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BJECTIVES:

o provide a summary of chemo-

herapy used in the management

f malignant brain tumors, in-

luding a historical perspective,

urrent standard therapies, and

romising new therapies.

ATA SOURCES:

ublished articles, research data,

nd reference books.

ONCLUSION:

hemotherapy is used to treat

everal types of brain tumors, in-

luding primary central nervous

ystem lymphomas, medulloblas-

omas, brain metastases, and ma-

ignant gliomas. New therapies,

ncluding cytostatic agents and

olecular therapies, are being

valuated and used in the man-

gement of brain tumors.

MPLICATIONS FOR NURSING

RACTICE:

t is essential for the oncology

urse to possess knowledge of the

ifferent types of brain tumors

reated with chemotherapy, cur-

ent chemotherapy regimens, new

nnovative therapies, and nursing

anagement issues specific to

his population.
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BRAIN TUMOR

TREATMENT:
CHEMOTHERAPY

AND OTHER NEW

DEVELOPMENTS

CARRIE ANNE GRAHAM AND TIMOTHY F. CLOUGHESY
ALIGNANT brain tumors are comprised of a
number of different malignancies, including gli-
omas, medulloblastomas, primary central ner-
vous system (CNS) lymphomas, and brain me-
tastases. As a result of the multitude of tumors

nvolving the CNS, the role of chemotherapy and the specific
hemotherapeutic regimens are specific to the cell type of origin.
nfortunately, the role of chemotherapy in brain tumor patients is

oo often viewed as futile by health care professionals. The reality
s that there are a number of distinct types of brain cancers within
he brain, and the treatments and their outcomes vary greatly
ased on pathologic and histologic diagnosis. More recently, re-
earchers are identifying new therapies based on increased knowl-
dge of cellular and molecular biology. As these innovative thera-
ies become more frequently used in the clinical setting, it is
ssential for the oncology nurse to understand these principles of
herapy and the difference in these new agents compared with
raditional cytotoxic chemotherapy.

Despite the differing treatment regimens, a shared issue among
hese CNS malignancies that affects the efficacy of chemotherapy
nd other systemically administered treatments reaching the tu-
or involves the blood-brain barrier (BBB). The BBB is a complex

egulatory interface that impacts the potential effect that chemo-
herapy can have on a brain tumor. The BBB is composed of
onfenestrated capillary endothelial cells with tight intercellular

unctions and it serves as a protective mechanism, making it
ifficult for certain agents to enter the CNS.1 We know that some
rain tumors produce BBB breakdown by the fact that gadolinium

s seen in areas of tumor on magnetic resonance imaging studies,
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CHEMOTHERAPY AND OTHER NEW DEVELOPMENTS 261
nd with this breakdown, systemically adminis-
ered medications should have easier access
eaching the brain. Some chemotherapy agents
ave difficulty crossing the BBB at effective dos-
ges because of their molecular size or lipid insol-
bility. Administration of adequate dosages of
hemotherapy to the brain can be limited by
oxicities to the body, including bone marrow
uppression, pulmonary, genitourinary gastroin-
estinal, hepatic and other systemic toxicities.

The remainder of this article reviews the use of
hemotherapy in specific tumor types, including
elevant historical uses, current standards of care,
nd new developments in the management of
hese patients. With gliomas accounting for 60% of
ll adult primary brain tumors, a large majority of
rain tumor research lies within this area. There-
ore, the review of glioma chemotherapy will pro-
ide increased depth, yet a comprehensive review
ill follow for primary CNS lymphoma, medullo-
lastomas, and brain metastases.

PRIMARY CNS LYMPHOMA

rimary central nervous system lymphoma
(PCNSL) is a rare, yet aggressive lymphoma

hat accounts for 4% of primary brain tumors,
hich is a noted increase in incidence compared
ith past decades.2 PCNSL is defined as a lym-
homa, usually B-cell, confined to the brain or
pinal cord, without any systemic evidence of
ymphoma. PCNSL is seen in both patients with
nd without AIDS, yet the natural history of the
isease differs between these two populations.3

ecause of impaired immune function and high
otential for opportunistic infections, chemother-
py is not a standard treatment for AIDS-related
CNSL. Therefore, the focus of this section is on
hemotherapy for non-AIDS–related PCNSL.
PCNSL is most often detected on imaging stud-

es as a contrast-enhancing lesion in the brain or
pine parenchyma, yet PCNSL can also be seen as
eptomeningeal disease or ocular lymphoma.4 Al-
hough PCNSL is often evaluable only with a focal
esion on magnetic resonance imaging scan, it is
onsidered a diffuse malignancy with the potential
or spread throughout the CNS, requiring a “whole
rain” treatment approach.
Whole brain radiation therapy (WBRT) has

een the standard therapy for patients with
CNSL until recent studies using chemotherapeu-

ic agents have shown more promising results. T
hile WBRT is able to provide initial complete
esponse with radiographic imaging, these re-
ponses are not durable, resulting in rapid relapse
ith an overall median survival of less than 18
onths.5 Additionally, patients who undergo
BRT can experience significant neurotoxicity,

specially in the elderly population, a subpopula-
ion that is more frequently affected with PCNSL.6

ecause of the rapid rate of relapse and neurotox-
city associated with WBRT, chemotherapeutic
reatment options have been and are continuing
o be actively pursued. Popular strategies being
valuated include chemotherapy in combination
ith cranial irradiation, chemotherapy-only regi-
ens, and other novel means of providing dose-

ntensive chemotherapy treatment, including
lood-barrier disruption and autologous stem cell
ransplantation.

