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Abstract

Objectives—The objective of this study was to evaluate the response rate and toxicities of the 

combination of oral topotecan and carboplatin in patients with untreated extensive stage small cell 

lung cancer (ES-SCLC). Previous studies have suggested improved outcomes with a 

topoisomerase I inhibitor in combination with a platinum agent.

Methods—Twenty-six patients with previously untreated, ES-SCLC were evaluable in this phase 

II trial. All patients received oral topotecan 2.0 mg/m2 per day on days 1 through 5 and carboplatin 

at an area under curve of 5 on day 5. Treatment was repeated every 21 days up to a total of 6 

cycles. All patients received G-CSF.

Results—There were no complete responses and 16 partial responses, for an overall response 

rate of 62% (95% CI: 41–80). Median time to progression was 6.0 months (95% CI: 4–8), with a 

median overall survival of 12 months (95% CI: 8–16). This study was closed to accrual early with 

26 of a planned 39 patients enrolled because of grade 5 adverse events in 4 (15%) patients (3 
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neutropenic infections, 1 sudden cardiac death). Eighty-five percent of patients experienced grade 

3 or higher hematologic events. The most common severe nonhematologic events included 

diarrhea, vomiting, dyspnea, hypoxia, and hypotension.

Conclusions—Although this drug regimen has activity as first-line therapy in ES-SCLC, it is 

associated with excessive hematologic toxicity, which occurred in spite of growth factor support. 

Despite promising survival estimates, this particular combination and dose level of oral topotecan 

and carboplatin cannot be recommended.
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Extensive stage small cell lung cancer is sensitive to chemotherapy, with response rates of 

70% to 90%.1–4 Despite a favorable initial response to chemotherapy, the prognosis for these 

patients remains poor, with a median survival time of 8 to 9 months. Treatment results in the 

1990s have plateaued with no major advances in therapy as compared with the 1970s.5,6

Both topotecan and carboplatin have shown activity against small cell lung cancer. 

Topotecan, a topoisomerase-I inhibitor, resulted in an objective response rate of 39% when 

used as a single agent in a phase II study of patients with chemonaive extensive stage small 

cell lung cancer.7 In combination with paclitaxel in previously untreated patients, an overall 

response rate of 69% and 1-year survival of 50% were observed.8 Oral topotecan is now 

available and offers the ease of administration with less hematological toxicities. In a trial of 

oral versus intravenous topotecan in previously treated small cell lung patients, response 

rates and median survival were comparable, but there was less grade 3 to 4 neutropenia in 

patients receiving the oral form.9

A Japanese phase III trial has shown superior response rates and median survival (12.9 vs. 

9.4 months) for irinotecan plus cisplatin compared with etoposide plus cisplatin (EP) in 

patients with extensive stage small cell lung cancer.10 This data suggests that a 

topoisomerase I inhibitor with a platinum agent may be advantageous to the standard 

etoposide or platinum regimen in extensive stage disease.

Oral topotecan and cisplatin have been evaluated in a phase I trial. The recommended dose 

of oral topotecan was 2.0 mg/m2 daily for 5 days.11 The main dose limiting toxicities were 

myelosuppression and diarrhea. There was less myelosuppression with administration of 

cisplatin on day 5 compared with day 1.

The present study evaluated the combination of oral topotecan on days 1 t o 5 and 

carboplatin on day 5 as first-line therapy in patients with extensive stage small cell lung 

cancer. On the basis of earlier studies, carboplatin was felt to be an appropriate substitute for 

cisplatin, with comparable efficacy but less toxicity in patients with incurable disease.12 It 

was hypothesized that less myelosuppression would be observed with the oral form of 

topotecan. However, because of the myelosuppression observed with other topotecan or 

platinum combinations, G-CSF was included in this study. The primary objectives of this 

study were to evaluate the confirmed response rate and tolerability with this 2-drug regimen. 
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The secondary objectives were to obtain preliminary estimates of survival and time-to-tumor 

progression.

