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Abstract
Objective: To investigate the effects of simultaneous integrated boost intensity-modulated radiotherapy (SIB) and sequential boost
conformal radiotherapy (CRT) in treatment of multiple brain metastases from lung adenocarcinoma. Methods: Forty-two patients with
multiple brain metastases from lung adenocarcinoma were analyzed. The epidermal growth factor (EGFR) mutations were negative, ECOG
(Eastern Cooperative Oncology Group) were not more than two, the diameters of brain metastases were from 0.5cm to 3.0cm and the
numbers of brain metastases were from three to five. The target volume of radiotherapy included whole brain and brain metastatic tumor.
The radiation models were divided into SIB in 26 cases and CRT in 16 cases. The median radiation dose of whole brains in SIB and CRT
groups were 40Gy, and the brain metastases tumor were 55Gy, 60Gy respectively, and the median number of radiotherapy for 22 times,
30 times. Thirty one patients followed by pemetrexed maintenance chemotherapy (PMC) or docetaxel maintenance chemotherapy (DMC)
and 11 patients received no maintenance chemotherapy (NMC). Results: The 1-, 3-, and 5-year survival rates of whole group were 92.8%,
23.8%, and 4.8%, respectively. The median survival time of SIB and CRT groups were 36 months, 29 months, respectively. The SIB group
was better than CRT group, and PMC was better than DMC or NMC. Multiple factors analyses showed ECOG, dose and times of brain
metastatic tumor radiotherapy, and cycles of PMC were independent risk factors for survival time. The late main adverse reaction was
hypomnesia. Conclusion: SIB was superior to CRT, and PMC could improve survival time.
Keywords: lung cancer; adenocarcinoma; brain metastases; conformal radiotherapy; maintenance chemotherapy; concurrent
chemoradiotherapy

Introduction
The brain is one of the most common metastatic organs
for lung cancer [1]. Brain metastases (BM) account for 10%
of lung cancer (NSCLC) patients at initial presentation [2],
with another 40–60% developing BM during the course
of their disease [3]. For patients with brain metastases
from lung cancer, the median survival time is one to two
months if they are not treated or best support treated [4].
The survival time of patients can be prolonged through
treatment [5-6]. Radiotherapy is the major and effective
treatment for multiple brain metastases, and the whole
brain radiotherapy (WBRT) is the standard treatment
for multiple brain metastases, while radiotherapy has
side-effect on patients’ life quality. It is common that
lung adenocarcinoma tends to develop multiple brain
metastases. Targeted therapy and radiotherapy and
other method can be used for the treatment of lung
adenocarcinoma with brain metastases of EGFR and/or
ALK gene mutation. But for non-mutation multiple brain
metastases, radiotherapy is the main treatment method.
During whole brain radiotherapy, giving boost radiotherapy
to tumors metastases can not only shorten treatment
time, but also increase dose of radiotherapy used for brain
metastases. Whether such method improves survival
chances of patients remains a question. This study aims

to investigate the effects of simultaneous integrated boost
intensity-modulated radiotherapy (SIB) and sequential
boost conformal radiotherapy (CRT) in the treatment of
multiple brain metastases from lung adenocarcinoma.

Materials and methods
1. Inclusion criteria
1. Newly diagnosed patients with lung adenocarcinoma,
whose pathology is proved to be lung adenocarcinoma
through bronchoscopic biopsy and/or lung biopsy, yet
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having no EGFR and ALK and such gene mutation found in
gene detection, diagnosed to have 3 to 5 brain metastases
(the diameters of brain metastases were from 0.5cm to 3cm)
through imaging tests, without other distant metastases,
and no history of brain surgery or radiotherapy; 2. Patients
who were in good health without history of chronic
diseases or major organs dysfunction, appearing normal in
laboratory tests of blood routine, liver and kidney function,
electrolytes, blood glucose and electrocardiogram; 3.
Patients had no obvious brain metastases, or had mild
headache or dizziness, scored 0-2 point in ECOG (Eastern
Cooperative Oncology Group); 4. Patients had only brain
metastases whose clinical stage were T1-3N0-1M1; 5.
Patients who have complete materials and receive regular

follow-up as requested. Written informed consent was
obtained from all patients, and the institutional research
ethics board of Shandong cancer hospital approved this
study (No SDTHEC201503048).
2. General clinical data
Forty-two patients with multiple brain metastases from
lung adenocarcinoma were analyzed from 2009-01-01
to 2014-12-31 in Shandong cancer hospital affiliated to
Shandong University, including 18 male patients and 24
female patients; all pathological types are adenocarcinoma,
including 4 high-differentiated cases, 19 moderatedifferentiated cases and 19 low-differentiated cases. Table
1 showed the general condition of 42 patients.

