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Figure 3. Compared with the results obtained 1 year earlier (A), technetium-99m bone scintigraphy revealed a worsening of the bone metastases (B). The ac-
cumulation of strontium-89 in a region corresponding to.the observed uptake of sodium pertechnetate was confirmed 1 week after strontium-89 injection (C).

Figure 4. Bone metastases were revealed using' computed tomography
(arrow). )

recurrences of the liver metastases were detected 18 months
after TAE (May 2011). Although we proposed additional
treatment by TAE or with anticancer agents, the patient
refused any additional cancer treatment. At that time, the
neuron-specific enolase level was normal (12.1 ng/ml). As of
June 2011, the patient continued to be followed up as an out-
patient, but she has not received any further treatment for
hypoglycemia.

DISCUSSION

Although most patients with malignant insulinoma have
lymph node or liver metastasis, there are very few reports in
which malignant insulinoma metastasized to a bone (5—7).
The prognosis of these patients is relatively poor with a
median survival period of ~2 years (8,9).

Glycemic control is a key aspect of managing malignant
insulinomas. Mild symptoms can sometimes be controlled
by diet (10). Some reports have shown good control of
blood glucose levels using a somatostatin analog (11—13).
Somatostatin analogs such as octreotide may be helpful for
the control of insulin release, but they can also suppress
counter-regulatory hormones such as growth hormones, glu-
cagons and catecholamines (10). In this situation,

somatostatin analogs can lead to the worsening of hypogly-
cemia (14). However, octreotide had neither a good nor a
bad influence on the hypoglycemia in the patient. Diazoxide,
an anti-hypertensive agent known to increase the blood
sugar level, inhibits the release of insulin in pancreatic beta
cells by opening ATP-sensitive potassium channels (15,16).
Its side effects include edema, weight gain, renal impairment
and hirsutism (10). Although our patient exhibited edema
and weight gain, her hypoglycemia did not improve (Fig. 1).
Some authors reported that selective TAE for liver metasta-
ses may have the greatest benefit, next to diazoxide (17—-22).
However, in the present patient, TAE was not effective for
glycemic control because unregulated secretion of insulin
was mainly caused by the bone metastases.

Concerning other treatment options, De Jong et al. (23)
reported that radiolabeled somatostatin analogs, such as
[(90)Y-DOTA, Tyr(3)] octreotide and [(177)Lu-DOTA,
Tyr(3)] octreotide, are promising treatment modalities for
patients with neuroendocrine tumors. However, these radio-
nuclide therapies are not available in Japan. Antiproliferative
agents such as streptozotocin, sunitinib and everolimus are
also good treatment options (24—26). However, these agents
are not covered by the national health insurance in Japan.

89Sr decays by beta emission, with a maximum beta energy
of 1.46 MeV, an average soft-tissue penetration of 2.4 mm
and a half-life of 50.6 days. After administration, 3Sr is taken
up into the mineral matrix of the bone and is selectively con-
centrated in areas of osteoblastic activity in disease-affected
bone, with a biological behavior resembling that of calcium
(27). The biodistribution of 89Sr parallels technetium bone-
scanning agents (28,29). Pain relief is often obtained 14—21
days after injection (30). Thrombocytopenia and neutropenia
are the most common toxic effects, but these effects are gen-
erally mild and reversible. Because *°Sr is eliminated mainly
via the kidneys, patients are advised to carefully dispose of
urine for the first 10 days after administration (27).

The biological mechanism by which ®Sr mediates pain
palliation remains unclear. In some basic studies, two pos-
sible mechanisms of pain palliation by ®*Sr have been pro-
posed (31). One of these mechanisms is a direct radiotoxic
effect on the cancer cells caused by the beta-ray emission
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from °Sr. The second mechanism is an indirect action
through prostaglandin E2 (PGE2) and interleukin-6 (IL-6)
produced by cells in response to **Sr. PGE2 and IL-6 are
known as potent biochemical modifiers of bone turnover. In
the patient, the mechanism of improved hypoglycemia was
thought to be a direct radiotoxic effect of **Sr on the cancer
cells. The tumoricidal effect of ®Sr on metastatic bone
tumors has been reported previously. Dafermou et al. (32)
reported that 3°Sr therapy resulted in the scintigraphic regres-
sion of bone metastases in patients with painful bone metas-
tases from prostate cancer. In addition, Porter et al. (33)
reported the reduction of tumor markers, including prostate
specific antigen and alkaline phosphatase in the *Sr therapy
of painful bone metastases from prostate cancer. Suzawa
et al. (34) reported a case of the complete regression of mul-
tiple painful bone metastases from hepatocellular carcinoma
after the administration of %Sr.

