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Introduction

Lung cancer is the most common cause of cancer 
death worldwide and accounts for 13% of total cancer  
diagnoses (1). Approximately 85% of the pathological 
types of lung cancer are non-small cell lung cancer 
(NSCLC), the most common type of NSCLC is pulmonary 

adenocarcinoma. The prognosis of patients with NSCLC 
is poor due to most patients already being in late stage of 
cancer at the time of diagnosis (2). Distant metastasis is often 
observed at presentation; 10–20% of patients with NSCLC 
will present with brain metastasis at first diagnosis (3)  
and up to 50% will develop brain metastasis over the course 
of the disease (4). The self-reported health-related quality 
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of life of patients who are diagnosed with brain metastasis 
at their initial diagnosis deteriorates faster than those who 
present without brain metastasis (5). Brain metastases are 
more frequent in NSCLCs with oncogenic driver mutations 
like epidermal growth factor receptor (EGFR)-mutation or 
anaplastic lymphoma kinase (ALK)-rearrangement, ranging 
between 25% at diagnosis to more than 45% 3 years after 
diagnosis (6). To our knowledge, survival in NSCLC with 
brain metastases was poor (7) which has improved with 
recent advancements.

The choice of therapeutic approach for brain metastasis 
should be guided by knowledge of a number of prognostic 
factors, including the patient’s age, primary/systemic tumor 
activity, neurocognitive function, Karnofsky performance 
status (KPS), number of metastases, and time from first 
diagnosis (8). There is some concern over the effectiveness 
of drug treatment because of the blood-brain barrier (BBB), 
but many agents are effective as the BBB has already been 
breached by the metastatic lesion (9).

Numerous pulmonary adenocarcinomas exhibit single 
oncogene aberrations that play major roles in oncogenesis 
and tumor progress ion,  thus treatment has  been 
improved recently with adoption of targeted therapy (10).  
For example, EGFR mutations exist in many Asian 
populations with pulmonary adenocarcinoma and respond 
well to therapy with tyrosine kinase inhibitors (TKIs) that 
suppress the aberrant EGFR kinase activity (11). However, 
patients with EGFR mutation have a higher rate of brain 
metastasis than those with EGFR-wild-type NSCLC (12) 
and they are more likely to develop multiple metastases (13).  
Immunotherapy and chemotherapy are also important 
approaches, particularly for patients who are EGFR-wild-
type (14).

Overall, the survival of patients with NSCLC and brain 
metastasis remains unsatisfactory (15). The treatment 
options are quite complex, and many factors influence 
the outcomes of patients with NSCLC (16). Thus, more 
studies are needed to fully elucidate the optimal approach 
for treating patients with NSCLC that has metastasized 
to the brain (17). However, there were few studies on the 
different time of brain metastasis in patients with stage 
IV pulmonary adenocarcinoma. The purpose of our study 
was to investigate the survival of patients with pulmonary 
adenocarcinoma and brain metastasis and examine 
therapeutic effects and prognosis-related factors in these 
patients. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-3146).

Methods 

Study design

This was a retrospective study of clinical data from patients 
with pulmonary adenocarcinoma who developed brain 
metastasis and were treated at the Department of Oncology, 
Tianjin Medical University General Hospital between 
1 January 2012 and 31 September 2018. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics 
Committee of Tianjin Medical University General Hospital 
(approval No. 201171). Consents were provided by the 
participants.