Table 1 General information of the 42 patients.
Items
Gender

Age (years)

ECOG scores

Numbers of brain metastases

Dose of whole brain radiotherapy (Gy)

Dose of brain metastases radiotherapy (Gy)

Times of radiotherapy

Whole group

SIB group1

CRT group2

p value3

Male

18

11

7

0.929

Female

24

15

9

Mean

57.40 ± 10.11

57.54 ± 9.63

57.19 ± 11.18

Median

59

59

59

Mean

1.31 ± 0.47

1.27 ± 0.45

1.38 ± 0.50

Median

1

1

1

Mean

3.76 ± 0.850

3.81 ± 0.89

3.69 ± 0.79

Median

3.5

3.5

3.5

Mean

40.33 ± 4.11

40.75 ± 3.63

39.64 ± 4.83

Median

40

40

40

Mean

55.29 ± 3.83

53.99 ± 3.44

57.39 ± 3.56

Median

55

55

60

Mean

24.00 ± 3.87

22.08 ± 2.45

27.12 ± 3.76

Median

23

22

30

0.915

0.484

0.662

0.405

0.004

0.000

SIB, Simultaneous integrated boost intensity modulated radiotharapy; 2CRT, Swquential boost conformal radiotherapy; 3p values refer to the comparison
between SIB group and CRT group.
1

3. Treatment protocol
The general treatment protocols included radiotherapy
and chemotherapy. First-line chemotherapy were included
docetaxel or pemetrexed combined with platinum.
Radiotherapy included thoracic radiotherapy and brain
radiotherapy.
1. Radiotherapy of brain metastases
Radiotherapy
positioning
and
definition
of
target volume: The patient lay supine on the
head immobilized device with thermoplastic mask being
fixed; enhanced CT 3mm-layer-thick sequential scan, and
enhanced MRI scan through the same immobilized
method; transmit scanned images to the Varian Eclipse
planning system workstations. To contour the intracranial
metastatic lesions defined as GTV (gross tumor volume,
GTV) at the fusion image of enhanced CT and MRI, and
to contour the whole brain defined as CTV (clinical target
volume, CTV). To expand GTV and CTV by 10mm and 5mm
defined as PTV-GTV (planning target volume, PTV) and PTVCTV, respectively.