In our case, although obvious regression of bone metasta-
ses was not detected by the subsequent computed tomog-
raphy image (Fig. 4), the alkaline phosphatase level
decreased (Fig. 1). Because bone scintigraphy was not useful
for strict response evaluation, we did not perform it immedi-
ately after the strontium-89 injection in this case. Successful
pain relief was achieved. Although the intractable hypogly-
cemia was resistant to all other treatments, it was improved
by %?Sr therapy. Though *Sr therapy is generally indicated
for patients with multiple painful bone metastases, in this
case, it was also useful as a means of arresting tumor growth
and inhibiting tumor activity. To our knowledge, this report
is the first to provide evidence that **Sr can be useful in con-
trolling intractable hypoglycemia in malignant insulinoma
with bone metastases.

CONCLUSION

We experienced a case of malignant insulinoma and bone
metastases in which intractable hypoglycemia was success-
fully controlled by using radiopharmaceutical therapy with
89

Sr.
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Abstract

Background and purpose Whether chemotherapy for
systemic disease affects survival of patients with brain
metastases or not has not been elucidated before. We
performed comprehensive analysis of patients with newly-
diagnosed brain metastases primarily treated with whole
brain radiation therapy (WBRT) alone.

Materials and methods Data from 134 patients with
newly-diagnosed brain metastases primarily treated with
WBRT from 2007 to 2008 was retrospectively reviewed.
Univariate and multivariate analyses were performed to
identify significant prognostic factors.

Results Median survival time (MST) of this cohort from
the start of WBRT was 5.7 months. MST of patients with
RPA Class 1, 2 and 3 were 10.3, 7.8 and 2.2 months,
respectively. Multivariate analysis revealed that karnofsky
performance status (=70, p < 0.0001), gender (female,
p < 0.0001), activity of extracranial disease (stable, p =
0.015), time to develop brain metastasis (<3 months,
p = 0.042) and use of chemotherapy after WBRT (multi-
ple regimens, p < 0.0001) were independent prognostic
factors for better survival.

Conclusions Systemic chemotherapy for chemo-respon-
sive cancer prolongs survival despite the presence of
treated brain metastases. Irradiated brain metastases will
lose their prognostic significance in a large number of
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patients. Systemic chemotherapy will be a treatment of
choice for patients who have systemic disease after WBRT
for brain metastases. These results should be validated in
the future prospective clinical trials.

Keywords Brain metastasis - Brain metastases -
Radiation therapy - Whole brain radiation therapy -
Chemotherapy - Prognostic factors

Introduction

Brain metastasis affects 2040 % of cancer patients (Soffietti
et al. 2002). Brain metastasis is one of the major causes of
morbidity in cancer patients. The prognosis of patients with
brain metastasis is generally poor with a median survival time
(MST) of 1-2 months with corticosteroids only (Weissman
1988; Lagerwaard et al. 1999).

The route of metastatic dissemination to the brain is
often hematogeneous, therefore, the entire brain can be
seeded with micrometastatic focus. Traditionally, whole
brain radiation therapy (WBRT) has been regarded as the
standard treatment for patients with brain metastasis.
Overall survival of the patients after WBRT ranges
3—-6 months (Lagerwaard et al. 1999; Gaspar et al. 2010;
Tsao et al. 2005). Various dose/fractionation schedules of
WBRT were tested in clinical studies, which resulted in no
significant difference in median survival time after WBRT
(Tsao et al. 2005; Gaspar et al. 2010).

Recently, significant progress has been made for a
subset of patients with single or few brain metastases and
well controlled systemic disease. Surgical resection or
stereotactic radiosurgery (SRS) combined with WBRT
significantly prolonged survival (Patchell et al. 1990; Vecht
et al. 1993; Andrews et al. 2004). Median survival of
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patients who received these aggressive therapies ranges
7-10 months. Unfortunately, patients who entered into
these clinical trials represent only a small minority of the
patients with brain metastases. For the majority of patients
with multiple brain metastases and uncontrolled systemic
disease, only WBRT is the standard treatment of choice.

