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Background: Brain metastasis (BM) is an important factor shortening the lives of patients
with lung cancer. Patients with cystic BM have seldom been reported. Here, we compared
the efficacy and prognosis of different therapeutic schedules for solid BM and cystic BM in
patients with non-small cell lung cancer (NSCLC).

Methods: A retrospective study was conducted of 355 patients with pathologically con-
firmed stage IV NSCLC, all of whom had BM. We analyzed the clinical characteristics of
these patients and the efficacy of targeted drugs and chemotherapy regimens.

Results: A total of 255 patients with solid BM (cohort 1) and 33 patients with cystic BM
(cohort 2) had evaluable efficacy. We evaluated these 33 patients in cohort 2. The median
progression-free survival (PFS) and overall survival (OS) were 8.4 months and 23.0 months,
respectively. A significant difference was observed between targeted regimens and che-
motherapy treatment in terms of the PFS (12.6 months vs 6.3 months, P = 0.001) and OS
(47.9 months vs 17.0 months, P = 0.007). Multivariate analyses showed that treatment
regimen (chemotherapy) was a poor prognostic factor for PFS (P < 0.05). Cystic BM may
be more likely to occur in patients with NSCLC with genetic mutations. A difference in
prognosis was observed between patients who underwent targeted treatment and chemother-
apy. A significant difference in intracranial PFS was observed between cohorts (cohort 1 vs
cohort 2: 15.4 months vs 9.9 months, P = 0.015), and this advantage was clear in patients
who did not receive targeted therapies (11.7 months vs 6.5 months, P = 0.003). However, the
OS in patients with targeted therapies in cohort 2 was significantly longer than that in cohort
1 (23.4 months vs 47.9 months, P = 0.013).

Conclusion: Patients with NSCLC, particularly those who develop cystic BM, should be
genetically tested as much as possible to find out more suitable drug therapies.

Keywords: cystic brain metastases, tyrosine kinase inhibitors, chemotherapy, radiation
therapy, lung cancer

Introduction

Lung cancer is the most common cause of cancer death throughout the world.'
Brain metastasis (BM), the most common intracranial tumor, manifests in 10-20%
of patients with non-small cell lung cancer (NSCLC) at diagnosis.* Approximately
30-50% of patients with NSCLC develop BM during their disease course.* Patients
with BM commonly have poor prognosis, and untreated patients have a median
survival of just 1-2 months.” Whole brain radiotherapy (WBRT) increases the
median survival to 4-6 months.® The development of treatments for BM, including
surgery, WBRT, stereotactic radiotherapy, chemotherapy and targeted therapy, has
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greatly extended the survival of patients with BM.’
Stereotactic radiosurgery (SRS) is a new treatment method
applied in select conditions of relatively oligometastasis
(five or fewer BMs).®

Cystic BM is uncommon, and cystic brain lesions are
often deemed unsuitable for radiation, because of cystic
lesions’ insensitivity to radiotherapy and their large
volume. Therefore, appropriate treatment strategies for
cystic BM are desperately needed. However, the efficacy
and prognosis according to different treatment options in
patients with NSCLC and cystic BM have seldom been
reported. Therefore, we retrospectively evaluated the
response and survival to different drug treatments in
patients with cystic BM and NSCLC.

Patients and Methods

Patient Characteristics

We reviewed 355 patients with NSCLC with BM at our
center from January 2012 to June 2019, and then retro-
spectively reviewed the clinical records, treatment regi-
mens and survival of patients with BM. The inclusion
criteria were as follows: (1) definite histopathological
diagnosis of NSCLC, (2) BM, either newly diagnosed or
currently treated, and (3) absence of meningeal metastases.
Ultimately, 312 patients (312/355, 87.9%) who developed
solid BM and 43 patients (43/355, 12.1%) who developed
cystic BM were included and analyzed in our study.

