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Abstract: Brain metastases are a frequent sequelae of many solid
tumors. Whole-brain radiotherapy (WBRT) has been the standard
treatment for decades, with modest long-term complications
observed using doses no greater than 3 Gy/fraction. Surgical resec-
tion may be beneficial in select populations of patients with single
brain metastases, controlled systemic disease, and good performance
status. Radiosurgery has demonstrated consistent improvement in
local control, with some reports showing a survival benefit when
combined with WBRT. However, the role of radiosurgery as a single
modality is unclear, particularly given concerns that higher rates of
distant brain relapse result in increased risk of neurologic compromise
and death from neurologic causes. Increasingly, the importance of
neurocognitive assessment with brain metastases is being recognized,
and recent data have strongly correlated neurocognitive dysfunction
with tumor progression. Systemic agents showing activity in brain
metastases including temozolomide, RSR13, motexafin gadolinium,
and lapatinib are being explored.

Brain metastases continue to pose a formidable challenge in the
treatment of solid tumors. In the United States, approximately
170,000 new cases of brain metastases are diagnosed annually. The
risk varies according to primary tumor type, with the highest rates
of brain metastases observed with lung cancer (50%), breast cancer
(15-20%), melanoma (10%), adenocarcinoma of unknown primary
etiology (10-15%), and colon cancer (5%).! With the development
of improved therapeutic options for management of systemic dis-
ease, there has been a shift in the natural history of several tumor
types with prolongation of survival, increasing the incidence of
brain metastases in these populations (eg, HER2/neu-positive breast
cancer).” Another contributing factor is the increased incidence of
several tumor types at high risk for brain metastases, such as mela-
noma and lung cancer in women.* In addition, the availability of
magnetic resonance imaging (MRI) has allowed for earlier detec-
tion, even when patients are asymptomatic.® Although the mainstay
of treatment for brain metastases remains whole-brain radiotherapy
(WBRT), the role of other approaches including surgery, radiosur-
gery, chemotherapy, and targeted biologic therapies continues to
evolve. This review focuses on recent and ongoing advances in the
therapy of brain metastases from solid tumors.
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Whole-Brain Radiotherapy

Historically, treatment of brain metastases has involved
external-beam radiotherapy delivered to the whole brain;
various fractionation and dosing schedules have been
investigated (Table 1).7® Although no statistically sig-
nificant differences have been shown among the various
fractionation schedules and doses in terms of survival,
30 Gy administered in 10 fractions has become the stan-
dard in the United States due to its tolerability, brief treat-
ment course, cost-effectiveness, and trend for improved
survival (although not statistically significant). Additional
experience reported by the Radiation Therapy Oncology
Group (RTOG) with delivering accelerated hyperfraction-
ated regimens at doses up to 70.4 Gy of focal radiotherapy
have not demonstrated a significant survival benefit com-

pared with more conventional dosing of radiotherapy.”!!

Surgery

The role of surgery in the management of brain metastases
is multifaceted. Surgical resection has a role in establish-
ing the diagnosis, relieving mass effect, and achieving
symptomatic resolution through debulking. Frequently,
surgery is limited to cases in which one brain metastasis is
present or in the case of multiple metastases in which one
lesion is dominant or symptomatic. Multiple uncontrolled
retrospective series have yielded conflicting results as to
the benefit of surgery.'**! Three randomized trials have
investigated the role of surgery for single brain metastases
from solid tumors, with two studies supporting the role of
surgery in this setting (Table 2).2*24

Patchell and colleagues randomized 48 patients with
single brain metastases to either WBRT alone (36 Gy)
or surgical resection followed by adjuvant WBRT.?* The
majority of enrolled patients (77%) had known diagnoses
of non—small cell lung cancer (NSCLC) and a median
Karnofsky performance status (KPS) of 90. Survival was
improved with surgical resection, with a median survival of
40 versus 15 weeks (P<.01). In addition, surgical resection
was associated with improved functional independence
and lower rates of local recurrence.”? Noordijk and associ-
ates also reported favorable outcomes in surgical resection
of single brain metastases, with a statistically significant
improvement in survival favoring surgery followed by
WBRT compared with WBRT alone (43 vs 26 weeks,
P=.04).” The importance of controlled systemic disease
was also clearly highlighted in this trial, with the largest
difference in survival between treatment arms observed
among patients with controlled systemic disease. Con-
sistent with the experience of Patchell and colleagues,?
functional independence also appeared improved in
patients undergoing surgery.”