The role of chemotherapy in brain metastasis has been
limited because of the concern about the activity of che-
motherapeutic agent to cross the blood-brain barrier
(BBB). Recently, the activity of chemotherapy in brain
metastasis is highlighted (Robinet et al. 2001; Walbert and
Gilbert 2009; Mehta et al. 2010). Concurrent chemoradia-
tion therapies with BBB permeable agents, such as
Temozolamide or topotecan are currently under investi-
gation in prospective clinical trials. Some investigators
suggested that the permeability of BBB can alter after
fractionated radiotherapy for brain metastasis (Yuan et al.
2006; Wilson et al. 2009). However, whether the use of
chemotherapy affects survival of the patients with brain
metastasis or not has not been elucidated before.

The primary aim of this study was to perform compre-
hensive analysis of 134 consecutive patients with newly-
diagnosed brain metastases primarily treated by WBRT
alone in a single institution. The secondary aim was to
define independent prognostic factors associated with
longer survival after WBRT. The final aim was to inves-
tigate the prognostic value of chemotherapy on survival
after WBRT in patients with brain metastases.

Materials and methods
Patient characteristics

The database of patients who underwent radiotherapy for
brain metastases at our institution was reviewed. A total of
264 patients were treated with WBRT between 2007 and
2008. Of these, 23 patients received WBRT as a salvage
therapy after SRS. Another 39 patients received WBRT as
an adjuvant therapy after resection of metastatic brain
tumor. Forty-seven patients were metastases from radio-
sensitive primary tumor such as leukemia, lymphoma or
small cell carcinoma. Excluding these patients, we
reviewed the medical records of 155 patients with newly
diagnosed brain metastases treated with WBRT as a pri-
mary therapy. Of these, 19 patients presented with symp-
toms or radiographic findings of leptomeningeal
metastasis. We excluded these patients with leptomenin-
geal metastasis because they are known to have extremely
limited survival. Two patients were ineligible for evalua-
tion because of allergy to contrast media. Finally, a group
of 134 patients were subjected to extensive analysis. The
clinical and image interpretation data from these patients

@ Springer

Table 1 Distribution of baseline patient and tumor characteristics

Parameters n %  Parameters n %

Median age 60 Extracranial distant metastases
(years)

Gender Absent 11 8
Male 69 51 Stable 16 12
Female 65 49  Progressive 107 80

Karnofsky performance Activity of extracranical tumor

status (KPS)

100-90 46 34  Absent/stable 20 15
80-70 49 37 Progressive 114 85
60-50 29 22 Time to diagnosis of brain
metastasis
40-0 10 7 <3 months 21 16
Neurologic status 3-12 months 33 25
0 45 34 1-2 years 22 16
1 27 20 >2 years 58 43
2 34 25 Type of the diagnostic brain image
3 21 16 MRI 106 79
4 7 5 CT 28 21
RPA criteria Number of brain metastases
Class 1 5 4 14 40 30
Class 2 91 68 5-10 39 29
Class 3 38 28 11-24 29 22
Site of primary tumor >25 26 19
Lung 75 56 Size of the largest lesion
Breast 27 20 <10 31 23
Upper 11 8 11-20 46 34
gastrointestinal
tract
Colorectum 10 8 21-30 34 25
Genitourinary 5 4 >30 23 17
tract
Others 6 5 Chemotherapeutic regimens before
WBRT
Histological type None 22 16
Adenocarcinoma 114 85  Single 28 21
Squamous cell 9 7 Multiple 84 63
carcinoma
Others 11 8 Chemotherapeutic regimens after
WBRT
Primary tumor status None 70 52
Absent 57 42 Single 31 23
Stable 25 19  Multiple 33 25
Progressive 52 39 Molecular targeted therapy after
WBRT (>1 month)
No 100 74
Yes 34 26

RPA recursive partitioning analysis, MRI magnetic resonance imaging,
CT computed tomography, WBRT whole brain radiation therapy

were entered into database in December 2010. Distribution
of baseline patient and tumor characteristics is shown in
Table 1.
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Imaging studies

Diagnosis of brain metastases was performed mainly with
magnetic resonance images (MRI). In our institute, all
patients with lung cancer routinely undergo brain imaging
for initial staging or scheduled follow-up. Patients with
other solid tumors underwent brain imaging when brain
metastasis is clinically suspected. In this study, initial
diagnostic brain images included MRI in 106 patients
(79 %) and CT in 28 patients (21 %). Radiological features
assessed included number, maximum tumor diameter and
location. For follow-up brain images, change in size of the
tumors and presence of new metastases were recorded. At
least 20 % increase in diameter of the each preexisted
tumor before WBRT, taking as reference on the smallest
diameter after WBRT, was defined as local progression.

