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Prognostic factors of patients who received 
chemotherapy after cranial irradiation 
for non-small cell lung cancer with brain 
metastases: A retrospective analysis of 
multicenter study (Anatolian Society of 
Medical Oncology) 

ABSTRACT
Purpose: Almost half of all patients diagnosed with non-small cell lung cancer (NSCLC) have distant metastases at presentation. 
One‑third of patients with NSCLC will have brain metastases. Without effective treatment, the median survival is only 1 month. 
However, it is difficult to treat brain metastases with systemic chemotherapy since the agents have difficulty crossing the blood‑brain 
barrier. Therefore, it is important to estimate the patient’s survival prognosis. The aim of this study was to analyze prognostic factors 
for survival in Turkish patients who received chemotherapy after cranial irradiation for NSCLC with brain metastases.

Methods: We retrospectively reviewed 698 patients with brain metastases resulting from NSCLC. Ten potential prognostic variables 
were chosen for analysis. Univariate and multivariate analyses were conducted to identify prognostic factors associated with overall 
survival (OS).

Results: Among the 10 variables for univariate analysis, six were identified to have prognostic significance; these included sex, 
smoking history, histology, number of brain metastases, extracranial metastases, and neurosurgical resection. Multivariate analysis 
by the Cox proportional hazard model showed that a smoking history, extracranial metastases, and neurosurgical resection were 
independent negative prognostic factors for OS.

Conclusion: Smoking history, extracranial metastases, and neurosurgical resection were considered independent negative prognostic 
factors for OS. These findings may facilitate pretreatment prediction of survival and can be used for selecting patients for more 
appropriate treatment options.
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INTRODUCTION

Lung cancer is the most common cause of cancer 
deaths in both men and women worldwide. Non-
small cell lung cancer (NSCLC) represents 80–85% 
of all diagnosed lung cancer cases.[1] Almost half 

of all patients diagnosed with NSCLC have distant 
metastases at presentation.[2] One‑third of NSCLC 
patients will have brain metastases.[3] Without 
effective treatment, the median survival time is only 
1 month in NSCLC patients with brain metastasis.[4]
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Current  treatment  opt ions  inc lude whole  brain 
radiotherapy  (WBRT), surgical resection, stereotactic 
radiosurgery, and combined treatment approaches. WBRT is 
currently recommended as the standard treatment approach 
for multiple brain metastases. However, the median survival 
time following WBRT alone is only 2.4–4.8 months.[5‑7] Systemic 
chemotherapy, which is commonly accepted as a treatment 
option for advanced NSCLC, has improved survival. However, 
it is difficult to treat brain metastases with these agents 
because of the blood‑brain barrier. The selection of the optimal 
treatment regimen is likely to be influenced by the patient’s 
prognosis.[8‑12] Therefore, it is important to be able to estimate 
the patient’s survival prognosis, which can be facilitated by 
using prognostic factors.

We performed a retrospective analysis of prognostic factors 
in patients who received chemotherapy after WBRT for NSCLC 
with brain metastases.

METHODS

Patient population
We retrospectively reviewed 698 patients with histologically or 
cytologically proven NSCLC from February 2001 to April 2014. 
All patients had complete clinical and follow‑up records. All of 
the patients met the following inclusion criteria: (1) histologic 
or cytologic diagnosis of metastatic NSCLC; (2) 18 years of age 
or older; (3) had received chemotherapy after WBRT; and (4) had 
a measurable disease, as defined by the Response Evaluation 
Criteria in Solid Tumors.

Factors analyzed
Ten potential prognostic variables were chosen based on 
previously published clinical trials. Each variable was divided into 
two categories: Gender (male or female), performance status (PS) 
(0‑1‑2‑3), age (<65 or ≥65), histology (squamous cell carcinoma 
or nonsquamous cell carcinoma), smoking history (present or 
absent), number of brain metastases (1–3 or ≥4), extracranial 
metastases (present or absent), neurosurgical resection (present 
or absent), synchronous brain metastases (present or absent), 
and neurological symptoms (present or absent).

All of the analyses were performed using the SPSS statistical 
software program package (SPSS version 11.5 for Windows, 

SPSS Inc., Chicago, IL, USA). The differences in the clinical 
characteristics between the two groups were analyzed by 
Chi‑square tests, and overall survival  (OS) was calculated 
from the date of diagnosis of brain metastases to the date 
of death from any cause or the date of the last follow‑up. 
OS was estimated using the Kaplan‑Meier method. The Cox 
proportional hazards regression model was used to determine 
statistically significant variables related to survival. Differences 
were considered significant when P < 0.05.

RESULTS

Between February 2001 and April 2014, 698 patients with 
advanced NSCLC were enrolled in this study.

The median patient age was 58 years (range: 20–95) with 
603 (86.4%) males and 95 (13.6%) females.

The number of patients with a PS score 0‑1 was 544 (77.9%). 
Adenocarcinoma was the most common histologic type (56.7%). 
The estimated median OS was 7.0  months. The patients’ 
baseline characteristics are listed in Table 1.