Radiotherapy plan: Simultaneous integrated boost intensitymodulated radiotherapy group (SIB): prescription dose of
PTV-CTV was 1.8 Gy per time, and prescription dose of PTVGTV was 2.5 Gy per time, 22 times altogether; prescription
dose of whole brain was 39.6 Gy, and intracranial
metastases was 55.0 Gy (biological equivalent dose was
approximately 68 Gy). Radiotherapy would be reset after
about 15 times treatment, GTV would be recontoured and
the radiotherapy plan would be replaned. Among twentysix cases in this group, radiotherapy was not carried out 22
times in three cases.
Sequential boost conformal radiotherapy group (CRT):
Prescription dosages of PTV-CTV and PTV-GTV are both 2.0
Gy per time. The radiotherapy plan would be replaned after
about 20 times treatment and GTV would be recontoured,
and the prescription dose of whole brain was 40.0 Gy and
intracranial metastases was 60.0 Gy. Among sixteen cases
in this group, radiotherapies of two cases were not 30
times. The specific radiation dose and times were shown
in Table 1.
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The ranges of PTV-CTV total radiation doses used for SIB
and CRT groups were 36.0Gy-41.4Gy and 36Gy-40Gy. The
ranges of PTV-GTV total radiation doses used for SIB and
CRT groups were 50Gy-55Gy and 46Gy-60Gy.
2. The general principles of chemoradiotherapy on primary
lung lesions
All patients were given systemic chemotherapy during
radiotherapy of whole brain and intracranial metastases.
Chemotherapy regimens included docetaxel or pemetrexed
combined with platinum. After the brain radiotherapy,
primary lung tumors (and/or metastatic lymph node)
were given radiotherapy. According to the size of the
lesions and the dose of normal tissue tolerance, patients
received palliative or radical radiotherapy, and sequential
or concurrent chemotherapy. The primary lesions of lung
and metastatic lymph node were received radiation 28 to
30 times and the prescription dose was 56-60 Gy.
All the patients received 4 to 6 cycles of chemotherapy and
radiotherapy in primary lesions of lung and metastatic lymph
node, and 24 cases had concurrent chemoradiotherapy
and 18 cases had sequential chemoradiotherapy. All
the patients received at least 4 cycles of chemotherapy
(docetaxel or pemetrexed combined with platinum).
According to patients' Karnofsky score, blood routine,
liver and kidney function, etc., combining with the wishes
of patients, we recommended chemoradiotherapy and
following with single-agent maintenance chemotherapy.
After radiotherapy and chemotherapy, 31 patients received
maintenance chemotherapy, and 15 patients received
pemetrexed maintenance chemotherapy (PMC), and 16
patients received docetaxel maintenance chemotherapy
(DMC); 11 patients received no maintenance chemotherapy
(NMC). The cycles of maintenance chemotherapy were
from 2 to 13 cycles, the mean was 7.16 ± 3.46 cycles and
the median was 7 cycles.
3. Symptomatic and supportive treatment
During radiotherapy and chemotherapy, patients received
steroid hormone dexamethasone 5-10 mg/day and
mannitol 250-500 ml/day according to their intracranial
pressure symptoms and signs and so on.
4. Follow-up
All patients were given reexamination of enhanced chest
and upper abdominal CT and cerebral MRI to evaluate
the effect of treatment after one month radiotherapy
of brain metastases and primary lung tumors (and/
or metastatic lymph nodes). All reexaminations were
regularly once every three months after treatment of
two years, and once every six months after treatment of
3-5 years, once every year after treatment of five years.
If patients had any discomfort or changes, they could see
doctors immediately. Each time of reexamination could
be recorded of the patient's symptoms, signs, ECOG
score, imaging examination results, adverse reactions
of radiation and chemotherapy, such as nerve function
change. Reexaminations were including routine blood
test, liver and kidney function, electrolytes, glucose, tumor
biomarkers and other laboratory examination; enhanced

chest and upper abdominal CT, brain MRI, and memory
scale evaluation memory.
5. Adverse effect assessment
Radiation Therapy Oncology Group (RTOG) acute and
advanced radiation injury grading was used for the
adverse effect assessment of radiotherapy, and Common
Terminology Criteria for Adverse Events (CTCAE) v4.0
criteria for chemotherapy.
6. Endpoints
The primary endpoints were: overall survival (OS), treatment
response, causes of death and adverse effects. Treatment
response was defined as no serious symptom or slight
symptoms after treatment, no presence of intolerance, no
need for pharmacological treatment, lesions disappeared,
diminution or stabilization according to original imaging.
Treatment failure referred to no improvement or worsening
in symptoms, development of lesions presence of or new
lesions according to original imaging.
7. Statistical methods
SPSS17.0 was used for Kaplan-Meier survival analysis,
Logrank test and multiple factor analysis of prognosis.
χ2-Test was used for numeration data and t test for
measurement data. p < 0.05 was considered as significant
difference. Multiple factors Cox regression analysis was
used Wald-Test, and RR was the relative risk.

Results
1. The treatments of SIB and PMC improved survival time
Contrast-enhanced brain MRI was given one month after
treatment for efficacy evaluation, which revealed 3 cases
for complete response, 32 for partial response, 5 for stable
disease and 2 for disease progression. The response rate
was 95.2%. The intracranial and extracranial control rate
was 92.8% and 88.1% respectively. The 1-year, 3-year,
and 5-year survival rates were 92.8%, 42.8% and 4.8%
respectively. The 3-year survival rates were 53.8% and
25.0% in SIB and CRT groups respectively (χ2 = 3.365, p =
0.067). The median survival time was 36 and 29 months
respectively in SIB and CRT groups. The result was better
in SIB group than that in CRT group (χ2 = 5.714, p = 0.022)
(Figure 1 and Table 2).
The median survival time was 36, 33.5 and 28 months
respectively in PMC, DMC and NMC. The result showed
that PMC was better than DMC or NMC (χ2 = 9.852, p =
0.007) (Figure 2 and Table 3).
2. The factors associated with survival time
The multiple- factor analysis showed that the risk factors
related with survival were ECOG scores, radiotherapy dose
and times for brain metastases, pemetrexed maintenance
chemotherapy and cycles of maintenance chemotherapy.
Age, gender, radiotherapy dose for whole brain and
pathological grading had no significant influence on
survival (Table 4).
3. The adverse reactions related to treatment
Ten cases (23.8%) had acute radiation-induced central
nervous system reaction with 7 cases of Grade 1 and 3 of
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SIB and CRT groups