Treatment strategy

Treatment strategy for brain metastasis at our institution
was previously described elsewhere (Narita and Shibui
2009; Hashimoto et al. 2011). Patients who received
WBRT alone as a primary treatment for brain metastases
were subjected for this study. Patients with brain metas-
tases generally have extracranial systemic disease. After
WBRT, patients with known systemic disease were indi-
cated to start or continue chemotherapy if they still had
active chemotherapeutic regimen with sufficient organ
function and with Karnofsky performance status (KPS) of
70 or more. Salvage SRS was considered for recurrent
brain metastases after WBRT. Some patients with known
chemo-sensitive tumor continued palliative chemotherapy
for recurrent brain metastases.

Consent for the treatment was obtained from each
patient after the sufficient explanation of potential risks of
treatment. All the patients provided written informed
consent. Our institutional review board has approved this
study.

Whole brain radiation therapy

One hundred and thirty-four patients were intended to
receive WBRT. Of these, 128 patients were delivered to a
dose of 30 Gy in 10 fractions. Another 3 patients were
delivered to 37.5 Gy in 15 fractions, whereas one patient
was delivered to 20 Gy in 5 fractions. Two patients dis-
continued irradiation course because of the deterioration of
general condition at a dose of 12 and 24 Gy, respectively.

Retrospective analysis

All the medical charts of the eligible patients were
reviewed. Information on potential prognostic factors (age,

gender, KPS, neurologic status, site of primary tumor,
primary tumor status, activity of extracranial distant
metastases, time to develop brain metastasis, number of
brain metastases, size of the largest lesion, use of chemo-
therapy before or after WBRT) was collected.

Initial neurological function was classified into 4
categories (No symptoms: grade 0, Minor symptoms;
fully active without assistance: grade 1, Moderate
symptoms; fully active but requires assistance: grade 2,
Moderate symptoms; less than fully active: grade 3,
Severe symptoms; totally inactive: grade 4). Radiation
Therapy Oncology Group’s (RTOG) recursive partition-
ing analysis (RPA) classes were coded into 3 categories
as follows: Class 1: Patients with KPS > 70, <65 years
of age with controlled primary and no extracranial
metastases; Class 3: KPS < 70; Class 2: all the others
(Gaspar et al. 1997).

For the evaluation of extracranial disease status, if there
were no evidence of residual tumor after therapy, the
activity was coded as “absent”. If any tumor existed and
there is no increase in size of the tumor for more than
6 months, the activity was coded as “stable”. A continuous
use of same chemotherapeutic regimen didn’t impair the
coding of “stable”. If any tumor existed with any situation
other than “stable”, the activity was coded as
“progressive”.

Patients whose brain metastases were detected at the
same time or soon after the diagnosis of primary tumor (so-
called “synchronous” brain metastasis) may have different
prognosis. We defined “synchronous” brain metastasis as
those detected at the same time or detected within
3 months of the initial diagnosis of primary tumor.

For the analysis of prognostic effect of chemotherapy
before or after WBRT, three different cohorts were defined:
none, single regimen and multiple regimens. If a patient
received two or more different types of chemotherapeutic
regimens, the status was coded as multiple regimens. Any
type of hormonal therapy was regarded as a single regimen.
The status of the use of molecular targeted therapy was
defined as “yes”, if a patient continued to receive a specific
regimen for more than 1 month.

Statistical analysis

Overall survival from the start of WBRT was calculated
with the Kaplan—-Meier method. For univariate and multi-
variate analysis, all the variables were dichotomized
according to the clinical relevance from previous literature.
Univariate analyses were performed by using log-rank test.
Possible confounded variables were excluded from multi-
variate analysis. A Cox’s proportional hazards model was
developed to identify significant factors influencing sur-
vival after WBRT. All the tests of hypotheses were
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conducted at the alpha level of 0.05 with a 95 % confi-
dence interval. All the statistical analyses were performed
by using SPSS Statistics version 17.0 (SAS Institute,
Tokyo, Japan).

