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Background: Graded prognostic assessment for lung cancer using molecular markers 
(Lung-molGPA) for brain metastases is a powerful prognostic tool. However, it has not 
been validated for non-small-cell lung cancer (NSCLC) patients with synchronous or meta
chronous brain metastases.
Methods: A total of 1184 NSCLC patients with synchronous or metachronous brain metastases 
were reviewed in this study. Comparative clinicopathological variables and survival analysis for 
these two groups (synchronous vs metachronous), as well as complimentary analysis of prog
nostic factors for the entire patient cohort, were performed. Afterward, patients were stratified 
using Lung-molGPA to evaluate the accuracy of the survival estimates.
Results: A total of 763 patients (64.4%) had synchronous metastases while 35.6% (421 
patients) had metachronous metastasis. Patients with synchronous metastases were more 
likely to have a smoking history, limited metastatic lesions, and absence of cerebral symp
toms (P<0.05). Patients with metachronous metastatic NSCLC had an overall survival (OS) 
period of 16.5 (95% CI 14.5–18.6) months and were longer compared to patients with 
synchronous metastases (16.5 vs 13.5 [12.5–14.6] months, P=0.004). In Cox regression 
multivariable analysis, age (HR=1.25, P=0.008), Karnofsky performance status (HR=1.30, 
P=0.005), extracranial metastases (HR=1.57, P<0.001), number of brain metastases 
(HR=1.22, P=0.043), gene mutation (HR=1.40 [wild type vs mutation], P=0.050; HR=1.42 
[unknown vs mutation], P=0.007), and treatment (including TKI, chemotherapy, and local 
brain treatment, P<0.05) were independent prognostic predictors of OS. Additionally, meta
chronous metastatic patients were at lower risk for disease-related death compared to 
synchronous metastatic patients (HR=0.69, P<0.001). Importantly, median OS stratified by 
Lung-molGPA of 0–1, 1.5–2, 2.5–3 and 3.5–4 scores were 11.0, 14.0, 24.9, and 26.3 months 
for synchronous brain metastases, and 13.1, 17.0, 37.2, and 66.5 months for metachronous 
metastases, respectively (P<0.001).
Conclusion: Lung-molGPA could estimate the prognosis of NSCLC patients with synchro
nous or metachronous brain metastases. Hence, patients should be carefully stratified for 
consideration of aggressive therapy.
Keywords: lung-molGPA, non-small-cell lung cancer, synchronous, metachronous, brain 
metastases

Introduction
Lung cancer is the leading cause of cancer-related mortality worldwide.1 Non-small 
cell lung cancer (NSCLC) accounts for 85% of primary lung cancers, with 30–50% 
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of patients developing brain metastases (BM). This sub
stantially affects their quality of life and survival 
outcomes.2–5 Hence, the management of NSCLC patients 
who present with brain metastases is challenging. 
Currently, it is unclear if the prognosis of patients with 
synchronous brain metastasis is better compared to 
patients who develop brain metastasis later. And 
a thorough baseline stratification according to this variable 
had not been fully reported beforehand.

While brain metastases, in general, carry a dismal 
prognosis, previous studies have suggested that careful 
selection of NSCLC patients diagnosed with brain metas
tases may benefit from radical therapeutic modalities such 
as radiosurgery and surgery.4,6-8 Aggressive local treat
ments (stereotactic radiosurgery [SRS] alone, and surgical 
resection followed by SRS or whole-brain radiotherapy) 
for limited metastatic disease have been recommended in 
the current version of the NCCN-guidelines (www.NCCN. 
org). Given this recommendation, validated prognostic 
tools are needed to best select patients for aggressive 
treatment.

With regards to patients with brain metastases, 
a recursive partition analysis (RPA) and a graded prognos
tic assessment (GPA) have been developed and validated 
to provide clinicians tools to estimate survival.9,10 The 
NSCLC DS-GPA includes the patient age, Karnofsky per
formance status (KPS), extracranial metastases (ECM), 
and the number of brain metastases.9 Recently was demon
strated that NSCLC patients with EGFR and ALK muta
tions have markedly improved survival compared to 
patients without these mutations.11–15 Thus, it is essential 
to determine the effect of EGFR/ALK mutational status on 
survival outcomes in this population. Soon afterward, an 
update of the DS-GPA incorporating molecular markers 
(Lung-molGPA) was proposed.16 However, with the recent 
advent of molecular targeted therapies, the applicability of 
Lung-molGPA to NSCLC patients with synchronous or 
metachronous brain metastases has not been defined.

