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Background: To establish a nomogram for predicting the outcome of EGFR-mutated lung adenocarcinoma
patients with brain metastases (BMs) and to estimate the efficacy of different therapeutic strategies.

Methods: The data of 129 cases with BM from the period between January 1st 2011 and December 31st
2014 were collected, and all of the cases were pathologically confirmed to be lung adenocarcinoma, stages I-
IV and with 19 and/or 21 exon mutations of EGFR. Cox regression analysis and log-rank test were used for
data analysis. The nomogram was used to establish the progression models.

Results: In the univariate analysis, the stage, ECOG score, interval between the diagnosis of lung cancer
and BM, the number of brain metastatic lesions, and the diameter of the maximal brain metastatic lesion
correlated well with overall survival (OS). In multivariate Cox proportional hazard analysis, the ECOG score,
interval between the diagnosis of lung cancer and BM, and the number of brain metastatic lesions correlated
well with the OS. Patients were divided into the poor prognostic group and the good prognostic group
based on the nomogram prognostic model score. Subgroup analysis showed that in the poor prognostic
group, the OS of patients who received radiotherapy was better than that of the patients who did not receive
radiotherapy as the first-line treatment (30 vs. 19 months, P<0.05). The OS was 30 months in the TKI
subgroup and 21 months in the no TKI subgroup, but no statistical difference was found (P>0.05). Patients
in the good prognostic group who received radiotherapy had a better 3-y OS rate than the patients who
received no radiotherapy as the first-line treatment (91.2% vs. 58.1%, P<0.05). The 3-y OS rate was 87.6%
in the TKI subgroup and 67.8% in the no TKI group (P<0.05).

Conclusions: We established an effective nomogram model to predict the progression of EGFR-mutated
lung adenocarcinoma patients with BM and the therapeutic effect of the individual treatments. Radiotherapy
was beneficial for the patients of both the poor and good prognostic groups, but TKI may be better suited
for treating the patients with good prognosis.
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Introduction

Lung cancer, a type of malignant tumor, is known
the world over for having the highest morbidity and
mortality of all cancers. Accounting for 80-85% of lung
cancer cases is non-small cell lung cancer (NSCLC) (1).
Brain metastases (BMs) are the main form of distant
metastases in lung cancer and one of the common reasons
for treatment failure. Approximately 25% of patients
with NSCLC suffer from BM, which influences their
survival. Tailored individual survival estimates could
prove useful for advising patients with BM on treatment-
related decisions and enhancing approaches to therapy.
In early 1997, RTOG put forward the classification
of RPA (recursive partitioning analysis) (2), which
was the first prognostic scoring system for assessing
the prognosis of patients with BM. In 2008, Sperduto
et al. (3) published the Graded Prognostic Assessment
(GPA), a new prognostic score system. Individual cancer
prognoses are regularly estimated using nomograms (4-9),
in the main as they are able to transform statistical
predictive models into numerical forms to produce an
estimation for the probability of death, recurrence, or
another event, taking into consideration the individual’s
profile (10). Although nomograms are widely used for
cancer prognosis (4-9), this approach has not been applied
to EGFR-mutated lung adenocarcinoma patients with BM.

NSCLC patients with BMs have poor prognosis
despite therapies, with a 1-year survival rate of less than
20% (3). WBRT (whole-brain radiation therapy) serves as
a standard treatment for NSCLC patients with BM, which
has resulted in an OS in the range of 3 to 6 months since
the 1970s (11,12). Tyrosine kinase inhibitor (TKI), a small
molecule with a good lipid-water partition coefficient, can
be absorbed with little difficulty and has high permeability;
therefore, it is able to pass through the cell membrane
and the BBB (blood brain barrier). EGFR mutations are
key targets in predicting TKI treatment efficiency for
NSCLC patients. More recently, TKI therapy has been
explored for brain metastatic patients with EGFR mutations
with an effective rate of approximately 70-80% (13). A
Japanese research team reported that among 41 patients,
the complete and partial response rate was 87.8% (14).
Furthermore, the intracranial progression free survival
time was 14.5 months and the overall survival (OS) was
21.9 months. For almost half of the subjects, radiation
therapy was delayed by TKI for over 1.5 years after being
diagnosed with BM (14). Accordingly, some experts pointed
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out that TKI targeted therapy has become a favorable
treatment, especially for patients with EGFR mutation of
BMs of lung cancer, challenging the status of radiotherapy
as a result. However, for individuals with EGFR-mutated
NSCLC who have BM, the optimal treatment is yet to be
established (15), and this important question remains to be
examined.