TREATMENT OF BRAIN METASTASES

Table 1. Dose Fractionation and Schedules of Whole-Brain
Radiotherapy for Treatment of Brain Metastases: RTOG

Historical Experience

Median
Survival
Years of Study n Gy/Fraction | (weeks)
227 40/20 16
233 40/15 18
RTOG 1971-19737
217 30/15 18
233 30/10 21
447 20/5 15
RTOG 1973-19767 228 30/10 15
227 40/15 18
193 30/10 19
RTOG 1979-19838
200 30/15* 18

Modified from Langer CJ, Mehta MP. J Clin Oncol; 2005.1%
*Delivered in 6 fractions of 5 Gy/fraction over 3 weeks.

RTOG=Radiation Therapy Oncology Group.

In contrast, Mintz and coauthors failed to demon-
strate a survival advantage for surgical management of
single brain metastases.”® Median overall survival was
not significantly different between the groups, although
active extracranial disease again emerged as an impor-
tant prognostic indicator.?* The results of this study, in
contrast to the survival advantage with surgery reported
by Patchell? and Noordijk,* may be related to a slightly
higher proportion of patients with active extracranial dis-
ease.”* The median KPS within the treatment populations
of each of these trials was relatively similar.?>** Although
the randomized studies of surgery in management of
single brain metastases do not unanimously support its
role, these studies clearly demonstrate that surgery offers
the most benefit in select patient populations with good
performance status and controlled systemic disease.

Radiosurgery

Stereotactic radiosurgery (RS) is a specialized radiation
technique in which a single dose of highly collimated
radiation is delivered with submillimeter precision to one
or more intracranial targets. Standard radiation doses are
too low to produce sustained intracranial tumor control,
and the high doses of conformal radiotherapy delivered
with stereotactic radiosurgery allow for better local control
than can be achieved with WBRT. In addition, there are
fewer limitations with respect to location and number of
brain metastases with the use of RS compared with neu-
rosurgical resection. In order to safely target intracranial

Clinical Advances in Hematology & Oncology Volume 5, Issue 1 January 2007 55



CHANG ET AL

Table 2. Randomized Trials of Surgical Resection of Single Brain Metastases
Functional Median
Independence Survival
Reference Treatment n (weeks)* r (weeks) P
S + WBRT (36 Gy) 25 38 40
Patchell et al* <.005 <.01
WBRT (36 Gy) 23 8 15
S + WBRT (40 Gy) 32 34 43
Noordijk et al® .06 .04
WBRT (40 Gy) 31 21 26
S + WBRT (30 Gy) 41 = 24
Mintz et al** .98 24
WBRT (30 Gy) 43 - 27

Modifed from Langer CJ, Mehta MP. J Clin Oncol; 2005.'%

*Number of weeks in which the patient maintained a Karnofsky performance status > 70.

S=neurosurgical resection; WBRT=whole-brain radiotherapy.

lesions, RS requires that lesions be no larger than 4 cm
in size. Three types of devices have been commonly used
for delivering radiosurgery: the multisource cobalt unit
(known as the “gamma knife”), specially modified linear
accelerators, and charged-particle irradiators.!

Previous experience with RS in brain metastases
reported from smaller retrospective series have suggested
that RS improves local control”? and offers a survival
advantage.”?%" The largest retrospective study of RS in
brain metastases reported outcomes in 502 patients with
no more than 3 brain metastases treated with RS plus
WBRT.? All patients were stratified into three prognostic
classes based on the recursive partitioning analysis (RPA)
reported by Gaspar and colleagues using data from three
previous Radiation Therapy Oncology Group (RTOG)
trials.’ Factors influencing the prognostic classes include
KPS, age, controlled primary tumor site, and the pres-
ence of extracranial metastases. As shown in Figure 1, all
patients receiving RS plus WBRT at each RPA class level
had improved survival compared with patients receiving
WBRT alone.?”