Radiological Data

We defined cystic BM by a volume of cystic lesions
greater than 50% of the total volume. Contrast-enhanced
MRI is necessary for diagnosing cystic BM. The cystic
components revealed hypointensity in T1-weighted
images, hyperintensity in T2-weighted images and no
enhancement. Enhanced MRI was performed at 1 month
or 2 cycles after the initial treatment, and every 2 months

or 24 cycles after the brain lesions became stable.

Treatment and Response Assessment

We collected data on all patients, including systemic treat-
ment and efficacy, and brain treatment options and effi-
cacy. The systemic treatment included targeted therapy
(gefitinib 250 mg/d, icotinib 125 mg/tid, erlotinib
150 mg/d, afatinib 40 mg/d, crizotinib 250 mg/bid and
osimertinib 80 mg/d) and chemotherapy (chemotherapy
regimens and doses based on international standards).
The brain treatment options were WBRT, gamma knife

and surgery. All patients underwent imaging examinations
after two courses of chemotherapy or every 4 £ 1 weeks
for the first 2 months of epidermal growth factor receptor
(EGFR)-tyrosine (TKI)
Response to systemic therapies was assessed locally by

kinase inhibitor treatment.
each investigator by using Response Evaluation Criteria in
Solid Tumors (RECIST vl.1), and included complete
response (CR), partial response (PR), stable disease (SD)
and progressive disease. 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 drug treatment after diagnosis with
BM to the date of confirmation of disease progression, as
evaluated by RECIST vl.1, or death. Intracranial progres-
sion-free survival (iPFS) was defined as the time from
using drug treatment after diagnosis with BM until intra-
cranial progression. OS was measured from the date of
confirmed stage IV NSCLC to death or the last follow-up
evaluation. The last follow-up date was November 10th,
2020.

Statistical analysis was performed in SPSS version
25.0 (SPSS, Chicago, IL, USA). The survival estimates
method.
Multivariate survival analysis for prognostic factors and

were analyzed with the Kaplan—-Meier
cystic BM was performed by using Cox regression and the
forward likelihood ratio method. A two-sided test yielding

P<0.05 was considered statistically significant.

Results

Clinicopathologic Characteristics

In our study, 312 patients (312/355, 87.9%) developed
solid BM, and 43 patients (43/355, 12.1%) developed
cystic BM. Among them, 255 patients with solid BM
(cohort 1) and 33 patients with cystic BM (cohort 2) had
evaluable efficacy. There were 143 men and 112 women in
cohort 1, with a mean age of 58 years (range, 21-80
years). Most cases (221/255,86.7%) were adenocarcino-
mas. A total of 173 (67.8%) patients received additional
brain interventions, including 13 surgeries, 151 WBRT and
30 SRS. The majority of them (173/255, 67.8%) were
observed supratentorial lesions only, fewer patients (16/

255, 6.3%) were only observed infratentorial lesions, and
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the other patients (66/255, 25.9%) developed BM in both
supratentorial and infratentorial lesions.

We carefully analyzed the characteristics of the patients
in cohort 2, comprising 19 men and 14 women. The mean
age of the patients was 57 years (range, 33—71 years). Ten
patients had three or more cystic BM lesions, 7 patients
had two lesions and 16 patients had a single lesion. A total
of 20 (60.6%) patients developed BM only in supratentor-
ial position, while 5 (15.2%) patients developed BM only
in infratentorial position, and the combined lesions were
observed at 8 (24.2%) patients. The mode of onset was
synchronous in 25 (75.8%) and metachronous in 8 (24.2%)
patients. Four patients had received surgery, and 16 had
brain radiotherapy. WBRT was given in 25 patients, and
SRS was given in 4 patients. More than half the patients
(19/33, 57.6%) had significant neurologic symptoms,
including headaches, dizziness, vomiting, muscle weak-
ness or lalopathy. The cases included 26 adenocarcinomas
and 7 squamous cell carcinomas. Twenty patients had
EGFR or anaplastic lymphoma kinase (ALK) gene muta-
tions, and 13 patients were gene negative or undetected.
Among patients undergoing genetic detection, the inci-
dence of gene mutation was 76.9% (20/26).