Combination chemotherapy with radiation has
een evaluated by numerous researchers, result-
ng in more promising outcomes. A recent multi-
entered phase II trial evaluated a treatment
egimen consisting of high-dose intravenous
ethotrexate, procarbazine, vincristine, and in-

rathecal methotrexate, followed by WBRT, and
ompleted with high-dose cytarabine. This com-
lex treatment regimen resulted in a 94% response
ate following induction therapy. Additionally, a
edian progression-free survival (PFS) of 24
onths and an overall survival of almost 37
onths were obtained.7 The concern with these

ombination regimens is that neurotoxicity per-
ists, similar to experiences of patients treated
ith WBRT alone; in this particular study, 15% of
atients were found to have severe delayed neu-
otoxicity.7

Regimens consisting of high-dose chemother-
py with complete abandonment of up-front
BRT have also been evaluated. While many dif-

erent chemotherapy agents and regimens have
een considered, methotrexate is considered to be
he most active agent in the treatment of PCNSL.
he New Approaches to Brain Tumor Therapy,
ne of the National Institutes of Health-designated
rain tumor consortiums, recently evaluated the
se of high-dose methotrexate (8 gm/m2) as initial
reatment for PCNSL. Although data has not been
ublished on overall survival, initial evaluation
hows that median PFS was 13 months, and based
n radiographic evaluation, 23 patients (74%)
howed radiographic response with 12 complete
esponses (52%) and 5 partial responses (22%).8
he evident benefit in the chemotherapy-alone
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262 GRAHAM AND CLOUGHESY
egimens is absence of late-onset neurotoxicity
ssociated with WBRT. Despite the use of adju-
ant chemotherapy, patients with PCNSL will fre-
uently need to go on to receive cranial irradia-
ion at the time of relapse; yet postponement of
his toxic therapy can delay or prevent these
evastating neurologic complications.
Other novel treatment techniques have been

valuated in an effort to deliver larger dosages of
hemotherapy to the brain. These efforts include
oth blood-brain barrier disruption (BBBD) and
utologous peripheral stem cell transplantation.
BBD has been studied in depth by researchers at
regon Health Sciences University, along with
ther participating research centers. Reversible
BBD is achieved by intra-arterial infusion of hy-
ertonic mannitol, allowing administration of
ose-intensive chemotherapy. The role of BBBD
as been studied in PCNSL at the time of initial
iagnosis and recurrence. While some results have
een promising, such as an estimated 42% 5-year
urvival,9 this therapy entails complex adminis-
ration requirements, the need for intensive care
onitoring, and the potential for significant tox-

city. High-dose chemotherapy with autologous
tem cell transplantation continues to be evalu-
ted; yet at this time, it is not clear that it provides
n increased survival benefit. Additionally, the
isk of severe toxicity exists, with this risk most
ignificant in older patients.10,11

While a newly defined standard of care has not
een agreed upon within the neuro-oncology com-
unity, there has been a trend away from WBRT

nd a move toward systemic chemotherapy for
he adjuvant treatment of PCNSL. This shift in
herapy has been associated with an increase in
urvival, along with a significant reduction in neu-
otoxicity when whole-brain radiation is avoided.
et questions still exist. Ultimately, a decision
eeds to be made whether radiotherapy needs to
e administered adjuvantly along with chemo-
herapy despite the negative sequelae or reserved
or use in patients with relapsed disease.

MEDULLOBLASTOMA

edulloblastoma is the most common pediat-
ric CNS malignancy, yet it occurs with much

ess frequency in the adult population. Medullo-
lastomas account for approximately 1% of malig-
ant brain tumors in adults.2 Because of the rare

ccurrence of medulloblastomas in the adult pop- k
lation, the vast majority of our treatment recom-
endations are taken from clinical research per-

ormed in the pediatric setting. Additionally, an
ttempt at gathering more information in adult
edulloblastomas has been made through retro-

pective analyses of adult medulloblastoma pa-
ients, yet the downfalls in these evaluations in-
lude small sample size, evaluation over extended
ime intervals, and the use of heterogeneous treat-
ent modalities.12

The standard therapy for medulloblastoma in-
ludes surgery with attempt at gross total resec-
ion, followed by craniospinal radiotherapy with a
adiation boost to the tumor bed (posterior fossa).
djuvant chemotherapy is advantageous in pa-

ients who are considered high risk, which is most
requently defined as (1) measurable residual dis-
ase within the posterior fossa, or (2) metastatic
isease (abnormal enhancement involving the
erebellum, subarachnoid space, third or lateral
entricles, or extraneural disease).13 The role of
hemotherapy in “low or standard-risk patients”
s not as clearly understood and continues to be
valuated in both the pediatric and adult setting.
Various chemotherapeutic regimens have been

valuated, with the most common treatment regi-
ens including multiple chemotherapeutic agents.

everal agents that have been evaluated and thought
o be active in medulloblastomas include lomustine
CCNU), cyclophosphamide, vincristine, cisplatin,
arboplatin, and etoposide.14 Chemotherapy is used
oth as neoadjuvant and adjuvant treatment in high-
isk patients at the time of initial diagnosis. In the
vent of recurrence, chemotherapy is typically used
s salvage therapy, regardless of risk category.

