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Surgical management of primary non—small-cell
carcinoma of lung with synchronous solitary brain
metastasis: local experience

Objective To report the surgical experience in the management of patients
with synchronous primary lung cancer and solitary brain
metastasis.

Design Retrospective cohort study.
Setting Regional hospital, Hong Kong.

Patients Seventeen patients with synchronous primary lung cancer and
solitary brain metastasis were treated by pulmonary resection
and neurosurgical intervention between 1994 and 2007.

Results Median patient survival was 52 months (95% confidence interval,
9-95 months) and the 5-year survival was 27%. The univariate
analysis yielded no significant prognostic factor. Four out of six
patients who had lymph node metastases developed tumour
recurrence.

Conclusion In view of encouraging survival results, aggressive therapy
including pulmonary resection and neurosurgical intervention
should be recommended for patients with synchronous
presentation with primary lung cancer and solitary brain
metastasis.

Introduction

The prognosis of primary lung cancer is poor because metastases develop early in the
subclinical stage. The brain is one of the most common sites of metastases. About 25 to
30% of patients develop brain metastases during the course of the disease and at autopsy
the prevalence is up to 60%." Neurological symptoms due to peri-lesional cerebral oedema
can be relieved rapidly by corticosteroids but median survival is usually less than 3 months.?
Depending on the size and site of the lesion, it can also be treated by surgical resection,
or stereotactic radiosurgery (SRS). Yet the prognosis remains poor with a median survival
of less than 6 to 8 months.3* A unique group of the patients has solitary brain metastasis
and capacity for longer survival if the brain metastases can be removed completely.>” For
synchronous tumour, the question arises as to whether to also treat the lung primary
aggressively. There is a belief that patients with solitary synchronous brain metastasis have
poorer survival than those with metachronous brain metastases. Under such circumstances,
pulmonary resection is thought to be palliative in nature. However, pulmonary resection
is usually not justified since the lung primary is relatively less symptomatic than the
brain metastasis, and pulmonary symptoms can be controlled by non-surgical therapy.
Patients are usually treated with thoracic radiation, chemotherapy, or a combination of
both but long-term survival is seldom achieved. In the last 10 years, there have been a few
reports about survival benefit, and even 5-year survival after aggressive combined thoracic
resection and neurosurgical therapy for patients with synchronous lung primary and a
solitary brain metastasis. So combined aggressive therapy for synchronous solitary brain
metastasis from lung primary is no longer considered palliative. In this report, we describe
our experience of combined pulmonary resection and neurosurgical therapy for patients
with synchronous primary lung non-small-cell carcinoma and a solitary brain metastasis.

Methods

From January 1994 to December 2007, 17 patients (3 female and 14 male) had curative
pulmonary resections for primary lung non-small-cell carcinomas and curative
neurosurgical interventions for synchronous solitary brain metastases. Synchronous
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tumour was defined as simultaneous diagnosis of
both lung primary and brain secondary within 1
month. Solitary metastasis was defined as a single
brain metastasis representing the sole extra-thoracic
metastasis revealed by computed tomography (CT)
of the whole body, bone scan, magnetic resonance
imaging (MRI) of the brain, and/or positron emission
tomography (PET). Curative neurosurgical resection
was defined as gross complete removal of the brain
metastasis by means of craniotomy, or SRS. The
precise neurosurgical intervention depended on
the size, the anatomical site, and the potential for
neurological effects after removal of the lesion. Our
policy was to carry out neurosurgical intervention first
to achieve early symptomatic relief. Subsequently,
patients underwent further assessment, including
tumour staging and cardiopulmonary assessment to
determine whether they were suitable candidates for
pulmonary resection. Staging procedures included
whole body CT, bone scan, MRI brain, PET scan, and if
necessary, mediastinoscopy. Pulmonary resection was
not offered to those with multiple brain metastases,
extra-cranial distant metastases, regional lymph node
metastases, inadequate cardiopulmonary reserve,
or poor Karnofsky performance status (KPS, <90).
Curative pulmonary resection was defined as no
involvement of bronchial, vascular, and parenchymal
margins. Such patients also underwent whole
brain irradiation therapy before or after pulmonary
resection. All relevant hospital and out-patient
clinical records were reviewed. Statistical analysis
was carried out using the Statistical Package for the
Social Sciences (Windows version 16.0; SPSS Inc,
Chicago [IL], US). The survival interval was defined
as the interval between the last date of the operation
and the date of death or last clinic visit. Survival
was calculated by the Kaplan-Meier method. Any P
value of less than 0.05 was considered statistically
significant.

Results

The mean age of the entire cohort was 58 (range,
37-77) years. Fifteen (88%) patients had neurological
symptoms including: hemiparesis (n=7), headache
(n=5), diplopia (n=2), seizure (n=2), and confusion
(n=1); two of them had multiple neurological
symptoms. Only two (12%) patients had respiratory
symptoms, and one had neither respiratory nor
neurological symptoms. Nine (53%) patients
had brain MRI scans before their neurosurgical
intervention in addition to CT. Only 11 patients had
PET, as such scanning was not available before 2001.