We collected the data for the 288 patients in the two
cohorts and compared their characteristics in Table 1. We
also compared the characteristics between patients in
cohort 2 who received targeted drugs and chemotherapy
in Table 2.

Effect Assessment and Local Control

According to our follow-up, the ORR between cohort 1
and cohort 2 was 35.3% (90/255) and 51.5% (17/33),
respectively (P=0.070). The DCR was 89.2% (227/255)
and 87.9% (29/33), respectively (P=0.844). In cohort 1, 88
patients with EGFR/ALK gene mutation had TKI targeted
treatment, 12 patients without EGFR/ALK gene mutation
had TKI targeted treatment and 155 patients received
chemotherapy. The ORR for patients receiving targeted
regimens and chemotherapy treatment was 67.0% (59/88)
and 18.1% (28/155), respectively (P<0.001). The DCR
was 94.3% (83/88) and 87.1% (135/155), respectively
(P=0.075). For patients in cohort 2, 14 patients with
EGFR/ALK gene mutation had TKI targeted treatment,
and 19 patients received chemotherapy. For brain radio-
therapy, 4 of 14 patients with EGFR/ALK mutations
received radiotherapy, and 12 of 19 patients received che-
motherapy had brain radiotherapy. The ORR for targeted
regimens and chemotherapy treatment was 78.6% (11/14)

Table | Baseline Characteristics of 255 Patients with NSCLC
with Solid Metastases and 33 Patients with NSCLC with Cystic
Metastases

Characteristics Cohort | Cohort 2 P value
(n=255) (n=33)

Sex 0.870
Male 143(56.1%) 19 (57.6%)

Female 112(43.9%) 14 (42.4%)

Age, y 0.030
<65 188(73.7%) 30 (90.9%)

265 67(26.3%) 3(9.1%)

Smoking history 0.190
No 139(54.5%) 14 (42.4%)

Yes 116(45.5%) 19 (57.6%)

ECOG score 0916
0-1 180(70.6%) 23 (69.7%)

22 75(29.4%) 10 (30.3%)

Histologic subtype 0.223
Squamous 34(13.3%) 7 (21.2%)
Adenocarcinoma 221(86.7%) 26 (78.8%)

Gene mutation status 0.846
EGFR mutation 149(58.4%) 16 (48.5%)

ALK positive 10(3.9%) 4 (12.1%)
Negative 96(37.7%) 13(39.4%)

Number of brain 0.144

metastases
| 88(34.5%) 16 (48.5%)
2 44(17.3%) 7 (21.2%)
23 123(48.2%) 10 (30.3%)

Additional brain 0.045

intervention
Yes 173(67.8%) 28(84.8%)
No 82(32.2%) 5 (15.2%)

TKI drugs treatment 0.723
Yes 100(39.2%) 14 (51.2%)

No 155(60.8%) 19 (48.8%)

and 31.6% (6/19), respectively (P=0.013). The DCR was
100% (14/14) and 78.9% (15/19), respectively (P=0.119).

In Figure 1, we present a typical case with EGFR
mutated NSCLC with cystic BM; the patient had a good
response after EGFR-TKI treatment.

Progression-Free Survival

The median progression-free survival (PFS) of 255
patients in cohort 1 was 5.6 months, and a significant
difference was observed between targeted regimens and
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Table 2 Baseline Characteristics of Patients According to
Treatment Regimens in Cohort 2

Targeted Chemotherapy P value
Treatment Treatment
(n=14) (n=19)
Sex 0.029
Male 5 (35.7%) 14 (73.7%)
Female 9 (64.3%) 5 (26.3%)
Age, y 0.561
<65 12 (85.7%) 18 (94.7%)
265 2 (14.3%) I (5.3%)
Smoking history 0.029
No 9 (64.3%) 5 (26.3%)
Yes 5 (35.7%) 14 (73.7%)
ECOG score 1.000
0-1 10 (71.4%) 13 (68.4%)
2 4 (28.6%) 6 (31.6%)
Histologic 0.013
subtype
Squamous 0 (0%) 7 (36.8%)
14 (100.0%) 12 (63.2%)
Adenocarcinoma
Number of brain 0.455
lesions
1-2 Il (78.6%) 12 (63.2%)
23 3 (21.4%) 7 (36.8%)
If brain 0.049
radiotherapy
No 10 (71.4%) 7 (36.8%)
Yes 4 (28.6%) 12 (63.2%)
If anti-vascular 0.561
drugs
No 12 (85.7%) 18 (94.7%)
Yes 2 (14.3%) I (5.3%)

chemotherapy treatments (10.5 months vs 4.3 months,
P<0.001).