These promising retrospective data led to a large
randomized study (RTOG 9508) comparing WBRT
(37.5 Gy) alone versus WBRT plus RS in patients with
1-3 brain metastases.”” A total of 331 patients were ran-
domized, with patients stratified by the number of brain
metastases (1 vs 2—3) and extracranial metastases (none vs
present). The treatment groups were well-balanced with
respect to primary tumor type (>60% lung cancer), RPA
class I disease, controlled systemic disease, and solitary and
single brain metastases. Of the patients randomized to RS
plus WBRT, 15% and 24% of patients with 1 and 2-3
brain metastases, respectively, did not receive RS. There
was no improvement in survival between the treatment
groups for the study population as a whole, but the subset
of patients with one brain metastasis demonstrated a sta-

tistically significant improvement in overall survival (6.5
vs 4.9 months; Table 3). In addition, post hoc analysis
showed improved survival for patients younger than age
50 with 1-3 metastases, patients with 1-3 metastases with
NSCLC, and patients with 1-3 metastases and RPA class
I patients.”” Previously, some clinicians had postulated
that RS may increase edema and lead to higher rates of
radiation necrosis; however, results from RTOG 9508 did
not support such claims and actually showed improve-
ment in edema and decreased steroid dependence with
RS (Table 4).*

It is of interest to note that an earlier trial of WBRT
(30 Gy) with or without RS in patients with 2—4 brain
metastases was stopped at an interim evaluation after 60%
accrual.® After enrolling 27 patients, the study was closed

RPA
Class Il

[l WBRT alone

[] WBRT +RS

RPA
Class Il ]

RPA
Class |

Median Survival (months)

Figure 1.
institution experience versus RTOG database.

Radiosurgery by RPA class: retrospective multi-

Adapted from Sanghavi SN et al. /nt J Radiat Oncol Biol Phys; 2001.%

RPA=recursive partitioning analysis; RS=radiosurgery; RTOG= Radi-
atiton Therapy Oncology Group; WBRT=whole-brain radiotherapy.
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Table 3. RTOG 9508: Survival Outcomes®
Median Median
Survival Survival
(months) (months)
Survival Analyses WBRT + RS | WBRT P
Opverall 6.5 5.7 0.13
1 brain met 6.5 4.9 0.04
Post hoc subsets
1-3 mets & age <50 9.9 8.3 0.04
1-3 mets & NSCLC 5.0 3.9 0.05
1-3 mets & RPA class I* 11.6 9.6 0.05

Table adapted from personal communication, Dr. Paul Sperduto, 2006.
*Recursive partitioning analysis based on outcomes reported by

Gaspar et al.?®

Mets=metastases; NSCLC=non-small cell lung cancer; RPA=recursive
partitioning analysis; RS=radiosurgery; WBRT=whole-brain
radiotherapy in 2.5 Gy/fraction to 37.5 Gy (15 fractions).

prematurely because of a marked increase in local failure
rate in the group receiving WBRT alone.®

Further investigation has centered on outcomes
when RS is used alone, in the hope that WBRT may be
reserved for recurrence. Aoyama and associates reported
results from 134 patients with 1-4 brain metastases
treated with RS alone or RS plus WBRT.*’ Intracranial
relapse at 12 months was significantly worse in patients
who received RS alone (76.4% vs 46.8%, P<.001). In
addition, rates of deterioration in neurologic function
were worse in the group treated with RS alone (86% vs
59%, P=.05). Survival was comparable, but the study was
not powered to detect a difference in this. These data sug-
gest a strong association between intracranial relapse and
decline in neurologic function, raising the concern that
delayed WBRT may compromise the quality of a patients
survival. Similarly, high rates of intracranial relapse were
reported in E6397, a phase II study of RS for treatment
of 1-3 newly-diagnosed brain metastases from solid
tumors.?! A local brain failure rate of 40% and a distant
brain failure of 39% were observed in this study among
patients treated with RS alone.

In a small single-institution review, Sneed and coau-
thors observed higher rates of local relapse when RS was
used as a single modality, but similarly noted that success-
ful salvage therapy for intracranial relapse did not appear to
significantly alter survival.”? A larger multi-institution ret-
rospective review including over 500 patients treated with
RS plus WBRT or RS alone demonstrated lower rates of
entire-brain freedom from progression with RS alone, but
showed no difference in terms of survival, freedom from

TREATMENT OF BRAIN METASTASES

Table 4. RTOG 9508: Outcome Results®

WBRT
Results WBRT + RS P
KPS stable/ 33% | 50% 02
improved at 3 mos
KPS stable/ 7% | 43% 03
improved at 6 mos
Edema dfcreased 62% 739% 04
at 3 mos
Tumor response at 3 mos 47% 70% .0017
Grade 3/4 late toxicity <2% <3% NS*

Table adapted from personal communication, Dr. Paul Sperduto, 2006
*Significantly lower steroid dependence on RS arm.
"Not stated.