All but one patient had their neurological
intervention before the pulmonary resection, as
relief of neurological symptoms was considered
more urgent. Brain metastases were found in the
frontal lobes (n=9), parietal lobes (n=3), occipital
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lobes (n=2), cerebellum (n=1), pons (n=1), and
thalamus (n=1). Craniotomy and complete removal
was performed in 14 patients (Fig 1), and all the
specimens were confirmed to be metastases from
lung. Three patients received SRS. The median
interval between the neurological intervention
and pulmonary resection was 40 (range, 8-97) days.
Pneumonectomy was performed in one patient,
wedge resection with an adequate margin in one (Fig
2), and lobectomy in 15 patients. The most common
histological type was adenocarcinoma (n=15; 88%).
One patient had a squamous cell carcinoma and
one an adenosquamous carcinoma. Lymph node
metastases were found in six (35%) patients, which
included mediastinal lymph nodes (N2) in one
patient and hilar/lobar lymph nodes (N1) in five
patients. There was no mortality or morbidity after
the neurosurgical interventions. One patient died
14 days after lobectomy due to pneumonia, one had
a persistent air leak, and one had an infection of
the thoracotomy wound. Sixteen patients received
whole brain radiation therapy, and one received
mediastinal irradiation for mediastinal N2 nodal
involvement. No patient received chemotherapy.
The characteristics of these patients are summarised
in Table 1.

Follow-up was complete in 16 patients; the
median follow-up being 13 (range, 4-68) months.
Eleven patients had tumour recurrence, including
in the brain (n=9), lungs (n=1), and at multiple sites
(n=1). Seven of them died of cancer progression
during follow-up, and five were alive without overt
disease. The median survival to date was 52 (95%
confidence interval, 9-95) months. The overall 1-year,
2-year, and 5-year survivals were: 63%, 54%, and
27%, respectively. The univariate analysis yielded
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TABLE |. Patient characteristics”

Patient No. Sex Age (years) Neurology Magnetic resonance image of brain Site of brain metastasis
1 M 37 Yes Yes Parietal

2 M 40 Yes Yes Frontal

3 F 44 Yes = Parietal

4 M 45 Yes - Frontal

5 M 49 Yes Yes Frontal

6 M 50 Yes - Frontal

7 M 52 Yes Yes Frontal

8 M 59 - Yes Frontal

9 F 61 Yes = Occipital
10 M 64 Yes Yes Frontal
11 M 65 Yes Yes Parietal
12 M 65 Yes - Frontal
13 M 68 Yes Yes Frontal
14 M 69 Yes Yes Pontine
15 M 70 Yes = Cerebellum
16 M 75 Yes - Occipital
17 F 77 - - Thalamus

* Patient 7 had a large cell carcinoma and patient 15 had an adenosquamous carcinoma; all others had adenocarcinoma

FIG I. Contrast magnetic resonance brain images of patient 8 (a) before
and (b) after craniotomy

FIG 2. Contrast computed tomographic thorax images of patient 8 (a)
before and (b) after lobectomy

TABLE 2. Surgical results of combined management for synchronous solitary brain metastasis and primary lung cancer'!'"!21¢-1?

Author Year No. Therapy for brain 5-Year Median survival Poor prognostic factors
metastasis survival (%) (months)

Torre et al'® 1988 27 Craniotomy 15 26 Lymph node metastasis

Burt et al'” 1992 65 Craniotomy 16 21 Incomplete resection

Billing et al 2001 28* Craniotomy 21 24 Lymph node metastasis

Bonnette et al® 2001 103 Craniotomy 11 12.4 Non-adenocarcinoma

Granone et al’® 2001 20 Craniotomy - 23 Non-adenocarcinoma and lymph node metastasis

Flannery et al? 2008  26% SRSS 35 26.4 Karnofsky performance status

Yang et al'' 2008 16 SRS 56 64.9 -

Current study 2008 17 Craniotomy and SRS 27 52 -

@+ oy
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Two patients had two brain metastases
Four patients had multiple brain metastases
Had pulmonary resections, or radiation therapy for lung primary
SRS denotes stereotactic radiosurgery
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Neurosurgical intervention  Pulmonary resection = TNM stage  Survival interval (months) Status Site of recurrence
Craniotomy Lobectomy T2N1 52.1 Cancer death Brain
Craniotomy Lobectomy T2NO 62.4 Alive -
Craniotomy Pneumonectomy T2N2 6.9 Cancer death Brain and liver
Craniotomy Lobectomy T2NO 12.6 Alive Brain
Craniotomy Lobectomy T2N1 7.2 Alive -
Craniotomy Lobectomy T2N1 - Operative death -
Craniotomy Wedge resection T1NO 24.4 Alive -
Craniotomy Lobectomy T2NO 4.5 Alive -
Craniotomy Lobectomy T2N1 12.8 Cancer death Brain
Craniotomy Lobectomy T2NO 12.2 Alive Liver and bone