CHEMOTHERAPY IN BRAIN METASTASES

etastatic brain tumors are the most common
cerebral tumors, occurring with a higher in-

idence than all primary brain tumors combined.
n autopsy, 25% of patients with systemic cancer
re found to have intracranial metastases.15 Tra-
itionally, surgery to accessible tumors and
hole-brain irradiation are the standard treat-
ent options for brain metastases, and recently

he role of stereotactic radiosurgery has provided
nother promising treatment alternative. Chemo-
herapy is not frequently used for the manage-
ent of metastatic brain tumors, but there are

istinct settings were chemotherapy provides

nown benefit. It is clear that the BBB is breached
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CHEMOTHERAPY AND OTHER NEW DEVELOPMENTS 263
ith brain metastases because they present as
ontrast-enhancing lesions on magnetic reso-
ance imaging, suggesting that certain chemo-
herapy agents should be able to effectively reach
he brain. While the accessibility of the BBB has
n impact, the chemosensitivity of the primary
umor appears to be more predictive of respon-
iveness for brain metastases.16

Brain metastases from small cell lung cancer
SCLC) appears to be particularly chemosensitive
ompared with other systemic malignancies. Non–
mall cell lung cancer (NSCLC), choriocarcino-
as, and breast cancers also have reports of ben-

ficial response to chemotherapy.16 In addition,
hile metastatic malignant melanoma has tradi-

ionally been considered nonresponsive to chemo-
herapy, recent studies with temozolomide have
hown activity in melanoma, NSCLC, and other
rimary tumors.17,18 Results of a recent phase II
tudy in patients with metastatic melanoma
howed activity with the combination of temozo-
omide and thalidomide; 31% of patients (12 of 38)
ad measurable benefit, although median survival
emained poor at less than 10 months.19

The use of molecular therapy is being evaluated
ith various solid tumors, and in select cases, a
eneficial response has been identified in the
anagement of NSCLC brain metastases. Iressa

gefinitib; AstraZeneca, Wilmington, DE), an epi-
ermal growth factor receptor inhibitor, received
pproval by the US Food and Drug Administration
n 2003 for the treatment of recurrent NSCLC.

hile registration trials were ongoing, an Ex-
anded Access Program was developed to make
efinitib available to patients with relapsed
SCLC who did not meet the study criteria for the

ormal registration trials. This program allowed
any NSCLC patients with brain metastases to

eceive gefinitib. Gefinitib showed encouraging re-
ults, with many published case reports of NSCLC
atients with brain metastases experiencing both
adiologic and clinical response with improve-
ent in neurologic function.20,21

MALIGNANT GLIOMAS

alignant gliomas are the most common and
typically the most aggressive primary tumor

een in the CNS. Glial tumors are composed of
strocytomas, oligodendrogliomas, anaplastic oli-
oastrocytomas (AO), ependymomas, and glio-

lastoma multiforme (GBM), and account for over c
0% of primary brain tumors. Despite significant
valuation with laboratory and clinical research,
he benefit of chemotherapy in this deadly tumor
ype, particularly in GBM, has long been debated.
et recently there has been confirmative data that
as provided much-needed results to support the
se of adjuvant chemotherapy in glioblastoma
ultiforme.
Surgery and external-beam radiation therapy

re considered the standard of care for the initial
reatment of high-grade glioma. Historically, the
se of chemotherapy has only shown minimal, if
ny, benefit in the treatment of high-grade glio-
as, and therefore, its use has been strongly ques-

ioned within the medical community. To further
upport the futility of chemotherapy in high-grade
liomas, the Medical Research Council recently
ound no significant benefit in overall survival
hen evaluating the use of adjuvant chemother-
py. The Medical Research Council published
ndings from a large multi-institution, random-
zed trial evaluating the use of PCV (procarbazine,
CNU, and vincristine) chemotherapy following

adiation therapy, with an overall median survival
ess than 10 months compared with patients who
eceived radiation alone who had an overall sur-
ival of 9.5 months.22

Despite these discouraging results, there have
een more optimistic research findings that sup-
ort the use of chemotherapy in the management
f malignant gliomas. Two different meta-analyses
ave shown a modest, yet significant survival ben-
fit in patients with malignant gliomas who re-
eived radiation and chemotherapy, versus pa-
ients who received radiation therapy only.23,24

pecific to the adjuvant setting, results from a
ecent phase II, multi-institution trial provide
onvincing data to support the role of adjuvant
hemotherapy in the management of malignant
liomas. The study evaluated the efficacy of con-
omitant radiation therapy and temozolomide fol-
owed by adjuvant temozolomide in patients with
ewly diagnosed GBMs. Results from this study
howed a median survival of 16 months, which far
xceeds the expected median survival of 9 to 12
onths in GBM.25 There are criticisms of this

rial, regarding median age, Karnofsky perfor-
ance status, and extent of resection. Nonethe-

ess, the results of this study provide definitive
upport for the use of adjuvant chemotherapy in
he most aggressive tumor type, GBM, which his-
orically has been considered nonresponsive to

hemotherapy.
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264 GRAHAM AND CLOUGHESY
Most recently the EORTC (European Organiza-
ion for Research and Treatment of Cancer and
he NCIC (National Cancer Institutes of Canada
resented multicentered phase III randomized
rial data confirming the benefit of temozolomide
hemotherapy in the adjuvant setting. The
ORTC/NCIC study compared newly diagnosed
BM patients who were randomized to receive

adiation therapy alone versus radiation therapy
ith concurrent temozolomide, followed with up

o 6 cycles of adjuvant temozolomide. The data
howed a statistically significant benefit in median
urvival; patients treated with radiotherapy alone
ad a median survival of 12 months versus 15
onths in patients treated with radiotherapy with

emozolomide. Additionally, 2-year survival data
as collected with 8% of persons alive at 2 years
ho had received radiotherapy alone, in compar-

son to more than a quarter (26%) of the patients
ho received the radiotherapy with temozolo-
ide.26 The temozolomide chemotherapy agent
as administered both in the concurrent and ad-

uvant setting, therefore future studies will be
eeded to clarify if the benefit truly lies in the
ombination of concurrent and adjuvant adminis-
ration or by solely adding adjuvant chemother-
py following radiation therapy. Overall, this trial
as provided pivotal information for the neuro-
ncology community to support the use of adju-
ant chemotherapy for patients diagnosed with
lioblastoma multiforme, more clearly defining
he standard of care for this patient population.