KPS=Karnofsky performance status; RS=radiosurgery; WBRT=whole-
brain radiotherapy in 2.5 Gy/fraction to 37.5 Gy (15 fractions).

local progression, or ability to provide salvage therapy at
relapse.” However, measures assessing changes in neuro-
logic function or performance status during treatment of
brain metastases were not available in these retrospective
studies.”* In another report by Regine and colleagues, an
increased rate of symptomatic recurrences and neurologic
deficits with intracranial relapse was observed among 36
patients with one brain metastasis treated with RS alone.*
A 47% rate of local brain recurrence was observed, with
71% of these recurrences associated with symptoms and
59% of these recurrences associated with some type of
neurologic deficit.* Experience to date suggests that RS
alone results in higher local failure rates, analogous to
what is observed when local control with surgery is uti-
lized without adjunctive WBRT (Table 5).

Although the experience to date does not suggest a
survival disadvantage with RS as a single modality (and
none of the studies were actually powered to detect this),
there is concern that the higher rates of observed local
relapse translate into symptomatic recurrences with
neurologic deficits and impairment in quality of life. In
a multi-institution trial of 95 patients randomized post-
resection of a single brain metastasis to WBRT (n=49)
or observation (n=46), patients treated with postoperative
radiotherapy had lower rates of local brain recurrence and
were less likely to die of neurologic causes (14% vs 44%
for deaths from neurologic causes with WBRT vs obser-
vation, respectively).” Overall, there was no difference
in median survival between the 2 groups, but the lower
rates of death from neurologic causes suggests that WBRT
may allow for better quality of neurologic function, and
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Table 5. Rates of Salvage Brain Therapy in Patients Treated
With Up-front Surgery/RS Alone or With Adjuvant WBRT

Surgery
or RS
Alone

63%

Surgery
or RS +
WBRT

8%

Relative
Risk
7.9

Study

Patchell (1998)%
(n=95)

Surgery, randomized
Sneed (1999)%
(n=105)

Single institution,
retrospective

Sneed (2002)%
(n=569)

Multi-institution,

19% 40% 2.1

7% 37% 5.3

retrospective

Aoyama (2006)*
(n=132)

Phase IIT RS vs
RS + WBRT

15% 43% 2.9

RS=radiosurgery; WBRT=whole brain radiotherapy.

by extrapolation, quality of life.”” A similar limitation of
salvage WBRT may apply to patients treated with RS, as
local recurrence rates parallel those observed with surgical
resection alone (Table 5).

Several ongoing RS studies should better define the
role of RS, particularly with respect to effects not only on
survival, but also in terms of quality of life and impact
on neurocognitive function. RTOG 0320 is randomizing
patients to WBRT and RS either alone, with temozolomide
(TMZ; Temodar, Schering), or with erlotinib (Tarceva,
Genentech/OSI); patients are stratified by RPA class,
number of metastatic lesions, and controlled versus active
extracranial disease. An NCCTG-led intergroup study is
comparing RS alone versus RS plus WBRT in patients
with 1-3 brain metastases, with attention to quality of
life and neurocognitive function endpoints in addition to
endpoints of survival and relapse.

Neurocognitive Dysfunction Associated With
Brain Metastases

For decades, there has been underlying concern as to the
neurocognitive effects of therapy for brain metastases,
with little data available to quantify the effect of treat-
ment on this outcome. Until recently, much of what was
known of toxicity from WBRT in brain metastases came
from a retrospective study of 47 patients who were 1-year
survivors following WBRT for brain metastases treated at

Memorial Sloan-Kettering Cancer Center.“ Five of the
47 patients (11%) were found to have severe dementia
at 1 year, with the observation that patients with severe
dementia received higher fractions of RT. Four of these
5 patients received fractions greater than 3 Gy, with the
fifth patient receiving 3 Gy fractions in combination
with a radiosensitizer. The remaining 15 patients with-
out dementia had all received WBRT at doses no greater
than 3 Gy/fraction.® This observed relationship between
higher dose fractionation and risk for dementia has led to
ongoing strategies to deliver WBRT at doses no greater
than 3 Gy/fraction.

