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Abstract

Background: Brain metastases (BM) is an important factor in shortening the lives of patients with lung cancer. It is not rare that the physician 
encounters the brain metastases with cystic components. We analyzed the efficacy and prognosis of different therapeutic schedules in BM of NSCLC 
patients with cystic component. 

Methods: A retrospective study of patients with pathologically confirmed stage IV non-small cell lung cancer was conducted. All patients were 
with cystic BMs. We analyzed the clinical characteristics of these patients and the efficacy of targeted drugs and chemotherapy regimens. 

Results: A total of 43 patients (43/519, 8.3%) developed cystic BMs. We evaluated these 43 NSCLC patients, including 30 adenocarcinomas 
and 13 squamous cell carcinomas. The incidence of gene mutation including EGFR mutation and ALK fusion was 75.9% (22/29) of patients who 
undergoing genetic detecting. Then, 33 patients received treatment and had been evaluable efficacy. There was significant difference between 
targeted regimens and chemotherapy treatment for progression-free survival (PFS) (12.2 months vs. 6.2 months, P=0.001) and overall survival 
(OS) (47.4 months vs. 15.0 months, P=0.001). The PFS between patients who were brain lesions progression firstly and extra-cerebral lesions firstly 
was significant difference (6.2 months vs 13.0 months, P=0.017). In addition, there were no significance difference of patients with or without 
radiotherapy in patients with cystic BMs for OS (P=0.085). 

Conclusion: The BM with cystic component may be more likely to occur in genetic mutated NSCLC patients. There is difference prognosis of 
cystic BM patients who underwent targeted treatment and chemotherapy. 
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Introduction
Lung cancer is the most common causes of cancer death 

throughout the world [1]. Brain metastasis (BM) is the most 
common intracranial tumor and an important factor in shortening 
the lives of patients with lung cancer [2]. BM are presented in 10%-
20% of non-small cell lung cancer (NSCLC) patients at diagnosis 
[3]. Approximately 30–50% of NSCLC patients will develop BM 
during their disease course [4]. Patients with BMs commonly have 
poor prognosis and patients have only a median survival of just 1-2  
months without treatment due to mainly impaired performance 
status [5]. 

 
Whole brain radiotherapy (WBRT) improves median survival 
to 4–6 month [6]. With the development of treatment, for BM, 
including surgery, WBRT, stereotactic radiotherapy, chemotherapy, 
and targeted therapy which have greatly extended the survival time 
of patients with BMs [7]. The stereotactic radiosurgery (SRS) is a 
new treatment method, applied in selected conditions of relatively 
oligometastasis (less than or equal to five BMs) [8]. 

As we known, cystic BMs are uncommon and cystic component 
of BMs are often deemed not suitable for radiation, because of cystic 
lesion insensitivity to radiotherapy and large volume. Therefore, 
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appropriate treatment strategies for cystic BMs are desperately 
needed. 

However, the efficacy and prognosis according to different 
treatment options in NSCLC patients with cystic BMs have been 
seldom reported. Therefore, we retrospectively evaluated the 
response to different drugs treatment and investigate factors 
related to local control and overall survival after BMs with cystic 
components.

Patients and Methods

Patient characteristics

We reviewed 519 NSCLC patients with BMs at our institute 
from January 2012 to June 2019. We retrospectively reviewed the 
clinical records, treatment regimens and survival of those patients 
who was with cystic BMs. 

The inclusion criteria were as follows: 

1) definite histopathological diagnosis for NSCLC 

2) newly diagnosed brain metastases with cystic component 
or during treatment, 

3) without meningeal metastases and 

4) candidate with good general condition for active 
treatment including cytotoxic chemotherapy and tolerable 
against the adverse effects. 

At last, a total of 43 eligible patients were included and 
analyzed in our study. Performance status was estimated by use 
of The Eastern Cooperative Oncology Group (ECOG) score; 0, 
asymptomatic (Fully active, able to carry on all pre-disease activities 
without restriction): 1, symptomatic but completely ambulatory 
(restricted in physically strenuous activity but ambulatory and able 
to carry out work of a light or sedentary nature): 2, symptomatic, 
<50% in bed during the day (ambulatory and capable of all self-care 
but unable to carry out any work activities and up and about more 
than 50% of waking hours)

The study was approved by institutional review board of our 
hospital and was conducted in strict accordance with the principles 
of the Declaration of Helsinki. Informed consent was waived due to 
its retrospective nature.