Results
Outcomes for the entire group

Median survival time (MST) for the entire patients from
the start of WBRT was 5.7 months. The 6 months, 1- and
2-year survival rate were 43, 28 and 12 %, respectively.
MST of the patients with RTOG’s RPA Class 1 (n = 5), 2
(n =91) and 3 (n = 38) were 10.3, 7.8 and 2.2 months,
respectively (Fig. 1). Median intracranial progression-free
survival (PFS) were 4.7 months, with 6 months, 1- and
2-year PFS of 35, 14 and 4 %, respectively. A total of 49
patients developed intracranial recurrence after WBRT.
The sites of first recurrence after WBRT were as follows:
local only (regrowth of preexisted tumors): 25 (51 %); new
metastasis only: 10 (20 %); both of local and new metas-
tasis: 12 (24 %); and leptomeningeal dissemination: 2
(4 %). Median local progression-free duration and median
intracranial new metastasis-free duration for the entire
patients were 9.7 and 18.0 months, respectively. At the
time of analysis, 5 patients were alive with disease. The
causes of death were identified in 118 patients. Of these, 38
patients (32 %) were due to intracranial tumor progression,
whereas 76 patients (64 %) were due to systemic disease.
Four patients (3 %) died from intercurrent disease. None
had died directly from toxicity of WBRT.
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Fig. 1 Kaplan-Meier survival curve for overall survival by RPA
criteria
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Factors influencing survival after WBRT: univariate
and multivariate analyses

Univariate analysis was performed on 12 different vari-
ables to evaluate their potential value on survival after
WBRT. Univariate analyses identified 9 variables which
significantly associated with good prognosis (Table 2).

Multivariate analysis was performed on 9 independent
variables. Table 3 summarizes the result of the multivariate
analysis for survival after WBRT. Multivariate analysis
revealed that KPS (=70 vs. 70, hazard rate (HR): 2.540,
p < 0.0001), gender (female vs. male, HR: 2.293, p <
0.0001), activity of extracranial disease (absent/stable vs.
progressive, HR: 2.134, p = 0.015), time to develop brain
metastasis (<3 vs. >3 months, HR: 1.926, p = 0.042), and
use of chemotherapy after WBRT (multiple vs. none/single
regimens, HR: 3.406, p < 0.0001) were independent prog-
nostic factors for overall survival.

Survivals depending on chemotherapy after WBRT

After WBRT, only two patients had no evidence of
extracranial tumor. The two patients didn’t receive further
chemotherapy until disease progression. Another 132
patient had known extracranial tumor including primary,
nodal or distant sites. They were indicated to start or
continue chemotherapy when it was clinically applicable.
A total of 64 patients with extracranial systemic disease
underwent chemotherapy after WBRT. Thirty-one patients
(23 %) received only a single chemotherapeutic regime,
and 33 patients (25 %) received multiple regimens. Fig-
ure 2 shows the survival curve by the use of chemotherapy
after WBRT. The MST of the patients who received none,
single and multiple regimens after WBRT were 3.3, 7.5
and 16.4 months, respectively (p < 0.0001). The use of
multiple chemotherapeutic regimens after WBRT was
found to be associated with better survival after WBRT in
multivariate analysis (p < 0.0001). Among 95 patients
with pre-irradiation KPS > 70, 59 patients (62 %) received
chemotherapy, whereas 5 patients (13 %) with KPS < 70
received chemotherapy. Among patients with KPS > 70,
the MST of the patients who received none, single and
multiple regimens after WBRT were 4.5, 7.9 and
16.4 months, respectively (p < 0.0001). Overall, 95 % of
the patients included in this study received chemotherapy
either before or after WBRT.

The effect of molecular-targeted therapy after WBRT

A total of 34 patients (25 %) received molecular-targeted
therapy after WBRT for 1 month or more. Of these
patients, the sites of primary disease were lung in 28, breast
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Table 2 Results of univariate

analyses for survival after Parameters n Median survival 6—m9nths I-yegr 2—ye?1r p value
WBRT time (months) survival (%) survival survival
(%) (%)
Overall patients 134 5.7 43 28 12 -
Age
<65 87 74 54 31 13
>65 47 49 38 22 11 031
Gender
Male 69 45 32 17 6
Female 65 9.1 66 40 20 0.0009
Karnofsky performance
status
>70 95 19 62 39 17
<70 39 22 15 3 0 <0.0001
Neurologic status
0-1 72 19 58 44 22
2-4 62 45 36 1 0 <0.0001
RPA criteria
Class 1-2 9% 79 61 37 18
Class 3 38 22 16 5 0 <0.0001
Site -of primary tumor
Lung 75 74 55 39 21
Others 59 45 39 14 2 0.001
Activity of extracranical
tumor
Absent/stable 20 9.1 60 40 25
Progressive 114 52 46 26 10 0.015
Time to develop brain
metastasis
<3 months 21 169 75 65 40
>3 months 113 52 43 21 7 0.002
Number of brain
metastasis
1-4 40 5.1 39 21 10
>5 94 62 52 31 13 0.53
Size of the largest lesion
<20 mm 69 74 53 36 16
>20 mm 65 5.1 42 20 8 0.11
Chemotherapeutic
regimens before
WBRT
None/single 50 72 52 42 20
Multiple 84 52 46 19 8 0.019
Chemotherapeutic
regimens after WBRT
RPA recursive partitioning None/single 101 4.0 33 13 4
analysis, WBRT whole brain Multiple 33 164 94 73 36 <0.0001
radiotherapy