MATERIALS AND METHODS

Patient Eligibility

Eligibility criteria consisted of the following: histologic or cytologic confirmation of small 

cell lung cancer; extensive stage disease with no prior chemotherapy; age ≥18 years; 

measurable disease; Eastern Cooperative Oncology Group (ECOG) performance status of 2 

or better. In addition, all patients must have had the following laboratory parameters within 

14 days of registration: absolute neutrophil count ≥1.5 × 103/µL; platelet count ≥100 × 

103/µL; aspartate aminotransferase ≤5× the institutional upper limit of normal (ULN); serum 

alkaline phosphatase ≤5 × ULN; total bilirubin ≤1.5 × ULN or direct bilirubin within normal 

limits; serum creatinine ≤1.5 × ULN or calculated creatinine clearance of ≥50 mL/min using 

the Cockcroft-Gault formula.

Contraindications to enrollment included untreated CNS metastases, clinically significant 

infection, hypersensitivity to Escherichia coli derived proteins, uncontrolled angina pectoris, 

congestive heart failure within 3 months, uncontrolled cardiac arrhythmias, major surgery 

within 3 weeks, concurrent radiation therapy, earlier thoracic radiation except for superior 

vena cava syndrome to a maximum of 3 fractions, prior malignancy unless there had been no 

evidence of disease for 3 years, and pregnant or nursing women.

Dosing and Response

Patients received topotecan 2.0 mg/m2 per day orally days 1 to 5 and carboplatin at an area 

under the curve (AUC) of 5 (calculated with the Calvert formula) on day 5. Treatment was 

repeated every 21 days. All patients received G-CSF 5 µg/kg subcutaneously for the first 10 

days of each cycle or until the ANC was >10,000/µL after the nadir if this occurred sooner. 

Treatment was continued for a maximum of 6 cycles. The National Cancer Institute’s 

Common Toxicity Criteria, version 2.0, was used to assess adverse events after each 

chemotherapy cycle.

Tumor response was followed with either a chest x-ray or CT scan of the chest after each 

even-numbered treatment cycle. The RECIST criteria were used for the purpose of assessing 

response (available at: http://www.nci.nih.gov/bip/RECIST.htm). Confirmatory repeat scans 

at least 4 weeks after a response were required. Chemotherapy was continued for up to 6 

cycles for patients with stable disease or a partial or complete response. Chemotherapy was 

discontinued for patients with progressive disease. This trial was approved at all treatment 

centers’ institutional review board. Written informed consent was obtained according to 

federal and institutional guidelines.

Statistical Analyses

A single-stage phase II study with an interim analysis based on a Simon design was 

conducted to assess the efficacy and toxicity of this regimen. The primary endpoint was 

confirmed tumor response rate. A treatment success was defined as either a complete 
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response or partial response (PR) observed on 2 consecutive evaluations at least 4 weeks 

apart.

This trial was designed to test the null hypothesis that the true treatment success rate was at 

most 0.50 against the alternative that it was at least 0.70. On the basis of the Simon design, a 

sample size of 39 patients provided 90% power to test the above hypothesis with a 2-sided 

alpha of 0.10. This regimen was considered promising if at least 24 of the 39 evaluable 

patients had a confirmed response. A planned interim analysis was to be conducted after the 

first 23 evaluable patients were followed for at least 3 cycles. Accrual was to continue if 12 

or more confirmed responses were observed in the first 23 evaluable patients. A regimen 

with fewer than 12 confirmed responses was to permanently close to accrual due to lack of 

efficacy. Accrual was not to be suspended for the interim analysis; however, additional 

patients enrolled during this time were not to be included in the interim analysis evaluation. 

Because of the toxicity observed in this trial, accrual was halted early and thus the decision 

rules outlined above for both the final and interim analyses were not evaluated.

A preliminary pilot was also performed to determine whether G-CSF should be included in 

the regimen. The first 6 patients were treated with G-CSF and were evaluated after their first 

cycle of treatment. If either a grade 5 event occurred or 1 or more of the 6 patients 

experienced febrile neutropenia or 2 or more patients experienced absolute neutrophil count 

(ANC) <500 for >5 days, the remaining patients were to be treated with G-CSF. Otherwise, 

a second cohort of 6 patients was to be treated and evaluated without G-CSF.

The results for the primary endpoint of confirmed tumor response rate is computed as the 

number of confirmed complete response or PR divided by the total number of evaluable 

patients. Exact binomial confidence intervals for the true treatment success rate were 

constructed. The distribution of TTP and overall survival time is estimated using the method 

of Kaplan-Meier.13 All patients were included in the analysis except patients who never 

received study treatment.