The current retrospective analysis of 1184 patients with 
brain metastatic NSCLC was designed to examine poten
tial predictive factors for long-term survival outcomes of 
patients with synchronous and metachronous metastases. 
Lung-molGPA index was used to predict the prognosis and 
to enable clinical decision-making for NSCLC patients 
with synchronous or metachronous brain metastases. 
Patients should be carefully selected for consideration of 
curative intent therapy.

Methods and Materials
Study Population
We retrospectively collected data from 1184 primary 
NSCLC patients with brain metastases from 
October 2007 and December 2015 at Zhejiang Cancer 
Hospital, China. Studies based on some of the data have 
been previously published.17 In the present study, patients 
were stratified based on the presence of synchronous or 
metachronous brain metastases. Synchronous brain metas
tasis was classified based on the identification of brain 
metastases during the initial staging Magnetic Resonance 
Imaging (MRI) scan of the brain, at the time of initial 
diagnosis. Patients were classified as having metachronous 
metastases when brain metastases were observed at least 
three months after the initial diagnosis. The study protocol 
was approved by the ethical committee of Zhejiang Cancer 
Hospital, and all patients provided written informed 
consent.

Data Collection
Medical records of all NSCLC patients were thoroughly 
reviewed. Histological types were determined based on the 
lung tumor classification criteria of the World Health 
Organization. The TNM stages of patients were deter
mined based on the AJCC eighth edition staging for 
NSCLC. Patients’ characteristics, treatment procedures, 
and outcomes were obtained using a standardized case 
report form. Patients were stratified based on the Lung- 
molGPA criteria and then differences between the groups 
were evaluated. For all patients, pretreatment work-up 
included fiberoptic bronchoscopy, contrast-enhanced thor
acic and upper abdominal computed tomography scan, as 
well as contrast-enhanced cerebral magnetic resonance 
imaging. After first-line treatment regarding brain metas
tases, brain MRI with contrast every three months was 
used to evaluate the cerebral disease.

Statistical Analysis
The primary end point was overall survival measured from 
the diagnosis of brain metastases. Median follow-up time 
was calculated using the reverse Kaplan-Meier method. 
Patient demographics, brain metastasis characteristics and 
cerebral symptoms were compared using the chi-square 
test or Fisher’s exact test. Kaplan-Meier estimates of the 
OS were performed for the entire cohort, and then sub
groups were compared using the Log rank test. Single 
variable analysis for factors affecting OS was performed 
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using Cox proportional hazards modeling. Variables deter
mined to be predictive for OS (P<0.05) were used in the 
multivariable Cox proportional hazards model in a forward 
stepwise manner. Statistical analyses were performed 
using SPSS version 20.0 (Chicago, IL) and GraphPad 
Prism (version 7.01). Statistical significance was consid
ered when p≤0.05 using a two-sided test.

Results
Demographics and Clinical 
Characteristics
The demographics characteristics of the 1184 enrolled 
patients have been previously published.17 

Complementing previously published data, 72.0% of 
patients were administered systemic chemotherapy, while 
47.5% received TKI treatment. The median size of the 
largest brain metastasis in each case was 1.4 cm 
(0.2–7.8 cm). In addition, 40.9% (484) of the patients 
had different levels of symptomatic brain metastases. 
Moreover, 64.4% (763 patients) had synchronous metas
tases and 35.6% (421 patients) had metachronous metas
tasis. Both groups were well balanced for most of the 
clinical criteria (gender, age, KPS, histology, gene muta
tion, ECM, and the rate of chemotherapy). However, 
patients with synchronous occurrence of metastases were 
significantly more likely to have a smoking history, limited 
metastatic lesions, absence of neurologic symptoms, and 
underwent fewer therapeutic modalities, including TKI 
and local brain therapy (P<0.05). Patient characteristics 
of these two groups are shown in Table 1.

Survival Outcomes
The median follow-up period was 57.0 months (95% CI 
54.3–59.7), with 86.6% of patients dying before study 
analysis. With regards to patients with metachronous 
metastases, the median interval between the initial diag
nosis of NSCLC and the detection of metastatic disease 
was 13.2 months (range 3.0–57.0 months). Kaplan-Meier 
curves showed that NSCLC patients with metachronous 
metastases had an OS period of 16.5 (95% CI 14.5–18.6) 
months, which was longer compared to patients with syn
chronous metastases (16.5 vs 13.5 [12.5–14.6] months, 
P=0.004, Figure 1). The 1-year-OS rates were 61.6% and 
55.9%, respectively. Univariate Cox regression analysis 
demonstrated that female patients, younger patients, no 
smoking history, higher KPS, fewer brain metastases, ade
nocarcinoma histology, driver-gene mutation, absence of 