Another retrospective study reported by Patchell and
colleagues suggested that WBRT given as initial therapy for
brain metastases actually improved neurologic outcomes
in patients receiving WBRT after resection of a single
brain metastasis.” Patients randomized to observation
had a greater chance of dying from neurologic causes than
patients who received upfront WBRT, despite the fact that
88% of patients in the observation group received WBRT
at progression.”® Data from this retrospective report sug-
gest that withholding WBRT until relapse in the hopes
of sparing patients from potential neurologic toxicity
from WBRT may ultimately lead to the greater risk of
neurologic decline from the underlying disease and local
progression of tumor. Such reports promote the idea that
upfront WBRT is associated with a favorable risk:benefit
ratio with the use of lower fractionation schedules.

Only recently has interest begun to focus on the
baseline neurocognitive dysfunction present with brain
metastases and the impact of treatment on these out-
comes. Data from the SMART trial” demonstrated
significant  baseline neurocognitive abnormalities in
the setting of brain metastases, with 90.5% of the 401
enrolled patients with brain metastases showing impair-
ment in at least one neurocognitive test at baseline (prior
to WBRT).* With reassessment following WBRT with or
without the radiosensitizer motexafin gadolinium (MGd;
Xcytin, Pharmacyclics), further decline in neurocognitive
function was found to strongly correlate with progression
of central nervous system (CNS) disease. In contrast,
improvement in neurocognitive function was observed
in the 109 patients showing at least a partial response to
therapy, suggesting that neurocognitive decline is corre-
lated to tumor growth and not to radiotherapy.

Chemotherapy for Brain Metastases

Blood-Brain Barrier in Highly Chemotherapy-
Responsive Diseases

Systemic chemotherapy for brain metastases is rapidly
evolving as a therapeutic modality. Many complicating
factors arise in delivering systemic chemotherapy for
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Table 6. Ability of

TREATMENT OF BRAIN METASTASES

Penetration Penetration

Selected Agemfg o Cfoss X Therapeutic Agent into CSF* Therapeutic Agent into CSF*
the Blood-Brain Barrier.”

Nitrosureas Topoisomerase inhibitors

BCNU (carmustine) - Topotecan 4

CCNU (lomustine) e+ Etoposide +

Alkylating agents Irinotecan None

Cyclophosphamide None Anthracyclines

Dacarbazine ++ Doxorubicin None

Procarbazine et Idarubicin None

Temozolomide +Ht Cytokines

Antimetabolites Interferon-a., Interleukin-2 None

Capecitabine ++ Mitotic inhibitors

Cytarabine ++ Vincristine +

Gemcitabine None Vinorelbine +

Hydroxyurea - Paclitaxel None

Methotrexatet ++ Docetaxel None

Platinum agents Targeted agents

Carboplatin + Lapatinib ++

Cisplatin + Trastuzumab +

*Penetration into CSF: Very good +++, Good ++, Poor +.

"High-dose methotrexate at doses =1 g/m?.

brain metastases, including overcoming the blood-brain
barrier (BBB) and choosing an agent or regimen that is
appropriate for the primary neoplasm (particularly in
the setting of relapsed disease when patients have already
received first- and second-line chemotherapy agents). The
BBB is of particular interest in brain metastases from solid
tumors as this barrier may fluctuate during treatment,”
posing complex issues in terms of treatment of primary
tumors and consideration of CNS prophylaxis.

Even among chemotherapy-sensitive tumors (eg,
small-cell lung cancer, germ cell tumors, medulloblas-
toma/primitive neuro-ectodermal tumor, and lymphoma),
metastatic disease to the CNS responds ultimately less well
to chemotherapy compared with systemic sites of disease.
This is presumably related to the BBB, with data suggest-
ing that it is compromised and relatively permeable at
presentation with brain metastases but quickly reconsti-
tutes with ongoing therapy.*>* For example, in a prospec-
tive study of newly diagnosed small-cell lung cancer, 22
patients were found to have asymptomatic synchronous
brain metastases. With systemic therapy, a response rate
of 27% for CNS disease was observed compared with a
response rate of 73% for systemic disease.”® Again, one
probable explanation for this variability in response may

be related to reconstitution of the BBB after an initial
response with treatment. This phenomenon related to the
BBB was dramatically illustrated using serial PET scan-
ning during the treatment of lymphoma in the CNS with
chemotherapy.®

Table 6 summarizes earlier reports regarding the
potential for various agents crossing the BBB.>