1.0
X =5.526
p=0.019

0.6

X =9.852
p=0.007
2

0.4

PMC
DMC
NMC
PMC-censored
DMC-censored
NMC-censored

0.8

Cum Survival

Cum Survival

0.8

Maintenance
chemotherapy

1.0

SB
CRT
SB-censored
CRT-censored

2

0.6

0.4

0.2
0.2
0.0
0.00

10.00

20.00

30.00

40.00

50.00

0.0

60.00

0.00

Survival time (months)

CRT group2

42

26

16

33.36 ± 10.77

36.31 ± 10.90

28.56 ± 8.91

0.022

33

36

29

0.019

Cases
Mean survival
time (months)

p
value

SIB group1

Median survival
time (months)

30.00

40.00

50.00

60.00

Figure 2 The survival time of pemetrexed or docetaxel maintenance
chemotherapy or no maintenance chemotherapy. PMC, Permetrexed
maintenance chemotherapy; DMC, Docetaxel maintenance chemotherapy;
NMC, No maintenance chemotherapy.

Table 2 Comparison of survival time between SIB group and CRT group.
Whole group

20.00

Survival time (months)

Figure 1 Survival time of SIB group and CRT group. SIB, Simultaneous
integrated boost intensity-modulated radiotherapy; CRT, Sequential boost
conformal radiotherapy.

Items/Groups

10.00

Grade 2. The main manifestations were symptoms of acute
radiation-induced hydrocephalus, which was improved after
mannitol and dexamethasone were given for symptomatic
treatment. There were no serious toxicities including
cerebral necrosis during brain chemoradiotherapy. There
were 15 cases (35.7%) of radiation-induced pneumonia,
including 6 cases of Grade 1, 5 of Grade 2, 2 of Grade 3
and 2 of Grade 4. Improvement was seen in 12 cases after
treatment, and the other 3 cases died.

SIB, Simultaneous integrated boost intensity modulated radiotherapy;
CRT, Sequential boost conformal radiotherapy.

1
2

Table 3 Comparison of survival time among patients by pemetrexed or docetaxe maintenance chemotherapy and no maintenance chemotherapy.
Items/Groups
Cases
Mean survival time (months)
Median survival time (months)

Whole group

PMC1

DMC2

NMC3

p value

42

26

16

11

33.36 ± 10.77

39.20 ± 10.92

32.62 ± 9.14

26.45 ± 8.86

0.008

33

36

33.5

28

0.007

PMC, Pemetrexed maintenance chemotherapy; 2DMC, Docetaxel maintenance chemotherapy; 3NMC, No maintenance chemotherapy.

1

Table 4 Multiple factors Cox regression analysis related to the survival of the 42 patients.
Factors