Patients

The inclusion criteria for this study were as follows: (I) 
stage IV pulmonary adenocarcinoma with brain metastases 
at final diagnosis that was confirmed pathologically and by 
imaging [staging was performed in accordance with the 8th 
edition of American Joint Committee on Cancer Staging 
(AJCC) Cancer Staging Manual, for NSCLC (18)]; (II) brain 
metastases that were untreated or had received operation, 
targeted therapy, chemotherapy, or radiotherapy; (III) KPS 
of 60–100 at the initial visit; (IV) the patient’s organ function 
met the following criteria at the initial visit: bone marrow 
function: neutrophil (NEUT) # ≥1.5×109/L, hemoglobin 
(HGB) ≥60 g/L, platelet (PLT)# ≥80×109/L; l iver 
function: bilirubin ≤ upper limit of normal (ULN), alanine 
transaminase (ALT) and aspartate transaminase (19) ≤ ULN; 
renal function: creatinine clearance rate (CCR) ≥30 mL/h; 
coagulation function: bleeding and clotting time ≤ ULN. 

The exclusion criteria were as follows: (I) no pathological 
evidence or pathologically diagnosed non-pulmonary 
adenocarcinoma or pulmonary adenocarcinoma without 
brain metastases by the final imaging diagnosis; (II) unclear 
clinical staging, incomplete data, and loss to follow-up; 
(III) patients with a primary intracranial tumor or those 
with non-pulmonary adenocarcinoma complicated by brain 
metastases; (IV) patients with systemic diseases needing 
long-term medication with glucocorticoid drugs; (V) 
severe clinical infection or organ failure, or hemodynamic 
instability needing admission to the intensive care unit (ICU).

The eligible patients were divided into 2 groups, an 
initial-metastasis group and alate-metastasis group, on 
the basis of whether the pulmonary adenocarcinoma was 
accompanied by brain metastases at the initial visit or was 
diagnosed at a later stage.

https://dx.doi.org/10.21037/apm-21-3146
https://dx.doi.org/10.21037/apm-21-3146
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Treatments

All participants received one or multiple therapies 
according to the recommendation of the treating clinician 
and with their consent. These included surgical procedures 
to resect the intrapulmonary and/or intracranial tumor, 
chemotherapy, radiotherapy of the intrapulmonary and/or 
intracranial tumor, targeted therapy, bio-immunotherapy, 
or no treatment (best supportive care).

Data collection

Participants’ data were collected from their medical 
records regarding age, gender, whether there was 
metastasis at the initial visit, whether there were symptoms 
confirming metastasis, location of metastases, therapeutic 
regimens, first-line therapeutic effect, overall survival 
(OS), intracranial progression-free survival (IPFS), and 
progression-free survival (PFS).

We defined OS as duration from first-line treatment to 
death resulting from any cause (the time of the final follow-
up visit for those who were lost to follow up; the day of the 
end of follow-up visit for those still alive at the end of the 
study).

We defined PFS as time horizon from first-line treatment 
to first tumor progression or death.

The therapeutic effect was defined according to complete 
response (CR), partial response (PR), stable disease (SD), 
and progressive disease (PD) (20).

The identification of metastasis was confirmed by 
histopathological results and diagnosis of an intracranial 
metastatic tumor by double-dose enhanced magnetic 
resonance imaging (MRI) or enhanced computed 
tomography (CT) scan of the head, and by correlating these 
images with clinical symptoms and signs or after intracranial 
operation brain metastases were pathologically confirmed 
to be derived from the pulmonary adenocarcinoma. 

Statistical analysis

Quantitative indexes that were normally distributed 
were described by mean ± standard deviation (SD), and 
independent-samples t-test was used to calculate P values; 
those that were not normally distributed were described 
by median (range), and a non-parametric test was used to 
calculate P values. Classification indexes were described by 
using frequency (percentage), and chi-square test or Fisher 

exact test (if the expected frequency of over 20% of cells was 
less than 5) were used to compare independent samples in 
the 2 groups. Taking OS, PFS, and IPFS as outcomes, the 
grouping was performed based on whether there were brain 
metastases at the initial visit, and a Kaplan-Meier curve was 
drawn, and log-rank test was used to determine whether 
survival curves were significantly different. The OS, PFS, 
and IPFS were regarded as outcomes for Cox regression 
analysis, and factors with significant results of univariate 
analysis (P<0.05) were included in the multivariate analysis. 
All statistical tests were performed with the SPSS 20.0 
software package (IBM Corp., Armonk, NY, USA) and the 
use of two-sided test, and P values of less than 0.05 were 
considered to indicate statistical significance.