Radiological data

In our study, we defined cystic BM as the volume of the cystic 
lesions greater than 50% of the total volume. Contrast-enhanced 

magnetic resonance image (MRI) is necessary for diagnosing cystic 
BMs. The cystic components revealed hypointense on T1-weighted 
images, hyperintense on T2-weighted images, and no enhancement. 
Brain lesion parameters examined included number of enhanced 
mass in the brain and time of diagnosis of BM. The number of BM 
was counted as the mass with enhancement with gadolinium in 
T1 weighted MRI. In terms of the interval between the time of BM 
and NSCLC, BM diagnosed ≤2 months from NSCLC diagnosis was 
considered synchronous and that diagnosed >2 months from the 
time of NSCLC diagnosis was defined as metachronous. Enhanced 
MRI was performed every 2 months or 2 cycles after the initial 
treatment.

Treatment and response assessment

Collecting all patients with systemic treatment and efficacy, 
as well as brain treatment options and efficacy. The systemic 
treatment included targeted therapy (who did gene detection) and 
chemotherapy (chemotherapy regimens and doses were based on 
international standards). Brain treatment options had WBRT, SRS 
and surgery. All patients underwent imaging examinations after two 
courses of chemotherapy or every 4 ±1 week for the first 2 months of 
epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor 
(TKI) treatment. Response to systemic therapies was assessed 
locally by each investigator using Response Evaluation Criteria in 
Solid Tumors (RECIST v1.1), and included complete response (CR), 
partial response (PR), stable disease (SD), and progressive disease 
(PD) [9]. The ORR was defined as the sum of CR and PR. The disease 
control rate (DCR) was defined as the sum of the objective response 
and stabilization rates (CR + PR + SD).

Follow-up and Statistical analysis

Progression-free survival (PFS) was defined as the period from 
the initial date of drugs treatment to the date of confirmation of 
disease progression evaluated by RECIST v1.1 or death. Intracranial 
progression-free survival (iPFS) was defined as the time from using 
drugs treatment until intracranial progression. OS was measured 
from the date of confirmed stage IV NSCLC to death or last follow-
up evaluation. The last follow-up date was December 11, 2019.

Statistical analysis was performed using SPSS version 25.0 (IBM 
Corp. Armonk, NY, USA). The survival estimates were analyzed by the 
Kaplan–Meier method. Multivariate survival analysis for prognostic 
factors and cystic BMs was performed by using Cox regression and 
the forward likelihood ratio method. A two-sided test that resulted 
in P<0.05 was considered to be statistically significant.

Results

Clinicopathologic characteristics
Table 1: Baseline characteristics of 43 NSCLC patients with cystic brain metastases.

Characteristics  Number of patients (%)

Gender
Male 28 (65.1)

Female 15 (34.9)

https://biomedgrid.com/
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Age (year)
< 65 36 (83.7)

≥ 65 7 (16.3)

Smoking History
No 17 (39.5)

Yes 26 (60.5)

ECOG score
0-1 29 (67.4)

2 14 (32.6)

Histologic subtype
Squamous cell carcinoma 13 (30.2)

Adenocarcinoma 30 (69.8)

Gene mutation status

EGFR mutation 18 (41.9)

ALK positive 4 (9.3)

None of both 21 (48.8)

Number of brain metastasis

1 23 (53.4)

2 8 (18.6)

≥ 3 12 (27.9)

Adjuvant WBRT
Yes 28 (65.1)

No 15 (34.9)

TKI target therapy

Yes 22 (51.2)

No 21 (48.8)

Abbreviations: ALK: Anaplastic Lymphoma Kinase; ECOG: Eastern Cooperative Oncology Group; EGFR: Epidermal Growth Factor Receptor; TKI: 
Tyrosine Kinase Inhibitor; WBRT: Whole Brain Radiotherapy

In our study, total of 43 patients (43/519, 8.3%) developed 
cystic BMs. The patients comprised of 28 men and 15 women. The 
mean age of patients was 58 (range, 33-75) years. Twelve patients 
had ≥3 cystic brain metastases lesions, 8 patients had two lesions 
and 23 patients had a single lesion (Table 1). 

