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Abstract
Purpose/Objective: Brain metastases account for more than 
one-half of all intracranial malignancies. The prognosis of can-
cer patients with brain metastases has been dismal even with 
the availability of surgery, stereotactic radiosurgery, whole brain 
radiation therapy or the combination of these modalities. This 
study is to explore the impact of post-whole brain radiotherapy 
systemic treatment on patient survival.

Material/Methods: From July 1, 2005 to May 1, 2016, a co-
hort of patients with brain metastases was treated with whole 
brain radiation therapy, daily treatment, five days per week. Data 
was analyzed by comparing the survival difference between the 
group of patients who received post-whole brain radiation ther-
apy systemic treatment and the group of patients who did not 
have post-whole brain radiation therapy systemic treatment.

Results: A total of 65 patients, male 31, female 34, aged 25 to 
92 years old were identified. Eleven out of 65 patients received 
post-whole brain radiotherapy systemic treatment including 
chemotherapy (for 8 out of 11 patients), target therapy (for 2 
out of 11 patients), and chemotherapy plus target therapy (for 1 
out of 11 patients). The median post-whole brain radiation ther-
apy survival for patients who received post-whole brain radia-
tion therapy systemic treatment was 13.5 months, compared to 
a much shorter median survival of only 2.5 months for patients 
who did not receive post-whole brain radiotherapy systemic 
treatment.

Conclusion: Post-whole brain radiation therapy systemic treat-
ment increases the overall survival of patients with brain metas-
tases.
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Introduction
Brain Metastases (BM) occur in about 10-20% of patients with 
cancers and account for more than a half of the intra-cranial 
malignancies [1-3]. Even with the modern advances in surgery, 
Stereotactic Radiosurgery (SRS), and Whole Brain Radiation 
Therapy (WBRT), the prognosis of patients with BM is still dis-
mal. With supportive care only, the median survival is about 1 to 
2 months, with WBRT, median survival can be increased to 3-6 
months [4-6]. Stereotactic radiosurgery is limited by the size, lo-
cation, and numbers of the metastatic deposits [7,8]. The role of 
surgery is very much limited to tissue diagnosis in some cases. 
Most cancer drugs including chemotherapy agents do not cross 
Blood Brain Barrier (BBB) to be effective [9-11]. The emerging 
target therapy agents have showed some activities against BM 
but still with limited duration of responses [12-17]. It is time to 
explore new ways to treat BM. Based on my personal clinical 
observation; I noticed that some of the patients survived much 
longer than the average. With curiosity, I reviewed the litera-
ture and I have not found any studies which specifically looked 
at the impact of post-WBRT systemic therapy on the survival 
of patients with BM. This retrospective study is to explore the 
impact of post-WBRT systemic treatment on the survival of pa-
tients with BM.

Materials and Methods
From July 1, 2005 to May 1, 2016, a consecutive cohort of pa-
tients with brain metastases treated with WBRT was retrospec-
tively studied. All patients were treated with WBRT with daily 
treatment, five days per week. Most of the patients received ei-
ther 30 Gy in 10 or 12 fractions. A few patients were treated with 
20 Gy in 5 fractions. Patients were referred to medical oncology 
for post-WBRT systemic therapy. Medical oncologists assessed 
patients for either chemotherapy or target therapy.

One 78-year-old patient with breast primary received SRS, 20 
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Gy to 3 lesions. She was found with multiple new lesions 3 
months later and substantial progression of the treated lesions 
5.5 months later and re-SRS was not feasible and she was then 
treated with WBRT.

Another 48-year-old patient with breast primary and diffuse BM 
received WBRT initially. Four months later, her BM regrew. She 
was treated with SRS, 16-18 Gy to 5 lesions. Three months after 
SRS, her BM had mixed responses, but she developed extensive 
progression 4 months after SRS.

Statistical Analysis
The survival difference between the group of patients who re-
ceived post-whole brain radiation therapy systemic treatment 
and the group of patients who did not have post-whole brain 
radiation was analyzed statistically by using student t test.