Specific Agents

Temozolomide TMZ is a novel alkylating agent that is
highly bioavailable after oral administration, with effec-
tive penetration of the BBB and achievement of therapeu-
tic levels in the cerebrospinal fluid.*** The dose-limiting
toxicity is myelosuppression, which tends to be readily
reversible with less cumulative toxicity in comparison
with other alkylating agents.” TMZ has reported activ-
ity in the treatment of high-grade primary or recurrent
gliomas and in metastatic melanoma.’*®' Recently, Stupp
and coauthors reported a clear survival benefit with TMZ
in combination with radiotherapy for newly diagnosed
glioblastoma multiforme.®? In this large phase III trial,
TMZ 75 mg/m? was administered for 6-7 weeks during
radiotherapy followed by 6 months of adjuvant therapy.
Median survivals of 14.6 months and 12.1 months were
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Table 7. Trials of TMZ Plus RT in Newly Diagnosed Brain Metastases
Study Patients Dose TMZ and RT Responses
Antonadou N=108 TMZ 75 mg/m?/day + RT TMZ + RT 53%
(2002)* (30 Gy WBRT) = TMZ 200 mg/m?*/day D1-5 | RT 33%
q28 days (6 cycles)
Phase III TMZ + RT vs Lung 82% Patients <60 yrs:
RT alone TMZ + RT 77%
RT alone  37%
Antonadou N=48 TMZ 75 mg/m?/day + RT TMZ + RT 96%
(2002)%° (40 Gy WBRT) = TMZ 200 mg/m?*/day D1-5 RT alone 67%
q28 days (6 cycles)
Phase I TMZ + RT vs Lung 83%
RT alone Breast 10%
Siena (2003)% N=63 TMZ 150 mg/m?*/day D1-3 and D15-21 q28 Lung 24%
days (maximum of 1 year) Breast 19%
TMZ alone Lung 33% Melanoma 40%
Breast 33%
Melanoma 33%
Dardoufas (2001)® N=20 TMZ 60 mg/m?/day + RT After 3 cycles:
(WBRT 36-39 Gy) = TMZ 200 mg/m?/day CR 20%, PR 35%
Lung 55% D1-5 ¢28 days (6 cycles)

Phase Il TMZ +
RT = adjuvant TMZ

Rectal 15%
Breast 15%
Melanoma 10%

After 6 cycles:
CR 15%, PR 40%

Verger
(2005)'02

N=82

TMZ 75 mg/m?/day + RT
(WBRT 30 Gy) » TMZ 200 mg/m?/day D1-5

TMZ + RT:
CR 5%, PR 27%

Lung 51%
Breast 16%

q28 days (2 cycles)

RT alone: CR 5%, 27%

CR=complete response; PR=partial response; RT=radiotherapy; TMZ=temozolomide; WBRT=whole-brain radiotherapy.

reported for the group receiving TMZ plus radiotherapy
versus radiotherapy alone, respectively.®

Recent experience with TMZ has shown promising
results in patients with newly diagnosed brain metasta-
ses (Table 7). For example, Sienna and colleagues
reported a response rate of 24% among NSCLC patients
with brain metastases not previously irradiated who were
treated with TMZ.% Antonadou and associates reported
a statistically significant increase in responses with TMZ
plus WBRT (96%) versus WBRT alone (67%), with a
trend toward improved survival.*®® Preliminary results of
a confirmatory phase III study of WBRT and TMZ in
a series of 108 patients (82% with NSCLC) found that
the difference in response rates for brain metastasis was
again statistically significant favoring WBRT plus TMZ
(response rate, 53%) versus WBRT alone (response rate,
33%), with a trend toward improved survival (8.3 vs 6.3
months).”” Response rates in this phase III study were
not as impressive as the 96% response rates of TMZ plus
radiotherapy reported in the phase II setting, suggesting
that patient selection plays a significant role in outcomes.
Further, recently reported data have demonstrated modest

disease responses to TMZ for treatment of brain metasta-
ses following postradiotherapy relapses (Table 8).%574

Based on recent observations in patients with lung
cancer, there is additional interest in using TMZ to pre-
vent or delay the occurrence of brain metastases. In a phase
II study of TMZ in NSCLC, Adonizio and coauthors
observed a 3% incidence of brain metastases (1/38).”
Similarly, Choong and colleagues observed that only 6.5%
(3/46) of NSCLC patients treated with TMZ and irino-
tecan as second-line therapy developed brain metastasis,
and 9 patients with treated brain metastases at enrollment
did not demonstrate progression or new metastases during
treatment.”® As 30-50% of NSCLC patients are expected
to develop brain metastasis,””* based on these data, Rob-
ins and associates argued that TMZ may play a role in
chemoprevention of brain metastases.®’ This observation
has led to ongoing development of clinical trials evaluating
TMZ for prophylaxis of brain metastasis in NSCLC.*!