The mode of onset was synchronous in 32 (74.4%) and 
metachronous in 11 (25.6%). Four patients had received surgery 
and 28 had brain radiotherapy. WBRT was given in 23 patients 

and 7 had SRS. Over half of the patients (24/43, 55.8%) had 
significant neurologic symptoms, including headaches, dizziness, 
vomiting, muscle weakness, neuropathy and so on. There were 30 
adenocarcinomas and 13 squamous cell carcinomas. Twenty-two 
patients were with EGFR or anaplastic lymphoma kinase (ALK) 
gene mutation and 21 patients were gene negative or undetected. 
For patients undergoing genetic detecting, the incidence of gene 
mutation is 75.9% (22/29) (Table 1). 

Figure 1A: The brain enhanced MRI of a 61-year-old woman with non-small lung cancer and EGFR 21L858R mutation before and after EGFR-
TKI treatment. Contrast-enhanced T1-weighted MR image in baseline. Figure 1B: Contrast-enhanced T2-weighted MR image in baseline. 

https://biomedgrid.com/
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Figure 1C: Contrast-enhanced T1-weighted MR image after EGFR-TKI target therapy and whole brain radiotherapy (the prescription dose and 
fraction schedule were 30Gy/10F) treatment one month. Figure 1D: Contrast-enhanced T2-weighted MR image after EGFR-TKI target therapy 
and whole brain radiotherapy treatment one month.

Table 2: Comparison of baseline characteristics according to treatment regimens.

 Target Therapy Chemotherapy P value

 (n = 14) (n = 19)  

Gender   0.029

Male 5 (35.7%) 14 (73.7%)  

Female 9 (64.3%) 5 (26.3%)  

Age (year)   0.561

< 65 12 (85.7%) 18 (94.7%)  

≥ 65 2 (14.3%) 1 (5.3%)  

Smoking History   0.03

No 9 (64.3%) 5 (26.3%)  

Yes 5 (35.7%) 14 (73.7%)  

ECOG score   0.984

0-1 10 (71.4% 13 (68.4%)  

2 4 (28.6%) 6 (31.6%)  

Histologic subtype   0.013

Squamous cell carcinoma 0 (0%) 7 (36.8%)  

Adenocarcinoma 14 (100%) 12 (63.2%)  

Number of brain metastasis   0.455

2-Jan 11 (78.6%) 12 (63.2%)  

≥ 3 3 (21/4%) 7 (36.8%)  

Adjuvant WBRT   0.049

No 10 (71.4%) 7 (36.8%)  

Yes 4 (28.6%) 12 (63.2%)  

TKI target therapy   0.561

https://biomedgrid.com/
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No 12 (85.7%) 18 (94.7%)  

Yes 2 (14.3%) 1 (5.3%)  

 Abbreviations: ECOG: Eastern Cooperative Oncology Group; TKI: Tyrosine Kinase Inhibitor; WBRT: Whole Brain Radiotherapy

Effect assessment and local control

According to our follow-up, 4 patients abandoning therapy and 
33 patients which received treatment had evaluable efficacy. Until 
the last follow-up time, 40 patients had evaluated overall survival 
and 8 (8/40, 20.0%) patients were still alive. Among them, 14 
patients with EGFR/ALK gene mutated had TKI targeted treatment 
and 19 patients received chemotherapy. For brain radiotherapy, 4 
of 14 EGFR/ALK mutated patients received radiotherapy and 12 of 
19 patients received chemotherapy had brain radiotherapy. We also 
compared characteristics between patients received targeted drugs 
and chemotherapy in Table 2. We showed a typical case of cystic BM 
which was EGFR mutated NSCLC patient in Figure 1. We showed 
the baseline brain MRI images in Figure 1A (T1-weighted MR 
image) and Figure 1B (T2-weighted MR image). After one month of 
icotinib-targeted therapy and whole brain radiotherapy, the brain 
MRI images of the patient presented in Figure 1C (T1-weighted MR 
image) and Figure 1D (T2-weighted MR image). The effect of this 
patient showed that the brain lesion had shrunk significantly. 

