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A B S T R A C T

Purpose
The purpose of this study was to investigate the radiologic response of asymptomatic brain
metastases (BM) from small-cell lung cancer (SCLC) to first-line systemic chemotherapy.

Patients and Methods
From 1990 to 2003, 181 consecutive patients with SCLC were enrolled onto this study. Patients
were examined by a neurologist on a regular basis. Magnetic resonance imaging (MRI) of the brain
was performed routinely before (at diagnosis of SCLC) and after first-line systemic chemotherapy.
Patients were treated with combination chemotherapy consisting of cyclophosphamide, doxoru-
bicin, and etoposide. Clinically manifest BM were treated with whole-brain radiotherapy (WBRT).
The response rate (RR) of BM was assessed by changes in the size or the number of enhanced
lesions on MRI using standard criteria.

Results
Synchronous asymptomatic BM were found in 24 SCLC patients (13%). In six (27%) of the 22
assessable patients, the asymptomatic BM responded to systemic chemotherapy. A systemic
response was found in 16 patients (73%). All patients became symptomatic during follow-up. The
symptom-free survival did not differ between cranial responders and cranial nonresponders.

Conclusion
The RR of asymptomatic BM from SCLC to systemic chemotherapy is 27% and evidently lower
than the systemic RR. Future studies should focus on the possible beneficial effect of WBRT for
patients with asymptomatic synchronous BM.

J Clin Oncol 24:2079-2083. © 2006 by American Society of Clinical Oncology

INTRODUCTION

Brain metastases (BM) are a frequent and devastat-
ing complication in patients with a malignancy. At
autopsy, BM are found in approximately 25% of
patients who die of cancer. Although any systemic
cancer can metastasize to the brain, lung cancer,
breast cancer, and melanoma are the most common
primary tumors.1 At the time of diagnosis, at least
18% of the patients with small-cell lung cancer
(SCLC) have symptomatic or asymptomatic BM.2

The aims of treatment of symptomatic BM
from SCLC are to reduce symptoms and to prevent
complications, such as neurologic deficits and cog-
nitive impairment. The standard treatment is
whole-brain radiotherapy (WBRT), with reported
response rates (RRs) ranging from 56% to 92%.3,4

For a long time, the brain was considered a
pharmacologic sanctuary in which metastases could
grow under the protection of the blood-brain bar-
rier (BBB). However, in recent decades, it has be-
come clear that the BBB is disrupted in metastatic

tumor tissue.5-8 Since then, the effectiveness of first-
line and second-line systemic chemotherapy for the
treatment of BM from SCLC has been the topic of
several studies.9-14

Several authors claimed that synchronous BM
show a good RR to systemic chemotherapy that is
similar to the RR for the primary tumor.15-17 Pooled
data from seven studies show a 79% RR of synchro-
nous symptomatic BM from SCLC to first-line sys-
temic chemotherapy (Table 1).18-24

On the basis of these studies, it has been sug-
gested that BM from SCLC should initially be
treated with systemic chemotherapy.4 The debate
about whether WBRT should be part of the initial
treatment is still ongoing.25

To add relevant information for this debate, we
studied the radiologic response of asymptomatic
BM from SCLC to first-line systemic chemotherapy.
The data were derived from an ongoing register in
which neurologic complications of SCLC are docu-
mented.2 All patients in our study underwent rou-
tine imaging of the brain at diagnosis of SCLC,
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enabling us to detect patients with symptomatic and asymptomatic
BM. In the asymptomatic patient group, the effect of first-line chemo-
therapy could be measured without interference of cranial irradiation.

PATIENTS AND METHODS

Patients

From January 1990 to May 2003, 181 consecutive patients with micro-
scopically or histologically proven SCLC were enrolled onto this study. Pa-
tients were diagnosed and treated at the University Hospital Maastricht
(Maastricht, the Netherlands). Potential follow-up time for all patients was at
least 1 year. Patients were initially staged by a pulmonologist. Physical exami-
nation, routine blood and chemistry profile, chest x-ray, computed tomogra-
phy (CT) scan of the chest, and fiberoptic bronchoscopy were routinely
performed. All patients underwent treatment and diagnostic evaluation ac-
cording to the standard protocol used in our hospital.

