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The benefits of etoposide capsules as maintenance therapy for 
patients with extensive-stage small cell lung cancer: a prospective 
two-stage, two-center study
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Background: Due to the high incidence and mortality of lung cancer, and etoposide is the standard first-
line chemotherapy for small cell lung cancer, to evaluate the efficacy and safety of etoposide capsules at 
different doses as maintenance therapy for patients with extensive-stage small cell lung cancer (ES-SCLC) 
who show a response to etoposide plus platinum.
Methods: The study was divided into two stages: stage I, a single-center, one-arm prospective study, 
and stage II, a multicenter, controlled non-randomized prospective study (patients were chosen from 
ClinicalTrials.gov Identifier: NCT02179528). All patients received six cycles of etoposide plus platinum. 
Patients who were evaluated as complete remission (CR) or partial remission (PR) entered the maintenance 
treatment (MT) (etoposide capsule, once a day for 20 days, every 28 days as a cycle, until disease progression). 
In stage I, the dose of etoposide was 25 mg; in stage II, patients were non-randomized into etoposide capsule 
(25 mg/50 mg) and observation groups. In this study, the primary endpoints were progression-free survival 
(PFS) and safety; the secondary endpoint was overall survival (OS). Toxicity was graded according to the 
Common Terminology Criteria for Adverse Events v3.0.
Results: Ninety-two patients were enrolled. In stage I, the median PFS was 6.700 months (95% CI: 
6.408–6.992). In stage II, the median PFS of the MT group was better than that in the NMT group (8.930 
vs. 5.900 months, P=0.002). In the pooled analysis, the overall median PFS of the MT group was better than 
that of the NMT group (7.870 vs. 5.900 months, P=0.003). However, there was no significant difference in 
OS between the groups (15.030 vs. 14.330 months, P=0.813). Multivariate Cox regression analysis showed 
that maintenance therapy was an independent protective factor for PFS in patients with ES-SCLC. 
Conclusions: Etoposide capsules as maintenance therapy significantly prolonged the PFS of patients with 
ES-SCLC who responded to etoposide plus platinum, with acceptable tolerability. 
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Introduction

Lung cancer is the biggest contributor to cancer mortality in 
both men and women globally (1-4). Small cell lung cancer 
(SCLC) accounts for approximately 15–20% (5,6) of all 
lung cancer cases. It is especially sensitive to chemotherapy, 
with an effective rate in the range of 60–80%. The majority 
of patients (7,8) with SCLC are diagnosed with extensive-
stage SCLC (ES-SCLC). The biological characteristics 
of SCLC include poor cancer cell differentiation, rapid 
proliferation, a short doubling time, malignancy, a high rate 
of recurrence, and a short survival time (9). At diagnosis, 
most SCLC patients (60–70%) have extensive-stage SCLC, 
which carries a median survival of approximately 10 months 
and a 5-year survival rate of less than 7% (10).

The remission rate among patients who receive 
chemotherapy as first-line treatment for SCLC is high; 
however, the long-term treatment efficacy is poor (11), and 
almost all patients experience relapse or disease progression 
within 1 year after first-line treatment. Moreover, following 
relapse, patients are prone to multidrug resistance, and 
have poor sensitivity to second-line treatment. Therefore, 
maintenance treatment (MT) might be a suitable option 
for delaying disease progression and increasing the overall 
survival (OS) of patients with ES-SCLC who experience 
partial response (PR) or complete response (CR) after 
first-line treatment. However, many randomized trials 
have shown that for SCLC patients who have achieved PR 
and CR after first-line treatment, maintenance therapy or 
combination therapy has no significant survival benefit (12).

Etoposide (3,13-16) is a specific antitumor drug that 
clinical and basic research has demonstrated to be effective 
in treating SCLC, malignant lymphoma, and ovarian 
cancer (13). Etoposide and platinum (EP) have a synergistic 
effect, and this combination is widely used to treat patients 
with SCLC (17). Studies have shown that SCLC patients 
with progression after intravenous treatment with an EP 
regimen still show benefit from oral therapy with etoposide 
capsules (18). Furthermore, a promising stage II clinical 
trial reported promising results for patients with germ cell 
tumors after the oral administration of etoposide capsules, 
with a lower-than-expected tumor recurrence rate (19). 