in 5 and kidney in 1. All of the histological diagnoses of  receptor-tyrosine kinase inhibitor (EGFR-TKI) for a med-
lung primary patients were adenocarcinoma. Twenty-seven  ian duration of 7 months. Figure 3 shows the survival
lung primary patients received epidermal growth factor  curve by the use of molecular-targeted therapy after
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Table 3 Results of multivariate analysis for survival after WBRT

Variables Factors Hazard rate (95 % CI)  p value
Karnofsky performance status >70 versus <70 2.540 (1.627-3.966) <0.0001
Gender Female versus male 2.293 (1.541-3.412) <0.0001
Extracranial disease status Absent/stable versus progressive 2.134 (1.160-3.928) 0.015
Time to develop brain metastasis <3 versus >3 months 1.926 (1.025-3.620) 0.042
Number of chemotherapeutic regimens after WBRT  Multiple regimens versus none/single regimen  3.406 (2.013-5.761) <0.0001

CI confidence interval, WBRT whole brain radiation therapy
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Fig. 2 Kaplan-Meier overall survival curve by the use of chemo-
therapeutic regimen after WBRT

1.0 . ‘;‘_01
g 0.8
g 06 - P <0.0001
w
&
g
] 0.4 -
-9
&
A
0.2 H
------- -+
0.0
T T T T T
0 12 24 36 48
Months
Not used ; ------ Used

Fig. 3 Kaplan—-Meier overall survival curve by the use of molecular-
targeted therapy after WBRT

WBRT. The MST of the patients who received molecular-
targeted therapy after WBRT was significantly longer than
that of those who did not (164 vs. 4.0 months,
p < 0.0001).

) Springer

Discussion

Significant progress has been made over the last decades
for a subset of patients with single or few brain metastases
and well controlled systemic disease. In prospective ran-
domized clinical trials, surgical resection or SRS combined
with WBRT significantly prolonged survival in selected
patients with single or few brain metastases (Patchell et al.
1990; Vecht et al. 1993; Andrews et al. 2004). MST of
these patients who received combined therapy ranges
7-10 months. SRS alone in patients with one or few brain
metastases was comparable to SRS combined with WBRT
at least in terms of overall survival, with a MST of
8 months (Aoyama et al. 2006). Unfortunately, the patients
who entered into these clinical trials represent only a small
minority of patients with brain metastases. In clinical
practice, it remains unclear whether these aggressive
therapies have sufficient benefit for the majority of patients
with uncontrolled systemic disease or numerous brain
metastases. Currently, only WBRT is the standard treat-
ment of choice for these patients. The indication of SRS for
patients with brain metastases in clinical practice continues
to be a matter of debate.

Various prospective and retrospective studies have
shown that the treatment modality is the first most
important prognostic factor on long-term survival,
although the effect of patient selection bias is inevitable
(Andrews et al. 2004; Lagerwaard et al. 1999; Patchell
et al. 1990). To minimize the selection bias, we investi-
gated only patients primarily treated with WBRT alone in
this study. Numerous studies on prognostic factors in
patients with brain metastases have been published pre-
viously. The results of this study re-confirmed the value of
established prognostic factors reported in the literature.
Multivariate analysis showed that good KPS, stable
extracranial disease and female gender were independent
predictors of better survival after WBRT, in line with
previous literatures (Lagerwaard et al. 1999; Patchell et al.
1990; Aoyama et al. 2006; Gaspar et al. 1997; Swinson
and William 2008). Dose these pretreatment characteris-
tics fully determine the prognosis of patients with brain
metastases?
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Performance status is regarded as the second most
important prognostic factor in patient’s characteristics
(Lagerwaard et al. 1999; Aoyama et al. 2006; Gaspar et al.
1997; Fleckenstein et al. 2004; 20). Generally, patients
with low KPS are not indicated for aggressive therapy
other than WBRT alone. In this study, the MST of the
patients with KPS < 70 was only 2.2 months. The Per-
formance status of the patients with brain metastases fre-
quently deteriorated by extended intracranial disease.
Additionally, patients with very low performance status
were not indicated for further chemotherapy despite the
existence of systemic disease. In this study, only 5 patients
(13 %) with pre-treatment KPS < 70 received chemother-
apy after WBRT. We conclude that poor survival time of
the patients with low KPS is due to the systematic disease
progression, as well as intracranial disease progression.