This study was conducted with the purpose of
developing a nomogram model to estimate survival
probabilities for individual patients with EGFR-mutated
lung adenocarcinoma with BM. We developed a nomogram
based on clinical features for predicting prognosis and the
value of radiotherapy and TKI for treating the patients with
different prognosis.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-1587).

Methods
Study design and patient eligibility

We collected data from patients who had stage I-IV lung
cancer treated at our hospital from January Ist 2011 to
December 31st 2014. Patients were included in this study if
they were pathologically confirmed to have adenocarcinoma
and genetically confirmed to have EGFR mutations in exon
19 and/or exon 21.The patients with meningeal metastases
were excluded because of the poor prognosis.

A total of number of 560 cases were initially selected.
We analyzed and summarized the 129 (23.0%) cases who
had brain parenchymal metastases at initial diagnosis
or developed BMs during routine follow-up as the
first progression. The patients were followed up by
hospitalization and/or outpatient clinic consultations. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the independent Ethics Committee of Tianjin Medical
University Cancer Institute & Hospital and individual
consent for this retrospective analysis was waived.

Treatment schedule

Diagnosis of BM was made based on an enhanced head
MRI. After the diagnosis of BM, 106 (82.3%) patients
received treatments including radiotherapy, chemotherapy,
and targeted therapy. Radiotherapy included whole brain
radiotherapy (WBRT, 40 Gy/20 f or 30 Gy/10 f) and/or
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Table 1 Clinical characteristics (n=129)

Factors N (%)
Sex

Male 50 (38.9)

Female 79 (61.1)
Age (years)

<65 100 (80.5)

>65 29 (19.5)
Smoking

Yes 47 (36.4)

No 82 (63.6)
Stage

|-l stage 110 (85.3)

IV stage 19 (14.7)
Mutation type

Exon 19 54 (41.9)

Exon 21 75 (58.1)
Control of primary lung cancer

Controlled 100 (77.5)

Progressive 29 (22.5)
Presence of combined extracranial metastasis

Absent 56 (43.4)

Present 73 (56.6)
Occurrence of brain metastases (months)

<16 71 (55.0)

>16 58 (45.0)
Number of brain metastases

<3 65 (50.4)

>3 64 (49.6)
Maximum size of brain metastases (cm)

<2 87 (67.4)

>2 42 (32.6)
Symptoms associated with brain metastasis

None 48 (37.2)

Yes 81 (62.8)
ECOG score

<2 90 (69.8)

>2 39 (30.2)
CEA (pg/mL)

<10 86 (66.7)

>10 43 (33.3)
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stereotactic radiotherapy. Cisplatin-based chemotherapy
was taken by the chemotherapy group. The targeted
therapy treatment medicines were Gefitinib (250 mg, oral,
once per day), Erlotinib (150 mg, oral, once per day), or
Icotinib (125 mg, oral, 3 times per day). The oral medicines
were taken until the disease progressed, or an unacceptable
adverse reaction or death occurred.

Statistical analyses

OS was defined as the period of time from diagnosis to
death or last follow-up. The Kaplan-Meier method was
applied to conduct survival analysis, and log-rank test was
used to calculate comparisons between groups. Univariate
and multivariate analyses were carried out using Cox
proportional hazard models. Statistical significance was
considered to exist when P value <0.05. The nomogram
was constructed based on the Cox proportional hazards
regression model for survival data. The nomogram score
was verified by way of receiver operating characteristic
(ROC) curves and internal calibration blots. Kaplan-Meier
and Cox analysis were carried out using SPSS 18.0 software;
and R software, version 3.2.2, was used for the nomogram,
ROC, and internal validation.

Results
Patient characteristics

Of the included cases, 50 cases were male (38.9%) and 79
cases were female (61.1%). The median age of onset was 58,
and 80.5% of the patients were <65 years. Approximately
36% of the cases were smokers. Regarding mutations,
approximately 42% of the cases carried exon 19 mutation
and 58.0% of the cases carried exon 21 mutation. The
number of patients with stages I-III and stage IV lung
adenocarcinoma at initial diagnosis were 110 (85.3%) and

19 (14.7%), respectively (Tuble I).