In summary, TMZ has modest single-agent activity
for treatment of brain metastases from a variety of solid
tumor primaries. Recent data suggest improved response
rates occur when TMZ is combined with WBRT, but it
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Table 8. Temozolomide for Progressive CNS Disease at Relapse Postradiotherapy
Study Patients TMZ dose Response
Friedman (2003)7° N=52 TMZ 150 mg/m?*/day x 7 days, then PR =3 (2 lung, 1 melanoma)
7 days off (continuously until progression) | SD = 33
Lung 56% (duration 2—7+ mos)

Breast 10%
Melanoma 6%

Breast 14%

Giannitto-Giorgio (2002)” | N=9 TMZ 200 mg/m?/day D1-5 q28 days CR=3
AIINSCLC SD=3
PD=3
Mangiameli (2001)7 N=8 TMZ 150 mg/m?/day D1-5 with CR=3
AlINSCLC gemcitabine/vinorelbine or cisplatin Response = 5
Christodoulou (2001)% N=28 TMZ 150 mg/m?/day D1-5 q28 days PR = 4% (1/24)
Lung 61% SD = 17% (4/24)

Improved neurologic status =

37% (10/24)

N=41

Lung 59%
Breast 24%
Melanoma 7%

Abrey (2001)%

TMZ 150-200 mg/m?*/day D1-5 q28 days

PR = 5% (2/41)
SD =37% (15/41)

CNS=central nervous system; CR=complete response; NSCLC=non-small cell lung cancer; PD= progressive disease; PR=partial response;

SD=stable disease; TMZ=temozolonide.

remains to be determined if a survival benefit occurs or
if this improved response translates into improved neu-
rocognitive function and quality of life. In the setting of
relapsed brain metastases, TMZ provides a small benefit
in term of response, and additional studies are planned
to investigate the benefit of TMZ in chemoprevention of
brain metastasis in high-risk populations.

Methotrexate
agent in multiple tumor types and has been observed to

High-dose methotrexate is an active

produce responses in the setting of brain metastases. High-
dose methotrexate achieves good penetration of the BBB,
is easily administered, and is fairly well tolerated, with
myelosuppression and hepatic transaminitis representing
the most common adverse effects. Lassman and colleagues
reported results of a retrospective analysis of 32 solid tumor
patients with brain metastases treated with high-dose
intravenous methotrexate.® The majority of patients had
primary breast cancer (91%), and 9 patients had received
concurrent radiotherapy, intrathecal chemotherapy, or
chemotherapy. A 28% partial response and 28% stable
disease rate were observed, with a median overall survival
of 19.9 weeks. The response rate among 23 patients who
received high-dose methotrexate monotherapy was similar,
with a 22% partial response rate.

Other Chemotherapy Agents Additional chemo-
therapy drugs have been investigated as single agents or

in combination therapy for brain metastases from solid
tumors. Combination therapy with etoposide and cispla-
tin has shown activity as initial therapy for brain metas-
tases from breast carcinoma, NSCLC, and melanoma.®
Teniposide (Vumon, Bristol-Myers Squibb) demonstrates
modest activity in brain metastases from lung cancer when
administered as a single agent® or in combination with
WBRT.® Topotecan produced responses in small-cell lung
cancer relapsed after WBRT.%
vinorelbine, gemcitabine (Gemzar, Lilly), and carboplatin

Combination therapy with

as well as cisplatin and vinorelbine has demonstrated
activity in brain metastases from NSCLC.*"#