Although immunotherapy has been demonstrated to 
have clinical activity in ES-SCLC, a phase 2, single-group 
study of maintenance pembrolizumab and a phase 3 study 
of ipilimumab plus chemotherapy showed no improvement 
in the efficacy of first-line ES-SCLC treatment (17). The 
standard first-line treatment for ES-SCLC consists of 

etoposide plus either cisplatin or carboplatin (platinum-
etoposide), with few alternatives (10). Thus, we conducted 
a prospective study to explore the benefits of etoposide 
capsules as maintenance therapy for patients with ES-SCLC 
who showed a response to first-line chemotherapy with EP.

We present the following article in accordance with the 
TREND reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-106). 

Methods

Study design 

The study was divided into two stages. Stage I was a 
single-center, one-arm, prospective study conducted at 
The Affiliated Cancer Hospital of Zhengzhou University 
(Henan,  China) .  Stage II  was a  control led,  non-
randomized, prospective phase II clinical trial involving 
two centers, the Department of Thoracic Medical 
Oncology, Peking University Cancer Hospital (Beijing, 
China) and The Affiliated Cancer Hospital of Zhengzhou 
University (Henan, China) (ClinicalTrials.gov Identifier: 
NCT02179528). This study was initiated by investigators. 
Flowcharts of stage 1 and stage 2 of the present study are 
shown in Figures 1 and 2, respectively. Fifteen patients were 
ineligible for inclusion in our study due to having a response 
evaluation of PD (progressive disease) or stable disease.

Inclusion criteria

The study inclusion cr i ter ia  were as  fol lows:  ( I ) 
pathologically confirmed SCLC; (II) extensive-stage disease 
according to the SCLC staging system of the Veterans 
Association Lung Study Group (United States); (III) Eastern 
Cooperative Oncology Group (ECOG) performance status 
(PS) score of 0–2; (IV) adequate bone marrow function, 
liver function, and renal function; and (V) an estimated total 
survival time of ≥3 months. 

Exclusion criteria

The exclusion criteria were as follows: (I) pathological 
classification of mixed SCLC; (II) a history of malignant 
tumors or the presence of other tumors (not including 
effectively treated non-melanoma skin cancer, orthotopic 
cervical cancer, or malignant tumors cured by effective 
treatment for more than 3 years); (III) preexisting interstitial 
lung disease; (IV) preexisting or uncontrolled gastrointestinal 
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Figure 1 Study flowchart (stage I): randomized, single-center, one-arm, prospective study [The Affiliated Cancer Hospital of Zhengzhou 
University (Henan, China)]. ES-SCLC, extensive-stage small cell lung cancer; SD, stable disease; PD, progressive disease; CR, complete 
remission; PR, partial remission.

Figure 2 Study flowchart (stage II): nonrandomized, multicenter, controlled, prospective study; [1. Department of Thoracic Medical 
Oncology, Peking University Cancer Hospital (Beijing, China); 2. The Affiliated Cancer Hospital of Zhengzhou University (Henan, 
China)]. ES-SCLC, extensive-stage small cell lung cancer; SD, stable disease; PD, progressive disease; CR, complete remission; PR, partial 
remission.
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disorders; (V) diseases that the investigator believed would 
affect drug absorption; (VI) any other medical history or 
coexisting disease that the investigator believed could affect 
the patient’s ability to comply with the study, or the safety 
or efficacy of the test drug; (VII) pregnant or lactating 
women; (VIII) positive results of HIV, hepatitis C virus, or 
human T-cell lymphotropic virus antibody test; (IX) positive 
results of hepatitis B surface antigen test; and (X) evidence of 
another active malignant neoplasm.

Treatment and chemotherapy regimens

Ninety-two patients in this study were included in stage I 
and stage II. All patients who met the inclusion criteria and 
the discharge criteria received six cycles of EP. Patients for 
whom the treatment effect was evaluated as CR or PR were 
included in the MT stage, with the MT being an etoposide 
capsule taken once a day for 20 days, every 28 days, until 
disease progression. In stage I, patients were given a 
single dose of etoposide (25 mg). In stage II, patients were 
nonrandomized into the MT group (etoposide capsule  
(25 mg/50 mg) and the non-maintenance treatment (NMT) 
group (observation group). Covariates in this study included 
age, sex, smoking history, maintenance therapy, MT dose, 
and efficacy evaluation (six cycles). 