Chemotherapy is used in both the adjuvant and
ecurrent setting in the management of malignant
liomas. In gliomas, alkylating agents, nitro-
ourea, and topoisomerase inhibitors are the most
ctive cytotoxic agents. In the past decade, cyto-
tatic agents have been added to treatment proto-
ols for glioma patients, mainly in the recurrent
etting. Cytostatic agents act by causing changes
n the biology of the tumor cells without directly
ausing cell death. Below, the use of cytotoxic
hemotherapy, cytostatic agents, and various
ombination regimens are reviewed, with clinical
esearch cited to support the use of these agents.

itrosoureas
The nitrosoureas have the longest history of use

nd have traditionally been considered the most
ctive chemotherapeutic agents for the treatment
f malignant gliomas. The two most common ni-
rosoureas used in the management of malignant

liomas are carmustine (BCNU) and CCNU. Nitro- p
oureas are lipid-soluble agents that are able to
ross the BBB with greater ease than other agents.
CNU has mainly been evaluated as single-agent
herapy, while most data with CCNU is in combi-
ation therapy, and will be discussed in greater
etail in the next section. Nitrosoureas have been
tudied and are used in both adjuvant and recur-
ent disease. BCNU is given at a dosage of 150 to
00 mg/m2 intravenously every 6 to 8 weeks,
epending on if the patient has been pretreated.
n the two meta-analyses, which showed survival
enefit for patients who received radiotherapy
lus chemotherapy, BCNU was the most common
hemotherapy used.23,24 The most common toxic-
ties associated with the nitrosoureas include my-
losuppression, fatigue, nausea, vomiting, and the
isk of drug-induced pulmonary fibrosis increases
ith cumulative dosages.

CV (Procarbazine, CCNU, Vincristine)
PCV has a long history in the management of
alignant gliomas. Until recently, this chemother-

py regimen was thought to be superior to BCNU
n treating patients with anaplastic astrocytomas
nd anaplastic AOs in the adjuvant setting.27 Yet,
ndings from a recent retrospective review
howed no superiority in survival for patients re-
eiving PCV over single-agent BCNU therapy.28

he PCV regimen is based on a 6-week cycle
here procarbazine is given at a dosage of 60
g/m2/day daily from day 8 to 21, CCNU 110
g/m2 on day 1, and vincristine 1.4 mg/m2 intra-

enous push on day 14 and day 29, typically, with
maximum of six courses of PCV. Potential side

ffects include myelosuppression, nausea, vomit-
ng, peripheral neuropathy secondary to vincris-
ine, and pulmonary fibrosis secondary to CCNU.
o more than six cycles of PCV should be given
nd CCNU should not be used if another nitro-
ourea-based therapy was given adjuvantly, be-
ause of the potential for irreversible myelosup-
ression and pulmonary toxicity from cumulative
oses of nitrosoureas. Single-agent procarbazine
nd single-agent CCNU are also possible treatment
ptions in the recurrent setting.29,30

emozolomide
Temozolomide (Temodar; Schering Corp, Ken-

lworth, NJ) is the first oral chemotherapy agent to
e approved by the US Food and Drug Adminis-
ration for use in the treatment of malignant glio-
as in the past 20 years. Temozolomide was ap-
roved in 1999 for use in patients with anaplastic
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CHEMOTHERAPY AND OTHER NEW DEVELOPMENTS 265
strocytomas who have failed prior treatment
ith a nitrosourea and procarbazine, yet is clini-
ally being used in both the adjuvant and recur-
ent setting for patients with both grade 3 and 4
alignant gliomas. Temozolomide, a methylating

gent, is an oral chemotherapeutic agent that is
ommonly administered according to one of the
ollowing regimens. The most common regimen
sed is given at a dose of 150 to 200 mg/m2 daily

or 5 days, followed by a 23-day rest. Temozolo-
ide can be administered for up to 24 months if

here is no evidence of tumor progression during
his interval. The alternate regimen that has been
valuated in the setting of concurrent radiation
herapy is low-dose temozolomide at 75 mg/m2

aily during radiation therapy, followed by a
-week rest, and then the earlier mentioned 150
o 200 mg/m2 regimen is resumed 4 weeks after
he cessation of radiotherapy.