β

Wald value

RR

95% CI

p value

Gender

0.077

0.12

0.899

0.642 - 3.263

0.729

Age

0.002

0.042

1.002

0.961 - 1.028

0.838

Pathological grading

0.441

1.366

1.685

3.653 - 10.059

0.501

Numbers of brain metastases

0.126

0.353

0.882

0.580 - 1.339

0.552

Dose of whole brain radiotherapy

0.043

2.546

1.043

0.829 - 0.991

0.111

ECOG scores

1.802

48.629

6.062

0.701 - 4.189

0.000

Dose of brain metastases radiotherapy

0.129

29.217

0.879

0.735 - 0.975

0.000

Times of radiotherapy

-0.13

4.866

1.139

1.015 - 1.278

0.027

Maintenance chemotherapy

0.684

3.231

0.505

0.240 - 1.064

0.041

Cycles of maintenance chemotherapy

0.398

7.229

0.671

0.556 - 0.810

0.000
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4. The main causes of death of patients
All the patients were followed up till December 31, 2016 or
till death. 39 in 42 cases (92.8%) died, and the other 3 still
survived. 33 cases (84.6%) died of lung cancer progression,
among whom 9 (23.1%) died of intracranial metastasis
progression and 24 (61.5%) of extracranial metastasis
progression. 3 (7.7%) cases died of radiation-induced
pneumonia, 2 (5.1%) of myocardial infarction and 1 (2.6%)
of traffic accident.
In SIB group, 5 died of intracranial progression, 16 died of
extracranial progression, 2 died of myocardial infarction
and 1 died of traffic accident, and 2 survived. In CRT group,
4 died of intracranial progression, nine died of extracranial
progression, two died of radiation pneumonitis, and one
survived. There was no difference on causes of death
between SIB and CRT groups (χ2 = 0.688, p = 0.396).
5. Hypomnesia caused by radiotherapy
According to minimum mental state examination (MMSE),
34 (81.0%) cases presented with hypomnesia [7]. Among
the 27 patients above 55 years old, 25 (92.6%) had
presented with hypomnesia and the other 2 (7.4%) had no
hypomnesia. Among the 15 patients below 55 years old,
9 (60.0%) presented with hypomnesia, and the other 6
(40.0%) had no hypomnesia. There was significant different
between those above 55 years old and those not older
than 55 years old (χ2 = 6.643, p = 0.016).