Progress free survival and overall survival

The median PFS of these 33 patients was 8.9 months and 
there was significant difference between targeted therapy and 
chemotherapy treatment (12.2 months vs. 6.2 months, P=0.001) 
(Figure 2A). Among them, 22 patients had a development of brain 
lesion firstly or simultaneous progression of brain and extra-
cerebral lesions. Ten patients were extra-cerebral lesions firstly 
progression. The PFS between brain lesions’ progression firstly and 
extra-cerebral lesions firstly was significant difference (6.2 months 
vs 13.0 months, P=0.017). Then we explored intracerebral progress 
free survival (iPFS) in patients who had brain lesions development 
firstly or simultaneous progression of brain and extra-cerebral 
lesions. The median iPFS of these 22 patients was 6.2 months and 
there was also significant difference between targeted therapy and 
chemotherapy treatment (8.4 months vs. 6.0 months, P=0.042) 
(Figure 2B). The iPFS was not significantly different of patients 
with brain radiotherapy (6.5 months) or without radiotherapy (6.2 
months; P=0.516).

Figure 2A: Kaplan Meier estimates of progression-free survival according to different treatments: (A) targeted drugs and chemotherapy treatment 
(12.2 months vs. 6.2 months, P=0.001).
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Figure 2B: The median iPFS between targeted regimens and chemotherapy treatment (8.4 months vs. 6.0 months, P=0.042).

In a multivariate analysis, treatment regimens (P=0.002) and brain 
lesions progression firstly (P=0.022) were independent prognostic 
factors for PFS. There was no significant association of PFS with 
gender (P=0.617), age (P=0.239), smoking history (P=0.316), 
pathological type (P=0.324), ECOG score (P=0.930), number of 
brain metastases lesions (P=0.325), if received anti-vascular drugs 
(P=0.126) and if with brain radiotherapy (P=0.806).

The median OS of the 33 patients was 18.3 months and there was 
significant difference between targeted regimen and chemotherapy 
treatment (47.4 months vs. 15.0 months, P=0.001) (Figure 3). The 
OS in brain lesions progression firstly was 17.2 months and in 
extra-cerebral lesions firstly was 33.1 months, P=0.481). The OS 
was not significantly different between patients with or without 
radiotherapy (15.0 vs. 22.8 months; P=0.085). 

Figure 3: Kaplan Meier estimates of overall survival according to different treatments: targeted drugs and chemotherapy treatment (47.4 months 
vs. 15.0 months, P=0.001).

https://biomedgrid.com/
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In a multivariate analysis, treatment regimen (P=0.019) 
and pathological type (P<0.001 were independent prognostic 
factors for the OS. There was no significant association of OS with 
gender (P=0.964), age (P=0.247), smoking history (P=0.511), PS 
score (P=0.685) number of BMs (P=0.990), if received TKI drugs 
(P=0.571) and if with brain radiotherapy (P=0.875).

Discussion
The BM with cystic component is regarded as an important 

sign of poor prognosis in cancer and NSCLC is the primary cancer 
in these patients [10]. However, there still exists controversy about 
treatment strategies for BMs with cystic component in NSCLC. Only 
some retrospective studies associated with cystic BMs demonstrates 
that treatment results with brain radiotherapy. At present, there is 
a lack of large sample studies to explore the effect of chemotherapy 
or targeted therapy on BMs with cystic component. In our study, we 
found that BMs with cystic component were more likely to occur in 
genetically mutation lung cancer patients, including EGFR mutation 
and ALK positive NSCLC. This is the first report to evaluate the 
efficacy of different treatment strategies for NSCLC patients with 
cystic cerebral metastases.