Endpoints

The primary endpoints of this study were progression-free 
survival (PFS) and safety. The secondary study endpoint 
was OS, with the unit of measurement being 1 month. All 
eligible patients were included in the analysis of OS and 
PFS. The Response Evaluation Criteria in Solid Tumors 
(RECIST 1.1) was utilized for the evaluation of antitumor 
treatment efficacy (12). The evaluation of drug safety was 
conducted according to the National Cancer Institute 
(NCI) Common Terminology Criteria for Adverse Events 
(CTCAE), Version 4.0 (http://ctep.cancer.gov). The period 
from the first day of the first-line treatment until disease 
progression or the last follow-up was defined as PFS1. The 
period from the first day of etoposide capsule treatment 
until disease progression or the last follow-up was defined 
as PFS2. OS was defined as the time from the first day of 
the first-line treatment to the date of death from any cause. 

Follow-up

The cutoff date of the last follow-up was March 15, 2019. 

In the survival analysis, patients without progression or 
lost to follow-up at the last follow-up visit were censored 
from the analyses. Tumor progression or the occurrence 
of intolerable toxicity was recorded as an event. Efficacy 
evaluation were conducted every two cycles until disease 
progression or intolerance to toxicity occurred. The 
primary evaluation items included routine blood and urine 
tests, liver and kidney function tests, electrocardiogram, 
hepatobiliary and pancreatic cervical lymphadenopathy, 
whole-body bone scan, head computed tomography (CT), 
and magnetic resonance imaging (MRI) examination. 

Ethics and informed consent

This study was initiated by investigators. The investigations 
were approved by the ethics committees of the Affiliated 
Cancer Hospital of Zhengzhou University, and Peking 
University Cancer Hospital. Signed written informed 
consent was obtained from all patients before participation 
in the study. This study was conducted in accordance 
with the ethical principles of the Declaration of Helsinki 
(as revised in 2013) and the International Conference on 
Harmonization of Good Clinical Practice guidelines.

Statistical analysis

Statistical analysis of all randomly assigned eligible patients 
was performed. Survival curves were estimated using 
the Kaplan-Meier method; a log-rank test was used for 
comparison and analysis; and a chi-square test was used to 
evaluate adverse events. Subsequently, a Cox proportional 
hazards model was used to calculate the PFS of the two 
treatment groups. The results were expressed as hazard 
ratios (HRs) and 95% confidence intervals (CIs). All data 
analyses were performed with SPSS version 22.0 (IBM 
SPSS Statistics for Windows, version 22.0, released in 2013; 
IBM Corp., Armonk, NY, USA). A P value of less than 
0.05 was considered to represent a statistically significant 
difference. All statistical P values were two-sided. 

Results

Patients

Our study was conducted from January 1, 2013, to March 
31, 2017, at the Affiliated Cancer Hospital of Zhengzhou 
University and the Department of Medical Oncology, 
Peking University Cancer Hospital. The median follow-up 
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Table 1 Baseline demographic and clinical characteristics of patients in the stage I and stage II studies

Characteristic Stage I, n (%)
Stage II

MT group, n (%) NMT group, n (%) P

Age (years) 0.743

<60 5 (55.56) 20 (24.1) 21 (25.3)

≥60 4 (44.44) 22 (26.5) 20 (24.1)

Sex 0.198

Male 5 (55.56) 24 (28.9) 29 (34.9)

Female 4 (44.44) 18 (21.7) 12 (14.5)

Smoking history 0.218

Former light smoker/other smoker 5 (55.56) 21 (25.3) 26 (31.3)

Never-smoker 4 (44.44) 21 (25.3) 15 (18.1)

Response to EP 0.464

PR 9 (100.00) 42 (50.60) 39 (47.00)

CR 0 (0.00) 0 (0.00) 2 (2.40)

MT, maintenance treatment; NMT, non-maintenance treatment; EP, etoposide and platinum; PR, partial remission; CR, complete remission.

time was 28 months, and the cutoff date of the last follow-
up was March 15, 2019. 