The PFS of the 33 patients in cohort 2 was 8.4
months, and a significant difference was found between
targeted regimens and chemotherapy treatment (12.6
months vs 6.3 months, P=0.001) (Figure 2A). Among
these patients, 22 had brain lesion development first or
simultaneous progression of brain and extra-cerebral
lesions; 11 had extra-cerebral lesion progression first.
The PFS between patients with brain lesion progression
first and those with extra-cerebral lesions first was sig-
13.0 months,

nificantly different (6.2 months vs

P=0.017). We then explored intracerebral progression-
free survival (iPFS) in patients who had brain lesion
development first or had simultaneous progression of
brain and extra-cerebral lesions. The median iPFS of
these 22 patients was 6.2 months, and significant differ-
ence was found between targeted regimens and che-
motherapy treatment (8.4 months vs 6.0 months,
P=0.042) (Figure 2B). The iPFS did not significantly
differ between patients with brain radiotherapy (6.5
months) or without radiotherapy (6.2 months; P=0.516).
There was no significant difference between patients with
different BM positions in terms of the PFS (supratentor-
ial lesions only vs infratentorial lesions vs both: 8.4
months vs 8.2 months vs 6.5; P=0.641).

In a multivariate analysis, for patients in cohort 2,
treatment regimens (P=0.002) and brain lesions progres-
sion first (P=0.022) were independent prognostic factors
for PFS. There was no significant association of PFS with
sex (P=0.617), age (P=0.239), smoking history (P=0.316),
pathological type (P=0.324), PS score (P=0.930), number
of brain metastasis lesions (P=0.325), use of anti-vascular
drugs (P=0.126) and brain radiotherapy (P=0.806).

The PFS of cohort 2 was longer than of cohort 1, but the
difference was not significant (P=0.234). However, the iPFS
was significantly longer for patients in cohort 1 (cohort 1 vs
cohort 2: 15.4 months vs 9.9 months, P=0.015) (Figure 3A),
and this advantage was clear in patients who did not receive
targeted treatment regimens (cohort 1 vs cohort 2: 11.7
months vs 6.5 months, P=0.003) (Figure 3B). For patients
receiving targeted therapies, there was no significant differ-
ence in iPFS between cohorts (cohort 1 vs cohort 2: 21.4
months vs 23.1 months, P=0.585).

Overall Survival

The median overall survival (OS) of the 255 patients in
cohort 1 was 18.7 months, and that of the 33 patients in
cohort 2 was 23.0 months. There was no significant dif-
ference in median OS between cohort 1 and cohort 2
(P=0.162).
a significant difference in median OS between the patients

However, subgroup analysis showed
who received targeted regimens in the two cohorts (cohort
1 vs cohort 2=23.4 vs 47.9 months; P=0.013) (Figure 4).

We further statistically analyzed the data for cohort 2
and found a significant difference between targeted regi-
men and chemotherapy treatment (47.9 months vs 17.0
months, P=0.007) (Figure 5). The OS for patients with
brain lesion progression first was 17.5 months and that