In line with our study, activity of extracranial primary
disease is the third most important prognostic factor
reported in the literature (Lagerwaard et al. 1999; Aoyama
et al. 2006; Fleckenstein et al. 2004; 20). These finding
suggests that survival of patients with brain metastases is in
a large part, regulated by the extracranial status. Seventy-
six patients (64 %) included in this study died due to
systemic disease. This percentage is comparable to the
reports of prospective clinical trials with SRS alone or
SRS + WBRT for single or fewer numbers of brain
metastases with well controlled systemic disease (Sneed
et al. 1999; Andrews et al. 2004; Aoyama et al. 2006). This
result highlights the modest effectiveness of WBRT on
brain metastases. WBRT alone have adequate efficacy to
avoid neurologic death for about two-thirds of patients with
brain metastases. If we consider the high morbidity rate
from systemic disease after WBRT, chemotherapy is the
primary therapeutic approach for the control of extracranial
disease. Therefore, systemic chemotherapy for chemo-
responsive cancer prolongs survival despite the presence of
treated brain metastases. Irradiated brain metastases will
lose their prognostic significance in a large number of
patients.

The role of chemotherapy in brain metastasis itself has
been limited. Although there is some breakdown of blood—
brain barrier (BBB) around brain metastases, the concen-
trations of most of the chemotherapeutic agents are still
very limited within the lesion (Gerstner and Fine 2007).
However, some chemotherapeutic agents are known to
have activity of crossing BBB. Temozolomide (TMZ) is a
third generation alkylating agent, and it can cross the BBB
because of its small size and lipophilic properties (Oster-
mann et al. 2004). Some clinical trials suggest that single
agent TMZ has some activity in patients with recurrent
brain metastases (Christodoulou et al. 2001; Siena et al.
2010). Several Phase II clinical trials of TMZ combined
with WBRT were performed with promising results

(Antonadou et al. 2002; Addeo et al. 2008). These trials
proved improved response rate and neurologic function
with addition of TMZ to WBRT. A phase III clinical trial
of WBRT plus SRS with or without TMZ or Erlotinib in
patients with brain metastases is now ongoing (Clinical-
Trials.gov identifier: NCT00096265). Patients with 1-3
brain metastases from histologically confirmed non-small
cell lung cancer, well circumscribed, maximum diameter of
4 cm or less, no metastasis within 10 mm of the optic
apparatus, no metastasis in the brain stem and stable
extracranial metastases are enrolled. Patients are random-
ized to three groups: Arm 1: WBRT + SRS, Arm 2:
WBRT + SRS + TMZ, Arm 3: WBRT + SRS + erloti-
nib. Patients in Arm 2 and 3 begin TMZ or erlotinib on the
first day of WBRT and continue up to 6 months. The pri-
mary endpoint is overall survival, and secondary endpoint
includes time to CNS progression, performance status at
6 months, steroid dependence at 6 months, cause of death
and effect of non-protocol chemotherapy.

Topotecan is a semi-synthetic analogue of the alkaloid
camptothecin, which selectively inhibits topoisomerase 1.
Topotecan crosses the BBB, because of its low protein
binding property (Baker et al. 1996). Single agent topo-
tecan has positive activity in patients with brain metastases
from small cell lung cancer (Korfel et al. 2002). A phase III
multicentric clinical trial of topotecan and WBRT for
patients with brain metastases form lung cancer was
planned, however, was terminated because of low patient
accrual (Neuhaus et al. 2009). This trial failed to show
clear benefit of adding topotecan to WBRT. Another
multicentric phase III clinical trial is ongoing (Clinical-
Trials.gov identifier: NCT00390806). Patients with at least
one brain metastasis form non-small cell lung cancer, who
have received previous chemotherapy are enrolled. Patients
are randomized to two groups: experimental arm: topo-
tecan + WBRT, control arm: WBRT alone. The primary
endpoint is overall survival, secondary endpoint includes
response rate, time to response, time to progression, brain
tumor symptom, safety and tolerability. We think that these
clinical trials for brain metastasis should evaluate the effect
of non-protocol chemotherapy on survival. In the next
5 years, the results of these phase III, multicentric clinical
trials will become available to further define the role of
these chemotherapeutic agents when combined with
WBRT and SRS, or both.