ECM, received TKI strategies and local brain therapy, as 
well as chemotherapy were all significantly associated 
with decreased risk of death (P<0.05, Table 2). However, 
no statistically significant difference regarding OS was 
observed between the patients with cerebral symptoms or 
not (P=0.209, Table 2). In multivariable analysis, age 
(HR=1.25, P=0.008), KPS (HR=1.30, P=0.005), ECM 
(HR=1.57, P<0.001), number of brain metastases 
(HR=1.22, P=0.043), gene mutation (HR=1.40 [wild type 
vs mutation], P=0.050; HR=1.42 [unknown vs mutation], 
P=0.007), and treatments (including TKI, and chemother
apy, and local brain treatment, P<0.05) were independent 
prognostic predictors of OS (Table 2). Notably, metachro
nous metastatic patients had a lower risk for disease- 
related death than those with synchronous metastases 
(HR=0.69, 95% CI: 0.58–0.84, P<0.001; Table 2).

Lung-molGPA for NSCLC Patients with 
Synchronous or Metachronous Brain 
Metastases
Kaplan-Meier plot of OS is shown in Figure 2 after Lung- 
molGPA index stratification. For NSCLC patients with 
synchronous metastases, the median OS based on stratified 
Lung-molGPA scores of 0–1, 1.5–2, 2.5–3 and 3.5–4 were 
11.0, 14.0, 24.9, and 26.3 months, respectively (P<0.001, 
Figure 2A). For NSCLC patients with metachronous 
metastases, the median OS based on stratified Lung- 
molGPA scores of 0–1, 1.5–2, 2.5–3 and 3.5–4 were 
13.1, 17.0, 37.2, and 66.5 months, respectively (P<0.001, 
Figure 2B). The median OS for the most favorable group 
(metachronous group with 3.5–4 score) was 66.5 months.

Discussion
In this study, we specifically addressed the relevance of 
synchronous and metachronous brain metastases as it relates 
to prognosis in a large cohort of NSCLC patients. In addi
tion, we determined their association with clinicopathologi
cal variables and survival. The Lung-molGPA index was 
used to estimate the prognosis of patients with synchronous 
or metachronous metastases. This could help to identify 
patients who may benefit from intensified therapy.

NSCLC patients were more likely to have synchro
nous brain metastases compared to metachronous metas
tases (64.4% vs 35.6%). Patients with synchronous 
metastases were more likely to have a smoking history, 
limited metastatic lesions, and absence of cerebral 
symptoms. Retrospective analysis indicated that 
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Table 1 Clinicopathological Features of NSCLC Patients with Synchronous vs Metachronous Brain Metastases

Parameters All Cases Synchronous Metachronous P-value

Total 1184 763 (64.4%) 421 (35.6%)

Gender

Male 688 (58.1%) 458 (60.0%) 230 (54.6%) 0.072

Female 496 (41.9%) 305 (40.0%) 191 (45.4%)

Age, year

<65 961 (81.2%) 608 (79.7%) 353 (83.8%) 0.080

≥65 223 (18.8%) 155 (20.3%) 68 (16.2%)

Smoking status

Never 638 (53.9%) 386 (50.6%) 252 (59.9%) 0.002
Ever/current 546 (46.1%) 377 (49.4%) 169 (40.1%)

KPS

≥70 792 (66.9%) 511 (67.0%) 281 (66.7%) 0.937

<70 392 (33.1%) 252 (33.0%) 140 (33.3%)

Brain metastases, No.

1–3 816 (68.9%) 544 (71.3%) 272 (64.6%) 0.023
>3 350 (29.6%) 209 (27.4%) 141 (33.5%)

Missing 18 (1.5%) 10 (1.3%) 8 (1.9%)

Histology subtype

Adenocarcinoma 924 (78.0%) 589 (77.2%) 335 (79.6%) 0.137

Non-adenocarcinoma 259 (21.9%) 173 (22.7%) 86 (20.4%)

Missing 1 (0.1%) 1 (0.1%) 0 (0.0%)

Mutation status

EGFR/ALK 251 (21.2%) 170 (22.3%) 81 (19.2%) 0.365

Wild-type 170 (14.4%) 104 (13.6%) 66 (15.7%)

Unknown 763 (64.4%) 489 (64.1%) 274 (65.1%)

ECM

No 407 (34.4%) 266 (34.9%) 141 (33.5%) 0.652

Yes 773 (65.3%) 495 (64.9%) 278 (66.0%)