In the adjuvant setting, the concurrent temozolo-
ide and radiation study by Stupp et al25 provides

he most encouraging evidence of temozolomide’s
enefit for adjuvant therapy in glioblastoma pa-
ients. Additionally, there are ongoing studies to
onfirm the use of temozolomide in upfront setting.
he use of temozolomide at tumor recurrence also
as well-documented support. A multicentered trial
howed a 22% overall response rate (complete or
artial response) in patients with refractory anaplas-
ic astrocytomas.31 A phase III study evaluated the
se of procarbazine compared with temozolomide in
BM patients at first relapse. This trial resulted in
aluable information regarding survival as well as
oxicity of the therapy. The 6-month PFS was 21%
or patients receiving temozolomide compared with
% in patients receiving single-agent procarbazine.32

atients taking temozolomide experienced im-
roved quality of life at 6 months compared with
rocarbazine group and this is likely influenced by
he difference in PFS at 6 months.33 While temozo-
omide is generally well-tolerated, potential side ef-
ects include myelosuppression, nausea, vomiting,
ash, constipation. and fatigue.

arboplatin
Carboplatin is a platinum-based alkylating

gent that interferes with DNA replication by
ausing DNA cross-linkage. Carboplatin is admin-
stered intravenously at a dose of 5 to 7 area under
he curve units once every 3 to 4 weeks, depend-
ng on the patient’s prior chemotherapy history.
arboplatin is primarily used in patients with
ecurrent disease, with several phase II studies i
howing activity in recurrent malignant gliomas.
esponse rates (partial response or stable disease)
anged from 29% to 50% with a median time to
rogression ranging from 8 to 19 weeks, suggesting
arginal responses to carboplatin.34-36 Neutrope-
ia and thrombocytopenia were the dose-limiting
oxicities; therefore blood counts need to be fol-
owed closely. Other side effects include anemia,
ausea, vomiting, fatigue, and the potential for
eripheral neuropathy with cumulative doses.

rinotecan
Irinotecan (Camptosar; Pfizer Inc, New York,

Y) is a semi-synthetic analogue of camptothecin,
n alkaloid extract from the Chinese tree camp-
otheca acuminata. Irinotecan shows antitumor
ctivity by interacting with topoisomerase I, re-
ulting in DNA double-strand breaks. Irinotecan is
dministered intravenously and there are various
reatment schedules, with the most common reg-
men in malignant gliomas being 300 to 350

g/m2 intravenously every 3 weeks. Additionally,
t was shown that enzyme-inducing anticonvul-
ants affect the metabolism of the irinotecan, and
herefore larger dosages are required in this pa-
ient population to obtain efficacy.37 Irinotecan
as been evaluated in the recurrent setting and
as shown activity in a subset of patients with
ecurrent malignant gliomas. In phase II studies,
artial responses of 14% to 15% were shown, along
ith stable disease ranging from 14% to 55%.37,38

nfortunately, similar to other chemotherapy op-
ions, these responses have not proven to be du-
able, as seen with a median time to tumor pro-
ression as short as 6 weeks.37

Irinotecan and temozolomide is a new combi-
ation chemotherapy regimen currently being
valuated for the treatment of recurrent GBMs,
ith initial evaluation providing promising results.
reliminary analysis of this combination therapy
howed impressive outcomes, with an initial re-
ponse rate of 25% partial responders and 50%
table disease, in addition to a 38% 6-month PFS.
ased on these results, future studies are being
eveloped to provide further information regard-
ng this potentially beneficial combination.39

toposide
Etoposide is a cell-cycle–specific agent gener-

lly reserved for use in glioma patients with recur-
ent disease.40 Etoposide works by causing single-
trand breaks in DNA and prevents mitosis by

nhibiting DNS synthesis. Etoposide can be given
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266 GRAHAM AND CLOUGHESY
oth orally and intravenously, yet because of its
imited access to dividing cells, it is thought that
ontinual oral administration is superior. Re-
ponse rates have been reported as high as 42%,
et unfortunately durability is lacking, as seen
ith the median time to tumor progression of only
.8 weeks.41 Oral etoposide is typically given at a
osage of 50 mg/m2 daily for 21 days. Alopecia,
yelosuppression, nausea, vomiting, and fatigue

re common side effects related to etoposide.

ytostatic Agents
The role of cytostatic agents in the treatment of

igh-grade gliomas has become more prominent
ver the past decade. Recent laboratory and clin-
cal research have identified new cytostatic treat-

ents that work by various mechanisms of action,
ncluding differentiation, angiogenesis inhibition,
nd inhibition of protein kinase activity. These
ew cytostatic agents have provided the field of
euro-oncology with additional treatment options

n a disease with limited options.
Tamoxifen. Tamoxifen is an oral agent that

raditionally has been used to treat estrogen-re-
eptive breast cancers, providing tumor control
aused by the blockade of estrogen receptors.
amoxifen is a cytostatic agent thought to work by
n entirely different mechanism of action in glio-
as. Tamoxifen used at high dosages (approxi-
ately 4 to 8 times the standard dose in breast

ancer) causes inhibition of protein kinase C to
ccur, resulting in regulation of glioma cell growth
y modulating intracellular signal transduction.
tudies have shown that 17% to 25% of patients
xperienced partial responses, with an additional
9% to 46% of patients having stable disease.42,43

amoxifen is generally prescribed at a dose of 160
g daily for women and 200 mg daily for men.
amoxifen is generally very well tolerated, yet

oxicities include an increased risk of deep venous
hrombosis, endometrial changes, menopausal
ymptoms, retinopathy, and fatigue. The potential
or thrombotic events concerns for glioma pa-
ients, because their risk may be compounded by
heir disease and by associated neurologic deficits
esulting in immobility.