Results
A total of 65 patients, male 31, female 34, aged 25 to 92 years 
old were identified. Majority of patients were with lung cancer 
and breast cancer (Table 1, Figure 1). Fifty six out of 65 pa-
tients had multiple brain lesions. Sixty two out of 65 patients had 
extra-cranial diseases. Eleven out of 65 patients received post-
WBRT systemic treatment including chemotherapy (8 out of 11 
patients), target therapy (2 out of 11 patients), and chemotherapy 
plus target therapy (1 out of 11 patients) (Table 2). All of those 
11 patients had extra-cranial diseases. One out of those eleven 
patients had a solitary BM (4.8 cm).

Primary Number of 
Patients

Age 
(Median)

Post-WBRT 
Systemic Therapy

Lung Cancer 37 45-84 (64) 7

Breast Cancer 13 25-92 (60) 2

Rectal Cancer 3 62-80 0

Colon Cancer 2 59-68 0

Stomach cancer 2 59-60 0

Endometrial Cancer 2 55-69 0

Ovarian Cancer 2 62-67 1

Unknown primary 2 34-70 0

Melanoma 1 57 1

Esophageal Cancer 1 64 0

Total 65 25-92 (63) 11

Table 1: Patient Characteristics.

Figure 1: Patient allocation according to the primary cancer.

Patient Age Gender Primary WBRT Systemic Therapy Time of Systemic 
Therapy

Post-WBRT Sur-
vival (Months)

1 73 m Lung 30 Gy/10 fractions Afatinib 30 days 20 alive

2 53 m Lung 30 Gy/12 fractions Carbo+Taxol x4 cycles 60 days 7

3 61 f Lung 30 Gy/12 fractions Carbo+gem x4 cycles 74 days 18

4 63 m Lung 30 Gy/10 fractions Carbo+gem, erlotinib 150 days 13.5

5 57 m Melanoma 30 Gy/10 fractions dabrafenib -14 days 5

6 62 f Ovarian 30 Gy/12 fractions Caely, carbo 145 days 21

7 59 f Lung 30 Gy/10 fractions Carbo+gem, docetaxel 12 days 5

8 62 m Lung 30 Gy/12 fractions Carbo + gem 37 days 22

9 61 m Lung 30 Gy/10 fractions Carbo + gem 170 days 14

10 72 F Breast 30 Gy/12 fractions Xeloda 180 days 11.3

11 44 F Breast 20 Gy/5 fractions Capecitabine 5 days 8

Table 2: Summary of patients received post-WBRT systemic therapy.

Patients who received post-WBRT systemic treatment survived 
longer, compared with those who did not (Figure 2). The median 
post-WBRT survival for patients who received post-WBRT sys-
temic treatment was 13.5 months, compared to a much short me-
dian survival of only 2.5 months for patients who did not receive 

post-WBRT systemic treatment (P<0.001) (Figure 3). There 
were only two patients in the non-post-WBRT systemic therapy 
group survived relatively long with one survived 10 months and 
another one survived 12 months after WBRT.
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Figure 2: Post-WBRT percentage month survival. The percentage 
of survival was calculated by the number of patients who were 
alive at the end of a 30-day month divided by the total number of 
patients in each group. Figure 3: Post-WBRT median survival.

Cancer progression Uncertain Non-cancer related
Intra-cranial Extra-cranial

WBRT + Drug WBRT alone WBRT + Drug WBRT alone
WBRT+ Drug WBRT alone WBRT+ Drug WBRT alone

1 (10.0%) 46 (85.2%) 8 (80.2%) 4 (7.4%) 0 (0.0%) 4 (7.4) 1 ¥ (10.0%) 0 (0.0%)

Table 3: The causes of death of patients with brain metastases.
*One out of 11patients who received post-WBRT target therapy is still alive 20 months after WBRT 
¥Patient died of pneumonia

The observed most common side effects were significant fatigue 
which started from the second week of WBRT and lasted about 
2-3 months, and alopecia which started about 2-3 weeks after 
radiotherapy and then grew back gradually about 3 months later. 
Mild short memory decease was observed in some patients.

Impaired hearing ability was noticed for one patient who had 
some unilateral hearing impairment before treatment and be-
came worse after radiotherapy. This 73 years old man presented 
with Stage IV lung cancer with spinal and brain metastases. He 
has been on afatinib after WBRT and radiotherapy to the spinal 
metastases and he has no visible cranial disease 18 months after 
WBRT.