Missing 4 (0.3%) 2 (0.2%) 2 (0.5%)

Cerebral Symptoms

No 616 (52.0%) 421 (55.2%) 195 (46.3%) <0.001
Yes 484 (40.9%) 279 (36.6%) 205 (48.7%)
Missing 84 (7.1%) 63 (8.2%) 21 (5.0%)

Local treatment (Surgery/WBRT/SRS)

No 283 (23.9%) 218 (28.6%) 65 (15.5%) <0.001
Yes 885 (74.7%) 535 (70.1%) 350 (83.1%)
Missing 16 (1.4%) 10 (1.3%) 6 (1.4%)

TKI therapy

No 622 (52.5%) 416 (54.5%) 206 (48.9%) <0.001

(Continued)
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cumulative pack-years of smoking was associated with 
higher brain metastasis velocity and greater neurologic 
death than non-smokers.18 It has been hypothesized that 
smoking may contribute to the development of a more 
aggressive cancer phenotype through the activation of 
multiple signaling pathways and an increase in the 
mutational load.19 Moreover, smoking has the potential 
to substantially deprive overall cancer treatment out
comes through increased treatment-related toxicity, 
treatment failure, and comorbid disease and worsen sur
vival. Accordingly, for patients with metastatic disease 
undergoing a curative management, smoking cessation 
should be suggested. In addition, compared to patients 
with metachronous brain metastases, patients with syn
chronous metastases had an absence of brain symptoms. 
This may be due to the lower number of lesions and 
shorter disease onset time. Consequently, clinicians 
should perform enhanced brain MRI examinations at 

the initial diagnosis of lung cancer regardless of whether 
patients showed symptoms of brain metastases.NSCLC 
patients with brain metastasis at initial diagnosis had an 
unfavorable prognosis compared to patients with meta
static recurrence later (OS: 13.5 vs 16.5 months, 
P=0.004). This suggests that NSCLC patients with meta
chronous metastases may benefit from ablative therapies 
including radiosurgery and surgery.4,6,7,20 Previous stu
dies have also demonstrated that patients with synchro
nous brain metastases have a poorer prognosis compared 
to patients who subsequently develop brain 
metastases.6,7,21 In a retrospective study, Flannery et al 
reported patients with metachronous solitary brain 
metastases had a significant median survival advantage 
compared to those with synchronous metastases.6 

Similarly, Zabel et al showed that median survival 
rates for patients with metachronous metastases was 
obviously higher than patients with synchronous 
metastases.7 However, c comparisons across different 
studies are difficult due to the small sample cohorts in 
published studies. Some of these studies compared 
patients with synchronous vs metachronous metastases 
and found no differences in median OS.8,22 Synchronous 
and metachronous metastases classify two vastly differ
ent clinical scenarios. For patients with synchronous 
metastatic NSCLC, most often a significant tumor bur
den is present and treatment of the metastatic site and 
multimodal treatment of the primary tumor have to be 
integrated in a reasonable manner.5 The favorable survi
val rates of NSCLC patients with metachronous metas
tases encourages the use of aggressive, ablative therapy 
for selected patients.23 NSCLC patients with metachro
nous brain metastasis have longer survival times com
pared to patients with synchronous metastases. Hence, it 
may be beneficial to classify patients who may benefit 
from intensified therapy.

Figure 1 Kaplan–Meier survival curves based on brain metastatic time for patients 
with non-small-cell lung cancer (NSCLC). NSCLC patients with metachronous 
metastases had a longer overall survival (OS) compared to patients with synchro
nous metastases (16.5 vs 13.5 months, P=0.004).

Table 1 (Continued). 

Parameters All Cases Synchronous Metachronous P-value

Yes 562 (47.5%) 347 (45.5%) 215 (51.1%)

Chemotherapy

No 332 (28.0%) 163 (21.4%) 169 (40.1%) 0.065

Yes 852 (72.0%) 600 (78.6%) 252 (59.9%)