Kaplan-Meier curves

The median OS of all patients was 36 months, and the
1- and 2-year survival rates were 91.5% and 72.4%,
respectively. The median OS after BM diagnosis was
16 months, and the 1- and 2-year survival rates were 55.1%
and 46.5 %, respectively.

The median follow-up time for the whole group was
28 months, and the follow-up rate was 100%.
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Table 2 Univariate and multivariate Cox proportional hazard regression analysis between clinical variables and OS

Univariate Multivariate
Variables Group
HR (95% Cl) P value HR (95% CI) P value

Sex Male 1 0.46 1 0.32
Female 0.83 (0.50-1.37) 0.75 (0.42-1.32)

Age <65 years 1 0.29 1 0.30
>65 years 1.35(0.77-2.37) 1.41(0.73-2.72)

Stage I-1ll stage 1 0.01 1 0.51
IV stage 2.30 (1.19-4.44) 1.29 (0.61-2.70)

Smoking Yes 1 0.98 1 0.58
No 1.00 (0.60-1.70) 0.84 (0.46-1.54)

Mutation type exon 19 1 0.19 1 0.97
exon 21 1.20 (0.92-1.55) 1.00 (0.74-1.36)

Primary lung cancer Controlled 1 0.73 1 0.99
Progressive 0.90 (.050-1.61) 1.01 (0.50-2.02)

Extracranial metastasis Absent 1 0.91 1 0.65
Present 1.03 (0.62-1.71) 0.86 (0.44-1.67)

Occurrence of brain metas- <16 months 1 0.00 1 0.00
tases >16 months 0.18 (0.10-0.32) 0.15 (0.08-0.30)

Number <3 1 0.00 1 0.00
>3 3.18 (1.83-5.50) 2.86 (1.52-5.36)

Size <2cm 1 0.04 1 0.47
>2 cm 1.73 (1.03-2.91) 0.80 (0.44-1.47)

Symptoms None 1 0.37 1 0.64
Yes 1.28 (0.75-2.12) 0.86 (0.47-1.60)

ECOG score <2 1 0.00 1 0.00
>2 4.98 (2.99-8.29) 4.43 (2.44-8.05)

CEA (ug/mL) <10 1 0.45 1 0.21
>10 1.23 (0.72-2.08) 1.48 (0.80-2.71)

Univariate and multivariate results Nomogram

In the univariate analysis, the stage, ECOG score, interval
between the diagnoses of lung cancer and BM, the number
of brain metastatic lesions, and the diameter of the maximal
brain metastatic lesion correlated well with OS. In the
multivariate Cox proportional hazard analysis, the ECOG
score, interval between the diagnoses of lung cancer and
BM, and the number of brain metastatic lesions were the
significant prognostic factors related to OS (Table 2).
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The nomogram we developed was based on the significant
risk factors (P<0.05) identified using multivariate analysis.
Stage had P<0.01 in the univariate analysis, and it was also
taken into account in the nomogram. The nomogram for
predicting OS was built based on stage, ECOG score,
interval between the confirmed diagnoses of lung cancer
and BM, and the number of brain metastatic lesions
(Figure 1). The nomogram was used make predictions
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Figure 2 Receiver operating characteristic (ROC) curve and internal calibration plot. The concordance index for the model was 0.83.

of the 2- and 3-year OS probabilities; Figure 2 displays
associated ROC curves and internal calibration plots. The
concordance index for the model was 0.83. The nomogram-
predicted survival was well calibrated with the Kaplan-
Meier observed survival.

Nomogram scores to predict the efficacy in the subgroup

analysis

Risk scores for the patients were calculated based on the
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nomogram model. The median score of the nomogram
was 157 [0-257]. Based on ROC analysis, a cutoff value of
148 was chosen for OS prediction, and the patients were
split into two groups, the poor prognostic group (score:
0-148) and the good prognostic group (score >148) based
on this cutoff value. Kaplan-Meier analysis revealed that
median OS were 24 months in poor prognostic group and
57 months in good prognostic group (P<0.05). The 1- and
2-year survival rates in the poor prognostic group were
82.3% and 49.4%, respectively. The 1- and 2-year survival
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Figure 3 Kaplan-Meier analysis revealed that the median OS was
24 months in the poor prognostic group and 57 months in the
good prognostic group (P<0.05). The 1- and 2-year survival rates
in the poor prognostic group were 82.3% and 49.4%, respectively.
The 1- and 2-year survival rates in the good prognostic group were
100% and 93.2%, respectively (P<0.05). OS, overall survival.

rates for the good prognostic group were 100% and 93.2%,
respectively (P<0.05) (Figure 3).

