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Abstract

Purpose: To investigate the prognostic differences between small-cell lung cancer (SCLC) patients with
different chemosensitivity to first line chemotherapy who developed brain metastasis as first site of
progression.

Methods: Patients with brain metastases (BMs) after first-line treatment of SCLC in our hospital admitted
from January 2012 to October 2020 were retrospectively analyzed. According to the time interval between
the completion of first-line chemotherapy and the onset of BMs (TFI), the patients were divided into
chemo-sensitive group (TFI = 90 days, n = 145) and chemo-resistant group (TFI 90 days, n = 97).
Survival time after the onset of brain metastasis (BM-0S), which was calculated from the diagnosis of
brain metastases and overall survival (0S), which was calculated from the diagnosis of small-cell lung
cancer, were analyzed in this study. Survival curves were plotted using Kaplan-Meier method and
differences between groups were compared using the log-rank test. The Chi-square test or Fisher's exact
test was used to compare categorical variables.

Results: In total, the median BM-0S and OS were 8.4 months and 18.2 months respectively. The median
BM-0S in chemo-sensitive group was 8.8 months and it was 8.0 months in the chemo-resistant group (P
= 0.538); and the median OS was 22.0 months and 15.6 months, respectively (P = 0.001). In patients
without extracranial progression (n = 193), the median BM-0S in chemo-sensitive and chemo-resistant
group were 9.4 months and 9.7 months (P = 0.947), and the median OS were 22.7 months and 16.3
months, respectively (P = 0.017). In patients with extracranial progression (n = 49), the median BM-0S
were 5.4 months and 4.2 months (P = 0.161), and the median OS were 17.6 months and 12.3 months,
respectively (P = 0.002).

Conclusions: After the development of brain metastasis as the first site of progression following
chemotherapy in small cell lung cancer, the prognosis of chemo-sensitive patients not necessarily
superior to chemo-resistant patients, especially in patients without extracranial progression.

Introduction

Small-cell lung cancer (SCLC) is highly aggressive and about two thirds are extensive disease (ED) at the
time of diagnosis[1]. Brain is a common site of distant metastasis, accounting for about 18% at initial
diagnosis, and can reach 50-65% within two years[2, 3]. It was previously believed that systemic
chemotherapy played a limited role in the treatment of intracranial lesions because of the difficulty to
across the intact blood-brain barrier (BBB). However, several researches have suggested that the BBB may
not be the factor impeding the successful treatment of brain metastases (BMs) with chemotherapy
agents, and the objective response rate (ORR) ranged 27-82%[4-6]. However, most of these were outdated
studies with limited number of samples, and the effect of chemotherapy agents on BMs of SCLC is still
unclear.
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Although SCLC responds well to chemoradiotherapy, about 50% patients relapse within one year.
Recurrent SCLC patients who progress after first-line chemotherapy are traditionally classified into
chemo-sensitive cases (TFI=90 days) and chemo-resistant cases (TFI 90 days). Previous studies have
found that it was different in survival outcome and efficacy of second line treatment between sensitive
relapse and resistant relapse, and the former patients had a better prognosis[7-9].

Radiation therapy is the standard of care in small-cell lung cancer patients who develop brain
metastasis[1, 10]. However, it is unknown whether the prognosis is related to chemosensitivity in patients
with brain metastasis. In this retrospective study, we analyzed the differences in prognosis between SCLC
patients with different chemosensitivity to first line chemotherapy who developed brain metastasis as
first site of progression in modern era.

Methods

1. Patient characteristics
Consecutive cases admitted to Tianjin Cancer Hospital from January 2012 to October 2020 were

retrospectively analyzed (bc2022166). The use of samples and data involved in the study was approved
by the Institutional Review Board of Tianjin Medical University Cancer Institute & Hospital. Informed
consent for scientific usage of clinical data was obtained from all patients. Inclusion criteria: 1. The
diagnosis of SCLC was confirmed by histopathology or cytology; 2. BMs documented by pathology or
imaging (magnetic resonance imaging (MRI) with contrast or computed tomographic (CT) with contrast),
with or without neurological symptoms; 3. The first site of initial treatment failure was brain; 4. The
number of first-line platinum-doublet chemotherapy before BMs was more than two cycles. Patients with
a second primary carcinoma were excluded.

According to the criteria, we enrolled 242 eligible patients with a median follow-up of 49.3 months.
Among them, 145 patients were chemo-sensitive and 97 patients were chemo-resistant. According

to Veterans Administration Lung Study Group (VALG) definition of limited disease (LD) and extensive
disease (ED), 155 cases had limited disease and 87 cases had extensive disease at initial diagnosis. One
hundred and ninety-three patients had intracranial progression alone and 49 cases had extracranial
progression at the same time.

This study received a notification of fast evaluation of The Institutional Review Board from Tianjin
Medical University Hospital. This research was performed in accordance with the Declaration of Helsinki.