Note: Bold text: P<0.05. 
Abbreviations: ECM, extracranial metastases; KPS, Karnofsky performance status; NSCLC, non-small-cell lung cancer; SRS, stereotactic radiosurgery; 
TKI, tyrosine kinase inhibitor, WBRT, whole-brain radiation therapy.
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The Lung-molGPA index has been validated for the 
management of brain metastases and is a tool well suited 
for decision making.16 The present study determined the 
effect of EGFR/ALK mutational status on survival outcomes. 
Significant prognostic factors included the original five fac
tors (patient age, performance status, ECM, number of 
metastases, and gene status) used for the Lung-molGPA 
index in addition to metachronous brain metastasis. 
Notably, metachronous metastasis was independently asso
ciated with significantly higher OS (HR=0.69, P<0.001). 
Additionally, the Lung-molGPA index provided an accurate 
prediction of survival rates in the two patient groups. Patients 
with metachronous metastases had better OS compared to 
patients with synchronous brain metastases for each stratified 
class score of 0–1, 1.5–2, 2.5–3 and 3.5–4, respectively. The 
best median OS was 66.5 months for patients in the 

Table 2 Univariate and Multivariate Cox Regression Analyses of 
Prognostic Factors for Survival in NSCLC Patients with Brain 
Metastases

Parameters Univariate Analysis Multivariate 
Analysis

HR (95% 
CI)

P-value HR (95% 
CI)

P-value

Gender

Male 1.00

Female 0.87 
(0.76–1.00)

0.042

Age, year

<65 1.00 1.00

≥65 1.56 
(1.32–1.84)

<0.001 1.25 
(1.06–1.48)

0.008

Smoking status

Never 1.00

Ever/current 1.23 
(1.08–1.41)

0.002

KPS

0–1 1.00 1.00
2 1.38 

(1.19–1.59)

<0.001 1.30 

(1.08–1.57)

0.005

Brain metastases, No.

1–3 1.00 1.00
>3 1.49 

(1.29–1.73)

0.004 1.22 

(1.01–1.48)

0.043

Histology subtype

Adenocarcinoma 1.00
Non- 

adenocarcinoma

1.36 

(1.16–1.59)

<0.001

Mutation status

EGFR/ALK 1.00 1.00
Wild-type 1.78 

(1.41–2.26)

<0.001 1.40 

(1.00–1.96)

0.050

Unknown 1.89 
(1.58–2.26)

<0.001 1.42 
(1.10–1.83)

0.007

ECM

No 1.00 1.00

Yes 1.24 
(1.07–1.44)

<0.001 1.57 
(1.30–1.90)

<0.001

Cerebral Symptoms

No 1.00

(Continued)

Table 2 (Continued). 

Parameters Univariate Analysis Multivariate 
Analysis

HR (95% 
CI)

P-value HR (95% 
CI)

P-value

Yes 1.01 

(0.95–1.25)

0.209

Local treatment (Surgery 

+WBRT+SRS)

No 1.00 1.00

Yes 0.63 
(0.54–0.74)

<0.001 0.84 
(0.71–0.99)

0.038

TKI therapy

No 1.00 1.00
Yes 0.39 

(0.34–0.45)

<0.001 0.34 

(0.28–0.42)

<0.001

Chemotherapy

No 1.00 1.00
Yes 0.72 

(0.61–0.83)

<0.001 0.53 

(0.43–0.65)

<0.001

BM status

Synchronous 1.00 1.00
Metachronous 0.81 

(0.71–0.94)

0.004 0.69 

(0.58–0.84)

<0.001

Note: Bold text: P<0.05. 
Abbreviations: BM, brain metastases; ECM, extracranial metastases; HR, hazard 
ratio; KPS, Karnofsky performance status; NSCLC, non-small-cell lung cancer; SRS, 
stereotactic radiosurgery; TKI, tyrosine kinase inhibitor; WBRT, whole-brain radia
tion therapy.
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metachronous metastases group with a stratified class score 
of 3.5–4. Hence, the present study demonstrated that the 
survival estimates calculated using Lung-molGPA were 
accurate for patients with synchronous and metachronous 
brain metastases. These results suggest that careful case 
selection is crucial in determining an aggressive treatment 
approach for patients with brain metastases.

To our knowledge, this is the largest study that eval
uated survival outcomes in NSCLC patients with synchro
nous or metachronous occurrence of brain metastases. 
NSCLC patients with metachronous brain metastases had 
a more favorable prognosis compared to patients with 
synchronous metastases in the brain. However, our study 
had several limitations. This was a retrospective study and 
hence could have had a significant bias that affected our 
results. There may have been inhomogeneity in the ana
lyzed group of patients with respect to locoregional tumor 
extent, the involvement of metastatic sites, the number of 
brain metastases, the degree of brain edema, and the 
administered treatments. In addition, our patient cohort 
was small and was derived from a single institution.

Conclusion
Lung-molGPA can predict survival and suits for both 
groups of NSCLC patients, with synchronous and meta
chronous metastases, which helps identify patients who are 
most likely to benefit from ablative therapy.
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