Stereotactic radiosurgery Lobectomy T2NO 20.4 Alive -
Craniotomy Lobectomy T1N1 28.1 Alive Brain
Craniotomy Lobectomy T1NO 20.4 Alive Lungs

Stereotactic radiosurgery Lobectomy T2NO 9.1 Cancer death Brain
Craniotomy Lobectomy T1NO 3.9 Cancer death Brain
Craniotomy Lobectomy T2NO 13.4 Cancer death Brain

Stereotactic radiosurgery Lobectomy T2NO 17.3 Cancer death Brain

no significant prognostic factor. Of six patients
who had lymph node metastases, four developed
tumour recurrence, but this did not attain statistical
significance in terms of survival (P=0.282). Neither
gender (P=0.254), age (P=0.312), histology (P=0.269),
nor degree of differentiation (P=0.415) affected
survival. Seven out of eight patients who had
preoperative CT had brain recurrence, but only
two out of nine who had preoperative MRI had
brain recurrence. Whether or not patients had a
preoperative MRI brain scan did not affect survival.

Discussion

Without any treatment, the median survival of
patients with brain metastases from primary lung
cancer was less than a few months. For solitary
brain metastasis, survival can be improved after
craniotomy and complete removal.® In randomised
trials, survival after craniotomy and whole brain
radiation therapy was significantly better than brain
radiotherapy alone.*' Recently, SRS was reported
to be an alternative to the craniotomy, especially
for the management of patients with small or deep
lesions. Apart from being less invasive and having
less morbidity than open surgery, the local tumour
control rate was consistently greater than 85%, and
survival was comparable to that with open surgery." "2

For patients presenting with a synchronous
solitary brain metastasis, however, clinicians face
a dilemma with regard to treatment of the thoracic
primary. Patients with a solitary synchronous brain
metastasis have shorter survival than those with

metachronous metastases, if both are treated only
with neurosurgical resection.” Some clinicians
consider synchronous presentation as a prognostic
factor for poor outcomes.” Therefore, pulmonary
resection was seldom performed, owing to its
invasive nature, uncertain survival benefit, and
paucity of pulmonary symptoms. Alternatively,
patients received thoracic radiation, chemotherapy,
or both. Although the prognosis was better than
those not receiving any thoracic therapy (overall
survival, 15.5 vs 5.9 months; P=0.046), it was
nevertheless poor.™™ This lead clinicians to evaluate
the role of surgery for the thoracic primary. A few
case series showed a survival benefit after aggressive
combined neurosurgical and pulmonary resections.
The reported mean overall survival ranged from
12 to 65 months (Table 2).""™21¢9 Flannery et al™
demonstrated that patients who underwent definitive
thoracic therapy (either pulmonary resection or
thoracic radiation therapy) had better survival than
those not receiving any thoracic therapy (5-year
actuarial overall survival being 36% vs 0%, P<0.001).
Based on multivariate analysis, they also noted that
definitive thoracic therapy was one of the prognostic
factors (P=0.020). In a retrospective case-control
study, patients having both SRS and pulmonary
resection survived significantly longer than those
having SRS alone (mean survival, 65 vs 18 months;
P<0.001)." Thus, in the presence of encouraging
survival results, combined thoracic resection and
neurosurgical intervention for synchronous lung
primary and brain metastasis appeared justified. In
our study, the median survival till latest follow-up
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was 52 months and the 5-year survival rate was 27%.
These results appear comparable to other series
reporting on combined surgical resection of both
lesions in patients presenting synchronously with a
lung primary and a brain metastasis.

Intra-thoracic lymph node metastases, non-
adenocarcinoma histology, and poor performance
status were reported to be prognosticators of poor
outcomes."?'*"” We could not demonstrate any
prognostic factor in our series, possibly because of
the small number of patients. There was no long-
term survival among patients with lymph node
metastasis; the 5-year survival in those without and
with such metastases being 35% and 0%, respectively
(P=0.001).""%" We intended to offer pulmonary
resection to those who had clinical NO disease. Patients
with clinical evidence of lymph node metastases
were not recruited for pulmonary resection. As
mediastinoscopy is not a routine procedure in our
centre, a majority of the patients (64%) had pre-
pulmonary resection PET for mediastinal staging.
Patients with radiological evidence of lymph node
metastasis were excluded from having pulmonary
resections or subjected to mediastinoscopy. Hence,
all six patients with lymph node metastases could be
regarded as having reached a certain subclinical stage.
This may explain why lymph node metastases did not
figure as significant in the univariate analysis. Moreover,
almost all of our patients had adenocarcinoma.

In our study, there were selection biases.
Patients with inadequate cardiopulmonary reserve
or poor performance status did not undergo
pulmonary resection. Karnofsky performance status
was reported to be one of the prognostic factors,
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