for patients with extra-cerebral lesions first was 25.4
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Figure | The brain enhanced MRI of a 6 |-year-old woman with non-small cell lung cancer and EGFR 21L858R mutation before and after EGFR-TKI treatment. The positions
indicated by the arrows are the lesions. (A) Contrast-enhanced T |-weighted MR image at baseline. (B) Contrast-enhanced T2-weighted MR image at baseline. (C) Contrast-
enhanced T|-weighted MR image after icotinib (first-generation EGFR-TKI) treatment and whole brain radiotherapy (prescription dose and fraction schedule of 30Gy/10F)
treatment for | month. (D) Contrast-enhanced T2-weighted MR image after icotinib and whole brain radiotherapy treatment for | month.
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Figure 2 Kaplan-Meier estimates of progression-free survival with 33 patients in cohort 2, according to the different treatments: (A) Targeted drugs and chemotherapy
treatment (12.6 months vs 6.3 months, P=0.001). (B) Median iPFS between targeted regimens and chemotherapy treatment (8.4 months vs 6.0 months, P=0.042).

Cancer Management and Research 2021:13

6313

Dove:


https://www.dovepress.com
https://www.dovepress.com

Xu et al

Dove

A iPFS

100 i ;
—— Solid brain metastases

- cystic brain metastases

50

Percent survival

0 I 1 I 1
0 20 40 60 80

Time/Months

B iPFS
100
- Solid brain metastases
E -+ cystic brain metastases
=
3
2 504
c
[
e
@
o
0 1 1 I 1
0 20 40 60 80

Time/Months
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Figure 4 Kaplan—Meier estimates of overall survival in patients receiving targeted
drugs, according to different types of brain metastases: solid brain metastases and
cystic brain metastases (23.4 vs 47.9 months; P=0.013).

months, P=0.127). The OS showed no significant differ-
ence for patients with or without radiotherapy (15.2 vs
28.3 months; P=0.178). The OS did not significantly differ
between patients with different BM positions (supratentor-
ial lesions only vs infratentorial lesions vs both: 17.6
months vs 36.4 months vs 35.5; P=0.269).

In a multivariate analysis of cohort 2, pathological type
(P=0.005) was an independent prognostic factor of OS.
There was no significant association of OS with sex
(P=0.581), age (P=0.667), smoking history (P=0.287), PS
score (P=0.943), treatment regimen (P=0.538), number of
brain metastasis lesions (P=0.108), use of anti-vascular
drugs (P=0.440), location of the lesion (P=0.634) and
brain radiotherapy (P=0.928).
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Figure 5 Kaplan—Meier estimates of overall survival according to different treat-
ments in patients with cystic BM: targeted drugs and chemotherapy (47.9 months vs
17.0 months, P=0.007).

Discussion

Cystic BM is regarded as an important sign of poor prog-
nosis in some types of cancer.”'’ However, controversy
exists regarding the prognosis and treatment strategies for
cystic BM in NSCLC. Only some retrospective studies
examining cystic BM have demonstrated treatment results
with brain radiotherapy. At present, there is a lack of large
sample studies comparing the prognosis of solid BMs vs
cystic BMs in NSCLC, and exploring the effects of che-
motherapy or targeted therapy on cystic BM. Here, we
found that cystic BM was more likely to occur in patients
with lung cancer with genetic mutations, particularly
EGFR mutation or ALK positive NSCLC. This is the
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first report to evaluate the efficacy of different treatment
strategies for patients with NSCLC with cystic cerebral
metastases.

The mechanism leading to the formation of cystic BM
remains poorly understood. Studies have suggested that
the cause of cystic masses may include the breakdown of
the blood-brain barrier or the higher risk of developing
cystic BM in patients with poor histological grade.'®!" In
NSCLC, reports have demonstrated that patients with acti-
vating EGFR gene mutations have a higher risk of BM
than those with wild type EGFR.'*'* In addition, initial
BM occurs in approximately 30% of cases of ALK-
positive NSCLC.'* We found that the incidence of cystic
BM in EGFR and ALK gene positive NSCLC was higher
than that in gene negative patients. Therefore, gene posi-
tive patients might have greater malignancy than gene
negative patients and might be more prone to cystic BM.
Rapid growth may be another possible reason underlying
the generation of cystic components. Some studies have
reported that cystic BM is more frequent in patients with
NSCLC with ALK rearrangement.'>2° However, data
regarding Chinese populations are lacking. In our research,
through gene detection, we found that the incidence of
cystic BM in EGFR mutated NSCLC was 80.0% (16/20)
and that in ALK positive NSCLC was 20.0% (4/20)
among patients with adenocarcinoma. Currently, only one
case has been reported involving EGFR mutation in
NSCLC, in a patient who experienced a fatal cystic change
in BM.?' In the future, this area is worthy of further
exploration and confirmation.