Treatment

All patients received at least two cycles of etoposide-platinum regimens before BMs. For limited disease
small-cell lung cancer (LD-SCLC) patients at initial diagnosis, 6 patients (3.9%) received surgery and
adjuvant chemotherapy was underwent with or without thoracic radiation therapy (TRT), 63 patients

(40.6%) received concurrent chemoradiotherapy, 76 patients (49.0%) received sequential
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chemoradiotherapy and 10 patients (6.5%) received chemotherapy alone. For extensive disease small-cell
lung cancer (ED-SCLC) patients at initial diagnosis, 27 patients (31.0%) underwent chemotherapy alone,
60 patients (69.0%) underwent TRT, and 10 patients (11.5%) combined with immunotherapy. The
response to the first-line treatment was assessed every two cycles of chemotherapy, whereas patients
underwent surgery, an evaluation was performed after the completion of postoperative adjuvant therapy.
Surveillance after completion of primary therapy was performed every 3 months during 1-2 year, then
every 6 months during the third year, then annually.

After the diagnosis of BMs, 109 patients (45.0%) received local therapy, 27 patients (11.2%) received
systemic therapy, 86 patients (35.5%) received the combination of local and systemic therapy and 20
patients (8.3%) only received supportive care. Among the patients received local treatment, 142 (72.8%)
treated with whole brain radiation (WBRT), 44 (22.6%) treated with WBRT plus a radiation boost, 4 (2.1%)
treated with stereotactic radiation therapy (SRT) and 5 (2.5%) treated with surgical resection.

2. Outcome measures and statistical analysis

The endpoints were survival time after the onset of brain metastasis (BM-0S) and overall survival (OS).
BM-0S was calculated from the date of diagnosis of BMs to the date of death from any cause, and OS
was calculated from the date of diagnosis of SCLC to the date of death due to any cause. The last follow-
up was on May 13, 2022. Median BM-0OS and OS were evaluated by Kaplan-Meier survival analysis, and
survival differences between groups were compared using the log-rank test. Comparison between the
categorical variables was analyzed using the Chi-square test or Fisher's exact test. All statistical tests
were bilateral, and P<0.05 was considered significant. Statistically analyses were undertaken using SPSS
26.0 software (IBM, Chicago, IL, USA).

Results

1. Characteristics

Figure 1 illustrated the inclusion and exclusion criteria for the study. A total of 662 small-cell lung cancer
patients with BMs were screened. Of the 582 patients excluding second primary carcinoma,
chemotherapy cycles less than two and no brain enhanced MRI or CT images, 165 patients (28.4%) have
brain metastases at initial diagnosis, and others developed BMs due to disease progression. And in
patients who developed BMs, 242 (58.0%) were diagnosed after the first-line chemotherapy and were
eligible for the analysis.

The characteristics of patients between chemo-sensitive group and chemo-resistant group were provided
in Table 1. In total, 242 patients had a median age of 61 years (range 29-78 years), 78.1% were male.
More chemo-sensitive patients received TRT (87.6%) and prophylactic brain radiotherapy (PCI) (10.3%)
during first-line treatment, and the other baseline characteristics were similar between two groups. The
majority of patients (83.5%) received brain radiation after brain metastasis. As shown in Table 1.
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2. Clinical outcomes

To the end of last follow-up, 212 patients (87.6%) died and 30 (12.4%) survived. For all patients, the
median OS was 18.2 months with 1- and 3-year OS rates of 81.7% and 13.4%, and the median BM-0S
was 8.4 months with 1- and 3-year OS rates of 35.3% and 5.2%. The median OS in chemo-sensitive and
chemo-resistant patients were 22.0 months and 15.6 months, respectively (P = 0.001). The median BM-
OS were 8.8 months and 8.0 months between chemo-sensitive group and chemo-resistant

group, respectively (P = 0.538), as shown in Figure 2.

In LD-SCLC patients (n = 155), the median OS was 21.8 months and the median BM-OS was 10.5 months.
Between chemo-sensitive group and chemo-resistant group, the median OS were 24.8 months and 17.9
months (P = 0.01), and the median BM-0S were 10.4 months and 11.4 months (P = 0.867), respectively.
In ED-SCLC patients (n = 87), the median OS was 15.2 months and the median BM-OS was 5.7 months.
The median OS was 16.8 months in chemo-sensitive group versus 12.8 months in chemo-resistant group
(P =0.002). The median BM-0S were 5.8 months and 5.3 months between the two groups, respectively (P
= 0.451).

In patients without extracranial progression, the median OS were 22.7 months and 16.3 months in
chemo-sensitive group and chemo-resistant group (P=0.017), and the median BM-OS were 9.4 months
and 9.7 months, respectively (P=0.947), as shown in Figure 3. In patients with extracranial progression (n
= 49), the median OS were 17.6 months and 12.3 months in chemo-sensitive group and chemo-resistant
group (P = 0.002), and the median BM-0OS were 5.4 months and 4.2 months, respectively (P = 0.161), as
shown in Figure 4.