Some investigators suggest that the permeability of BBB
in brain tumors can alter during or ever after fractionated
radiotherapy (Yuan et al. 2006; Wilson et al. 2009; Cao
et al. 2005). After irradiation, the BBB may be partially
disrupted so that some chemotherapeutic agents can reach a
therapeutic level in the metastatic tumors. This is another
explanation of the value of systemic chemotherapy after
WBRT. In fact, subset analysis of this study showed that
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the use of chemotherapy after WBRT was also an inde-
pendent prognostic factor predicting longer local tumor
progression-free duration (data not shown). We believe that
some brain metastases become sensitive to chemotherapy
after irradiation. Chemo-sensitivity of brain metastases can
affect the survival of a part of patients with treated brain
metastases. Therefore, systemic chemotherapy will be a
treatment of choice for those who have systemic disease
with irradiated brain metastases. If a patient have a plan of
definitive chemotherapy for primary disease after the
treatment of brain metastases, such patient can be a good
candidate for more aggressive therapy for brain metastases.

Another topic of debate is whether molecular-targeted
therapy has a significant role on brain metastasis or not.
Some investigators advocated that EGFR-TKI has prom-
ising activity on previously untreated brain metastases
from lung adenocarcinoma (Wu et al. 2007; Kim et al.
2009; Katayama et al. 2009). Another investigator reported
activity of trastuzumab on brain metastasis from HER2-
overexpressing breast cancer (Park et al. 2009). In this
study, the MST of the patients who received molecular-
targeted therapy after WBRT was significantly longer than
that of those who did not. In the subset analysis of this
study, use of molecular-targeted therapy after WBRT was
also a significant predictor of longer local progression-free
duration (data not shown). We believe that molecular-tar-
geted therapy could have some activity on the local control
of some brain metastases.

Patients with “synchronous” brain metastasis survived
significantly longer than “metachronous” brain metastasis
patients in this study. Short time to develop brain metas-
tasis was marginally independent prognostic factor in
multivariate analysis. This is in line with a literature of
surgical removal or SRS for brain metastasis (Flannery
et al. 2008; Bonnette et al. 2001; Hu et al. 2006). It is easy
to assume that systematic disease of patients with “syn-
chronous” brain metastasis would more likely to respond to
the following chemotherapy. The “synchronous” brain
metastasis may be more sensitive to radiotherapy, when
compared to brain metastasis emerged after repeated
chemotherapies. Also in agreement with some literature
(Lagerwaard et al. 1999; Swinson and William 2008),
female patients survived significantly longer than male
patients. In particular, the prognosis of female patients with
brain metastasis form lung primary has reported to be
significantly better than that of male patients (Lagerwaard
et al. 1999; Sanchez de Cos et al. 2009). We should further
continue to investigate these clinical characteristics of
brain metastases.

We acknowledge that the present study had certain
limitations because of its retrospective nature. First, the
results of this study might be highly influenced by patient’s
selection bias. Patients with brain metastases which well
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responded to WBRT may have more opportunity for
receiving multiple chemotherapy after WBRT. Second, our
cohort should deviate to patients with numerous brain
metastases with uncontrolled systemic disease. Because we
included only patients with brain metastases primarily
treated by WBRT alone, patients with poor prognosis
should be negatively selected for this study. Currently, we
are investigating the patients with one or few brain
metastases primarily treated by SRS alone, and it will be
described in another report. Actual prognostic value of
chemotherapy on survival after WBRT for brain metastases
should be validated in future prospective clinical trials.

Conclusions

In addition to the confirmed prognostic factors previously
reported in the literature, the use of multiple chemothera-
peutic regimens after WBRT was associated with better
survival. Systemic chemotherapy for chemo-responsive
cancer prolongs survival despite the presence of treated
brain metastases. Irradiated brain metastases will lose their
prognostic significance in a large number of patients.
Systemic chemotherapy will be a treatment of choice for
patients who have systemic disease after WBRT for brain
metastases. These results should be validated in future
prospective clinical trials.
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