Neurologic Follow-Up

The same experienced neurologist (A.T.) examined all patients at diag-
nosis, every 3 months during the first year, and every 6 months thereafter.
Magnetic resonance imaging (MRI) of the brain was performed before (at
diagnosis of SCLC) and after initial chemotherapy. An additional brain MRI
scan was performed when patients had survived for 12 months after the
diagnosis of SCLC. If new neurologic symptoms or signs arose, the frequency
of neurologic consultations and diagnostics was increased.

Treatment Plan

All patients were initially treated with combination chemotherapy, con-
sisting of cyclophosphamide 1,000 mg/m2 and doxorubicin 45 mg/m2 on day
1 and etoposide 100 mg/m2 on days 1, 3, and 5, repeated every 3 weeks, with a
maximum of five cycles. Patients received dexamethasone 8 mg at the start of
each cycle as an antiemetic.

Clinically manifest BM were treated with WBRT with fractions of 3 Gy
administered five times a week up to a total dose of 30 Gy. In the case of
cerebral edema, patients received corticosteroid medication.

Response Evaluation

Response of the asymptomatic BM to chemotherapy was assessed by
changes in the size or the number of enhanced lesions on MRI scans (0.5T
system), before and after chemotherapy. MRI scans were made before and
after intravenous injection of the MRI contrast medium gadolinium diethyl-
enetriaminepentaacetic acid in a dose of 0.1 mmol/kg. The MRI technique
stayed the same over the study period. The MRI scans were reviewed by an
experienced neuroradiologist (J.T.W.). The neuroradiologist had not seen the
patients in person and was not aware of the patients’ systemic response.
Response was assessed using the standard criteria according to the WHO

handbook for reporting results of cancer treatment.26 Complete remission was
defined as the complete disappearance of all tumor lesions on MRI. Partial
remission was defined as an at least 50% decrease of total tumor size of the
lesions that had been measured, without the appearance of any new lesions or
progression of any lesions. Stable disease was defined as a less than 50%
decrease or less than 25% increase in size of lesions and no new lesions.
Progressive disease was defined as a more than 25% increase in the size of
lesions or the appearance of new lesions.

The response of the primary tumor and systemic metastases was mea-
sured by CT of the thorax and CT of the abdomen. The same criteria were used
as described earlier.

Statistics

The Wilson score method was used to estimate 95% CIs for RRs. The
McNemar test was used to test for differences in RRs of BM and systemic
metastases. Survival curves were estimated by the Kaplan-Meier method.27

Differences between survival curves were tested with the log-rank test. P � .05
was considered statistically significant.

RESULTS

Among the 181 patients, there were 38 patients (21%) with syn-
chronous BM. In 24 of these patients (13%), the BM were asymp-
tomatic. The characteristics of all patients with synchronous BM
are listed in Table 2.

Two of the asymptomatic patients were not treated; one patient
was not treated because of his poor physical condition, and one patient
died during the first course of chemotherapy. The other 22 patients
completed five cycles of first-line chemotherapy and were, therefore,
assessable for response. Twenty-one patients received an MRI scan of
the brain after chemotherapy. Because of claustrophobia, one patient
underwent a CT scan instead. None of the patients received cranial
irradiation before or during first-line chemotherapy.

The response of the asymptomatic BM and the systemic response
(primary tumor and extracranial metastases) after initial chemother-
apy are listed in Table 3. In six of the 22 asymptomatic patients, the BM
responded to chemotherapy, whereas a systemic response was found
in 16 of these patients. The brain response (27%; 95% CI, 13% to 48%)
was significantly less (P � .006) than the systemic response (73%; 95%
CI, 52% to 87%). In 10 patients, systemic response and cranial re-
sponse were equal. Five of the six patients with responding BM were a
subset of the 16 systemic responders.