Discussion

In this retrospective study, we observed that chemo-sensitive patients had longer overall survival (0S)
than chemo-resistant patients regardless of the initial stage at diagnosis. However, after the development
of brain metastasis, the differences in BM-OS between the two groups was no longer

significant, especially in patients without extracranial progression. The study suggests that in patients
who develop brain metastasis after the diagnosis of SCLC, local treatment should be actively given, no
matter the disease is sensitive or resistant to first line chemotherapy.

The treatment of progressed SCLC is a challenge, especially in those who resistant to first line
chemotherapy, because of lacking of effective second-line treatment[11-17]. Previous studies have
suggested that chemosensitivity as an independent risk factor was associated with survival time and
responding to second-line therapy in relapsed SCLC patients. Several researches have been carried out on
whether chemotherapy sensitivity is related to prognosis in modern era, and they confirmed the
prognostic value of chemotherapy sensitivity status for relapsed SCLC[15, 18-20].

However, brain as a special site of progression, the choice of local therapy or systemic therapy as the
primary treatment has not been determined [21-26]. Whole brain radiation therapy (WBRT) is now the
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standard treatment in many guidelines[1, 10]. For the patients with limited number of BMs, additional
radiation boost to WBRT or stereotactic radiation therapy (SRT) can be recommended[21, 23, 25]. Several
studies suggested that the occurrence of brain metastasis was a sign of systemic failure of tumor
control, the treatment of brain metastasis should focus on chemoradiotherapy[27-29]. A respective study
in 2021 observed that the combination of WBRT and etoposide-platinum agents could prolong overall
survival of SCLC patients with BMs [28]. However, another prospective trial did not reach similar
results[30]. In total, the efficacy of chemotherapy for BMs has not been fully clarified.

Whether the prognosis of patients who developed BMs after first-line treatment is related to
chemosensitivity is worthy of further analyzing. In this study, we did not find that the prognosis after BMs
was associated with chemosensitivity. The further stratified analysis demonstrated that the median BM-
OS also failed to reach a statistical difference between chemo-sensitive group and chemo-resistant group
in patients without extracranial progression. The reason why chemo-sensitive patients had a longer
progression-free survival (PFS) but similar BM-0OS with chemo-resistant patients is possibly related to the
majority between two groups received brain radiation therapy. However, in patients with extracranial
progression, the median BM-0S had a tendency to benefit from being sensitive to first-line treatment. This
maybe owing to the better control for extracranial lesions with second line chemotherapy in chemo-
sensitive patients than chemo-resistant patients.

There are several limitations in the analysis. Firstly, this is a respective study with limited by selection
bias, and the conclusion should be validated in further prospective studies. Secondly, the proportion of
patients with extracranial progression was relatively small, and the results demonstrate a trend, but failed
to reach a statistical difference. Thirdly, a few cases in the study received immunotherapy in the first-line
treatment, and the effect of chemoimmunotherapy on prognosis for SCLC patients with brain metastases
require further study to confirm.

Conclusions

To the best of our knowledge, this is the first study to investigate the association between prognosis and
chemosensitivity status in SCLC patients who developed BMs as first site of progression after
chemotherapy. In the study, we observed that, after the development of brain metastasis, there was no
significant difference between chemo-sensitive group and chemo-resistant group, especially in the subset
of patients without extracranial progression. Our findings are worthy to be confirmed by prospective
clinical studies.
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Table

Table 1. Patient characteristics by sensitivity to first-line treatment.
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Characteristics
Gender
male
female
Age/year
65
=65
KPS score
80
>80
Smoke
yes
no
Disease extent at initial diagnosis
LD
ED
Initial treatment modality
chemotherapy
sequential chemoradiotherapy
concurrent chemoradiotherapy
If PCI after first line treatment
yes
no
Extracranial progression at diagnosis of BM
yes
no
Radiotherapy for brain metastasis
yes

no

resistant group (%)

77 79.4
20 20.6

72 74.2
25 25.8

8 8.2
89 91.8

81 83.5
16 16.5

60 61.9
37 38.1

22 22.7
36 37.1
39 40.2

221
95 97.9

20 20.6
77 79.4

80 82.5
17 17.5
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sensitive group (%)

112 77.2
33 22.8

105 72.4
40 27.6

16 11.0
129 89.0

112 77.2
33 22.8

95 65.5
50 34.5

18 12.4
86 59.3
41 28.3

15 10.3
130 89.7

29 20.0
116 80.0

122 84.1
23 15.9

p value

0.693

0.755

0.477

0.235

0.561

0.003

0.013

0.907

0.733



Abbreviations: LD: Limited-stage; ED: Extensive-stage; PCI: Prophylactic cranial irradiation; BM: Brain
metastases.
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See image above for figure legend.
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Survival probability

Figure 2

Kaplan-Meier curves for overall survival and survival time after BMs in all patients between two groups. a
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Figure 4

Kaplan-Meier curves for overall survival and survival time after BMs in patients with extracranial
progression. a Overall survival. b Survival time after BMs.
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