RESULTS

Demographics

Twenty-seven patients were enrolled from November 2001 to December 2002. One patient 

did not receive any treatment because of patient refusal and was excluded from all analyses. 

The remaining 26 patients received at least 1 cycle of chemotherapy. Patient characteristics 

are shown in Table 1. The median age was 63 years, and 62% were female. Eighty-five 

percent of the patients had an ECOG performance score of <2. Almost half (46%) had 2 or 

more sites of metastatic disease.

Drug Administration

Ten patients (38%) received all 6 cycles of chemotherapy. Of the 16 patients who did not 

complete 6 cycles, treatment was discontinued because of disease progression in 5 patients 

and adverse reactions in 5 patients. Four patients died while on study, 1 patient went off 

treatment for other medical problems, and 1 pursued alternative treatment options. Refer 

Table 2 for the complete distribution of treatment cycles received.
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Thirteen patients (50%) had one or more dose reduction(s) for topotecan, and 4 patients 

(15%) had one or more dose reduction(s) for carboplatin. Fifty-four percent of patients had 

one or more dose reduction(s) for either agent. Seventy-three percent of patients had one or 

more treatment delays.

Adverse Events

All 26 patients were evaluable for the adverse event endpoint and all adverse events are 

reported regardless of attribution to study treatment. One of the first 6 patients enrolled did 

experience a febrile neutropenic event, and so all subsequent patients were treated with G-

CSF. The most common adverse events were hematologic, with 85% of patients reporting at 

least one grade 3 or higher hematologic event. Forty-two percent of patients developed grade 

3 (n = 3) or 4 (n = 7) neutropenia (with 1 patient with neutropenic fever but an unrecorded 

neutrophil level), and 77% of patients had grade 3 (n = 15) or grade 4 (n = 5) 

thrombocytopenia. Six patients (23%) required platelet or red blood cell transfusions during 

their course of treatment.

There were four grade 5 adverse events (15%), leading to early termination of the study. 

These included 3 treatment-related deaths because of neutropenic infection and 1 sudden 

cardiac death. It was uncertain whether the sudden cardiac death was treatment related. All 

patients with grade 5 toxicity had received G-CSF. No correlation could be identified 

between creatinine clearance and risk of grade 5 toxicity.

Similarly, no correlation existed between grade 5 events and pre-enrollment performance 

status (PS). Four of the 26 had a PS of 2, with the rest having a PS of 0 or 1. There was a 

single grade 5 event in the PS 2 patients (25%), compared with 3 events in the PS 0 to 1 

patients (14%). The difference is not statistically significant (P = 0.51).

The most frequently reported nonhematologic events of any grade were fatigue (96%), 

nausea (62%), alopecia (46%), diarrhea (46%), vomiting (42%), dyspnea (27%), anorexia 

(19%), and hypotension (19%). Fifty-four percent of patients experienced at least one grade 

3 or higher nonhematologic event, with 23% of patients experiencing at least one grade 4 or 

higher nonhematologic event. Table 3 outlines the specific severe (grade: ≥3) hematologic 

and nonhematologic events that were reported in at least 5% of the study population.

Response Data and Survival

All 26 patients were evaluable for response. There were no complete responses. Sixteen 

patients achieved a PR, for an overall response rate of 62% (95% CI: 41%–80%). One of the 

responders did not have the lesions followed on CT, as outlined per protocol, but response 

was confirmed with chest x-ray at cycle number 4. In addition, 6 patients (23%) had stable 

disease.

There were 2 patients alive at the time of data analysis with follow-up times of 37 and 42 

months: 1 of these patients progressed at cycle 4 after an initial PR and the second 

progressed over 1 year after completing 5 cycles of the study regimen and achieving a PR. 

Twenty-two patients (85%) had documented disease progression. Table 2 outlines the 

follow-up details of the 26 evaluable patients.
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The median time to progression was 6 months (95% CI: 4–8), with a 1 year progression-free 

survival of 9% (95% CI: 2–34). Median overall survival was 12 months (95% CI: 8–16), 

with a 1-year survival estimate of 50% (95% CI: 34–73) and 2 year survival estimate of 12% 

(95% CI: 4–33) (Fig. 1).