Table 1. Response of BM From SCLC to First-Line Chemotherapy in Earlier Studies

Reference Regimen
No. of

Patients

No. of
Assessable

Patients
No. of
CRs

No. of
PRs

Overall Clinical
Response (%)

Kantarjian et al,18 1984 CTX, DX, VCR, VP-16 � PCZ, NM, MTX 2 2 2 0 100
Kristjansen and Hansen,19 1988 CCNU, CTX, VCR, VP-16 or CDDP, VM26, VCR 10 7 4 3 100
Lee et al,20 1989 VP-16, CTX, DX, VCR 14 11 1 8 82
Humblet et al,21 1989 CBDCA, DX, VP-16 or CBDCA epiDX, VP-16 10 6 4 2 100
Twelves et al,22 1990 CTX, VP-16, VCR 19 14 1 8 47
Kristjansen et al,23 1993 CDDP, VP-16, VCR � CTX, CCNU, VP-16, VCR � DX,

VCR � VIN, CDDP, HM
21 13 4 7 85

Tumarello et al,24 1998 CTX, DX, VCR, VP-16 9 9 3 2 56
Total — 85 62 19 30 79

Abbreviations: BM, brain metastases; SCLC, small-cell lung cancer; CR, complete response; PR, partial response; CTX, cyclophosphamide; DX, doxorubicin; VCR,
vincristine; VP-16, etoposide; PCZ, procarbazine; NM, mechlorethamine; MTX, methotrexate; CCNU, lomustine; CDDP, cisplatin; VM26, teniposide; CBDCA,
carboplatin; epiDX, epirubicin; VIN, vindesine; HM, hexamethylmelamine.
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Three patients became symptomatic during the last cycle of first-
line chemotherapy. All other 19 patients became symptomatic after
completing chemotherapy, with a median duration of 2.3 months
(range, 0.5 to 5 months) measured from the last day of the fifth
chemotherapy cycle. The two patients with a cranial complete re-
sponse had a symptom-free period of 3 and 4 months. Figure 1 shows
that the symptom-free survival in patients with asymptomatic BM did
not clearly differ between cranial responders and cranial nonre-
sponders to chemotherapy.

Patients with asymptomatic BM (n � 22) had a median survival
time of 8.3 months (range, 1.3 to 43.4 months). Patients with symp-
tomatic BM who received WBRT (n � 9) had a median survival time
of 10.5 months (range, 1.7 to 34.5 months). Five symptomatic patients
did not receive WBRT because of their poor clinical condition; they
had a median survival time of 6.9 months (range, 1.0 to 12.7 months).
The percentage of patients who were assumed to have died as an
immediate result of BM was similar for asymptomatic and symptom-
atic patients (41% and 36%, respectively).

DISCUSSION

In the present study, we investigated the radiologic response of syn-
chronous asymptomatic BM from SCLC to first-line combination

chemotherapy. Previous studies (Table 1) found a high RR of synchro-
nous BM from SCLC to chemotherapy (RR, 79%). These and other
studies have led to the current view that first-line chemotherapy is a
sufficient initial treatment in SCLC patients with synchronous BM
and that WBRT may be deferred until symptoms arise.3,4 However,
these studies had several shortcomings. First, in most studies, patients
with a variety of treatment regimens were mixed, and some studies
even included cranial irradiation before evaluation of response.22 Be-
cause it is known that BM respond to radiation, the RR from chemo-
therapy will probably have been overestimated. Second, the reports
did not state who determined the RR and whether the assessor was
aware of the clinical state of the patients and their systemic response.
Therefore, expectation bias may have led to overestimation of the
association between systemic and cranial response. Finally and most
importantly, no direct comparison was made with systemic response
in the same patients.