Discussion
The brain is one of the most common metastatic organ
sites for lung cancer [1], including single and multiple brain
metastasis, the latter is more common, accounting for
about 70% [8-10]. There are more therapies for single brain
metastasis, including stereotactic radiosurgery (SRS) and
stereotactic hypofractionated-radiotherapy (HFRT). But for
multiple brain metastasis, the above two therapies are not
suitable and the main therapy is conventional radiotherapy,
especially for brain metastases without EGFR or ALK gene
mutation.
It is recommended by National Comprehensive Cancer
Network (NCCN) that radiotherapy in whole brain 30Gy/10
times is the standard therapy for multiple brain metastases
no less than 10. But for three to five brain metastases,
there is no standard radiotherapy. Our retrospective study
revealed that the overall response rate of simultaneous SIB
and CRT in whole brain and brain metastases was 95.2%
in the 42 patients. The intracranial and extracranial one
year control rate was 92.8% and 88.1% respectively. The
1-, 3-, and 5-year survival rates of the whole group were
92.8%, 23.8% and 4.8%, respectively. It is indicated that
simultaneous SIB and CRT has satisfactory efficacy and is an
acceptable therapy. Totally, 39 in 42 patients died, among
whom 33 (84.6%) died of lung cancer progression, including
9 (23.1%) due to intracranial metastasis progression and
24 (61.5%) due to extracranial metastasis progression.
Therefore, radiotherapy in the whole brain is effective for
controlling intracranial metastasis progression.
The median survival time in SIB and CRT groups was 36
and 29 months respectively, and there was a significant
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difference between the two groups. According to previous
studies [11], whole brain radiotherapy 30Gy/10 times could
improve symptoms and extend survival time for those
patients with poor general condition and symptomatic
multiple metastases. For those with fine general condition,
SRS, HFRT or SRS/HFRT in brain metastases plus whole
brain radiotherapy both have satisfactory efficacy. The
therapy without whole brain radiotherapy has significantly
decreased nervous adverse effects, and the therapy
without whole brain radiotherapy has significantly more
recurrence in intracranial metastases progression. The
recent 10-year studies have found that SRS is available for
one to four and even less than 10 brain metastases and
could improve life quality and survival time [12-14].
Whole brain radiotherapy could reduce intracranial
recurrence. Therefore, for those young patients with good
general medical condition, weighing the advantages and
disadvantages, if the treatment is intended to control
intracranial recurrence, SIB in whole brain and intracranial
metastases is recommended. Chang et al. found that
the 1-year recurrence-free survival time of Stereotactic
radiosurgery (SRS) plus WBRT in brain metastases is
significantly better than that of single SRS (73% vs 27%,
p = 0.0003) [15]. Patchell et al. found that whole brain
radiotherapy after surgery in brain metastases is helpful
to reduce recurrence rate and improve PFS and life
quality [16]. Surgery plus WBRT could significantly reduce
intracranial recurrence compared with single surgery (18%
vs 70%, p＜0.001) and decrease nerve-related mortality
(14% vs 44%, p = 0.003). However, the overall survival
between the two groups had no significant difference.
Therefore, whole brain radiotherapy could be applied in
clinical practice.
The common nervous adverse effect of whole brain
radiotherapy is hypomnesia, which is closely related with
age. It was found in the present study that, among the
15 patients no younger than 55, 9 (60.0%) had memory
loss, and 6 (40.0%) had no serious memory loss. There
was significance difference between the group above 55
and no younger than 55 (χ2 = 6.643, p = 0.016). The main
adverse effects of whole brain radiotherapy is nervous
damage, and the main manifestations include fatigue,
somnolence and recent hypomnesia within 6 months after
the treatment, and failing mental powers, poor memories
and change in character half a year after the treatment
and finally some patients could develop into dementia. It
has been found by a long-term follow-up after whole brain
radiotherapy the occurrence of dementia could be up to
11% [17]. Therefore, the adverse effects in nervous system
are acceptable. The adverse effects influencing patients’
quality of life (QOL) after whole brain radiotherapy were
mainly hypomnesia and change in character. Among the 42
patients in the present study, 34 (81.0%) had hypomnesia.
Although the rate of hypomnesia was relatively high, it
had no significant influence on QOL. The administration
of memantine at the time of radiotherapy could reduce
cognitive disorder. Memantine is inexpensive and tolerable,
and thus could be widely applied [18-21]. In addition,
whole brain radiotherapy keeping away from hippocampal
synapse could protect the neural stem cells in hippocampal
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synapse, which is helpful to improve the prognosis, relieve
hypomnesia [22-23] and improve QOL. As it is reported, the
metastatic rate of non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC) to the hippocampal synapse
is 2.8% and 18.2% respectively [24]. Gondi et al. reported
among 155 cases of NSCLC and 38 cases of SCLC, the rate
of metastasis to hippocampal synapse was 3.5% and 7.8%
respectively, however, none has hippocampal metastasis
[25]. Therefore, the protection of hippocampal synapse is
only suitable for preventive whole brain radiotherapy and
those patients with relatively fewer brain metastases.
The multiple factor analysis in the present study revealed
that the risk factors influencing survival include ECOG
score, radiotherapy dose and times of brain metastases.
The factors including gender, age, radiotherapy dose in
whole brain and pathological grading have no significant
influence on survival. The ECOG score is higher, the
poorer the prognosis will be, which is to correspondence
with the previous reports [26-28]. The radiotherapy dose
in intracranial metastases is positively related with the
prognosis. In the present study, the dose of SIB was 55
Gy/22 times, and the bioequivalence was about 68 Gy.
Thus the median survival time of SIB was significantly
longer than that of CRT. It has been reported that whole
brain radiotherapy will increase local control rate, which
could not transfer into survival benefit. Therefore, whole
brain radiotherapy is controversial at present. Especially
for those patients with poor general medical condition,
best support care has similar efficacy as whole brain
radiotherapy [5, 28-30]. It was revealed that radiotherapy
times are negatively related with the prognosis. Fewer
times of hypofractionation radiotherapy will bring more
satisfactory prognosis, which provides basis for SRS or
HFRT. But further prospective clinical studies are needed.
This study found that maintenance chemotherapy could
improve survival time, and the numbers of C cycles of
maintenance chemotherapy were positively related
to survival time as reported in the literature [31-34].
The continuation of pemetrexed maintenance therapy
was well-tolerated and offers superior OS compared
with docetaxel [35], further demonstrating that it is an
efficacious treatment strategy for patients with advanced
nonsquamous NSCLC and good performance status who
did not progress during pemetrexed-cisplatin induction
therapy.
In a previous study, patients with one to three brain
metastases treated with SRS plus WBRT, had a median OS
of 7.4 months for SRS plus WBRT [13]. In this study, the
median survival time was 36 and 29 months, respectively
in SIB and CRT groups, which was much longer than the
OS of IIIA and IIIB stage NSCLC patients in RTOG0617. The
reasons were including: 1. The clinical stage was T1-3N01M1 and brain-only oligometastases (the diameters of
brain metastases were from 0.5 cm to 3 cm) was potentially
cure. 2. Patients who were in good health without history
of chronic diseases or major organs dysfunction and had
no obvious brain metastases, or had mild headache or
dizziness, scored 0-2 point in ECOG. 3. Radical chemoradio
therapy was beneficial to improve survival.
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Above all, continuation maintenance with pemetrexed
may be a feasible treatment option for patients with
multiple brain metastases from lung adenocarcinoma.
SIB is effective and tolerable for whole brain and brain
metastases. The specific dose，numbers of times of
radiotherapy and how to reduce radiation- induced
hypomnesia need further clinical research.
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