The causes of death are very much different between the two 
groups of patients (Table 3). At least 80.2% of patients who did 
not receive post-WBRT systemic treatment died of intracra-
nial cancer progression quickly, while 80.0% of patients who 
received post-WBRT died of extra-cranial cancer progression 
much later.

Discussion
This study demonstrates post-WBRT systemic therapy, chemo-
therapy or target therapy significantly increases overall surviv-
al in patients with BM with a median survival of 13.5 months, 
compared with a much shorter median survival of only 2.5 
months for those who did not receive post-WBRT systemic 
treatment. It is noticeable that most of the patients in this cohort 

did not receive post-WBRT systemic treatment. This was due 
to a number of factors. Some of the patients died quickly after 
WBRT due to the progression of BM and therefore did not have 
chance to be offered systemic treatment while some of the pa-
tients were not offered systemic therapy due to the concern of 
their performance status. Often the post-WBRT fatigue was in-
terpreted as poor performance. Some patients with pre-treatment 
neurological deficits convalesced gradually after WBRT and 
their performance statuses before a full recovery were deemed 
not good enough to receive systemic therapy by medical oncolo-
gists. As one can see, most of the patients in this study received 
post-WBRT systemic therapy very late. This was chiefly due to 
patients’ slow recovery from their neurological deficits due to 
BM and side effects such as significant fatigue related to WBRT. 
Overall, medical oncologists are very reluctant to offer systemic 
therapy, specially chemotherapy to patients with BM because 
of the perceived poor prognosis in terms of limited life expec-
tancy due to BM even patient’s extra-cranial disease is under 
control or there is no evidence of extra-cranial disease. There is 
no doubt that some of those patients who did not receive post-
WBRT systemic therapy might benefited from it should they be 
offered one. This is especially true based on the data that the 
WBRT effects like the ones from SRS are generally not durable. 
Therefore, there is a window opportunity for systemic therapy. 
The best time for systemic treatment to be effective is before the 
BM regrows again and before the radiation-disrupted BBB is 
fully repaired again.

Studies showed that the timing of systemic therapy is critic. Up-
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disease recurrence or progression by about 50% compared with 
SRS alone, but it has not been shown to extend overall survival 
[27-29]. Furthermore, the response duration seems as short as 
WBRT alone and the high rate of intracranial failure associated 
with SRS often is not salvageable by re-SRS or WBRT as indi-
cated in this study.

The intrinsic sensitivity of a tumor to chemotherapy agent is as 
critical as the ability of the drug to reach the brain tissue. This 
has been well demonstrated by studies that combined temozolo-
mide with WBRT. Temozolomide has not been used as a part of 
the standard chemotherapy to the extra-cranial lung cancer due 
to its lack of intrinsic sensitivity of lung cancer. Because it can 
easily cross the BBB and presents in the brain parenchyma, it 
was used to combine with WBRT in treating patients with BM 
from NSCLC in several clinical trials without favorable results 
[30,31].

The arguments in favor of using SRS instead of WBRT in treat-
ing patients with BM have been the concern of possible long 
term neurocognitive decline related to WBRT. However, those 
were mostly based on limited period of observations. In one 
multi-institute randomized study, patients with 1 to 3 brain me-
tastases were randomized to receive SRS or SRS plus WBRT. 
There was less cognitive deterioration at 3 months after SRS 
alone than when combined with WBRT, but time to intracranial 
failure was significantly shorter for SRS alone compared with 
SRS plus WBRT, and there was no significant difference in func-
tional independence at 3 months between the treatment groups. 
For long-term survivors, the incidence of cognitive deterioration 
was less after SRS alone at 3 months and but the difference was 
significantly narrowed at 12 months [29]. A more recent study 
[32] has found that the overall prevalence of leukoencephalop-
athy (significant diffuse white matter changes and it usually im-
plies a neurocognitive decline) was 42, 60, 73 and 84% at 1, 2, 
3, and 4 years after SRS. This study indicated that long-term BM 
survivors treated with SRS are at progressive risk for developing 
leukoencephalopathy which may lead to neurocognitive decline 
even dementia, especially for those with a higher BM burden, 
higher integral SRS dose to the brain.