Results

Baseline characteristics

The baseline data from the 2 participant groups are 
shown in Table 1. There were 43 patients diagnosed with 
metastasis at the initial visit who were allocated to the 
initial-metastasis group and 49 patients who showed no 
metastasis at the initial visit who were allocated to the 
late-metastasis group. The two groups were similar in 
terms of gender, age, and smoking pack year. There was a 
significantly higher KPS score in the late-metastasis group 
(80.21±3.85 vs. 76.50±7.00, P=0.002). The primary site of 
the adenocarcinoma, tumor size, staging, and genetic testing 
showed no difference between the groups. More participants 
in the late-metastasis group underwent surgery than in the 
initial-metastasis group (34.7% vs. 11.6%, P=0.019) but the 
other first-line treatment methods were similar between the 
groups. It could be seen the 25% of participants in the late-
metastasis group had brain metastases within 182 days, and 
the other 75% of participants had brain metastases within 
556 days. The average time of brain metastasis was 399 days 
in the late-metastasis group.

First-line treatment outcomes

The efficacy of the first-line treatment is also shown in 
Table 1. The late-metastasis group had a median OS of 
617 days compared with 279 days of the initial-metastasis 
group (P<0.001). PFS was significantly higher in the late-
metastasis group than that in initial-metastasis group (259 
vs. 161 days, P=0.006).
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Table 1 Baseline data of the two patient groups 

Variables Total (n=92)
Late-metastasis group 

(n=49) 
Initial-metastasis group 

(n=43) 
P value

Age (years) (mean ± SD) 63.35±8.94 62.90±7.23 63.86±10.62 0.609

Gender (male), n (%) 48 (52.2) 24 (49.0) 24 (55.8) 0.656

Smoking (pack-year) (mean ± SD) 406.31±497.93 326.53±440.06 532.42±562.33 0.071

KPS score (mean ± SD) 78.52±5.78 80.21±3.85 76.50±7.00 0.002

Primary site, n (%) 0.244

Right lung (central type) 24 (26.1) 14 (28.6) 10 (23.3) 

Right lung (peripheral type) 33 (35.9) 15 (30.6) 18 (41.9) 

Left lung (central type) 13 (14.1) 5 (10.2) 8 (18.6) 

Left lung (peripheral type) 22 (23.9) 15 (30.6) 7 (16.3) 

Tumor size (diameter, cm) (mean ± SD) 4.78±1.91 4.57±1.94 5.02±1.86 0.261

Staging, n (%) 0.282

III 3 (4.5) 3 (8.6) 0 (0.0) 

IV 63 (95.5) 32 (91.4) 31 (100.0) 

Genetic testing, n (%) 0.214

ALK 1 (1.1) 1 (2.0) 0 (0.0) 

ALK, ROS1 1 (1.1) 0 (0.0) 1 (2.3) 

EGFR 31 (33.7) 13 (26.5) 18 (41.9) 

WC 30 (32.6) 20 (40.8) 10 (23.3) 

WT 29 (31.5) 15 (30.6) 14 (32.6) 

First-line treatment-operation, n (%) 22 (23.9) 17 (34.7) 5 (11.6) 0.019

First-line treatment-chemotherapy, n (%) 66 (71.7) 39 (79.6) 27 (62.8) 0.120

First-line treatment-radiotherapy, n (%) 24 (26.1) 11 (22.4) 13 (30.2) 0.542

First-line treatment-targeted therapy, n (%) 34 (37.0) 16 (32.7) 18 (41.9) 0.486

Optimal efficacy of first-line treatments, n (%) 0.004

CR 9 (9.9) 9 (18.4) 0 (0.0) 