Cis-retinoic acid. Cis-retinoic acid (CRA) is a
ynthetic vitamin A analogue and functions as a
ifferentiating agent in the treatment of malignant
liomas. Retinoic acids are capable of interfering
ith tumorigenesis by promoting cell differentia-

ion in tumor cells, thus preventing the uncon-

rolled cell growth associated with tumors. Promo- m
ion of differentiation can lead to apoptosis
programmed cell death). CRA is administered
rally at a 100 mg/m2/day for 21 days, followed by
7-day break. The most common toxicities asso-

iated with high-dose CRA use are dermatologic
omplications. Additionally, elevated cholesterol,
riglycerides, and liver enzymes can occur; there-
ore, liver enzymes and lipid panels need to be

onitored at regular intervals. Teratogenic effects
ave been documented. Therefore, it is imperative
hat patients are educated on this risk and the
eed for effective forms of birth control. Finally,
atients should be counseled to minimize other
orms of vitamin A and retinols because of the
nown association between vitamin A ingestion
nd pseudotumor cerebri (idiopathic intracranial
ypertension). Symptoms of pseudotumor cerebri
imic those of increased intracranial pressure

econdary to tumor growth, making it difficult to
ifferentiate between signs of tumor growth versus
seudotumor cerebri.
CRA has been studied in malignant gliomas as a

ingle-agent cytostatic therapy and in combina-
ion with other cytotoxic chemotherapy agents. In

single-institution phase II study, patients with
ecurrent malignant gliomas were treated with
ingle-agent CRA for 3 weeks, followed by 1-week
est. A 53% overall initial response rate occurred,
ith the majority of patients experiencing either a
inor response or stable disease, supporting the

act that CRA provides cytostatic response.44 Ad-
itionally, CRA has been evaluated with temozo-
omide for recurrent disease and has shown po-
ential benefit in patients with malignant gliomas,
rimarily GBM patients. The combination of te-
ozolomide and CRA resulted in 6-month PFS of

2%, versus 21% in patients who received single-
gent temozolomide.45

Thalidomide. Thalidomide was originally de-
eloped in the 1960s as a sedative, and was com-
only used in pregnant women for its beneficial

edative and antiemetic properties. Because of the
evelopment of birth defects, most significantly
bnormal limb development, thalidomide was
uickly removed from public use. Yet, over the
ast two decades, cancer researchers have evalu-
ted its anti-angiogenic properties, leading to
tudies in malignant gliomas, as well as in other
ancers. Because of the highly vascular nature of
igh-grade gliomas, angiogenesis inhibitors such
s thalidomide have been evaluated. In a single-
nstitution phase II study, single-agent thalido-
ide was evaluated; 16 of 36 patients had an
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nitial response with two complete responses, two
artial responses, and 12 patients with stable dis-
ase. Unfortunately, median time to progression
as only 10 weeks.46 Thalidomide has been stud-

ed in malignant gliomas at doses ranging from 100
o 1,200 mg/day. The most frequent side effects
ssociated with thalidomide include somnolence,
onstipation, peripheral neuropathy, and deep
ein thrombosis.
An analog of thalidomide, CC-5013, which is

hought to have similar angiogenesis inhibition,
et to be a significantly more potent cytostatic
gent is currently being evaluated in phase I stud-
es. There have been preliminary reports of tumor
tabilization in glioblastoma patients receiving
C-5013, yet follow-up evaluation is needed to
rovide more information regarding the true po-
ential of this thalidomide-like agent.47

ombination Therapies in Gliomas
The prior review of cytotoxic and cytostatic

gents provides an overview of the most com-
only prescribed medications that are commer-

ially available for the treatment of malignant
liomas. For the most part, combination chemo-
herapy regimens have not been shown to be
uperior to single-agent regimens in the manage-
ent of malignant gliomas. Alternatively, the

ombinations of cytotoxic and cytostatic agents
re more commonly used in an effort to optimize
herapeutic benefits. Because of the differing side-
ffect profiles between these two classes of medi-
ation, cytotoxic and cytostatic agents can safely
e used in combination with an attempt to maxi-
ize efficacy without causing increased toxicity.
ombinations that have been formally evaluated

nclude temozolomide and CRA and BCNU and
halidomide,43,48 yet in the clinical setting, many
ariations of these agents are combined.40

SPECIAL GLIOMA POPULATIONS

here are particular subtypes of gliomas that
deserve special mention in relation to the role

f chemotherapy. Patients with anaplastic AOs
ave been found to be remarkably sensitive to
hemotherapy and carry a better prognosis when
ompared with other high-grade gliomas.49,50 Ap-
roximately two thirds of patients with AO have
ositive responses to chemotherapy. The PCV reg-
men is the most commonly used in AO, yet re-

ent studies also show that temozolomide pro- r
ides significant responses among patients with
naplastic AOs.51 Additionally, specific genetic al-
erations have been identified in a large popula-
ion of AO patients. Genetic analysis has identi-
ed that the combined loss of chromosomes 1p
nd 19q is associated with both improved chemo-
ensitivity and longer recurrence-free survival fol-
owing chemotherapy.52

Low-grade gliomas are slow-growing tumors
hat primarily affect young adults. Unfortunately,
he natural history of this disease suggests that
umor recurrence with transformation to a malig-
ant glioma is the likely outcome.53 Typically,
reatment for low-grade glioma includes surgical
ntervention with or without radiation therapy,
lthough controversy exists among these thera-
ies. The role of chemotherapy has traditionally
een reserved for the time of recurrence, at which
oint, the tumor is biologically behaving as a high-
rade tumor, yet the role in the adjuvant setting is
ot as well-supported. In a prospective study, pa-
ients with low-grade astrocytomas with incom-
lete tumor resection were randomized to treat-
ent with radiotherapy or radiotherapy plus
CNU chemotherapy. Results from this study
howed no survival advantage for the patients who
eceived chemotherapy, therefore undermining a
ignificant role for adjuvant chemotherapy in low-
rade astrocytomas.54 Alternatively, adjuvant che-
otherapy in low-grade AO appears to have more

ignificant activity. A recent study using PCV che-
otherapy has shown response rates as high as