According to our results, systemic treatment strategies
were the main factor affecting efficacy and prognosis. In
patients with NSCLC with genetic mutation, targeted drug
therapy improved brain efficacy and prolonged survival.
Some reports have shown that ALK positive patients with
NSCLC with cystic BM respond to ALK-TKI.'*2° Thus,
a good response to agents targeted to specific driver onco-
genes might potentially result in cystic degeneration of
BM. Our research also showed that the efficacy of targeted
drugs in patients with cystic BM was significantly higher
than that of chemotherapy. The iPFS of patients with solid
BM treated by chemotherapy was significantly longer than
that in patients in the cystic BM cohort. In contrast, with
treatment with targeted regimes, the iPFS in these two
cohorts showed no significant difference. Targeted therapy
was associated with a longer PFS. Therefore, we believe
that targeted regimens are a better treatment for cystic BM.
We further explored the correlations among progression

pattern, efficacy and prognosis, and the results demon-
strated that PFS in patients with brain lesion progression
first was significantly poorer than that in patients with
extra-cerebral lesions first.

Brigell et al*> compared the local control after brain-
directed radiation in patients with cystic vs solid BM, and
found that patients with cystic BM have poorer local
control  after receiving  stereotactic  radiation.
Nevertheless, the authors did not observe differences in
oncologic outcomes between patients with at least one
cystic BM and patients with all-solid BMs. Wang et al*®
compared the survival between cystic and solid BM and
assessed OS in patients who underwent radiosurgery treat-
ment. They also found no difference in survival times
between cystic and solid brain tumors, and suggested
that radiosurgery may be a suitable treatment option for
cystic BM. These findings indicate that cystic BM may
not necessarily be a factor in poor prognosis. However,
these two studies included different primary cancers, and
the gene status in lung cancer patients was not complete.
Moreover, the available treatments other than radiother-
apy were unclear but might have affected the overall
prognosis. Therefore, in our study, we further explored
the value of radiotherapy in the treatment process for
patients with cystic BM. We found no differences in out-
comes depending on whether patients received brain
radiotherapy. Of course, whether the patients had BM
symptoms and the role of brain radiotherapy must be
considered. In the future, additional prospective data will
be needed to explore the radiotherapy mode and treatment
timing.

Our results showed that targeted therapy is a key treat-
ment for improving the prognosis of patients with cystic
BM. The median OS of patients with cystic BM treated
with targeted regimens was significantly longer than that
of patients in the solid BM cohort; thus, patients with
cystic BM may benefit from targeted therapy to a similar
or greater extent than those with solid BM. This aspect is
one of the most substantial differences between NSCLC
and other cancers, thus leading to the different prognoses
of patients with cystic BM in NSCLC. The specific
mechanism still needs further exploration. Therefore, in
the era of individualized treatment, patients should be
genetically tested as much as possible to identify more
suitable drug therapies.

Although this is the first study to evaluate the efficacy
of different treatment strategies in patients with NSCLC
with cystic cerebral metastases, the limitations of our
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study must be discussed. The retrospective nature of this
study, including the heterogeneity among patients and
lines of therapy, might have influenced some results.
Moreover, the number of patients with cystic BM was
small, thus potentially affecting the final results. In the
future, further exploration of the relationship between
target drugs and the radiotherapy mode or timing should
be performed. Prospective studies with larger patient
populations are needed for validation.

In conclusion, our study demonstrated that patients
with NSCLC with genetic mutations might be more likely
to have cystic BM. These patients should be genetically
tested as much as possible to find more suitable drug
therapies and identify patients with good prognosis who
could potentially receive targeted drugs.
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