We screened 145 patients with ES-SCLC 92 patients 
were finally enrolled in our study. Fifty-three patients who 
were ineligible were excluded. Reasons for ineligibility 

included: age under 18 years (n=6); stage IA (n=16), stage IB 
(n=8), or stage IIIB (n=8) disease; and evaluated as SD (n=9) 
or PD (n=6) after 6 cycles of the EP regimen (Figures 1,2). 

Of the 92 patients included in the final analysis, 9 (9.78%) 
were from stage I and 83 (90.22%) were from stage II. The 
demographic characteristics of the patients involved in stage 
I (Table 1) and stage II (Table 1) were evenly distributed.

Efficacy

In stage I, the median PFS was 6.700 months (HR: 
0.146, 95% CI: 6.408–6.992), and the median OS was  
15.030 months (HR: 0.089, 95% CI: 14.855–15.205). 

In stage II, the median PFS in the MT group was longer 
than that in the NMT group (8.930 vs. 5.900 months, log-
rank test P=0.002) (Figure 3). The overall median PFS 
was 7.100 months (HR: 2.272, 95% CI: 1.445–3.572). OS 
showed no significant difference between the two groups 
(15.270 vs. 14.330 months, log-rank test P=0.695). The 
overall median OS was 14.970 months (HR: 0.792, 95% CI: 
13.515–16.425). 

For the pooled analysis of stages I and II, the median 
PFS in the MT group was longer than that in the NMT 
group (the observation group) (7.870 vs. 5.900 months, 
log-rank test P=0.003) (Figure 4). The overall median PFS 

Figure 3 Stage II: multicenter, nonrandomized, controlled 
trial (50/25 mg etoposide capsule and observation group). The 
median PFS was better in the maintenance group than in the non-
maintenance group (8.930 vs. 5.900 months, log-rank test P=0.002, 
HR: 2.272, 95% CI: 1.445–3.572). No difference was observed in 
the median PFS between 25 and 50 mg (9.435 vs. 7.380 months, 
log-rank test P>0.05). PFS, progression-free survival.
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was 6.930 months (HR: 1.450, 95% CI: 0.633–3.322). No 
significant difference was found in OS between the two 
groups (15.030 vs. 14.330 months, log-rank test P=0.813) 
(Figure 5). The overall median OS was 15.030 months (HR: 
1.054, 95% CI: 0.679–1.637). 

There was no significant difference in PFS2 (2.330 vs. 
2.530 months, log-rank test P=0.211) between the 25 mg 
group and the 50 mg group. The overall median PFS2 was 
2.400 months (HR: 0.194, 95% CI: 2.020–2.780). 

Univariate analysis showed that age, sex, smoking history, 
maintenance therapy status, and best efficacy evaluation had 
no effect on PFS. Maintenance therapy had a positive effect 
on the PFS of all patients (P<0.001), although no similar 
effect was observed for OS (P=0.813).

For all patients (Table 2) and for stage II patients  
(Table 3), multivariate Cox regression analysis show that 
age, sex, smoking history, or evaluation efficacy results 
during the treatment of EP had no effect on PFS, and none 
of these factors were an independent predictor of PFS. 
However, maintenance therapy status was an independent 
predictor of PFS in all patients and in stage II patients. 
Maintenance therapy had a negative regression coefficient, 
which indicated it to be an independent protective factor 
for PFS in patients with ES-SCLC (P<0.001). 

Safety 

The main adverse events recorded in this study were 

myelosuppression, liver and kidney function damage, 
and gastrointestinal tract symptoms. Most adverse events 
were grade I–II, and the incidence of grade III–IV adverse 
events was low. All adverse reactions were tolerable, with 
no serious adverse events leading to death. There was 
no significant difference in the incidence of decreased 
leukocyte count, decreased neutrophil count, decreased 
platelet count, decreased hemoglobin count, digestive tract 
events, aspartate aminotransferase elevation, or alanine 
aminotransferase enzyme elevation between the NMT 
and MT groups (all P>0.05, Table 4). All adverse reactions 
were relieved after symptomatic treatment without drug 
interruption.

