therapeutic value of vincristine
(VCR) in the treatment of HGGs. Materials and Methods: A
meta-analysis of HGG studies was performed to evaluate and
compare the efficacy of chemotherapy drugs using observed
and predicted median overall survival and survival gain as
previously described. Results: Patient cohorts treated with
VCR-containing-regimens had a significant survival gain
advantage over cohorts treated with other chemotherapy
drugs (p<0.0001). VCR was most effective in treating newly
diagnosed adult (p<0.0001) and elderly (p=0.0001) patients.
When VCR was combined with nimustine, carmustine,
cytarabine or etoposide, the effect was antagonistic, but when
VCR was combined with
cyclophosphamide, dacarbazine, hydroxyurea, or cisplatin it

lomustine, procarbazine,
was synergistic. Conclusion: Results from this study suggest
that VCR should be included in chemotherapy regimens for
patients being treated for newly diagnosed or recurrent HGG.

High-grade gliomas (HGGs) are a heterogeneous group of
central nervous system tumors that generally have a poor
prognosis. It may be due to the heterogeneity of HGGs that the
value of many drugs remains unclear despite a large number of
clinical studies (1-19). Chemotherapy, used in conjunction with
surgery and/or radiotherapy (RT), has become an important
part of multimodality treatment (1). Nitrosourea and platinum
analogues have been reported to lengthen the survival time of
patients with HGG (2-4); recently, temozolomide has become
the standard of care in the treatment of glioblastoma, the most
frequent form of HGG. Temozolomide has been studied
extensively, and data supporting its efficacy have firmly
established it as a standard treatment (1, 5, 6). Data supporting
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the efficacy of other drugs are less convincing, but this may be
because other chemotherapy drugs have not been studied as
extensively as temozolomide (2-4, 7-19).

Vincristine (VCR) has many clinical uses, including its
application as a combination drug in many of the
chemotherapy regimens used to treat HGG (7-11). The most
frequently used drug combination is the PCV regimen, which
consists of procarbazine (PRC), lomustine (CCNU), and
VCR; this combination has been shown to be effective in
treating HGG (12). However, the contribution of each
individual agent is uncertain when a multi-drug regimen is
used, and the success of the PCV regimen may be attributed
to PRC and CCNU rather than VCR (7-11). The purpose of
this study was to evaluate the therapeutic value of different
chemotherapy drugs in order to determine the specific benefit
of VCR in the treatment of HGGs.

A novel meta-analysis method that summarizes single
cohorts, as opposed to controlled phase III studies, was
developed and published recently (4). This method is
particularly suited for cancers that have more phase II studies
published than phase III data, such as HGG. In the present
study, an expanded version of the previously published meta-
analysis model was used to evaluate the efficacy of VCR in
the treatment of patients with HGG (4, 13). Patient
characteristics, such as age, tumor group, treatment details,
and outcome measures, including median overall survival
(mOS) times, from different clinical trials were analyzed.
The meta-analysis compared the patient groups and their
survival rates, taking covariates into account.

Materials and Methods

Literature search. This study is an extension of a previous meta-
analysis, which tested a different hypothesis (the efficacy of VCR)
but which used similar data (4, 13). The pre-existing database
consisted of articles published between 1976 and April 2005. A new
literature search from May 2005 to July 2009 was performed using
the PubMed database; the search terms were glioma, glioblastoma,
glioblastoma multiforme (GBM), anaplastic astrocytoma (AA),
anaplastic oligodendroglioma (AO), and diffuse intrinsic pontine
glioma (DIPG).
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Selection criteria. Abstracts were reviewed and every published
English-language article that described a population of five or more
patients with HGG was selected, including patient groups of mixed
characteristics (i.e. from all ages or all known HGG types). Articles
reporting laboratory only studies, abstracts for which no article was
later published in a peer-reviewed journal and articles that were
missing outcome descriptions were excluded. In cases of studies that
duplicated patient cohorts, only the most recent publication was
used for further analysis. If a given study consisted of more than
one characteristic (e.g. randomized studies with two or more arms or
studies consisting of more than one histopathologic group or age
group with separate results for each group), the separate patient
groups were entered into the database on separate lines to represent
different cohorts. Studies which lacked outcome data were excluded.