The mechanism that leads to the formation of cystic BMs 
remains poorly known. Studies suggest that the cause of cystic 
masses may include the breakdown of the blood–brain barrier or 
patients with poor histological grade had higher risk of developing 
cystic BMs [11,12]. Reports demonstrated that patients with 
activating EGFR gene had higher risk than EGFR wild type to 
occur BM in NSCLC patients [13,14]. In addition, for ALK-positive 
NSCLC, initial metastases to the brain occur in approximately 30% 
[15]. We found that the incidence of BMs with cystic component in 
EGFR and ALK gene positive NSCLC was higher than gene negative 
patients. This might mean that patients with genes positive were 
more malignant than negative patients and may easily occur cystic 
BMs. Rapid growth could be another possible cause for generating 
cystic components. We found some studies reported BMs with 
cystic component should more happened in NSCLC patients with 
ALK rearrangement [16-21]. However, there was a lack of data in 
the Korea. Then in our research, we found the incidence of cystic 
BMs in EGFR mutated NSCLC was 62% (18/29) and ALK positive 
was 13.8% (4/29) for adenocarcinoma patients with doing gene 
detection. Nowadays, only a case involved EGFR mutated NSCLC 
patients who happened fatal cystic change of BM21. In the future, 
this is worth further exploration and confirmation. 

According to our results, systemic treatment strategies were 
the main factor affecting the efficacy and prognosis. In genetic 
mutation NSCLC patients who received corresponding targeted 
drugs therapy could improve brain efficacy and prolong survival. 
Some reports showed ALK positive NSCLC patients with cystic BMs 
had response to ALK-TKI [15-22]. It is thus possible that a good 
response to agents targeted to corresponding driver oncogenes 

may result in cystic degeneration of BMs. Our research also showed 
that the efficacy of patients who received targeted drugs was 
significantly better than those who received chemotherapy. We also 
demonstrated targeted drugs could prolong survival.

Wang et al compared the survival between cystic and solid brain 
metastases and assess OS in patients who underwent radiosurgery 
treatment [23]. They found there is no difference in survival time 
between cystic and solid brain tumor and radiosurgery could be a 
suitable treatment option for BMs with cystic component. However, 
in this study, it includes different primary cancers and the gene 
status in 54 lung cancer patients were not informed. It was not 
clear what treatments other than radiotherapy were available, 
which might also affect the overall prognosis. Therefore, in our 
study, we explored the value of radiotherapy in the treatment 
process. We found there was no difference in whether received 
brain radiotherapy or not. Of course, we needed to consider 
whether the patients had symptoms originated from BMs and the 
role of brain radiotherapy. Our results showed targeted therapy 
was the key treatment for the patients with cystic BMs to get better 
prognosis, which means that cystic BMs could benefit from targeted 
therapy like solid BM. Moving forward, additional prospective data 
is needed to explore the radiotherapy mode and treatment timing. 
Therefore, in the era of individualized treatment, patients should 
be genetically tested as much as possible to find more suitable 
therapeutic drugs. 

In addition, we further to explore the correlation between 
progression pattern. The results demonstrated the PFS in brain 
lesions progression firstly was significantly poorer than extra-
cerebral lesions progression firstly. Therefore, we thought brain 
lesions progression was one of the signs of poor prognosis.

Although this is the first study to evaluate the efficacy of 
different treatment strategy for NSCLC patients with cystic cerebral 
metastases, the limitations of our study must be discussed. The 
retrospective nature of this study might influence some results, 
including heterogeneous patients and line of therapy. In the future, 
it needs further to explore the relationship between target drugs 
and radiotherapy mode or timing. The sample size were also 
relatively small. Therefore, prospective studies with a larger patient 
population are needed for validation. Additionally, the diagnosis of 
cystic BM was just performed in the radiological analysis with MRI 
without histological examination. In fact, we tried to reduce the 
bias on the diagnosis of cystic BMs by the individual 2 radiologists 
who did not have any information of the patients. In order to give a 
general practice in the clinic, the further comprehensive study such 
as randomized clinical trial is essential.

Conclusion
The presenting study demonstrated NSCLC patients with 

genetic mutations might be more likely to occur cystic BM. These 
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patients should be genetically tested as much as possible to find 
more suitable therapeutic drugs and have good prognosis who 
could receive targeted drugs. 
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