Discussion

Our study reached the primary endpoints successfully. 
In the pooled analysis, the median PFS of the MT group 
reached 7.870 months, showing that the EP regimen 
should be considered as the preferred MT option for 
patients with ES-SCLC. At present, no standard protocol 
for maintenance therapy of SCLC exists, and a number 
of randomized trials have demonstrated that maintenance 
therapy and combination therapy have no survival benefit 
for ES-SCLC patients (14). In our study, stage I, a 
prospective, single-center clinical study, showed that the 
median PFS and median OS were 6.700 and 15.030 months, 
respectively, which were superior to those reported by other 

Figure 4 In the pooled analysis of stages I and II, the median 
PFS in the maintenance treatment group (25 mg group + 50 mg 
group) was better than that in the non-maintenance treatment 
group (observation group) (7.870 vs. 5.900 months, log-rank test 
P=0.003). No difference was observed in the median PFS between 
25 and 50 mg (8.200 vs. 7.380 months, log-rank test P>0.05, HR: 
1.450, 95% CI: 0.633–3.322). PFS, progression-free survival.

Figure 5 In the pooled analysis of stages I and II, there was 
no significant difference in OS between the groups (15.030 vs.  
14.330 months, log-rank test P=0.813, HR: 1.054, 95% CI: 0.679–
1.637). MT, maintenance treatment; NMT, non-maintenance 
treatment; OS, overall survival.
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Table 2 Multivariate Cox regression analysis of stage I and stage II

Characteristic
PFS OS

HR (95% CI) P HR (95% CI) P

Sex 1.279 (0.610–2.681) 0.515 0.958 (0.440–2.083) 0.913

Smoking history 1.079 (0.528–2.204) 0.836 1.119 (0.525–2.384) 0.771

Response to EP 1.599 (0.352–7.264) 0.543 0.518 (0.111–2.405) 0.401

Maintenance therapy (yes or no) 0.417 (0.261–0.666) <0.001 0.949 (0.596–1.511) 0.825

PFS, progression-free survival; OS, overall survival; EP, etoposide and platinum.

Table 3 Multivariate Cox regression analysis of stage II

Characteristic
PFS OS

HR (95% CI) P HR (95% CI) P

Sex 1.214 (0.560–2.628) 0.623 0.980 (0.443–2.166) 0.960

Smoking history 1.066 (0.508–2.240) 0.866 1.085 (0.502–2.347) 0.836

Response to EP 1.603 (0.353–7.285) 0.541 0.508 (0.109–2.371) 0.389

Maintenance therapy (yes or no) 0.384 (0.232–0.634) <0.001 0.898 (0.551–1.464) 0.665

PFS, progression-free survival; OS, overall survival; EP, etoposide and platinum.

clinical studies (14). Our prospective study demonstrated 
significantly improved PFS; therefore, we reached the 
primary endpoint. In our stage II study, the median PFS 
of the MT and NMT groups was 8.930 and 5.900 months, 
respectively, which represented a significant improvement 
from that reported in previous studies. Therefore, our 
multicenter, exploratory study demonstrated improved PFS 
in patients who received maintenance therapy. The pooled 
analysis of stage I and II showed that maintenance therapy 

could significantly prolong PFS, which is inconsistent with 
the findings of a study (8) by Gadgeel et al. Although our 
study did not reach its secondary endpoint, it did reach the 
primary endpoint. 

In our study, the median PFS2 was 2.400 months. Our 
results were similar to Qi et al.’s study (20); however, our 
study differs from other studies as it included only patients 
with extensive disease and consisted of two stages, both of 
which were prospective studies. Further exploration with 
the inclusion of the survival time of patients with ES-SCLC 
is needed. 