Our current study clearly brings a new and better approach in 
treating patients with BM. It is especially useful for those pa-
tients whose extra-cranial diseases have controlled by effective 
chemotherapy drugs which are unable to cross the BBB to deal 
with their BMs. The limitations of this study are retrospective 
and the number of patients is relatively small. Further study is 
planned to include the whole institutional cohort of patients. 
Nevertheless, considering the dismal average survival of pa-
tients with BMs who were treated with single modality with 
WBRT, SRS, surgery or combined surgery plus WBRT or SRS, 
our study has shed a light on new direction in managing patients 
with BMs.

Conclusion
The effects of WBRT alone are short. Recurrence at the same 

front systemic treatment is inferior to upfront WBRT. Patients 
who were treated with upfront target therapy with erlotinib had 
less durable intracranial response with a significantly shorter 
time to intracranial progression, and those patients were more 
likely to experience intracranial failure as a site of first progres-
sion [18]. Another study found that both progression-free and 
overall survival were inferior in patients treated with upfront 
erlotinib compared with upfront radiotherapy and the death rate 
due to intracranial progression was higher among patients who 
received upfront erlotinib [19]. This may indicate that target 
therapy agent reaches the cancer cells in the brain tissue more 
sufficiently after the disruption of the BBB by upfront WBRT or 
the damages of cancer cells are more efficient or more effective 
by WBRT initially when the patient is eligible to receive target 
therapy.

Concomitant systemic treatment with WBRT was tried in sev-
eral studies. The Radiation Therapy Oncology Group (RTOG) 
conducted a phase III study, 126 patients with Non-Small Cell 
Lung Cancer (NSCLC) and 1 to 3 brain metastases were treated 
with WBRT plus SRS, WBRT plus SRS plus temozolomide, or 
WBRT plus SRS plus erlotinib [20]. The overall survival was 
much shorter in each of the combined drug therapy with WBRT 
arms compared with WBRT/SRS alone, and toxicity was signifi-
cantly higher in patients who received concomitant drug therapy. 
The results of this study suggest that concomitant systemic treat-
ment with WBRT is detrimental.

It has been well documented that the BBB is disrupted by brain 
irradiation and the destruction of the BBB in irradiated brain 
tissue showed a linear relation with radiation dose. After ad-
ministering a total dose of 30 Gy the permeability increased to 
75% and this returns to pre-treatment levels 8 moths later and 
the BBB recovered completely in normal brain tissue [21]. This 
provide a therapeutic window opportunity for systemic agents to 
reach the parenchyma of the brain, especially for those chemo-
therapy drugs which do not cross the normal BBB at all or cross 
with insufficient amount.

Surgery may add survival benefit onto WBRT but this has been 
only proved in patients with solitary BM [22-24]. The overall 
survival of these highly selected patients was only about 10 
months. Patients with single BM resected by surgery have a 
50-60% risk of local recurrence at the surgical site within 6-12 
months [8,25,26]. In our study, there were only a small num-
ber of patients who had solitary BM but none of those was a 
candidate for neurosurgery. All, except one, of our patients who 
received post-WBRT systemic therapy had multiple BMs and 
yet the median overall survival for this group of patients reached 
13.5 months which is apparently superior to that achieved in pa-
tients with solitary BM resected by surgery followed by WBRT 
in the literature.

SRS was associated with inferior surgical site control as well 
as much higher intracranial recurrence and the local recurrence 
was even higher if the preoperative tumor diameter is larger than 
2.5 cm. The adjunctive WBRT reduced the risk of intracranial 
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sites or new intracranial metastases is very high for patients 
treated by surgery or SRS alone. Single modality alone rarely 
induces adequate or durable control of the disease for patients 
with BM. The effects of systemic therapy including chemother-
apy and or target therapy alone is short-lived even the agent can 
cross the BBB. Systemic therapy should be aggressively con-
sidered after upfront brain irradiation. SRS may cause isolated 
disruption of the BBB at the sites of treatments and this may 
not be enough for systemic therapeutic agents to reach the brain 
tissue which harbors microscopic or small metastatic deposits 
which are not targeted by SRS. The best way to manage BM 
with better outcome is to pursue multidisciplinary or multimo-
dality approaches such as upfront WBRT followed by systemic 
therapy either chemotherapy or and target therapy.
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