PD 10 (11.0) 2 (4.1) 8 (19.0) 

PR 27 (29.7) 16 (32.7) 11 (26.2) 

SD 45 (49.5) 22 (44.9) 23 (54.8) 

OS (days), median (range) 415.5 (28.0, 3,496.0) 617.0 (50.0, 3,496.0) 279.0 (28.0, 1,240.0) <0.001

IPFS (days), median (range) 247.0 (28.0, 2,297.0) 259.0 (31.0, 2,297.0) 216.0 (28.0, 1,140.0) 0.088

PFS (days), median (range) 222.0 (28.0, 1,247.0) 259.0 (41.0, 1,247.0) 161.0 (28.0, 749.0) 0.006

KPS, Karnofsky performance score; ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; WC, undetected; 
WT, wild type; CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease; OS, overall survival; IPFS, 
intracranial progression-free survival; PFS, progression-free survival.
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Table 2 Clinical data related to brain metastases

Variables Total (n=92)
Late-metastasis 

group (n=49)
Initial-metastasis 

group (n=43)
P value

Intracerebral symptoms when the lung cancer was confirmed, n (%) <0.001

No symptoms 70 (76.1) 47 (95.9) 23 (53.5) 

Symptoms 22 (23.9) 2 (4.1) 20 (46.5) 

Location of brain metastases, n (%) 0.605

Unknown 1 (1.1) 1 (2.0) 0 (0.0) 

Within parietal diploe 1 (1.1) 1 (2.0) 0 (0.0) 

Brain parenchyma 87 (94.6) 45 (91.8) 42 (97.7) 

Brain parenchyma + leptomeninges 2 (2.2) 1 (2.0) 1 (2.3) 

Not described 1 (1.1) 1 (2.0) 0 (0.0) 

Intracerebral symptoms when brain metastases were confirmed, n (%) 0.113

No symptoms 54 (58.7) 33 (67.3) 21 (48.8) 

Symptoms 38 (41.3) 16 (32.7) 22 (51.2) 

Imaging features of brain metastases, n (%) 0.496

Annular 1 (1.1) 0 (0.0) 1 (2.4) 

Nodular 27 (29.7) 15 (30.6) 12 (28.6) 

Consolidation 1 (1.1) 0 (0.0) 1 (2.4) 

Solid 62 (68.1) 34 (69.4) 28 (66.7) 

Brain metastasis results

The clinical data related to the development of brain 
metastases in these participants is described in Table 2.  
Initial-metastasis group participants showed more 
intracerebral symptoms when the lung cancer diagnosis was 
confirmed than those in the late-metastasis group (46.4% 
vs. 4.1%, P<0.001), but there was no difference in symptoms 
between the groups at the time of metastasis diagnosis. The 
location and imaging characteristics of the metastases were 
similar between the 2 groups.

Survival analysis

Kaplan-Meier curves showed that the participants in the 
late-metastasis group had longer OS, IPFS, and PFS than 
those in the initial-metastasis group (all P<0.001, Figure 1). 

Cox regression analysis of OS, PFS, and IPFS

The analysis of factors related to OS in the patients with 
pulmonary adenocarcinoma is shown in Figure 2. Univariate 

analysis showed that gender, KPS, tumor size, optimal 
efficacy of first-line treatment, involvement of surgery 
in the first-line treatment, involvement of radiotherapy 
in the first-line treatment, and brain metastasis at initial 
visit were all significant for OS. When analyzed by 
multivariate analysis, gender, KPS, optimal efficacy of first-
line treatment, involvement of radiotherapy in the first-
line treatment, and brain metastasis at initial visit remained 
significant factors related to OS.

The analysis of factors related to PFS is shown in  
Figure 3. Univariate analysis suggested that KPS, optimal 
efficacy of first-line treatment, involvement of surgery in 
the first-line treatment, and brain metastasis at initial visit 
were all significant for PFS. When analyzed by multivariate 
analysis, optimal efficacy of first-line treatment (but not 
CR vs. PD) and brain metastasis at initial visit remained 
significant factors related to PFS.