DISCUSSION

Both topotecan and carboplatin have established roles in the treatment of small cell lung 

cancer. Data from Japan suggested a superior response rate and median survival with the 

combination of a platinum agent and a topoisomerase I inhibitor in untreated patients with 

extensive stage disease.10 This data has spawned other platinum or topoisomerase I inhibitor 

combination trials.

The overall response rate for this study was of 62% for this study (all PRs), which is 

comparable to that observed in other reports. The median overall of 12 months is marginally 

superior to the expected median survival of 8 to 9 months, and approaches the findings 

observed with the combination of irinotecan and cisplatin in the Japanese phase III trial J 

9511. Two subsequent trials published in 2006 comparing oral topotecan or cisplatin to EP14 

and irinotecan or cisplatin to EP15 reported median survivals of approximately 9 months, 

which were non superior to EP. Similarly, the results of S0124, designed to confirm J9511, 

were reported in abstract form at ASCO in 2008 and failed to show a survival advantage for 

irinotecan or cisplatin though less toxicity was observed.16

The survival data observed in this study are tempered by the unacceptable toxicity. 

Myelosuppression has been demonstrated to be the main dose-limiting toxicity of 

chemotherapy combinations with topotecan. A phase II trial of alternating etoposide or 

cisplatin and topotecan or paclitaxel resulted in an overall response rate of 77% and median 

survival of 10.5 months, but 70% of patients experienced grade 4 neutropenia.17 In a 

comparison study with intravenous topotecan, the oral form was associated with less 

myelosuppression, suggesting that oral topotecan may be a promising agent for combination 

regimens. However, in this study, 85% of patients experienced grade 3 or higher 

hematological events. Despite G-CSF, approximately one-third of patients had grade 3 or 4 

neutropenia, with 3 deaths because of neutropenic infection. Therefore, it appears that in 

spite of the use of oral topotecan, the combination of this drug with carboplatin is associated 

with excessive myelosuppression.

Other studies have also demonstrated the increased toxicity with platinum or topotecan 

combinations. In a 4-arm Cancer and Leukemia group study in extensive stage small cell 

lung cancer, there were 3 deaths (25%) in the cisplatin or topotecan arm.18 Similarly, in a 

trial evaluating the combination of paclitaxel, carboplatin, and topotecan in extensive and 

limited stage disease, 8% of patients had treatment-related death from sepsis.19 More 

specifically, of 12 patients with an ECOG performance status of 2, the treatment-related 

mortality was 42%. The aforementioned 2006 trial by Hanna et al reported a treatment-

related death rate of 5.8%. In that study, the rate of grade 5 toxicity was significantly related 

to a PS >1 (22.5% vs. 3.6%).15 Similar difficulties have been observed in platinum or 

topotecan studies in patients with ovarian cancer and other solid tumors.20,21
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The trial by Eckardt et al14 using oral topotecan or cisplatin showed difficulty with excessive 

hematologic toxicity similar to our study. After initially starting with a regimen of topotecan 

2.0 mg/m2 and cisplatin 60 mg/m2, 7 grade 5 toxicities were seen among the first 40 patients 

to receive topotecan 2.0 mg/m2, and the study was subsequently amended to a starting 

topotecan dose of 1.7 mg/m2.

In contrast, 3 trials have demonstrated manageable hematologic toxicity with topotecan and 

carboplatin or cisplatin when used in lower doses than this study. Vecchione, et al reported a 

Phase II trial of topotecan and carboplatin in first-line therapy for advanced ovarian cancer 

in which they used a dose of 1.5 mg/m2 i.v. from d1 to d3 and carboplatin AUC = 5 i.v. on 

d3 of a 21 day cycle. Eighty percent of patients in that trial experienced a grade 3 or 4 

hematologic toxicity, and 45% required a dose reduction of the topotecan. Nonetheless, 79% 

of patients completed the planned 6 cycles of therapy.22 Similarly, Koensgen et al conducted 

a Phase I or II trial in second line therapy for platinum sensitive recurrent ovarian cancer 

using topotecan and carboplatin, established an MTD of topotecan 0.75 mg/m2 i.v. from d1 

to d3 and carboplatin AUC = 5 i.v. d3 of a 21-day cycle. Only 5 of 26 patients developed any 

grade 4 hematologic toxicity and 58% developed grade 3 or 4 leukopenia.23 The superior 

tolerability of both of these regimens is likely reflective of the lower dose of topotecan rather 

than a difference of i.v. versus oral administration.