2%, yet further follow-up is needed to understand
he extent of overall benefit in regards to time to
umor recurrence and overall survival.55

MOLECULAR THERAPIES FOR GLIOMAS

dvances in molecular and cellular biology
have increased our understanding of the pro-

ess of oncogenesis. This knowledge has resulted
n the development of novel cancer treatment
pproaches aimed at targeting specific steps with
his process. Therapeutic benefits have already
een seen with this type of directed therapy in
ther tumor types, such as lung cancer and
hronic myelogenous leukemia.56,57 The field of
euro-oncology is at the forefront of this research
ith targeted molecular therapy for a multitude of

easons. First, the benefit of traditional chemo-
herapeutic agents, particularly in glial tumors,

emains suboptimal despite decades of research.
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268 GRAHAM AND CLOUGHESY
dditionally, malignant gliomas have distinct mo-
ecular abnormalities that can serve as targets for
herapies. It is our hope that these targeted ther-
pies will provide better treatment options in the
uture.

A large majority of clinical trials in gliomas are
eing conducted with this small-molecule ther-
py, which is aimed at interfering with intracellu-
ar signal transduction in various ways. Some of
he most common targets for therapies that have
een identified in gliomas include kinases, farne-
yltransferase, and matrix metalloproteinases
MMPs). Molecular therapies directed at these cel-
ular targets are being developed and evaluated
ith significant enthusiasm in glioma patients.
Protein kinase pathways are involved in the

egulation of cell growth and have been implicated
n the development of several cancers. Therapies
eveloped to target protein kinases are directed at
oth cell-surface receptor sites, as well as specific
teps within intracellular signaling pathways. The
ost active protein kinase pathways that have

een identified in glioma cell growth include the
as/MAP-kinase pathway and the P13-kinase
PTEN/Akt) pathway, in addition to the process of
ngiogenesis with VEGFR tyrosine kinase.
Amplification and mutation of EGFR (epidermal

rowth factor receptor) and PDGFR (platelet-de-
ived growth factor receptor) along the MAP-ki-
ase pathway have provided targets for directed
herapies with several agents, including ZD1839
gefinitib; Iressa), OSI774 (Tarceva, erlotinib; OSI
harmaceuticals, Melville, NY) and STI-571
Gleevec, imatinib; Novartis, Basel, Switzerland)
hat are being evaluated in malignant gliomas.
GFR has been heavily evaluated in both labora-

ory and clinical research because aberrations of
GFR are seen in high frequency in malignant
liomas; EGFR is overexpressed in up to 50% of
BMs.58 Additionally, deletions and mutations of
TEN along the PI3-kinase (PTEN/Akt) pathway
rovide additional targets, with agents such as
apamyacin, CCI-779, and RAD-001. Finally,
here have been a multitude of antiangiogenesis
gents directed at VEGF (vascular endothelial
rowth factor) and its receptors, which are in-
olved in the promotion of new vessel formation,
herefore providing blood supply for tumor
rowth.
Another area of targeted molecular therapy in

liomas is farnesyltransferase inhibitors, which
re primarily directed at the Ras proteins and the

nzyme farnesyltransferase. Ras proteins are cell o
embrane-associated proteins that have been im-
licated in glioma growth. Ras proteins are re-
ponsible for cell signaling that results in various
ellular effects, including proliferation, survival,
nd angiogenesis.58 Farnesyltransferase enzymes
re responsible for initiating the first step in the
ctivation of Ras proteins (which affect cell signal-
ng). This process of farnesylation is critical for
as maturation and function. Farnesyltransferase

nhibitors selectively block farnesylation, the ac-
ivation of Ras proteins, and therefore interfere
ith cellular proliferation. R115777 is a farnesyl-

ransferase inhibitor that has undergone initial
tudies in malignant gliomas, and continues to be
valuated.
Lastly, MMP inhibitors are being developed to

revent glioma cells from being able to invade and
pread. One of the major roles of MMPs is to
egrade the basement membrane and the extra-
ellular matrix, resulting in an environment more
onducive for tumor cells to invade and spread.
MPs are overexpressed in gliomas as well as
ther cancers. Therefore, MMP inhibitors, includ-
ng Marimastat (British Biotech, Oxford, UK) and
rinomastat (Agouron Pharmaceuticals, San Di-
go, CA), are attempting to arrest tumor growth by
nterfering with this process.59

Identification of specific targets along cell-sig-
aling pathways responsible for tumorigenesis has

ed to evaluation of these various molecular ther-
pies (Table 1). As we learn more about molecular
iology, it is evident that tumor growth is depen-
ent on multiple signaling pathways for tumor cell
roliferation and survival. While previous efforts
ave focused on single-agent therapy directed at
pecific target, in the future, combination thera-
ies will be needed to inhibit multiple steps within
hese aberrant signal-transduction pathways.59 Ul-
imately, as our understanding of cellular and
olecular biology continues to grow, the tumor

issue and molecular features within the tissue
long with traditional histopathologic findings will
llow us to more accurately diagnose and treat
liomas, hopefully resulting in more efficacious
herapies for the patient.