Data reviewed. The latest version of the database consisted of 246
variables: reference information (8 items: author, year and
publication information), patient cohort characteristics (36 items:
age, gender, tumor grade, tumor location and previous treatments),
treatment (106 items: surgery, radiation, chemotherapy and
chemotherapy (CT)), outcome (66 items: treatment toxicity, details
of response to treatment and survival rates) and data entry
characteristics (30 items: data source, persons entering and
reviewing data and survival gain calculations).

Outcome measures. mOS was chosen as being indicative of
outcome. mOS was defined as ‘observed outcome’ (4). Missing
mOS data were imputed with newly calculated values based on
other outcome variables, such as 1-, 2- or 5-year overall survival,
median progression-free survival, 6-month progression-free survival
and response rates, as previously described.

Predicted outcomes for published patient cohorts were calculated
as previously described (4). Predicted outcome presents an average
overall survival for each cohort according to the given patient
characteristics independent of treatment. Predicted outcome was
calculated by multiple linear regression weighted by the square root
of the number of patients and using known prognostic parameters
(4). Parameters used for multiple linear regression analyses were
percentage of tumors at the supratentorial location, percentage of
male patients, percentage of brainstem gliomas, percentage of newly
diagnosed patients, percentage of patients who received RT,
radiation dose and percentage of patients with World Health
Organisation (WHO) grade IV histology. These parameters were
ranked according to their relationships, which were determined by
Pearson’s correlation and multiple regression analysis; the predicted
mOS was therefore determined.

The difference between predicted outcome and observed outcome
for each cohort was defined as ‘survival gain’. Survival gain is a
measure of the success for positive values and failure for negative
values of any particular treatment in each cohort. This variable has
been tested and validated in a previous report (4).

Statistical analysis. To determine if VCR extends survival, VCR
effects on various clinical characteristics were analyzed. For both
VCR-containing protocols and non-VCR treatment protocols,
observed mOS and survival gain were calculated. The statistical
significance of differences between the mean values of mOS and
survival gain was tested with two-tailed independent sample 7-tests.
Since VCR was never used as a single agent, its effect had to be
evaluated within combination therapies. In this more detailed
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analysis, the means of observed mOS and survival gain were
compared using analysis of variance (ANOVA) for data describing
VCR in combination with each additional drug in a cross-tabulated
design. In this design, combination therapy was defined as having a
negative effect if the survival gain of the combination was lower
than the survival gain of each drug when used separately. An
‘antagonistic effect’ was defined as a negative effect with a p-value
below 0.05 in a t-test. Similarly, if the survival gain of a two-drug
regimen was equal to or higher than the survival gain of each drug
individually, its effect was defined as ‘additive’; if the p-value of an
additive effect was <0.05, its effect was defined as ‘synergistic’. All
analyses were performed using SPSS v.12.0 (Statistical Package for
Social Studies, SPSS Inc, San Francisco, CA, USA). P-values below
0.05 were considered statistically significant in all analyses.

Results

With the new PubMed search, 617 studies and 825 cohorts
were considered for the database. Three of the cohorts were
excluded because of duplication of the patient cohort,
bringing the total number of patients to 41,488 in 822
cohorts from 614 studies for the new database (Figure 1).

Gender was available in 519 cohorts, consisting of 16,048
male (M) and 10,152 female patients (F); M:F ratio=1.6:1.0.
The mean of median patient age was 45.3 (standard
deviation [SD]: 15.5 years; range: 0-99 years). Most of the
cohorts (526 cohorts, 64.0%) consisted of only adult
patients. Seventy-eight cohorts (9.5%) consisted of only
children, and 33 cohorts (4.0%) consisted of only elderly
patients. One-hundred and eight cohorts (13.1%) contained
mixed patient populations with respect to age. In the
remaining 77 cohorts (9.4%), information regarding age was
missing. The mean median Karnofsky score was 70 in 335
documented cohorts.