In this regard, a randomized phase III study by
Robinet and associates tested the concept of delaying
WBRT for brain metastases up to 8 weeks in patients with
NSCLC.% The patients in the experimental arm were
treated with cisplatin and vinorelbine prior to WBRT.
Results demonstrated no survival difference between
arms, with an overall median survival of 23 weeks. It is
of interest in this study that the intracranial response
rate to chemotherapy was remarkably high at 27%, and
the WBRT-related response rate was perhaps somewhat
low at 33%.% Notably, survival was considerably shorter
than predicted based on the retrospective experience of
the Southwest Oncology Group (SWOG) in NSCLC
patients with brain metastases. In the SWOG experi-
ence, the poorest prognostic group with both active brain
metastases and systemic disease survived 12 months.*
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Lapatinib The tyrosine kinase inhibitor lapatinib
(Tykerb, GlaxoSmithKline) blocks signaling of EGFR1
and HER2. Recent experience suggests this drug probably
crosses the BBB and may have activity in the setting of
brain metastases from HER2/neu-positive breast cancer.”
Among 39 women with brain metastases from HER2/
neu-positive breast cancer (all had developed CNS disease
while on trastuzumab and 38 patients had progressed after
prior radiotherapy), partial responses and stable disease
were observed in 2 and 5 patients, respectively. In addi-
tion, volumetric analysis of response in 20 patients dem-
onstrated an improvement of at least 30% in 5 patients
and an improvement of 15-30% in 3 patients.”

RSR13 RSR13 (Efaproxiral, Allos) is synthetic alloste-
ric modifier of hemoglobin that noncovalently binds to
the hemoglobin tetramer and decreases the hemoglobin-
oxygen binding affinity, resulting in an increase in tissue
pO,.”"”* In contrast to other hypoxic radiosensitizing
agents, the radiation-enhancing effect does not rely on
direct diffusion of the agent into a tumor cell.” Previ-
ous experience with RSR13 in brain metastases from
solid tumors has been promising,” leading to the recent
reporting of a phase III study of RSR13 plus radiotherapy
versus radiotherapy alone in brain metastases (REACH
study).” Although median survival was not significantly
prolonged between the groups, overall response rate,
median survival, and performance status at 3 months
were improved in the subgroup of patients with breast
cancer. Among 115 patients with breast cancer, patients
randomized to RSR13 demonstrated a median survival
of 8.7 months compared with 4.6 months in the control
group (P=.006). At 3 months posttreatment, 35% of
breast cancer patients treated with RSR13 demonstrated
stable-to-improved KPS compared with 18% of patients
receiving radiotherapy alone (£=.001)."*% This has led
to a recently completed phase III trial of RSR13 with or
without radiotherapy in breast cancer patients with brain
metastases (ENRICH study).

Motexafin Gadolinium MGd is a metallotexaphryin
that catalyzes the oxidation of intracellular reducing
metabolites and generates reactive oxygen species. These
reactive oxygen species selectively concentrate in tumor
cells and promote apoptosis.”**” Tumor cells that have
taken up MGd are visualized by MRI due to the para-
magnetism of gadolinium.”®” Based on a promising 72%
radiologic response rate observed in a phase I/II study in
patients with brain metastases,'” a large phase III study
was performed to determine whether MGd combined
with WBRT resulted in improved survival and neurocog-
nitive function in patients with brain metastases from solid
tumors.” The SMART trial enrolled 401 patients (251

with NSCLC) who were treated with WBRT to 30 Gy
with or without MGd. Although no significant difference
was observed between the treatment groups in terms of
overall survival (median 5.2 months for MGd plus radio-
therapy vs 4.9 months for WBRT; P=.48) or neurologic
progression, a statistically significant improvement in time
to neurologic progression was observed in the subgroup
of patients with NSCLC.” These promising results have
led to a recently completed industry-sponsored trial of
WBRT with or without MGd in NSCLC brain metasta-
ses, and preliminary results suggest that in patients receiv-
ing timely therapy, neurologic progression is significantly
delayed with the use of MGd (10 vs 15.4 months).'!

Summary

WBRT remains the standard treatment for brain metas-
tases from solid tumors, although additional options
continue to be explored. Experience to date suggests that
surgery is an effective treatment option for a select popu-
lation of patients with stable systemic disease and good
performance status. Radiosurgery has shown decreased
rates of local relapse as a single intervention with
improved survival reported when radiosurgery is com-
bined with WBRT, but ongoing investigation is needed
to optimize patient outcomes with radiosurgery as a single
agent or in combination with other treatment modalities.
Recent data with agents such as TMZ in primary brain
tumors offer promise for treatment of brain metastases,
and newer radiosensitizing agents (RSR13, MGd) have
shown activity in combination with radiotherapy. Equally
important is the recent emphasis on preserving neurocog-
nitive function and quality of life during therapy of brain
metastases, and ongoing trials are increasingly considering
this outcome in the assessment of treatment benefit.
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