NURSING CONSIDERATIONS

he chemotherapeutic treatment options for
brain tumor patients vary greatly based on

pecific tumor types. It is important for the oncol-

gy nurse to understand the multitude of CNS
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umors, their standard treatments, and other
ovel therapies being evaluated, such as cytostatic
nd molecular therapies. Additionally, other pa-
ient care issues important to the brain tumor
atient receiving chemotherapy include manage-
ent of drug-induced toxicities and problems that

rise from steroid use and antiepileptic therapy.

anagement of Toxicities
Management of chemotherapy side effects in a

rain tumor population calls for the same high
tandards of care that exist for the general oncol-
gy population, with careful attention to the man-
gement of myelosuppression, nausea, and vomit-
ng. Because of the risk of intracranial infections
nd hemorrhages, close monitoring for neutrope-
ia and thrombocytopenia is essential, as these
isks can be greatly compounded by the effects of
ytotoxic therapy.60 Additionally, aggressive man-
gement of chemotherapy-induced nausea and
omiting is needed because it can lead to difficulty
n recognizing signs of increased intracranial pres-
ure. In addition, it can increase a patient”s risk of
spiration, and may result in missed doses of
teroids and anticonvulsants, which all can lead to
egative sequelae. The use of serotonin-reuptake

nhibitors (eg, ondansetron, granisetron, dolas-
tron, palonosetron) should be used generously to

TAB
Common Targets for Mol

Intracellular Targets Function of Molecula

MAP-kinase pathway
EGFR Inhibition of EGFR

PDGFR Inhibition of PDGFR
P13-Kinase Pathway Inhibition of mTor, an e

activated in this path
PTEN/mTor

VEGF/VEGFR Inhibition of new vesse

Farnesyltransferase/
Ras proteins

Inhibition of farnesylati

MMPs Inhibition of MMPs, arr
process of tumor inv

Abbreviations: MAP, mitogen-activated protein kinase pathw
derived growth factor receptor; PTEN, phosphatase and tensi
factor; VEGFR, vascular endothelial growth factor receptor;
inimize the potential for nausea and vomiting.60 i
As new cytostatic and molecular therapies are
eing developed, the common toxicities associ-
ted with cytotoxic therapy may not exist. Toxic-
ty profiles with these new agents are in the pro-
ess of being identified, requiring the careful
ssessment and innovative management of oncol-
gy nurses. For example, dermatologic and gastro-
ntestinal effects have been associated with sev-
ral of the EGFR inhibitors, while an increased
isk of thromboembolic events has been associ-
ted with angiogenic inhibitors. The use of stan-
ardized assessment tools will be helpful in recog-
izing the toxicities that result from these
herapies. As adverse effects are linked to specific
herapies, the opportunity exists for oncology
urses to be instrumental in the development of
ppropriate symptom management specific to
hese therapies.

ssues Related to Dexamethasone Therapy
The use of steroids, such as dexamethasone,

re common in brain tumor patients in an effort
o control increased intracranial pressure and
inimize the neurologic deficits that can occur

ecause of a mass lesion in the brain. Unfortu-
ately, the use of steroids comes with known
isks, which can be compounded in patients on
hemotherapy. Long-term steroid use causes

1.
r Therapies in Gliomas59

rapy Examples of Experimental Therapies

OSI-774 (erlotinib)
ZD-1839 (gefinitib)
STI-571 (imatinib)

e Rapamyacin

CCI-779
RAD-001

ation SU5416
PTK787
R11577

g the Marimastat

Primostat

EGFR, epidermal growth factor receptor; PDGFR, platelet-
olog on chromosome 10; VEGF, vascular endothelial growth

, matrix metalloproteinase.
LE
ecula

r The

nzym
way

l form

on

estin
asion

ay;
n hom
mmunosuppression, resulting in a reduction of
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270 GRAHAM AND CLOUGHESY
ymphocytes. Steroid-induced lymphopenia pre-
isposes patients to serious infections, specifically
ncluding pneumocystis carinii pneumonia (PCP).
etrospective reviews of brain tumor patients
howed that the development of PCP is associated
ith dexamethasone use, lymphopenia, and high-
ose chemotherapy. Based on these results, pro-
hylactic therapy is encouraged in all brain tumor
atients with lymphopenia or prolonged dexa-
ethasone therapy.61 Agents used for PCP pro-

hylaxis include trimethoprim-sulfamethoxazole,
apsone, and pentamadine, with trimethoprim-
ulfamethoxazole generally considered first-line
herapy.

ffect of Anticonvulsant Therapy on
etabolism of Chemotherapy
Patients with malignant brain tumors are fre-

uently on anticonvulsant therapy for seizure
ontrol and prophylaxis. Certain anticonvul-
ants, such as phenytoin, carbamazepine, and
henobarbital, use the P-450 enzyme system,
nd as previously mentioned, can affect the
etabolism of certain chemotherapy agents, re-

ulting in subtherapeutic dosages administered

o the patient.37 Because of the effect of enzyme- c

REFEREN

tudy 93-10. J Clin Oncol 2002;20:4643-4648.

p
d
2

d
r
r

i
r
l
1

m
t
p
O

t
T

O

t
O

s

nducing antiepileptic medication on chemo-
herapy metabolism, most recent clinical trials
ave a separate phase I (dose-finding) trial for
atients taking antiepileptic medication.62 As
ew cytostatic and molecular therapies are be-

ng evaluated, the interaction between these
gents and antiseizure medications will need to
e identified to allow for optimal dosing.

CONCLUSION

alignant brain tumors include a variety of
tumor types with specific chemotherapy reg-

mens based on the pathologic diagnosis. All too
ften, health care professionals and the public
onsider chemotherapy treatments for brain tu-
or patients to be futile. Recent advances with

hemotherapy trials have already provided pa-
ients with new treatment options that can extend
urvival and improve quality of life, with a de-
rease in potential toxicities. Additionally, the
urrent focus on the use of cytostatic agents and
mall-molecule therapies provide a renewed opti-
ism that these novel therapies will improve out-
omes for patients with malignant brain tumors.
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