Histological data were documented for 40,783 patients;
28,746 patients (70.5%) from 287 cohorts had GBM, and
6,035 patients (14.8%) from 64 cohorts had AA. The
remaining patients had either various other forms of HGG
(3,068 patients, 7.5%) or unknown gliomas (2,934 patients,
7.2%). Tumors were located in the supratentorial region in
14,195 patients (34.8%), the infratentorial region in 1,138
patients (2.8%), the brainstem in 1,072 patients (2.6%), and
the pons in 214 patients (0.5%). Localizations were not
documented for the remaining patients (59.3%).

In 610 cohorts, multiple-agent chemotherapy regimens
(303 cohorts) or single-agent chemotherapy regimens (307
cohorts) were documented. First-line treatment results for
newly diagnosed patients were reported in 480 cohorts
(58.4%). There were 309 patient cohorts (37.6%) with
recurrent or progressive disease. Tumor response was
evaluable in 13,276 patients and was classified as complete
response in 400 patients (3.0%), partial response in 1,752
patients (13.2%), stable disease in 3,452 patients (26.0%),
and progressive disease in 3,515 patients (26.5%). Tumor
response was not specified for the remaining patients.
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Figure 1. Distribution of patient cohorts according to the year of study publication.
mOS was reported in 604 cohorts; a summary of outcome  Table I. OQutcome of patients.
variables are given in Table I. The mean of the mOS in these M  aria] . No. of
cohorts was 13.7 months (SD: 12.0 months). Missing mOS cam of varable o0
. . ) (months) (months) cohorts
values were imputed by 1-year overall survival in 56 cohorts,
median progression-free survival in 51 cohorts, 2- or 5-year ~ mOS 13.7 12.0 604
overall survival in 12 cohorts, 6-month progression-free  1-Year OS 48.7 216 373
survival in 9 cohorts, and response to treatment in 75 cohorts. mPES 8.1 9.5 320
After imputation of missing mOS values, the mean of new I-Year PFS 27 219 123
P & : 6-Month PFS 38.4 234 108
mOS was 14.1 months (SD: 11.8 months). The mOS was  5_year OS 214 18.0 91

found to be correlated with the percentage of tumors located
in the supratentorial region (p=0.0508), percentage of tumors
resected (p<0.0001), percentage of male patients (p=0.2),
percentage of brainstem gliomas (p=0.009), median patient
age (p=0.003), percentage of newly diagnosed patients
(p<0.0001), percentage of children (p<0.0001), percentage of
patients who received RT (p<0.0001), total radiation dose
(p<0.0001), percentage of patients with WHO grade IV
histology (p<0.0001) and median Karnofsky score (p=0.002).
Male gender (p=0.1), supratentorial localization (p=0.4) and
receiving RT (p=0.4) were found to have no effect on survival
after weighted multiple linear regression analyses.
VCR-containing regimens were used to treat 3,707 patients
from 97 cohorts, of which 2,920 were newly diagnosed
patients and 787 were patients with recurrent or progressive
disease. The number of children, adults and elderly patients
treated with VCR-containing regimens was 536, 2700 and 78,
respectively. Age groups were not documented in the
remaining 393 patients. VCR was used in 1,530 patients with

SD: Standard deviation; mOS: median overall survival; OS: overall
survival; mPES: median progression-free survival: PFS: progression-free
survival.

GBM and 1,043 patients with AA. Detailed characteristics of
the cohorts treated with VCR-containing regimens and non-
VCR regimens are given in Table II.

Mean mOS for cohorts treated with VCR-containing
regimens was 22.9 months compared to only 12.6 months for
cohorts treated with non-VCR regimens (p<0.0001) (Figure
2). Mean survival gain in cohorts treated with protocols that
included VCR was 8 months longer than protocols that did
not include VCR (p<0.0001). The efficacy of VCR held true
in subgroup analyses. The mean mOS in newly diagnosed
patient cohorts was 27.5 months for patients treated with
VCR-containing regimens vs. 14.1 months without VCR
(p<0.0001). In patients with recurrent or progressive disease,

2305



ANTICANCER RESEARCH 30: 2303-2310 (2010)

Table II. Characteristics of cohorts treated with VCR-containing
regimens and cohorts treated with non-VCR regimens.