Subgroup K-M analysis was conducted to compare
the two treatments: radiotherapy and TKI. In the poor
prognostic group, patients who received radiotherapy have
longer OS than the patients who received no radiotherapy
for the first-line treatment (30 vs. 19 months, P<0.05). The
OS was 30 months in TKI subgroup and 21 months in no
TKI group, which has no statistical difference (P>0.05). In
good prognostic group, patients who received radiotherapy
have a higher 3-y OS rate than the patients who received no
radiotherapy for the first-line treatment (91.2% vs. 58.1%,
P<0.05). The 3-y OS rate was 87.6% in TKI subgroup and
67.8% in no TKI group, which has a statistical difference
(P<0.05) (Figure 4).

Discussion

Many patients with lung cancer develop BMs, which
impacts quality of life and dramatically decreases survival.
Up to 40% of those who receive an NSCLC diagnosis will
go on to develop BMs at some point over the course of
their disease; a risk which could be even greater for those

© Journal of Thoracic Disease. All rights reserved.

who harbor EGFR exon mutations (15). Previous studies
have found EGFR mutations to be significantly associated
with increased risk of BM (16,17) and the distinct clinical
profiles of EGFR-mutated tumors in relation to BM have
been pointed out (18-21). Therefore, it is speculated that
BMs in these patients exhibit their own characteristics in
occurrence, treatment, and prognosis.

The results of our univariate analysis showed stage,
ECOG score, interval between the diagnoses of lung cancer
and BM, and the number and diameter of BMs lesions to
be correlated with OS. The multivariate Cox proportional
hazard analysis showed that the ECOG score, interval
between the confirmed diagnoses of lung cancer and
BM, and the number of BMs lesion were the prognostic
factors significantly associated with OS. Previous studies
concluded that the performance status (2,11,22,23), age
(2,11,22,23), extracranial metastases (2,11,22,23), and
primary tumor control (11,16) have a potential effect on
survival. Other studies (24,25) indicated that the number of
brain metastases influences survival. None of the previous
studies were targeted on patients with BMs with EGFR-
mutated lung adenocarcinoma. Most of the patients in our
study were treated with TKI, which could have potentially
impacted our results that differed from previous studies.

When compared with traditional prognostic indicators,
nomograms may provide prognostic estimates which
are tailored to individual patients to a greater degree.
The predictive and prognostic models were subjected to
internal validation, and they were indicated by calibration
and discrimination tests to perform well. Previous studies
were focused on the patients with BM (26-29). Our study
is the first to develop a nomogram for patients with BM
with EGFR-mutated lung adenocarcinoma. Our Kaplan-
Meier analysis revealed that the median OS and the 1- and
2-year survival rates in the high nomogram group were
better than in the low nomogram group (P<0.05). As such,
the nomogram may prove useful for assessing risk as well as
selecting therapies according to the patient as an individual.

In the past, surgical resection, stereotactic radiosurgery
(SRS), or whole-brain radiotherapy, either individually or
in combination, have been employed to treat patients with
BMs. Tyrosine kinase inhibitor (TKI), a small molecule
with a good lipid-water partition coefficient, can be
absorbed with little difficulty and has high permeability;
therefore, it is able to pass through the cell membrane and
the BBB. Some experts have pointed out that TKI targeted
therapy is becoming a favorable treatment, especially for
patients with EGFR-mutated lung cancer who have of BMs

7 Thorac Dis 2021;13(2):883-892 | http://dx.doi.org/10.21037/jtd-20-1587



Journal of Thoracic Disease, Vol 13, No 2 February 2021

A (O]
1.0 - Radiotherapy
-1 No
P o § Yes
0.8 4
2
S 0.6
©
2
s
]
]
E 0.4 4
9]
>
(@)
0.2 -
0.0 !
0 10 20 30 40 50
Time (months)
(O]
C 1.0 1 -1
---- . Radiotherapy
e 1 No
- -F1Yes
0.8
2
© 0.6
©
=
<
>
]
= 0.4+
9]
>
O
0.2 4
0.0 T T T 1 !