The analysis of factors related to IPFS is illustrated in 
Figure 4. Univariate analysis showed that smoking pack year, 
KPS, optimal efficacy of first-line treatment, involvement 
of surgery in the first-line treatment, and brain metastasis 
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at initial visit were all significant for IPFS. Multivariate 
analysis showed that optimal efficacy of first-line treatment 
and brain metastasis at initial visit remained significant 
factors related to IPFS.

Discussion

This study focuses on the correlation between brain 
metastasis and OS in patients with advanced lung cancer, 
and the correlation between brain metastasis and various 
clinical factors.

Smoking pack year was higher in the initial-metastasis 
group, KPS was higher in the late-metastasis group, and 
more patients in the late-metastasis group underwent 
surgery as first-line treatment. First-line treatment efficacy, 
OS, and PFS were higher in the late-metastasis group. 
Survival analysis with Kaplan-Meier curves showed that 
the late-metastasis group had longer OS, IPFS, and PFS. 
Multivariate analysis showed that gender, KPS, efficacy of 
first-line treatment, radiotherapy, and brain metastasis at 
initial visit were significantly related to OS and that efficacy 
of first-line treatment and brain metastasis at initial visit 
were both factors related to IPFS and PFS.

The results of this study revealed a clear relationship 
between the diagnosis of brain metastasis at the patient’s 
first hospital appointment and shorter survival in terms 
of OS, PFS, and IPFS. The median OS of patients in the 
initial-metastasis group was 279 days (equal to 9.2 months), 
while in the late-metastasis group it was 617 days (equal 
to 20.3 months). These rates compare quite favorably to 
previous studies that showed a 6-month median survival 
of patients with brain metastasis at presentation (3), OS of 
patients with NSCLC and brain metastasis of 7.7 months 
for patients treated with chemotherapy plus bevacizumab 
or chemotherapy and targeted therapy (14), and median 
survival time of 8 months in NSCLC patients with brain 
metastases after radiosurgery (21). However, it remains 
evident that patients with brain metastasis have a poor 
outcome and that early diagnosis prior to metastasis is 
important for improving survival rates (2).

The efficacy of the first-line treatment regimen was shown 
to be important for longer OS, PFS, and IPFS in this study. A 
variety of regimens are used as first-line treatment in patients 
with advanced NSCLC. These regimens are selected based 
on a patient’s histology, molecular profile, and performance 
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Figure 1 Survival analysis of the two patient groups using Kaplan-
Meier curves. The late-metastasis group is shown by the blue 
line. The initial-metastasis group is shown by the green line. (A) 
OS of the late-metastasis group was significantly longer than the 
initial-metastasis group. (B) IPFS of the late-metastasis group 
was significantly longer than the initial-metastasis group. (C) 
PFS of the late-metastasis group was significantly longer than the 
initial-metastasis group. OS, overall survival; IPFS, intracranial 
progression-free survival; PFS, progression free survival.
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Figure 2 Cox regression analysis taking OS as the outcome. OS, overall survival; HR, hazard ratio; CI, confidence interval; KPS, Karnofsky 
performance score; SD, stable disease; PR, partial response; CR, complete response.