More recently, Sorensen et al published a trial using topotecan 0.75 mg/m2 i.v. from d1 to d3 

and cisplatin 50 mg/m2 i.v. on d3 on a 21-day cycle in extensive stage SCLC. Grade 3 and 4 

hematologic toxicities of anemia, neutropenia, and thrombocytopenia were reported in 9.5%, 

66.7%, and 21.4% of patients, respectively.24 Although direct conversion between cisplatin 

and carboplatin is not possible, the dose of cisplatin in the Sorensen et al trial is in a general 

sense lower than the carboplatin dose used in our trial and likely accounts for the tolerability 

of their regimen.

What accounts for the increased toxicity of platinum and topotecan combinations? The main 

mechanism of action of the platinum compounds is through DNA strand breakage resulting 

from platinum-associated intra- and interstrand DNA crosslinks. However, more recent 

studies have shown that platinum agents also decrease topoisomerase I activity in cancer cell 

lines.25 This downregulation of topoisomerase I by platinum agents is compounded by 

camptothecins in vitro, resulting in a synergistic cytotoxic effect.26 This may account for the 

improved response rates seen with camptothecin or platinum combinations, but also may 

exacerbate the known myelotoxicity associated with topotecan.

The possibility that decreased renal clearance of the chemotherapeutic agents accounted for 

the increased toxicity of this combination was considered. However, no correlation could be 

noted between creatinine clearance and risk of grade 5 toxicity.

In summary, the oral topotecan and carboplatin combination does have activity as first-line 

therapy for extensive stage small cell lung cancer. Median survival in this study was 

somewhat better than that seen with other combinations, but the small patient number limits 

the conclusions that can be drawn from this. Despite its apparent clinical utility, the 

toxicities observed in this study imply that this combination at the doses employed should 
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not be used. In addition, the incidence of severe myelosuppression did not seem to be abated 

by the use of oral topotecan or by the administration of G-CSF. On the basis of this and 

earlier data, there may be a synergistic toxicity on cancer cell and hematopoietic cell toxicity 

with this combination. However, given the results of this study and the previously reported 

results by Eckardt et al and Natale et al, significant caution regarding appropriate dosing is 

clearly warranted. A Phase III trial based on the Sorensen regimen is currently being 

conducted by the Danish Oncological Lung Cancer Group (Clinical trials gov identifier: 

NCT00812266).
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FIGURE 1. 
Overall survival.
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TABLE 1

Baseline Patient Characteristics

Variable A (N = 26)

Age, median (min, max) 63.0 (44.0, 78.0)

Gender, No. (%)

  Female 16 (62%)

  Male 10 (38%)

Race, No. (%)

  White 26 (100%)

Brain metastases, No. (%)

  Yes 1 (4%)

  No 25 (96%)

Number metastases sites, No. (%)

  0,1 14 (54%)

  ≥2 12 (46%)

Prior palliative RT, No. (%)

  Yes 1 (4%)

  No 25 (96%)

Performance score, No. (%)

  0–1 22 (85%)

  2 4 (15%)

Whole brain RT, No. (%)

  Yes 1 (4%)

  No 25 (96%)
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TABLE 2

Follow-up of the 26 Evaluable Patients

Variable A (N = 26)

Number cycles received, No. (%)

  1 3 (12%)

  2 2 (8%)

  3 2 (8%)

  4 6 (23%)

  5 3 (12%)

  6 10 (38%)

Progression status, No. (%)

  Progression-free 4 (15%)

  Progression 22 (85%)

Follow-up status, No. (%)

  Alive 2 (8%)

  Dead 24 (92%)

Reason end treatment, No. (%)

  Completed study per protocol 10 (38%)

  Refused further treatment 1 (4%)

  Adverse reactions 4 (15%)

  Disease progression 5 (19%)

  Alternate treatment 1 (4%)

  Other medical problems 1 (4%)

  Died on study 4 (15%)

Confirmed response

  PR 16 (62%)

  Stable 6 (23%)

  No post baseline assessment 4 (15%)
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