Among the ten variables for univariate analysis, six variables 
were identified as having prognostic significance: sex 
(P = 0.006), smoking history (P = 0.001), histology (P = 
0.007), number of brain metastases (P = 0.03), extracranial 
metastases (P = 0.002), and neurosurgical resection (P = 
0.001). The results of the univariate analysis for OS are 
summarized in Table 2.

The results of the multivariate analysis are shown in Table 3. 
Multivariate analysis by Cox proportional hazard model 
showed that smoking history, extracranial metastases, and 
neurosurgical resection were considered independent negative 
prognostic factors for OS (P = 0.006, P = 0.01, and P = 0.004, 
respectively) [Figures 1‑3].

DISCUSSION

Patients with brain metastases from NSCLC usually have a poor 
prognosis. The median survival time without any treatment 
is only 1 month, 2–3 months with glucocorticoid therapy, and 
2.4–4.8 months with WBRT.[5‑7]
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Systemic chemotherapy, which is commonly accepted as 
a treatment option for advanced NSCLC, has been shown 
to improve survival. However, it is difficult to treat brain 
metastases with these agents because of the blood‑brain 
barrier. Patients eligible for chemotherapy should be selected 
carefully. Very different prognostic factors for survival have 
been identified in patients with brain metastases.[13‑16]

Previously, many authors have shown that the presence of 
extracranial metastasis at the initial discovery of the brain 
metastases was a significantly negative prognostic factor 
for the treatment of brain metastases in NSCLC patients.[17‑19] 

Table 1: The general characteristics of the patients

Characteristic No. of patients (%)
Sex

Male 603 (86.4)
Female 95 (13.6)

Age (years)
<65 560 (80.2)
≥65 138 (19.8)

Performance status
0‑1 544 (77.9)
2‑3 137 (19.6)
Unknown 17 (2.5)

Smoking history
Current or former 510 (73.1)
Never 122 (17.5)
Unknown 66 (9.4)

Histology
Adenocarcinoma 396 (56.7)
Squamous cell carcinoma 116 (16.6)
Other 14 (2.0)
NSCLC NOS 172 (24.7)

Number of brain metastases
1 290 (41.5)
2‑3 155 (22.2)
≥4 230 (33.0)
Unknown  23 (3.3)

Neurosurgical resection
Yes 175 (25.1)
No 513 (73.5)
Unknown 10 (1.4)

Extracranial metastasis
Yes 349 (50.0)
No 347 (49.7)
Unknown  2 (0.3)

Table 2: Univariate analysis of OS by categorical variable

Variable Log‑rank 
test value

Degrees of 
freedom

P value

Sex 7.47 1 0.006
Age 0.10 1 0.74
Performance status 1.75 1 0.18
Smoking history 11.6 1 0.001
Histology 7.21 1 0.007
Number of brain metastases 6.48 2 0.03
Extracranial metastases 10.0 1 0.002
Neurosurgical resection 10.1 1 0.001
Synchronous brain metastases 0.003 1 0.95
Neurologically symptom 0.22 1 0.63

Figure 1: Survival of patients according to smoking history

Figure 2: Survival of patients according to extracranial metastases

Figure 3: Survival of patients according to neurosurgical resection

Table 3: Multivariate analysis of prognostic factors

Parameter OR %95 CI P value
Smoking history 1.53 1.13-2.07 0.006
Extracranial metastases 1.35 1.07-1.71 0.01
Neurosurgical resection 0.0.66 0.50-0.884 0.004
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Similarly, our results demonstrated that the lack of extracranial 
metastasis was a significantly favorable finding that improved 
the OS. For this reason, these findings suggest that control of 
the extracranial region is also very important in cases with 
brain metastases.

According to the current ESMO guidelines, resection of cranial 
metastases is a treatment option for selected patients with a 
solitary metastasis.[20] Nevertheless, level 1 evidence promising 
improved OS after aggressive treatment is lacking, apart from 
the resection of a single brain metastasis.[21,22] Patients with 
symptomatic brain metastases owing to a mass effect may be 
considered for metastasectomy. Consistent with the published 
literature,[21‑23] we found that surgical resection could prolong 
survival. Therefore, surgical resection should be considered in 
patients with controlled systemic disease, and symptomatic 
brain metastases.

Smoking is a well‑known causative factor in the development 
of lung cancer.[24] Several previous studies have demonstrated 
that smokers show a significantly poor prognosis when 
compared with nonsmokers with regard to NSCLC.[24‑26] There 
is little information available about the prognostic significance 
of smoking in patients who have received chemotherapy 
after cranial irradiation for NSCLC with brain metastases. 
Griffioen et al. did not observe a prognostic value of smoking 
status in patients with brain metastases.[21] The current study 
demonstrated that smoking status was an independent 
negative prognostic factor of survival.

CONCLUSION

Smoking history, extracranial metastases, and neurosurgical 
resection were considered independent negative prognostic 
factors for OS. These findings may facilitate pretreatment 
prediction of survival and can be used for the selecting patients 
for more correct choice of treatment. Therefore, a prospective 
trial and larger clinical trials are needed.
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