Characteristics VCR+ VCR-
N % N %
Total 97 666
Tumor status
Newly diagnosed only 65 67.0 373 56.0
Recurrent or progressive 30 309 269 404
Mixture of new and recurrent 0 - 23 3.5
Unknown 2 6.7 1 04
Age
Children only 33 344 41 6.2
Adults only 48 50.0 454 68.4
Elderly 4 42 23 35
Mixed ages 11 11.5 81 12.2
Total=96 Total=599
Histopathological subgroups
GBM only 25 258 241 36.2
AA only 7 72 52 7.8
GBM/AA only 16 16.5 132 19.8
Mixed (all known HGG) 28 28.9 148 223
AO/AOA only 9 93 6 0.9
BSG only 5 52 18 2.7
Unknown 7 7.2 69 104

VCR+: Vincristine-containing regimen; VCR-: non-vincristine regimen;
N: number of cohorts; %: percentage of cohorts; GBM: glioblastoma
multiforme; AA: anaplastic astrocytoma; HGG: high-grade glioma; AO:
anaplastic oligodendroglioma; AOA: anaplastic oligoastrocytoma; BSG:
brainstem glioma.

the mOS for patients treated with VCR-containing regimens
was 13.7 months compared to only 9.9 months without VCR
(»<0.0001). Equivalent results were found for the survival
gain calculation (Figure 3). Excluding children and elderly
patients from the analysis did not change the outcome. A
significant survival benefit was found for VCR-containing
regimens (mean mOS with VCR 26.4 months vs. 12.3
months without). Similar results were found when restricting
the analysis to elderly patients (12.9 months with VCR vs.
4.6 months without VCR; p=0.001; Figure 4). Among all
cohorts, 1,610 children with HGG were treated, most of
them within adult series. Considering only children, VCR
was used to treat 33 cohorts consisting of 536 patients. In 9
of these cohorts, 164 children (30.6%) were treated with the
8-in-1 protocol. Mean survival gain and observed mOS of
children treated with this regimen were 1.5 months and 19.0
months, respectively. Survival gain and mOS of all children
were 0.1 month and 17.1 months, respectively. The drugs
most frequently combined with VCR in the treatment of
children were CCNU in 20 cohorts, cisplatin in 15 cohorts,
PRC in 14 cohorts, cytarabine in 10 cohorts, dacarbazine
(DTIC) and hydroxyurea in 9 cohorts each, etoposide in 8
cohorts and cyclophosphamide in 6 cohorts.
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Figure 3. Means of survival gains in newly diagnosed patients and
patients with recurrent or progressive disease.

Among the histopathological subgroups, AO and
anaplastic oligoastrocytoma had the most significant benefit
from VCR (56.5 months with VCR vs. 28.5 months without
VCR). mOS was also higher in AA and GBM (22.7 months
with VCR vs. 18.8 months without VCR in AA; 12.8 months
with VCR vs. 10.9 months without VCR in GBM). No
significant effect of VCR could be detected in patients with
brainstem glioma.

VCR was always used in combination with other drugs in
multi-drug chemotherapy regimens. Unfortunately, no cohorts
with VCR monotherapy were found to match the eligibility
criteria for this analysis. Therefore, for each drug that VCR
was combined with, the effects of the drug combination were
compared with the effects of the other drug without VCR.
CCNU and PRC were the drugs most frequently combined
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Figure 4. Means of survival gains in children, adults and elderly patient
cohorts that were treated with VCR (VCR+) and without VCR (VCR-).

with VCR in 45 cohorts and 48 cohorts, respectively. Mean
survival gains of VCR combined with other drugs are given in
Table III. For several drugs, the data do not show any benefit
of combining them with VCR. For example, the mean survival
gain of the 9 cohorts treated with VCR in combination with
etoposide was only 0.2 months. But in 38 cohorts where
etoposide was used without VCR, mean survival gain was 1.9
months. Similarly, mean survival gain in the 88 cohorts where
VCR was used without etoposide was 7.4 months (Figure 5A).
This suggested that it may be better to give VCR and
etoposide separately. Similar drug interactions were found for
carmustine (BCNU) and VCR combinations. Although overall
effect was poor for BCNU, mean survival gain was even
poorer when it was combined with VCR (Figure 5B). Further
antagonistic effects were observed when carboplatin,
cyclophosphamide, temozolomide, cisplatin, hydroxyurea,
cytarabine or nimustine (ACNU) were added to VCR.