T T
0 10 20 30 40 50 60 70
Time (months)

889

TKI

1 No
-T1Yes

0.8

0.6 1

0.4

Overall survival rate

o
N
1

T T
0 10 20 30 40 50
Time (months)

TKI
1 No
-I1Yes

0.8

o
(o]
1

0.4

Overall survival rate

o
N
1

00 T T T T T T 1
0 10 20 30 40 50 60 70
Time (months)

Figure 4 Kaplan-Meier subgroup analysis was conducted to compare the two treatments: radiotherapy and TKI. In the poor prognostic

group, patients who received radiotherapy had a better OS than the patients who did not receive radiotherapy as the first-line treatment
(30 vs. 19 months, P<0.05, A). The OS was 30 months in the TKI subgroup and 21 months in the no TKI group, which had no statistical
significance (P>0.05, B). In good prognostic group, patients who received radiotherapy have a higher 3-y OS rate than the patients who
received no radiotherapy for the first-line treatment (91.2% vs. 58.1%, P<0.05, C). The 3-y OS rate was 87.6% in TKI subgroup and 67.8%
in no TKI group, which has a statistical difference (P<0.05, D). TKI, tyrosine kinase inhibitor; OS, overall survival.

(13,14), while others (30,31) believed that radiotherapy is
irreplaceable for these patients. A meta-analysis showed
that EGFR-TKIs used by itself should be the first-choice
treatment for NSCLC patients who have multiple BM,
particularly those with EGFR mutation, as it offers similar
OS and extracranial PFS but superior intracranial PFS in
comparison with WBRT plus EGFR-TKIs (31). A recent

© Journal of Thoracic Disease. All rights reserved.

study suggested that in a selective patient group, SRS and
TKI could offer, when used in combination, an effective
form of treatment for those with BM who have favorable
brain control and little neurotoxicity (32). A new study
showed that for patients with EGFR-mutated NSCLC
who develop BMs, the upfront administration of EGFR-
TKI and deferral of radiotherapy are related to poorer OS.
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EGFR-TKI following SRS saw the longest OS for patients,
allowing them to evade the potential neurocognitive
sequelae of WBRT (33). In conclusion, the optimal
treatment for EGFR-mutated NSCLC patients with BM
2 is unknown, and this is an important research issue
which needs to be addressed. Patients who have different
prognoses may require different individualized approaches
to treatment. Our research divided patients into two groups,
the poor prognostic group and the good prognostic group.
Our research indicated that in poor prognostic group,
patients who received radiotherapy had a longer OS than
the patients who did not receive radiotherapy as the first-
line treatment (30 vs. 19 months, P<0.05). The OS was
30 months in the TKI subgroup and 21 months in the no
TKI group, and there was no statistical significance (P>0.05).
In the good prognostic group, patients who received
radiotherapy had a better 3-y OS rate than the patients
who did not receive radiotherapy as the first-line treatment
(91.2% vs. 58.1%, P<0.05). The 3-y OS rate was 87.6%
in the TKI subgroup and 67.8% in the no TKI group,
and there was statistical significance (P<0.05). We then
concluded that radiotherapy was beneficial for all patients,
whatever their prognosis, but TKI may be more suitable
for the patients who had a better prognosis. In the first
24 months after BM, the prognosis of the TKI subgroup
looked better than that of the no TKI subgroup in the poor
prognostic group, but after 24 months, the OS curve of the
TKI subgroup dropped rapidly. Drug resistance is a likely
reason for this. Patients who had a poor prognosis may have
a poor performance, more or larger brain metastatic lesions,
so it was probably lack of salvage treatment if the drug
resistance occurs.

Conclusions

The nomogram was useful for predicting BMs in EGFR-
mutated lung adenocarcinoma patients and for selecting
individualized therapies. Radiotherapy was beneficial for all
the patients, whatever the prognosis, but TKI may be better
suited for treating patients who have a better prognosis.

Limitations

There are certain limitations to this study. First, this
study is a retrospective analysis focusing on a relatively
small amount of cases and a limited follow-up duration.
Therefore, there were differences in the primary treatments
patients underwent, and these treatments might have

© Journal of Thoracic Disease. All rights reserved.

affected the survival assessment. This study therefore
cannot offer a comprehensive reflection of prognosis of
BMs in patients in relation to this. Improved data collection
and/or a randomized controlled study are necessary to
explore in-depth answers for these research questions.
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