In our study, 22 of the 24 asymptomatic patients were assessable,
and all received the same treatment. None of these patients underwent
cranial irradiation before or during chemotherapy. RR of BM was
evaluated by MRI scanning, which is more sensitive than CT for the
detection of BM.28 Radiologic response was evaluated blindly. The
number of patients included in the present analysis is larger than the
number of patients in previous studies (Table 1). However, the num-
ber is still relatively small, and therefore, caution should be used when
interpreting the data.

In our study, the radiologic RR of asymptomatic BM was only
27%, whereas the systemic RR was 73% (Table 3). The cranial RR in
asymptomatic patients was substantially lower than the cranial RR
found in earlier studies with symptomatic BM patients (Table 1). We
further found that almost all cranial responders responded systemi-
cally but that systemic response did not guarantee a cranial response at
all (Table 3). These findings contradict the postulated idea that the
cranial response to chemotherapy is equal to the response of systemic
metastases and the primary tumor.16,17

Table 2. Patient Characteristics at Diagnosis of Small-Cell Lung Cancer

Characteristic

Symptomatic BM
(n � 14)

Asymptomatic BM
(n � 24)

No. of
Patients %

No. of
Patients %

Age, years
Median 68 66
Range 49-81 46-81

Male 13 93 18 75
BM only 3 21 5 21
BM in posterior fossa 7 50 19 80
Other metastatic sites

Bone 7 50 10 42
Liver 1 7 8 33
Mediastinum 4 29 4 17
Other 7 50 10 42

Abbreviation: BM, brain metastases.

Table 3. Response to First-Line Chemotherapy in Small-Cell
Lung Cancer Patients

Response

Systemic Response (No.
of patients)

Total
(brain response)CR PR SD PD

Brain response

27%CR 2 2
PR 3 1 4
SD 1 3 1 5
PD 1 6 2 2 11

Total (systemic response) 7 9 3 3 22

73%

Abbreviations: CR, complete response; PR, partial response; PD, progressive
disease; SD, stable disease.

Fig 1. Kaplan-Meier survival curve showing symptom-free survival of small-cell
lung cancer patients with asymptomatic brain metastases measured from the
last day of the fifth chemotherapy cycle (P � .4497). PR, partial response; CR,
complete response; PD, progressive disease; SD, stable disease.
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The most striking difference between our study and earlier pub-
lications is that our BM patients were asymptomatic. One might argue
that the BBB is less disrupted in patients with asymptomatic BM and,
therefore, smaller amounts of chemotherapeutic agents can reach the
tumor sites.29 However, this argument is contradicted by the fact that
symptomatic as well as asymptomatic BM enhance on MRI after
intravenous injection of gadolinium.

It is known that corticosteroid treatment can partly restore the
BBB.30 The symptomatic BM patients in the earlier studies probably
received high doses of corticosteroids to diminish cerebral edema.
Hence, the low dose of corticosteroids administered as an antiemetic
treatment alone cannot be held responsible for the lower cranial RR in
our patient group.

In our patient group, symptom-free survival did not differ be-
tween responders and nonresponders (Fig 1). Therefore, even in the
patients with a radiologic response, it seems that systemic chemother-

apy is not able to postpone the occurrence of symptoms of BM.
Because the number of patients in this analysis (Fig 1) is small, this
conclusion only tentatively supports the notion that chemotherapy is
not effective against BM.

The clinical relevance of the findings of our study is the fact that,
after the completion of chemotherapy, there remains a substantial
number of patients who still have asymptomatic BM. Therefore, initial
chemotherapy is not sufficiently effective for treatment of BM, and the
question of whether symptoms in these patients can be postponed by
WBRT becomes a relevant topic for future research.

In conclusion, the RR of asymptomatic BM from SCLC to
systemic chemotherapy is 27% (95% CI, 13% to 48%), and the
response of asymptomatic BM to systemic chemotherapy is much
lower than the systemic response. Future studies should focus on
the possible beneficial effect of WBRT for patients with asymptom-
atic synchronous BM.
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