Figure 3 Cox regression analysis taking PFS as the outcome. PFS, progression free survival; HR, hazard ratio; CI, confidence interval; KPS, 
Karnofsky performance score; SD, stable disease; PD, progressive disease; PR, partial response; CR, complete response.

status, and include combination and single treatments (22).  
However, the optimal choice of first-line therapy for 
NSCLC is not always clear and more information is needed 
to assist clinicians with selection of the best regimen (23). 
Standard regimens for patients with stage IV NSCLC 
typically include chemotherapy involving targeted therapy 
and immunotherapy and palliative radiation; however, 
therapeutic surgery is also performed, and thoracic surgery 

can be beneficial for select patients (24). In this study, the use 
of radiotherapy showed a correlation to longer OS, which has 
been similarly reflected in the results of other studies (25,26). 
However, another study in EGFR mutant patients found no 
long-term survival benefit with the use of radiotherapy (27). 
There also remains some debate about whether the benefits 
of radiotherapy outweigh the adverse events and its use 
should be carefully considered (17,28).
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Gender was also an important factor related to OS in this 
study although it showed no correlation to PFS. A study 
in patients with early-stage NSCLC treated with surgical 
resection found no gender difference in OS (29). However, 
female gender as well as pathological stage were favorable 
prognostic factors for survival after surgery in another  
study (30). Female gender also contributed to improved 
survival regardless of treatment following lobectomy for 
NSCLC larger than 4 cm (31).

The KPS value at diagnosis is a direct measure of a 
patient’s functional status. This study showed that KPS 
was related to OS in this patient population, and this is 
supported by other studies. A study that aimed to predict 
the survival of patients with NSCLC and brain metastasis 
showed that KPS at diagnosis of brain metastasis was an 
independent predictor of survival (32). Another study 
showed that a KPS of 90% vs. 70–80% was a significant 
prognostic factor after radical treatment for oligometastatic 
NSCLC (33). The KPS was also an important prognostic 
factor for patients with NSCLC and brain metastasis after 
radiosurgery (21). At the other end of the scale, KPS is also 
related to prognosis in early-stage NSCLC (34). Therefore, 
KPS can be correctly used as an aid to prognosis assessment 
and selection of appropriate treatment regimen (33).

Although in this study we found no significant difference 
in the genetic testing results between the late-metastasis 
group and initial-metastasis group, previous studies have 
shown that patients with EGFR mutation have higher 

rates of brain metastasis than those without the mutation 
(12,35). Asian populations with NSCLC tend to have a high 
prevalence of EGFR mutations (36). In this study, 33.7% of 
participants were identified as having EGFR mutation. This 
is similar to the overall prevalence worldwide but slightly 
lower than a previous rate measured in China of 38.4% (37). 
This rate stood at 41.9% in the initial-metastasis group 
compared to 26.5% in the late-metastasis group, so a larger 
study may reveal a statistical difference for early metastasis 
in patients with EGFR mutation that was not evident in this 
study. According to this study, chemotherapy combined 
with TKI is the best choice for patients with stage IV lung 
cancer brain metastasis complicated with EGFR mutation 
(Figure 5).

Previous studies have shown that patients with 
intracranial symptoms are more likely to receive surgical 
treatment (4) or combination treatment with TKIs and 
radiotherapy rather than TKI treatment alone (38). So, 
differences in first-line treatment may influence the survival 
of patients. However, the time from the confirmation of 
lung cancer to the confirmation of brain metastases was 
not available and the appropriate multivariate analysis 
could not be performed. These aspects will require further 
investigation in future.

This study had some other limitations. As a retrospective 
analysis, it is likely that there was some selection bias in 
patient inclusion. This study was conducted in a single 
hospital department, so the sample size was relatively 

Figure 4 Cox regression analysis taking IPFS as the outcome. IPFS, intracranial progression-free survival; HR, hazard ratio; CI, confidence 
interval; KPS, Karnofsky performance score; SD, stable disease; PD, progressive disease; PR, partial response; CR, complete response.
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small. Larger scale studies including patients from multiple 
centers are needed to support our results.

The OS and PFS for  pat ients  with pulmonary 
adenocarcinoma and brain metastases present at their 
initial visit were shorter than those for patients who first 
presented without brain metastases. The better the first-line 
therapeutic effect was, the longer the OS, PFS, and IPFS. 
In addition, female gender and high KPS score were related 
factors for longer OS.
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