On the contrary, several other drug combinations appeared
beneficial. Figure 6 shows the results of VCR combined with
CCNU (Figure 6A) and VCR combined with PRC (Figure 6B).
Although survival gain for each individual drug was poor, the
combination effect was synergistic. VCR had a synergistic effect
when it was added to CCNU, PRC, DTIC, cyclophosphamide,
hydroxyurea and cisplatin; VCR had an antagonistic effect when
it was added to cytarabine, etoposide, BCNU and ACNU
(Figure 7). Similarly, synergistic effects were observed when
CCNU, DTIC and PRC were added to VCR.

Discussion

In a meta-analysis summarizing 617 publications, it was
found that VCR has a positive impact on the outcome of
HGG. Patient cohorts treated with VCR as a component of
the treatment regimen had clearly better outcomes than those
on regimens without VCR. VCR added an average of 10
months to the reported mOS. In newly diagnosed patients, the
effect of VCR on survival was even higher. There were no

Table III. mOS and survival gain of cohorts comparing other drugs
which were used with VCR and without VCR.

VCR+ VCR-
SG n SG n p-Value

BCNU+ -5.9 6 -0.8 92
BCNU- -59 6 -0.9 92

p<0.0001
CCNU+ 10.1 68 2.1 20
CCNU- -12 29 -1.2 633

p<0.0001
ACNU+ 32 8 8.9 21
ACNU- 7.0 89 -15 638

p<0.0001
Procarbazine+ 9.7 71 —-4.4 15
Procarbazine— -1.3 26 -12 650

p<0.0001
Cytarabine+ 24 12 15.2 5
Cytarabine— 73 85 -14 660

p<0.0001
DTIC+ 25 11 -33 6
DTIC- 73 86 -12 660

p<0.0001
Temozolomide+ 0.3 2 03 111
Temozolomide— 6.9 95 -15 543

p<0.0001
Cyclophosphamide+ 1.5 7 -6.5 9
Cyclophosphamide- 7.1 90 -12 656

p<0.0001
Hydroxyurea+ 39 17 -3.8 10
Hydroxyurea— 73 80 -12 654

p<0.0001
Cisplatin+ 2.6 19 0.2 44
Cisplatin— 7.7 78 -14 620

p<0.0001
Carboplatin+ -0.5 8 02 27
Carboplatin— 7.6 88 -13 632

p<0.0001
Etoposide+ 0.2 9 1.9 37
Etoposide— 74 88 -14 622

p<0.0001

SG: Survival gain; n number of cohorts; VCR: vincristine; BCNU:
carmustine; CCNU: lomustine; ACNU: nimustine; DTIC: dacarbazine;
+: presence of drug in treatment regimen; — absence of drug in
treatment regimen.

data on using VCR alone, and in combination regimens it was
not easy to distinguish the contribution of each constituent
drug to the effect. In order to analyze individual drug effects
the effects of drug combinations with each other were
compared and then these combinations were scrutinized
(Figure 7, Table III). In this analysis, VCR had strong non-
linear interactions either synergistic (combined treatment
effect was bigger than the individual effects of each
constituent drug) or antagonistic (combined treatment effect
was smaller than the individual effects of each constituent
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Figure 5. Antagonistic drug combinations with (+) and without (-) drugs.

drugs) with most other drugs. VCR had a synergistic effect
when combined with CCNU, PRC, DTIC, cyclophosphamide,
hydroxyurea and cisplatin, while an antagonistic effect was
observed when VCR was combined with ACNU, BCNU,
cytarabine and etoposide. The strongest interactions occurred
with the CCNU-VCR and PRC-VCR combinations. The
addition of VCR to a PRC regimen added 9.7 months to
mOS, which confirms the results of a recent meta-analysis of
PRC (3). Goerne et al. (3) reviewed studies consisting of PRC
and suggested that PRC should not be used as a single agent
for the treatment of HGG. The CCNU and VCR combination
showed a similar result. The outcome of cohorts consisting of
CCNU without VCR was not better than without CCNU, but
adding VCR improved survival. The well-known combination
of CCNU, PRC and VCR seemed to be very effective,
suggesting that VCR enhanced the antitumor effects of the
other two drugs (14-18). The concern that VCR does not
cross the blood-brain barrier (19, 20) did not appear to have
a correlation in clinical data for HGG (21).