With a median retention time of 2.4 months, patients 
in the MT group in our study received 6 treatment cycles 
of EP, which was significantly lower than the median of 11 
cycles and 12 cycles of treatment in Dómine and Turgeon’s 
study (21,22). Therefore, we can surmise that the survival 
benefit may not be closely related to the number of EP 
treatment cycles. Univariate analysis in our study showed 
that there was a statistically significant improvement of PFS 
in maintenance therapy; multivariate analysis showed that 
maintenance therapy was an independent predictor of PFS. 
In brief, the results of our study’s univariate and multivariate 
analyses indicated that maintenance therapy was better than 
non-maintenance therapy in terms of PFS benefit, whereas 
age, sex, smoking history, MT dose, and evaluation efficacy 

Table 4 Grade 3–4 adverse reactions in the MT and NMT groups 
(stage I and stage II)

Adverse events
MT 

(n=51)
NMT 

(n=41)
P

Decreased leukocytes 2 1 0.691

Decreased absolute neutrophil numbers 3 2 0.833

Decreased platelets 4 5 0.485

Decreased hemoglobin 6 2 0.244

Constipation 3 1 0.421

Increased aspartate aminotransferase 2 1 0.691

Alanine aminotransferase enzyme elevation 4 1 0.258

MT, maintenance treatment; NMT, non-maintenance treatment.
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results during the use of EP had no association with PFS.
In our study, we gave an etoposide capsule (25 mg) once 

daily as the maintenance therapy for ES-SCLC patients 
who experienced CR or PR after 6 cycles of EP. With a 
bioavailability of 50% (23), oral etoposide capsules have 
the same efficacy and toxicity as the same dose of etoposide 
administered intravenously. Compared with the group 
administered single high-dose etoposide, the etoposide 
administration group showed a better remission rate, 
remission duration, and 5-day survival (days 1–5), and the 
overall remission rate was 89% (P<0.001). Therefore, this 
study clearly demonstrated the importance of the etoposide 
dosing regimen (24). 

Etoposide is a cell-cycle-specific drug. As shown in another 
study, etoposide exhibits time-dependent antitumor activity, 
so prolonging its duration of action can increase the antitumor 
effects (25). At a high concentration (i.e., 10 mg/mL  
or higher), our pharmacokinetic goal was to maintain 
etoposide concentrations between 0.5–1.0 mg/mL in the 
plasma for several hours. Etoposide capsules 50 mg (24) 
appear to be a suitable dose choice, which was inconsistent 
with the results of our study. Our study found no significant 
difference in OS between patients administered etoposide 
capsules of the two different doses. Although there was 
no increased toxic side effect induced by the higher dose, 
it did not bring about OS benefit and failed to prolong 
survival. Moreover, increasing the maintenance dose may 
increase the financial burden on the patient and reduce 
their compliance. Therefore, for ES-SCLC patients who 
experience CR or PR after six cycles of EP, we recommend 
giving an etoposide capsule 25 mg once daily until disease 
progression or the occurrence of an intolerable adverse 
event.

In our study, myelosuppression, impairment of liver and 
kidney function, and gastrointestinal symptoms (nausea 
and vomiting) were common adverse reactions to etoposide 
capsule therapy. No serious adverse events of grade III–
IV occurred, and all adverse events were tolerable after 
symptomatic treatment. 

Our study has the following shortcomings that need to be 
discussed: (I) the sample size was small; (II) the stage I study 
lacked a control group; (III) the stage I study was a single-
center study, while the stage II study was a prospective, 
nonrandomized, exploratory study with an offset; (IV) a 
sample size estimate was not calculated; and (V) there is 
no exploration of the possible mechanism of this therapy. 
The advantages of our study included the following: (I) 
our investigations were conducted by researchers; (II) all 

research was prospective; and (III) stage I was a single-
center, prospective study, and stage II was a multicenter, 
prospective, randomized study.

In conclusion, etoposide capsules as maintenance therapy 
could significantly prolong the PFS of patients with ES-
SCLC who showed a response to EP, and this treatment 
had acceptable tolerability. We reached the primary study 
endpoints but did not reach the secondary endpoint, which 
may be because OS is influenced by many factors, including 
follow-up treatment after disease progression. Longer PFS 
is likely to extend OS, so more research needs to be carried 
out in the future. Furthermore, etoposide capsules have 
already been on the market for years, and the prescription 
can be easily obtained. We recommend giving an etoposide 
capsule 25 mg once daily until the patient experiences 
disease progression or an intolerable adverse event.
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