The method of meta-analysis of phase II studies applied
in this study is novel, and therefore worthy of consideration.
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This study was a treatment arm summarizing analysis that
compiled information from the literature. The challenge was
to compare different outcome parameters of different styles
of studies. The primary endpoints in phase II and phase III
studies are response rate and survival, which are difficult to
compare in a pool of cohorts. The input of missing survival
variables using other outcome parameters and survival gain
analysis made it possible to combine and compare the
cohorts. The mathematical model used in this study to
normalize the outcome utilized the information provided in
the published description of the patient populations.
Refinement of this model may improve the method.

The interactive effects of VCR seemed to be drug specific.
VCR enhanced the effect of CCNU but not other nitrosoureas.
The overall effect was antagonistic when VCR was combined
with ACNU and BCNU. ACNU was found to be an effective
drug without VCR and added 8.9 months to survival. BCNU,
unlike ACNU, showed no benefit for HGG with or without
VCR. This finding confirms previous reports (4, 12, 22).
Moreover, BCNU seemed to diminish the efficacy of VCR.
Although some studies reported better results with combinations
of BCNU, VCR and PRC, these results may come from the
synergistic interaction of VCR and PRC (14, 23).
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Figure 7. Interactions (synergistic and antagonistic) of drug combinations according to survival gain. Numbers in the upper line of each row represent
the number of cohorts that used the two drugs in combination. ‘0’ in the lower line of the row represents ‘no observed effect’ for that drug
combination. BCNU: Carmustine; CCNU: lomustine; ACNU: nimustine; DTIC: dacarbazine; TMZ: temozolomide; PRC: procarbazine; Cyc:
cyclophosphamide; HU: hydroxyurea; Cisp cisplatin; Carb carboplatin; ARAC: cytarabine; VP16: etoposide; Tenip: teniposide; VCR: vincristine.

VCR also showed a synergistic effect when it was added
to DTIC, cyclophosphamide, hydroxyurea and cisplatin.
Each of these drugs had some survival gains in cohorts
without VCR and adding VCR to them further improved the
outcomes. In contrast, some drugs, including cytarabine and
etoposide decreased the effect of VCR significantly. The
complexity of drug interactions may help explain the poor
results of the 8-in-1 regimen (24); the overall effect of eight
drugs combined in one day was no survival gain.

Temozolomide is the standard single-agent first-line
treatment for adults with glioblastoma (1, 5). Bevacizumab
was recently licensed to treat recurrent disease; however,
a standard of care for salvage therapy is not yet clear (25).
As a result, patients with recurrent disease after
temozolamide based treatment will be likely to comprise
the majority of HGG patient population in the near future.
VCR may be a valuable component in regimens for such
patient groups, considering its efficacy in adult and elderly
groups.

HGGs are one of the most challenging types of case in
current oncology practice (1-18, 22-25). Every published study
increases the experience of treating patients with HGG. Each
of these experiences contributes to the efforts of developing
and refining effective chemotherapy regimens and improving
survival. The success of these efforts greatly depends on
previous experiences with and knowledge of effective drugs
or drug combinations on specific types of tumors.

In this study, the outcome of more than 40,000
chemotherapy-treated patients with HGG was evaluated,
including small patient groups. According to the results, VCR
can be recommended for both first-line and relapse regimens in
the treatment of HGG. Drug interactions and their effects should
be considered in multi-drug regimens. The data suggest that
VCR should not be combined with BCNU, ACNU, cytarabine
or etoposide. However, adding VCR to Cyc, DTIC, hydroxyurea
or cisplatin may provide survival benefits. VCR seems to have
potential benefit in combination therapies and deserves to be
studied further in those combinations which appear synergistic.
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